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Part I

“Although I am fully convinced of the truth of the views given in this volume…, I by
no means expect to convince experienced naturalists whose minds are stocked with a
multitude of facts all viewed during a long course of years, from a point of view directly
opposite mine. …(B)ut I look with confidence to the future – to young and rising naturalists,
who will be able to view both sides of the question with impartiality.”
Charles Darwin
Origin of Species

The Classic Paradigm
The genetic code is a scientific icon. It is simple. People can easily see it and
quickly recognize it. It is so simple, in fact, that to understand the genetic code today we
don’t need to know much about chemistry, biology or even evolution, let alone math,
language theory, complexity, computer science or quantum physics. It’s just remarkably
easy to see and master. We have accepted a model for this living molecular code that is
central and quite important in science, and so if ever there was a scientific icon, the genetic
code truly is a scientific icon. However, there is now a widening gap between the general
idea about “a language of molecules” and our accepted notion of the genetic code. As we
probe ever deeper into the complex molecular secrets of life, this cherished scientific icon
clearly fails us as a useful model to illustrate, understand and further explain the complex
molecular reality that is operating through time and throughout the biosphere.
A big part of the problem today is that general awareness of the genetic code was
heralded by great fanfare, treated as an unearthing of not just any code but as the unveiling
of the code of life. Obviously, investigation of this natural wonder generated a lot of
attention and interest. The same scientists and molecular code busters who painstakingly
captured and enshrined this code in millions of textbooks and billions of brains also hinted
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that it would eventually give man control over his biological destiny. Thus, the great
promise of this secret molecular code of life was made so tantalizing that it completely
captured our collective imagination. There was a tremendous desire to have a simple model
of this code that anyone could easily grasp, and so now we have one. Unfortunately, this
model is more aggressively marketed as scientific truth than it is analyzed, debated and
genuinely understood and described. What’s more, this simple paradigm for molecular
behavior has gone on to become a gatekeeper for other thoughts and broader ideas about life
on this planet. So the genetic code now represents a bona fide first principle of molecular
information and genetic translation. However, this stunningly simple first principle must
also somehow be awkwardly positioned in the center of a much bigger and more complex
picture of life. Sadly, it doesn’t fit well there and it never will.
To be sure, things have not gone according to Hoyle with respect to investigations in
molecular biology, and so the genetic code today is quietly and curiously disappearing from
its high visibility position on center stage. Despite this, it is still touted as an unassailably
great scientific achievement. Still, it doesn’t fit well into the current picture of complex life
that is taking hold nearly everywhere, nor does it advance any global paradigms in
evolutionary biology. Despite its iconic status, the genetic code - as it is described today - is
actually useful for very little in a practical sense or in a larger theoretical framework. Truth
be told, it does not even allow us to make proteins from scratch, which is ostensibly its most
basic and essential role in the grand scheme of living systems. It is hard to go still further
then and label this as any sort of general pattern in nature from which basic ideas can be
learned and broader tenets of life can be expanded upon. This uneasy pairing between
scientific hyperbole and scientific reality is a total shame, because in the proper light the
genetic code should be a fabulous touchstone of thought in biology. It absolutely should be
a centerpiece for our broader understanding of life on this planet, but only if it is properly
analyzed and more fully understood. In the crystal clear and utterly logical reality of the
natural world, this code is nothing short of a molecular miracle, and so it ought to be seen as
an awe inspiring thing. We should be lauding the thing itself, yet it is increasingly ignored
today as a ripe field of scientific investigation and wonder. The simple view of the genetic
code, a view that I have named the classic paradigm, has become entirely dogmatic. It
teaches us very little about basic molecular information, and what it does teach us is for the
most part demonstrably wrong.
Admittedly, the main premise of this book – that the genetic code has yet to be fully
cracked - is hard to swallow. “Everybody knows” what the genetic code is and how it
works. You can look it up anywhere. However, I reject the argument of “everybody
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knows.” Instead I propose that nobody actually knows what this basic code of molecular
behavior is, how it operates and how it came about. Certainly, I can find no empiric
evidence to justify the blind and unyielding faith that is accorded the classic paradigm. It is
true that I am not a professional scientist. I am a rank amateur, but I am a fan of science,
and the genetic code is a hobby. My opinions carry little water with experts or laymen, but I
also find professional scientists behaving badly in this particular area today. They seem to
have stopped being scientists when their curiosity died and their minds became confidently
closed to plausible alternative explanations of nature.
Science has compiled an impressive stock of answers about most natural phenomena,
including biology, but science is not merely an authoritative compendium of answers.
Science is a process. It is a formal system of asking and answering questions, and so it must
first start by asking good questions. The entire scientific enterprise revolves around the
process of building mental models of nature from which good questions can be asked.
These models require good data, skeptical analysis driven by creativity and much mental
effort. However, no model yet has proven infallible, and this essential model building
process is nowhere more important in science than in the tricky business of biology, where
complexity reigns supreme. It is so tremendously complex that in many cases it is simply
the model that is built in biology that represents the particular answer being sought. A bad
model, such as the classic paradigm of the genetic code, leads to bad questions and
inadequate answers, or as is the case here, it prevents us from asking the important questions
in the first place.
This book merely presents my eccentric perspective on a familiar topic in an
eccentric way, a direct reflection of the eccentricities of its author. I hope that those who
read it will do at least one thing; I hope that they will pick up any textbook and read its
description of the genetic code with a new mind. I invite you to ask yourself a question
about the description of the genetic code that you find in that textbook: is this a good model
of this important natural phenomenon? In other words, does it accurately reflect reality?
Does the current model allow us to ask the right questions and therefore provide us an
opportunity to find satisfactory answers? Of course, my answer is emphatically no, it does
not. Regrettably, beyond this I am short on answers and long on still more questions, yet I
hope the reader can take two things away from this book. First, I hope the reader will
recognize the untenable and extremely dysfunctional view that is the classic paradigm of the
genetic code. Second, I hope the reader will understand the importance of having an
accurate model of this one code so as to capture at least a glimpse of the awesome beauty of
this much broader molecular miracle of nature that we call life. By rejecting the
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dysfunctional classic model and considering a more complex expanded model, one finally
has the chance to appreciate many new and interesting questions about life and its molecular
strategies. One might finally have a chance to build a coherent, single, complex model for
these molecular codes and their exquisitely intricate machinery.
Sadly, the classic paradigm is now so deeply and tenaciously entrenched in our
language and culture that no new paradigm can ever find any room for consideration. The
widely accepted central position of the old simple model is now a thick shield blocking even
the first steps toward a more rewarding view. However, the classic paradigm has failed not
merely as a solution to a problem but as a proper statement of the problem to be solved. The
problem, in my view, is to find a logical structure and physical mechanism for a true
language of molecules that can serve as a basis for life on this planet. The classic paradigm
falls well short of this mark. Therefore, the classic paradigm of the genetic code must first
be seen for what it is today, an all-too simplistic flawed and failed model, and it must be
rejected as such. It is now time for a new paradigm of the genetic code.
Some of our bona fide scientific heroes gave us the classic paradigm. Despite its
increasingly limited utility, there is a deep respect for scientific tradition and a reverence for
those heroes, so the dogma is easily and doggedly maintained. However, the classic
paradigm of the genetic code is tragically misleading at its best, and at its worst it is
completely wrong. Its basic flaw is that it rigidly and narrowly defines molecular
information for us but it fails to accurately describe it, and so it serves as a miserable
gatekeeper for other thoughts and paradigms in biology. The classic paradigm is letting bad
ideas stay while useful ideas are kept out entirely. In fact, as a first principle of biology, the
classic paradigm of the genetic code has merely stood our view of molecular information
completely on its head. Our heroes got us on the right track but pointed us in absolutely the
wrong direction. The classic paradigm has seemingly now cast a deep dark spell over our
thoughts and minds; therefore, it is truly time for a new paradigm. This new view of
molecular information will undoubtedly come from a broad band of the academic and nonacademic communities. There is a place at this party for linguists, computer scientists,
mathematicians, cryptologists, biologists, chemists, biochemists, bio-informaticists,
quantum physicists, artists, philosophers, and perhaps even theologians. All are needed and
all are welcome. The genetic code is still an open riddle, and an incredibly complex one at
that. It will take a sustained and concerted effort by the best and brightest minds on this
planet to finally and fully crack the genetic code.
As I have already stated, I do not have very many of the specific answers we innately
crave, but I will try in my eccentric way to properly frame the broader questions. I will
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describe the fundamental weaknesses that doom the existing model and suggest alternative
perspectives. Perhaps from this we can move toward more satisfying answers. My
checkered background as graphic artist, geologist, computer programmer, inventorentrepreneur and physician is relatively broad but not very deep. So, rather than a textbook
of charts, diagrams and specific explanations, I am trying to paint here a general picture of
the conceptual terrain and then superimpose my philosophical meanderings on top of it. I
hope this approach to the general argument will be enjoyable, informative, and I hope it will
demonstrate the utility in rejecting the classic paradigm and in gaining an entirely new view
of the genetic code.

“[W]hen people thought the Earth was flat, they were wrong. When people thought
the Earth was spherical they were wrong. But if you think that thinking the Earth is spherical
is just as wrong as thinking the Earth is flat, then your view is wronger than both of them put
together.”
Isaac Asimov

What is the Genetic Code?
The name ‘the genetic code’ is an official title that is used to describe a specific
molecular phenomenon in biology. But as a visual icon this “code” is simply data that is
shown in textbooks as a standard four-by-sixteen grid. In other words, the genetic code is
nothing but a spreadsheet, or what is known in computer parlance as a data look-up table. It
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is also commonly described as a substitution cipher. Within the classic paradigm, the
genetic code is viewed simply as a table of “codons” and amino acids. The table tells us that
for any combination of three nucleotides, such as are found in DNA and RNA, there is
assigned one and only one of twenty corresponding amino acids in the “standard” code.
Therefore, it is a purely “linear” relationship between nucleotides and amino acids, and in
truth it can and should be fully illustrated on a single straight line. It would be visually
inconvenient to present the code in a single line, to be sure, so the data is commonly broken
up and condensed into a standard table.
Fig. 1. The Standard Codon Table of the Genetic Code

The classic paradigm defines “molecular information” within this code as nothing
but a linear molecular sequence, or more precisely it is the specific order in which individual
molecules should appear on a line of molecules. So, the “code” is really at bottom nothing
but a collection of data that relates molecules in one line - nucleotides - to a molecule in
another line - amino acids. Nothing could be simpler. And so it is true that the code itself is
a single line of data that is merely cut up and repackaged into a table that is labeled The
Genetic Code. This table dogmatically tells any chemist that “the genetic code” is all about
composition and has very little to do with structure. But think about it: This is the
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molecular phenomenon that was at first considered the code of life. Could this code ever
adequately be viewed and understood as a single line of data? The origin and operation of
such a thing seemingly defies all logic. In truth, there is very little logic behind this view of
things.
This particular “code” was auspiciously given the regal title of the genetic code. It is
a grand title, to be sure, but it does seem a bit out of sorts with the thing it names. What’s
worse, this grand title is undeniably seductive, so the name quite naturally tempts many
uses. Upon brief reflection we find that it is clearly a much too grandiose moniker that is
truly at odds with its dreary reality, so there is growing confusion about what the term
actually stands for today. Officially there is no confusion, and it should be quite clear what a
working molecular biologist means when he formally uses this term today. The genetic
code is a codon table, nothing more, yet it is still frequently confused with DNA or the
actual sequences of nucleotides in a living cell. Referring to DNA in this way is a more
fashionable bootleg usage for the colloquial term ‘the genetic code’. It is a common and
understandable confusion of terms between genes and the genetic code. It blurs the line
between information and translation. And so the traditional view of genes is that they too
are somehow made only of nucleotide sequences. However, ‘Genome’ is the appropriate
official term for entire sequences of nucleotides within cells. But even the traditional view
of genes has now been called seriously into question. It is a dirty little scientific secret that
there is actually no official and widely accepted definition for a gene, nor has there ever
been one. For that matter, there is no basic definition of life itself. Confusion, rather than
an exception, is the guiding rule in biology. We build models to sort through the confusion,
but sometimes the models we build end up merely adding to it. It should not be surprising
then that without basic definitions for genes and life that we find a tremendous amount of
confusion when it comes to the code of life.
The plain and simple fact is that the name of this “code” is an obvious misnomer.
Even within the formal confines of the classic paradigm, the genetic code is not truly a code
but merely data used by some other thing that might properly be called a code. How did we
get ourselves into such a bind? It appears that the basic confusion arose primarily from a
logical inference that was made as the result of observed molecular behavior half a century
ago. However, that observation was demonstrably inadequate, so all of the important
inferences made from it are also flawed. The observation involved enzyme activity, the
inference was that every protein can assume only one shape, and the universally accepted
conclusion was that there can be only one-dimension of molecular information in this code
of genetic translation. The accepted model of this code thus became founded on the
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essential premise that it is a simple, one-dimensional language of otherwise complex
molecules. The observations were inadequate, the inference untenable and the conclusion,
therefore, is clearly false. This is not hard to prove, but it has proven rather difficult to
change. Folks love their heroes and their icons.
A genome is DNA, the double helix, the immortal coil, chromosomes, chromatin, the
colored substance of nuclei, the genetic material of life, its idealized structure frequently
referred to as “the greatest scientific discovery of the twentieth century;” and so some prefer
to talk about genomes as the genetic code. As we shall see, this is not an entirely bad idea,
but it is still a harmful confusion of terms, and they are important terms that should be –
need to be - quite clear. Genomes and genetic codes are decidedly different things. They
are apples and oranges, and they must be described as distinctly different things in reality.
Granted, both things could legitimately be called codes in some loose sense, but only
because the word ‘code’ has so many common uses. However, we absolutely must have a
way to quickly and clearly make the distinction between genomes and genetic codes when
we talk about these important concepts at work in nature.
The confusion of genomes and genetic codes today stems in part from a justified
disenchantment with the codon table, but it also flows as a natural consequence of flawed
perceptions and consequently a horrible imprecision and confusion of basic naming
throughout the field of molecular biology. Many of the quaint but misleading names
emerged from an exciting scientific era. It was a bustling cacophony of partial
comprehension, which is to be expected from the initial stages of any brand new field of
scientific investigation. The situation was understandably fraught with ignorance and
confusion, but the names that our beloved pioneers haphazardly chose for central things only
add to our problems in thinking about these things now. Further adding to the growing
confusion is the fact that we now live in a time when the entire human genome, as well as
many others, has been miraculously spelled out for storage in computers. How exciting!
Indeed, it is now more common to see and hear the term ‘genetic code’ in the lay media in
reference to the human genome than it is to hear anyone actually ever refer to the real thing
officially known as the genetic code. This is partly the fickle finger of fate behind any
popular fad, no doubt, but we should not be too quick to discount the fact that the classic
paradigm is badly flawed, and perhaps common sense is merely trumping the dogmatic
practice of experts in the field today. However, neither of these two things, genomes or the
codon table, actually represents something that can properly be understood as a real
molecular code if a code is to be properly understood in this context.
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DNA is the double helix or the immortal coil that makes up genomes. It is the
unique molecule, or the enduring storehouse of molecular information that records the nittygritty information, or a big part of the molecular essence of each individual that is passed
along in some form from generation to generation. This buff icon of a double helix is, quite
naturally, much more likely to capture our imagination today. It is far more seductive than a
stale, flat, colorless, old look-up table. But even the image of DNA has been grossly
oversold in the grand scheme of things, and the classic paradigm of the genetic code is the
single most important factor leading this false but aggressive sales pitch for DNA.
A genome is much like the hard drive of a computer. It is a physical mechanism for
storage of persistent molecular information. It is one form of molecular memory in a cell,
just like a hard drive is physical memory for binary bits of digital information. On the other
hand, the genetic code should be seen more as the logic of a central processor or CPU of a
computer. It is a molecular code, a specific protocol of logic, a crystal recipe, a set of
molecular events that define molecular behavior. Ultimately, the genetic code is an
algorithm or a set of steps used by living cells to process information from one molecular
form to another. It is a molecular language used by insentient molecules to magically
perform molecular translations. Dogma has directly led us into profound confusion on this
important point, and the future promises nothing but still more confusion coming from the
ideas that make up the classic paradigm. However, for the time being I will use the term
‘genetic code’ to mean the CPU as illustrated by the codon table, and ‘genome’ will mean
the hard drive as represented by the double helix.
The genetic code works in all cells making a truly remarkable molecule called a
polypeptide. Amino acids are building block molecules that are strung together in
polypeptides by the genetic code. Amino acids are like letters that are strung together to
make words, phrases and ultimately sentences. Eventually, the sentences work together to
write the books of living cells and multicellular life forms. Amino acids are linked one to
another by peptide bonds to make long chains of amino acids, or more accurately
polypeptides. Poly-peptide simply means many peptide bonds between many amino acids.
In living cells, these delicate, skinny, highly flexible polypeptide chains are somehow
reliably folded into robust, precise, three-dimensional molecules of great durability, number,
complexity and variety. Folded polypeptides have a truly remarkable ability to maintain
their delicate shapes in space through time. As a result, they reliably and efficiently perform
cellular functions for which they are so well suited that it is hard to think that their design
was not sweated over for eons by an army of highly intelligent engineers. The intricacy and
apparent purposefulness of these tiny molecular machines is truly breathtaking. One must
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be left in equal parts awe for the molecules and for the language and intricate molecular
system that builds them.
As a group, the many polypeptides within a living cell magically form a complex
colony of highly interactive molecules we know as proteins. All proteins are polypeptides,
and all proteins are built by the systematic logic of the genetic code. Proteins are also
frequently called enzymes, but because they perform so many different functions within any
cell they are not just enzymes. Proteins perform myriad tasks within living systems, and as
beautiful and elegant as DNA is, it cannot begin to approach the complex and majestic
world of proteins. DNA is surprisingly simple but proteins are stunningly complex. DNA is
impressive, to be sure, but proteins are sublime.
So, the genetic code is involved at bottom in a system that somehow makes proteins
from the molecular information stored in DNA. That is the genetic code. It somehow
translates DNA into protein. As a code, then, it must be some sort of language that
insentient atoms or unthinking molecules use to speak the words of proteins. It is a
molecular language that cells use to speak protein from the information contained in DNA.
It is a molecular language that reliably dictates the behavior of tiny, mindless molecules on a
grand scale of space and time. The language consistently, quickly and efficiently builds,
without a doubt, the most breathtaking physical machinery on the planet. It simply must be
a miracle of molecular engineering to be able to do this, and so it should be seen first and
foremost as an icon of Mother Nature’s coding brilliance. It should not be a dullard of a
scientific icon. It is no kluge but a beautifully crafted language of molecules.
However, as sexy and intriguing as this description may sound, the classic paradigm
has managed to completely flatten and totally pervert the genetic code as a scientific icon.
So, it is not hard to see why, in its classic, drearily unimaginative form, the genetic code has
become wholly unattractive to scholars and poets today. But the experts of today have
merely been deluded into thinking they know the genetic code. They do not. They
emphatically do not. They have simply drunk a heavy dose of the dogmatic Kool Aide,
which has caused them to stop being curious and amazed about this miraculous molecular
code. They have axiomatically accepted the simple and comforting fiction that is the classic
paradigm, and they have now moved on to other things. They have missed, and they are still
missing quite a bit of the fun, I assure you.
This is quite tragic that the code of life has over the years come to be entirely
represented as a simple, one-dimensional spreadsheet called a codon table. The standard
codon table is merely a partially condensed shortcut notation for showing the linear
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relationship between nucleotides in ordered groups of three, called codons, and the twenty
standard amino acids that make up proteins. This is but a tiny subset of the more robust
translation of molecular information that is the genetic code. Unfortunately, besides a few
minor details, this subset is pretty much all anyone needs to know about the genetic code
today because any more details would be gilding the lily. This “code” can be used to
decipher the composition of amino acids in a protein, but that is all. It has never been used
to actually make a protein, or even to successfully demonstrate how a protein is actually
made - a situation I find most curious. The classic paradigm has never been scientifically
“proven” to any degree whatsoever. It has, however, been completely accepted as fact.
It seems odd to me, as a novice computer programmer as well as an imperfect
practitioner of a particular human language called English, that I can be instructed in
“knowing” the molecular code of life from a simple spreadsheet, when even a basic line of
computer code is never quite this simple for me to understand. I also have yet to see a selfcontained map or model of English, yet I would expect a language of molecules to somehow
rival it in basic complexity and structure. If I can actually see the code of life in a
spreadsheet, how then should I expect to be able to “see” English? Obviously, I would
expect a more subtle and complex information handling system lying behind a fundamental
language of self-organized sublime molecular structure. Where and how on earth did it ever
arise? I can find nowhere in the classic paradigm an explanation of how and why this
“code” of a spreadsheet somehow came into being as a spontaneously effective molecular
language. I merely find a simple, flawed definition and a few simple instructions of how I
should imagine a cell uses them. It seems to me a shockingly hollow and entirely
inadequate view of things for such a cherished scientific icon.
There are several obvious problems with the flat view of the genetic code that today
are leading it quietly off center stage, but these problems have nothing to do with the genetic
code itself, the real molecular code in nature. The problems have everything to do with our
flawed perception of the genetic code today and the language we use to describe it. The big
problem now is in how we perceive this code and therefore how we think about it, model it,
illustrate it and talk about it. What’s more, the problem only gets worse when these flawed
ideas inevitably spread to how we talk about other molecular phenomenon in the grand
scheme of life. Our perception of the genetic code is clearly and strongly influencing our
thoughts and words elsewhere. This simply must change, and if you bear with me here it
can change. We will attempt to break the dark spell of the classic paradigm that has our
thinking about life on this planet pointed in the wrong direction.
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So, it is sadly true that within the classic paradigm we view the genetic code today as
a linear cipher represented by a codon table and nothing more. That is the best we can do
with the model we have. Although the basic data, to the extent we actually know the data, is
virtually unchanged over the past four decades, the paradigm that accompanies the genetic
code is gradually fading into obscurity, and it is no wonder. The classic paradigm has been
annotated, modified and generally whittled away since the time of its hopeful and showy
appearance on the public stage. Its explanatory power has greatly diminished but its
influence remains. It is of little use in advancing our understanding of the actual data, and
observations continue to accumulate that do not reconcile neatly with the unlikely
expectations created by the dogmatic simplicity of the classic paradigm. The result is that
the once shining icon of the genetic code has lost much of its luster, and now it is being
unceremoniously shoved aside. It is disappearing from its throne as the code of life. Good
riddance to the old views, but let’s certainly be sure to replace them with something befitting
of a cherished scientific icon.
It is most ironic that all this should be happening at a time while computers and
codes have taken a place of such cultural prominence in modern society, because the genetic
code is perhaps the oldest complex and elegant code on earth. It is a true language or code
of molecules that somehow wrote itself, and so computer analogies are unavoidable here. It
is a masterpiece of Mother Nature’s programming precision and efficiency, yet it is
universally not seen in these terms today. It is commonly described as a “frozen accident”
and any hint of shortcomings or flaws in it are attributed to this necessary icy encasement. It
seems from this that we must accept that it is what it is because it is what it is. Not a very
satisfying description. But false contexts and false premises have grossly distorted our
perception of reality. In reality, the genetic code is cleverly structured by nature and it is
cleverly executed within a cell. It is not an accident of any sort because there is a
fundamental rhyme and reason behind its existence and its ability to continuously hone its
effectiveness. It is, in fact, still evolving right before our very eyes according to the same
basic logic, physical constraints and selection pressure that gave rise to it in the first place.
The sublime elegance, complex efficiency, versatility and broad utility of this code should
rightly be the envy of any hotshot computer jock pounding out code today. As a code it
really should be an icon. It certainly should be gaining not losing prominence in the
computer culture today.
It is difficult to appreciate any romantic view of the genetic code from within the
context given to us by the classic paradigm. It will take some effort, but if life is to be seen
as a complex, self-organized, adaptive system of molecular information, then the genetic
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code should be seen as a centerpiece, or as some kind of “machine language” of that system.
Its structure and function should serve as a template for other molecular processes. The
higher codes of life should not merely employ it as a simple, linear sub-routine; they should
also reflect its fundamental structure as an actual code. Paradoxically, the opposite has
occurred. The genetic code in all its perceived simplistic glory has become a first principle
of biology, and therefore our entire view of molecular information and life’s complex
processes has been jaded by it. The molecular sequence has been crowned lord and king of
all molecular information, and apparently all else is merely entropy. DNA is now the
undisputed king of molecular information, no less than the command and control center of
life, the center of rotation in the biosphere. This is, I firmly believe, a false view of reality,
but the rest of our complex paradigms are now tasked with escaping the intellectual gravity
of this simple yet false king.
The stakes are high. A flawed model leads us astray in important areas of thought;
whereas, a more adequate model could take us much farther than we’ve been able to
previously go. The key issue is no less important than an understanding of the first
principles of life itself. What are the basic forces in nature that can help us distinguish
between a simple carbon atom in diamond versus the complex behavior of a carbon atom in
protein? What game or system has the universe put in place that allows insentient molecules
to collectively become living systems and sentient beings? How does the genetic code fit
into that general system? How can our basic understanding of the genetic code advance our
understanding of these deeper, less penetrable questions?
The basic view afforded us by the classic paradigm is that life at bottom is a matter
of molecular sequence. In this view a sequence of molecules is synonymous with its
composition as dictated by the exact sequence of its constituent molecules. The actual
structure of even the most complex molecules is wholly determined by its sequential
composition. All fundamental truths about complex molecular structure are therefore
derived from their sequence. The essential languages that build these structures must also
reduce to languages of sequence. The genetic code is therefore a linear language of
molecular sequence. The unpleasant truth is that even in common protein chemistry there
are countless cases where the same sequence leads to many structures and many sequences
can lead to remarkably similar structures. Sequence and structure are nowhere near
synonymous, yet the subset – composition – has somehow come to conceptually dominate
the superset – structure. The ramifications of this view are immeasurable and as it turns out
highly detrimental to our deeper understanding of real first principles. Molecular
information is made simple and cheap not complex and precious. Accumulation and exact
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translation of precious molecular information is ignored. Molecular languages are
coarsened and cartooned. Their origin, operation and engineering remain hidden and the
teleology of the entire system becomes moot. Important components of the system are
tossed out, wrapped in the thin paper of thin data and still thinner ideas.
No life on this planet now exists without protein. No protein yet exists on this planet
without the translation machinery and some form of code on which it operates, the code we
call the genetic code. This is why it is called the code of life. But no life exists without a
robust collection of elements found in the periodic table of elements. This table is not called
the table of life, and rightly so. The codon table was at first believed to be universal and
unchanging across life on our planet today – truly exciting if true - but that has been
thoroughly proved not to be the case. There are actually many known cases of variation,
and this is an important fact that is routinely discounted. The codon table is not universal
and it does not reflect any universal truth of this code. It merely illustrates a subset or
component of the code that remains remarkably similar across all life forms that use it.
There are first principles of this language but they are not an embodiment of the table of
codons. Actually, protein translation and its specific machinery in nature is known to be
more variable than the simple variations uncovered in the many known codon tables, so the
universality of the genetic code is but a failed idea of science. However, there must be more
fundamental truths that lie beneath this table. This must be true for it to ever arise in the
first place, and this also must be true to account for the remarkable similarity observed in
codon assignments across the biosphere.
How is the universe constructed to give rise to this natural phenomenon? What are
the first principles of molecular behavior that allow this pattern? What are the forces that
give rise to life and drive its tireless march toward higher molecular complexity? What is a
molecular language in the first place and how could such a miraculously complex thing ever
arise? These are the difficult and important questions that must be asked. To find the
answers, I believe, we will need to deconstruct the basic tools of human thought and
reassemble them into a more coherent model. Simple geometry is one such tool, but it has
been completely ignored by the classic paradigm. Basic solid geometry appears to be one of
the few tools available to serve as a basic truth on which molecules can begin building a
complex language, a language so complex that it “lives.” All molecules must obey rules of
geometry and so we should expect to find these rules somehow embedded in any language
used by molecules. Although definitive answers are now darkly hidden from human eyes,
basic human instinct should lead us to examine the myriad clues that are everywhere, clues
that tell us that the language of proteins is fundamentally a structural language and it is
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somehow anchored in the basic solid geometry of the universe. Life does not merely build
molecular compositions in a simple way it builds complex molecular structures in a complex
way.
Despite persistent claims confidently made to the contrary, the true genetic code, the
actual language used in nature by insentient molecules to make protein, the complete
translation of molecular information from one distinct form to another, that genetic code is
still largely unknown today. More telling, we are still without a single piece of empiric
evidence that the classic paradigm actually works as a scientific model for protein synthesis.
It has been completely accepted as fact but never actually proven as reality. Certainly,
something this cherished and important in science deserves to be debated, explored, properly
understood, and marveled in this, a new era of the algorithm. But we must leave our
prejudices and preconceptions at the door as we enter this exciting new era of molecular
information. The field is still wide open and so should be our minds.

“History is the present. That's why every generation writes it anew. But what most
people think of as history is its end product, myth.”
E. L. Doctorow

A Wee Bit of Historical Context
To understand where we are now we must first look at where we’ve been. History is
the context for the present and the path of our future. Why should anyone listen to any of
the eccentric ideas in this book, what merely amount to the crazy rhetorical rants of a cynical
heretic railing against a unified army of qualified experts? What chance is there that the
experts and their classic paradigm are actually wrong? We simply must look to the past to
find the answer to that question in the present mindset of orthodox science. We must
soberly evaluate the reasons for building the familiar paradigm in the first place, examine
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the beliefs that maintain it, and decide whether or not on balance it is useful or detrimental
toward our understanding of nature.
The genetic code was first speculated upon at a unique and exciting time in the
history of science. It was not all that long ago, yet it was a time when computers did not
exist, and a time when a physicochemical basis for life had not really been demonstrated to
everyone’s satisfaction. A mystical ‘life force’ was still a possible driver of biology,
meaning that it could be fundamentally different in most minds from physics or even
chemistry. The structure and functions of basic biomolecules, like proteins and nucleotides,
were just beginning to be guessed. The molecular framework for heredity was eventually
revealed as the double helix of DNA. This was just about the same time that information
theory had become a new, formal, academic discipline. The two were destined to be joined
tightly together. Digital computers quickly followed and began to make their mark, if not
initially as tools for heavy lifting of data, at least as a widespread source of powerful
scientific metaphors.
Within this context the genetic code was carried on stage upon the broad shoulders
of brand new computer metaphors, and it was also accompanied by a spanking new gang of
three axioms in the rapidly emerging field of molecular biology. These three axioms are
called co-linearity, the central dogma, and the thermodynamic hypothesis of protein folding.
(I will cover each of them in more detail later.) Consequently, the code also carried with it a
robust entourage of implications and simple linguistic descriptors. The most telling
descriptor was the term ‘simple’. As an extension of this conceptual platform the genetic
code eventually also got labeled as ‘universal’, ‘arbitrary’, ‘linear’, ‘one-dimensional’, and
‘highly-redundant’. The pièce de résistance was when the powers that be decided that this
quite narrow, rigid and specific model of a complex natural molecular phenomenon could
also be branded as ‘the code of life’. All of these terms are still hiding in the corners of
many textbooks, since the basic platform has changed hardly at all, but the matter-of-fact
and over-reaching simplicity of this litany no-longer leads the grand parade as boldly as it
once did. However, this sad list still insidiously informs our thinking to a large extent, yet it
is a compendium of half-truths and outright falsehoods that point our minds in the wrong
direction. Nonetheless, it is quite common today to read in a textbook or hear a classically
trained molecular biologist describe the genetic code to his students as a simple, universal,
linear, arbitrary, one-dimensional and highly redundant code of life. I take issue with all of
these descriptors.
There are some additional curiosities to note about the genetic code today. It is a
scientific icon that is easy to visualize but difficult to accurately describe, that is, of course,
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unless you think the above description is accurate, which it clearly is not. A surprising
portion of the “man on the street” can recognize the codon table and perhaps even give a
short description of it. This is more notable when one considers that such a relatively low
percentage of laymen can identify Idaho on a map of the United States, or even identify the
United States for that matter. For such an esoteric biochemical concern, the genetic code
has achieved a noteworthy amount of general celebrity, no doubt the result, in part, of the
hyperbole at the time of its public unveiling.
Yet more curious than the response from the man on the street is the response from
experts. These days the experts in the fields of biology, molecular biology, biochemistry
and bioinformatics are uncomfortable giving any definition of the genetic code, let alone
giving the well-worn detailed definitions of decades past. Those truly in the know are
especially careful to avoid reciting, verbatim, the entire list of classic, simple descriptors,
perhaps because they can sense that trouble lurks there. However, they are quite noticeably
shy about renouncing the familiar list as well. For what end? The classic paradigm is
simply allowed to march on unscathed. The more cautious and enlightened instructors
merely apologize for the slight difficulties in the neat little classic package and quickly
move on. But the experts now are nothing short of profoundly confused about the “simple”
genetic code. Common observations are not aligned with simple expectations impressed
upon us by this classic paradigm. Clear thinking, logic and healthy incredulity must take a
back seat to established dogma and instructional expedience. Beyond the obvious - which is
that the genetic code is a correlation between nucleotides and amino acids - a detailed
definition is curiously difficult to agree upon. This situation is noteworthy: a simple,
familiar scientific icon without an easy, consensus definition. It is curious, and it is also a
sure symptom of an ailing paradigm. In this case the classic paradigm of the genetic code
was thrown into crisis - or should have been thrown into crisis - by irrefutable contradictions
uncovered decades ago, in some cases uncovered virtually simultaneous with “cracking the
code.” But instead of collapse and replacement this paradigm has merely dug deeper into its
dogmatic shell, and now, sadly, it has begun to fade away, with no obvious healthy new
paradigm waiting to take its place.
I intend to address those very issues: the origin and ultimate failure of the narrow
classic paradigm of the genetic code, and also to provide a healthy foundation for a newly
expanded paradigm that we might confidently use to replace it. But also of interest here are
the steps that led to our unquestioning support of this simple model, as well as the bizarre
protective rituals that block its demise today. This badly ailing paradigm still enjoys almost
universal support in the academic community today, but the many obvious flaws have also
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generated an environment of obvious confusion throughout the various branches of life
science. How should a conscientious instructor of biology proceed? Dogmatic faith in this
first principle of molecular information can be expected to cause some amount of distress
within the ranks of the rigidly indoctrinated hierarchy of science, but few ideological
objections to the orthodoxy have ever been brought. The situation has produced behavior
patterns that are disturbingly more reminiscent of religion than science. So, be warned: any
heretic who plunges into this rabbit hole must be prepared to examine the dizzying logic that
has us peering at the world of molecular information from the other side of the mirror, where
simple words lose all meaning, and arguments can be based on nothing but protective
rituals, cryptic word games and self-comforting customs in the community of scientists. It’s
not going to be pretty.

The classic paradigm is the product of unusual circumstances from a different era. It
is useful to recognize those circumstances, to some extent, to begin to understand how the
paradigm can be fundamentally flawed yet never formally rejected and replaced. It arose
during a time of rapid advance in multiple nascent fields of study, a time when an amalgam
of public fear and promise defined a new popular perception of science and scientists. The
simplistic and highly specific perception of the genetic code was also fueled by a powerful
media blitz the likes of which scientific investigation had perhaps not previously known.
The genetic code in this light presented an easy target for investigators and for the media. It
was seemingly low hanging yet glamorous fruit in an otherwise confusing tangle of
complicated molecular names and processes. It was also an era of rapidly expanding
funding and expanding facilities, so there were plenty of factors driving the simplistic
paradigm’s march into the science and history books. But, ultimately, the birth of the classic
paradigm probably gained the most momentum from its giddy promise and glittery name the genetic code – that, as it turns out, is perhaps one of the greatest scientific misnomers of
all time.
In retrospect, most if not all of the assumptions that drove the search for “the code of
life” have turned out to be erroneous, and so the classic interpretations of observed data
today are insufficient, even comically unsound. True statements of logic and empiric fact
will consistently evoke negative outbursts from the classically trained biochemical experts
today. The situation can only be rectified by concluding that the classic paradigm of the
genetic code is fundamentally flawed. In fact, the paradigm has blocked ideas and
investigations for decades, and it unfortunately continues to do so today. It is time for a new
paradigm of the genetic code.
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“… what leads a student of such processes to say Aha! depends on his or her
expectations, needs, and desires. For some, the fact that the machines executing a process
are of our own design and construction does suffice to yield satisfaction, while others, with
more traditional cognitive goals, may hold out for principles they can wrap their minds
around …”
Evelyn Fox Keller

Paradigms
Words must have meaning. Collectively, words form a bustling economy for
communication of ideas, a formal system of thought, or a human code that we call language.
Science evolves so rapidly that some words can exchange their meaning, even lose or
reverse their meaning at an alarming rate. Like the shells of hermit crabs, word usage can be
adapted from one meaning to another, and this should be expected to cause no small amount
of confusion. The word ‘paradigm’ is one such word. It has many usages in many contexts,
and I suppose I am only going to add to that considerable baggage here. However, I must
define my meaning because my particular usage is probably unique to me to a fair degree.
A paradigm, in my mind, is a model of how ideas relate to one another, or more
generally a model that forms the basis of a general collection of ideas. It is a form of
symbolic abstraction that can drive investigation and communication. Some might want to
interchange it with the word ‘theory’, but it is less specific and, I think, fundamentally
different from a theory. A paradigm is a more general framework for thought, or a mental
operating system for thinking. Paradigms are central models taken as true, so they guide
scientific understanding, language, conjecture, investigation and advancement. They are the
most general ideas that can hold other theories, or the mental scaffolds that hold the
explanations of what something is, why it is, and how it works.
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A single paradigm can spawn many theories. But merely because a theory is
“proven” does not necessarily mean that there is any greater “truth” or validity to the
paradigm that spawned it. Conversely, a paradigm might spawn false theories, perhaps even
contradictory theories, yet it can still remain useful. For instance, the idea that earth’s
biosphere has evolved is a general paradigm that has been around for a long, long time,
greatly predating even Darwin. However, Darwin worked from the evolution paradigm to
propose the theory of natural selection. Even during Darwin’s time, most naturalists held
some kind of paradigm about organic evolution. Darwin got it exactly right with his
proposed mechanism for evolution, but let us suppose he had not. There still would be
plenty of theories, as there were at the time of his proposal, to explain the general paradigm
of life’s now quite obvious pattern of evolution.
Despite Darwin’s great achievement, most people still choose to reject his ideas
along with the larger evolution paradigm. In fact, people pick from a distressingly broad
spectrum of evolution paradigms that ranges from total evolution to no evolution of life on
earth. So, paradigms can be, and usually are, highly personal and individualized things. In
this way a paradigm might also be considered a belief. I admit that my own paradigm of
evolution by natural selection is an extreme and firmly entrenched personal belief system,
but I like to think that I am on firm scientific footing with this particular belief. However,
sometimes people willfully ignore convincing empiric evidence just so that they can hangon to their cherished paradigms. Specific theories, on the other hand, do not generally have
this luxury.
Perhaps paradigms can be seen as mental tools to represent solutions, but more
important, I think, is the fact that paradigms are the essential tools that we use to frame
problems. It reminds me of something an accomplished friend told me years ago when he
described his success as a realtor. He said, “Most people think that real estate is about
selling houses but it is not. You can never really sell anybody a house. Real estate is all
about listing houses and finding the people who need them.” In this way I think people are
also confused about science. Science is not just about finding solutions it is about finding
and properly framing problems. And so it is that a good paradigm might provide some
solutions but it is still more useful for the problems it suggests and the way those problems
are to be framed. The classic paradigm is bad because it provides inadequate solutions
based on a grossly inadequate framing of the problem.
Paradigms frequently stem from or lead to direct analogies, and because of this,
scientific language tends to be highly metaphorical. A metaphor is a phrase that implicitly
likens one thing to another, like “you broke my heart,” which is a common metaphor that
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begs the question: In what way do we perceive that hearts are made and can therefore
actually break? Metaphors are figures of speech, a rapid and effective way to liken the
unknown to the known and, therefore, metaphors become a powerful determinant of
thought. Because science is frequently metaphorical, it is also frequently quite poetic. The
paradigms and metaphors of science will always evoke rich visualizations. Science usually
closely resembles poetry in this way. An example of this is the lock and key visualization
known as “biospecificity” that dominated the early twentieth century thinking of biologists.
At that time, the complexities of biology were understood almost entirely within the broad
context of specific organic shapes and their complex interactions. The idea of a specific
lock accepting a specific key was a good, poetic way to get this mental picture. The still
more abstract concept of bio-information to be brought about by computers was yet
unknown, so life was not seen then merely as an information system; it was instead seen
basically as a system of complex shapes. It is a shame that biospecificity was gradually but
substantially replaced in the 1940s, 50s and 60s by purely textual metaphors. The textual
metaphors gave way to linear visualizations and the near elimination of basic shapes, but the
two modes of visualization are not mutually exclusive or even slightly immiscible here; they
are entirely compatible modes of visualization in this area.
The physicists, chemists and mathematicians who began migrating to molecular
biology in the era of the classic paradigm brought in with them the information discourse.
From this, biology became dominated by words like genetic information, code, message,
script, blueprint, text, transcription and translation, and visualizing life in terms of alphabets,
books and digital computers provided the bulk of mental images. It was a pervasive
transformation from basic visions of complex organic forms to one of simple symbolic
languages. This was a good thing, for the most part, but there can always be too much of a
good thing. For instance, the term ‘linear’ began to be bandied about with reckless abandon.
It was a too general term derived from the linear nature of written text, and no doubt by the
still more linear image of paper tape being fed into massive digital computers. And so it
was that complex, elegant, yet sequential molecular polymers of subtle yet distinct shapes,
like DNA and protein, naturally got labeled as linear.
Paradigms generally tend to become interrelated or nested. A paradigm for a general
concept is adopted for individual circumstances. This is a situation a bit like object oriented
computer programming. For those unfamiliar with this modern software technology, object
oriented code is made when the properties of numerous specific coded objects are created by
and inherited from the properties of more general coded structures. A barebones example of
paradigm nesting of this type in science is found in physics and the laws of motion. Newton
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provided the basic framework for understanding force and motion with his three famous
laws of motion. We use these laws to visualize the physical working of most kinds of force,
and specifically in a case where the force is applied by a lever. We then visualize the
working of a pulley from our understanding of a lever. Similarly, our understanding of
biology should be seen as a still more complex nesting of paradigms beginning with Darwin
and drilling down into specific instances, such as protein synthesis. My eccentric
perspective sees most of the forces in biology as being derived from the primary force of
natural selection.
The nesting and interrelation of paradigms extends in a big way to their languages.
A paradigm creates a specific language, and that language builds on the paradigm itself.
This curious relationship between paradigms and language can be expected to eventually
lead to positive reinforcement, or an amplification of ideas. It is a feed-forward loop
between language and paradigms. In the case of the classic paradigm, there was an initial
idea that started with simplicity. This idea was reflected in the language of simplicity and
then the visualizations of linear simplicity, and so the actual words used here fed forward to
reinforce the paradigm of simplicity. There then was no comfortable place left in the classic
paradigm for the word ‘complex’, although it is sometimes now awkwardly inserted from
time to time.
Another curious and unexpected feature of scientific paradigms is that they are
remarkably resistant to change. The science philosopher, Thomas Kuhn, made this
observation in his classic book, The Structure of Scientific Revolutions. Kuhn uses a slightly
different definition of paradigm, but he explains how paradigms become accepted and then
bolstered by the good works of workaday scientists. A protective ritual begins to form
around an accepted paradigm in science. When empiric data is eventually found to go
against the paradigm, it is the job of these scientists not to reject the paradigm outright but to
explain the apparent contradiction. They work hard to rehabilitate the threatened paradigm,
and they inevitably create a more robust understanding of the phenomenon under study.
However, through time there can be a piling-up of observed contradictions - which are also
known as counter-instances - and eventually a paradigm gathers too many counter-instances,
enters crisis, and then collapses. Ideally, at the time of collapse a new paradigm is waiting
in the wings to replace the old one, and scientific thinking experiences a revolution of ideas.
This is a pattern that is repeated many times throughout the history of science. It is the
normal course of scientific advancement. Revolution is the rule not the exception, according
to Kuhn.
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There is usually a historical and cultural basis for most paradigms and metaphors.
They are products of their era, and they often reflect the individual desires and prejudices of
the investigators that create them, as well as the prevailing culture of their times. For
example, consider the metaphor ‘it’s a doozy’, which is a slang term for a remarkable,
elaborate or excellent thing. The term appears to have originated in the early years of
automobiles, and refers to a luxury automobile made by Duesenburg. The referent has
changed dramatically – Duesenburgs - as there are no longer common perceptions of these
automobiles, but the metaphor persists. So in order to fully understand many paradigms and
metaphors it is important to understand the era and culture in which they were created. In
the case of the classic paradigm of the genetic code, the desires, culture and the metaphorical
referents have all changed dramatically, but the classic paradigm and its unfortunate
language persists.

"True science investigates and brings to human perception such truths and such
knowledge as the people of a given time and society consider most important. Art transmits
these truths from the region of perception to the region of emotion. If therefore the path
chosen by science be false, so also will be the path taken by art. Science gives direction to
the forward movement; while art causes the actual progression. Thus a false activity of
science inevitably causes a correspondingly false activity of art."
Leo Tolstoy - What is Art
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The Blissful Ignorance of Youth
The foundations for the classic paradigm of the genetic code were first laid in the
1940s, a time when the scientific community and the world at large were undoubtedly
traumatized by the Second World War and its aftermath. The popular notions of a scientist
had a tradition of being formed by romantic ideals of gentlemen scientists on the one hand,
such as Ben Franklin or Charles Darwin, or on the other hand they were viewed quite
suspiciously, like the literary dark portraits of scientists painted by Mary Shelley, Robert
Lewis Stevenson and H.G. Wells. However, the circumstances of two industrialized world
wars forced a new perception of the scientist to rapidly emerge. World War II was a savage,
global and completely industrialized war, and it was one made possible in large part by the
work of scientists and engineers. More frightening, it was a war that ended with the
punctuation of an atomic bomb. Here mankind had a fresh, new description of the tiny atom
that was barely two decades old, yet a group of nameless, faceless scientists had transformed
the tiny atom into a weapon of unimaginable destruction.
What was one to think of this? The new message of science was clear: science could
be all-powerful, and so the basic public perception of a scientist must be transformed. It was
a transformation that surely was driven both by fear and faith. The fear was obviously
justified, yet the faith was guided by hopeful optimism that no matter how bad the bad
scientists might become, the good scientists could lead our thinking in the right direction. It
was perhaps a start to the new and expanded popular perception of scientist as a balance
between super-villain and super-hero. They were our leaders of thought, and so I suspect
that folks naturally had the inclination to root hard for the good guys. Regardless, scientists
of this era were elevated to a new role, new visibility, and a new level of status in modern
culture.
In addition to popular perception, the nuts and bolts of workaday science were also
rapidly changing in the post-war era. The tools, protocols, abilities, achievements and actual
numbers of scientists were rapidly growing. Science funding began to explode. Not only
did the government perceive a defense interest in the basic sciences, it saw cultural and
economic interests as well. Institutions of higher learning began to expand their influence,
their budgets and their enrollments. The private sector recognized the commercial value in
basic science as well, and it became a viable career path as never before. On top of this, the
mass media was growing, and the lives and works of scientists naturally became a
marketable media commodity. The general public was a mass market for science fiction on
one hand, and for real science on the other. In this environment, the story of genius code
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breakers in search of the secret code of life was copy that would surely sell. Add to that the
fact that colorful public figures, such as George Gamow, and new scientific celebrities, such
as Watson and Crick, were cracking the code, and you had guaranteed good copy that would
capture the imagination of the general public.
Consider also that the classic paradigm emerged from an era that had available to it a
completely different set of tools; not just physical tools but intellectual tools as well. The
physical tools of science in the post-war era did not include an electron microscope or a
gene sequencer. There were no MRI scanners to illustrate molecular shapes. There were no
digital computers to speak of, so there were no sophisticated and powerful relational
databases. There were no clever, complex and elegant computer codes. There were no
clever programmers to describe them for us. There were no real-time three-dimensional
renderings of molecules, simple or complex. There were no common computer operating
systems or fabulous search engines. There were no complex computer simulations of
population dynamics, game theory, chaos, complexity, artificial intelligence or artificial
digital life. There were no hard drives or CPUs. There was no Internet, so there was no
model of network communications, and also there were no instantaneous, global, network
communications. Professional interaction was still conducted mostly in small groups, by
mail, journal or symposium.
The intellectual tools of science in this era might seem just as primitive by today’s
standards. We have a new mindset now about biology and science in general, but then
scientists migrating from physics, chemistry and mathematics were just beginning to
welcome biology into the community of “hard sciences.” Prior to that, the early days of
biology were dominated by taxonomy of all living things, they were naturalists, but without
any physicochemical basis for life there were few broad theoretical structures that could
explain any of the basic biological processes. There simply was no molecular biology for
molecular biology to build upon. Understandably, it was slow going, difficult work, but this
did not preclude the unveiling of many “truths” of nature.
For historical context, it was much less than a century before this era when Louis
Pasteur claimed a prize in 1864 for experimentally disproving the theory of spontaneous
generation. It’s hard for us to understand now why such a silly thing would ever need to be
experimentally disproved. However, we should note that if one takes a hard-line view of
evolution, as I do, then some form of “spontaneous generation” is still required at some
point in the paradigm! Incidentally, it was also only a decade before that when Leon
Foucault and his ingenious pendulum gave us the first empiric terrestrial proof that the earth
is actually spinning. The larger point being that we tend to think that mankind has known
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more about the natural world, in greater depth, detail and accuracy than we actually have.
But scientific “truths” have only recently begun to greatly accelerate their pace of change, as
well as their complexity and overall sophistication. As another example from the early era
of the classic paradigm, the simplistic concept of a homunculus, or little man, guiding the
process of embryogenesis was only freshly discarded as well. Of course embryology and
the genetic code are closely linked concepts, and perhaps we haven’t advanced as far as
commonly perceived on these fronts. Regardless, it was a giddy period of rapid advance,
but also a time when archaic intellectual baggage could hold considerable sway. It still is.
Indeed, the era of the classic paradigm was an environment of rapidly evolving ideas,
and a time when physicists were just beginning to play a role in biology. The atomic model
was completed by Niels Bohr in 1913, and replaced by a full quantum mechanical model in
1925. These were essential steps toward establishing modern chemistry, the periodic table
of elements, and therefore the molecular basis of life. In 1943, Erwin Schrödinger, a Nobel
laureate, also responsible in part for the quantum model of the atom, published a fabulous
little book based on a series of his lectures. It was a short but often cited work titled, What
is Life? That is a question that has been and still is asked with high frequency. A
satisfactory answer has yet to be found. In his book, Schrödinger wanted to authoritatively
put to rest the notion that life would somehow be found to be outside the boundary of
chemistry and physics, although he does clearly want to carve out an exception for life in the
second law of thermodynamics. Indeed, this should have been the proper starting place for a
new paradigm of molecular information to build upon, but the essential concepts behind his
clever observations have been misunderstood, mis-cited, mostly ignored and now
substantially forgotten. However, Schrödinger was quite prescient in his warnings to
chemists and physicists about what they should expect to find in biology and how they
should generally approach it, yet his insights and warnings have largely gone unheeded.
Schrödinger was well-informed about the presence of chromosomes and their
behavior during cell division. He guessed that chromatin was a complicated crystal that he
called an aperiodic crystal, and he surmised that it somehow contained a genetic code-script
for building a lifeform. The terms ‘aperiodic crystal’ and ‘code-script’ along with a third
term, ‘negentropy’, are the most enduring contributions from Schrödinger’s book, which
incidentally is rumored to have inspired both Francis Crick and James Watson to study
molecular biology and eventually describe the double helix of DNA. However, Schrödinger
does not actually call life an aperiodic crystal, he merely describes the material of heredity
as such. He proposed that life is a process of “negentropy” by which he meant the opposite
of entropy, or molecular randomness, which is statistical order from disorder, and so he
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defined negentropy as “order from order.” Surficially, to a careless reader, he seems to be
arguing for another mysterious life-force in the universe, but nothing could be further from
the truth. He states unequivocally that he expects life to fall within the domain of physics,
as we might know it, and that if life doe not appear to do this, then we probably don’t fully
understand physics. Schrödinger himself admitted to not fully understanding his own
concept of negentropy or how it might advance our view of life. How could he? But by
anticipating the need for information theory in molecular genetics, Schrödinger can be
credited with firmly establishing the path to the information discourse regarding molecular
biology.
Schrödinger’s work brings to light a key intellectual tool not available in the postwar era: the formal discipline now known as information theory. This thoroughly
mathematical discipline was not available at the time. There were many existing
rudimentary examples of information theory at work, such as Morse code, and even our
alphabet of letters is a good an example, but there was no unifying intellectual structure or
information-oriented paradigm to advance the entire field. In 1948, a mathematician and
electrical engineer named Claude Elwood Shannon, while working for Bell Labs, published
a two-part article in the Bell Systems Technical Journal titled, A Mathematical Theory of
Communication. And thus Dr. Shannon became the official father of information theory.
Shannon, in a sense, formalized and extended Schrödinger’s nebulous concept of
information as entropy. Thermodynamics is framed as a purely statistical concept that
literally means heat motion. It provides a powerful set of mathematical tools to deal quite
effectively with the physical motion of unmanageably large numbers of unthinking, random
atoms blindly banging into each other like billiard balls. As the heat of a system goes up so
does the aggressiveness of the atomic motion and therefore the entropy. Information theory
does essentially the same kind of thing with symbol sets by defining units of “information.”
Ironically, Shannon’s idea of a quantity of information as entropy is the exact opposite of
classic thermodynamic entropy. Shannon’s entropy is Schrödinger’s negentropy, and rightly
so. Shannon’s one great mistake is that he did not take this to heart and name his
fundamental unit of information negentropy. Here is what Wikipedia has to say about the
naming process:

“Shannon himself was apparently not particularly aware of the close similarity
between his new quantity and the earlier work in thermodynamics; but John von Neumann
was. The story goes that when Shannon was deciding what to call his new quantity, fearing
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that 'information' was already over-used, von Neumann told him firmly: "You should call it
entropy, for two reasons. In the first place your uncertainty function has been used in
statistical mechanics under that name, so it already has a name. In the second place, and
more important, no one really knows what entropy really is, so in a debate you will always
have the advantage."”

Information theory deals with the statistical characteristics of symbol sets and the
physical realities of communication systems. It addresses the real world challenges of
constructing a communication system of transmitters, signals, receivers and random signal
noise. It is at base, really, a formal discipline of encryption, and perhaps it would be better
served by the name ‘code theory’ because it deals with the numeric patterns involved in
encoding, transmitting and decoding units of information. Regardless, information theory
ignited a firestorm of intellectual and technologic advancement. Indeed, all of the digital
technology of today is firmly rooted in information theory in some general way. Some
folks, myself included, have the distinct impression that all processes in the universe are best
understood under a broad information paradigm, but we’ll dip into that eccentric worldview
a bit later. Unfortunately, during the birth of the classic paradigm of the genetic code,
information theory was only in its infancy and therefore digital computing could provide
only a weak metaphor for genetic encoding. It is obvious now, however, that information
theory was at that time a grossly premature referent in the metaphor of the genetic code.
The code of life has proven to be much too sophisticated, elegant and complex to be handled
by mid-twentieth century information theory and the metaphors it could generate.

Other key intellectual tools were not available to the era of the classic paradigm
because in some form or another they depend on information theory and the miraculous
technology it has spawned. For instance, the formal study of complexity is an offshot of
information theory, and today it depends on the powerful computer technology and
algorithms supplied by information theory. Complexity theory is best understood via
computer simulations, and of course, without computers there can be no computer
simulations. Complexity theory is far too complex to properly go into huge detail here, but
it is essential to understanding the code of life, so a brief discription is definitely in order.
For starters, there is a useful, fundamental difference between the idea that
something is complex versus something that is complicated. A complicated system is one of
numerus parts, yet the whole is still roughly the sum of its parts. Conversely, a complex
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system is one with lots of parts, but the whole is not the sum of the properties of its parts.
Basic properties of a large complex system only emerge from the interaction of large
numbers of smaller individual agents. The numerous parts of a complex system must have
rules of interaction to provide feedback to each other, and only then can a higher level of
organization emerge from it. The adage for complexity is that more is not more; more is
different.
Take for instance an automobile, it is a complicated system built of many subsystems. There is a wheel base, a drive train, breaks, steering, etcetera. It is a complicated
system designed from “above” for the purpose of transportation. We can continue to add
sub-systems, like audio, AC and even add sub-sub-systems, like anti-lock brakes and such,
but the sum of the parts continues to add up to an automobile. It is a complicated system of
many parts but not a complex system.
In contrast, a living cell is truly complex, devised not from above but from below. It
too is composed of numerous sub-systems, and sub-sub-systems, but there is nothing
inherently “cell-like” about any of the component parts. The properties of an entire cell
cannot be guessed by studying any, or for that matter all of its parts. Instead, the cell-like
nature of a cell emerges from its inherent complexity. A cell is an entire system of adaptive
self-organization. Similarly, an ant colony is not merely the sum of individual ants; the
actions of a colony emerge from the actions of a large number of individual ant agents.
There is a queen, but there is no “leader” ant commanding and controlling the behavior of an
ant colony. The behavior pattern of an ant colony emerges from the collective interactive
behaviors of individual ant agents. Similarly, a brain is not a complicated network of
neurons it is a complex population of neurons from which “thought” emerges.
So, by comparison, an automobile of today can be quite complicated but probably
not complex, not yet anyway. Even the ultimate doozy of a car will never begin to match
the complexity of a living cell. However, a group of automobiles, the global transportation
system they comprise, or the traffic patterns they might create, is complex. Automobiles can
form a population of independent yet interrelated agents that provide feedback to one
another. Yet one cannot truly anticipate or understand traffic patterns by studying the subsystems of an automobile.
A curious thing to note here about the difference between studying complex and
complicated systems: the general approach to describing a complicated system is to utterly
simplify it, but the general approach to a complex system is to generalize it, to find the
global pattern of the system. Pure simplification will usually destroy the sublime order of a
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complex self-organized adaptive system. However, in order to simplify a system it is
usually prudent to isolate each of the components and then simplify all of the mechanisms
within them. In the case of a truly complex system, this attack through utter simplification
or pure reductionism will typically lead to a poor understanding of the system in general.
The trees will be well understood, perhaps, but the forest will be missed entirely.
The era of the classic paradigm was clearly still dominated by a prejudice toward
science via simplification. Although it was widely recognized that things could be very
complicated, perhaps even complex, there was an unspoken faith that no system could at
bottom defy a rigorous effort to reduce, simplify and thereby study it. The common sense
approach to scientific investigation then was based on the premise that extremely
complicated and complex systems, like a living cell, would best be understood in the light of
utter simplification. In the brighter study light of complexity theory, any premise of
simplicity is a demonstrably false premise. It turns out that broad, general paradigms of
complexity are always more useful in the study of biology, at all levels, than are the narrow
and specific paradigms of simplicity. Life is never simple. Complexity is the only way to
understand biology.
Chaos is a concept closely related to complexity. Chaos theory is the study of nonlinear dynamic systems. A chaotic system is unpredictable in the general sense of the word,
but a chaotic system is not random. The hallmark of a chaotic system is its exquisite
sensitivity to initial conditions. The concept was made popular by the phrase ‘the butterfly
effect’ (they even made a bad movie by that name). It means that small perturbations in
initial conditions, like a butterfly flapping its wings, will lead to large consequences, like
tornadoes, in complex weather patterns. A complicated system will usually follow linear
dynamics whereas a complex system will follow non-linear dynamics.
These sorts of intellectual tools and languages were not available to the founders of
the classic paradigm of the genetic code. It was not an easy thing then to imagine that a
basic molecular language could somehow follow the strict rules of a linear code, like morse
code, yet still be non-linear in its overall operation. Consequently, a clearly chaotic natural
process, like protein synthesis, was forced into a tiny “linear” box, and remarkably, it still
resides unhappily cramped in our thoughts and textbooks in that ridiculous little box today.
There is no butterfly effect in protein synthesis today because our poor, delicate butterfly is
hidden in and suffocated by the linear black box of the classic paradigm. However, it
appears empirically obvious now that both protein folding and sequencing - neither one - are
a simple, linear handshake between DNA and protein. Protein synthesis in total is a
complex and chaotic dance with multiple partners twirling back and forth across the dance
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floor. When taken as a whole, in a proper broad context, protein synthesis is a complex
unpacking of emergent molecular information, not a simple lateral data dump. And thus the
classic paradigm of the genetic code restricts our view of the sublime grace, beauty and
elegance of the complex molecular dance that is being practiced right in front of our eyes.

Perhaps the most powerful tool that was not fully available during the era of the
classic paradigm, shockingly enough, was a well-formed appreciation for Charles Darwin
and the genie that he let out of the bottle with the concept of natural selection. This is, on its
face, perhaps an outrageous assertion, but here again, this was a culture that was clearly not
awash in digital technology and complexity theory, a culture therefore not able to fully
appreciate the awesome power of a basic algorithm. By contrast, we now talk confidently
about fantastical things such as artificial intelligence and even artificial life, which are
concepts dredged up from the past but today based entirely on algorithms and digital
technology. The founders of the classic paradigm completely ignored Charles Darwin, or at
least they ignored the absolute importance of his ideas.
Although Darwin published The Origin of Species in 1859, there was at that time no
known genetic theory to ground his ideas. It wasn’t until 1900 when an obscure paper by
Gregor Mendel was “rediscovered” that a “modern synthesis” could begin in biology.
Darwin has always been quite useful for a detailed taxonomy of organisms, but only
relatively recently have we begun to appreciate the full impact of his ideas on all aspects of
modern biology. Of course, without the benefit of a modern computer and complex
simulations it is difficult to appreciate the impressive general utility of his ideas. Natural
selection is an algorithm. As such it serves as a powerful intellectual tool for thinking about
all aspects of biology and beyond. It is now hard to overstate the importance of Charles
Darwin on modern science, not just biology.
Unfortunately, Darwin and his ideas have always been shrouded in a skeptical aura
replete with myth, fear and ignorance. It is difficult to appreciate now the simple genius of
his contribution for all the hyperbole that surrounds the many cultural implications of his
theory. First, Darwin did not invent the theory of evolution; he described a mechanism for
how it could logically occur, and he put forth a compelling argument for us to easily
understand and accept his theory. At the time of Origin, the theory of biologic evolution –
the derivative origin of specific life forms - had a fair number of backers, but the accepted
mechanism was generally one promoted by a French naturalist named Lamarck, whose
theory was called the inheritance of acquired characteristics. It held that individual
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characteristics could be acquired during a lifetime and then somehow passed along to
descendants. Obviously, at the time there was no recognized mathematical or physical
explanation for blood-lines, so genetic mixing of indiscrete inheritable traits was naturally
assumed.
The Lamarckian mechanism of evolution would lead to a form of directed evolution
that would be guided by individuals and should logically procede at an exponential speed.
In contrast, Darwin proposed that evolution would instead be driven by pre-existing, discrete
variations within populations, and that these variations would determine an individual’s
fitness relative to the whole population. An individual’s fitness would then tip the statistical
balance as to whether or not it would survive to reproduce – differential reproduction.
Darwin’s ideas were quite statistical in nature, but he used very little mathematics. He used
mostly pure thought, rhetoric and analogy based on an unassailable fund of learned
observation. Perhaps less intuitive, this Darwinian mechanism of evolution would be linked
to properties of a population. The Darwinian view says that individuals do not evolve populations change through differential reproduction within populations. This would
logically be much slower than Lamarckian evolution, procedeing at a geometric pace on a
geologic timescale. Darwin was quite thourough in pointing out that this necessarily vast
amount of time was evident in our geological record.
The substantial intellectual impact of Darwin’s theory today is to recognize that
something as complex and sublime as the pattern of life on this planet could be entirely
accounted for at bottom by a simple algorithm. An algorithm is a finite set of steps that
reliably produces an expected result. Darwin essentially said that evolution will inevitably
result from the algorithm of natural selection, and the steps of the algorithm are remarkably
straight forward. First, create a population that will contain variation. Second, create a
method of ranking and restricting the population based on some parameter or some fitness.
Last, create a mechanism for replicating the population, or an iterative process. It is a
simple recipe that reliably leads to evolution, not of individuals but of populations and larger
patterns of life through time.
This general description of natural selection is also a description of a process that
would be a very good, basic generator of complex patterns in any medium. Natural
selection is a natural born complexity generator. It is coincidentally also a spot on general
description of a way to make a complex geometric object called a fractal. A fractal is a
mathematical concept first described by Benoit Mandelbrot. It is distinguished by the
curious property of self-same geometry, a situation where sub-components of a shape will
share properties of the whole. Consequently, a fractal is a geometric system that has no
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inherent scale, like a cloud or a shoreline. Fractals can be algorithmically generated by an
iterative process where the output from one equation is put back into the same equation as
the input for the next iteration, such as:

Step 1. Y = f(X)
Step 2. X = Y
Step 3. Repeat Step 1, Step 2 and Step 3.

We can see now that this is exactly the method used in natural selection. For
instance, a population at time X is operated on by natural selection resulting in a new
population at time Y, and then the same process of natural selection is repeated on the
population at time Y. This function is repeated generation after generation – the output of
one generation is the input for the next. Not only does this produce an intricate pattern of
life on this planet but it produces an intricate pattern of all of the processes behind the
pattern of life on this planet. There is a fundamental self-sameness to the myriad patterns of
life. We should expect to see things at bottom to somehow reflect what we can see in the
middle and at the top. Now that it has been generally recognized, fractal patterns can be
found to be so prevalent at all levels everywhere in the universe that it is no longer
acceptable to merely ask how a particular feature or process arrived as the result of natural
selection, it is also important to ask how that feature or process might participate in the
iterative method of natural selection. This is true of the universe in general, but escpecially
so for all of biology.
Natural selection as an algorithm can be seen to consist of two basic functions. The
first and most obvious is the function of sorting, where a population is sorted according to
some parameter of fitness. The second function is less obvious, but equally important. The
second function is a search function. It involves not just the role of variation in the
algorithm but the genesis of variation as well. The algorithim requires a variety of solutions
or fitnesses to pre-exist within a population for natural selection to operate, and so there
must be an array of individual variations available to be sorted on any scale of fitness.
Without useful variation there is no sorting and therefore no change in descendant
populations. But variation cannot reliably and effectively just appear from nowhere; it must
be generated somehow. There must be a constant and reliable supply of variation as an
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engine to drive the search function within any population of things to evolve. In fact, this
supply of variation is ideally not totally random, it can and usually is logical and efficient at
some level. The better the source of variation the faster the search and the more pronounced
the evolution. A system based on negentropy will always win out in life over a system of
pure entropy.
In the most basic terms, natural selection is a simple algorithm made of equal parts
search and sort. Without variation there can be no search and without a search there can be
no sort. The sort function is always supplied by a complex environment via competition for
limited resources, or limited opportunities to produce descendants, what Darwin called
selection. But the search function is provided by basic variations between individuals.
Quite simply, no search no sort, no variation no evolution, and not all forms of variation are
equal. Some sources of variation can be better than others when it comes to efficiently and
effectively driving evolution. Complex adaptive systems that evolve in a competitive
environment will always reward winning strategies toward meeting both of these basic
functions. Although the sort function is more famous, the search function is more
interesting. This basic observation must be applied to all living processes, and the genetic
code should be no exception. The code of protein synthesis, as it turns out, is built
specifically to ensure efficient and effective variation in the basic processes of a complex
living cell. It is a molecular machine language that has integrated build and search
capacities within the core of the most sublime machinery of life.
It is the full depth of this appreciation for Darwin and the fundamental role of
algorithms in biology that was missing from the era in which the classic paradigm of the
genetic code was formed. It was of brief interest in passing, perhaps, how the specific form
of the genetic code might have come about as the result of the processes of evolution, but it
was of no particular burning interest how this “code” would contribute to the fundamental
algorithmic processes as a driver of evolution. This simply was not a common intellectual
tool available to that era.

In addition to physical and intellectual tools, there was another vitally important
component naturally missing from the era in which the classic paradigm was forged. Raw
data, the irreplaceable nutrient for all healthy scientific thought, was in decidedly short
supply when the classic paradigm was stamped into the soft wax of human thought.
Experimental data gradually did become available, such as a few protein sequences, or a few
protein x-ray crystallographies, but progress on the data front has been painfully slow and
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quite costly. There simply were no gene sequences, no protein databases, no tRNA or rRNA
three-dimensional computer renderings. Granted, there were far fewer variables to explain
at the time, but also every new idea in the field was necessarily a conjecture piled upon an
unproven conjecture. It was this tenuous paucity of raw data that meant that radical
simplifications were absolutely required to chart a course of investigation.
Another natural consequence of the near absence of data was that the genetic code
became a major focus of attention, not just within science but to the public as well. It was a
situation that was repeated later, to some extent, in the highly visible and swashbuckling
pursuit of the human genome project. But when the field of molecular biology was
relatively new, and the freshly minted celebrities in the field, Watson and Crick, were
turning their attention to this new and intriguing problem of life’s secret code, the spotlights
were shined brightly upon it. Even the famous cosmologist, George Gamow, was helping to
focus attention on this obviously important new quandry of molecular language. It was a
circumstance that naturally attracted a diverse field of interest, from physicists to
philosophers, from virologists to theologians. Unfortunately, this degree of attention meant
that many authoritative utterances, no matter how outlandish, were dutifully reported to the
unwashed masses, putting each colorful pronouncement at risk of somehow being
assimilated into the enduring paradigm. In other words, it appears to be an era of
unprecedented scientific hyperbole.

“One of the first lessons students are taught about the scientific method is of the
importance of distinguishing between evidence and explanation. Evidence, at least in the
root sense of the term, is that which can be seen, and whether or not one takes observation to
be theory-laden, the relation of evidence to explanation is generally construed as either
confirming or disconfirming – that is, evidence is either for or against a proposed theory or
explanation. Conversely, an explanation is either able or unable to account for the evidence.
The failure to make this distinction is widely taken as a failure to understand one of the most
basic principles of scientific reasoning.”
Evelyn Fox Keller
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Three Simple Premises
Within the context of this era, the classic paradigm of the genetic code was placed on
a bedrock foundation of three premises; each one is a proposition of absolute simplification
with respect to translation of molecular information. The three premises are called colinearity, the central dogma, and the thermodynamic hypothesis of protein folding. Since all
three premises are integral to the classic paradigm, I will do my best to fairly describe each
in somewhat more detail. We must first understand what they mean before we can
understand why they are totally wrong.
The principle of co-linearity means that genetic information is contained in a “linear”
molecule of DNA or mRNA, and there is a direct correspondence between this information
and the “linear” molecule of a protein. Co-linearity spells out the idea that sequential
molecular units of a polymer define the molecular information being translated during
protein synthesis. It is a process of virtually all composition and virtually no molecular
structure. The concept of co-linearity is no doubt a useful expedience toward understanding
some translation mechanisms, but it is also an absolute simplification with respect to the
nature of genetic information.
The second premise, the central dogma, is a truly unfortunate term used to describe
the direction or “flow” of co-linear genetic information during the process of protein
synthesis. It specifically says that genetic information flows from DNA to RNA during
‘transcription’ and then flows from RNA to protein during ‘translation’. Protein synthesis is
a clear-cut, two-step directional procedure of first transcription and then translation. There
is then postulated to be an entirely separate process called protein folding where every
translated sequence of amino acids finds, of its own accord, its inevitable final shape. The
central dogma too has its uses for pedagogic expedience, but it is also a statement of
absolute simplification with respect to genetic information.
The third premise is called the thermodynamic hypothesis of protein folding, and it is
most aptly named. This is the lynchpinch of the classic paradigm. It defines our view of the
genetic code and forges the general shape it has in our minds today. Without the
thermodynamic hypothesis, the classic paradigm would surely be much different. But, the
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thermodynamic hypothesis of protein folding is actually not a single hypothesis; it is two
completely separate hypotheses. The first is that thermodynamic molecular forces
completely dictate the mysterious process of protein folding after translation. In other
words, the random collisions between protein and water molecules will determine the
persistent shape of a protein after the genetic code has strung the amino acids together. This
is a logical idea, since thermodynamic forces play such a large role in all molecular
processes. Life is an aqueous system, and so it is natural that the random motion of water
molecules will strongly influence the ultimate shape of proteins. However, the second part
of the hypothesis takes the idea much further. The second part of the theory is that for every
sequence of amino acids there is a corresponding shape – a state of lowest Gibbs free
energy, as they like to say - that should in all cases be observed within a cell. This is
sometimes called the single target hypothesis of protein folding. The single target
hypothesis means that when a protein starts on its path of folding, from any form - but
especially from the form in which it emerges from translation - the protein will unfailingly
find the single most thermodynamically stable target at the end of the process of protein
folding. This should logically mean that there must be in all cases a single most stable target
that the protein can somehow consistently find.
In this context, protein folding is a matter of pure statistical probability. It is a
process of entropy. It is order from disorder. How else could it be? Another way to put it
in chemical terms is that a protein, under physiologic conditions (a huge and necessary
open-ended qualifier for the theory that we will discuss a bit later) has but a single
conformational isomer. In other words, in a living cell a protein can fold only one way.
That is simply an unavoidable molecular procedure forced upon a living cell in nature,
according to the theory. The single target hypothesis is a statement of pure belief in the
primacy of entropy. It is entropy and entropy alone that determines the shape of a protein
within the classic paradigm. This is a most curious belief in light of the clear warnings
issued by Shrodinger less than a decade before this firm belief became so completely
accepted and so pervassive.
The single target hypothesis is the grandaddy of statements of absolute simplification
regarding genetic information. It simplifies the realm of molecular translation to a single
dimension, the dimension of amino acid sequence. This is specifically why the genetic code
is described as one-dimensional because the only dimension of molecular information is
defined by the order of nucleotides which is translated by the genetic code into the order of
amino acids. It is the meaning of the familiar axiom that “primary sequence determines
tertiary structure.” Who hasn’t heard that one? This axiom has defiantly stood ever since
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the thermodynamic hypothesis was proposed and it has stood firmly in the total absence of
empiric evidence, I might add. It is a first principle of molecular information in living
systems. It is the reason that the classic paradigm views a protein as a sequence of amino
acids when more logically a protein should always be seen as a sequence of peptide bonds.
It allowed the total abandonment of molecular structure for the false promise of simplicity
seen in molecular composition. Furthermore, it is the sole reason the genetic code is called
redundant or degenerate. There are quite obviously more codons than there are amino acids.
Each amino acid in the genetic code is assigned on average three codons, and since amino
acid sequence is the only dimension of information translated by the genetic code, it is a
one-dimensional, redundant, degenerate code.
The single target hypothesis is a doozy of a hypothesis, and in part it earned its
author, Christian Anfinsen, a Nobel prize in 1972. This is the equivalent of a Supreme
Court decision, stare decisis, it is now settled law and no longer a debatable idea. Perhaps
Anfinsen deserved this prize, but the plain fact is that he never proved the single target
hypothesis – he barely even tried to prove it. He later admitted his extreme experimental
limitations. In reality, he was in no position to ever prove this doozy of a universal
simplifier because he simply did not have the tools available to construct such a proof. My
advice to all budding heretics in this field: when the experts come for your throat, and they
will, ask to see their empiric evidence for this doozy of a hypothesis. I would be surprised if
they can site even one tangible piece of evidence to justify the universal belief in the entropy
model of the genetic code. The insistence on an unquestioning belief in a one-dimensional
molecular code is nothing but scientific smoke and mirrors, and the rest is just a house of
cards. Thus, the unbridled anger toward anyone who raises questions about this central
belief.
The main attraction to this theory at the time of its acceptance was not empiric proof
but the promise of utter simplicity. It was a bright green light for the classic paradigm to
proceed full speed ahead on the path of simplicity. It was a provocative suggestion to all
scientists in the field that all of their work could and should now proceed within a very
narrow focus on but a single feature of molecular information. Anfinsen proved the first
part of the thermodynamic hypothesis of protein folding to everyone’s satisfaction, the part
about the obvious influence of thermodynamic forces in protein folding, but the second part
of the theory today is still awaiting prospective, empiric confirmation. So, it is merely
axiomatic today, but it is unlikely to ever be proven, because it is unlikely to be true. It is
logically untenable, and in fact it is not hard to find plentiful evidence to disprove the single
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target hypothesis, yet the classic paradigm continues to insist that we cling tightly to this
premise. Why?
These three central premises work in concert to present the simplest possible and a
very specific picture of the processes of protein synthesis. Together they unequivocally
direct us to view translation of proteins as a simple, unidirectional, stepwise process of
sequencing amino acids and only of sequencing amino acids. The rest is just a grand and
mystical match game of finding the one shape that any sequence must become. The
sequence is king and in this case the sequence of amino acids is all that matters. DNA is the
command molecule that dictates the information content in the world of proteins. Entropy is
the force of nature that allows DNA its unchallenged reign. We are inevitably led to the
conclusion that the composition and therefore the shape of every protein are essentially
rigidly and singularly predetermined in the molecular universe, and predetermined in each
case simply by a single sequence of nucleotides. In the world of biomolecular information
today, DNA is the ruler and king, and the primacy of molecular sequences cannot be
questioned.

“History is more or less bunk. It's tradition. We don't want tradition. We want to live
in the present and the only history that is worth a tinker's damn is the history we make
today.”
Henry Ford

41

The Classic Paradigm Comes to Life
The era of the classic paradigm is full of historical curiosities and technical
deficiencies. Plenty of good work was done during this era, but understandably, there are
several obvious and significant mis-steps that we can now easily recognize. In general, the
uniqueness of the era conspired to form a false context for the classic paradigm of the
genetic code. The context is now gone, but the flawed paradigm marches on. Having
looked briefly at this context, we can now examine the many flawed specifics of the
paradigm.
The first curiosity of note is the elevated status achieved by the investigator’s pursuit
of the specific code of protein translation. There was a newfound celebrity status for
scientists in general, but especially so for the scientists delving into this new and exciting
field of molecular biology. Drs. Watson and Crick were riding the unanticipated tsunami of
public recognition that followed the discovery of the double helix, and it was only natural
that the lights, cameras and microphones should be turned their way. It was even more
natural that this glittery, new centerpiece of molecular biology, the double helix of DNA,
should be placed firmly in the center of the biosphere. It is widely considered the biggest
discovery of the twentieth century, so why would they not do this? Clearly, DNA was the
source of genes, genes were the source of genetic information, and genetic information is
translated into proteins. The genetic code then should start with DNA and in all ways
revolve around it.
Dignitaries from all intellectual disciplines were weighing in. What feat of
unimaginable magic could the public expect next from the collective shaman of science?
The answer: they will crack the secret code that all life uses to make us what we are. After
all, science had already elucidated the sacred tablets, so naturally they will now search for
the Rosetta stone. It was a fearful and exciting time, to be sure, full of dread, promise and
wonder. With the hyperbole and celebrity came a form of un-questioned authority;
consequently, the terminology became inflated and inappropriate. Axioms were proposed
and not properly vetted. Basic questions went completely unasked and therefore
unanswered. So, the paradigm first went catawampus with its pragmatic context. It was
given the regal title of ‘the genetic code’ presumably to denote its importance within a larger
scheme of life; however, it should have never been envisioned by the researchers as
anything more than a scheme for building proteins. It is an awful stretcher to imagine how
this process could be construed as a code of life, or a truly genetic code. Perhaps it is at
most a gene code, but a genetic code? Granted, it is operating on genetic information in the
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common sense meaning of the term, but to infer that all genetic information is encompassed
by this code is tragically misleading. It is a name that undoubtedly does more to misinform
us about the general processes than it does to properly inform us. We will do our best to
change that in just a bit.
Because of the seeming importance of the search for the genetic code, there was also
a real sense of urgency in finding it, but as noted earlier, there just wasn’t much data lying
around with which to work. From these circumstances sprung no small measure of
recklessness in the process of simplification and naming. After all, the prevailing modus
operandi of science was simplification, yet this appears to be a clear case of oversimplification. The net result was a remarkably narrow black box approach to protein
synthesis. It was rigidly defined as a simple matter of plugging a line of information into the
black box – the genetic code - and receiving a line of information out – a protein. Even
many of the known mechanisms and details of the process were blithely ignored in the
idealization of this fabulously simple black box.
A significant oops during this hyper-constriction of ideas was the failure to step back
and ask what other functions this black box could or should perform besides just build single
proteins one at a time. They also failed to consider the various general strategies available
to life for getting these functions done. In other words, there was a total failure to consider
the much broader context of this limited code. Darwin was clearly not consulted on this new
matter. Granted, as an afterthought they did briefly address the code as a result of evolution,
quite poorly I might add, but they didn’t address the code’s structure and function with
respect to how it reflects, as well as participates in, the evolution of life. Nonetheless, it was
assumed that this particular code would serve as the ideological cornerstone of molecular
information and translation in general, and Schrödinger’s warnings about negentropy were
completely ignored. Unfortunately, there was no probing debate over the fundamental
properties behind a molecular information system. There was no philosophical exchange
about how we should perceive and communicate ideas regarding molecular information
systems in general. There was not even a serious debate over what constitutes a code in
general. Most important, nobody asked if they were describing a system fundamentally of
entropy or negentropy. Entropy was just naturally assumed.
The simplified approach eventually led to a measure of success in that the codon
table was generated, but the results were clearly a disappointment on many levels. All of the
clever early efforts at cryptology, or code busting, went for naught. In the end the “code”
was simply cracked by brute force and elbow grease. Cell-free methods of peptide
formation were used in conjunction with synthetic polynucleotides, and codon-by-codon the
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table was laboriously filled in. When the smoke cleared, the codon table seemed
unimaginatively arbitrary, with the obvious exception of the prominent “wobble groups” of
codons.
Also disappointing is the fact that methods of de-novo protein synthesis and folding
prediction have proved to be so notoriously stubborn. They don’t work. It is a complex
problem and so we cannot today merely string any sequence of amino acids together in a test
tube, drop them into a cell and observe the desired, predetermined protein shape. It’s just
not as simple as advertised. So we are now limited to using the existing machinery of a cell
to “make” proteins, and that doesn’t really demonstrate the fundamental code of how it gets
done, it merely exploits it. Today we still don’t have a single real-world example of the
classic paradigm performing its promised simplified magic in full protein glory. We
certainly can’t use what we know to describe a code of life, or even the code that life uses to
produce a single life form. Truth be told, we still can’t use what we know to describe the
code that life uses to produce a single protein. The over-hyped promise of “the genetic
code” has gone decidedly unfulfilled across the board. So there really should be no wonder
that this scientific icon is fading into the sunset.
There have been many observed curiosities regarding the actual pattern of codons in
the codon table. Some interesting insights have been gained, and some quirky observations
have been made with no obvious utility, but no one so far has tied it all into a neat package
as one might expect. It yields to no controlling formula; however, it does provide some
tantalizing clues. For instance, the absolute numbers of codons do conform to esoteric lie
algebras, which is the mathematics of choice for particle physicists. This is an odd
observation that nobody yet understands, but it clearly belies the arbitrary nature of the
codon pattern and indicates an underlying “super-symmetry” to the pattern of codon
assignments. Yet most of these speculations of codon patterns center on the question of
how, given the obvious single function of making sequences of amino acids, could the
genetic code get the way it is. Few have asked what other functions are served by this
particular pattern in nature. Certainly nobody seems to have placed the pattern into a
broader context of any possible fundamental first principles of a self-organizing, adaptive
system of molecular information. The first step seems to have been a declaration of how it
is, and further speculation then centered on the presumed simplicity of how it is.
Given all of this, perhaps we can now finally imagine that this simple view is
incorrect, and perhaps the salient units of assignment aren’t really codons and amino acids,
as common sense seems to insist. Perhaps there is some other level – or levels - of
translation within the system that must be addressed. Of course that is a bald heresy not
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even explored, because the pattern is, after all, strictly for making amino acid sequences, and
few patterns could be logically much better than all others in the process of building a
protein. Right? This pattern – any possible pattern - was therefore seen as a necessary
accident. It had to be some way and this just happens to be the way it is, a classic “just
because” scientific explanation for codon patterns. And early investigators then went on to
boldly speculate that this specific pattern was apparently adopted by all life as an imperative
of proper functioning. It was forced by nature to be adopted by all living cells not by
superiority of function but by ancestral priority. It is a legacy system of unimaginable
proportions. It must have been frozen – it had to be frozen - in this particular pattern a long
time ago. It was a frozen accident!
But why stop there in explaining the pattern’s origin? Perhaps we can speculate that
it did not actually originate here on this planet. Perhaps it was brought fully formed on the
kite tails of a meteor or some such extraterrestrial object that struck the earth many billions
of years ago. This proposal is one that assuredly would greatly frustrate any investigation of
the pattern’s origin. However, it is an entirely serious proposition known as panspermia,
and no less authority than Francis Crick himself championed it. It is bold, creative, and
perhaps it is even somehow valid, but it is also a highly implausible proposition that merely
postpones the important questions of how and why we should see this pattern of codons
today. It basically ignores Darwin. Although it might speak to the universality of natural
selection, it clearly suggests impotence to the speed and power of the algorithm here on
earth. It certainly fails to recognize that the genetic code, whatever it is, must arise and
evolve in concert with all other complex molecules in biology, and in concert with the
environment in which it exists. Just how big was this meteor, and how much of a biological
trick bag did it pack along with it? Isn’t a meteor strike supposed to wipe out life, not create
it?
To make matters worse, from the standpoint of basic evolution theory, the process
that gave us this pattern of codon assignments was seen to be directionless yet universal. It
was intriguing to speculate that all life on this planet would now share the exact same secret,
simple code of life. It does, however, present an explanatory challenge, something of a
paradox to those interested in evolution. On the one hand, a truly universal code would
seem to be strong evidence for common descent, but on the other hand, it seems tragically
ironic that the pinnacle of life’s codes should somehow be prohibited from participating in
the actual processes of evolution at their origins, and then prohibited from changing at all
after they appear. Life is a process of change; the pinnacle of life is the genetic code, and
this code is now prohibited from change. How is that supposed to work, theoretically?
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I emphasize the extraterrestrial proposal because it highlights the dismal nature of
the classic paradigm and the absurdity of its meager explanatory powers. It is a thinly
veiled, pseudo-religious idea that does nothing short of call for an act of creation on par with
the Book of Genesis. It represents the total excision of the code of life from the broader
processes of life on earth. It was a feeble attempt to quickly fill in the explanatory gaps in
the general paradigm. It is truly a low-water mark in the history of the code, demonstrating
how the simplistic dogma coerced our thinking into an explanatory corner by completely
ignoring the first principles of evolution taught by Darwin in Origin:

“A corollary of the highest importance may be deduced… namely, that the structure
of every organic being is related, in the most essential yet often hidden manner, to that of all
the other organic beings…”

“…in many cases, a large stock of individuals… is absolutely necessary for (their)
preservation.”

“As man can produce, and certainly has produced, a great result by his methodical
and unconscious means of selection, what may not natural selection effect? Man can act
only on external and visible characters: Nature, if I may be allowed to personify the natural
preservation or survival of the fittest, cares nothing for appearances, except in so far as they
are useful to any being. She can act on every internal organ, on every shade of
constitutional difference, on the whole machinery of life.”

Darwin got this point exactly right, and he was impressively prescient about the
machinery of life. He would no doubt be shocked to learn just how much ability man now
has to control the invisible characters of life. He would be even more shocked to see how
the founding fathers of the classic paradigm completely ignored all of his most useful
insights. I do not, however, share Darwin’s qualms about personifying nature; I revel in it. I
also disagree that she cares not for the aesthetic beauty of all her handiwork. She is an artist
of the highest order, and her masterpieces never fail to humble by their inherent beauty. It is
more true, in some ways, that the smaller the scale and the more hidden the pattern the more
beautiful we can expect it to be. She embeds this beauty for us to find in endless layers of
complexity, like masterful Russian dolls, each more beautiful than the next, up and down the
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universal scale. Nature always insists that her work be beautiful in both form and function.
It is a failure to recognize this inherent complexity and raw beauty of the codes of life that
will be the ultimate undoing of the classic paradigm.

We can see now that there were many technical issues and disparate factors
contributing to the birth of the classic paradigm of the genetic code, but the results are clear
and emphatic. The genetic code was narrowly and rigidly defined as a simple, onedimensional, linear, redundant, universal code of life, frozen by historical accident from the
very beginning, isolated from nature and the rules of evolution, able only to translate genetic
information into sequences of amino acids and therefore into predetermined proteins. It is
now undeniably the lynchpin for genetic information systems, and alongside the double
helix, it has been a widely recognized scientific icon for decades. The overall impact of this
classic paradigm is impossible to measure. It influenced not only the thoughts and
languages of countless scientists across many scientific disciplines, it also influenced the
minds and paths of school children and students at all academic levels – and it is still doing
so today. It is now a first principle of biology that the primacy of molecular information is
founded on molecular sequences, and therefore the command and control molecule of life is
DNA. It is in retrospect an indoctrination of simplicity based on entropy that distorts facts
and perceptions to everyone’s great detriment. Not only does it obscure the true nature of
the genetic code it does much to block a grander view of life from being properly revealed.
The classic icon of the genetic code was over-reaching and oversimplified. Much of
the hyperbole has been reigned in, but the historic position of the classic paradigm continues
to influence our thoughts. It defines our larger views of molecular information. Although
the icon no longer occupies the position of prominence in even the most basic biology texts,
it still sits atop a substantial pedestal. Bits and pieces of it have irreversibly flaked off, but
the falling pieces of the paradigm have not been properly analyzed as they have fallen. The
simple monolith still defiantly stands, but it is in the midst of a mysterious disappearing act.
The paradigm has not been publicly pulled down, just somewhat nudged aside. It is an odd
and perplexing process to witness. Rather than reject and replace the classic paradigm, we
stand idly by and watch it evaporate.
Even a basic definition of the genetic code is absent today. It is a codon table and
nothing more – not much of a molecular language, let alone a code of life. But this is the
way the dogma must be, because providing any details or cursory explanations will run the
real risk of contradicting many common observations. Descriptions of any significant
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details must include extensive qualifiers and explanations of what it is not rather than what it
is. This situation is a real shame, because the genetic code in its proper perspective can
again be seen as a thing of wonder and a powerful pedagogic tool for studying the core
processes of life.

“To arrive at a just estimate of a renowned man's character one must judge it by the
standards of his time, not ours.”
Mark Twain

What Went Wrong?
What went wrong with the classic paradigm? In a word: everything. Everything has
changed except for the paradigm of the genetic code. For starters, the tried and true
paradigms of science have changed. It is no longer the default strategy of scientists to attack
complex problems with a method of absolute simplification as was clearly done here.
Starting with specific definitions to draw general conclusions is not a good idea when so
many important details are unknown, and especially so when the thing in question is
inherently complex. Beyond that, the best place to look for problems in the paradigm is in
its three fundamental premises, or the pillars that hold up the classic paradigm. Today it is
evident that all three are false, or at least they are so inherently flawed as to be useless in any
pragmatic way. I will address each in detail.

Co-linearity seems the most innocuous of the three, so simple and apparently correct
that only a fool could object to it. But co-linearity is in fact a grossly improper descriptive
term, inaccurate as a general concept, and rotten to the extent that it is blocking a view of the
real code of protein synthesis. It might be seen as “right” in such an extremely limited,
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almost useless sense, yet it is known to be false in so many important ways. It is nothing
more than bad poetry in an area that calls for scientific precision. The term ‘co-linearity’
stands for the concept that the genetic code translates, in discrete stepwise fashion, a “line”
of information in DNA all the way to a “line” of information in protein. It tells us that the
genetic code is linear in two different ways. First, the molecules involved are made of long
chains of individual subunits that can whimsically be thought of as lines. Second, a single
dimension of molecular information is responsible for protein synthesis, and this one
dimension is entirely defined by the identity of each molecule in each chain. Molecular
information is therefore not only in a line; it is a line.
The premise of co-linearity is false on many levels, but most objectionable is the
casual use of the term ‘linearity’. Words must have meaning, and so there are real
consequences to sloppy application of names. The word ‘linear’ is cheap in the sense that it
usually costs nothing to understand yet it carries so much meaning, but in this case it carries
far too much meaning. It quickly becomes an expensive word in this case because virtually
none of the meanings of the word linear apply to protein synthesis, and its usage requires
extensive apologies for what the term does not mean. Linear connotes and denotes several
things. With respect to genomes, linear simply means not circular, and we can accept it for
that limited use here, but that is all. In the colloquial, linear means a thing that forms a line,
and when looking at a diagram of DNA and polypeptides we might see why that is a very
tempting term indeed. However, in a formal, technical sense, linear means a one to one
mapping of variables, or a plot on a graph that forms a line. But no use of the word linear is
appropriate for describing protein synthesis or the molecular codes that perform it. The
word ‘sequential’ is more apt, but even co-sequential is a poor way to describe the molecular
processes of protein synthesis if they are ever to be properly understood.
A chemical polymer, such as RNA or protein, is usually thought of as a sequence of
sub-units. Perhaps in the most simplistic view they can be referred to as a line of subunits,
but this is an extreme disservice to the sequence and to the sub-units. Each sub-unit is a
real-world assembly of atoms, and each of these assemblies forms a demonstrable shape.
The composition of a molecule is merely a subset of its structure, but the opposite is never
true. Furthermore, the bonds between these amino acids have demonstrable shapes as well.
It is wrong to imply that a polymer such as DNA or protein may be considered as anything
less than a sequence of shapes. It in no way serves our purpose to conceive of this realworld assemblage of shapes as anything even approximating a line. The specific shape of
each of these molecular structures at all times will determine its behavior and define the
actual “information” of the molecule. So the polymer itself must be considered, at all times,
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a complex shape, regardless of its specific conformation at any given moment. The word
linear is not only sloppy it is misleading and detrimental to proper thought here.
These polymers should properly be seen as a sequence of three-dimensional bonds,
not as a sequence of dimensionless points defined by the molecular name of each point. The
molecular information contained in a polymer is more completely defined by its sequence of
bonds. For instance, any amino acid sequence only gives us a small percentage of the
information in a polypeptide because there is a tremendous amount of information in the
peptide bonds between each amino acid. Conversely, and quite logically, bond information
always includes the identity of the sub-units that are bonding partners, so the sequence of
bonds is still inclusive of the sequence of sub-units. We can always derive the sequence of
amino acids logically from only the sequence of peptide bonds but never vice versa. An
intellectually honest view of this simple concept must lead anyone to concede this seemingly
trivial point. It is only seemingly trivial, though, not actually trivial; it is all-important to
some of the very basic flaws in the classic paradigm. Only in the most extreme case of
natural simplicity will this ever be a distinction without a difference, but nature did not give
us that one case from a nearly infinite number of possible cases. It cannot, however, be
proven logically false, and all evidence points to there actually being a very big difference.
After all, this is ostensibly a paradigm about molecular information, but it is foolhardy in the
classic view to ignore large obvious chunks of molecular information in the paradigm. The
defenders now must continue to shrug them off as unimportant. However, a protein should
at all times rightly and formally be conceptualized as at bottom a sequence of peptide bonds;
not merely as a sequence of amino acids. The classic paradigm insists that we completely
accept a logical absurdity.
Although any sequence is technically a “linear” set of elements arranged in a
particular order, the concept of line and sequence part ways formally and dramatically in
ways that are vitally important here. Sequence denotes an order in space and time, whereas
a line does not. Length and distance between two points on a line are rigidly defined by a
formula for the line. Unlike a line it is the number of elements in a sequence that determines
its length, and most important to molecular sequences the “distance” between two points can
vary in time and space depending on the actual medium in which it resides. Sequences have
a direction or progression in time and space, whereas lines formally do not. A line with
direction is called a vector or a ray. Anyone who confuses the concept of a sequence with
the concept of a line will struggle mightily to interpret the mountain of facts now known
about protein synthesis at every level.
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In the real world, it is not all-important merely being next to things, like in a line on
a graph, it is more important being before and after things in time, above or below them in
space, or simply being nearby, accessible in both time and space. This is an essential
concept with respect to molecular information in general, and specifically with respect to the
real world translation of molecular information in protein synthesis. The kind of sequence
referred to by co-linearity is strictly a sequence of molecular identities - their order - but it
says nothing of their overall physical arrangement in time and space. All of the actual
molecules involved in the genetic code perform their tasks based on their order and their
physical arrangements in both time and space. They are temporally and spatially active
sequences of molecules, not lines. The word ‘string’ is borrowed from computer parlance,
and it is, I think, slightly more useful and far less misleading when we wish to refer to a
character sequence of molecules in physical space. At least physical strings of twine are a
more apt visual. I am not opposed to referring to DNA, RNA and proteins as molecular
strings. It is far less objectionable than molecular lines.
Many of the fascinating codes of molecular information are keyed to events in time,
or they require the physical juxtaposition of various structures in space. The sequential
order of nucleotide elements in DNA plays a major role in these processes, to be sure, but
not merely from the simplistic, one-dimensional, classic standpoint of a linear molecule.
The real genius of “linear” DNA is not just that it records an ordering of molecules; it is that
it serves as a physical platform for creating spatial and temporal sequences of processes,
spatial and temporal arrangements of molecular groups, and spatial and temporal
coordination of molecular events. All of the complex and intricate machinery built up
around DNA takes advantage of this unique property of this intriguing molecule. The vast
majority of real molecular information in complex, self-organized, adaptive systems
emerges in time and space at ever-higher levels of complexity within this system. This is a
valid first principle of molecular information, but this thought is entirely subjugated by the
simplistic premise of co-linearity, which tells us that molecular order is the primary thing.
There is a more specific technical flaw with the term ‘linear’ as it gets applied to the
genetic code. In the formal sense a linear relationship is a one-to-one mapping of things,
like X = Y. With respect to the genetic code, this premise fails on two points. First, the
actual mechanism of codon pairing - the molecular process inside the tiny black box - is now
quite clear. Codons do not pair with amino acids; they pair with anti-codons. Codon
“wobble” adds a fifth nucleotide to the mix which brought with it more anti-codons than
codons; therefore, in no practical way can we make a one-to-one mapping of codons and
anti-codons. There is a one to many mapping (read as non-linear) and therefore codons
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carry with them a form of ambiguity with respect to their actual information content.
Defenders of the classic paradigm can’t accept this as a blindingly stupid mistake in their
paradigm, but it is just simple math. These basic numeric idiosyncrasies cannot be ignored
because there is a mountain of them and they all point in a direction opposite of the classic
paradigm.
Second, the premise of co-linearity carries with it the inference that the genetic code
merely assigns one sequence of amino acids to any sequence of nucleotides. It is a simple,
linear relationship in this way and so the codon table is a simple, linear set of data. Perhaps
one could technically take this position, but in fact the genetic code must logically also
simultaneously assign a sequence of amino acids to every sequence of nucleotides. This also
means that it must assign one to every conceivable common transformation of any sequence
of nucleotides. This becomes a big issue once one realizes that there are many “easy” and
common transformations of any nucleotide sequence, and so we should expect them to occur
quite frequently in a living cell. Logically, these transformations become a factor in the
fitness of any living cell. We shall see in a bit that the genetic code has taken all of these
transformations into account in arriving at the canonical assignment pattern. So codon
assignments should not be seen as a simple single pattern but actually as a complex mosaic
of many patterns. Therefore, the codon data itself is not a simple and linear pattern but a
complex and non-linear pattern. Codon assignments seen in a proper context are, therefore,
an example of a one-to-many relationship just as codons are to anti-codons, so the term
linear is misleading even with respect to the codon table. This topic will be addressed in
more detail later in a discussion of codon assignments.
Another subtle breech of the concept of linear can be found in the variability of
importance in particular elements of any molecular string. Sequences of DNA, RNA and
polypeptides can contain some individual elements that are “important” with respect to
global meaning and behavior during translation, while other elements are seemingly not so
important. Some characters in these strings have the ability to impact transcription and
translation mechanisms and results in a big way, both in terms of what downstream strings
will become, and in terms of what strings “are” or how strings behave in time and space. In
other words, some character replacements or substitutions will change the shape of the
molecule, and some will change the timing or fidelity of events. Some substitutions will
change the actual length, composition and order of current and future strings. On the other
hand, some characters or extended stretches of characters seem to have no impact at all on
any of these things. They seemingly can be replaced with impunity. They might merely be
physical placeholders that appear to have no impact on downstream strings other than
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perhaps changing the length of intermediates, but the impact on behavior in time, space and
the importance of their order might be negligible. This property of characters having
variable importance within a single sequence should be thought of as a non-linear property
not a linear property.
Another quite significant problem with the premise of co-linearity is that it greatly
distracts us from the complex multilevel process of building a protein in the first place. The
information for building a protein is never entirely contained within a single, contiguous
sequence of nucleotides, and it is not linearly configured in any real or practical sense as we
are classically instructed to think. But actually think about it for just one second – use your
own brain for a moment - do we really want to in any way call protein synthesis linear?
Have we learned nothing about non-linear dynamics and complex information systems in
the past several decades? Are we going to ignore all of the wonderful data collected in
molecular biology and continue to pretend that this is somehow a linear process? Do we
want the term ‘linear’ just lying around in plain sight of and co-mingling with descriptions
of protein synthesis when young, innocent and impressionable schoolchildren might pick it
up and begin playing with it? The information for building a protein is packed into many
fragments of information and it is unpacked in a multi-step or iterative process of decoding.
Many proteins are needed to make a protein at every single step in the process. It is a
general concept that ironically might be rightly called epigenetic and non-linear.
Transcription and translation are the steps that are specifically supposed to be colinear, but collectively they require many molecular codes of behavior, and these separate
codes are embedded in some way within the molecular sequences involved. These
additional codes must share the text with the “genetic code” of amino acid sequence during
the entire process. There are promoters, regulators, splicers and folders to name a few of the
“codes” in all of these sequences, and all of the “meanings” of all of these codes must work
in concert if a protein is ever to be made properly. It is naïve in the extreme if we are going
to pretend that this will be a one-dimensional, linear process in any way shape or form. The
molecular strings that execute the steps of transcription and translation do their work in both
time and space, and rarely if ever is there a clear-cut case of molecular order in the sequence
as the sole controlling factor of any step. There are many forms of molecular information
that must all share the same sets of molecular strings, so to believe that there is a onedimensional, linear process to be found here is to believe in the Easter Bunny. It is a
comforting fiction with absolutely no basis in reality.
Regulators of transcription and translation are themselves not linear as well, and they
are always entirely dependent on proteins. Plus, the transcripts that are made, called
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messenger RNA (mRNA), contain leaders, trailers and un-translated middle pieces that
contribute vital information to the final proteins they encode. The rate of these processes
can and do determine their outputs, and the shapes of these transcripts can provide additional
meaning as well. The mRNA are frequently cut and spliced together based on codes within
them that interact with environmental factors tasked with interpreting these splicing codes.
The outcome of editing and splicing can vary greatly, making one protein or another, or
hybrids thereof. There is no one-to-one relationship in this process, and “co” anything from
DNA to mRNA is a tremendous stretch of the imagination. There is no “co-linearity” for
even a single mRNA that can become many different proteins! Likewise, there is no “co” to
the process of translation. “Co” and “linear” are not good words, not words that pop into my
mind anyway, when I study what’s going on with this fabulously complex molecular
machinery.
The complexity only intensifies when the transcript is actually translated. Large
populations of monstrously large molecules – monstrously large when compared to codons
and amino acids anyway – called tRNA. They are the foot soldiers of translation. The ‘t’
stands for ‘transfer RNA’ but the word ‘translation RNA’ is more appropriate, because
translation is a term more in line with what these molecules actually do. When viewed from
the perspective of the classic paradigm, these tRNA molecules are seen as mute vehicles of
transport for amino acids. They are nothing but silent “adapters” to fit an amino acid into its
codon socket. This is a quaint notion but a farce with respect to accuracy. In reality, tRNA
are intriguing players in the game with important roles to play in the process. They aren’t
mute; they’ve got something to say about the situation. The molecular information they
provide is in large part a function of a tiny portion of their string order, called an anti-codon,
but it is clearly not the entirety of their molecular information. The active and diverse
populations of tRNA molecules translate mRNA in a way governed by population dynamics
within a cell. The tRNA must interact with mRNA, rRNA, many proteins, and with other
tRNA as well. Taken together, these interactions are complex and governed by the rules of
complex self-organized, self-assembly systems. This behavior can be expected to fall into
the non-linear category of molecular behavior on all levels.
Because tRNA have been mostly overlooked and ignored in “the genetic code” the
operation and impact of tRNA on translation is unknown today, not much data, but it is sure
to manifest itself in the temporal spatial sequences of polypeptides, as well as the emergent
information contained in overall composition profile of entire protein colonies. So the role
of tRNA certainly cannot be completely ignored in this process, but tRNA are completely
ignored by the classic paradigm. DNA is transcribed to mRNA and mRNA is translated into
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protein. Where is the tRNA? The ultimate irony in this classic jabberwocky is that if one
wanted to actually “locate the genetic code” in a single physical molecule within the living
cell, one would have to look at the cell’s entire population of tRNA and observe their
complex interaction with all of the other molecules in their environment. Without any sense
of irony whatsoever the classic paradigm instructs us to ignore tRNA completely and behold
the beautiful code of life residing in DNA, the darling of molecular biology.
So the premise of co-linearity is false virtually everywhere we look. ‘Linear’ is
certainly not a word that comes to my mind when I think about the complex operation and
output of complex populations of insentient molecules. As a descriptive term ‘co-linear’ is
nothing but grossly misleading with respect to protein synthesis. We might be tempted to
replace it with the term co-sequential, but even this is misleading in too many ways. The
best we can probably do is to describe the molecular processes that comprise protein
synthesis as a complex, non-linear sequence of events. The “code” moves through time in
complex fashion from one distinct molecular string to the next based on sequences of time,
space and molecular order. These strings and procedures create emergent forms of
molecular information from emergent forms of molecular information in a non-linear
fashion. When a protein is made it is only in retrospect that we can isolate limited aspects of
it and say that a series of molecular strings was created in the process. More accurate is to
say that a series of molecular events occurred in time and space. But these strings
themselves are not linear in their formation or their existence. They are not lines and they
do not function as lines.

Moving on to the second of the three key premises, the central dogma, we can see
that it should have been a stillbirth, if in nothing but name. But, more than etymologically
challenged, the central dogma is completely flawed as an idea. It then, unfortunately, serves
as the primary basis for more tremendously flawed ideas about genetic translation.
It is bad form to name anything in science a dogma, let alone a freshly minted
“central” thing. Dogma is the antithesis of science, or it is in theory anyway. The word
dogma means a belief based on faith, and it usually connotes some moral shading to the
belief. Francis Crick is the coiner of the central dogma and later admitted to coining the
term in ignorance. What I suppose he meant was the central axiom, which is a thing taken
as true but unproven. Axiom is an accurate word and a whole lot more tolerable within
science when describing the thought being conveyed by the central dogma. However, it has
now become a central premise of the classic paradigm. A premise is a proposition that
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forms the basis of an argument, or a premise is taken as evidence of a conclusion.
Regardless of what he meant, it is yet another obvious example of sloppy naming within the
classic paradigm, and a prime example of the reasoning that still underpins the defenders of
the paradigm. Unfortunately, rather than merely quaint, the Mad Hatter language of the
classic paradigm is a continued burden toward understanding molecular information.
Rather than interpret what is supposedly meant by this central axiom of genetic
decoding, we’ll let the man speak for himself. Here’s what Dr. Crick had to say about the
central dogma:

“The central dogma states that once “information” has passed into protein it cannot
get out again. The transfer of information from nucleic acid to nucleic acid, or from nucleic
acid to protein, may be possible, but transfer from protein to protein, or from protein to
nucleic acid, is impossible. Information means here the precise determination of sequence,
either of bases in the nucleic acid or of amino acid residues in the protein.”

This, of course, is absurd. Even from the viewpoint of the unnecessarily limited way
in which it defines molecular information, it is comically flawed. Perhaps it is nothing but a
simplistic attempt to define molecular information, but one is hard pressed to find any truth
to it at all in nature even in this regard. Empiric evidence proves it false on all counts. That
leaves us in the untenable position of either defining it in a uselessly restricted fashion - for
historically romantic reasons only - or rationalizing its many obvious flaws and continuing
to use it anyway, which seems to be the chosen path in molecular biology today. We might
try to interpret this lovable axiom of science to mean that time does not reverse itself during
protein translation, but then we must rename it “The Central Triviality.”
With all we know today, if someone naively offered this concept as an axiom now,
they would be laughed at and ignored, perhaps even boxed around the ears. The two basic
steps of protein synthesis, transcription and translation, have proven to be a complex web, or
a torrent of molecular information flooding the process from all angles and moving in all
directions, as one might expect from the complex activities of insentient molecules. The
“information” is introduced in many forms: in the form of editors, support structures, cofactors, regulators and feedback loops. More important is the fact that proteins participate in
their own creation in numerous ways, imparting molecular information on the process at
every level, and this includes the actual string “information” of both nucleic acid and amino
acid sequence order. Not only is the rate and timing of transcription and translation relevant,
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yet being defiantly ignored by this dogma, but spatial information is obviously entering the
process at several points and from several unanticipated angles as well. There is clearly
more than one form of molecular information participating in “the genetic code” but this
“dogma” is declaring its willful ignorance of this important “extra” molecular information.
In reality, it is far from a simple, smooth, lateral transfer of one-dimensional information
from DNA to protein. The total package of information that winds up in a finished protein
can properly be seen to come from many sources, several directions and much iteration.
More concretely, the central dogma directs us to conceive of protein synthesis as a
simple two-step process: transcription and translation, and translation is painted as a single,
homogeneous step from mRNA to amino acids. But, in fact, even within the simplest
interpretation of these events there are at least two demonstrable steps of molecular string
translation during “translation.” First, information is translated from mRNA to tRNA; then,
information is translated from tRNA to polypeptides. Compressing translation to a single
step would perhaps be an acceptable linguistic shortcut if - and only if - it is proven that no
additional information is generated or involved in the two distinct steps from mRNA to
polypeptide. Even so, at least a courtesy should be paid to formally and individually naming
the steps as ‘translation one’ and ‘translation two’ instead of hiding them as is done within
the central dogma. But, in fact, the speed of translation, called translation kinetics, has been
conclusively shown to be variable during these two steps, and regardless of the actual
consequences, this is at least one demonstrable level of molecular information that must be
considered in the translation process as a whole, if only for intellectual honesty,
completeness, and academic rigor.
In truth, the central dogma is merely a restatement of the single target hypothesis of
protein folding. Once it was agreed upon that protein synthesis would be seen as an isolated
act of amino acid sequencing, the central dogma declared that it would be seen as a simple
two-step process. The central dogma reformulates, validates and amplifies the single target
hypothesis of protein folding, but it adds little new or useful to the discussion. If the single
target hypothesis is false, and it demonstrably is, then we must re-evaluate the crux of the
central dogma because if more than amino acid sequence is impacting on protein synthesis
we must make efforts to identify the origin, operation and “flow” of this additional
molecular information. We cannot merely declare by fiat what something will be and then
pretend that, against all evidence, it actually is that way. That is religion not science.
The biggest problem with the central dogma, besides being utterly false, is that it
assumes and reiterates a brutally simplistic definition of genetic information. It actually
stands as the definition of molecular information in the classic paradigm of the genetic code.
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It is a false definition, so there is no chance whatsoever that the classic paradigm can be
anything but fundamentally flawed. After all, genetic information is at base molecular
information, so it is not proper to exclude known forms and sources of molecular
information in defining and then discussing the methods of genetic translation.
The painful, unspeakable, yet plain truth is that we have yet to identify and classify
all forms of molecular information involved in the broad process of protein synthesis - far
from it - so we certainly should not feel compelled to make any absolute statements of
simplicity about them. But, more unfortunate is the fact that not only have we accepted this
grotesque act of simplification we’ve used it as license to go much farther. And so the
profound implications of this famous and authoritative declaration of the central dogma have
been deeply internalized by broader paradigms in biology. The central dogma now
represents a first principle of genetic information. We are directed by it to view the simple,
fundamental hierarchy and “flow” of molecular information as follows:

Fig. 2. The Central Dogma
This is the classic graphic statement of the central dogma unabashedly telling us that,
for lack of a better word, DNA makes DNA, and DNA makes RNA, and DNA makes
protein. DNA makes protein in the sense that it supplies all the information that a protein
needs to become a protein. It all starts with DNA and the molecular information it contains.
The molecular sequence of DNA is the molecular information of the biosphere, the power
that DNA holds and the sword it wields over all other molecules. DNA is master and
commander of the biosphere when it comes to molecular information. It is the command
and control molecule of life. The classic paradigm of the genetic code makes this point very
clear to us through the central dogma.
This dogma that is so central to molecular biology is a very intriguing proposition
worthy of some serious consideration. It quite obviously has profound implications for our
paradigm of genetic information in general and genetic translation specifically. It is not
merely quaint and innocuous. But only if there were some evidence of its truth would it be
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worth taking the premise of the central dogma very seriously at all. Clearly, it turns out to
be utterly false at all levels, with more than enough good, hard, empiric evidence of its
fallaciousness that we can be absolutely 100% certain that it is in fact false. What’s worse,
in the grand scheme of things it actually gets the molecular roles exactly reversed: it is not
only tragically incomplete it is completely backwards. In truth, all of these different
molecules, DNA, RNA and protein, participate in the process of translation, and all of them
contribute important “information” to the process. Even if we accept the ridiculous
definition of information in the dogma itself, it is false. But DNA actually “makes”
nothing. Protein makes DNA, and protein makes RNA, and protein makes protein. It does
so by using DNA, exploiting its unique molecular properties, but it does so by adding every
conceivable form of molecular information at every step of the process. So a more nuanced
and enlightened map of genetic “information flow” should rightly look like this:

Fig. 3. The Central Dogma Corrected
This map puts protein in its rightful place at the center of the biomolecular universe.
In the world of molecular information, protein is the master and DNA is its slave. DNA is a
kept molecule. Sure, at bottom there is always a chicken-and-egg type of question, it is the
Escher drawing of two hands drawing each other, but there can be no doubt today exactly
which molecule is in control of molecular information - and it is protein!
Proteins turn things on and turn things off. They decide what will be done, when it
will be done, where it will be done, how it will be done, how long and how fast it will be
done, in what proportions and under what circumstances it is done. Proteins provide the
rules for storage and the rules for access to information, while DNA merely provides the
actual physical storage of information. DNA is molecular memory that provides some key
physical properties of the global configuration of that physical information. DNA is a
scaffold and a template for the elaborate realization of molecular information processing in
space through time. It is not a code. Repeat that: DNA is not a code. If you ever find
yourself confused while hacking through the thicket of gibberish in molecular biology, get
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your bearings by repeating that sentence: DNA is not a code. Granted, some of the
important molecular information is stored in DNA, but DNA contains no protocol or
algorithm for its own translation. Still more molecular information emerges in space
through time at the direction of protein. It is quite true that some additional nucleotides play
intermediate roles in the form of mRNA, rRNA, and tRNA, but they do this by mimicking
the role of proteins, and they never do so except in full concert with proteins. Quite simply,
proteins are the boss, the king, master and commander of the biosphere.
As an analogy to help get our minds around this startling, no doubt offensive to
some, inversion of thinking we can again imagine an ant colony. The ant colony is a
complex, distinct entity that consists of large numbers of individual ant agents that interact
with each other. The colony itself is an emergent phenomenon that has a timeline, a birth,
growth, senescence and death, yet the individual ants don’t span the entire timeline. There
is no individual leader who commands the trajectory of the colony from a master plan or
blueprint. The colony itself emerges from the first principles of complexity and only as a
function of time. This self-organized system is based on complexity and adapted for the
purpose of producing yet more complexity. The life of the colony requires performance of
many tasks and coordination of many factors and variables, yet no individual ant is in
control. The queen of an ant colony is no leader in any real sense, and she issues no global
orders to guide the overall colony. She is kept, harvested for the production of more ants.
She is merely an efficient mechanism for ant production, a veritable ant factory in the grand
scheme of things. Similarly, an ant colony can subjugate, cultivate and harvest other life
forms, like fungus, or even other ants! The ant agents build physical shelters for the colony,
and fabulous fungal gardens with nary a drawing, no foresight, nor any general clue as to
what’s happening.
This is precisely the view we should adopt of living cells. They are protein colonies.
They are complex protein computers of molecular information, and DNA serves merely as
their primary storage device for processing complex molecular information. DNA serves at
the pleasure of proteins. DNA is a kept molecule. Proteins use DNA to make more
proteins, not just in terms of absolute numbers but also in terms of novel protein forms and
combinations thereof. It is a complex entity from which more complex molecular
information emerges through time. DNA is stored, manipulated, cultivated and harvested by
protein. This self-organized system is based on complexity and adapted for the purpose of
producing yet more complexity. The physical form of a DNA molecule serves as a
structural template of the system, but its specific form is entirely determined by complex
interactions within the protein colony. The entire drama plays itself out in time, space and
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molecular sequence. But protein holds the reigns even when it comes to deciding the
novelty of future nucleic acid sequences. Protein insists on producing novelty in future
DNA sequences. The intricate sequences now stored in DNA texts were primarily written
by the complex interaction of proteins with proteins, as well as the interactions between
proteins and nucleotide sequences.
Replication is an important part of life, but we rarely see it anywhere trudging down
the long path of life. Protein has taken great pains to ensure that DNA can be replicated, but
the goal in life is not replication. The end zone, according to Darwin, is descent with
modification. If replication were the goal then cloning would be the norm, but sexual
reproduction is the big winner when it comes to production of new life forms and future
generations of entire populations. When you have a child you do not reproduce yourself you
produce an entirely novel human. You are also comprised of seventy-five trillion cells that
all started from a single cell. You can rightly be called a complex colony of cells, but the
first cell did not reproduce itself seventy-five trillion times. Your cells have not been
replicated because all of your cells are different. It is also statistically very unlikely that all
of the DNA molecules in even a small percentage of your cells is the exact same. But more
important than differential replication of DNA is the fact that the basic molecular
information in virtually all of your cells is totally different. That is because DNA does not
even come close to defining the totality of molecular information in a living cell. You have
cells in your body whose sole function is to create brand new sequences of DNA, containing
only half the DNA in your original cell, and composed almost entirely of novel
chromosomes compared to your first cell.
You, as a complex multicellular organism, do not send “your” cells to make a child,
you create entirely new cells that are unique from your original cell, and this new cell must
then combine with a wholly independent life form, preferably of the same species, before
you “reproduce.” Does this sound like a system that’s trying to make exact replicas? For all
the machinery that protein has at its disposal to replicate old DNA, it has twice that much
machinery, strategies, and protocols for ensuring novelty in future DNA, as well as the
novelty in the expression of its own DNA. Protein is not lazy and it has no intention of ever
standing still in its relentless search of the biosphere. It has no qualms about boldly
manipulating DNA to do its bidding in this task.
DNA is not just operated on by proteins it is coated with them to produce secondary
codes in time, space and sequence. New codes emerge from the platforms of other codes.
Proteins “read” DNA, and proteins “read” other proteins. These emergent secondary codes
dictate the protocols of replication, recombination, storage, packing, unpacking,
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transcription, translation and even protein folding. Higher levels of molecular information
emerge from this, and they determine what the colony will look like in terms of type,
number, concentration, location, access, shape and behavior of the molecular agent
population through time. This is the proper broad view of genetic information in the context
of molecular information in all of its forms. It is not defined by any single form of
molecular information or at any single level of complexity. It is never simple or linear, but
complex and non-linear in its overall effect. Molecular strings are not absolutely controlling
but utterly controlled, even to the extent of determining what the future order of them will
be. The codon table should not be viewed as reflecting a single, simple, linear process in
one direction but a complex, non-liner language with arrows pointing in both directions.
DNA is a kept molecule, kept as an excellent physical means of storage, by which
information can be efficiently stored, extracted, expanded, and further manipulated.
Molecular information emerges in space through time from complexity not simplicity.
The biosphere clearly does not revolve around the relative simplicity of DNA; it
revolves around the absolute complexity of protein populations. DNA is a sublime tool by
which this system can be animated in time and space, both in the short and long terms. But
if we dogmatically insist on using the central dogma as our guide, we will spend
considerable time, effort and frustration in breaking the mental inertia needed to redirect our
thoughts from the false direction in which dogma is clearly pointing us. The genetic code
should not be defined as a protocol for DNA to make protein. But, unfortunately, the
premise that the genetic code is a protocol for DNA to make protein is a false premise that is
made in one form or another throughout the entire classic paradigm. The correct premise
should be that there is a code that protein uses to use DNA to make more protein. Granted,
RNA is an effective intermediate in the process, but it generally mimics protein, and at the
same time it is totally dependent on protein to fulfill its role. The central dogma represents
an intense focus on a single tree at the expense of a view of the entire forest. Yet, ironically,
it turns out to have been perfectly named after all: it is central, and it is dogma, but is this
any reason to not completely reject and replace it with something better?

The thermodynamic hypothesis of protein folding is the final premise of the three
fundamental axioms of simplicity propping-up the edifice of the fading classic paradigm. It
is the worst of the three, I think, both in the way it was eagerly accepted and installed as the
centerpiece of the paradigm, and in the impact that it has broadly had on our thinking. I
obviously have no intention of hiding my contempt for this premise, despite any accolades it
may have received or how cherished it apparently still is. It set the tone early for absolute
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simplification of genetic information. It was the license needed to proceed boldly down the
path of simplicity. We now struggle upstream against the strong current of utter simplicity,
and as we do, we will find the single target hypothesis in its headwaters.
The thermodynamic hypothesis of protein folding, as we saw earlier, is in fact two
big hypotheses rolled into one. The first part - that thermodynamic forces play a dominant
role in protein folding - cannot be in dispute. However, this is self-evident: thermodynamic
forces will always play a significant role in the behavior of insentient molecules. But the
second part - that all polypeptides have a single target of folding - has been convincingly
disproved. In retrospect, the single target hypothesis appears to be a radical simplification
with no chance of being correct. It was more a wish than an idea, and those many experts
who still believe in it are merely engaged in wishful thinking. It is absurd on its face and
strains credulity that a huge, complex molecule, such as a lengthy polypeptide, can find but
a single, stable conformation in all instances. The statistical odds of this being true approach
zero. More amazing than the firm belief in this axiom is the fact that nobody has apparently
seen fit to even bother to prove this all-important hypothesis, yet disproof seems plentiful.
It’s everywhere we look.
Dr. Anfinsen set about investigating the single target hypothesis by taking a small,
folded protein and disturbing its environment. He then noted that the protein stopped
functioning. When Anfinsen returned the protein to its undisturbed environment he noted
that it started functioning again. This is a very interesting observation, it really is, but it is a
long way from proving the single target hypothesis of protein folding. It is backward logic.
To prove it with forward logic we would need to start with an unfolded protein and observe
its many possible paths to a single, final, folded form. Of course this has never been done.
It would be technically difficult to do now, but it was technically impossible to do then.
Anfinsen merely proved that proteins are robust in their persistent shapes, as no doubt they
are, but he did not prove that their shapes are absolutely predetermined entirely by their
sequence. He is to be congratulated for his work, as he was, but perhaps we have overcongratulated him just a bit.
The single target hypothesis is today, as it always has been, an axiom of faith. No
wonder, since the task at hand is to prove a negative, to prove that multiple stable
conformations for any protein do not exist in the wild. It is analogous to proving the
hypothesis that no blue cows exist. When proving a negative such as this it is not adequate
to merely glance out the back window and note that no blue cows are out there. One must
conduct a thorough, prospective search of the countryside for blue cows, or even for the
potential existence of blue cows. And in the absence of any blue cows one might still want
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to hold open the possibility that they exist but have yet to be found. Certainly when a blue
cow, or in this case an entire herd of them, wanders in the back door one should sit up and
take note.
The process of protein folding – under physiologic conditions – involves several
different kinds of proteins. There are things, such as post-translation editing proteins, that
play key roles. But more significantly there are folding “helper” proteins known as
chaperones. These chaperone proteins certainly are odd ducks if in fact there is but a single
way to thermodynamically fold a protein. What assistance could possibly be required in
such a process? But folding clearly goes awry in the absence of chaperones and other
editing or regulatory protein. Further disproof of the mythical single target – a big blue ox
actually – is found in the protein form known as a prion. A prion is classically an
oxymoronic definition of a “misshapen” protein. How can a thing with only one shape
possibly be misshapen? Fittingly for this metaphor, it is a prion that is responsible for mad
cow disease.
So we now conclusively know that proteins can assume more than a single, stable
conformation under physiologic conditions. It matters very little how they got “misshapen.”
The fact is, in the case of a prion they somehow consistently find at least a second, stable
form. We have no way of knowing at this time just how many shapes any given protein
might take, but we do know that there can be more than one, and that is all that matters.
From this we should be eager to note that the entire paradigm of rigidly pre-determined
protein shapes is thrust into crisis. It is no longer possible to axiomatically grant the single
target hypothesis and all of the simple ideas and language it spawned. The defenders of the
classic paradigm just cannot accept this, because if they do, their paradigm vanishes into the
mist.
To counteract this kind of hard empiric evidence, the defenders of the paradigm like
to invoke the qualifier, “physiologic conditions.” This has morphed into an undefined, ad
hoc, self-protective, contingency clause that seems to have no utility other than to serve as
ideological protection for the classic paradigm. It is yet another Easter Bunny. It is a
garbage bin term used to dump all the trash that offends the classic paradigm - out of sight
out of mind. I have even heard “physiologic conditions” invoked in the sense that
“physiologic conditions” means anything that happens in a cell that is not related to the
primary sequence of a protein. Isn’t this type of reasoning just a bit childish? Surely this
definition, or argument, if you can call it that, cannot be considered “scientific” in any
meaningful way. Certainly if we are going to use the single target axiom and its protective

64

“physiologic conditions” companion as a basis of thought we must rigidly define it in a more
useful way.
To begin moving in a more productive direction I propose a thought experiment. Let
us suppose that we are able to construct a machine that will reliably produce sequences of
well-defined peptide bonds however we wish, and it will use the standard twenty amino
acids in the genetic code. Let us suppose that this machine, call it the peptomatic, operates
in what reasonably can be called physiologic conditions, but it operates in the absence of the
other molecular machinery found in a cell. How would this machine operate, and what
would be its output? I would gladly assume that when all other variables are held constant,
the peptomatic would reliably produce the same protein at all times. The polypeptides will
be thermodynamically folded and thermodynamically stable in this folded form. But even
this is a dangerous assumption because it is possible that early production of a single protein
could influence later production of the same protein. In other words, it is logically possible
that the presence of individual proteins could provide “information” to their cloned brothers
and impact on their own shape as they are formed, and we can no longer take for granted
that they do not. We might also suspect that some polypeptides might just randomly fold
“wrong” because they are complex and it is a potentially chaotic process.
Even if we clear this relatively trivial hurdle, there are still very many basic variables
that must be considered. For instance, we can imagine that the peptomatic is able to put the
amino acids together in their standard sequence but from end to start. They are in proper
bond order and direction but merely out of sequence with respect to time. Would these
proteins still be the same shape? I doubt that anyone believes that they would, but protestors
quickly shout, “those are clearly not physiologic conditions!” Well, we didn’t change the
primary sequence, except in time, but, okay, so now we must apparently add some sort of
time element to our definition of physiologic conditions. But how important is the time
element? Could we merely change the rates at which each bond is made and then produce
different results? What if all the bonds are made lightning fast versus glacially slow? What
if we alternate individual bonds in time or whole sections of bonds? How does this change
our expectations, and where do we pin this on physiologic conditions?
What about the precise shape of each bond as it is made? If we could set a dial on
the machine to produce only cis-peptide bonds would the proteins still look the same? What
if one in two, or one in ten, or one in two hundred bonds are cis bonds, would that change
the output? Could we knit one pearl two and knit two pearl one and get the same protein in
both instances? I think everyone would agree that it would change the output. What if
every bond twisted slightly to the left, or to the right, or alternated from one to the other, or
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in long stretches that shifted from right to left, would the proteins all still ultimately become
the same shape in the end? These elements of shape, in this case put into the string at the
time of bond formation and not some mystical time later, would certainly not rigidly define
the ultimate shape of the protein, but they would serve as pointers in space for the entire
structure to interact within itself and assume larger structures within the assumed
background of thermodynamic activity. It would be a non-linear process, but not one that
anyone should assume has but a single possible outcome.
Once we get done fiddling with these basic parameters of peptide bonds - time and
space - we can start to imagine that we could then add additional elements or cofactors into
the machine environment. We could add a huge number of different proteins that would
interact with the polypeptides in real time as they are formed by the peptomatic. This would
surely put “information” into the proteins in many forms, and it might actually change the
profiles of the entire protein population that the machine creates. No single protein should
ever be considered entirely in isolation. It is only within the broad context of an entire
complex population of all proteins can the “meaning” or the information content of any
protein be considered. The additional proteins in our “physiologic conditions” would begin
folding the proteins with the creation of the first bonds; not after all of the bonds are made.
These extra, added proteins could mold, twist and even edit the length and quality of the
proteins as the peptomatic produces them. In other words, primary sequence doesn’t really
even determine primary sequence, let alone tertiary structure. This has been empirically
demonstrated in living cells. Surely these added proteins would change what we perceive to
be the output of the machine. Is this what we mean by physiologic conditions? That’s what
I mean by molecular information of the complex, emergent, non-linear variety.
To my knowledge, such a machine does not currently exist, but in theory it could.
Still, speculation about the peptomatic is far more enlightening than the current forms of
speculation of pure semantics about the proper meaning of “physiologic conditions.” Life
has assuredly built this type of machine, and man has now undoubtedly found a way to
partially hijack it into doing his bidding. We use living machines to “make” proteins today,
because we cannot do it without them. Our peptomatic would not make proteins like those
we get from living cells. We also must now realize that we use the output of living
molecular machinery to study proteins. But merely studying the output of protein synthesis
is not the same as studying the mechanisms and rules of protein synthesis, and so we are
probably not able to draw any absolute conclusions about those rules. It is an understanding
of just those rules for making protein that we seek, not by simply defining them but by
observing, quantifying and perhaps even controlling them.
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At least now we should feel free to begin to imagine that protein synthesis is not
really a physically rigid, linear process analogous to a ball rolling down an inclined plane.
Perhaps protein folding is a complex, even a chaotic yet non-random process more
analogous to the formation of weather patterns, and perhaps there are a handful of butterflies
flapping their wings – under physiologic conditions. It seems more likely than not that
protein synthesis and folding is in fact a complex and chaotic process with several potential
outcomes rather than a simplistic linear process with but a single possible outcome.
More significantly, all of the basic questions that were mooted for decades by the
single target hypothesis must now be asked. How many targets of folding are there for any
given polypeptide? One? Two? Ten? Ten thousand? A billion? If more than one target of
protein folding can exist under physiologic conditions, by what mechanism is each target
either found or suppressed? What strategies are available to life to build or dismantle the
mechanisms of hitting various targets? What cost and what benefit do the different
strategies carry? What complex, self-organized, adaptive molecular language will emerge
from the strategies that are chosen? Quite simply, the lid on Pandora’s black box of protein
synthesis must come off because Schrödinger’s cat is out of the bag. (How’s that for a
wildly mixed metaphor.)
The information content of a protein cannot and should never be collapsed to its
sequence of amino acids, but that is the classic paradigm. The axiom that primary sequence
determines tertiary structure must be rejected. The primary sequence of amino acids is
clearly not the sole determinant of its tertiary structure, but it is, no question about it, a huge
part of how a protein will eventually fold. The axiom should properly read: primary
sequence strongly influences tertiary structure. The information content of a protein should
at all times be seen as its sequence of peptide bonds, and our view of the molecular language
of proteins should start but not end there.
The single target hypothesis was adopted virtually without empiric data, and no
definitive study, that I can find, exists today to demonstrate its veracity. It is a classic case
of the dog that didn’t bark. It was a position taken to simplify and therefore accelerate
investigation, which it did. But in the absence of empiric proof it should now be rejected.
Unfortunately, rather than rejection, today it is still used as a starting point for teaching and
thinking about genetic translation. I’ve been told a thousand times that it’s been proven “a
thousand times,” but I’ve yet to see a single study. I agree that proteins are robust
thermodynamic warriors, but not nearly as hardy as we like to think. Either a study must be
performed, or the hypothesis must be formally rejected - and let’s move forward.

67

In truth, the single target hypothesis was a simple choice between entropy and
negentropy. If one chooses entropy in this process, then the single target hypothesis makes
perfect sense. The information stored in DNA is in its most expanded form, and the only
thing the genetic code can do is shepherd it through to its inevitable thermodynamic
conclusion. However, if one chooses negentropy as the guiding principle of protein
synthesis, then one can expect complex yet tight control of molecular information and
behavior through time, and perhaps even information expansion somewhere along the way.
Entropy is simple and negentropy is complex in this context. The classic paradigm is
founded on a belief in entropy as the guiding force of molecular information, and the single
target hypothesis is a grand thumb of the nose to Schrödinger and his prescient observations
about life and how we should expect to find it behaving.
Today the single target hypothesis has formed a simple and useless tautology in
thinking: since a protein can only fold one way the genetic code is one-dimensional, and
since the genetic code is one-dimensional a protein can only fold in one way. All of the
basic questions that were never properly asked must now be asked. How many dimensions
of information are translated by the genetic code? What are they? What is the proper
relationship between the dimensions of information in the genetic code? What are the
results of translating these various dimensions with respect to protein synthesis and the
overall functioning of a living cell? What, precisely, is the genetic code?

The three fundamental premises behind the classic paradigm of the genetic code
have conspired to give us a false context for thinking and talking about gene translation.
They represent three mutually supporting statements of simplicity with respect to molecular
information. They represent a circular definition that is not based in reality but yet all of
them are sustained by the ideological support they give to each other. What’s more, the
additional language and ideas that these three erroneous yet fundamental premises in the
classic paradigm have spawned must be examined and revised. It is simply not acceptable
to speak of a “non-synonymous synonymous codon,” a term most assuredly contributed to
this party by the Mad Hatter himself. If we think of theories as mental factories of language
and ideas, this factory must be closed down, stripped out and retooled completely.
The natural process of protein synthesis that is complex and multi-dimensional can
no longer be described as simple, linear and one-dimensional. The process is not black and
white, flat and lifeless; it is intricately shaped, complex and operating in Technicolor, and so
the machine language of these fabulous molecular machines must be as well. The paradigm
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must come alive again. The problems with the classic paradigm can be traced to many
sources, but the origin of its fundamental problems begins with the single target hypothesis
of protein folding, the total embrace of entropy within the paradigm, and the extension of
this idea to its two derived companions, co-linearity and the central dogma.
The shocker that most people don’t quite seem to realize is that these three premises
don’t just describe and support the genetic code in the classic paradigm; they are the genetic
code in the classic paradigm. These premises define the essential steps that make it so that a
flat codon table can stand alone as “the genetic code” in our hearts, minds and textbooks.
The three premises spell out the protein recipe within a cell, and they simply use the codon
table as a list of ingredients. But the codon table is not a code! It is merely data to be used
by a code. It is a look-up table within a code. The actual code is the simple molecular
algorithm described by these three premises.
The defenders of the paradigm apparently don’t even understand the basic structure
of a code, or recognize a need for this, and so they can’t accept and mentally process these
statements of simple fact. They say, “well, of course, I know it’s not a code, but it is the
genetic code, and everybody knows that. Why are you making such a fuss about
semantics?” And so they have all ended up speaking gibberish from the bottom of a rabbit
hole. The problem they have is that the classic paradigm does nothing but consistently
confuse data with algorithms. A code in this specific context is an algorithm, a set of steps
for reliably doing something, a method of decoding. This is not semantics; this is reality.
The codon table is not a set of steps but a set of data used by the steps. The actual steps of
the genetic code are not spelled out by the codon table but essentially by the three premises
of the classic paradigm. There is absolutely nothing wrong with the data. But the steps that
we take as true in the classic paradigm of the genetic code are all three demonstrably false,
yet the paradigm marches proudly on with nary a scratch. It is time for a new paradigm.

In this house, we OBEY the laws of thermodynamics!
Homer Simpson
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Other Notable Flaws
Besides the total disintegration of the three pillars beneath the classic paradigm, what
else went wrong? Here again, there are many things that have changed, so there is much to
consider. The classic paradigm is metaphorically linked to computers, and rightly so.
Unfortunately, the referent for the metaphor, information theory and digital technology, has
radically evolved, yet the classic paradigm has not. It is now a hollow metaphor with
nothing but an anemic referent from the distant past of digital technology.
Computers have changed dramatically over the past half century, and our perception
of them is no-longer dominated by thoughts of monolithic chunks of iron loaded with spools
of linear tape and spitting out streams of blinking lights. Programming a computer is no
longer a rigid, top-down, sequential process of logic. It is a decentralized process of
nonlinear logic that is determined by the multifaceted properties of coded objects, the
inheritance of those objects, and the effects of multiple iterations of logic when they are
applied to the central core of a problem. Furthermore, a single computer can no longer stand
as the icon of computer technology. In today’s highly networked world only a nuanced
understanding of networks and how they operate will serve as the proper referent for a
suitable metaphor of genetic information. The earliest digital computers, it turns out, were a
grossly premature referent for the classic paradigm of the genetic code. They are digital
dinosaurs. All computers have been upgraded since then, and now it’s time to upgrade the
computer metaphors of biology and the codes of life.
Along with the revolution in digital technology has come a raft of powerful new
tools, both physical and intellectual. Our powers of resolution when it comes to directly
observing things have been magnified many-fold. Not only can we see smaller and smaller
objects and processes with more and more precision, we can observe them in a more natural
state, without total disruption of the thing or process under observation. This, of course,
produces more and more data, for which we now have fabulous relational databases in
which to store and access this data. The precise sequences of entire genomes are now
commonplace and the intricate details of protein shapes are plain to see as well. The
molecular machinery of transcription and translation is remarkably detailed, even when
displayed in the most basic biology texts. The texts themselves are now digitized and
accessible virtually anywhere in the world at the pain of only a few keystrokes. Discussion
of the information within the texts can be conducted at light speed with virtually anybody
anywhere on the planet. Clearly, information and ideas are forming and evolving at an everaccelerating pace.
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The new intellectual tools of this era are no less robust and no less impressive than
the new physical tools. The guiding philosophy of better science through simplification is
not only passé it is rejected. The related concepts of complexity, emergence and chaos now
hold sway. It is not enough to isolate a phenomenon and study its parts. The whole is no
longer perceived as the sum of the parts – more is not more. More is different. There are
movements afoot to describe all universal processes within the framework of information
theory, complexity and the emergence of all things. Certainly the pinnacle of earthly
complexity - life and all of its intricate processes - cannot be exempted from this trend.
Certainly the popular icon of life’s codes, the genetic code, cannot be exempted either.
Perhaps the latest and greatest intellectual tool is a rediscovery of sorts, one where a
full appreciation of Darwin and his proposed mechanism of evolution have risen to a new
intellectual prominence. It is not so much a primacy of evolution; it is a primacy of
algorithms. Since all computer programs are algorithms, it is no great surprise then that
folks today have a different perspective on the power and utility of algorithms, and natural
selection is now seen as a basic algorithm for making more complex algorithms. We are
witness to a new modern synthesis of computers and biology, and it is mind boggling that so
much form, function and complexity can be at bottom the result of algorithms. However, it
is no-longer appropriate to merely discuss the effects of natural selection, it is now necessary
to include the contributions to natural selection made by all of life’s intricate, interrelated
processes, and this most certainly should include the genetic code. It should now be clear
that this broad context of self-organized complexity is virtually ignored by the classic
paradigm. It is time for a new paradigm.

“History, despite its wrenching pain, cannot be unlived, but if faced with courage,
need not be lived again.”
Maya Angelou
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Let’s Argue
Now that we have briefly visited the origins and basic weaknesses of the classic
paradigm, we can decide if it is something that can or should be kept. I believe that it cannot
and should not be kept, nor should efforts even be made to rehabilitate it. It should be
rejected and replaced entirely. It is causing more harm than good. We also need to reject
the language that it spawned because that language infects all other thoughts in the field.
The founders of the paradigm had a preconception of what they were studying before they
could investigate it and before they could generate the excellent data that has been generated
thus far. They were doing their jobs as the job of a scientist was defined in that era. They
did an excellent job with getting the data, but now we are confusing that data with the
paradigm they used to get it. The data is excellent but the paradigm is awful. A new,
expanded paradigm can use that good data, but it must start with a new language so that a
plan can be drawn for further investigation.
The classic paradigm is not simply a matter of a few missteps that lead to minor
conceptual problems; it is a matter of being fundamentally wrong, diverting our thinking
from the facts, and preventing a proper understanding of molecular information in general.
The broad paradigms of biology are in flux right now, to be sure, but the classic paradigm is
anchoring them. It is holding them back. A slow e-volution is inevitable, but it is not
evolving fast enough, and too much confusion exists today. A total re-volution is needed
when it comes to our cherished paradigm of the genetic code.
Although the classic paradigm is easy to learn, it does not track with the facts. Once
one has learned the classic paradigm, one must then unlearn much of what it teaches before
a more accurate view of reality can be achieved. What’s worse, it provides no platform for
future discovery, and in fact it blocks most productive lines of inquiry. It would be much
better if it weren’t taught in the first place. But before we are tempted to ignore all of these
tremendous weaknesses and keep the quaint, antique model that is the classic paradigm of
the genetic code, let’s briefly look at a list of its basic flaws:

•

It is a narrow, specific and over simplified view of a broad, general and complex
natural phenomenon.

•

It has never been empirically demonstrated to work in nature.

•

The three premises on which it is based are false.
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•

It has embraced an inadequate visual icon – the standard codon table - as its defining
feature.

•

It is based on and perpetuates a false context for molecular information.

•

The metaphorical referent for it, digital computing, has radically advanced but the
paradigm failed to change with it.

•

The language it employs and encourages is inaccurate, misleading and counterproductive, and it always will be.

•

It places DNA in the center of the biosphere, a position occupied in reality by
protein.

•

It represents a fundamentally flawed application of information theory.

•

The integral role played by tRNA is overlooked.

•

It includes no fundamental language of time or shape. In short, it ignores molecular
structure.

•

The emphasis is placed on amino acids, whereas peptide bonds are a more
appropriate point of analysis.

•

It is codon-centric, and so the actual “global pattern” of codon assignments was
never properly identified.

•

The important dual function of building and searching protein morphologies is
missed by the paradigm.

•

The broad context of complex, interrelated cellular protein populations is not
suggested by the limited classic view.

•

It does not borrow from or contribute to a broader context of evolution and complex
biologic self-organization. Darwin was essentially ignored.

•

It embraces entropy when in reality the system is one of negentropy. Schrödinger
was essentially ignored.

Some of these flaws in the classic paradigm are obvious and have been covered, but
others will take quite a bit more effort, needing still more explanation before they reveal
themselves as actual flaws. Some of the flaws will only become apparent once we have
sketched out the outline of a new paradigm to replace it. The classic paradigm is obviously
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flawed in profound ways, but those who have by now failed to develop a reasonable doubt
about it can stop reading. If you don’t get it by now, you never will. The classic paradigm
is wrong and there are surely better ways to interpret the data. The only reason anyone
would not accept this is because they just don’t want to have their cherished paradigms of
scientific icons messed with, and especially not by an irreverent heretic.
It is difficult to get any “expert” to entertain the idea that the classic paradigm is
wrong, and therefore it is impossible to suggest a replacement. Although the evidence and
arguments against it appear to be insurmountable, it is almost impossible to get anyone to
admit that the paradigm is actually wrong, to say the words: “It is false.” It is the Easter
Bunny all over again, a comforting fiction with no basis in reality. Unfortunately, the Easter
Bunny gives us no clues as to how we should find Easter on the calendar, but people still
love the Easter Bunny. That’s perfectly okay, but we should at least debate its existence,
and we should think twice before we follow it on a grand Easter egg hunt.
The words that are still so difficult to say are: “We don’t know.” The fact that these
words are obviously true makes it no less difficult to say them. They are embarrassing and
unsettling words. We are supposed to know, we pretend to know, yet we in fact do not
know the code used by living cells to make proteins. Even under the best of circumstances
“we don’t know” are uncomfortable words, and these are clearly not the best of
circumstances. The announcement has already been spread far and wide via big, bold, frontpage headlines: “the genetic code has been cracked!” Celebrated experts assured the public
that we know the code of life, what it is, what it does and how it works. We have said it so
many times that surely it must be true. But the truth is that “the genetic code” is still
unknown, still undefined, really. We still do not know the rules of protein synthesis, and we
cannot experimentally demonstrate them. We simply cannot make proteins from scratch
because proteins are not made in a way consistent with our belief of how they are made. It
is not an arbitrary, frozen, one-dimensional, linear and highly redundant code of life.
Protein synthesis was initially presented in a false light, so now a big part of the code, even a
basic definition of the code, remains hidden from human inspection. It is time for a new
paradigm.

Any good argument should have two sides to it. I am arguing for a clearly
unorthodox point of view, so by definition that makes me a heretic. The other side is
playing a conservative role in arguing for the status quo. But, unfortunately, I am not only a
heretic I am a completely unqualified heretic to boot. I am a total outsider, no standing, not
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part of the science club, no credentials whatsoever, no papers, no books, no chairs, no
tenure, no medals, no prizes – nothing. I have a couple extraneous letters after my name, but
nothing worth noting, and certainly no reason for anyone to pay attention to what I am
saying. I have no science cred, as we say in the hood, so I am incredibly easy to ignore,
which is exactly what the defenders of the paradigm have chosen to do. Without fail I am
told to sit down, shut up and go away. They fail to see a need to address any of the issues I
raise because a debate of this matter today is universally considered a waste of time. It is
settled law, everybody knows, proven a thousand times, and since the conservative side has
all of the experts, there is really nothing to debate. If any expert ever deigns to engage me,
this is exactly what they have to say to me:

“hogwash! Absurd! There is absolutely nothing wrong with the way we think and
talk about the genetic code. It works just fine for me. Perhaps a little tweaking is all that’s
called for here. Every scientific theory has its little quirks and imperfections. You just
don’t understand science.”

And to everyone else they will surely argue:

“Take a good hard look at this man who is spewing this sacrilege. He has no
standing and is obviously an unqualified heretic just trying to make trouble where none is
needed. Quite simply, he is nuts and playing tricks with your head. Nothing he says is true,
and besides, everybody already knows how the genetic code works. Look it up! You can
rest assured that it’s been proven a thousand times; otherwise, we wouldn’t believe it and
use it every day. There is no need whatsoever to reject the classic paradigm of the genetic
code.”

Those are fine and convincing arguments from authority, but they are a poor
substitute for proof, and they are not what I consider to be reasoned, scientific debate. So,
obviously, I will continue to disagree with these misguided defenders of the status quo until
they provide some proof of their strongly held beliefs. There is something wrong and it’s
terribly wrong, obviously wrong, so what is it? The data we have is so good, and we are
doing so many fabulous things in the field, what possible objection could anyone have?
Those are excellent questions, and I agree that the data is good and we are doing miraculous
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things in the field, but we could be doing more, and we could be doing it better. Certainly,
there is tremendous room for improvement in our explanations of exactly what is going on
in nature.
Recall that Tycho Brahe produced excellent data in the 16th century regarding the
movement of heavenly bodies, and it more than met the needs of the day, yet the Ptolemaic
paradigm of the solar system required many epicycles for the data to make any sense. It
took hundreds of years and millions of tears to get the experts to accept the Copernican
heliocentric paradigm. Once the sun was finally put in its rightful place at the center of
planetary motion, the epicycles disappeared! The existing data made more sense. I am
merely arguing that something similar can be done here. We can simply change our
perspective and the data will make more sense all the way around.
There are numerous epicycles in the data thus far accumulated by molecular
biologists, and these epicycles are manifest in the language and the logic that is being used
to discuss, interpret and actually explain the data. There is nothing wrong with the data
itself, there is plenty of it and it is good data, but it is the description and interpretation of the
data that is horribly flawed. The Ptolemaic view of molecular information put DNA at the
center of the simple, one-dimensional universe and then used the genetic code as an example
of how the system works. This view held that the molecular order of various polymers is the
controlling first principle of any living cell. The model is founded on the presumption that
at bottom the system is governed by entropy and therefore pure statistical simplicity. These
molecular mechanisms should easily yield their secrets to an approach from the classic
methods of simplicity. The genetic code is described as simple because it is perceived as
simple. It’s not working, yet this view then serves as the paradigm of molecular information
in general.
The Copernican view that I am advocating puts protein at the center of a complex,
multi-dimensional universe. This view holds that molecular complexity is the controlling
first principle of any living cell. Molecular information is a product of complexity and at
bottom a generator of more complexity. DNA plays an indispensable role in the information
system, but protein controls the process completely. The genetic code is an example of
negentropy and therefore molecular complexity, both in its machinery and in the molecular
information on which it operates. The code that life uses to make proteins is complex on
every level, and it should be perceived as such.
The dogma of the classic paradigm is nothing but one big epicycle in the data. It
reduces to three mutually supporting yet false axioms that direct us to take the position that
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protein synthesis should be perceived as simple and linear. Granted, it is surprisingly simple
to decipher a specific sequence of amino acids from a given sequence of nucleic acids, but
nowhere should we find license in this to define protein synthesis by this and this alone. We
should not completely ignore complex molecular structure for the sake of molecular
composition. Unfortunately, the classic paradigm is definitive in this way, but it has no
explanatory power, no empiric support, no guidance for future exploration, and it serves
poorly as an example for broader paradigms of molecular information and complex, selforganized, adaptive systems of molecular self-assembly. The classic paradigm proceeded
from specific to general and I think it should properly proceed from general to specific. But
now the classic paradigm is a doctrine of religious dimensions, not empiric but wholly
dogmatic. In light of the many known counter-instances, it should be rejected and replaced.
It is time for a new paradigm.

The First Clarke Law states, 'If an elderly but distinguished scientist says that
something is possible he is almost certainly right, but if he says that it is impossible he is
very probably wrong.'
Arthur C. Clarke
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Part II

Finally Getting Started
If I am able to accomplish nothing else with this book I hope to accomplish at least
one thing. I want people to stop referring to the genetic code as a simple, one-dimensional
and, therefore, a linear language of protein synthesis. It is not. All of the evidence available
today allows us to easily conclude that this narrow view is false. The molecular language
that life uses to make proteins, whatever it is, is a complex, multi-dimensional and,
therefore, a non-linear language. This single shift in perception opens up thousands of new
questions and many different potential models that can advance our investigation and
understanding of the important and quite interesting phenomenon of nature. The language
of proteins is primarily a language of molecular structure. Molecular composition is merely
an unavoidable component of any language that ultimately must build molecular structures.
Failure to heed Schrödinger’s warnings about life’s clear conflict with entropy was
the first step that led investigators to ignore the natural complexity of living molecular
information. The result was an utter failure to adequately define molecular information.
Thus, the code of life was released on impressionable minds while tracked on a tragically
accelerated course toward one-dimensional simplicity. We now find ourselves in the
untenable position of viewing a natural language of pure molecular structure within a model
that includes no components of molecular structure. The classic paradigm completely
ignores the issue of molecular structure, hands it over to pure entropy. The model begins
and ends there, yet there is no primary or detailed explanation of how this natural molecular
language might achieve a total absence of structure, nor is there any curiosity whatsoever
about why life would ever strive to achieve such a goofy language.
Even if the classic paradigm were correct, it lacks the essential language and ideas
that are needed to prove and explain in detail all the ins and outs of this paradigm. This
must be so because the model itself can only stand when we fail to acknowledge the possible
existence of other dimensions in the language. But other dimensions must be addressed to
prove that there actually is only one dimension in this code. However, the important ideas
about molecular information and the words to describe, discuss and explain them
disappeared with the very definition of the classic paradigm. It obviated an important but
never-held general debate about the fundamental nature of molecular codes. But even if the
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genetic code actually works the way it purports, there are staggering, counter-intuitive
conclusions about life’s molecular mechanisms and strategies that must be drawn from the
fact that all but one dimension of molecular information has been scrubbed from the
language. Yet these conclusions cannot be drawn, and they cannot even be discussed or
actually proven because the paradigm itself has obliterated the words and ideas that would
be required in the discussion. The classic paradigm, sadly, is now nothing but a basic
tautology of simple definitions. It serves only as its own tough protective shell and keeps us
improperly thinking and talking only in terms of simplicity. Therefore, to finally crack this
protective shell we must revisit all of the things that the classic paradigm has left out of the
picture. This is ostensibly a model that explains the strategies and components of a natural
system of translation, a molecular language that communicates molecular information.
Thus, we must logically begin with the task of defining molecular information. This is a tall
task, to be sure, but we can start by asking, what is information?
Information at bottom is a matter of having choices, making choices and somehow
recording choices. Molecules must, therefore, have, make and somehow record molecular
choices. All forms of information can be boiled down to two basic components: quantity
and context. To give you a simple concrete example of this otherwise purely abstract idea,
consider a digital image. Any binary file on your computer is nothing but a single, large
number, and numbers are just symbols for quantities. A digital image file, therefore, is also
merely a single numeric value. Any computer file is a specific quantity and nothing more.
It specifies one choice from a pre-defined extra-large number of potential choices. When
placed in the context of a graphics application, the huge binary number (binary means two)
stored in an image file can be viewed on your monitor or printer in the form of a picture or a
specific visual image. The graphics application file that displays a digital image is nothing
but a logical algorithm that defines the context, or the specific steps to be taken in translating
a quantity of information into a specific visual output. The graphics application is a recipe
for making a picture from a number. Nothing could be simpler. The application chops the
image file into chunks, assigns a specific color and location to each chunk, and when the
chunks are viewed all at once we “get the picture.”
However, when we begin to define these terms more carefully, we run into some
conceptual complications. There are many additional issues and questions that need to be
answered as we explore more specific complex examples of molecular language, but in all
cases we can find quantity and context at the bottom of any information system. To give yet
another example using the exact same binary image file but in a different context, let’s say a
word processing application, this same quantity of “information” can now be viewed as a
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specific sequence of text characters. It is the same file in a different context producing a
different “meaning.” Many more examples will follow, but they all match this basic pattern.
Molecules are fundamentally no different than digital image files, but instead of chunks of
color they are chunks of physical matter. Each chunk has a specific identity and position,
and when they are taken all together the universe gives us the picture of a molecule.
Codes and languages represent the formal rules and logic of any information system.
They are complex colonies of symbols that interact. Languages are used to communicate
information from one form to another, whether they involve computers, molecules or
people. All languages fundamentally do the same thing; they convert information from one
form to another. If there is no information or if there is no conversion of information then
there is no language, and vice versa. Therefore, it is essential that whenever we address any
language we must start with the information involved and then address the types and
methods of conversion of that information. Anything short of this is an incomplete
understanding of the language. That is just the way languages are, and we cannot pretend
that any one language can avoid being this way. All languages can also be seen to compete
for the privilege of doing their jobs. Languages themselves can be seen as a complex
competitive environment where “words” and higher language structures compete for their
place in the language based on how useful they are in translating “thoughts.” Some
languages are more efficient and effective than others, so some languages are clearly more
competitive than others. The more thought that a word conveys, and the less effort it takes
to use that word, the more competitive the word becomes. In this way languages are always
in flux and so all languages will inevitably evolve.
A language can also define the nature of the information and what it does. The
information in this book is based on the English language, and it is communicated to your
brain by the physical act of you reading it. You are, in a sense, the context of this
information, and English is the code you use to decode it. The signal for transmitting the
information to you in this case might be audio or visual, but the transmitter and receiver are
both the same kind of thing, a roughly three pound mush of dog’s breakfast known as a
human brain. “Meaning” can be seen as an emergent property of information and its
context. Higher orders of information emerge from the interactions of sub-groups of
information within the whole. For instance, one sentence can set the context for following
sentences, or it can refer back to previous sentences. So information systems can and
usually do become layered, self-referential, and, therefore, extremely complex.
All of the text characters in this book, including the “space” character, and all of the
punctuation marks can be seen as digits in a numeric system. They each represent specific
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choices made and recorded, and the entire book is one gigantic number. Characters are
grouped into words; therefore, every word can be viewed as a specific number also. Words
have meaning, and they interact with other words when placed in a sentence, thereby
creating higher order emergent meaning. The meaning contained in this book was
conceived primarily by my brain and encrypted into the specific sequence of characters in
this book. The physical signal, presumably, is a collection of printed pages, and the receiver
is your brain, which you use to decrypt the complex meaning of the original encryption. It is
a non-linear system in that the specific number represented by this book has no chance of
actually being translated into one and only one thought in another human brain. The book is
but one number; however, it leads to an unimaginably large number of possible translations.
Even the same reader reading the same information twice will in all probability come up
with two different translations. This even includes the author!
English is the code, or language, an idiosyncratic math really, that we use to transmit
and receive the meaning of the information in this book. English is a formal set of rules for
the arrangement of characters, words, sentences, punctuation, and ultimately thoughts. It
works rather well, I think, despite its complexity and seeming low probability of any kind of
success, and the remarkable ease and seamless ness with which we are able to perform the
encryption, transmission and decryption of complex ideas. In the best of cases it is far from
a perfect system of communication, but given the complexity of human thought, it is nothing
short of a miracle of information transfer. English translates human thoughts into auditory
and visual symbols, and then back into human thoughts. It is a product of billions of years
of molecular evolution and several tens of thousands of years of cultural evolution. The
code of protein synthesis is no less miraculous, no less multi-dimensional and complex, far
more efficient, and no less powerful than English. It somehow translates the symbols of one
set of molecules into the active and complex reality of other more complex molecules. The
information starts in its simplest form and through time becomes more and more complex
during the process of translation. Information is not lost; it is merely transformed,
expanded, embellished and ultimately emergent at higher and higher levels within the
system.
Information always consists of quantity and context. The quantity of information,
such as that in a book, has vector and scalar properties. Scalar means amount and vector
means amount plus direction. There is an amount and precise order to the information, but
there are also conventions for assigning direction in both time and space within the system
itself. For instance, the characters of this book are arranged left to right, top to bottom, and
the first part of the book will usually be read in a timeline before the last part, but not
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necessarily. The context for information is keyed within the system by and for both its
vector and scalar properties. If any of these things change, then the information and its
meaning will also change. For instance, this particular sentence will provide you with a
specific and important context for the next sentence, in that it instructs you, the reader, to
reverse the normal convention and read the next sentence from right to left. .ecnetnes siht
daer ot elba eb t’now ylbaborp uoy ,noitcurtsni siht wollof ton od uoy fI There is no “real”
information in the previous sentence if the special context is missed because in the
conventional context they are “random” characters. Even with the helpful context
established by its preceding sentence, the backward sentence is still difficult to read, partly
because the direction of characters is not reversed along with the character order, but mostly
because we are not practiced in reading text from right to left.
Consider that some languages are contextually complex and actually work in that
way on many levels of meaning. Some languages are almost as easy to read in one way as
they are in another, so they require a different kind of context and they therefore contain
various amounts of “real” information. These kinds of languages can be said to have a high
degree of symmetry. A palindrome is a symmetrical sentence that can be read the same
backward and forward. For instance, ‘murder for a jar of red rum’ has the same letter
arrangement forward and backward. Theoretically, an entire book could be written as a
palindrome. The language of proteins is undoubtedly the most symmetrical language in the
history of our planet. There are so many contexts, so many levels and so much complexity
that it will take years just to identify and categorize all of them. However, I can assure you
that any view of this natural language of molecules that dogmatically insists on a narrow
focus on a single dimension in a single context will ultimately prove to be a comically
inadequate view.
Because a language defines a particular context for information, both globally and
within discreet portions of the information, systems of information can and usually do
become iterative and self-referential. This can cause all manner of problems, and we can
use the word ‘recursion’ to describe it. Computer programs with recursion can have the
nasty habit of “hanging” but living systems absolutely require recursion. It is a first
principle of complex, self-organized, adaptive, molecular information systems, or an
absolute requirement of molecular self-assembly. Recursion is a necessary ingredient for
any living system of molecules to bootstrap, sustain and advance. Clever, efficient
recursion, rather than a bug infested programming problem, is a prized and winning strategy
in the grand scheme of natural selection.
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A simple, yet extremely sticky example of logical verbal recursion is contained in
the following two sentences: The next sentence is true. The previous sentence is false. This
maddeningly effective example can be viewed as a simplification of a concept that was
explored by the German logician named Kurt Godel. It is the lynchpin of a larger theory
known as Godel’s incompleteness theorem, which basically says that in any formal system
of logic there will be at least one statement that is true but cannot be proven. This particular
sentence in any formal logic system can be called the Godel number. There are plenty of
other variations on these language guidance system tricks, but for now we can think of them
broadly as vector problems in the quantity aspect of information in general, and they
generally involve recursion.
Technically, I suppose that the vector properties of information are part of its context
and not its quantity, but basic vectors are such a fundamental part of information that I
intuitively want to lump them in with the quantity side of the ledger. The vector, scalar and
still larger contextual components of any information system together will define the
information. Without any one of these properties it is hard to consider something to actually
be information. This is especially true when we begin to consider systems of molecular
information. All molecules are informative structures, but complex molecular information
never exists without quantity and context, and the context is always extremely complex. So,
I view time as the single most important vector and context for all molecular information in
the broadest possible view. All molecular information plays out within the context of time,
on scales small and large.
There are many parallels between molecular information systems and the system of
English that we just considered. In fact, we should not be shy about calling English an
emergent molecular information system of the highest order, because it is in fact the product
of molecular information systems - us! And although English is a complex system, it is
designed from above, by us; whereas, purely molecular systems of information are still more
complex because they are designed from bellow, designed by and for the first principles of
complexity, and this is the proper broad context for investigating any code of life. The
genetic code, whatever it is, should be expected to be far more complex than English.
As a related aside, I should note here that some folks have objected to my placement
of protein in control of DNA by claiming that DNA probably preceded protein in
evolutionary development. Perhaps it did, but this is irrelevant. Our thoughts were
preceded by and are in some form the product of DNA, yet we now are able to control and
manipulate DNA through thoughts that guide laboratory techniques of genetic engineering.
More naturally and easily, we manipulate DNA sequences with our thoughts on selective
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breeding, creating novel DNA sequences that would not have existed in the absence of those
thoughts. DNA through vast amounts of time has led to our thoughts. Our thoughts have
led to English, which has led to more thoughts. Some of these thoughts have led to a certain
measure of control over DNA. It is unmistakable recursion on a grand scale, so the concept
of master becoming slave should not be a concern to us here. It is possible that protein
started out as a passive byproduct of nucleic acid populations, but it has now subjugated
them in the broader scope.

“Even if you do learn to speak correct English, whom are you going to speak it to?”
Clarence Darrow
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The Deepest Part of the Rabbit Hole
To really address molecular information we must first ask, what are molecules?
Molecules are made of chunks of matter that we call atoms. Molecules are specific
assemblies of atoms, so what are atoms? Atoms are assemblies of sub-atomic particles (the
king of oxymorons). So what are… well, you get the picture. Atoms are collections of mass
and charge that form distinct patterns in time and space. So what is mass and charge, or for
that matter what is time and space?
A molecule is a structure made when groups of two or more atoms get stuck
together, and the atoms can be the same kind or different. For example O 2 is an oxygen
molecule with two oxygen atoms that are the same. H2O is a water molecule with three
atoms stuck together of two different kinds of atoms, two hydrogen and one oxygen.
Atoms, especially atoms in living systems, tend to group together to form larger, more
complex molecules, so atoms provide the primary context for codes of molecular behavior.
The level of context and complexity where atoms stop is merely the platform for molecules
to emerge. Molecules form higher levels of complexity, but molecules must inherit or
borrow rules from atoms.
It is one thing that things work this way in the universe, but it is quite another thing
that things work in such a way that we can deduce the rules of their behavior. We are then
miraculously somehow able to encode these rules into human thoughts and languages so that
we can communicate them with each other. It is quite odd that the universe should work this
way, but it clearly does, otherwise we wouldn’t be able to understand, predict and
manipulate the behavior of these things in our world. The fundamental workings of the
universe are such that they can be recorded by the universe and called up within the universe
for observation, understanding and manipulation. It is truly an informative universe.
The languages of molecules emerge from the languages of atoms. Molecules are
structures of atoms in space, so molecular languages are described by the composition and
physical structure of atoms as well as the structure of still larger molecules when they get
stuck together into much larger structures. The information of any molecule is always
contained in its composition and its structure. The most complex molecules with the most
complex molecular information and, therefore, the most complex molecular languages are
found in living cells. “The genetic code” is just one of many complex molecular codes that
emerge from this system. However, “the genetic code” is so primary in living molecular
systems or so low in the emergent hierarchy of living systems that I have no problem
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referring to it as a machine language of the molecular system. Because of its primacy and
obvious importance, it must therefore be a highly efficient, effective and competitive
molecular language within the context of all possible molecular languages. It is, in fact, a
fabulous language on which still more complex languages can be, and indeed are built.
But in the universe there are still much more primitive systems of interaction
between things than those found in a living cell. The rules, as we know them, for the
complex behavior and interaction between atoms can be found in the human language called
chemistry. It is mathematical in all ways, described by fancy mathematical languages that
include the simple act of counting, but also include more powerful concepts, like,
proportions, statistics, combinatorics, and complex interactive geometries. They all reduce
to rules of time and space. Many of the basic rules for atomic behavior can be collected and
neatly and efficiently organized in a nesting data structure called the periodic table of the
elements. It is a look-up table, just like the codon table, but it is much more cleverly
arranged. Its structure gives us insight to the actual rules, not just quick access to the raw
data. The fractal data arrangement of the periodic table is at bottom a product of the
language known as quantum mechanics.

Fig. 4. Niels Bohr’s Periodic Table
The periodic table is nothing but a fractal map of the basic rules of atoms. The rules
are based entirely on the supposed electronic structures of atoms. But to find the context for
the language of chemistry, one must address mass, charge, time and space, and so one would
certainly need to crack the language of physics, which ideally at bottom should define how
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the universe behaves. Physics provides the code to tell an atom how to behave, and the code
is somehow constructed at bottom from rules of unusually opaque mathematics, like supersymmetry. We can be confident, though, that atoms behave according to the rules laid down
by the supreme mathematician, Mother Nature, and her rules ultimately create the patterns in
space and time that we call physics and chemistry. Her rules and their time tested results are
somehow recorded in the fabric of the universe itself. We humans have barely begun to
glimpse these rules, yet we can do miraculous things with the models we have so far created.
So it seems that we keep running into the same basic questions as we probe deeper
and deeper into the hierarchy of time and space, and there really appears to be no end to how
many times we might be able to play this game at smaller and smaller scales. The famous
quantum physicist, Richard Feynman, aptly noted, “There’s plenty of room at the bottom.”
This is so true, in fact, that perhaps we should try a different approach to the problem, an
approach from the other direction, and see what we come up with. Rather than drill
evermore downward, let’s start from the context of smallest space and smallest time, and
then see what happens when we try to build a really simple model to climb our way back up
through the hierarchy of universal patterns.
It is purely coincidence, I’m sure, but this is exactly what I was doing when I
stumbled upon my quite heretical views of the genetic code - entirely by accident. It was a
wild tangent if ever there was one, but still one that makes the most sense of the mountains
of existing data in molecular biology. Therefore, besides being entertaining, there is an
epistemic value to this seemingly silly exercise with respect to the genetic code. It is, I
think, well worth the effort to find a basic foundation for an informative universe when we
talk about molecular information. I had promised myself when I started writing this book
that I wasn’t going to go here, but I can’t help myself. It is too much a part of the story to
not spill the insanity beans now; and there are many salient points to be made along the way.
But I must warn you that we will plunge so deeply into this crazy rabbit hole that up does
become down. We shall become completely un-tethered from scientific reality. I realize
that it’s probably not such a good idea for me to spread around so many crazy personal
heresies at one time because this particular foray certainly isn’t orthodox science or even
formal philosophy in any sense. We must consider it as a pagan worldview at the very core.
I suppose the reader can view this section merely as a bonus heresy - several bonus heresies
actually.
Now that I have justified the insanity to follow, I will sketch out my pagan view of
how the universe might work at the most bottom level. It will provide a wee bit of insight
on how I have approached the problem of the genetic code from the very beginning, or at
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least it will plot the general path of accidents that led me here. It will allow me to define
some basic terms, like space, time, mass and force, albeit quite eccentrically, but at least
they will have more context as I use them later. It will also illustrate my childlike
worldview and why I believe that complexity is a first principle of any self-organized,
adaptive system, especially of molecular information and molecular self-assembly. It will
show why I feel strongly that Schrödinger was right, and why we should finally start paying
serious attention to what he actually said. It also demonstrates why I believe that Darwin
was wrongly excluded from the discussion during the founding of the classic paradigm, and
his absence was a glaring mistake. We continue to pay dearly for that mistake today.
As we journey all the way to the bottom of the universe we are, of course, forced to
stipulate that the universe has an absolute bottom in both time and space, and that we can
see this bottom level in our mind’s eye. We take as true that the most elemental parts of the
universe, space and time, are atomic, which means indivisible, which also means they can be
rigidly quantized in some way within our model. Here at the very bottom we can pretend to
witness the absolute smallest possible unit of time operating on the absolute smallest
possible unit of space. So what are they? Well, that’s the rub. We don’t know and we have
absolutely no way of knowing, and I’m betting that we never will know exactly, at least not
while I’m alive anyway. So what do we do now? We, of course, make it up! After all, this
is nothing but a pagan view of the universe.
Start with space. What is it, at bottom? I choose to say it is a sphere. This is the
most logical choice, in my mind, and it is totally non-committal in its perfect symmetry.
Space, I think, should be perfectly symmetric at its heart, and in every way. Unfortunately,
we quickly lose this false comfort and run into problems when we start trying to arrange
space in space - pack the spheres, so to speak - that’s when we must start to make
commitments in our pagan model. We could arrange space on three spatial planes, as is
done in common mathematics, and then our universe would be cubic or “three dimensional.”
This might ultimately turn out to be a good idea, in the end, and it’s certainly the simplest
solution for human mathematics, but there are some uncomfortable consequences to a cubic
universe. For instance, some important things, like a dodecahedron, can be found nowhere
within a rigidly quantized and cubically packed universe of spheres. Plato said that the
dodecahedron is the cosmos, and he should know because he’s the expert. So it would be
tragically ironic if we built a cosmos in which no cosmos could be found.
There is, however, a potentially more elegant solution, a symmetry arrangement of
spheres that might get us around the cosmos without a cosmos quandary. It’s still planar,
but it has six planes not three, and each plane is the thickness of one sphere. Six is my limit
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when it comes to dimensions in the universe. Any more than six and I get horribly
confused, and I don’t do imaginary dimensions when it comes to the physical universe.
When we put the spheres into the spaces created by equally-angled, intersecting planes, each
sphere seems as though it should touch twelve neighboring spheres, and the spheres should
fall on the faces of a dodecahedron. That would be much better, I think, having a cosmos in
the cosmos, and there are still plenty of cubes around to suit anyone’s cubic needs.
What are the spheres made of? That’s another unanswerable question, other than to
say that they are made of the primary substance of the universe. They are, in fact, what the
universe is. Here again, we have no clue, so we are forced to simply make it up. I chose to
say that the universe is composed of a binary substance in equal balance, like Yin and Yang.
Furthermore, I propose that each part of this substance can have a particular binary property,
or exist in a state that also represents a balance of binary opposites, like positive and
negative. This is a perfectly symmetric arrangement of the basic properties of space within
space. It is a tetrahedron. So we now have a primary universal substance that balances
along two axes: Yin and Yang, positive and negative, and each sphere is equally composed
of Yin- and Yang+, Yin+ and Yang-, all four in perfect dual binary balance (or, if you prefer
to use colors rather than names in your abstract visuals, call them Red, Green, Blue and
Yellow). At this pagan level of the universe, opposites attract and like repels, so sayeth I.
The primal substance of the atomic sphere of the universe is equally distributed within
balanced rotational axes of a tetrahedrally divided sphere. The tetrahedron is the first
available volumetric choice (besides just splitting it in half, a line, or into thirds, a plane) for
sub-dividing space symmetrically in multi-dimensional volumetric space.
From here the ad-hoc dynamics of the geometry gets a little dicey, so don’t feel
compelled to sweat the details. Like the rest of it, they are purely imaginary, but I’ll give
them to you anyway. Each vertex of our four-part atomic sphere will form an axis of
rotation through the heart of the tetrahedral sphere, and all four will fit into the space
between three neighboring spheres. So, every neighbor will help frame one and only one
axis from each of its neighbor’s tetrahedrons: 3 X 4 = 12. There are twenty such equally
spaced points for every atomic sphere, and they correspond precisely with the vertices of our
atomic dodecahedron, or, if you prefer, you could say they are centers of the faces of its dual
icosahedron. It is a perfectly balanced, symmetric arrangement of space within space.
Every atomic sphere is roughly the same except for the specific orientation of the
axes of its primary tetrahedral substance within its dodecahedral container at any given time.
The actual orientation of each sphere represents the fundamental “information” of the
universe. This is the point of the exercise, to illustrate some kind of structure in a perfectly
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informative universe. Furthermore, I shall stipulate that there can never be any lateral
movement of any of the atomic spheres of the universe, only reorientation, or a rigidly
defined physical rotation of its primary substance. It is the change in fundamental
information within this rigid model that is our only concern. The spheres themselves are
forever locked into their dodecahedral matrix by their twelve neighbors. Only the substance
of the sphere can move by virtue of discrete increments of rotation from one dodecahedral
vertex to its closest neighbor. Any three axes are physically able to rotate simultaneously
around the fourth axis, but only incrementally to the nearest three sets of three neighbors.
So the only “movement” in the pagan universe is the simultaneous movement of three axes
of the sphere around the fourth within their dodecahedral cage. The only movement in the
universe is represented by local changes in universal information. It is a very rigid physical
universe geometrically. Only the information contained therein can “move” and even then it
merely rotates within one sphere in space. So that is space in the pagan universe - pretty
simple, really.
Now, what is time in this pagan model of the universe? Time is the universal
constant, and the universal constant is change. In other words, the substance of the universe
at the atomic level must change orientation with each tick of the universal clock in the
smallest possible way, as just described. The smallest possible clock tick in the universe
then is defined by one tiny incremental rotation of three axes of an atomic sphere, and every
atomic sphere in the universe must do so simultaneously and continuously into eternity. So
time is even simpler than space.
We now need specific rules of change in the pagan universe, a way to define
specifically how a sphere changes orientation with each clock tick. We need an information
processing algorithm for space to follow through time. These rules must be the same
everywhere and embedded in each sphere. They will reflect the primary and only universal
“force” of change. There is only one set of rules so there is only one force in the universe,
and every atomic sphere “knows” it in the exact same way. Since we do not know
specifically what this universal force actually is, nor are we likely to ever actually “know”
what it is, we are, here again, obliged to make it up. In this limited, ad hoc circumstance we
already know that there are only four possible, distinct and geometrically equivalent options
for rotation around a single axis for every atomic sphere at every clock tick. So we will
make the rule of universal force be that the rotation occurring at each sphere during each
clock tick will be the one from the four choices that brings the most balance to the primary
substance of that sphere with respect to all of the axes of its neighbors. So the universal
force in this pagan universe is a force of pure equilibration. If by some wild chance there
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are no more stable, or two or more equally stable changes available, then the universe will
roll the dice for that atom and randomly chose one of the equally acceptable choices. So in
these terms the universal force is a large dose of equilibrium with just a pinch of random.
That’s it. That’s the whole model, or at least all of the rules needed to construct the
whole model in our minds. It is far simpler than real quantum mechanics, but far less
powerful and meaningful, I’m sure. However, it is constructed for entirely different
purposes. These rules are entirely ad hoc, but any model of the universe must be ad hoc at
some fundamental level, according to Godel. I have simply decided to start at the bottom
and build upward and outward from there. It certainly saves time over learning actual facts
about how the universe behaves. I have chosen the atomic sphere as my Godel number, so
to speak, and then I attempted to construct a completely quantized universe around it,
quantized in both time and space. It is the simplest possible physical model that I could
imagine that wasn’t too simple. I was initially attracted to it because the relationship
between the tetrahedron and dodecahedron is rigidly defined yet very complex. A
dodecahedron is, from an information standpoint, nothing but a complex construction of
tetrahedrons. From the standpoint of pure spatial information, the tetrahedron is the smallest
and the dodecahedron is the largest possible choice of perfect symmetry. This physical
information system merely relates one to the other. That seemed to me a good generator for
emergent patterns in space through time that could become exponentially more complex. It
seemed to be a good starting point for a complex code of temporal and spatial relationships.
This pagan model of atomic spheres can now be used to play a game with an
imaginary universe; that’s all. All of the ad hoc premises of this model are doozies, to be
sure, and there are infinite possible variations that I could have arbitrarily chosen. This just
happens to be the ones I chose, and I chose them for very specific practical reasons. I invite
everyone who objects, or everyone who is just curious, to change any and every aspect of
this model as they see fit. There is plenty of room at the bottom, and there are plenty of
options to be found there as well. The specifics hardly seem important. I was merely
building, in my childlike way, a simple, physical quantum model of the universe.
My practical reasons for building this model involved my desire to try, in a
rudimentary way, to understand the primitive workings of an informative, self-organizing
universe. What are the first principles of such a thing? I am not smart enough to understand
the universe the way other people do, so I was forced to understand it in my own eccentric
way. I can’t really follow any of the orthodox explanations, and I have a hard time
understanding anything unless I can see it working in my mind’s eye. Even then I have a
distressing tendency toward failure. So I decided to build a physical model that I not only
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could see with my mind’s eye but with my real eyes as well, and better still, I thought, I
would build a model that I could hold in my hands and fiddle with. This, I hoped, might
stimulate my imagination. I also thought it would be fun for my children to play with, so
that’s what I built, and I built it based entirely on the ad hoc rules that I just described.
I built in my garage a mechanical device - a toy - that could physically obey these
basic rules in time and space of the pagan universe. I quickly realized that it would need a
formal code to dictate its exact behavior; therefore, I named it Code World, and I started
working on something to serve as that “simple” code. Despite the deceptively simple
geometric underpinnings, there are a surprisingly large number of permutations for every
atomic sphere. Every sphere has an unimaginably large number of possible states relative to
its neighbors. Each sphere can exist in one of 120 distinct orientations (ten possible
tetrahedrons each with twelve possible orientations). There are four possible choices of
change from any of them at each clock tick, one for each axis of the tetrahedron. Somewhat
surprising, any orientation can be reached from any other in six clock ticks or less. The
states of the twelve neighboring spheres, which themselves each have 120 possible states,
provide the physical and informative context for any sphere when that sphere must choose
the proper path among the four possible paths at any given time. So the task of deciphering
the code for a single sphere at a single clock tick must consider 4 X 120 X 12012 (roughly 4
X 1027) different possibilities. From a deceptively simple atom emerges a huge foundation
for complex information patterns on every scale.
I share this conceptual foundation because it describes precisely what I am talking
about when I talk about a complex, informative universe. In my mind, I am referring to a
toy model, both literally and figuratively. However, I am throughout this book being quite
literal in everything I describe. I am actually arguing for a more literal description of
molecular codes and molecular information. When we use the words molecular
information, code, language and translation, I think those words should be taken literally.
Today, we only speak “as if” they are these things. But I am really not quite as insane as I
might seem. I fully realize that there is absolutely no scientific or empiric basis to argue for
this particular model of the universe. There is no reason to believe that it is any better than
any other arbitrary model, but an honest reader must also admit that there is no scientific or
empiric basis to argue against this eccentric approach either. There is nothing “scientific”
about any basic worldview. For that matter, there is no empiric basis to argue for or against
any specific model or paradigm of the universe in use today, and that is the wall that every
thinker has run up against, starting with the Greeks, and running down the line of Galileo,
Newton, Mach and Einstein. We essentially do not “know” the fundamental nature of the
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universe, only some of its gross patterns of behavior. This point could never be made any
better than it was by Evelyn Fox Keller in her book Making Sense of Life:

“But by what mandate is the world obliged to make sense to us? Is such an
assumption even plausible? I would say no, and on a priori grounds. One need invoke
neither divine intervention nor unknown forces in order to doubt our ability to make rational
sense of all that we encounter in the natural world. The human mind does not encompass
the world; rather, it is itself a part of that world, and no amount of self-reflection provides an
escape from that limitation. Most of us would agree that the mind – along with its capacity
to make rational sense – is itself a biological phenomenon and hence a product of evolution,
brought into existence by the forces of natural selection. The selective advantages accruing
from the ability to make sense of one’s immediate and even remote environment are
obvious. Yet an evolutionary process that could give rise to a mental apparatus with an
unlimited capacity for making sense, however desirable such a capacity might seem, is
difficult to imagine. And conceiving of a process that would produce minds capable of fully
comprehending themselves is more difficult still. I can imagine neither a design nor an
associated selective advantage that would be adequate to such a capacity.
Once we grant that our access to the natural world is not unlimited, we might also
recognize that other biological marvels crafted by natural selection could be equally elusive.
I see nothing counterintuitive in the possibility that there are phenomena in the natural world
extending beyond the grasp of human comprehension – if only by virtue of their sheer
complexity. Embryonic development might very well be one of these.”

I second the notion, and I hasten to add that protein synthesis might represent more
of the same. It is a truly complex part of a truly complex yet fundamentally informative
universe. However, I firmly believe that we can use the ideas of Darwin and Schrödinger in
tandem to bring us much closer to an actual understanding of these things.
The conceptual difficulty of “knowing” the universe primarily arises from the fact
that we are very large observers embedded in the thing to be observed, and so we still don’t
have a legitimate scale or starting place to anchor our thoughts about space and time in the
universe. There is no fixed point of absolute reference in time or space. We also don’t have
a good way to break free from our perspective of scale to observe other scales, except in our
minds. This pagan model just happens to be my starting place. Thankfully, nobody will
ever be forced to adopt or use it, I hope. However, it is not really a question of what a
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model is but what it does. The real fun only begins when we start to play with this toy in
our minds, when we start to examine what this pagan model could do when we animate
large patterns of pure information in space through time. It allows us to construct a toy
universe about which we can ask and try to answer some very basic questions, and that’s
what any good model should do.
The enlightened reader will now loudly object that the looney, pagan heretic has just
proposed that the universe is nothing but a fanciful, arbitrary, cellular automaton in time and
space, nothing but a deterministic, complex computer simulation, and a two-bit computer at
that! On top of that, you can’t even pack spheres in a dodecahedron and perfectly fill space,
bozo brain. I accept all of those objections on the basis that they are valid, and absolutely
correct. I certainly could make some simple geometric alterations to repair the geometry
flaws in this simple model, but I have no need or intention to do so 1. I like my toy the way it
is, warts and all.
I admit that it is more than a little disheartening to think about such a brutally
deterministic model of the universe, but I can absolutely accept these weaknesses in the
pagan model. I am certainly not ready to mount a philosophical debate for or against the
truth of determinism, primarily because I cannot, and also because my small brain sees it as
irrelevant. I will never change my behavior in real time and space, or my paradigms for
morality, whether the universe is literally deterministic or not. Being a moral person is
obviously a winning macroscopic strategy to be found within the system by the system, so I
merely try my best to be a moral person, to be one of the winners, independent of any
potential or actual determinism. I know that I make “decisions” and I know that I can “try”
to make good ones. I know that my decisions have real consequences. I would simply note
that the only way to conceive of or simulate this pagan universe in a truly deterministic way
would be to construct an identical universe. Even then things would inevitably come out
differently because of the small element of randomization in this model. Context is
everything in the pagan universe, and there are no shortcuts in the global context of the
pagan universe. With that said we can move on to the real fun of the toy.

1

If you want to figure this out on your own, don’t read this because it gives you an answer. First, the toy is
actually constructed with the tetrahedron on the outside because it is impractical to move, using chubby human
fingers, a tetrahedron within a dodecahedron. Second, the tetrahedron can be replaced with a cube and still
function in a similar way. A cube is nothing but a dual tetrahedron, but a cube quite obviously will perfectly
fill space. Perhaps it really is a cubic universe of dual tetrahedral information matrices processing
dodecahedral information. The toy in its current form is merely the easiest way for me to physically manifest
and mentally conceive the general principle of spatial information symmetrically interacting. They all easily
convert from one to the other in my mind.

94

Once we accept, axiomatically, the basic premise of the model, we can begin to play
with it in our hands and our minds, and we can seemingly do some fascinating things. We
can construct an entire universe and a language to describe it. The pagan model thus might
be called the pagan worldview or the pagan paradigm of how the universe must work. What
then are mass, energy, force and motion in this toy universe? All of these things –
everything in the pagan universe - merely become variations and interactions of patterns in
the primary substance of pure information within space and through time in the universe.
Everything that we perceive in the pagan universe is a complex emergent pattern reflecting
the fundamental nature of the universal information matrix. (Sounds just like a movie.) But
this model can give us no clue to the origin, size, boundary, or even the actual shape of the
universe. It is admittedly quite limited in that regard. As far as I’m concerned, it has no
beginning, middle or end, no size or shape. Exactly where, how and from what it is
constructed is completely lost on me. Who or what constructed it is a mystery that I’ll never
even try to solve.
The only absolute reference point for this model is the universe itself. Its total
pattern serves as the context for each atomic sphere, and all atomic spheres are the absolute
context for all others. Therefore, all of the phenomena that we study in science are at some
level a manifestation of complex, i.e. concentric, inter-related yet clearly identifiable
patterns emerging from the ground-level properties of the universe. Everything in the
universe is a manifestation of the same “thing” in the universe, which at bottom is pure
information and complex logic. The universe itself never physically changes; it is simply
the patterns of the universe that change. In other words, the only fundamental difference
between a cubic centimeter of diamond and a cubic centimeter of total vacuum is found in
the persistence of the pattern of space through time that each portion of the universal pattern
displays. The pattern of diamond is in constant flux through time, but it is a highly
consistent pattern of flux that we rightly expect to persist for long periods of time. The
universe is the only fixed point, and all patterns within it simply propagate through it.
This view is horribly Newtonian in that respect, to be sure, but I think we might have
an answer for that relativistic objection, but perhaps not a perfect one. Newton noted a
similar problem with his own theory of gravity, specifically, gravity could not really be a
force at distance; therefore, it needed something through which it could travel. His littlepublicized solution, the answer that the greatest scientist of all time gave to this tiny
scientific quandary: gravity travels through the body of Christ. Talk about relative. Relative
to that theory, I’m feeling more and more scientific every day!
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We can, however, find absolutes of the universe, but they are derived from the
absolute properties of the universe as defined in an ad hoc way above, and so they become
absolutes of relative scale. For instance, we have no way to measure the atomic sphere other
than the sphere itself. Even a lowly hydrogen “atom” would probably require something on
the order of 1090 of these tiny spheres to complete its pattern. Who knows? However, the
relative distances between spheres and the actual spherical movements will always obey a
measure of absolute scale, which in this instance happens to be phi, or the golden ratio,
which is approximately 1.618 in our decimal system of numbers. Phi is geometrically the
ratio between the radius of one sphere, divided by the distance between the contacts of two
neighbors. So the spheres are segmented into whole multiples of phi, which is much better
than pi, but much less famous. Phi is responsible for the shape swept out by a single axis
during a single rotation of the sphere, and this shape is described by a “golden triangle” of
universal proportions. Phi can, therefore, be seen as the universal metric of movement and
pattern growth in the pagan universe, and the patterns of phi can multiply like Fibonacci’s
famous rabbits throughout the universe. Phi can be the basic unit of measure on any
yardstick held against any fractal growth pattern.
Perhaps an even more famous absolute measure of scale in the pagan universe can be
found in the relationship between time and space. Time relative to space is the ultimate
form of relativity in any universe, but here it is a measure of scale. Time is not a co-equal
branch of space but the manifestation of constant change of a pattern in space in the pagan
universe. It is simply too convenient that both velocity and time are defined as a change in
space in this whimsical model. In the real world, velocity (v) is the change in space (Δd)
divided by the change in time (Δt): so v=Δd/Δt. In the pagan universe, time is a property of
the universal constant, which is also defined as a change in space. In the real world, the
universal constant is the speed of light, but this is exactly the same as a fundamental
property of the pagan universe. Every atomic sphere must change exactly one and only one
unit of spatial orientation for each unit of time. This is, in fact, the definition of time in the
pagan universe. So if we assume no force at a distance, which is implicit in the model, then
the speed of light, or the speed of any pattern in the universe for that matter, has an absolute
maximum of one sphere per clock tick. Light, like everything else, is just a pattern in the
universe. This ratio that relates space to time, Δd/Δt, now serves as a universal metric of
scaling any pattern within the pagan universe. So rather than taking the Newtonian
viewpoint that ignores relativity, the theory of special relativity is actually built right into the
handful of rules of the pagan universe.
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There is no end to the quick and dirty ways we can use this universal scaling tool,
Δd/Δt, in our mind’s eye when we think in terms of the behavior of complex patterns in the
pagan universe. It is a thumbnail ruler to keep straight, in my mind at least, things like the
Lorenz equations for contraction of distance in the direction of motion. The classic
conversions of distance and time seem to still work, but I could be wrong. However, it is
logically clear that as patterns get bigger, times must get proportionately bigger. It tells us
that when a pattern propagates through the universe, it can only do so at a maximum
velocity with respect to the universe. It also tells us that when we think on tiny time scales it
is helpful to shrink our scale of space accordingly.
The key element of relativity in this model is not so much between time and space
but between one pattern and another. The act of measurement or even simply the act of
observation is just a pattern. This will always cause problems for us in this universe. The
model was originally conceived as a way to visualize the relativity of all patterns in the
universe on scales of time and space simultaneously. It is a way to see how every pattern in
some way depends on every other pattern at some scale in space through time. No pattern
can ever be completely excised from the global pattern and then continue to be the same
pattern. Tiny patterns operate on mammoth time scales from the equivalent perspective of
larger patterns. The action seen in the pattern of an electron might seem slow by its own
standards, but by human standards, the pattern of an electron is lightning fast. Therefore,
although the behavior of complex molecules like proteins can seem directional, even
purposeful to us, that same behavior seems glacial on a molecular scale, and it can even, in
fact, be downright stochastic for all intents and purposes.
Complex patterns of more and more grand order emerge in the pagan universe only
on a time scale commiserate with their spatial scale and ultimately their degree of
complexity. This is a key feature of the model, because I actually view an increase in
universal complexity as a fundamental measure of time. As the universe grows older it
gradually but inevitably becomes more complex as a means to achieve new equilibrium
everywhere at once. The universe is recorded in the universe; its history is embedded in its
pattern. The universal pattern of information of the universe always reveals itself through
time, and time is a vector property of the information that is pointing toward increased
complexity on all scales. The Pagan universe is busily organizing itself on all scales and at
all times.
This brings us to a particularly thorny conundrum in the pagan model. Specifically,
how do we reconcile the second law of thermodynamics, which absolutely must be obeyed
in the real world, reconcile that absolute law of the universe with this new concept of
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increased complexity and overall order that we hope and fully expect to see through time in
the pagan universe? After all, the arrow of time seems to be pointing in exact opposite
directions between the pagan world and the real world. That is a darn good question that we
cannot ignore. So, rather than duck it, I will try to take it head on and maybe we can
somehow get one of those pesky little arrows to point the other way. This seems to me to be
the exact same ideological wall that Dr. Schrödinger ran up against when he asked, What is
Life? So, I guess we will just have to pick up Erwin’s ball and run with it, shall we. We
will start by taking his excellent word, negentropy, and apply it to our new conundrum. If
entropy is the expectation of disorganized behavior in the real universe, what better word
could we ever imagine for the expected behavior of the pagan universe than negentropy?
The physicists say expect entropy and I say witness negentropy.
Entropy, according to the second law of thermodynamics, is a property of the
universe that is increasing. Entropy is a statistical property regarding collections of matter
and basic processes of energy exchange, and the second law says something very specific
about their states of equilibrium. It unequivocally says that these things will become more
disordered or more disorganized as time goes by. Entropy will inevitably increase in the
universe. For instance, when hot water is mixed with cold water we will in all cases expect
to end up with warm water. We would never think that an open container would
spontaneously organize the hot water in one section of the container and the cold water in
another. We expect the two temperatures to mix, to statistically diffuse through random
molecular motion. The water should automatically mix one into the other and ultimately to
show no global organization, no differentiation, at least not without some global organizer to
do the hard work of organizing each molecule. The thermodynamic global order of water
molecules will always decrease with time not increase, at least not until we do some kind of
work on the water molecules in an effort to order them. So, entropy is a natural and logical
equilibrating principle in nature, and nature is equilibrating toward more and more disorder
with each tick of the universal clock.
However, as Schrödinger aptly noted, life clearly seems to be tenaciously climbing
up this hill of entropy through time instead of naturally rolling down it as we should expect.
Life is doing the equivalent of un-mixing hot and cold water from the starting point of warm
water. Life is becoming more ordered, more differentiated not less. The total information
content of life is increasing with time not decreasing. Could it be possible, he seems to have
wondered, is the pattern of life on earth some kind of cryptic evidence that the universe is
somehow doing work that pushes these mindless molecules up the thermodynamic hill?
What could that possibly be, or what should we call it if not negentropy? It is, after all, the
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exact opposite of what we’ve come to expect from the natural behavior of insentient
molecules. Where would such a force in the universe come from to do this hard work? The
sun? The moon? The stars? God? And even if we decide, ad hoc, that one of them
provides this force, from whence and where did it obtain this magical ability to order things
in a universe that constantly seeks equilibrium in disorder?
I simply reject entropy, at least in its classic and apparently incomplete form. I say
that the pattern of universal entropy increase is real, but as a guiding force in the universe it
is merely an illusion. The universe is not working to increase total entropy but instead the
universe is constantly and everywhere working to decrease it. This notion can only spring,
in my mind, from an information paradigm of the universe. I start by noting that in the
pagan universe there is only one force, and so it ultimately must be responsible at some level
for all of the patterns we see in the universe. It is defined ad hoc as a purely equilibrating
force that acts only on the smallest unit of the universe in both time and space. All other
patterns and forces must then merely emerge in the universe as other larger patterns or as the
result of this single universal force acting in the same way, at all times, and everywhere in
the universe. Since it is naturally equilibrating, I take as true that it is self-organizing. The
big question is: self-organizing in what way? I honestly couldn’t even begin to imagine the
actual patterns that will emerge for all the grand scale of complexity swirling about in this
global pattern, and so I’ve made no real effort to do so. However, the single universal force
should be expected to form order in the universe at ever-higher levels of complexity.
Conversely, entropy, in the classic sense, is not really even a force but merely a global
property of the entire pattern of the universe, and yet this classic pattern can be clearly and
experimentally observed to move in the direction of higher disorder. So entropy is merely a
global change in pattern not a single force, and as such it can be seen merely as a velocity of
the pattern toward global disorder. It is not, therefore, necessarily reflective of any force
currently acting on the pattern: F=MA not F=MV.
However, and here’s the really nifty point, the universal force of the pagan universe
is a force, so it will not manifest itself in the universal pattern as a velocity; it will manifest
as an acceleration, or in this case as a deceleration of the global pattern. So, that being the
case, if we were able to take an absolute measure of the total order, or disorder, of the
pattern of the universe today, we would surely see that the amount of disorder increased
from yesterday. But if we took another measure tomorrow we might find that although the
disorder increased again, it increased less than it did the day before. In other words, the
universe added more entropy yesterday than it will today. In other, other words, the
universal force is acting on the pattern of the universe to decrease the rate at which disorder
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is being added to the pattern through time. It is not a rate of change but a rate of rate of
change. The universal force is actually pushing against disorder despite the fact that we can
still see disorder increasing in the global pattern. The universal pattern can point toward
entropy while logically the universal force can still point against it. Time’s global arrow
points against entropy and in the direction of negentropy because we live in a fundamentally
self-organizing universe.
Of course, we should be able to somehow witness this universal force acting on the
pattern of the universe. I rise to this challenge and reply that the evidence seems to be
everywhere we look, but we must look for it on the right scale of patterns of space through
time. Whenever the fingerprints of negentropy are found in our universe the pattern of
negentropy seems to also be found to be accelerating. Life is one prime example, in my
mind, but life is merely the tip of the universal iceberg. It is the frilly fractal embellishment
on the leading edge of the pattern of complexity. It is a pattern of self-organization in a
much larger universal fractal pattern of self-organization. It is from stem to stern a selforganizing universe and life is its centerpiece. Just as the universe records its history in the
fabric of the universe life records its history in the fabric of life. The two are one and the
same. They are both examples of information systems, but life is the supreme, clearly
identifiable example of a much more advanced, and therefore more complex and
sophisticated system of concentrated negentropy, and so it is moving at a much faster rate of
change with respect to the whole universe. Schrödinger’s proposal of negentropy as a
fundamental physical “law” of biology should merely reflect evidence of the more general
idea that a universal force is pushing against the trend toward entropy in the universal
pattern as a whole. He saw it just this way. We apparently live in a universe that is
fundamentally somehow able to organize itself, and life is but one example of her
handiwork. Schrödinger actually intuited this, and he intuited that when this force was
finally found, it would be found at the very bottom of the universe:

“For the new principle that is involved is a genuinely physical one: it is, in my
opinion, nothing else than the principle of quantum theory over again.”

“The most striking features are: First, the curious distribution of the cogs in a manycelled organism… and secondly, the fact that the single cog is not of coarse human make,
but is the finest masterpiece ever achieved along the lines of the Lord’s quantum
mechanics.”
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The pagan universe at bottom is governed by an equilibrating force of selforganization, and perhaps this trend can also be seen at top, but that does not mean that
every patch and pattern in between must be a certain way or even sport a particular arrow
pointing toward increased or decreased order. The universe is a complex pattern of patterns
that can eddy in space through time. Order can and must somehow bubble up through the
creases in a constant background of disorder. It is clearly not at this time a homogenous
universe of un-segmented order or disorder. The universe must somehow form nodes of
ordered patterns from previously disordered patterns, and these nodes merely serve as the
network of context for more complex nodes of order built layer upon layer in space through
time. All of the patterns reflect choices made in the past and are recorded in the fabric of the
universe. This is fundamentally a system of increasing information or negentropy.
Note that the classic response to Schrödinger’s recognition of the obvious
negentropy in life is to simply say that the earth is not a “closed system” and it therefore
receives “energy” from the sun. This hardly qualifies as a convincing explanation. It is
actually a horrible explanation when you think about it, one that completely ignores what
Schrödinger actually said. It is just a fancy way of saying that the answer can’t really be
found here on earth, and the whole system cannot be understood unless it is placed into a
more proper broad context. So apparently the proper context for life on earth is the rest of
the universe, or at least the sun, which is okay in as far as it goes. But it is a self-evident
concept in the pagan view of things, so much a part of a globally equilibrating universe
headed in the general direction of more self-organization. However, in the classic scheme it
seems to be a non-answer, a backwards answer actually, or at least it is such a bad almostanswer that it could never really even be wrong. It barely shoves aside the larger question of
how any undifferentiated, disorganized system, open or closed, large or small, could begin a
journey of self-organization of such unimaginable complexity and scale as we can so clearly
witness in the pattern of life on earth.
The earth has accumulated a phenomenal amount of negentropy through time not
entropy. It must come from somewhere and there must be a fundamental explanation for
why it is here. Regardless of how much energy the earth receives from the sun, how does
that energy find a way to seemingly disobey the law of increasing entropy in the larger
pattern of things? It seems as though the classic pattern should expect increasing entropy
with increasing time and pattern size, yet the trend on earth is clearly the opposite.
However, in the pagan universe the grand pattern of life on earth is not seen as an exception
to a larger rule; not something to be explained away but something through time to be
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expected. Life is not just a reflection of limited properties of bizarre crystals on earth but a
fundamental property of the universe itself.
The issue at hand here is negentropy not entropy, but the sun is a clear source of
entropy. We cannot therefore propose the sun as our primary source of negentropy. I am
sure that the explanation that the sun provides energy and therefore the earth is an “open
system” never would have satisfied Schrödinger. It is exactly the explanation he said that he
didn’t want to hear. He was well-aware of the sun, I’m sure, but he was looking for a more
detailed explanation of the source of the phenomenal amount of negentropy that is displayed
in living systems. He made a clear distinction between energy, material exchange and
negentropy, which we can view by splicing together just a few sentences from his book:

“That the exchange of material should be the essential thing is absurd. (Exchange of
energy) … needless to say, taken literally, this is just as absurd.”

“The essential thing in metabolism is that the organism succeeds in freeing itself
from all the entropy it cannot help producing while alive.”

The question that Schrödinger was asking is not even slightly answered by the “open
system” explanation of life with respect to the second law. He knew that life was a system
that as a brand new quantum physicist he would not recognize, but still he rejected the
notion that it would actually fall outside the realm of physics. He knew that his
understanding of physics must, therefore, be incomplete, because he could not use his view
of physics even in a cursory way to explain life on this planet. He knew that his
understanding as a physicist was perhaps backward, or at least inadequate to deal with the
bizarre reality of life as he then understood it:

“How can the events in space and time which take place within the spatial boundary
of a living organism be accounted for by physics and chemistry?”

“To put it crudely, an engineer, familiar with heat engines only, will, after inspecting
the construction of an electric motor, be prepared to find it working along principles which
he does not yet understand.”

102

“The orderliness encountered in the unfolding of life springs from a different source.
It appears that there are two different ‘mechanisms’ by which orderly events can be
produced: the ‘statistical mechanism’ which produces ‘order from disorder’ and the new
one, producing ‘order from order’.”

“We must therefore not be discouraged by the difficulty of interpreting life by the
ordinary laws of physics. For that is just what is to be expected from the knowledge we
have gained of the structure of living matter. We must be prepared to find a new type of
physical law prevailing in it. Or are we to term it a non-physical, not to say a superphysical, law?
No. I do not think that. For the new principle that is involved is a genuinely
physical one: it is, in my opinion, nothing else than the principle of quantum theory over
again.”

Schrödinger knew about the laws of thermodynamics, the workings of quantum
mechanics and the existence of a power source from the sun, but he still felt that there was
something missing in the picture. He had no doubt that global chemical energy exchange
equations would ultimately be shown to add up properly, but he literally said that this was
not the answer he wanted and that life actually “feeds” on negative entropy, “attracting a
stream of negative entropy upon itself.” He was saying that our understanding of the
random heat motion of molecules in the universe was not enough to explain the logic of
living systems. Merely noting that the sun provides the living system on earth with a
limitless supply of energy would not have swayed him in the least, I don’t think. In fact, he
would surely see the sun as a source of entropy not negentropy. The sun increases the heat
motion of molecules on earth, so they become more random not less. In my worldview, the
sun is simply a power cord for earth’s crystallizing computer. If we plug a power cord into
an undifferentiated black box of silicon we do not expect the box to become more organized
and differentiated, to ever spontaneously grow a CPU. We simply expect it to get warmer,
to become a less differentiated black box, and the longer we wait the less differentiated we
should expect it to get. No, the sun does not drive the complex logic of life; it merely
charges the battery packs that living cells need to perform their essential logic functions.
The sun provides nary a hint about the logic structures that will eventually self-assemble
within earth’s complex crystal computer.
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Schrödinger also saw a global pattern that he tried to connect in the dots between
bio-molecules, human culture and human consciousness. He was plotting a path in his
thinking from the bottom to the top of the pyramid and trying to find the common thread or
the driving force. He wrote essays on consciousness that equated consciousness with novel
environmental stimuli. Something that is old hat can be moved to the subconscious, he
argued, but when we encounter new stimuli we are forced to deal with it and practice it until
it no longer requires our conscious attention. He drew an analogy between this and organic
molecular ontogeny, and I’m sure he would not have objected to the idea that this same
analogy could extend to the beginning of molecular phylogeny. He was essentially saying
that molecules could somehow “learn” just like we do, and somehow they store that learned
behavior. To him, molecules, embryos and human minds must display a pattern of learning
that somehow must be stored in the substance of their living matter. The patterns must then
somehow overlap.

Returning to the Pagan model, there are other meaty questions to be answered, and I
sense that it just might be up to the task, in an ad hoc sort of way. That tends to generally be
the nature of any ad hoc model. For instance, how does this model explain the fact that the
universe is obviously expanding? It’s simple. It doesn’t, nor does it care to. There are only
two choices for this toy model to explain universal expansion: either we add atomic spheres
or we make all of them bigger. Both of these choices seem trivial and useless to me, so I
must reject them, or I must put them in the category of “don’t care.” I think it’s a false
question anyway. In the pagan universe the better question is where and how does the
universal pattern begin and end? These are issues of origins and boundary conditions that
no model can yet explain. So here again, my answer is the same: I don’t have the first clue.
Instead, I like to imagine a special point in time, call it t 0, and at t0 the universe is in “perfect
order” or perhaps “perfect mirrored order.” This means that the next clock tick, t 1, would be
a totally randomizing event on every atomic sphere per the axiomatic laws in the pagan
universe. The pattern at t1, would not necessarily be totally random. I should think it would
actually have many non-random qualities remaining from its state of perfect order, but it
certainly would be moving away from order and toward random patterns at maximum
velocity, yet every subsequent clock tick would somehow work against the random demon
to slow its velocity and turn it in the direction of order again, to muffle the random noise, so
to speak. It would be a tremendous initial random explosion that might at once propel the
global pattern in the direction of entropy. While the whole pattern can still coast toward
being more random through time, the rate of approach can slow, and yes perhaps even
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reverse. Still more perplexing is the question of whether the universal pattern could ever
actually become totally random, which paradoxically might be the most “perfect” pattern
possible, the same everywhere in its total randomness, at least the most uncompressed and
algorithmically complex pattern possible. I admit that on this score I can provide no real
clues.
I think in this case I should turn the initial question regarding expansion into another
question, which is: what makes us think that the universe is expanding in the first place?
There apparently are a variety of good empiric answers to that question, which I am
completely incapable of understanding, but most answers in some form or another involve
observed properties of patterns traveling through the universe at greater and greater
distances. I would point out that those kinds of observations present a problem with
causality. In other words, it is difficult to observe changes in something and then use those
observations as an explanation for changes in that very thing. It is possible that the changes
in the observed properties of light are a function of changes in the pattern of the universe
itself. If the pattern of the universe is evolving, and it clearly is, then the universe will
logically be significantly different, pattern-wise, when light starts on a journey than it is
when it arrives here on earth at the end of its journey. The change in the pattern of the
universe, or the rate of the rate of change of the pattern could account for the changes in the
observed properties of light without ever requiring the universe to physically change its size
or shape.
A total vacuum is the gold standard for the travel of light in the classic sense. The
problem with the pagan universe is that nowhere in it should we now ever expect to find a
total vacuum. A vacuum is only a pattern in space through time, and so it is relative to
something else. Not only is everything placed in the context of everything else, but
everything is somehow involved in all patterns of space through time. In this way we could
say that gravity is merely the pattern, or an extension of the time effects created by large,
particularly well-organized patterns as they travel in space through time. There is no way to
exclude these patterns from any section of space. Therefore, it would be quite difficult to
find anywhere in space a section that doesn’t contain telltale signs of many gravitational
patterns. For that matter, light itself must be a distinct pattern in space through time, so how
will we ever get it to travel through the total vacuum without utterly destroying the totality
of the vacuum? If there is even a trace of a pattern in a collection of space through time,
then it cannot be a totally random pattern.
As the whole pagan universe evolves, the patterns of space through time merely
grow bigger and stronger because they are seeking universal equilibrium. So, the “total
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vacuum” through which light must travel is everywhere growing less and less vacuum-like.
A “total vacuum” cannot then be a legitimate point of reference for anything. These effects
on light will be entirely dependent on the distance and, therefore, the time through which
they must travel. This property of the universe might explain why we are deluded in
perceiving the universe as expanding from all points, and accelerating in all directions. Of
course, I know that the total mass and energy of the universe is theoretically constant. But
in reality, the “expansion of the universe” might actually be an observation of accumulating
“dark matter” which in the pagan universe is another word for “order” or better still
negentropy and accumulated universal information. But within this model we would expect
this phenomenon to be accelerating as a result of the force of negentropy. So that means
that the mythical cosmological constant isn’t even constant, because it is the direct result of
the fundamental force in the universe, which ultimately is an equilibrating force that causes
the universe to self-organize at an accelerating rate at the lowest and highest levels of space
through time.
The larger point here being, any model of the universe must be internally and
externally consistent with larger phenomenon. There are many possible models, and science
has yet to give us a valid reason to absolutely accept one over all others, so we still need to
keep our minds open to all possibilities. Our model of the universe must be consistent with
the models we try to put into it. We certainly cannot accept one with large internal and
external inconsistencies as is done in the classic paradigm of the genetic code. It is not only
wildly at odds with my model of the universe it is internally inconsistent with itself.

That just about brings me, mercifully, to the end of the sketchy details of my
childlike pagan worldview. I think you can pretty-well get the picture without grasping very
many of the gory details. It represents the broadest strokes of universal behavior that we
want to understand here in a discussion of molecular information. Despite its many
shortcomings, it is a good foundation for some general concepts of an informative universe.
All information in the universe must have a logical foundation and it must be anchored to
the universe somehow. The behavior of any information system must follow some general
set of rules, and living systems can be no exception.
I should reiterate that there is nothing scientific or empiric about this worldview, so
there is virtually nothing to be proven by it. It is merely a general guide to thinking. It is a
cartoon sketch of the universe drawn by a cartoonist when it comes to physics and
cosmology. I freely acknowledge that it more closely resembles metaphysics than physics.
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I cannot even conceive of a good test that could absolutely prove or disprove the
fundamental principles of this model, so it is neither fact nor fiction, but merely an eccentric
way to view things. Studies of entropy could be done, I’m sure, but that does not “prove”
the model, it might merely suggest some utility or disutility to it. When somebody actually
“proves” their model of the universe I’m sure we will all hear about it on cable news.
Perhaps the toy model explains, for some, a few old riddles in new ways. Perhaps it creates,
for some, a completely new set of riddles. I am merely sharing it in hopes that it may help
make a few salient points to further us along the path to a new paradigm for the genetic
code.
The pagan universe model is not shared as proof of my knowledge but proof of my
total ignorance. I can’t understand the models that physicists use, and I don’t have the time
to figure them out. Still, I need some model in my head to fit other things into, so I built this
cheesy little one. This model probably won’t work for everybody, and of course it’s their
right to reject and ridicule it as they see fit. It certainly won’t work for everything. I
couldn’t possibly even use it to predict the position of a ball rolling down a plane, let alone
the position of an electron circling a proton. I could never derive chemical equations from it
or simulate the pattern of a salt crystal with it. I am certainly not going to use it to argue
with a card carrying commander in Star Fleet about the first 10-35 of a second after the big
bang. However, I can use it to find a toe hold on complexity in an inherently informative,
self-organizing universe, and I can use it to realize that the classic paradigm is false. By
starting with this worldview it is not even slightly difficult to see how and where the classic
paradigm jumped the rails and pointed us in the wrong direction.

“What a man believes upon grossly insufficient evidence is an index into his desires
-- desires of which he himself is often unconscious. If a man is offered a fact which goes
against his instincts, he will scrutinize it closely, and unless the evidence is overwhelming,
he will refuse to believe it. If, on the other hand, he is offered something which affords a
reason for acting in accordance to his instincts, he will accept it even on the slightest
evidence. The origin of myths is explained in this way.”
Bertrand Russell
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The Mad Hatter Finally Appears
The pagan model is just one extravagant example of the need for context in
everything we do, think and say. All inquiry must start from a particular worldview, and
this just happened to be mine with respect to the genetic code. The founders of the classic
paradigm undoubtedly had a different view of the universe when they sat down and started
solving the problems they wanted to solve. However, those worldviews are inevitably
embedded somehow in their paradigm, as are mine. Their worldview wanted to see things
as simple so that they could understand them. They explicitly defined things in just that
way. Unfortunately, the things they wanted to understand are not simple; they are inherently
and tremendously complex, so they will never be properly understood in simple terms alone.
My worldview insists that the universe is somehow crystallizing in a complex, selforganizing fashion and that life must somehow reflect and perpetuate that larger pattern. I
like to view the pattern of life on earth as an old and therefore a gigantic pattern that not
only fits within a larger complex pattern but also borrows and contributes basic properties to
it. Life, because of its extreme complexity, could not exist unless it was somehow an old
and gigantic pattern. My mind works in this way as a nesting of thousands of paradigms.
The basic ones strongly influence the smaller ones, but they must somehow all work
together.
Everything is always a collection of something, so what are things? Darwin, I think,
remarkably found a simple answer. He was not a physicist, but perhaps he should have
been. Everything is somehow part of a stable pattern of “things” through time. A “thing” in
our minds is merely a matter of defining what will come together to qualify as a “thing” in
our minds. Stable is merely a relative term within the context of all other patterns through
time. Darwin clearly saw this in the pattern of living things on earth. He saw that through
time the pattern of living things on earth will inevitably change, and the force of change will
be the strong tendency of the pattern to find its own equilibrium. Darwin realized that a
species is not a homogeneous and discrete thing; it is a pattern of large numbers of
individuals. He also realized that an individual is not a homogeneous “thing” but a large
pattern of individual yet interrelated properties. We now know that each individual property
is molecularly also a large, complex pattern of individual factors, and thus we continue to
drill down all the way to the bottom, whatever that may be. Darwin realized that the whole
pattern of “things” will everywhere and at all times find its own equilibrium point, but this
process means that any particular point of equilibrium will be forever changing. The context
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for each living thing is obviously complex and forever changing. This is ultimately what
drives “things” to be living in the first place.
Darwin clearly saw and clearly describes life as a process of negentropy. Darwin
also had the good sense to describe an easily understandable algorithm that animates the
process through time, a recipe for organic equilibrium. Since the algorithm he described is a
fractal algorithm, the pattern it produces should also be expected to be a fractal. The myriad
patterns it has generated over vast expanses of space through time is now a set of beautiful
Russian dolls all the way down to the bottom, so that first tiny doll must have properties or
rules of behavior that enable the universe to wrap itself in evermore beautifully complex
layers of self-organization. Where could we possibly locate those basic rules if not in the
first tiny doll?
Darwin was far too limited in his scope, I think, but I’m sure that we are all willing
to cut him considerable slack. He focused only on the patterns of whole life forms and their
patterns of behavior. He was forced by the limitations of his times to make his remarkable
observations based on the most complex patterns generating the largest and therefore the
most complex equilibriums. However, those patterns are merely the result of the context
created by patterns of the complex living systems that created them, and those living
systems are merely the result of the complex patterns of non-living systems that created
them as well. However, all of the patterns that go into the equation are in equilibrium, and
they are all moving more toward equilibrium with every tick of the universal clock. That
does not mean that equilibrium will be a smooth, clear path. It can still be manifest in
episodic and chaotic steps on all levels. Darwin was not a physicist and he had no way of
knowing the existence of atoms and molecules. He was ignorant of critical states and phase
transitions. Quantum mechanics and digital computers were beyond science fiction for
Darwin, but his algorithm presaged all in a frighteningly real sense. Darwin described life
essentially as an information system, but he had no way of knowing it at the time. Also,
Darwin was not stupid, so he had a habit of keeping his friends close and his enemies closer.
Here is an exchange from Origin with one of his many pugnacious detractors:

“On this head, Mr. Mirvart remarks, “As, according to Mr. Darwin’s theory, there is
a constant tendency to indefinite variation, and as the minute incipient variations will be in
all directions, they must tend to neutralize each other, and at first to form such unstable
modifications that it is difficult, if not impossible, to see how such indefinite oscillations of
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infinitesimal beginnings can ever build up a sufficiently appreciable resemblance to a leaf,
bamboo, or other object, for Natural Selection to seize upon and perpetuate.””

This Mr. Mivart fellow appears to be attacking Mr. Darwin with the second law of
thermodynamics, but in this higher-level context it is easy for us to see how Darwin will
respond to this in conclusive fashion. It is surprisingly easy to cut through the Victorian
prose and see the argument of entropy, but this Mivart character has obviously missed the
point of Natural Selection entirely, and Darwin puts him straight in good order and good
cheer:

“Assuming that an insect originally happened to resemble in some degree a dead
twig or a decayed leaf, and that it varied slightly in many ways, then all the variations which
rendered the insect at all more like any such object, and thus favoured its escape, would be
preserved, whilst other variations would be neglected and ultimately lost; or, if they
rendered the insect at all less like the imitated object, they would be eliminated. There
would indeed be force in Mr. Mivart’s objection, if we were to attempt to account for the
above resemblances, independently of natural selection, through mere fluctuating variability;
but as the case stands there is none.”

Darwin spells it out clearly here: Mother Nature has choices, she makes choices and
she records her choices. The record of the choices she’s made in the past serve as the
foundation of the choices she’ll have in the future. It would all be entropy if Mother Nature
weren’t so hard at work making choices, but Mirvart is apparently quite dense, or
disingenuous. This simple but time consuming work of having choices, making choices and
recording them is Darwin’s algorithm of Natural Selection, and that’s exactly the way it
works. Darwin did get many details wrong, but on this one crucial point he was entirely
correct. It is obvious now, but he clearly pointed it out to us a century and a half ago when it
was not or could not be so obvious. In the absence of natural selection all is entropy, but
natural selection clearly drives the system in the direction away from entropy. This is also a
perfect example of a simple description of any information system, pure and simple, have
choices, make choices, record choices.
Remarkably, those who would attack Darwin and his ideas about evolution today
still use the word ‘random’ as if it is a weapon that could slay Darwin. Nothing could be
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more false about Darwin, about what he said and what he believed, as the preceding passage
perfectly illustrates. Unfortunately, the defenders of evolution today still seem to fail in
their efforts to grasp Darwin’s central point. This is what opens the door for and actually
invites the attacks on Darwin. He was arguing a view of negentropy and that view was
based on natural selection. He knew that life must have choices, call them random if you
must, but that once life made a choice, whatever randomness that might have existed has
now clearly disappeared. Since life has the ability to make these choices and record these
choices via the actual survival or continued existence of the choices made, these things
would quite naturally serve as the platform of the next round of choices. This process would
logically progress through vast amounts of space and time. Darwin knew what would
inevitably become of this kind of system working in large sections of space through large
sections of time. He knew that complexity and precision will inevitably lie at the end of this
mechanistic road accruing to the benefit of logical choices made. He clearly described
Mother Nature pointing time’s universal arrow against disorder with her primary force of
natural selection:

“Although we have no good evidence of the existence in organic beings of an innate
tendency towards progressive development, yet this necessarily follows, as I have attempted
to show in the fourth chapter, through the continued action of natural selection. For the best
definition which has ever been given of a high standard of organization, is the degree to
which the parts have been specialized or differentiated, and natural selection tends towards
this end, inasmuch as the parts are thus enabled to perform their functions more efficiently.”

“Although the belief that an organ so perfect as the eye could stagger any one; yet in
the case of any organ, if we know of a long series of gradations in complexity, each good for
its possessor, then, under changing conditions of life, there is no logical impossibility in the
acquirement of any conceivable degree of perfection through natural selection.”

Darwin describes life essentially as a busily complex information system that is
constantly in equilibrium and constantly pushing its point of equilibrium toward the
accumulation of complexity, order, precision and, therefore, the accumulation of more
information within the system. Darwin essentially told us to expect negentropy in the
processes of life. This is exactly what Schrödinger was looking for, but apparently he didn’t
know it. Schrödinger and Darwin made basically the same observation yet Darwin had
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already found a simple mechanism to explain it. That Schrödinger should seem to miss this
is more ironic when one considers that he had just helped put the finishing touches on the
quantum model that describes the universe as nothing but, what else, an information system.
The cherry on the sundae of the quantum model was supplied by Wolfgang Pauli
with his eponymous Pauli Exclusion Principle. The exclusion principle tells us that no two
particles can have the exact same quantum numbers. This essentially makes a statement
about the informative nature of matter and the universe. It says that no two things can be the
exact same thing, and it says that the universe will always contain informative clues about
the differences of things relative to other things. In retrospect, the quantum model of the
atom merely digitized the parts of an atom and then crudely described the geometric data
structure that each particle must fill out during its existence in the universe. It is a grand
statement in the belief that atoms are merely physical data structures.
Schrödinger played a big role in defining this model, as did Einstein, who hammered
down one of the essential first planks (no pun intended) in the quantum platform with his
paper on the photoelectric effect, for which he got the Nobel prize (not for relativity).
However, Einstein rejected quantum mechanics, despite its tremendous successes and
despite his major contribution to it. Einstein rejected quantum mechanics to the day he died
because it relies on a fundamental randomness in the universe, and he thought the universe
should be fundamentally knowable. A random thing is by definition unknowable.
Schrödinger embraced the essential randomness of the universe but knew that it posed
profound explanatory problems when we turn our attention to the processes of life.
Thermodynamics alone could never explain life to a physicist. As far as the physics of life
are concerned, Schrödinger seems to be in Einstein’s camp. He says that random heat
motion could never be the basis of logic for the system of living molecules. He knew that
the universe must somehow have wired into it at the very bottom a system of logic that can
make sense of the inevitable randomness of the universe. I feel that both physicists believed
in the exact same thing, an informative universe that is animated through time at bottom by a
system of pure logic. I agree with Schrödinger that life is merely evidence that the logic of
the universe is reflected in its clearly demonstrated abililty to find order in randomness, and
also order in order. But I would quite presumptuously suggest to Einstein that the only way
for any physicist to ever actually “know” the universe in its totality is at a unique point in
time when there is no random behavior, and I believe that we are not now near that point in
time, but such a point in time is theoretically possible. The universe is only knowable when
it is in perfect order, which it clearly is not. Otherwise, we must have a way to know the
universe by its randomness. However, Schrödinger points out that life is clearly not this
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way, so there must logically be another way to know the universe as well. Thermodynamics
and entropy alone can never explain life. I firmly believe that Schrödinger’s way is the only
way we will ever truly “know” the codes of life in any meaningful sense. They are codes of
negentropy for the purpose of producing more negentropy.
I feel, in retrospect, that Darwin might have been able to bring the two physicists
together on an ideological path to reconcile their two divergent views of the universe, or at
least to help them get Mother Nature’s arrow to point in the same direction for both of them.
If only they had tried to somehow apply Darwin’s ideas to quantum physics maybe a mutual
path could have been found. Perhaps there is a fundamental randomness to the universe, but
perhaps the universe is all about making sense from the randomness in the broader scope of
things. Perhaps, like life, the universe has choices, makes choices and records those choices
in the universe itself, and in this way the universe deals with its own inherent randomness.
This was my primary impetus for the pagan toy universe. I thought that life reflected the
first principles of a self-organizing universe on tiny and gigantic scales. I thought that with
a wee bit of imagination Darwin could somehow explain for Einstein gravity and the travel
of light through the universe in terms that Schrödinger would also accept. The universe has
choices, makes logical choices and records those choices in the informative fabric of the
universe. Atoms and molecules are real examples of that process. The animation of the
universe we see through time at all levels is fundamentally a result of this basic process.
I am being wacky and romantic in that, like Schrödinger, I do not want physics to
stop at the water’s edge of life. Darwin explains life to the best of our human ability to
understand life, and I don’t want a line to be drawn in the universe over which Darwin is not
allowed to cross. I don’t want the arrows to fundamentally point in opposite directions, so
one of them is simply going to have to flip over. Schrödinger intuited that a fundamental
process was at work at the very bottom of the universal pyramid and another one was work
at the very top, and on the surface they appear to be diametrically opposed to each other, yet
he knew in his bones that they were not. I believe that Mother Nature does informative
work on the universe with each clock tick and stores that work in the universe itself so that
the same work can be done with the next clock tick. Darwin beautifully described the nature
of her work and the most stunning of her many results, and I don’t see any logical reason
that an informative universe isn’t doing the exact same work from top to bottom, beginning
to end. That is the sum total of my pagan worldview, independent of the geometric specifics
or their obvious deficiencies.
Since each thing is a pattern of smaller things, there must be a smallest thing
somewhere. That smallest thing must exhibit behavior according to basic rules embedded
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into it. I don’t have the patience for somebody to figure out what it is and then explain it to
me, so I made it up. It was easiest for me to just assume that every single thing is exactly
the same as every other thing, and that all things must act the same way. The only thing a
thing ever has to do is have a little more equilibrium each time it moves forward in time.
From there, the things will organize themselves into larger things, which will organize
themselves into still larger things, until we somehow get to a level of complexity in the
pattern of things that Darwin was able to observe and so accurately describe. The things at
the very top should reflect a natural acceleration of this basic process. Darwin saw an
intricately balanced web of form and function everywhere he looked in the biosphere. He
skillfully deduced the steps that produced equilibrium in all of these things and he realized
that the key variables were time, large numbers and complex interactions between the
various parts of the system. The whole system is driven by the record of logical choices
made through time. It is self-organized complexity writ large.
From a purely mechanical tinker’s standpoint I was so pleased with my achievement
when I built that very first pagan atomic sphere in my garage. It was too cool, really, so you
can imagine my utter surprise and disappointment when I “discovered” weeks later that you
can’t perfectly fill space with a dodecahedron, and spheres therefore won’t really pack
twelve to one. Talk about a universal gyp. How could the most perfect solid not combine to
make larger solids when so many lesser solids can? I should have called the Plato hotline,
or checked out plato.com before I ever got started. I was so surprised to find out that
dodecahedrons don’t fill space (they sure seem like they should) that I had to buy a second
set of plastic dodecahedrons to convince myself it was actually true that they don’t. It
certainly ruined my day, I can assure you, but it hardly ruined my week. Heck, I can barely
remember it now. I actually keep forgetting it, but if that were the only fundamental
problem with the model, I’d be doing pretty well.
The really big problem with the model is that the physicists tell us that in the real
universe, the equilibrium point is always in the general direction of more homogeneity not
less. The universal arrow points toward entropy. The universe should be getting
undifferentiated not ordered and more complexly ordered with each passing clock tick. So
how do we reconcile the comfy little fairy tale of things just told with the cold hard reality
proven time and again by the greatest minds mankind has ever known? I have no choice but
to conclude that the physicists must somehow be wrong. They must have left something
simple out of the picture. Who are you going to believe, the smartest people in the world or
your own lying eyes? Look around you; do you think the universe is generally more
disordered and less differentiated than it was at its birth? Clearly, something is missing
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from the orthodox story, there must be some grand force in nature as Schrödinger described
by the term negentropy, and this organizing force must somehow act according to Darwin’s
fractal algorithm. The whole system gave us this grand view of the universe today, both the
universe and our particular and miraculous view of it!
How crazy is this idea? Let’s see if we can find out. Imagine a photon as a billiard
ball at the surface of the sun. Imagine this photon leaving the sun at time A and traveling
eight minutes in a straight line to the surface of your eyeball at time B. Now imagine the
earth at the time of its formation, again time A, and then imagine the earth as it is now at
time B, covered with a thick coat of tenaciously complex life. The earth traveled in a
straight line through the universe from A to B just like the photon. Now try, if you
somehow can, to imagine that they are the same thing. In other words, replace the history of
the photon in your mind with the history of the earth. Further imagine that the history of the
entire universe is again the same thing. All of these things are physical patterns with a
logical path on a definite timeline. What kind of universe would this have to be where all of
these things might somehow be different versions of fundamentally the exact same thing?
How could we imagine that this universe is built in just such a way that the eight minute
path and pattern of a simple tiny photon can be explained by the same basic set of rules as
the four or five billion year path and pattern of the gigantic earth? If the laws of the universe
must somehow account for both, what could these laws possibly be, where will we find
them, and what kind of universe could contain them?
The answer is remarkably simple and obvious. The question and the answer are one
and the same. Everything that you just imagined took place merely in your brain, which just
translated this specific, bizarre illusion, as directed by me, from the printed page of my
universe into yours. The “universe” is indeed an elaborate illusion and the only thing that
we can “know” about it is a product of whatever models, paradigms or worldviews that our
brains can create and show to us. The entire universe, as far as you are concerned, exists
between your ears. The “universe” is whatever simulation your universe, in the form of a
human brain, can muster up and show to you. However, now we can start the same process
of questions all over again and wonder about what this new universal simulation of a
universe is actually made of. Of course, I am still lightly tethered to reality and I firmly
believe that there is a “real” universe “out there,” but you can never actually “know”
anything about it. This is not just useless philosophy this is a useful physical fact of logical
reality. Perhaps one can merely take a position similar to Descartes, “cogito ergo sum,” and
quit there, but this is not exactly an explanation of how it actually works. It has always rung
a wee bit hollow to me. Should we quit and go home with that philosophical zinger?
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However, in today’s computer saturated culture we can easily translate Descartes as follows:
We can only “know” that the universe is able to build a machine that can simulate the
universe. This is good in as far as it goes, but I want to know how that actually happens
because I “believe” that it actually did happen. The absolute knowledge that we think is real
and useful. There logically must be a real context for that knowledge, and this new
knowledge is also real and useful. How is the universe constructed, in what particular way
is it built that it can build a machine capable of creating a useful and fairly reliable
simulation of itself? Common sense suggests that the universe and any simulation of it must
share some fundamental properties of logic and construction. How could this be even
remotely possible?
The obvious place for us to now look for these answers is in other machines capable
of simulations, and so computers are the most obvious place to start. In this light, perhaps,
computers as a whole should be seen as fundamental discoveries of universal behavior and
not merely human inventions of convenience. Perhaps humans have discovered the
fundamental laws of the universe, in some rudimentary form, and computers somehow
model them. Perhaps somehow the fundamental laws of computing reflect the fundamental
laws of the universe. This is truly the deepest part of the rabbit hole, but once you go there,
it is hard to see how there is really anyplace else left to go. In my mind there seems to be no
close second. If not here, where else might we expect to find an explanation for how the
universe is constructed? Geez, Louise, are we really completely stuck in our own brains? Is
there some way to use this knowledge that our brains actually simulate the universe to help
get us logically unstuck?
Look at your computer as it functions beautifully in front of your very eyes, and ask
yourself what you see. Whatever it is, it is an illusion, I can assure you. Your computer is
nothing but cleverly crafted human artifact to provide you with illusions of complex
behavior - because at bottom nothing is happening inside your computer but a happy shuffle
of just two digits – zero and one. To your computer there is no “reality” because there is
nothing except a zero and a one. Everything else is merely an elaborate illusion created for
you by your computer and the clever engineers that built it. If you have ever wondered how
one thing can literally become another thing, then study your computer closely because it is
a case were a set of zeros and ones can become anything we want them to become. When a
set of atoms becomes a rock or a tree is the universe performing essentially the same kind of
logical process as a computer?
The movie Toy Story is the first full length feature motion picture to employ digital
animation entirely. It is essentially a computer simulation of trillions of “photons” logically
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behaving in an imaginary digital universe. It is awe inspiring for its degree of realism. At
bottom it was achieved by human imagination combined with the precise logic of a purely
informative universe. Why should we imagine that this excellent simulation of photons is
not somehow constructed on fundamentally the same kind of system as the real universe of
photons? What part of the real universe could not be simulated in a similar way?
Try this thought experiment. Imagine that a clever physicist will come up with a
“perfect” computer simulation of the universe tomorrow. It’s not so terribly hard to imagine
today. Suppose this fabulous future simulation is capable of simulating virtually any natural
phenomenon. Heck, just try to imagine any idea, formula, behavior or “natural law” that
you could not today crudely simulate on, or somehow program into a computer. Imagine
any known “law” or “idea” that we cannot busily get into a computer code somehow, right
now. In this light, it is not at all hard to imagine that all of our computer models will only
continue to get more and more accurate at an accelerating pace, so where will it all end?
Ask yourself: in this, the world’s best possible future computer simulation of the universe,
will we need to have one set of rules that leads to the pattern of a photon and a completely
different set of rules that leads to the pattern of the earth, or will they share the same basic
set of rules? More obvious, how will the rules for the earth work if not somehow based on
Darwin’s clever observations? So what about the photon? Could the same observations
somehow explain it, too? Now ask yourself what you expect to find at bottom in any
simulation of the universe, brain-based or computer. It will surely be pure information and
cold, hard logic, and probably in a form that somehow can be cleverly reduced to nothing
but zeros and ones. That is the nature of information. Given this deflating, deterministic
reality, how can we imagine a universe that at bottom is not fundamentally an informative
universe? How could we ever imagine that the total pattern of information in this universe
isn’t increasing through time? As Schrödinger said, it will be quantum mechanics all over
again. How else could it be?
I suppose it takes a certain kind of bizarre person, but the conclusions are logically
unavoidable in my mind. It is obvious. No? We simulate the universe with our brains and
our brains are somehow an inevitable product of the universe. Our brains have then
somehow gone on to build “machines” that are merely prosthetics for our brains and they
oddly can also somehow simulate the universe. Did I miss a day in Sunday school? Was
this predicted long ago in the Bible or anywhere else in science, philosophy or even in
fiction for that matter? There must be some fundamental logic and basic construction to the
whole system of the universe that can account for this bizarre fractal reality of a universe
creating a simulation of the universe creating a simulation of the universe.
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As humans we do not merely imagine the magic of computer technology. It is quite
real, and it is quite obviously an accelerating reality. We have had computers for what, fifty
years? From a universal perspective this is nothing. Where did these magical things start
and where are they now? How could anything that remarkable and distinct within the
overall pattern appear that quickly and advance that rapidly in a system otherwise measuring
small steps of “progress” in units of tens of thousands of years? What can computers not
now do? Why could they not do anything that we or they are somehow able to imagine
them doing? Furthermore, I don’t care a wit specifically how particles collide, I do care
how we can “know” that they will collide, and how we can “know” they will collide in a
predictable way. That is truly bizarre. How is the universe constructed so that this
“knowledge” is even possible, let alone necessary? Think about it. After roughly 14 billion
short years of evolution, certain parts of the universe are anticipating the future behavior of
other parts of the universe. If this is not a self-organizing pattern what is?
In my book, and this is my book, life needs to be seen as the product of some
fundamental force in the universe that is acting on the universe through time to produce not
just the self-organized patterns of life but the self-organized patterns of everything. This
book, however, is not all about the universe, philosophy, quantum physics, or even
chemistry. This book is about a new paradigm of the genetic code. My paradigm of genetic
information says that negentropy is the measuring stick for all of life, and it is divided into
units of complexity. I am also placing that paradigm in a larger context by proposing a truly
hardcore worldview based on the idea that we are the product of an informative universe
perpetually running complex codes that lead to more complexity. This is, I believe, the
proper context for contemplating the codes of life. Anything less falls comically short in my
imagination. If you can’t explain the appearance and obvious progression of the general
pattern at this basic level, then something is lacking in the explanation. Furthermore, it
should now be crystal clear that I believe that any paradigm will always reflect the belief
systems, individual desires and worldviews that went into its construction, no matter how
“scientific” it purports to be. I don’t give a wit for science if it can’t explain the proposed
ideas in full. If I can’t understand the logic of an explanation, I simply don’t believe the
explanation. I’m not stupid.
No scientific paradigm today can be expected to explain everything, but it should be
internally and externally consistent, at the very least, and we certainly should never become
wedded to the paradigm at the expense of repeated and contradictory observations. No
paradigm should force us to accept ridiculous explanations of clearly observable
phenomena. The classic paradigm of the genetic code is very bad for all of these reasons. It
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is defined in such a way that its scope is brutally limited, and it asks no questions but merely
begs questions to not be asked. ‘Please don’t go there’ is all it says today. Ostensibly, it is a
theory about a very basic process of life, but it concerns itself very little with the broader
processes of life. There can be no attempt to integrate it into important questions of
evolution and living systems of molecular information. It reduces to silly conclusions like,
‘life will always waste molecular information if thermodynamics is involved,’ and ‘life
sometimes gets stuck with bad solutions if the problem is old, basic and extremely
important.’ The classic paradigm in this light is not an explanation of these things but a
basic definition, and an embarrassingly poor definition at that. The absurdity of this is
nowhere more apparent than the feeble attempts that were made after, the fact, to fit the
paradigm into a broader concept of evolution. It is an historical fact that after the paradigm
was made from whole cloth, then we were told by some of those same people: ‘It must have
been a single, isolated, random accident, and it is now frozen in the amber of time, so it can
have no discernible meaning in today’s broader scheme of things. It therefore quite
obviously came from another planet. Please be a love and pass the pastries. Next question?’
Sure, I buy that one.
Fortunately, nothing today is exempt from the sharp blade of digital dissection.
Every economist, physicist and biologist must submit his ideas to the cold, harsh, septic
reality of digital logic. The logic of any idea in any area will eventually be laid bare by the
“inhuman” logic of computers. Sure, the mathematician today must teach the computer how
to think, but no human can now begin to match the heavy digital lifting that can be done by
the computer. The computer has no trouble handling the complexity of crushing amounts of
information that can be endlessly layered and complexly interrelated. The results of this
mechanistic processing have now only begun to teach the mathematician how to think. This
is the new reality of our times, and there is no place for anarchists in the future of this
picture. If you cannot defend your position with a computer and to a computer and within a
broader information paradigm, then you obviously have no viable position. Nothing is
immune anymore. This is the attitude that we must adopt in biology, because biology is
made up of pure codes and molecular information on some level. This is the only viable
attitude we can take in attacking the understanding of the molecular codes of living systems.
This is now the most logical starting point of any debate or discussion.
The genetic code is not merely a topic for chemistry and computers, although they
are vitally important. The genetic code is essentially a topic that is all about Darwin and
what he has to contribute to this biochemical paradigm of complex molecular information.
If we totally exclude Darwin, we are bound to end up with a very limited paradigm, and
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that’s clearly what we now have with the classic paradigm. The reigns were apparently
handed over to a small group of fun-loving chemists half a century ago, and they literally
held parties to discuss the paradigm as they created it. Quite naturally, they simply attacked
the problem basically as chemists. That’s what they were. Unfortunately, nobody thought
to invite Darwin to the party, so the paradigm completely ignored what he had to say about
how we should expect to find this code behaving in nature. There weren’t really any hotshot
computer jocks around to consult; consequently, the information paradigm is quite anemic
within this classic version of the code of life. Darwin is no longer around to engage the
debate, but his ideas in the form of his printed words are still around, going stronger than
ever. We should listen carefully to what he had to say.
People wonder how I can remain optimistic and cheerful in the face of such a sterile,
deterministic worldview. Why am I not profoundly depressed by the belief that I am
somehow a computer simulation? Well, I know that I must be something, so what’s so bad
about that? Rather than oppressively existential, I find this view uplifting and reassuring. It
says that no matter how deterministic the universe may actually be at bottom, it is still at top
a fundamentally unknowable universe and therefore up for grabs. At our level, there is
obviously a huge place for “free will” in this universe. We are granted the great joy of being
independent agents in this grand and exciting game, and our actions are our own. I am
tickled to be invited to the game. Our actions have clear and significant consequences, and
we can impact our worlds quite profoundly. Rather than an impersonal, meaningless
universe it is a highly personal, highly logical universe where there is always a rhyme and
reason, despite the fact that we may never actually know what it is.

“Most of the important things in the world have been accomplished by people who
have kept on trying when there seemed to be no hope at all.”
Dale Carnegie
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Behind the Looking Glass
Imagine that you walk out of your front door in your mind’s eye and you see
yourself sitting beneath a majestic oak tree. You are reading this book and holding a big,
beautiful diamond. The tree is pungent and flowing, and the diamond is crisp, beveled and
explosively brilliant. What are the fundamental differences and similarities between the
things in this scene? The diamond is a simple collection of atoms. On a tiny scale it is pure
carbon arranged into carbon tetrahedrons the same way everywhere within the diamond. It
had to form under a specific set of circumstances that included the atomic composition of its
environment, as well as unusually high heat and pressure. Its timeline of formation started
with the few atoms of carbon that first anticipated the final structure of diamond. The
diamond structure itself now records the mindless choices made by each carbon atom in the
overall structure. But because the structure is so simple and repetitive, the diamond contains
very little molecular information, no matter how big the diamond may be. Diamond is just
an inherently uninformative molecular structure. There is not a tremendously large amount
of molecular information recorded in a diamond structure, so the entire pattern can be
compressed into a simple model of diamond.
How is the tree any different? It includes carbon in tetrahedrons but it includes many
other kinds of atoms as well, all of which are every bit as mindless as the carbon atoms in
diamond. How are the choices made by these molecules any different than the choices made
in non-living compounds? The composition and the structure are much more complex but
the tree also needed a unique set of circumstances and a specific timeline of formation. The
environment and the timeline that led to the formation of the tree are much larger and much
more complex than that of any diamond. The entire environment and timeline of formation
for the tree goes back billions of years and extends over the surface of the earth. The tree
itself records the molecular choices made in arriving at the specific molecular structure of
this particular tree, and since there are so many choices to make, the information content of
the tree is remarkably large. Unlike the diamond, the tree can also lead to new and more
abundant molecular information by making novel molecular forms in the future. The
information content of the tree is not only large it comes from a historically broad base and
it surely will propagate into massive amounts of diverse molecular information in the
population of its progeny.
What about you, the reader? This is the most complex and interesting thing in the
scene, certainly, but how different really are you from the diamond and the tree? Start
answering this question by thinking for a moment about your actual contemplation of the
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scene. It is a simulation of the universe that was anticipated by me, the writer. I encrypted
this specific contemplation and stored it in the characters of this book. This too represents
stored molecular information, and like the tree it has the ability to make new and more
abundant information in the future of your thoughts. Your thoughts here clearly represent
organized behavior in the universe. Molecules are organizing as a result of your thoughts.
This is truly stunning. One portion of the universe, my brain, anticipates the future
organization of another portion of the universe, your brain. There is no apparent end to
where this kind of molecular behavior might lead through time, but the bottom line is that
the universe can and is organizing itself. What other basic explanation is there?
Like the tree and the diamond, the book required a specific environment and set of
circumstances in which to form. The book itself is a physical record of choices made, they
are complex, and it is a tremendous amount of information. The history of the entire system
that led to the book is embedded in many ways within the book itself. English is just one
example of its embedded history regarding its environment of formation, but for another
example, consider that I used Microsoft Word to write this book. Only a few decades ago,
Microsoft the company did not exist, let alone their product that I used to write this book.
The company itself is a product of the imagination of Bill Gates and Paul Allen, merely two
humans. The environment and the circumstances had to be just right for Microsoft to form,
but the company itself started in the minds of just two people. It was a collection of ideas
represented by the molecular patterns in a couple of human brains. Bill Gates and Paul
Allen and their unique environment were the seed crystal for Microsoft to eventually form.
They anticipated and communicated an idea of the future and the idea became a reality with
all of the resulting massive human behavior and productivity, all of the attendant complex
organization it brought to the future universe. They are yet another example of limited parts
of the universe anticipating and organizing much larger parts of a more complex future
universe. Microsoft the company and all of their many products and services represent a
huge amount of new information in our universe. If this is not a fundamentally informative
and self-organizing universe, then how do we account for the complex things within it,
things that are becoming more complex and adding new information to the overall universe
in the form of trees, people, thoughts, languages, books and companies?
Perhaps a broader question is, how do things become other things? Sections of the
universe become protons, electrons and neutrons. These then become other things like
hydrogen and oxygen, which become water. Water becomes oceans, and oceans become
ecosystems. Ecosystems become cultures and cultures become books. Thoughts become
English and English becomes thoughts. Thoughts become more thoughts, and thoughts
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become things like inventions, languages and companies. Human thought and invention
combined with the simple foundation of two binary digits now can become anything your
computer can make them into. Molecules become cells and cells become people and people
make cells to become more people. DNA becomes protein. How do things become other
things? How is the universe constructed so that this basic pattern is so prevalent? Which of
these things that become other things can be considered alive and how do we formally make
the distinction between living and non-living?
A virus is an organic particle. It is constructed of a protein coat, usually a repeating
pattern of one or a handful of different proteins that assemble themselves symmetrically
according to simple rules of solid geometry. The protein shell contains a genome and
perhaps a few enzymes. A virus cannot replicate itself without the help of a fully
functioning cell, but with the help of a cell it replicates with high fecundity. It hijacks the
machinery of a living cell for the purpose of making copies of itself. Viruses tend to mutate
rapidly and so they have the capacity to generate diverse populations of progeny. Is a virus
a living thing? Most people say no; however, it is a purely philosophical question. I say
yes, a virus is a living thing. Certainly, a virus cannot continue its path of existence without
the unique environment provided it by a cell, which is obviously a living thing, but the cell
too cannot continue its path of existence without the unique environment provided it by
earth and the benefit of the historical path it has taken over billions of years. Viruses are
integral parts of living systems. They share many but not all of the basic properties and
components of things that are clearly alive. They are self-contained entities that merely
happen to require a unique environment for their existence. But a virus bridges the
conceptual gap between inorganic crystals and organic crystals quite well.
If we are to admit viruses to the club of things deemed to be living, what of the other
things mentioned above? What about languages, thoughts, cultures, businesses and
computer systems; are they living things too? I think, by similar reasoning, that they are.
Clearly, they require a foundation of organic structure and a robust population of human
hosts for their existence, but how could they not be construed as living manifestations of
complex molecular behavior on the surface of planet earth? Without life there are no viruses
and viruses follow the long term pattern of living things. Likewise, without life these other
higher-level things would not exist and they too follow the broader long term pattern of
living things. The virus blurs the lower boundary of what is living and the more complex
things blur the upper boundary. The trick, I think, is to view life as not a thing but a process
or a system. While some things can easily be considered living apart from the system, like
you or me or a tree, we cannot exist independent of the larger system. The virus, however,
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demonstrates essential elements of the molecular behaviors that are a part of fundamental
living codes.
The universe must contain certain elements that can lead to living systems. The
universe must have the ability to create and store information. It must be able to combine
discrete elements of information to form more complex information. It must have
mechanisms that allow a broad exploration of variations on complex information. It must
have a basic mechanism to evaluate “useful” forms of information, and natural selection is
that mechanism. It is a simple matter of keeping a record of forms of information that not
only can persist but can expand to greater levels of complex information. There is one other
fundamental element the universe must have to do all of these things, it must have
fundamental rules of position and interaction. Geometry is the platform on which these
rules are built. Things in the universe must always obey the rules of geometry, so the
interaction of things must always obey the rules of interacting geometries. These are the
bottom floor first principles that underpin everything else in the universe, and I believe they
underpin the basic construction of all molecules participating in living systems. The
fingerprints of these rules should somehow be found in the machine language of living
codes.
A virus is an excellent example of the bridge between the living and non-living
systems on our planet. A virus is a relatively simple auto-assembly of existing molecules
according to the geometric first principles of auto-assembly. It also contains both
nucleotides and proteins and is entirely dependent on the genetic code for its existence. But
what about the proteins that are essential to virus assembly, are they also an example of
auto-assembly? Absolutely! Therefore, since proteins arise from a still more primitive
auto-assembly process, we should rightly expect their formation to also be predicated on
geometric first principles of the universe. They do not represent a single geometric form but
the interaction of at least two geometric forms, the dodecahedron and the tetrahedron. The
language of proteins is a language of interactive geometries and ultimately it will be
decoded by us through an enhanced appreciation of this first principle of the universe.
Before any language could exist the universe must contain basic relationships for complex
molecular interaction. These relationships must logically be based on the relationships
between forms of solid geometry. The geometry of the information storage – DNA’s double
helix - is essential to the system, but so too are the geometries of more complex molecules.
There also is an important geometry to the language of translation between DNA and the
more complex molecules that arise from DNA’s basic molecular structure.
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Now, return in your mind’s eye to the majestic oak tree, prick your finger and place a
single, small, perfect drop of deep red blood on the surface of the diamond. This drop
contains trillions and trillions of hemoglobin molecules, and each one is an atomic
arrangement of mostly carbon and water in tetrahedrons. Each hemoglobin molecule
represents a tremendous amount of molecular information that must come from a specific
environment and a certain timeline. The whole timeline goes back billions of years,
although each individual molecule was formed within your body within a matter of seconds.
This scene must be explained by the genetic code, but the classic paradigm has no chance of
doing so. Place a Code World in your hands, and we can finally get started thinking about
first principles of molecular behavior.

One last comment about my pagan toy model of the universe: I set out to build a toy
geometric model of an equilibrating universe, literally and figuratively, and I wanted it to be
a basis for rules of self-organization. Once I built the model in my garage, I needed a code
of operation, a colorful character set with a logical geometric component. There is no limit
to the number of potential codes to animate this simple device, but they all have certain
internal numeric relationships forced by the basic geometry of the toy. The structure of this
code, as luck would have it, already existed in nature. Nature had already laid out a code for
me to stick right onto my toy, and I found it lying flat, dull and lifeless in a musty book of
biochemistry. It was the genetic code. Purely by “random” accident I built a toy to try to
whimsically marry Darwin with quantum physics in the symmetry of space and time, and I
ended up with a beautiful physical model of the genetic code! What’s more, I’d already
named it Code World. This quickly led me to a lovely new geometric map of “the genetic
code.” We will, of course, visit this map in more detail a bit later. You can see it on page
183.
A map is a subjective representation of something else. The codon table is a
subjective structure that maps codon assignments, but the structure of that map is very
asymmetrical. However, the data it holds is actually very symmetrical, so a perfectly
symmetrical map of this same data is probably quite beneficial. Code World needed a
language that translated the symmetry of a dodecahedron into the symmetry of a
tetrahedron. The game works by relating a discrete sequence of dodecahedrons to a
sequence of tetrahedrons. In a very literal way this is the same as the genetic code when it
translates DNA into protein because the double helix forms a sequence of dodecahedrons
and proteins are made by sequentially bonding amino acids, which are tetrahedrons. We
must not confuse a map with the thing it represents, but this is what has happened with the

125

codon table. It is a linear map of a linear code. It defines the genetic code as a language of
molecular sequence only. This is a mistake because the genetic code is first and foremost a
language of molecular structure and sequence is merely an inevitable subset of structure.
Geometry not only defines structure but it can be used as a very solid platform for
information handling systems in general. Remarkably, it can also be used as a tool to ferret
out symmetries in codes and linear sequences. The universe needed a way to build
molecular structures and it used solid geometry as its starting point for getting that done. It
also needed a way to record the information of molecular structures, a way to translate that
information, and a way to explore new structures. The universe must have a physical basis
in reality to do these things, and it used symmetry as its main tool for doing all of them. It
found a system that bridges the gap between sequence and structure, where the symmetry of
a sequence can share symmetries in structure. So, there do now appear to be fundamental
truths involving symmetry and geometry that can underlie the genetic code. There is a
fundamental logic to its origin, evolution and its remarkably effective functioning.
To be perfectly honest, my motivation at first was to use the genetic code as a clever
way to sell toys and games. However, I got sucked into the game of understanding the
genetic code. Unfortunately, the game of describing the genetic code was played half a
century ago, and now there is apparently no more game left to be played. There aren’t even
any rules anymore to define a playable game! The issue is settled law and now it is dead.
There seem to be many more “real” scientists today interested in creating algorithms to
solve a Rubik’s Cube than there are scientists interested in finding the actual algorithms
nature uses to solve the geometric puzzle of proteins. Let’s see if we can get that to change.

“The reasonable man adapts himself to the world; the unreasonable one persists in
trying to adapt the world to himself. Therefore all progress depends on the unreasonable
man.”
George Bernard Shaw
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Back From the Rabbit Hole
The rules of my game begin with the premise that patterns in time and space emerge
from the universe to form atoms. The basic rules of atomic behavior are found in a clever
fractal format known as the periodic table of the elements. Atoms then provide the context
for more emergent patterns that we call molecules, and thus we move upward and onward in
the hierarchy of patterns and codes. At some point we reach a level of complexity in a selforganized pattern that we might truly call a complex molecular language, and that’s where
we pick-up, once again, the primary argument of this book regarding the true nature of
molecular codes.
The argument of this book is based in a very small part on science and a very large
part on simple logic. Folks keep missing the point of the argument because they keep
turning to confused scientists when simple logic actually holds the answer, all the while
“science” is behaving in a decidedly illogical manner here. To help folks over this small but
important hurdle we must briefly address the simple logic of the argument. If you cannot
argue with the logic then what are you arguing with?
We start with a simple system of abstract symbols from which we can make simple
statements of logic. Accept as true that A always leads to Z. Further allow there to be many
intermediates in this logic system between A and Z, such as B and C, etc., but since A
always leads to Z there can only be one Z for every A. That is a plain fact of this logic
system. There can, of course, be many Bs and Cs and even many As for every Z, but they
are all logically irrelevant because any A always leads to Z. We can now rightly say that the
information of A in this system of logic is always equivalent to the information of Z because
although one A or many different As could lead to one or many different Bs, all of these Bs
will always lead to the same Z and therefore every A has no real choices in the end. If you
know A then you must also always know Z. All choices between A and Z are made
logically irrelevant by saying that A always leads to Z.
Now let us change things up a bit and assume that there are actually two Zs, and so
there is the possibility that any single A or many different As, under any circumstance
whatsoever, can lead to one or the other Z. In other words, the statement that A always
leads to Z is now false. The information content of the system from A to Z has now
logically gone up, but how much it goes up we cannot yet say. In the special case of two
possible Zs, the information in A will actually double when compared to the special case of
one possible Z only if both Zs are equally probable. That is the heart of Shannon’s theory.
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However, at some point along the chain from A to Z some kind of choice must now be
made, so the system that moves us from A to Z is adding information to A in arriving at Z.
It is completely irrelevant where or how this choice is made, but the logic of the system
must now somehow move its focus off of A and down the chain toward Z. The most logical
place to start this movement is with B, but even if it is C or Y or whatever, the basic logic is
the same. We can no longer move backwards in this simple system of logic with statements
that start with Z and move all the way back to A. None of these statements that move
backward can be logically true. The system is such that either A always leads to Z or it does
not, and if it does not then we can never completely ignore the entire series of logical
intermediate steps between A and Z. The intermediates are now an integral part of the
simple logic of the entire system. If a single A can somehow lead to more than one Z then
no argument can start with the premise that A always leads to Z. This is not even a theory.
There is nothing that can even be wrong about this simple logic.
As silly as it all sounds, this is the simple logical mistake made by the classic
paradigm. It is defined as an A always leads to Z system of logic, and all else is being
defiantly ignored. If it is false that A always leads to Z then the paradigm should collapse.
The epistemic consequences of this stupid mistake are devastating. It provides a set of thick,
dark mental blinders on the genetic code. It obliterates all of the words and ideas that are
required even for its own proof and explanation! The genetic code is ostensibly the system
of molecular logic that takes us from A (any primary sequence as rigidly dictated by DNA)
to Z (protein) in the universe of molecular information. It is defined as a linear system and
therefore it should behave in a linear way. It therefore logically depends on there being only
one Z. There is no debate about this; this is the classic paradigm. Anfinsen told us all to
imagine that there was, in fact, only one Z for every A, and we believed him, but this is
statistically, logically and now empirically false. Anfinsen proposed a hypothesis, and that
is all, but he failed to prove it, probably because it is false. He merely made a statement that
everyone desperately wanted to hear at the time, that the system was simple enough that it
could be understood in full. Unfortunately, it is now an axiom from which all else is argued
and ultimately described and explained. The “evidence” that is taken as proof of this
hypothesis is comically inadequate, and contradictory evidence is being defiantly ignored
everywhere. That is just “science,” we are told, and we are further told to merely “get over
it.”
There are prions, which flat out disprove the hypothesis – ignored. There are
chaperones, editing, twisting and other protein facilitators that strongly indicate the need for
more than one Z – ignored. There are studies that demonstrate strong correlations between
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codon usage and secondary structure across all phyla – ignored. There are many known
instances of remarkable genome bias that undoubtedly change the information content and
therefore the complexity and output of the translation system – ignored. There are studies
that show an oddly strong impact on natural selection coming from “silent” mutations –
ignored. There are even studies that show a demonstrated impact on folded proteins that
result solely from “silent” mutations – unbelievably – they too are ignored. There is the
physical, numeric and logical apparatus of the logic system itself – ignored! There is the
obvious logical expectation, based on the fundamental principles of molecules and Darwin,
of how the system should behave – ignored. There is plain old common sense – quite
obviously also being ignored here.
I reject as demonstrably false the key premise that A always leads to Z. There quite
obviously can be more than one Z for every A. The information content of the entire system
must, therefore, logically go up in our minds and it must finally shift from A toward one or
probably many intermediates to Z somewhere in the system. It cannot be a linear system.
All of the theories, descriptions and explanations predicated on it being a linear system are
flawed. All of the possible theories that are obviated by the presumption of a linear system
must now be carefully considered. It cannot be almost true or almost false, like being
almost pregnant it must actually be one or the other. There are always consequences to
being wrong, and when it is something this basic the consequences will probably be
profound, and so they are. Science can hold its breath and jump up and down until it is blue
in the face, but until it identifies the quantity, location and function of this additional
information, there is no logical way of understanding the code of protein synthesis. We
certainly never should then use our basically flawed understanding as an explanation of
anything else. This is why the working scientists of today are so adamant about denying this
silly logical problem that they have created with their basic definitions, because they prefer
to continue pretending to know the actual system in nature, and they want to continue
providing more detailed explanations. That, in reality, is science. A simple mistake was
made one half century ago, and now “everybody knows” that we should be strangely
compelled to keep making it.
Scientists have simply adopted a logically untenable position, and it turns out to have
dire epistemic consequences to our broader understanding of the whole system of molecular
information, what it is, where it came from and how it actually works. Please note, science
does not get to decide how things logically are, but it does seem to get to tell us how we will
see these things no matter how illogical their view may be. However, science does not
really have a “get out of jail free card” when it comes to simple logic. We must, therefore,
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begin the long, hard process of correcting this basic error in simple logic, and the sooner we
realize this the faster and more broadly we will get it corrected.
The paradigm of “A always leads to Z” logically collapses with the discovery of a
single prion. You will recall that a prion is a “misshapen protein” that otherwise might be
called a case of two Zs. A always leads to Z is now a demonstrably false statement with
respect to protein structure. It is proven to be a key false premise in the classic argument.
Even a single case of a single prion must somehow be explained within this simple system
because it is important to our understanding of the system in general, and it certainly is
important to the cows and people that are unfortunate enough to experience it. There is a
mountain of other curiosities in the known experimental data of protein structures, but this
one is a logical show stopper. The job of science is no longer one of convincing us that it
actually is an illusory A always leads to Z system but one of identifying the place in the
chain that moves the fundamental simple logic from A to Z. We cannot simply define the
molecular language we pretend to study; we must also describe and explain it in full. I
suggest that we start by looking at B, but if it turns out to be Y, so be it. Science has told us
that it absolutely is happening, two Zs that is, and now it is the job of science to tell us how
and why. Science cannot say that “A always leads to Z, except when it doesn’t.” Science
must finally acknowledge that A does not always produce Z, and then begin the hard work
of describing how we are to actually get from A to Z in nature. Regardless of how it is
happening we logically know where it is not happening, it is not happening at A, or at the
level of DNA. Science will surely benefit here by starting its newfound work with simple
logic.
We certainly do need to back up and begin a discussion from the proper first
principles of molecular information. The “A always leads to Z” paradigm seemed to give us
license to make the simple mistake of confusing molecular composition with molecular
structure. However, the information of a molecule is always structural, and composition is
always merely a subset of structure, not vice versa. The classic paradigm remarkably cannot
even distinguish between the two. However, if composition of DNA is A in this system,
then no component of composition or structure of protein even shows up in the language
until F or G at best; therefore, we need to move backward before we can finally move
forward again.
The first principles of atomic behavior are based on the complex patterns they
produce in space through time. This is therefore the proper starting place for a discussion of
molecular information and codes. We should start by thinking about the various patterns
that molecular structures can form in time and space, and from these we should try to
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identify the character sets, words, phrases, sentences, and the higher order emergent
molecular information that is derived from them. With respect to “the genetic code,” the
classic character sets have always been axiomatically limited to codons and amino acids, but
this can obviously only provide us with a very small part of the structural picture. The
patterns of molecular structure in time are ignored by this, and the patterns in space are
grossly truncated within this view. Therefore, we have come to believe that there is virtually
no structural information in this “code” of molecular structures. How ironic is that? From
this narrow, false definition we can gain nary a glimmer of the important higher order
groupings of molecular meanings within this fascinating language of living molecules.
After all, the arrangement of components in space through time is the molecular structure in
all cases.
In reality, the genetic code does not make amino acids but it does string them
together by making peptide bonds. This is what the code does at the most basic level, so we
should look at peptide bonds instead of amino acids as the primary salient unit of analysis in
protein synthesis. Peptide bonds are the basic characters in this language. They are the
primary unit of commerce in the larger economy of protein communication. To get started
we must count the total number of characters that can be in this particular set of molecular
information. This is remarkably difficult, because there are so many possible variations in
peptide bonds, and this is clearly true even when bonding partners stay the same. If there is
but a “single kind” of peptide bond in this code then there are 400 total possible peptide
bonds (20 X 20 = 400). There are a minimum of 400 peptide bonds available from even the
standard set of twenty amino acids making but a single kind of peptide bond. But what if
there isn’t just a single kind of peptide bond? How does the structure of the language
change? The classic answer is that it cannot because A always leads to Z. This answer is
strictly a result of the false premise that there can always be only one Z. However, we now
know that there can and is more than one way for a given sequence of amino acids to
ultimately be structured, so we must find the components in the language between A and Z
that are responsible for the choices that lead to one structure as opposed to all others. This
task should logically start with the initial formation of the peptide bond.
Take for instance the peptide bond formed between two molecules of leucine, a
common amino acid that I’ve plucked from among the twenty found in the codon table.
Any peptide bond on a good day has a nasty major kink with two distinct spatial forms
called cis and trans. There is also a rotation of the molecules on both sides of the bond, and
so there can be many combinations of these two rotations. However, most peptide bonds do
seem ultimately to prefer to stay within three broad ranges of the two rotations. These broad
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ranges can be neatly seen on a two-dimensional plot of observed rotations, called a
Ramachandran plot. If we grossly simplify the peptide bond and pretend for the time being
that these are the only three forms of the bond rotation that can be made, we see that there
are perhaps six different peptide bonds that can be made between two leucine molecules,
two choices of kink times three choices of rotation.
But we are not done counting leucine-leucine bonds just yet, because we have not
considered the pattern of bond formation in time. To a molecule, the formation of a bond is
structured in time as well as space. The same bond might in one instance be made very
quickly, and in another instance it might be made very slowly. Many of life’s intricate
processes are keyed to the time of bond formation. The time of bond formation for one
bond could easily affect many other bonds in the process. If it is true that not all peptide
bonds are equal with respect to time (empirically that seems to be the case) then it’s perhaps
prudent to speculate that the bond is usually formed in “normal” speed, and then there can at
least be options for fast and slow bonds. So, now we have three basic, distinct variables in
time and space that we might consider regarding the seemingly trivial process of hooking
together two leucine molecules. The number of possibilities between kink, rotation and time
is now 2 X 3 X 3 = 18, and this is for but a “single” peptide bond.
All of the choices for a single peptide bond, whatever they may be, must be made at
some point before the final outcome of a folded protein is reached. The final choice will be
a complex product of many factors and components along the chain of events. That choice
must ultimately be accounted for in the broader scope of the language of proteins, no matter
how it is made. However, a choice must actually be made at the initial point of bond
formation. This choice can be changed at many times and in many ways after it is initially
made, but it is logically impossible to make a peptide bond without making some choice of
how it will initially be made. It is ridiculous to automatically assume that the initial choice
is completely irrelevant when we know logically that some choice will eventually be made
and this final choice will, in fact, be relevant. We should, therefore, start at the very
beginning and only accept what we know to be true because we are no longer living in a
linear world of false assumptions.
There are six codons for leucine, or there are six “words in the genetic code” that
mean leucine. This means that there are thirty-six distinct codon-codon words for the
formation of a “single” leucine-leucine peptide bond. But even this is too simple and
incomplete because leucine does not pair with a codon it pairs with a tRNA that has an
anticodon that pairs with a codon. There are more anticodons than codons, and there is
seemingly no logical limit to how many distinct tRNA can share the same anticodon, so we
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don’t even have the first clue of how many actual “words” there are in this language that
stand for a leucine-leucine peptide bond. This basic molecular machinery can vary from cell
to cell and species to species, so execution of “the genetic code” is probably not nearly as
“universal” as we once believed it to be. It’s probably not nearly as “redundant” either.
Regardless, we can now see that there are a lot of potentially different peptide bonds, and
conveniently the system has created a logical physical mechanism and a robust set of
components by which many of these different bonds could be specified using only the
character set already at hand.
Science is profoundly confused on this important point. It wants to insist that we
know what all this “means” primarily because everyone already knows how it works. This
is false because in reality nobody knows how it works. Until someone can empirically
demonstrate how it works, I think we should be careful in how we talk about what it all
means. It could logically work in many different ways, and it is merely the job of science to
tell us, to the best of its ability, precisely how it works. It is not acceptable for science to
falsely define how it works when that very definition has “scientifically” proven to be
logically impossible.
This kind of simple analysis of peptide bonds and the language that creates them
merely scratches the surface of the complex combinatorics that are possible in this amazing
molecular system at still higher levels. It is, in the end, a language of proteins, and proteins
can quickly generate phenomenal amounts of molecular information at higher and higher
levels. The focus of this language of proteins should, therefore, ultimately be placed on
proteins not amino acids. A competitive language of proteins will surely find a way to
somehow manifest itself up and down the chain of events that is protein synthesis.
Regardless of how this gets done, we should naturally expect it to be extremely selfreferential and efficient. There is a logical opportunity to combine more and more elements
in the system to produce higher and higher orders of complex molecular information. It
starts with peptide bonds but certainly it extends to the whole structural hierarchy of entire
protein populations. The actual path from A to Z is, in fact, quite complex and multidimensional. There are seemingly so many dimensions of information that could be a part
of this language that I have a hard time figuring out what they all might be. This is not a
“one-dimensional” language, and logically it never could be.
This will not be a simple language of molecular composition but a complex language
of complex molecular structure. We simply do not know what nature is doing when she
executes this code or on what level she is doing it. We do not yet know where, why or how
she found this particular system. But we do know that the complex foundation of the system
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is laid down in time and space by the physical properties of insentient molecules, and the
output of this system merely provides the context for more complex higher order codes and
systems. We rise through the hierarchy into populations of molecules that make populations
of cells that make populations of organs and populations of life forms until we reach the
highest level represented by the entire biosphere. The language will still be represented in
this highest level by the structure and strategies of its basic logic. The starting point is
complex and the ending point is complex because it is a system built upon complexity by
complexity for the purpose of generating more complexity.
Today, the issue has been framed by the premise of entropy. This is what the
thermodynamic hypothesis is; it is a bold statement in our belief in the global entropy of
protein synthesis. Of all possible systems it is the minimally informative system. It means
that the system of translation cannot add molecular information to the initial information that
is stored in DNA destined to be translated by the system, but it can and does erase huge
amounts of information from it. The information starts out maximally uncompressed and
the system maximally compresses it during translation. It erases information during
translation. However, it is an accepted engineering principle that even the erasure of
information from a system requires the input of energy to achieve reliable erasure. It will
require physical mechanisms and strategies to perform this reliable erasure if proteins are to
be reliably made in this way. Even if this particular molecular information system is doing
this, why would it ever want to do this? What benefit is derived from the loss of information
during translation? How could such a maximally inefficient system ever out-compete any
system that is in any way not this wasteful? Why would a negentropy system of translation
not be more competitive? Certainly, error correction in translation is a proven winner at
some level, but at how high a price? Is error correction a goal worthy of exclusion of all
other functions? I think not. There are plenty of ways to put the many dimensions of
molecular information to good use.
Even if the system was miraculously able to achieve a single possible kind of peptide
bond at the time of peptide bond formation, this is not necessarily an entropy system. When
we take account of higher levels of molecular information within the system as a whole, we
may find that single bonds will preserve higher levels of molecular information in the long
run. This accounting will be completely dependent on a calculation of all probabilities of all
choices being made throughout the system, a complex calculation to be sure. For instance,
translation of a single string will in all probability lead to many translations of other closely
related strings. These related strings are highly likely, even perhaps certain at some time to
also be translated. If these additional translations turn out to add useful information to the
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system, then the net effect will be a rise in total information of the system by virtue of the
system somehow finding the original strand of information. It is like a lay-away plan of
information management. If a single kind of original bond can lend support to just this
circumstance, then a “waste” of initial string information might make some sense. We do
not have the data to make this determination, but my intuition tells me that the system is
much more elegant and efficient than this at this basic level. This opportunity for leveraging
string information clearly does exist within the system and probably is utilized to some
degree. It is quite conceivably a good information management strategy, but it would still
have to be a negentropy strategy in general; otherwise, it never would have won this intense
competition.
These are precisely the kinds of discussions and explanations that are absolutely
required by any model of this system. However, it is exactly this kind of thinking that is
obviated by the one-dimensional definition of the classic model. Once we acknowledge the
possibility, nay the certainty of additional dimensions of molecular information, then an
explanation of how and why the system could or would be limited to only one-dimension
becomes more critical. The explanation that other dimensions are not possible has proven
false, so the classic model should become immediately untenable by virtue of it being so
illogical and improbable. So, even a discussion of this model virtually disproves the model
and requires mountains of empiric evidence that currently nowhere exists to convince us to
continue to believe in its veracity. This is why defenders of the model are so obstinate about
not even being willing to discuss their model. It is a useless and indefensible belief system,
but it is nonetheless the universally accepted belief system. There is strength in numbers.
Despite the fact that we do not know the exact logic of the molecular language that
we have comically been calling the genetic code, we can still speculate about the broad
types of molecular information that emerge at higher levels of living systems. Ultimately,
the broad context for the information is the living system itself, and it is recursive, or selfreferential at every single level. A more primary context for the information is provided by
the molecular components, and they are provided by the context of atomic patterns in space
through time. All of the molecular information has a strong time vector component.
Without both the long and short term time vectors the information becomes completely
meaningless. In the end, the code is a sequence of events not a sequence of molecules. The
events are played out by a huge set of molecular components. Granted, many of the time
vector properties are derived from the spatial vectors inherent in the physical quantities and
specific ordering of molecules. This is the inherent genius of basing the system on
sequential polymers, as was done with DNA by protein. The genius of the system has
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nothing to do with being a linear system. A truly linear system would seem to be a
remarkably stupid system.
Higher order molecular information emerges in the form of shapes, charges, and the
actual atomic constituency of molecules. Still higher order information exists in the
concentrations of molecules, or the ratios of one form to another within a population of
molecules, much like the pH of a solution. Another thing to consider: the physical location
of molecules, like in or out of the cell, or on one side or the other of a sub-cellular
membrane, this is another form of emergent information. It is information that can be
quantified and accounted for. This kind of information could be called molecular
accessibility of molecular information. For instance, a DNA-reading protein has a
completely different “meaning” if it is in the nucleus and has access to DNA versus in the
cytoplasm and does not. Likewise, a “gene” might be physically present but packed tightly
in protein coils and therefore not accessible. An mRNA molecule might hold codons that
are physically inaccessible to translation because they combine with each other. A protein
might hold a string of water-loving amino acids, but if they are wrapped deep into the
interior of the structure they are not accessible to water, and so they have a different
meaning than when they are on the surface of a protein’s structure and therefore accessible
to water. Heck, the information of one primary sequence apparently can somehow be
influenced by access to itself in a different form – a prion. How shall we classify this kind
of molecular information? All of the levels of components, all of the complex events and all
of the dimensions of molecular information go into the structure and function of the
molecular language that we hope to understand. It is a complex language, to be sure, but it
is beautifully efficient in its overall operation.
The highest forms of emergent information manifest as behavior patterns of organs
and organisms. The ultimate bit of emergent information in life is a binary property of the
entire complex system that could be named ‘alive’. When the alive-bit is true the system is
functioning, but when the alive-bit is false the system is dead, no longer actively processing
and adding to complex molecular information in a sustainable fashion. This is when
negentropy of this limited section of space in time gives up and entropy seemingly takes
over. On this note we can now comfortably conclude that the alive-bit on the classic
paradigm is clearly set to false.
“Our Age of Anxiety is, in great part, the result of trying to do today's jobs with
yesterday's tools.”
Marshall McLuhan
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Weeding the Garden
Lest we forget, there are always at least two ways to look at the exact same picture.
We are all familiar with the famous drawing that could be seen as an old woman when
looked at one way, or it could be seen as a young woman when looked at in the opposite
way. It is one drawing with two completely different perspectives, yet it is precisely the
perspective and only the perspective that defines how we see all of the exact same details in
the exact same drawing. This is also precisely the case with “the genetic code.” We could
look at the big picture in one way and see a simple, inefficient system with DNA at the
center, or we could just as easily flip a mental switch and start seeing it as a complex, highly
efficient system with protein at the center. The exact same textbooks full of fabulous details
could be read with the eyes of a new reader, and all of those fabulous details will carry new
meaning.
It is well past time to stop being mesmerized by the illusion in the classic picture of
the old hag and start seeing the picture of a young beauty. It is the same picture with two
distinct visual results. The undeniable truth is that there is still a whole lot more about “the
genetic code” that we don’t know than what we do know. We certainly are not close to
solving the riddle of protein synthesis and its awesome language. It is only through a better
paradigm that we will be motivated to fill in the missing details. I can understand that folks
are squeamish about completely killing a cherished scientific icon, but I am not the least bit
reluctant to push this teetering edifice over the edge. I am indeed eager to run a sword
through the heart of this beast before it damages more young and impressionable human
brains. Besides, we now clearly have something far better waiting to take its place.
Our perspective of anything is first and foremost influenced by our worldview. All
of the details that we imagine in science must somehow find a place to hang in our gallery of
the universe. Our mind’s eye must have a way to visualize the larger structure of the
gallery. With respect to life on this planet, the picture must begin with the idea of
complexity, and everything we imagine must be able to support that, and even give it
decorative embellishments. This will certainly help us change the way we look at the actual
data. We can develop physical data structures that help us literally view the data in a new
and more useful way, structures that are more consistent with nature’s perfect arrangement
of the data itself. We will also need to change the way we use information theory and
computer metaphors to describe molecular information. The strategies that life uses do not
resemble a 1950’s computer, so our metaphors and analogies shouldn’t either. It is well past
time to upgrade the computer metaphors. We will need to change the visualization tools we
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use when we think and talk about genetic information and molecular translation. This
means that our mind’s eye needs both hardware and software upgrades. Most important, we
will need to change the basic language that we use to describe things, little things and big
things, and even really big things, like our perspective of the remarkable tapestry of life’s
processes. Words must have meaning, so their meaning should help our understanding not
hurt it.
The classic paradigm has inadvertently imposed a philosophy on us that is founded
on a specific, narrow, simplistic and demonstrably false view of protein synthesis. It then
metastasizes to our larger view of things. This narrow and simplistic philosophy is not
consistent with most observations of the actual phenomena, and it certainly should not be
consistent with our general view of life on earth. Nature grew for us a beautiful garden of
things and processes to be witnessed and marveled, but our antique view of this garden is
full of nasty weeds. We need to get down on hand and knee and start pulling up some of the
most particularly ugly weeds at least. All of these changes will take some hard work, but all
work is hard; that’s why it’s called work. So, let’s get busy.

The most noteworthy thing about gardeners is that they are always optimistic, always
enterprising, and never satisfied. They always look forward to doing something better than
they have ever done before.
Vita Sackville-West

Getting Busy With Those Pesky Words
As we push forward in building a new paradigm to replace the failed classic
paradigm, we are somewhat free to start with a blank slate, but we also have an incredible
wealth of new information with which to work. The classic paradigm initially provided a
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functional scaffold that held a framework of ideas and details regarding protein synthesis.
Obviously, it is a worldview populated by a bumper crop of simple words and names.
However, the scaffold has now been removed and there is no room to hang the new and
interesting details that keep rolling in. The vestigial language of simplicity is now
hopelessly confusing. So, as we build the new paradigm we can’t avoid revising the old
language and many of the old names. It is the most logical way to put an end to much of the
rampant basic confusion.
We absolutely should begin with the name ‘the genetic code’. This is an important
name, yet its current usage is causing more confusion than any benefit it provides. We must,
therefore, ask ourselves if this is at all a good way to describe the “code” symbolized by the
codon data table, which is neither truly “genetic” nor really even a code. Is it our intent to
describe a code that spells out the genesis of life, or even the genesis of a single life form
with this one-dimensional information in a lifeless spreadsheet? This, I should think, is
clearly not the case. The data table in question is merely a small part of a much larger and
complex process of protein synthesis. I suppose now is the time to officially strip the codon
table and its supporting paradigm of its grand title “the genetic code.” We can officially
strip it here at least. There has been enough confusion emanating from the title of this icon
already. This term was coined to describe the translation of a gene. Genes are strongly
associated with proteins, but there isn’t even a good, consensus definition of a gene today,
and it is no wonder. The considerable confusion today is merely the handiwork of yet more
circularity in the original premises of the classic paradigm. ‘Gene’ was a term originally
proposed to describe a subunit of information, and an entire collection of genes makes up an
organism’s genetic information. It seems wholly inappropriate then to say that the
information expressed by a single gene is ‘the genetic information’ when it is merely subgenetic or infra-genetic information.
Should we then call this code of protein synthesis the sub-genetic or infra-genetic
code? Perhaps, but I certainly hope not. It is obvious that the process currently described by
the term ‘the genetic code’ is merely a process of protein synthesis, and protein synthesis in
isolation is not exactly synonymous with total heredity or organic genesis. The only genesis
directly involved here is the genesis of proteins, one at a time, so the code that guides it must
therefore be a protein code of some sort. It is entirely proper to refer to it as the protein
code, but historic precedent will surely be a nettlesome problem here. The name is already
in so many brains and textbooks that it will take a good bit of time and discipline to weed
out its buggy usage. Perhaps a compromise could be reached if we merely shortened the
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classic name to ‘the gene code’. Or better still, perhaps we could borrow a trick from a
famous entertainer and call it the code formally known as genetic.
However, merely narrowing the field of study to a protein code certainly does not
relieve us of the strict obligation of placing this code within a still broader context, because
the code for making proteins will not only contribute to but also derive from that context.
There are many different codes of life, thousands of them, and they must all be in
equilibrium because they are at bottom codes of organic equilibrium. So we must begin a
discussion of the protein code from the viewpoint of a truly genetic code as it might be
properly understood. On this score there are two potentially good candidates. The first
good candidate for the official title of the genetic code is the code, or process, or algorithm,
by which a single life form is generated. The developmental timeline of a single life form is
known as ontogeny, or in the early stages it is a code of embryogenesis. This code somehow
guides a single cell in its task of creating another cell, or in its task of producing a complex
population of descendant cells, or more narrowly, in producing multicellular complexity.
This code of cellular operation and proliferation is rightly a candidate for the term
‘the genetic code’ and it will be a far more complex code than any code of protein genesis.
After all, a code for making proteins is but a single subroutine for producing the large
number of agents needed to make any living cell. Using the title of the genetic code in this
broader context will have the added benefit of moving it closer to an entire genome, which is
already becoming a familiar usage. But we still should not confuse a genome with the
genetic code, because they are two distinctly different things. DNA is not a code, but this
basic confusion of terms in the classic paradigm would have us forever looking for
application codes within data files.
The second candidate for a general code that might rightly be called the genetic code
is one that describes the recipe for the sublime pattern of all life on this planet. This might
truly be considered a code of organic genesis, one that has somehow structured simple,
random, inorganic, insentient matter into the vibrant complexity of all living things, the code
behind the phylogeny of life. We already have an inkling of this code, since Darwin
provided it in his description of natural selection. It is a deceptively simple algorithm where
astronomical populations of individual life forms are generated in astronomical numbers and
stunning variety. These complex populations of life forms constantly interact in complex
networks, perpetually sorted by fecundity, or sorted on their ability to survive and somehow
produce descendents. The steps always lead to descendant populations that are distinct from
the originals. Each new population is sorted and searched again, ad-infinitum. Life on earth
inevitably and perpetually evolves as a result of this basic code.
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The steps for generating descent with modification are contained in an algorithm of
natural selection that always generates a complex equilibrium. “Darwin’s law” (if we can
call it that) is that life will always seek and find its point of equilibrium, both within itself
and within the physical environment in which it exists. That equilibrium point is constantly
changing, but time’s arrow is forever moving it in a direction marked by accumulation of
design, order and precision, and so it is a direction of evermore complex and efficient
systems. Life evolves as a complex system for evolving more systems that can generate
more complexity. It consistently rewards the strategies that can fundamentally “take it to the
next level.”
The equilibrium of life within its environment must also always be placed in the
broader context of equilibrium within the universe. Life cannot disobey any general laws of
the universe, so it should in no way be seen as an exception to any general laws. Life
involves countless random events, yes, but it is a big mistake to ever think of the processes
of life as mere accidents. Life evolves precisely those complex systems that anticipate the
randomness of large numbers of events. Life actually requires astronomical numbers of
“random” events everywhere and at all times, without which not even a single protein could
ever be made. All molecules at base are decidedly random, to be sure, but non-random
complex behavior emerges through time from the processes of life. That is the negentropy
essence of life. It is how life gets molecules to do what we ordinarily would not expect them
to do. The codes of life are harnessers of random noise, converting the noise into logical
signals. The codes of life are the specific adaptations that best anticipate the dynamic nature
of random events and turn them to advantage. Life depends on thermodynamic forces but it
is not controlled by them - it is controlling of them. Life has subjugated the entropy of
thermodynamics and turned it into perpetually accelerating negentropy.
Of course, Darwin did not say those exact words, so I am putting words into his
mouth when I speak of Darwin’s law, but that is the gist of his words. Perhaps that is how
he might want his nineteenth century words translated into twenty-first century words of
high-power physics and computational sciences.
The evolution of life is not a directionless process, as some so strenuously insist.
Darwin made this point crystal clear. The word ‘progress’ has been wrongly verboten,
merely rendered politically incorrect, but the arrow of progress in the evolution of life is
clearly in the direction of more and more complexity, as noted by Darwin. Unfortunately,
he did not have all the facts that we now have available. Starting with the simplicity of a
lifeless planet and progressing to today’s earth, we can witness firsthand the breathtaking
complexity of the patterns that this simple algorithm has generated. Starting with the
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relative simplicity of a single cell we can witness the miraculous complexity of a child. We
can also witness the complexity of the molecular and cultural processes behind the many
patterns of macroevolution on a large scale. On a smaller scale, starting with the relative
simplicity of DNA we can witness the miraculous complexity of proteins. The pattern is the
same everywhere and at all levels; life is all about pointing time’s arrow toward negentropy.
Darwin’s recipe for life is a blind algorithm, but one with a guaranteed result of evermore
complexity. The arrow of progress is clear, and it points toward the emergence of everincreasing complexity and negentropy in the evolution of life.
The central method of producing this complexity is clear as well. It is an iterative
process, or a method of recursion. Natural selection is a looping process where the output
from one loop is fed back as the input for the next loop. It is an algorithm like those used in
mathematics to produce fractals. It is no surprise then that we find so many complex
patterns of life that are also fractals, because life is indeed a complex tapestry not a simple
grid. The system is seeking constant novelty, a dynamic system of constant renewal, and the
information within the system is translated by methods that unpack, embellish and expand.
This method for producing complex organic systems is a great example of what is meant by
the term ‘epigenesis’. In fact, the term literally means evolution in some dictionaries, as
contrasted with involution. Epigenesis means to develop or grow complexity by repeated
application of a method or process.
Unfortunately, epigenesis has many meanings in many quarters, including the
meaning that describes the process of embryogenesis - for which it is entirely apt. But this
narrow usage will once again cross contextual boundaries. Interestingly, the term has a
meaning in geology as well. ‘Epigenesis’ or ‘epigene’ are terms used to describe a mineral
process that occurs at the surface of the earth where the content or structure of a mineral or
rock is changed. This, to me, is an irresistible term that is begging to be applied to the code
of all organic life on this planet. It would, in fact, be etymological malpractice to fail to
apply this word to the evolution of life on earth. No hardcore evolutionist would resist this
temptation, so the broad code of life simply must be officially called the epigenetic code.
Having now somewhat forcibly pried this term ‘epigenetic’ away from the clutches
of embryogenesis, we are free to apply the term ‘genetic code’ to the methods normally
reserved for embryogenesis and ontogeny. Of course we must stipulate that these
ontological processes too are clearly epigenetic in nature. All of life’s codes are executed by
complex, evolute patterns of information unpacking. They inherit this property from the
epigenetic code of life. But going still further, the code for making proteins is epigenetic as
well. Note that the information in DNA is acted upon to form a string of mRNA, which is
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acted upon to form a tRNA string, which is acted upon to form a polypeptide, which is acted
upon to form a protein, and this stepwise series of information unfolding, unpacking, string
evolution must be performed on many different proteins before the masses of proteins in a
cell can be efficiently produced via protein polymerases, regulators, facilitators and
chaperones. So the entire process of protein synthesis really does wrap back upon itself in
epigenetic fashion. Proteins are the net result of a truly “evolute” pattern of translating the
many informative molecular strings that have their core “information” somehow merely
stored in DNA. It is a sequential but complex pattern - not a simple or linear pattern.
We can see now why it is so hard to define a gene. What is a gene? For that matter,
what is the code formerly known as genetic? The problem that the founding fathers of the
classic paradigm unwittingly ran into is that they went looking for life’s code in DNA and
there isn’t really a “code” in there. There are many codes involved here, but DNA is data
not a code. They started their search by aggressively simplifying the system so that they
could take even the first steps toward studying it. When they started they were just sure that
DNA is the code of life. After all, that’s what they keep saying, but they had only a
rudimentary notion of any code, let alone a code of life. It turns out to be quaint yet entirely
counterproductive to call DNA the code of life. Unfortunately, these pioneers set up their
definitions of things as if data files where application codes, and they clearly are not. The
codes for building life, life forms, and proteins are carried by the molecules themselves, by
the molecular machinery that executes the codes not by the physical storage medium that
holds the necessary data. The logic is embedded in the machine not the data, although the
data is indeed part of the machine and does provide an essential physical framework for the
machine itself. But when it comes to the “simple” act of making even a single protein, there
are many nested codes to consider because it is a truly evolute process of molecular
translation.
If we start with a single gene, we might simplistically say that a gene is the minimum
amount of molecular information required to impact on the protein population in a living
cell. This should at least include the data for a single protein, plus all of the supporting
algorithms that make the protein come about in the cell. We must recognize that a single
gene is a tremendously complex thing, and ‘the gene code’ should be expected to be
extremely complex as well. Drilling down, we should refer to the protein code as the
algorithm that living cells use to actually make a single protein from the data of a single
protein. This is a tremendously complex code as well, because there is so much machinery
and so many options involved in making even a single protein. It will require an entire
molecular system that depends on a huge array of molecular components. The actual
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algorithm will be complex, for it is charged with the task of getting lots of unruly molecules
to behave in a consistent fashion in space through time. There is a lot of design work
embedded in life’s winning strategies for protein making machinery and protein making
algorithms. We should expect these algorithms to be sublime, just as their physical products
and general results are sublime.
Finally, at the very bottom of the hierarchy of codes for making protein we can name
the polypeptide code. The polypeptide code is that algorithm that generates the primary
structure of a protein. Comically, we are still one level in the hierarchy of life’s codes above
the code formerly known as genetic, because the codon table does not even spell out the
polypeptide code, it merely gives us the primary sequence of amino acids. (I know that the
classically trained biochemists are struggling to read that last part again, but we’ll address
the important information differences between primary sequence and primary structure in a
future section, and yes there is a huge difference as suggested earlier.) As we know now,
primary sequence does not even determine primary sequence in a living cell. Every primary
sequence is susceptible to post-translation sequence editing by other proteins. Where is this
information accounted for and how are the signals structured within this “linear” language?
Another dimension is somewhere required in this one-dimensional language just to arrive at
primary sequence. So, we know that primary sequence has no chance whatsoever of
determining a “protein,” a protein population, or the steps for making anything requiring any
larger amounts of information, let alone the genesis of a single life form. Primary sequence
and genetic code are two ideas that should never be put together in the same sentence let
alone the same basic definition. This is why ‘the genetic code’ has been one of the greatest
scientific misnomers of all time. That name fell well short of the mark in terms of
accurately describing the real-world phenomenon for which it has proudly stood for the
better part of one half century. Fortunately, we can clearly recognize the mistake now and
officially do something about it.
I reject as false the premise that DNA in any useful way represents a genetic code. I
therefore also reject as false the premise that a single string of DNA can represent anything
of a code for making protein, and it especially cannot represent a code that functions like the
code formerly known as genetic is supposed to function. The classic paradigm of the
genetic code axiomatically accepts both of these premises which I just so easily rejected.
The codon table which has stood for too long as “the genetic code” is nothing but a simple
data set, and it does not represent a code as it should be properly understood. Even as data it
is merely a small portion of the relevant data, and it has been empirically shown to be
inadequate in understanding the true nature of protein synthesis. However, because of the
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intense, pervasive and prolonged indoctrination behind this simple scientific icon, it is going
to take some people quite a bit of time to get their minds around this basic idea. Perhaps
some never will. It is difficult to accept the fact that we are making such a simple mistake
of basic perception, but it will be still more difficult to accept that most people will
absolutely insist that we keep making it. Change is painful but no less inevitable here.
Now, at least, we have here a more global perspective of codes in general, and the
nested nature of life’s many broad codes, as well as how they inherit their properties from
the whole. It is exactly analogous to object oriented programming techniques used for
complex computer simulations. The master loop is the epigenetic code of natural selection.
This creates sub-programs that create and maintain the genetic codes of individual
organisms. Within the program of every genetic code there must be the essential subprograms for assembly of protein populations. If we consider a single protein, we find the
gene code using the protein code using the polypeptide code to complete the task of making
a single protein from the data stored in a molecule of DNA. The code formerly known as
genetic was so narrowly and rigidly defined that it doesn’t even merit inclusion on the
current list, that’s how far off the mark the classic paradigm is, and that’s how much it is
perverting our thoughts and blocking our ability to communicate important, complex
thoughts. Granted, it is an ignoble demise for a cherished scientific icon as “the code of
life,” but it is now quite well past time for a new paradigm.

“You're searching, Joe, for things that don't exist; I mean beginnings. Ends and
beginnings -- there are no such things. There are only middles.”
Robert Frost
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Just Look Around
The nesting of master codes and sub-codes that life has developed is a surefire recipe
for intricate, complex and ingeniously sublime patterns of organic evolution. And so the
pattern of increasing complexity is unmistakable over the surface of earth and back
throughout the history of time on earth. If the starting date or time of first iteration for earth
goes back 4.5 billion years, then the first fossil evidence of life on earth appears remarkably
quickly, sometime between 3.5 and 4.0 billion years ago. Life seems to have been
chomping at the bit and raring to go. I think that trying to draw a line in the sand to decide
that life started at the line but did not exist before it is a fool’s errand and a false line.
Similarly, I think that searching for a last common ancestor at any point in the process does
not put into proper light the actual nature of this complex process. I think we must view life
as a pervasive web of inter-related complex processes that started with the start of the earth,
or perhaps with the start of the universe. I think too much simplification and too many
simple lines have been drawn in this grand picture already, and we certainly don’t want to
needlessly repeat those mistakes here.
More remarkable than the rapid fossil appearance of life is the relatively long period
of time that it takes eukaryotic or nucleated cells to make their first appearance. They seem
to have waited about 2 billion years to show up. Why so long? I would venture a wild
guess that many complex codes tried and failed their ascendancy to today’s throne.
Consider the unimaginably large number of ways that even the small data set we find in
nature today could have been arranged, and then consider the unimaginably large number of
sets of data with we could have possibly found. At the very beginning we were dealing with
an “all possible” scenario of molecules and codes. The most successful molecular and
cellular codes would be the ones best able to equilibrate all of the competing forces of
change being applied to them at any given time. The winning codes were the ones that
formed the best platform for more complex systems, the ones that best harnessed the
equilibrium of many dynamic forces. The protein code, like all molecular codes, must be at
heart a code of molecular equilibration.
Many systems and many codon matrices were rejected before the current system was
generally found and developed to near molecular engineering perfection. This is the
platform that could eventually lead to the kind of high level, multi-dimensional functioning
that we see today. After all, construction of the eukaryotic cell is a monstrous achievement
in complexity, but it merely set the context for higher orders of multicellular complexity. It
surely must have been a real grind to come up with it, so billions of years is not an
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unreasonable time of expectation. Anything that could merely be called a “cell” is nothing
on the scale of complexity when compared to a modern eukaryotic cell. Rather than
freezing out Darwin by trivial necessity in explaining the existence of today’s code, we
should invite him to make a guess as to how we arrived at this particular point in molecular
translation systems. He most assuredly would tell us that the code or codes selected two
billion years ago were merely among the ones that could eventually lead to the codes we
have today. All others must be eliminated sometime between then and now. This is not the
same as saying that we can have only one code now; quite the opposite, it is to say that the
code we have now must not only be able to evolve but it must also be able to somehow
facilitate future evolution. This always has been and always will be the basic winning
strategy in the grand game of life. So although there could have been many successful codes
then, the successful codes now are the ones that could lay the groundwork for future
complexity, the ones that would incorporate the basic principles of the epigenetic code into
their logical structure. Anything else is a loser today. Yesterday was different from today,
but yesterday laid the groundwork for today. Tomorrow will be different still.
But from there, from the delayed but seemingly sudden appearance of complex
eukaryotic cells, the process merely accelerates in the progression of complexity, heralding
the appearance of multicellular organisms less than a billion years later. Then all hell breaks
loose and the complexity of whole body morphologies takes off. Man eventually makes his
fashionably late appearance, bringing an intriguing new level of complexity: bringing
advanced language, culture and science with him. This last level of complexity – complex
thought – is virtually new on the scale of evolutionary complexity, yet look at how robust it
became almost instantly on a geologic time scale. It is a new form of complexity in the
biosphere, one that rapidly obtains and retains new characteristics, one that clearly separates
itself from the rest of the biosphere. It is a brand of directed change and its pace is
Lamarckian not Darwinian; therefore, the curve of increased complexity within our complex
thought as a species is exponential not geometric. The digital revolution has now punched
the pedal to the medal and accelerated us to the next level.
All of the advancing complexity of the biosphere is the product of systems of logic
or systems of information management. It is a process of having choices, making choices
and recording choices. This is how our brains work. Or brains are systems of information
management. For instance, should I stand and fight the tiger or should I run away? Should I
turn left or right? Should I tell her that her new dress is pretty or should I be honest? The
choices we make affect the molecules that are us. Individual molecules have choices too,
but their choices are not conscious in the same way. Molecular choices are defined by their
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physical circumstances. Life always has countless choices and Mother Nature must make
those choices in life according to the logic spelled out by Darwin. So, the “consciousness”
of the broad pattern of life might be seen in the act of making those choices, as Schrödinger
pointed out. The consciousness of life is always at the point of decision, the process of
constant renewal that brings each generation of life into being. Each life form is a new
hypothesis of life, and the false hypotheses are rejected while the ones that ring true merely
serve to generate the next round of new hypotheses. The entire biosphere is constantly
“thinking” about new ways to do more. There is a clear direction and logic to life, a method
to the madness of Mother Nature.
The direction of life points toward the accumulation of information, negentropy,
choices made, choices recorded, in an evermore complex pattern leading to evermore
choices and complexity. Along this path man has clearly taken the lead. Man is at the top
of the pyramid, achieved relative dominion over the rest of life if not exactly dominion over
Mother Nature. This is politically incorrect but no less valid from a point of logical
analysis. Man has begun manipulating the basic information systems of life in countless
ways, but where this will all lead is still anyone’s guess. One outcome is clear, however,
man has greatly accelerated the rate of negentropy on this planet with his culture, languages
and now his digital systems of information. The general process is clearly accelerating
today and it is a human foot on the pedal.

A broad analogy between the development of life and computers as it relates to
negentropy and complexity is unavoidable. One need only look at the many new genome
maps we have today. In general, the simplest organisms have the smallest genomes, and the
most complex organisms have the longest genomes. More important, the maps of the
simplest genomes and their distribution of information resemble the hard drives of early
computers, but the maps of the most complex genomes resemble the hard drives of today’s
more complex computers. Files and applications are not only more fragmented and
scattered about; they are more widely shared and widely interrelated.
The same kinds of analogies can be drawn between the biosphere and modern
information networks. Life and information networks are both logic protocols for large
numbers of independent agents that become self-organizing entities in equilibrium, but the
technology is quite primitive in today’s computer systems when compared to life. However,
the same patterns of evolution have occurred in the computer revolution as in the evolution
of life on this planet. The same general kinds of patterns of information storage and
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handling that have led to the increasing complexity and diversity of computer systems also
lie behind the strategies that life used to give us this complex and grand view of life that we
have today. Our human simulations of the universe - our brains - are now contemplating
simulations of the digital universe that are “living” and have digital “brains.” We have yet
to determine the “vital” difference between bits and brains, but information management is
at the heart of both. I suspect it is only a matter of time.
The biology-computer analogy might seem overly harsh to pure naturalists, and it
does require some not so subtle tricks of imagination. We must juxtapose the lightning
speed of computer loops with the glacial pace of organic generations. Computers deal in
nanoseconds, but life evolves in the timeframe of generations of populations. Although
individual molecules operate with an incredible speed on a molecular scale, over the scope
of an entire cell the pace of change is remarkably slow. On the scale of populations of
whole organisms, evolutionary change is often marked by units of time in 10,000 year
increments. This merely reflects the magnitude and overall complexity of life’s pattern in
space through time. Fortunately, at the highest level of bio-complexity the human mind no
longer labors under this glacial pace of organic change. The brain’s neuron, like the
computer’s electronic circuit, operates on a scale of nanoseconds, so thoughts can develop
quickly. The brain also has a facile storage capacity – memory – allowing useful changes to
be retained. The evolution of thoughts and culture – memes - flies forward many-thousand
fold faster than does the natural evolution of genetic material. Computers have clearly
accelerated the pace of change.
But any seeming fundamental superiority of digital computers over biological
systems is merely an illusion today. In reality, the molecular systems of information
processing are still far superior to any artificial system that man has yet created. And
although the digital computer of today is obviously superior to a 1950’s computer as a
metaphorical referent, it is still an anemic referent, at best, for the computational power of
complex biologic systems. Digital systems are still completely dependent on logic
operations of one-dimensional strings. These operations must be forced through narrow
pipes called processors, and the sequence of events must be rigidly defined in time;
conversely, biological systems do not observe these absolutely rigid restrictions in space or
time. They never rest in performance of widely distributed events, and the many molecular
multiprocessors form a complex arrangement in space through time. Digital systems choke
on recursion but life seems to relish hardcore recursion. So, we apparently have barely
begun to glimpse this brand of complex multi-layered logic that life uses, but it’s sure to
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continue to surprise us with its elegance and efficiency as we probe deeper into its secrets.
The codes of life are sure to be far more complex than the codes of today’s computers.
The main goal of biological computers seems to be an execution of a broad, endless
search. It seems to be searching for stable patterns of complexity that can serve as the basis
for ever-more complex patterns that will have the ability to persist in space through time.
The net result is an accumulation of information and complexity – negentropy. The prized
achievements in this relentless search seem to be the patterns of behavior, both molecular
and organism-wide, that can accelerate the search. We should then expect to see search
enhancing patterns in the genetic and protein codes, and so we do, happily.
Within this broad context of biology, complexity and computers, the classic
paradigm of the code formerly known as genetic is standing firmly in the way of our
advance. It is the antithesis of a complex code, yet it is a fossil that is strangely frozen in the
amber of our culture. We must break open the amber and re-animate this fossil. We must
bring it back into the realm of the living by incorporating entirely new computer metaphors
and transplanting a new language of complexity into its heart. It is an exciting prospect,
since we are so familiar and facile with digital technology today. This knowledge and
technical familiarity was not available to the founding fathers of the classic paradigm all
those decades ago when the amber encased this cherished paradigm. But now we can study
the path of technology in a more advanced computer revolution, and draw analogies large
and small with biology. Perhaps more exciting is the prospect that we might also do the
converse and study biology with a new eye for detail, a new feel for life’s subtle strategies
and patterns, and then perhaps use this knowledge to further advance our digital technology.

“We've all heard that a million monkeys banging on a million typewriters will
eventually reproduce the entire works of Shakespeare. Now, thanks to the Internet, we know
this is not true.”
Robert Wilensky
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What is Life?
Embracing a computer metaphor of molecular bio-information is all well and good,
but it begs yet another more basic question: what is life? This is the question Schrödinger
asked himself in 1943, and the answer he came up with is not exactly clear, or not as clear as
it seems in the retelling. Schrödinger wanted to describe life in terms of known physical
laws, and life surprised him by appearing to him as a process of thermodynamic hill
climbing which he called negentropy. However, he does not come right out and say, “life is
negentropy.” He did not know how to answer the question because life made him realize
that there were gaps in his understanding of physics. Schrödinger also contributed the
phrase ‘aperiodic crystal’, but he meant for it to apply only to the hereditary substance or
chromatin. He does not say that life is chromatin and therefore life is an aperiodic crystal,
which was wise, because it is not. He does, unfortunately, come out and say that the genetic
“code script” will be found in chromatin, and we know now that this is false. It was,
however, very insightful of him to observe that life would need a physical medium in which
to generate and store molecular information, and also that the general trend of this process
would go opposite the second law of thermodynamics as he understood it. But he did not
have enough specific information at that time to give us an appropriate answer to his own
question: what is life?
Schrödinger was particularly brilliant in that he started with the most basic questions
about life. He looked at the question through the eyes of a child, albeit a quite precocious
child. For instance, is life a solid, liquid or gas? This seemingly simple question turns out
to be remarkably difficult, even now, because in fact life combines the physical forms and
some features of all three, solid, liquid and gas, yet it is not clearly any of the above. His
cutting logic was to note that a hallmark of life involves its persistence of form through time,
in the sense that an individual retains its form during its lifetime, more or less, and some
feature or essence of that form is passed along to its descendants. So he sensed that there is
some persistent physical form to an otherwise abstract concept – molecular information.
What could it be if not a solid? Specifically, he reasoned, the type of solid it must be is
some type of orderly arrangement of atoms.
‘Crystal’ is generally the name for a solid with an orderly arrangement of atoms.
However, he reasoned that a perfectly ordered arrangement of atoms would have no
information value. For instance, one salt crystal is essentially like the next, it has no
algorithmic complexity, so salt contains very little molecular choice, which means that salt
contains shockingly little molecular information. So, if life is to be a crystal, it is a crystal
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that is fundamentally unlike the types of crystals with which we are casually familiar, the
inanimate crystals like salt and diamond. The special crystal-type of life must have some
disorder, or non-repetitive nature to its crystalline pattern. Ordered atoms form periodic
crystals, so he described the crystal behind heredity as an aperiodic crystal. He then said
that this aperiodic crystal would somehow record a code-script for building the organism – a
genetic code. He guessed that it should involve a process of isomerization, or a physical
switching of molecular form, which is hyper-technically correct, but it is not generally the
way we think about it now. He did not guess that the genetic information feeding the codescript would be based on the information content of sequential polymers as was later
demonstrated with DNA and protein. Nobody at that time could have possibly imagined the
bizarre reality that was later discovered. Consider if you can, it was a truly remarkable
situation. A founding father of quantum physics realized that the usually random behavior
of unthinking individual molecules could ever be so orderly, purposeful and efficient on an
atomic level. The situation went against everything that he thought he knew about physics
and chemistry, and he said as much. Schrödinger was rightfully dumbfounded, because
from a molecular standpoint, it’s just like magic.
Of course, we have the great advantage to know today that Schrödinger was
speculating on the nature of DNA, and that sequences of nucleotides are to a large degree,
but not entirely, aperiodic. Periodic means regularly repeating, and on a different level,
though, DNA is a crystal that proves to be remarkably periodic, in that it has the ability,
under the guidance of protein, to repeat its entire large and complex pattern with uncanny
speed, economy of space, and impressive fidelity. DNA molecules have a high fecundity,
they like to repeat, or in Richard Dawkin’s terms, they are aggressive replicators at heart.
So, even the simple act of replication must be tightly controlled within the broad scheme of
life. The number of copies of a particular molecule is a vital piece of molecular information
to a cell or to an entire organism, and in the case of DNA it means the difference between
life and death.
Consider for the moment that you are somehow the product, in no small part, of the
molecular information stored in the pattern of your DNA. This pattern of your DNA
sequence represents a quantity of information, or a data file that when plugged into the
genetic code will produce you. DNA is a crystal. This specific crystal pattern, to a very
large extent, exists within the nucleus of each of your cells now and in most all past cells
that have been you. (In this limited sense you really are just a number, sorry to say.) The
pattern of this molecular sequence is comprised of a relatively stochastic sequence of some
three billion nucleotides; however, you are comprised of some seventy-five trillion cells, all
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in a complex process of constant renewal, and this is a much bigger number than the number
of nucleotides in your DNA sequence. So the complex crystal pattern of your DNA is
phenomenally periodic in the sense that it has been and hopefully is being faithfully repeated
many, many more than seventy-five trillion times. The sequence of nucleotides is relatively
aperiodic, but the complex crystal itself is stunningly repetitive, or periodic from an
information standpoint. One of DNA’s many charms is the fact that it can be periodically
repeated in its totality, when protein so chooses.
In the exact same sense, the other crystal forms that contribute to your being,
proteins like hemoglobin, for instance, are also constantly replicated at incredible rates with
exquisite precision (hopefully). This could be described as a complex, but remarkably
periodic pattern of hemoglobin. Although, the individual hemoglobin molecules do not
arrange themselves in a globally ordered pattern within a cell, like salt or diamond, they
themselves are repeated with uncanny precision. So we might think of it as an amorphous
arrangement of complex yet highly periodic molecules. Add to this the fact that the
hemoglobin that you are producing now is not the exact same form of hemoglobin that you
produced as a fetus (hemoglobin patterns shift from fetal to adult form after birth) yet your
hemoglobin now is remarkably similar to the hemoglobin of a chimpanzee. Worse still,
aquatic mammals, like whales and seals, have brands of hemoglobin that surely put yours to
shame. There is not only a code that produces a single hemoglobin molecule, but a broader
code, a hemoglobin code perhaps, that produces the time-path of hemoglobin within
individuals, both phylogeny and ontogeny, species, and within the entire pattern of life on
this planet. The pattern of a hemoglobin molecule spans time and species, so now we can
begin to see there is an essential element of relative time, timing, space and number to the
overall pattern of bio-molecules no matter where we look. We can never freeze, flatten or
simplify the pattern completely and still pretend to be studying the real pattern.
An aperiodic sequence within a crystal polymer is therefore certainly a defining
feature, but it is clearly not the defining feature of life. On one scale these crystals are
aperiodic, but on most other scales they are not. If life is to be defined by its aperiodicity, or
by its purely informative nature, then the term ‘informative crystal’ is perhaps more
appropriate. It captures both the key elements of aperiodicity and periodicity within the
larger scheme. In this sense the terms ‘negentropy’ and ‘aperiodic crystal’ convey virtually
the same message, which is that life is a physical system of information storage,
management and processing. Molecular information, its creation, storage, processing and
replication are very important aspects of life in general, but there are two features of this
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process when viewing life as a crystal that are still more unusual and more defining than
this.
We still need, however, to address head-on the basic question of whether or not life
actually is a crystal. I believe it should be seen as some kind of crystal system, but consider
that approximately seventy percent of most cells are composed not of solids but of liquid
water. Liquids are defined by the dynamic, amorphous nature of their molecular structure;
they are constantly changing form. So if life is generally amorphous and seventy percent
composed of liquid water, is it right to refer to life as a crystal? Perhaps it is a liquid crystal.
This should not be too objectionable to very many savvy readers, because it combines the
precision of organic crystals repeating themselves with the generally amorphous nature of
liquids.
Certainly, water and its unique physical properties are essential ingredients of life in
the liquid not the crystal form, but life itself seems to take the overall form of a solid. To
reconcile, we might note that in many ways life can be seen as a process that exists right on
the boundary, or at the phase transition between liquid and solid. This is a familiar and
exciting boundary in many academic disciplines, such as chemistry and physics. Chaos,
complexity and life are interrelated dynamic processes that exist right on the edge.
Compared to salt, which dissolves in water, life is more like a complex carbon crystal that
depends on a dynamic liquid matrix to stay at this exciting boundary, or on the edge between
liquid and solid. So life is a crystal, but it is always a quite dynamic type of crystal system
in every sense of the word.
Life depends on crystal motion – thermodynamics – to execute many of its molecular
codes. Merely changing the temperature up or down in a cell will adversely effect the
operation of these codes and the actual content of the molecular information. The codes
themselves are calibrated for a certain statistical amount of motion, but they generally
govern this motion and are not simply at the mercy of it. Sunlight is another example of the
necessary element of atomic dynamism in life. The system requires the reliable source of
energy from the sun to perpetually and reliably excite the basic subatomic, atomic and
molecular structures into action within the complex, dynamic system of life.
Life is based primarily on carbon and water. Both of these atomic structures like to
form molecular tetrahedrons. Water molecules - individual molecules of H2O - form dipoles
that jostle around in the liquid form to create a dynamic but persistent tetrahedral matrix.
Even as a liquid, water has notably crystal-like properties in its structure, and it is the unique
properties of water that make life possible. Remember, ice is just crystal water, but ice
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floats whereas most crystals sink in their own liquid solution because most crystal structures
are much smaller and therefore denser than their liquid counterparts. But it is the dynamic
nature of liquid water that drives the processes of life at its base. Carbon has a valence of
four, and so it likes to covalently bond with four partners in a tetrahedral arrangement. This
obvious crystal part of life, carbon, must play its role within a dynamic matrix of water
molecules.
Unlike most crystal forming systems, organic crystals have the unique ability to
change their physical form through time. They are not static morphologies, like salt that
dissolves in water; they are always dynamic morphologies that only exist in the dynamic
matrix of water. Organic crystals also have the unusual and highly useful ability to briefly
associate with, and then separate from other organic crystals. A single organic crystal also
has many stereoisomers, or many distinct shapes, and it has the curious ability to quickly
explore and re-explore several of these throughout its existence. This inherent flexibility of
shape gives many organic crystals their utility within life’s processes. More importantly,
there are so many potential organic crystal morphologies that it is virtually impossible that
every single one of them could ever be explored within the lifetime of the entire universe. It
is a highly versatile system of molecular combinatorics. Yet life has acquired the dynamic
ability to methodically and systematically explore a large number of these potential shapes.
These various forms of dynamic crystal behavior, taken all together, are emblematic of life.
A hallmark of life as a crystal is its ability to be a dynamic crystal, not just a single dynamic
form but a nearly infinite population of many interrelated dynamic forms.
From this foundational view of life as a large, dynamic population of informative
crystals, we can see clearly that complexity is the most defining feature of life as a crystal.
It is not a single crystal, or even a population of single crystal forms. It is at all levels a
complex interaction of large populations of many crystal forms, on many levels, played out
on the backdrop of time. Life emerges from the complex and dynamic interaction of many
crystal agents. It is a crystal system, a complex system that combines crystal machinery
with complex crystal logic. It is not a simple system of crystals but a complex system of
complex crystals. There are codes of interaction that not only take into account crystal
identity and form, but the complex interaction of many crystals that play out on the
necessary backdrop of time. Life, therefore, cannot be viewed merely as a snapshot but a
movie. Energy must be supplied somewhere in the system, but energy is not a substitute for
complexity and increasing self-organized inter-relationships. Energy is entropy that is
converted by the system through time into negentropy. Therefore, it involves a language of
crystals that has an important diachronic facet to its meaning, and the relationships of the
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whole are never independent of the time element on any scale. It is a crystal system that has
a complexity of both time and space. Complexity should be considered the overriding
hallmark of life as a crystal at all levels.
We still cannot truly answer the question, what is life? But we now have several
general descriptors. Life is a complex, dynamic, informative crystal. Because of its extreme
complexity, a single crystal, or even a single crystal system cannot define life. It is a
complex interplay of many crystal systems. It is the interplay that makes it complex, and it
is the interplay that allows it to be dynamic. The system is not static; it cannot tolerate
stasis, it requires constant novelty, perpetual renewal leading to advancing complexity, and
so it is actually driven by change. Our description should then include a nod to this
relentless change: Life is a complex, dynamic, informative crystal system that constantly
makes new crystal combinations throughout time.
More subtle, but more significant, we must recognize that life is not a thing but a
system or process. It is based on time and embedded in time. It is not a single event but a
complex sequence of events dependent on the profound interdependence of its fundamental
components in time and space. We must consider the entire pattern of life on earth back
through the entire history of earth. It is a gigantic and ancient pattern of crystal growth that
has created a complex crystal information system. We cannot freeze time, or take a
snapshot of a pattern, and then declare, “Here is life!” In contrast, we can easily paint a still
life of a mineral or inorganic crystal and understand its basic structure or its informative
essence. Crystal in the colloquial sense means a simple, periodic and adynamic arrangement
of atoms. The codes of molecular behavior in inorganic crystal formation are quite simple.
It is a still life, but a still life of life is the opposite of life – it is death. Conversely, the codes
of organic crystal formation are tremendously complex because they are generators of
complexity.
If life on earth is in any way to be seen as a crystal, then the pattern of its growth
must extend over vast expanses of time and space. Any part of this pattern can be isolated
from it for only brief periods of time and still maintain the general trend of the pattern. It
started billions of years ago in the watery environment of vast oceans, and it progressed to
fill those oceans. It then advanced onto land and brought the essential components of its
environment with it. It has now tenaciously extended to radically different environments
and so it blankets the earth. As it has extended outward in space and onward in time it has
also moved upward at an accelerating pace on a hierarchy of increased complexity. The
general growth patterns of this remarkable crystal system are unmistakable, yet the specifics
of its molecular behavior still lay hidden to our eyes. The codes of living crystals are
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embedded in time and dependent on the specific crystal sets by which they are executed.
The codes themselves are evolving with the total pattern, but there must be some first
principles of molecular behavior to anchor them to the physical laws of our universe. The
laws of the universe breath life into the codes of molecular behavior, and it is these codes
that breath life into the molecules of earth.

The most beautiful thing we can experience is the mysterious. It is the source of all
true art and all science. He to whom this emotion is a stranger, who can no longer pause to
wonder and stand rapt in awe, is as good as dead: his eyes are closed.
Albert Einstein

What in Blue Blazes are Those Bloody Crystal Codes?
From this quite broad perspective we can begin to drill back down to our goal of
describing the protein code. The basic structure of the crystals of life is formed by the
tetrahedral system of water and carbon, but many more complex forms are built up within
this basic tetrahedral matrix. A tetrahedron – much more than a cube - is an excellent choice
for building complex, dynamic shapes. Carbon is the foundation of life as a crystal and it
proves itself facile at forming more complex, basic organic shapes. For instance, the carbon
atoms in nucleotides that make up the DNA double helix create a larger structure that is
actually a remarkable model for a sequence of dodecahedrons. The double helix mimics a
string of, or a concatenation of dodecahedrons. It is made of roughly ten dual pentagonal
molecules facing opposite directions per complete rotation, so it takes very little imagination
to see a string of perfect solids within the immortal coil itself. Of course, we already knew
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that tetrahedrons could be used to make a dodecahedron, but this is a complex horse of a
different color.
The dodecahedron is a platonic solid that trumps the tetrahedron in geometric
complexity, yet at heart it is merely a complex composite of many tetrahedrons. The
vertices of a single tetrahedron can be matched one hundred and twenty different ways
within the vertices of a single dodecahedron – lots of crystal choices. If a simple tetrahedron
is seen as spatial “information” then this same information is “compressed” to quite a degree
within a more geometrically complex dodecahedron. One dodecahedron can literally stand
for 120 tetrahedrons, so the dodecahedron is rich with tetrahedral information. It is an
embarrassment of spatial riches, really. What’s more, there is a natural, platonic system of
translation built into the relationship between these two shapes, as demonstrated by Code
World, and so the dodecahedron would appear to be an excellent choice of shape for crystal
information encryption, storage and translation. In fact, there is seemingly no better choice
of a shape than a dodecahedron to store and use tetrahedral building information. As we
will see shortly, nature has coincidentally used the dodecahedron to embed the logic of
sequence symmetry into the translation machinery as well. The character sets of this
molecular language are curiously built, both literally and figuratively, around many logical
facets of a dodecahedron. Plato was right, as far as life is concerned, the dodecahedron is
the cosmos. It is seemingly everywhere and all things to the logic structure of living
molecules.
Likewise, the tetrahedron is a seemingly good choice of basic molecular shape
within the dynamic matrix of water for generating larger dynamic crystal morphologies. We
might go so far as to say that the tetrahedron is the perfect choice for the basic building
block in an organic crystal erector set for both of the basic crystal functions of life, search
and build. We are therefore quite happy to find the tetrahedral structure of carbon being
passed on to the higher-level tetrahedral structure of amino acids, which then get passed
along to the higher-level complex structures of proteins. This being the case, we simply
must ask: what about the protein code itself? Has nature actually used a platonic spatial
language as the logical basis of this code? Are there, or were there units of shape and or
geometric logic in the machine language of the primitive crystal code? We simply do not
yet know, but we shouldn’t hesitate to ask. It sure looks like a safe bet that there are, but
nobody seems very interested today in actually trying to find out. The question has
heretofore lain hidden by the oppressive blanket of the classic paradigm.
The protein code then appears to generally be a relationship between two broad but
distinct sets of crystals, one set is fundamentally dodecahedral and the other set is
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fundamentally tetrahedral. These two basic crystal types are co-dependent on each other for
their existence in every respect. Their relationship is complex not simple, and their raison
d’être seems to entail the ever-present goal of making more crystals, not just in terms of
absolute numbers, but more so in terms of exploring different varieties of individual crystals
and different complex sets of inter-related crystals. So the relationship between these two
crystal types should be expected to reflect an inherent need and an inherent ability to
efficiently generate novel crystal forms – and so it does.
We should rightly perceive that the polypeptide code was founded not on a single
shape but on the complex interaction of two shapes, the dodecahedron and the tetrahedron.
The code itself does not exist only within the molecules of either shape but within the
complex rules of interaction between the two basic shapes of these molecules. The exact
relationship is still a mystery, but it is somehow achieved through a series of relationships
between distinct sets of sequential macromolecules, or crystal strings. The relationship
involves molecular identities, as well as complex molecular timing, quantities, and
exquisitely specific shapes. There are four obvious sets of strings within the protein code:
DNA, mRNA, tRNA and protein. Each set has a relationship to the other sets; in other
words, there are codes of behavior within and between each set. We do not presently know
all the details of these relationships, primarily because we do not know all of the types or
meanings of the molecular information that is passed back and forth between these sets. We
do know that the net result of the overall relationship is a high degree of productivity and
endless novelty within both crystal types. In other words, the relationship seems to work
really well for its apparent purpose.
The protein code is a crystal code used by crystal computers. I think we can safely
call this a crystal code because if this is not a code or a language spoken between crystals,
then the term ‘code’ can have no meaning whatsoever. Crystal information is being
efficiently created, stored and communicated by this crystal information system. It has been
all too tempting to extract a tiny subset of the code – the codon table – and argue that, “of
course it is not really a code but merely a substitution cipher.” This misses the point
entirely. It is no code at all, substitution cipher or otherwise. It is merely data used by an
actual code. The codon table is not the protein code; it is an extreme simplification of a
more complex, more powerful language entirely. The table is merely our way of storing the
data, but the code is the precise set of steps used to extract the data. Furthermore, the codon
table is a miserable way even for humans to represent this data in the first place. There are
better ways. So, it is a huge mistake to confuse the codon table with a more robust
molecular language. It is, unfortunately, a very common, an almost compulsory and
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universal mistake made today, and one that the classic paradigm insists that we keep
making.
The protein code is a true language of crystals, a crystal code. It is an ancient,
sublime system of complex crystal generation, a self-organized, adaptive system of complex
molecular auto-assembly. What’s more, it is an example of molecular negentropy not
entropy. It appears that the classic paradigm not only fails to answer Schrödinger but utterly
fails to even understand his primary question. They have given him the answer he said he
would not accept. But as a code, the protein code cleverly combines the dual function of an
operating system and a search engine. The data is not the logic, but the pattern of some of
its logic can actually be seen in this particular data! This clever code builds intricate crystal
forms, and it continually finds new ones within the vast space of all possible crystal forms.
It forever sifts the randomness of the universe for nuggets of crystal utility. Crystal
information is stored in a deceptively simple dodecahedral format, but it is somehow
translated into a larger, more dynamic and complex tetrahedral world. This is perhaps an
example of steganography, which is a cryptographic trick where the actual message is
obscured by its physical format.
We know that this crystal code is at bottom a language used between atoms and
molecules, so at some level it is a language of shapes and atomic structures. It is first and
foremost a language of molecular structure not molecular composition. We also know that
ultimately the product of translation is nothing but a shape. We simply do not know at this
time how the language works or why it works in the way it does because we do not know all
of the factors that contribute to the translation of these remarkable crystal strings. We do not
know which forms of string information can and can’t participate in the intricate crystal
dance and therefore which ones do and don’t play a significant role in this vital language.
We flat-out do not presently know the crystal recipe for making a protein; otherwise,
we’d be doing it – making proteins that is – and we clearly are not making proteins. We
have not invented a peptomatic that has been put through its paces and empirically
demonstrated to work on basic principles of molecular information. Remarkably, an expert
once told me that we had invented and are actually selling this amazing device – we clever,
clever humans. It was his way to quickly convince me that I was clearly wrong, but he later
told me “never mind.” It is logical to think that if the classic paradigm is correct that we
should actually have such a device, but we do not. If we have in fact invented this
miraculous peptomatic, it is a well kept secret. We should be on national TV demonstrating
our mastery over nature by designing and building new proteins with Microsoft Protein™ or
some such thing, but we aren’t. When I try to point this out, I am constantly reminded that
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every scientific theory has its little exceptions to the general rule. Well, this one seems to be
100% exception and no useful rule. I challenge anyone to find anywhere any piece of
empirical evidence that supports the classic paradigm. There is not a single documented
case that I am aware of that shows the classic paradigm in action. We are today without a
single example of de novo protein synthesis, or even reliable folding prediction. We are no
doubt quite good at letting a living cell make a protein for us, but that’s not exactly the same
as de novo synthesis. Studying these proteins and relating them to DNA sequences does not
crack the code of primary sequence folding – I’m oh so sorry to say. Just because a cell can
do it does not mean that we know how the cell does it. There should be a limit to our
patience, but to date there appears to be no limit to our patience with the classic paradigm
and its many obvious failures. Therefore, the question is still a wide open one: what
precisely is the code that life uses to make proteins in a living cell?

Let’s begin a new investigation by using our nifty new definition of crystal life and
revisit Schrödinger to explore what he might really have meant by negentropy. Consider a
simple solution of Sodium Chloride, NaCl in H2O, which is nothing but plain salt water. We
can start with pure water and begin adding sodium and chloride to it. At some point the
water will become saturated with these atoms and theoretically salt crystals should start
forming, or at least that is our reasonable thermodynamic expectation. However, it is well
known that we could continue to add more sodium and chloride to the solution to a point
where it becomes saturated and then maybe even “super-saturated” and yet the crystals still
perhaps aren’t growing. In a limited view we might say that the solution is out of
equilibrium, but this rings false to me because the solution is always in equilibrium with
respect to its own specific context in space through time, it is merely out of equilibrium with
our expectations. The atoms simply have yet to “learn” the thermodynamic trick of making
salt crystals in a way consistent with our statistical schedule for them to do so. Schrödinger
called this a time of expectation, and it reflects the statistical probability that crystals will
indeed grow. We could certainly speed it up by putting it in the sun, but only because we
expect the water to evaporate and become still more super-saturated. Now let’s suppose we
drop a tiny salt crystal into this solution, what do we expect to see happen next? It is
intuitive and supported by common experience that bigger salt crystals will immediately
form around the seed crystal. So we expect to instantly decrease the time of expectation by
adding the seed crystal. The solution was in good thermodynamic disorder before the seed
crystal was dropped into it, no doubt about it, but then it instantly gained more molecular
order after the seed crystal became available to the disordered solution.
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I think this, in the absolute simplest sense, is what Schrödinger meant by negentropy
when he described it as creating order from order. Of course he knew about crystal
formation and the accompanying release of energy, but he rejected the idea that life was
merely the result of ordinary energy exchange. There must be something else, a physical
law in the universe that can account for more complex order to begin forming beyond a
simple crystal. He knew that through time all non-living systems would achieve their own
perfect disorder and the amount of disorder should only increase as the timeframe and scope
of the system was expanded, regardless of the specific details of the system. He was
wondering about the physical law in the universe that could allow life to draw information
from the universe and from it create more complex molecular information. This process of
order from order is clearly represented in spades by life’s perpetual climb up the hill of
disorder. How is the “energy” that life uses different from the energy that is so easy to
define in an ordinary, non-living crystal pattern? He speculated in 1944 that it was
somehow carried by the molecular order of the food sources, but this is not correct.
However, he was not familiar with complex information systems, and he apparently did not
really take Darwin to heart, so it is easy to see why he was not able to guess at a better
answer.
In a sense, the seed crystal represents stored molecular information that statistically
“teaches” the other molecules how to behave and achieve a more ordered pattern compared
to their previously random interaction with their neighboring patterns in space through time.
The salt crystal is more ordered, and the easily identified simple pattern it forms is then
expected to persist in space through extended periods of time. But was any work done on
these molecules to give them more order? I think it is a real stretcher to say that the seed
crystal did thermodynamic work on its neighboring molecules. The behavior of every atom
in the solution is programmed into every atom of the solution. Their individual behavior
patterns are random in the sense that they have no foresight, no higher purpose or higher
goal, other than to exist in a state of equilibrium relative to the random heat motion of the
molecules within their environment. When patterns of molecular behavior become more
stable, those larger patterns persist in space through time.
The salt crystal is
thermodynamically more stable than the salt solution when supersaturated, but it would be
hard to call it anything but more differentiated and more ordered, not less. The salt crystal
gives off energy to the solution in the form of heat when it forms, and this is supposed to
compensate the bigger picture of the universe for the increased order of salt in the crystal
form.
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So thermodynamics can indeed allow order to emerge from disorder in these
remarkably limited circumstances. More order grows from initial order, but it never has to
go against the second law in any way. This is merely an example of the simplest kinds of
molecular codes working in their simplest possible form. These are molecular entropy
codes, but how could this same system ever be used to explain the complex molecular
behavior of living crystal systems in much larger patterns through vast stretches of time, like
those seen throughout the complex patterns of life on earth? The seed crystal of salt had
molecular information stored in it. The presence of this information did not change the
equilibrium point of the solution with respect to its inevitable total order, but it clearly did
shift that equilibrium point forward in time, and therefore it changed the global pattern of
the solution in space through time. The stored molecular information merely decreased the
time of expectation that the salt crystal would form. The arrow still points in the same
direction but it merely became shorter. In this eccentric sense, the information of the crystal
did do some kind of work on the crystal pattern, and that work can only be appreciated in the
context of a larger pattern of space through time. The seed crystal merely pushed the
inevitable pattern forward in time. Is life fundamentally the same or different from this?
Now that we have this new foundation for discussion with regard to molecules,
equilibrating patterns, codes and the pattern of living things on this planet, we are finally in
a position to try to achieve a glimmer of understanding with respect to the many molecular
codes behind protein synthesis. Protein is not made by a simple code or even a single code;
it is made by a complex system of complex codes. But at least now we have a better context
or worldview of living molecular systems than the one given to us by the classic paradigm,
and we are therefore able to appreciate just how complex, beautiful and miraculous these
codes actually are; not how simple and ordinary we insist on discussing them today. This
full appreciation will ultimately only come by recognizing the inherent power and
complexity of these molecular algorithms not by defining them in the simplest possible
terms.
Consider a single hemoglobin molecule. It is a fabulously common protein that is
synthesized in bone marrow by a blood cell called an erythroblast, and it is packaged in
large quantities into cute little discoid bags or “cells” called red blood cells. A red blood
cell is not a cell in the traditional sense; its one great function is to package and transport
hemoglobin throughout the body. A red blood cell greatly resembles a gigantic amorphous
liquid crystal of hemoglobin. Hemoglobin can exist in several different forms, and each
hemoglobin molecule itself is actually a composite of four folded polypeptide subunits of
two different types. It has distinct primary, secondary, tertiary and quaternary structures.
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These four protein subunits of hemoglobin automatically assemble within erythroblasts,
consistently, quickly and in a precise way. The whole complex conglomeration of a
molecule is designed by nature to be shaped “just so” with four iron molecules neatly
cradled in its heart. The total structure allows iron to pick up oxygen in your lungs and then
efficiently distribute and deposit it for essential molecular functions in all of the cells of all
of the tissues in your body. If hemoglobin is not constructed in your body properly, just so,
in just the right amounts, you will die. So this complex crystal, your hemoglobin, must in all
ways exist in equilibrium within the context of your cells and your whole body.
Your body is constantly making hemoglobin in equilibrium with your body. Some
estimates of adult hemoglobin have it at 4 X 1014 hemoglobin molecules per second
produced in a healthy adult human body. Wow! That’s four followed by fourteen zeros…
per second! Just imagine that. However, there are some instances when still more
hemoglobin is needed than normal. For instance, when you travel from Death Valley to
Denver your body naturally begins to crave oxygen and a molecule called erythropoietin, a
protein in the diplomatic form of a hormone, shows up at the doorstep of bone marrow.
Erythropoietin communicates a crystal message to your bone marrow. It politely signals
your body to start making more erythroblasts and more hemoglobin. Erythropoietin is not a
seed crystal for hemoglobin, but surely hemoglobin quickly begins to form when it is
around, just as if it were a seed crystal. It is instead a gene signal to change the global
equilibrium point of hemoglobin within your body, a signal that your body needs to get busy
meeting the pesky but vital oxygen needs of its new environment.
Hemoglobin is a crystal. It is an orderly arrangement of atoms built from four
separate amino acid strings. The alpha string has 141 amino acids and there are two alpha
strings. The non-alpha string has 146 amino acids and there are two of them in one
hemoglobin molecule as well. The average amino acid has roughly 19 atoms of varying
amounts of carbon, hydrogen, nitrogen, oxygen and sulfur. Therefore, every hemoglobin
molecule has a precise order or location in space for all of these roughly eleven thousand
atoms. Just imagine all the protons, neutrons and electrons! Your body is thus busily
arranging 4 X 1018 atoms precisely in space every second of every minute of every hour,
24-7-365, at the guaranteed expense of many hard won building materials and stored
molecular energy. Imagine a human factory this productive, relentless, efficient and
exacting. And all this fuss so that hemoglobin crystals will be in equilibrium within your
body. If each atom represented a pixel on a movie screen and there were 5,000,000 pixels
per screen changing 24 times per second, then your body handles the equivalent of the
information needed to project movies in 300 billion movie theaters non-stop. This is the
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information processing required only to make hemoglobin, and hemoglobin is just one of
hundreds of thousands of different kinds of molecules that your body must constantly make
to survive. From a purely computational standpoint, you are an ongoing molecular miracle
without even a close comparison in the computer world. This is no small trick of crystal
magic. What’s the trick?
If we were to imagine a container of water, carbon, hydrogen, nitrogen, oxygen and
sulfur in the exact right proportions, we could never imagine an equilibrium point for a
hemoglobin molecule. It will never happen. By the dead reckoning of pure entropy, even a
single hemoglobin molecule is a logically impossible molecule. There are so many choices
for these atoms to randomly configure that hemoglobin doesn’t even make the infinite list of
possible choices. The time of expectation that a hemoglobin molecule will form is beyond
infinite. The statistical probability is zero. The longer we leave this container in the sun the
less likely we are to ever see hemoglobin form. No number of monkeys pounding on no
number of typewriters will ever hit on the thermodynamic formula for hemoglobin no matter
how fast they type. Even if we were to imagine that the container was full of amino acids,
still, hemoglobin is literally an impossible crystal. Worse still, if we left a container of
actual hemoglobin in the sun we would expect the hemoglobin to quickly disappear.
Nothing but heat energy and time will always destroy and never create hemoglobin.
Thermodynamics and hemoglobin are not even uncomfortable acquaintances; they hate each
other. Even if we were to imagine a living cell with all of its components, but no “idea” of a
hemoglobin molecule, hemoglobin is statistically impossible. If we were to drop a
hemoglobin molecule into this cell that has no formal “idea” of how to make a hemoglobin
molecule, hemoglobin will not form around it. Hemoglobin is simply a thermodynamic
figment of the imagination.
Still, all of the molecular information of a hemoglobin molecule is completely
contained in a single hemoglobin molecule, just like salt, yet this information alone is not
nearly enough to create an equilibrium point for hemoglobin in space through time. It
would be like staring intensely at a floppy disk to try to see the digital image stored in a file
stored there. Hemoglobin is not a seed crystal for hemoglobin. This is why negentropy in
the limited sense described for a salt seed crystal above still cannot help us here. This is
why thermodynamics alone can never account for the structure of hemoglobin, neither the
first hemoglobin made on earth nor any hemoglobin molecule being made in your body at
this moment. There is a huge missing component in the story of how hemoglobin comes
into being with such known impressive fecundity. The arrow for hemoglobin is not merely

165

shortened as it is with salt; the arrow is flipped over, pointing in the direction of “piece of
cake” instead of “no possible chance.”
The missing magical component in the hemoglobin thermodynamic quandary is a
formal molecular code of behavior for atoms to blindly follow in space through time. It is
an algorithm, a crystal recipe, a set of well defined steps for putting atoms in their proper
place in space through time. It is not merely a quantity of information but a system for
providing the context for a specific quantity of information, and more importantly, a crystal
system for generating new, more complex information and new, more complex systems of
information. Not only does the hemoglobin molecule need to be made, but first it needed to
be found, and before that life needed to find and build the system of finding and building
hemoglobin. This takes time and hard work. It is nothing short of thermodynamic magic, a
molecular miracle. Anyone who fails to stand in awe of this simply fails to understand it.
Darwin provided the first clue. He essentially observed the kind of hard work that
Mother Nature is continually doing that ultimately leads to a thermodynamic equilibrium for
hemoglobin to exist within our bodies. He noted that life is a complex system in constant
equilibrium, and he realized the point of equilibrium would always change through time.
The many codes of behavior for interacting components of the system must also change, and
this simply must include all of the codes at all levels. The codes themselves must be in
equilibrium with the entire system, and those equilibrium points must also constantly
change. The older and more important is the code, the more important and complex is the
equilibrium. The oldest, most important and most complex codes should also be the most
breathtakingly efficient and effective. Every part of this system is selected for its ability to
achieve equilibrium and thereby to be able to persist through time. The entire system
rewards only those systems that will perpetuate the entire system of complexity.
The specific missing piece from the hemoglobin puzzle is the code that tells the
system what a hemoglobin molecule will be at equilibrium, and the precise thermodynamic
steps for each atom to achieve it without fail in space through time. All of the components
of the system are still obeying classic thermodynamic forces as they execute the code, they
have no choice, so they are not pushing up hill against the thermodynamic ideal of a
hemoglobin molecule at any single step in the process. The system anticipates the
thermodynamic behavior of atoms, expects it, demands it actually, but the sequence of
events is statistically scripted to the last tumble and “accidental” collision of every last
molecule in the system in space through time. Thermodynamics is not merely useful as a
messy, wasteful folding strategy; it is a global choreography for the complex dance of all
dynamic molecules within a cell. It is a go juice for the living molecular transit system. The
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system itself provides the global thermodynamic context for what hemoglobin will be at
equilibrium. The utter predictability of large numbers of “random” events ensures that the
molecules as a whole can trudge up the steep hill of entropy, time and again, and ring the
hemoglobin bell – against all plausible odds. The whole system is pushed or driven up this
hill over the long course of time by something that can only be called negentropy, but it can
also be seen as the hard programming work of Mother Nature as she makes choices and
stores her newfound molecular information in the very fabric of life. The information is
stored in the machinery itself, not merely DNA, but in the actual machinery that builds and
uses DNA as a means to perpetuate the system itself.
Each and every piece of this machinery and therefore each and every little step in
this process are like a molecular thought or idea, a hypothesis that assuredly has been
proposed in countless ways and tested countless times. The hard work was done by Mother
Nature in her acceptance or rejection of every single proposed hypothesis, and then she
merely stored all of the accepted hypotheses in the machinery itself. She is given choices,
decisively makes choices and stores those choices. In so doing over the long course of time
she has engineered a molecular system of information that rightly should take the breath
away from any human engineer or software designer. It is a negentropy system, a complex
system of molecular information. The data, the machinery and the algorithms of operation
are all molecular artifacts, time-tested winners in the system. The system and the codes
must all be perceived as orderly patterns in space and time, just like hemoglobin.
The codes of complex molecular behavior must be in equilibrium; they are codes for
defining more equilibrium at higher orders of complexity in the overall system. The gene
code detects the erythropoietin signal that the system is moving away from “normal”
equilibrium, and it triggers a chain of events that ultimately produces more hemoglobin.
The protein code dictates the complex thermodynamic actions of huge numbers of
“macromolecules” within the global crystal colony. The polypeptide code, in conjunction
with the protein code, ensures that the string of amino acids has the proper context as it
begins its “thermodynamic” path toward the system’s “idea” of a hemoglobin molecule.
Thermodynamic forces must ultimately hammer out the molecule, but only according to the
choices made by billions of years of running the system. Hemoglobin is robust, but there
are surely many potential obstacles in its thermodynamic path, so it would be best if the
polypeptide code could be as precise in time and space as is logically possible. Whenever
Mother Nature is given a choice she will make a choice. She is a serious engineer who
tolerates poor quality poorly. Her molecules, machinery and codes are her pupils, her
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products, and her army of future engineers. She trains them well and only the winners will
make it to the future rounds.
All of the codes in biology are nothing but blind algorithms to determine the
behavior of atoms and the systems they create in space through time. The codes provide the
contexts for various amounts of molecular information, and they themselves also need
context to exist. Recall the example of the digital image file. Any binary file becomes a
visual image only in the context of the computer and the graphics application that displays
it. The graphics application on a particular system of hardware running a particular
operating system is the total context for the quantity of digital information in the image file
that will become an image. The whole system is the code for making a colorful, meaningful
visual image from nothing but digits in a gigantic number. The machinery, applications and
the coordination of the entire system are the hard won products of human companies
investing tons of time, money and human engineering into their efficient operation. That’s
why they thrive in our culture. Mother Nature is no less industrious and no less successful.
However, the code of a graphics application is itself nothing but a large number, a
string of binary digits, and therefore merely a quantity of digital information. The data file
and the application file are both digital artifacts. The code itself must be developed before
any images will ever be displayed. Therefore, we should perceive biological codes as
tangible molecular artifacts, every bit as much as we perceive the hemoglobin molecule it
produces as a molecular artifact. They are artifacts of the hard work of molecular
engineering that Mother Nature has performed in space through time. The protein code is
not data; it is a “thing” that exists in the cell just like hemoglobin exists in the cell, but
unlike a molecule of hemoglobin, the code that makes it cannot be isolated in a single
molecule or in an instant in time.

Not everyone can understand a computer analogy for biologic codes, so let me give
you another example that I’m sure everyone can understand: consider a big-time college
basketball game. What is it? It is a complex pattern of human behavior that emerges from
complex codes of human behavior. A big-time college basketball game is expected to break
out with spontaneous regularity within the context of our modern culture. However, we
would no more expect a big-time college basketball game to spontaneously emerge from a
herd of kittens than we would a hemoglobin molecule to emerge from a solution of amino
acids. We have come to expect games to be scheduled and played with clockwork precision
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and regularity, but only as a result of thousands of years of cultural evolution and the codes
of behavior it has generated.
Think about the last game you went to. Impressive, was it not. The game was
scheduled, tickets were printed and sold, the television was abuzz with the breathless
anticipation of innumerable talking heads, the arena stood ready, the support staff
assembled, the lot filled with cars, the crowd packed the arena in orderly fashion, the teams
took the floor, the game was played, the officials applied the rigidly defined rules of play,
the game concluded, the crowd went home and the talking heads criticized every action that
occurred on the floor. Why were you so absolutely certain that this complex event would
happen, and happen in just the way you expected? There is nothing inherently linear or
“deterministic” about the event. It is a complex interaction between complex systems of
human behavior in space through time, and there are essential synchronic and diachronic
facets to the many algorithms that generated it.
As a member of the crowd you were an integral part of this event, helping to ensure
that it would happen. Before this complex event could take place, humans had to evolve,
invent language, invent universities, invent basketball, assemble teams, build arenas and
schedule games. You had to buy a ticket, get in your car and drive to the arena at the proper
time and place. Perhaps you had car trouble, or some other random event happened, like
road work and a detour, yet nothing short of physical catastrophe would stop you from
taking your assigned seat and helping to fill out the global pattern of the game. All of these
events and actions are the result of a blind algorithm for playing a basketball game.
Although the referees were the only totally blind participants in the actual event, the rest of
the participants “knew what they were doing.” Still, the algorithm itself was completely
blind, generic, old hat, entirely reliable in its execution, completely independent of the
specific people, places, teams and details. We can sit down and write out a series of steps
that will always generate a basketball game. Just because the participants carry with them a
set of instructions for their part in the drama and then consciously execute their part does not
mean that the event itself is not a result of a blind algorithm. However, this algorithm could
only emerge through time and much cultural evolution. “Work” needs to be done before an
algorithm can exist.
What makes us think that the steps for making hemoglobin, or the steps for making
the steps for making hemoglobin should be simpler, more linear, or any more deterministic
than playing a basketball game? All of the participants for making hemoglobin are totally
blind, to be sure, as are all of the algorithms they follow. However, the view one comes
away with after reading a cutting edge textbook in molecular biology today would suggest
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that there is nothing inherently complex about hemoglobin or its “genetic code.”
Hemoglobin is the way it is because that’s the way thermodynamics says it should be. Sure,
they pay lip-service to the complicated nature of events, yet the reader is given no clue about
the complexity of the actual algorithms that insentient molecules must use to make
hemoglobin, let alone the complex origin and basic design of those algorithms. There are
many molecular details in these books, the molecular machinery is fairly well described, but
it is perplexing to think about these details in light of the simple definitions of their codes. It
is hard to decipher what first principles could bring all of this about and ensure its success. I
suppose there is only so much class time to cover “the genetic code” but don’t you think that
this codon table is a wee bit disingenuous?
Each molecule, no matter how simple or complex, must carry around with it the rules
for its own behavior. Where on the back of a molecule shall we stick this codon table? Is
there a reason why we should believe this will work, and if so what is it? There must then
be a more general set of rules that guides the behavior of the system as a whole. All of the
rules and systems must have a past that logically led to their existence and follows the
general rules for global behavior. We cannot merely posit that the whole thing appeared, by
a single accident, meteor or otherwise. Any system that was capable of that kind of “happy
accident” would be fundamentally different from the system we currently have and can
witness here on earth.
The codes of life are the rules that govern molecular behavior. Consider a basic code
of human behavior, like the United States Constitution. It is a human artifact that has
evolved through time, but we can easily locate it in time and space. It is written in the
human language of English, but it is also a language unto itself. It is a language that was
used to make the more complex language of laws and governance in this country. It is the
machine language of laws that govern many forms of human behavior. It is a language of
the people, by the people and for the people. The protein and polypeptide codes are at
bottom no different. They are codes that govern molecular behavior, of the molecules, by
the molecules and for the molecules. They are molecular artifacts that are carried in space
through time by the molecules themselves. Going still deeper, perhaps the periodic table of
the elements is something similar yet still more primal. Perhaps it too can be placed into an
all too clever Kepler-like geometric arrangement and reveal still more of its fractal secrets to
us.
Consider the rules for making hemoglobin. They are carried in a cell, not DNA, but
in the whole cell. The very first cell that became you could have contained these rules,
somehow, yet it made no hemoglobin. Why not? There is no hemoglobin seed crystal that
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later appeared and then taught your cells how to make hemoglobin. Actually, the first cell
makes no hemoglobin because the rules for making hemoglobin are not really in the first
cell. There is no gene code for hemoglobin in your zygote. However, and here is the
important distinction, the rules for making the rules and thereby generating a future system
for making hemoglobin are in the first cell. The hemoglobin algorithm only actually
emerges from the complexity through time that becomes a complex colony of cells that is
you. The gene code for hemoglobin only emerges in your erythroblasts as the product of
time and complexity and as a result of your genetic code in operation. Your genetic code is
a complex, evolute process of creating more codes and more complex codes through time.
From the starting point of relatively small amounts of molecular information, huge amounts
of more complex molecular information are generated.
What’s more, the specific hemoglobin algorithm itself changes at least once in you
when it switches from your fetal hemoglobin algorithm to your adult hemoglobin algorithm.
The hemoglobin algorithm itself is complex in every way. It provides global direction in
both time and space for the behavior of complex colonies of insentient molecules and cells
at every level of the process. When each molecule executes its role it is given instructions in
time and space for its precise behavior in time and space, yet the molecule itself has nothing
but the rules that it can carry on its back during its random, thermodynamic existence. Still,
somehow the whole event of making hemoglobin comes off without a hitch, time and time
again within the larger context of complex colonies of molecules and cells.
Think of the human womb. It is life’s way of creating a tightly controlled
environment in which the genetic code can work its magic. The womb is actually an
essential part of the genetic code. A single cell in the womb can conduct the events in space
through time by which one cell becomes the stunningly precise and staggeringly complex
colony of trillions of cells that is a human baby. And this molecular miracle is achieved in a
remarkably consistent way and a surprisingly short 270 days. Think of the complex
molecular organization and the massive increase in molecular information during this
process. Now, think of the complex molecular organization and massive amounts of
molecular information that must have gone into the process of creating the process. In much
the same way each cell acts as a protein womb, a tightly controlled environment in which
and for which the protein code exists. In the same way that the genetic code leads a single
cell on a path to trillions of cells that are unique protein wombs, the protein code leads to the
complex colony of proteins in each cell.
The gene, protein and polypeptide codes are merely sub-codes of what rightly should
be called a genetic code. It is every bit as complex – and then some - as the pattern of
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algorithms ensuring that a basketball game will spontaneously assemble in space through
time. A single cell directs the genesis of a far more complex population of descendent cells.
This complex colony of cells is entirely dependent on proteins to coordinate their existence,
so the codes of protein must be up to this task. The environment will constantly throw new,
unexpected challenges at the colony through time, and the winning colonies will be the ones
that can quickly find the most efficient and effective solutions to those complex challenges.
Just as the rules for a basketball game had to evolve but are now embedded in the
participants and their cultural context, a genetic code had to evolve in space through time
and is now embedded in a single cell. It is not contained in the DNA, although DNA is a
vital part of the machinery and the algorithm. Critical events only emerge from the context
of the entire system. We could never read the genetic code of a single life form by merely
studying its DNA. That would be all quantity and no context. It would be like trying to find
the picture in an image file without a graphics application.
Just as we cannot remove the gene code from the context of the genetic code without
destroying it, we cannot remove the genetic code from the context of the epigenetic code
without utterly destroying it as well. Looking at all life forms and looking at the history of
the entire system is the only way to supply the context for any individual life form. You are
not significant because of your DNA, in fact, your DNA is insignificant in the broader
context. Your DNA is statistically just one node in a very large networked pattern of space
through time. You are a living hypothesis existing for the purpose of proposing entirely new
hypotheses for the future. Your DNA will not replicate and it is fully expected to not
replicate as “your information” propagates through the network. The task for your DNA is
not to repeat molecular information but to generate novel forms of information. Your
information does not propagate through the network but the network itself propagates. The
whole network system, at all times and at all levels is in equilibrium. In fact, it is
equilibrium that it seeks, yet the point of equilibrium is in constant motion. The general
direction of the point of equilibrium is moving toward increased complexity, so the most
prized patterns in the network are the ones that can form a platform to advance the relentless
search for more complexity.
Likewise, the epigenetic code cannot be removed from the basic codes of the
universe. However, the logical result of this negentropy process of relentless molecular
information management that is life is that the thermodynamically impossible becomes
possible and the unlikely becomes certain. Perhaps it is merely a limitation of my feeble
brain or a failure of my imagination, but I cannot imagine how a universe governed only by
the second law of thermodynamics could ever achieve this result. There must be something
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fundamental missing at the bottom of our understanding of this law. Perhaps it can
somehow be tortured into mathematically producing this clever trick, but I have no hope of
ever understanding any such explanation. I certainly will never understand how any
fundamental code of living molecules could ever at bottom be governed by entropy alone.

“From Delbrϋck’s general picture of the hereditary substance it emerges that living
matter, while not eluding the ‘laws of physics’ as established up to date, is likely to involve
other ‘laws of physics’ hitherto unknown, which, however, once they have been revealed,
will form just as integral a part of this science as the former.”
Erwin Schrödinger - What is Life?

So Simple it Plum Evaded Us
We can easily jettison some of the false simplicity behind the classic paradigm by
changing our basic view of the codon table. First impressions do make a difference, and the
codon table immediately defines the code in simple terms today. It is the most obvious and
visible icon available. But the standard codon table is merely a way of organizing and
displaying the most basic data involved with the code formerly known as genetic. The
standard codon table is so simple, useful and innocuous that it is hard to see how there could
be a problem with it. However, our standard view of codons has led to several distortions in
how we see the data, setting the harsh tone of simplicity in how we perceive molecular
information. It also dimly colors our view of the origin and the ultimate function of the data.
Once we realize that the origin, operation and even the data itself is complex, we can begin
to actually try and understand the code behind it.
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The standard table is, of course, a subjective way to arrange the data. At some level
it always must be an arbitrary arrangement, and the standard table is not a very good one at
that. Also, this structure implies that amino acids are “assigned” to codons, when in fact
codons are at best assigned to anti-codons. The anti-codon is associated with a distinct
tRNA molecule, and it is the tRNA that are assigned to amino acids. So there are two levels
of molecular association between codons and amino acids, with no direct linkage governing
a codon-amino acid pairing. The table also subtly but significantly fails to capture the
overall scope of the translation system. It assumes that a codon in its reference reading
frame is the only significant context that needs to be addressed regarding assignments in the
code. We are not required to look at it in only this way, and there are indeed more
enlightening ways to consider the issue in general.2
The standard codon table strongly promotes an entirely codon-centric view of protein
synthesis. To break free of this improper perspective we must rethink the way we view the
actual data. We can start by conducting a simple thought experiment. Let us imagine that
today we are put in charge of filling out the codon table. At this time, all of the molecular
machinery is in place, just as it is now, but the data could still fall into any pattern within the
table that we choose. Magically, we are now solely the ones responsible for making codon
assignments within the codon table. So, how do we go about this vital task?
The most important question we need to ask ourselves before we start is: what is the
function of the code that uses this table? At the lowest level the code functions to translate
sequences of nucleotides into sequences of amino acids, so from that standpoint our task is
to assign amino acids to nucleotides. However, we also now know with total certainty that
nucleotides are read not one at a time but three at a time, so our task appears quite clear –
assign amino acids to codon triplets. If we take this bait – again - we will miss several
logical and important realities. I should hope that by now it is obvious that the codes for
making proteins do not merely string together amino acids; they create polypeptides and
whole proteins. In fact, they create all proteins. A single codon is never translated in
isolation, so a single codon assignment never has any biological meaning in isolation.
Codons are always translated within an entire sequence, and that sequence is destined to be a
fully formed protein, and that protein will exist in and interact with an entire complex
population of proteins.

2

I have provided elsewhere a more comprehensive description of a better graphic representation of assignment
patterns. I will not repeat it in its entirety here, because that would take more space and graphics capability
than are available. However, I will provide the following quick review. Interested readers can see a more
colorful graphic version on the website www.codefun.com
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From this broader view, the appropriate context for our task now becomes: assign
meaning to entire sequences of nucleotides. We presently do not know all of the factors that
determine the final form of a protein, so we cannot completely know how to perform this
broader task. Nonetheless, we can think about the general concept of assigning meaning to
an entire nucleotide sequence, and thereby gain a new global perspective on the data pattern.
Once we shift our attention from a single codon to an entire sequence of codons, we
are also in a position to realize that we are simultaneously assigning a meaning to all
possible sequences. Our task is not to focus on isolated codons or even a single sequence of
codons; it is to assign the translational meaning to all possible sequences of nucleotides, a
much bigger task than we initially guessed. Of course, some sequences will be more
important in the overall scheme of things than will others. Clearly, not all nucleotide
sequences are equal. For instance, any nucleotide sequence that is translated – or that might
at some point in time be translated - is far more important than any sequence that in all
likelihood will never be translated. The statistical probability that any modestly sized but
totally random sequence of, say, one thousand nucleotides ever getting translated is virtually
zero. There are simply too many possible sequences and not enough time or enough
molecules in the universe.
To offset this we must remember that the translation system we are given is an
inherently symmetrical system. There are several kinds and levels of molecular sequence
symmetry built into the very foundation of the translation system itself. For instance,
nucleotides in DNA form complimentary pairs. Sequences also have a proper reading
direction, and they all have a standard reading frame of three nucleotides. So, given any
sequence of nucleotides that actually is translated, there are many additional sequences of
nucleotides that are highly likely to be translated, highly likely that is when compared to any
random sequence. Compared to a random sequence of nucleotides, a frame-shifted
sequence of an actually translated sequence has virtually 100% chance of also being
translated at some point in time.
Due to these inherent system symmetries it is not adequate merely to address a single
codon within the context of a single reading frame, because codons are never translated in
isolation. Codons are always translated within a sequence, and every sequence is
susceptible to simple symmetry transformations based on the inherent symmetry of the
system. At the same time that meaning is assigned to a sequence in the reference frame it
must also be assigned to all possible symmetry transformations of the sequence as well.
After all, codons are not re-assigned after a symmetry transformation; they are pre-assigned
before any and all transformations. In this context our task must now at least include
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simultaneously making a codon assignment for the reference codon, the compliment, the
inverse, the forward shift and the backward shift of that codon in all sequence
transformations. Codons must also be assigned to all combinations of these transformations,
like the inverse compliment, which is the “non-coding strand.” Others must be addressed as
well, like the inverse-compliment-forward shift, for example. The global pattern is assigned
for all possible point mutations to boot - quite a complex and difficult task, to be sure. But
we know that this data table reflects the logic of a molecular code, and we know that the
code must be in equilibrium, so we need to consider all of the forces that will bring it into
equilibrium.
What started as a simple, straightforward task of assigning codons to amino acids
seems to have become a real brain buster. But at least now we can see that there are many
contexts within which we must view any codon assignment. So we can rightly conclude that
assignments are not made to individual triplets so much as they are to individual nucleotides
and all possible contexts for those nucleotides. In other words, codons are probably not the
single most appropriate unit to address when considering the global assignment pattern. By
focusing on codons alone, or by being codon-centric, we have merely obscured the global
meaning of any assignment pattern that we might find. In so doing we have missed the true
nature of the actual pattern of assignments that the master programmer, Mother Nature, has
given us.
To tackle our daunting task of making efficient assignments we could take the broad
perspective and consider the assignment of all possible sequences of nucleotides, or we
could take a more focused and workable perspective and consider all possible contexts for
any single nucleotide. Both of these perspectives are, in my mind, functionally equivalent to
the extent that we presently know the actual workings of the system. But either perspective
is superior to trying to simply address the issue at an individual codon level.
It has long been noted that the middle nucleotide in every codon is the strongest
nucleotide for deciding any codon’s assignment. This makes the most sense once we realize
that the middle nucleotide is the anchor for all of the potential symmetry transformations of
any codon. It stays put during inversions, and it is simply mirrored by its compliment. The
second nucleotide is also the only one to stay in both a forward and backward shifted codon.
However, the middle codon cannot act alone with respect to the global effects of a system of
symmetry. It must act in concert with a spectrum of key properties within the assignment
group. In this limited case the nucleotides must act in concert with a set of twenty amino
acids. I must emphasize that I am grotesquely neglecting the importance of peptide bonds
here by focusing on amino acids, but this exercise is strictly about the codon table.
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There are two dominant properties in the standard group of twenty amino acids. The
first is water affinity, or how well an amino acid interacts with water. This molecular
property, water affinity, will act in concert with the thermodynamic and electrostatic forces
of water to strongly determine the shape of a folded protein. The entire group of twenty
amino acids, it just so happens, displays a smooth gradient of water affinities that runs from
extreme water loving to extreme water hating. Individual nucleotides generally prefer that
water hating amino acids are assigned to ‘U’ then ‘G’ and the water loving start with ‘C’ and
are most prevalent with ‘A’ (the nucleotide called adenine). This water affinity gradient is
most strongly correlated with the second nucleotide in the codon, as expected, and it is more
distantly followed in importance by the first nucleotide in the codon, and the least correlated
with the third nucleotide.
The second significant general property within the set of amino acids, besides water
affinity, is its overall dimensions. Or in a more limited view, the second significant property
involves the degree to which an amino acid allows flexibility around a peptide bond. The
most flexible is glycine, and the least flexible is Proline. These two amino acids are the
most pronounced with respect to bond flexibility, and they usually act in concert in a
polypeptide sequence. They are mirrors or opposites in this regard, but they work together
within the normal structure of protein. Glycine and proline act as a swivel and a latch within
a peptide sequence to form secondary structures in proteins known as loops and turns.
Furthermore, with respect to water affinity they straddle the very middle of the gradient.
Glycine is slightly water hating and proline is slightly water loving. Once again, they are
mirrors.
All of the amino acid properties in the standard set must act in concert within the
global structure of the language. Overall, the inherent symmetry structure in the translation
system forms a dual mirror with two major axes made from four nucleotide poles: A:U-C:G.
In other words, the basic logic of nucleotides forms a tetrahedron. The first axis is centered
on the A:U base pairs, and the second axis is centered on the G:C poles. These two axes are
balanced; they work together in the pattern. The water affinity runs smoothly across all four
poles from U:G:C:A, and the peptide flexibility bisects this gradient, just like we’d expect
from the logic of a tetrahedron. As a direct result of this balanced symmetry pattern, all of
the nucleotide sequence translations can miraculously retain a measure of global meaning, or
they can cleverly reverse their meaning whenever they are transformed. This is a
remarkable fact that must be due to both the symmetry of the system and the symmetry of
the data pattern. The code must be in equilibrium, and the logic of geometric symmetry is a
good way to equilibrate the logic of any code.
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Now, looking back at it from the standpoint of our complex task of making
assignments in the codon table, and seeing the global symmetry of existing patterns, it seems
unlikely that we will ever come up with a better pattern than the one we are given to start
with. It looks like Mother Nature deserves an A+ for her hard work here. However, we can
now also guess that there is a better way to illustrate this pattern of assignments, a better
map of the data than the standard codon table.
Once we note all of these system symmetries we must realize that the actual pattern
of assignments cannot be fully appreciated in any single table of codons. It would take
multiple maps covering all possible transformations to see all of these symmetry groups of
codons and how they are maintained across the many possible transformations. However,
when this multiple mapping is done, the general logic of the global pattern of amino acids is
seen to be retained to a remarkable degree within the entire set of maps. Therefore, the
pattern of codon assignments reflects not a single table but a matrix of assignments between
nucleotides and amino acid properties.
To begin making a better single illustration of this assignment matrix - to make a
data picture that allows us to more easily see this elegant pattern - we will, ironically, visit
an entertaining curiosity from the era of the classic paradigm. In 1957, George Gamow
proposed a model of codon assignments called the compact triangle code. It was a model
based on cyclic permutations of nucleotide triplets, and it quickly turned out to have
absolutely no utility whatsoever at the time. This small oversight of what in reality is a
useful logic pearl is yet another reflection of the improper mindset at the birth of the classic
paradigm. We are now finally in a position to see where they went wrong with Gamow’s
map.
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Fig. 5. George Gamow’s Compact Triangle Code
This model is instructive today in several ways. First, it says that all codons are not
equal, which is absolutely correct. Gamow noted three types of triangles based on the
distribution of different nucleotides in the triangle. He labeled the three triangle types α, β
and γ. By the time I came across Dr. Gamow’s work, I had already rediscovered and
renamed them as three classes of triplets: primary (α), secondary (β) and tertiary (γ). I had
also already gone on to note that there are really six basic types of codons depending on
which nucleotide in each triangle start the triplet permutation. There is one primary codon
type (i.e. CCC), three secondary codon types (i.e. CCA, CAC, ACC) and two tertiary codon
types (i.e. CAG, CGA). Different types of codons will logically behave differently during
all forms of symmetry transformations, so they each have their own unique contributions
within the overall assignment pattern. In fact, when codon sets are broken out by class and
type, each set shows a pattern similar to the global pattern, at least with respect to water
affinity.
The model gained little attention for utter lack of utility, and it was based on faulty
translation mechanisms, but it can still be instructive to us now. Unfortunately, Dr. Gamow
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made several mistakes with his compact triangle code model, which I partially attribute to
the fact that he was misled on the details by the chemists in his search for a logical code. He
understandably failed to consider the individual permutations or actual codons located
within each triangle. Each triangle in Gamow’s model essentially must be a single codon
even though some triangles really contain six distinct codons. But that was the essence of
his coding proposal, and it was designed as a logical compaction of the data. He also failed
to realize that all of the triangles could be precisely related to all other triangles within a
global assignment matrix. In other words, had he realized it he could have equilibrated his
model globally. I’m sure that if he had seen this he would have been tickled to do it. He
was, after all, an accomplished, fun-loving cosmologist, and all twenty of his triangles could
have been combined to form a larger, more informative pattern. It is a shame that he didn’t
live to eventually see the global pattern and how it logically operates. He would have loved
it.
Gamow’s biggest oops, in my opinion, was that he never bothered to test his own
model. In fact, the model was never rigorously tested by anyone, to my knowledge. They
assumed that it was completely worthless. Had it been tested, they would have surely
noticed the significant fact that it is perfectly wrong. This is remarkable and useful for its
extreme improbability. It is not completely wrong - it is perfectly wrong – and there’s a
difference, I think. Being perfectly wrong about anything is hard to do, second only to being
perfectly right. Or perhaps it’s even harder to be perfectly wrong, because you must be right
about everything except one crucial thing. This kind of inversion between completely right
and completely wrong is the result of the exact same false premises that caused the central
dogma to come out backward as well. I think that all of the backward thinking in the classic
paradigm is merely a spin-off from the two-horned monster of the thermodynamic
hypothesis of protein folding.
A calculation of the odds against randomly generated perfect wrongness in this
particular model is somewhat of a traveling salesman problem, so I don’t know precisely
what they are, but rest assured that they are long odds indeed. There are too many
contingencies in the “all possible” scenario of this code to actually calculate the odds. Long
odds against something that actually happened is not exactly “proof” of anything, but it
should cause us to pause, if only for a moment, and wonder about the circumstances that
might lead a certified genius to propose a simple model that subsequently turns out to be
perfectly wrong. It is actually quite likely that the perfection of Gamow’s wrongness belies
an element of rightness. The element of rightness in Gamow’s model is that the pattern of
codon assignments in nature is based on global symmetry and cyclic permutations of
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nucleotide triplets. Furthermore, Gamow was trying to cleverly get rid of the “redundancy”
in the code. He wanted the code to somehow say less with more, but the code, as it turns
out, used the symmetry of cyclic permutations to say more with less. But Gamow and the
rest of the founding fathers of the classic paradigm failed to realize that he had proposed a
specific pattern within the model with essentially no sequence symmetry features, when in
fact the actual system and its data demonstrate total symmetry. It was a big clue, and they
missed it, because they had other ideas about how things should be. In retrospect, the
logical foundation of the model was good, but the entire system they were modeling was
based on way too many false premises.
Here is how I tested the model. With his clever model Dr. Gamow essentially made
two kinds of predictions that were never tested. He predicted the pattern of triangles, and he
predicted the pattern of redundancy of codons within triangles. Now that we finally have
the actual data (we got it in the mid 60s) we can test both predictions.

For a triangle to pass it must be assigned:
•

a single amino acid. AND

•

an amino acid not in another triangle.

For a codon to pass it must:
•

be in a passing triangle. OR

•

share a triangle with any “synonymous” codon.

These represent relaxed Gamow rules, or the loosest possible criteria for passing any
single component of his model. I think we can all agree that we’re giving Dr. Gamow’s
model every benefit of doubt with this test, so it seems likely that a couple of triangles and at
least a handful of codons might pass by chance alone. In fact every triangle and every
codon fails this test. The model got eighty-one items wrong and none right (STOP is not an
amino acid and Gamow neglected STOP codons). What are the odds?
As mentioned earlier, a group of particle physicists later found another curiosity in
this same data: codon distributions strictly obey rules of super-symmetry. No practical use
has been found for this mathematical observation, that I know of, but it is an entertaining
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and unmistakable clue to broader patterns within the structure of the language of proteins.
The link between these two clues – Gamow’s perfect failure and codon super-symmetry - is
that there is in fact an elegant complex symmetry hidden in the pattern of codon
assignments. The trick in finding it seems to be in figuring out how to look. The first
problem of ways tried so far lies in the narrow and blatantly subjective way that the data is
usually presented. Virtually every imaginable way to look at the codon table has been tried
except for the only objective way to actually do it. The classic codon table, a four-bysixteen grid, is horribly subjective and must always be so. Yet even the most useful
subjective arrangement, one that orders nucleotides as A, C, G and U on the gradient of
water affinity is rarely if ever used in this table. However, when this arrangement is used,
an obvious progression of amino acid water affinities can be seen running from top left to
bottom right in the table. But this pattern itself is merely a sub-unit of the overall symmetry
in the global pattern, so we actually need a truly global way to see the pattern.
An objective way to arrange the data, and therefore objectively consider its true
patterns, is found by placing it on the surface of a sphere. (Yes, it is just like the movie,
Contact.) This is a global way to see the pattern because it literally is a globe. It’s a logic
structure for data that could globally equilibrate, whereas a spreadsheet tends to just lay
there in perpetual linear disequilibrium. However, if all of the components of the data are
evenly distributed on the surface of a sphere they form a perfectly symmetrical data
arrangement. This should be seen as a balanced information network of only twelve distinct
nucleotides. I say twelve distinct nucleotides – not four - because each nucleotide can be
clearly differentiated from its two “synonymous” brothers on the map by simply noting the
nucleotide on the direct opposite side of the sphere. This tells us immediately that a given
nucleotide will never be in a codon with the nucleotide on the opposite side of the pattern.
This is useful information in studying the pattern, a most helpful notational trick I call
“McNeil subscripts” in honor of their creator, Mike McNeil. Molecules always balance the
information of what is and what is not, what is there and what is missing, like electrons and
their binary property of spin. This map is a balanced network of opposites, and knowing the
opposites is always handy. It is like the Pauli Exclusion Principle of the codon matrix
telling us that no two things can be the same thing, merely one more example of the elegant
and truly informative nature of the universe.
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Fig. 6. The Codon Matrix and G-Ball
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This spherical pattern can be considered as an assignment of amino acids to
individual nucleotides as well as defining all possible contexts for each of those nucleotides.
This, of course, is the task of the original thought experiment. Each individual nucleotide
can be seen in the context of all of the sixteen possible codons in which it can somehow
appear. It is not an assignment table but an assignment matrix. This nucleotide matrix can
be described as a platonic ideal form or simply as a dodecahedron, and Dr. Gamow’s
triangles are magically transformed into an icosahedron of all codons.
The only other way to configure the nucleotides in this fashion is to swap any two
nucleotide poles, and this will form a stereoisomer or mirror of the above map. There are
only two ways to fit the data on a dodecahedron in this way. The arrangement shown here,
which we might call the l-form, is a more aesthetically pleasing pattern compared to the
mirror d-form, but this degree of subjectivity can hardly be considered significant. If not
completely objective, then this arrangement is virtually an objective pattern, and from it we
can see that the very nature of the system, as well as the data, is one of symmetry. The
system of using complimentary pairs of three consecutive nucleotides is a highly
symmetrical system, and we can see that the data has equilibrated within it. Triplets can be
inverted, shifted in two directions, or complimented. Additionally, any triplet can be
arbitrarily transformed by a point mutation. This overall system symmetry is further
reflected in the pattern of amino acid properties in the actual data.
Even this more enlightened treatment of the data suffers from some of the drawbacks
of the standard table. It is still only a representation of the relationship between nucleotides
and amino acids, albeit a much better representation. It does not address the participation of
anticodons and tRNA in the system. What about peptide bonds? Who knows, but it seems
like a natural framework of components on which structural information might be built. It
could eventually say something to us about the peptide bonds that these assignments must
make, but we still do not have that information. We continue to wait for science to tell us
how this actually works. I am betting that the structural information is somehow there and
that it too plays off of the natural symmetry of this language of proteins. However, the map
is still not a code but merely a data representation of a code. It is a three-dimensional map
that fits on a ball that I call a G-ball. The patterns of the data can reflect the patterns of the
code, but they cannot be mistaken for them. The code itself is far more complex, and it is
carried by the molecules that execute the code - not the map that illustrates it.
It is interesting to note that the general shape of a tRNA molecule greatly resembles
a golden triangle. If humongous tRNA molecules were attached to this map, their
anticodons would fit on the surface and their bodies will fit quite well together, extending
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the exact same general structure greatly in space. This is perhaps a coincidence, and perhaps
not. It seems that a crystal erector set for engineering the fine construction of complex
crystal shapes would benefit from a tight fitting of its pieces. The extension in space would
be an easy way to magnify any perceptible molecular information, no matter how slight.
Mother Nature used the dodecahedron to store genetic information; she used the
dodecahedron to create contextual symmetry in the logical structure of the language that
translates genetic information, and she probably uses the dodecahedron to organize
structural information in that language. It is mind boggling to me how anyone could ever
reject the dodecahedron as the essential starting point for understanding this code. Perhaps
Mother Nature really is more clever than we are. Perhaps we are really just less clever than
I ever imagined.
There can also be expected to be more levels and kinds of symmetry in this data. For
instance, the exact same nucleotide sequences that record protein data must also contain
other translation information, and they all must be recognized by many of the same proteins
whose data they contain. So the code for making sequences must be shared with the codes
for recognizing sequences. We therefore must see that there is a huge natural element of
recursion in the system, a complex element that we cannot easily guess from this map.
Furthermore, the many proteins made from this code must be able to easily recognize each
other, and that ability should seemingly also somehow be reflected in this data pattern. So
the system is based on multidimensional complexity not one-dimensional simplicity. The
operation or output of the system should rightly be expected to be non-linear, and so it is
actually good that it is in reality non-linear. A linear system should make no sense to us on
any level.
The code that life uses to make protein is a complex crystal code executed by
complex colonies of crystal computers. The code itself is not contained in any of the
participating crystals but in the interaction of all of them in space through time. It is a
complex crystal code of complex crystal systems used for the purpose of making more
complex crystals. The data itself is not the code but merely a subset of the polypeptide code
- used by the protein code -used by the gene code - used by the genetic code to make
proteins. The code formerly known as genetic is not even significant enough to make the
current list of codes. The information contained in amino acid sequences was thought to be
all-encompassing, when it is in fact the minimum of the actual information involved in all
translations. It is an anemic subset with no logical chance of forming a coherent larger
system. The classic paradigm describes a code of molecular composition when logically the
real code is one of molecular structure on many different levels. The actual code engineered
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by Mother Nature was not designed to make a single protein but to make all combinations of
all protein populations in all circumstances. This code must have the power and flexibility
to perform this complex task, and so we should be quite pleased to finally learn that it does
appear to have this level of power and flexibility. The particulars are still unknown.
We can now easily see why the standard codon table is such a poor substitute for a
code of life. But, in retrospect, it is the perfect icon for all that is wrong with the classic
paradigm. It is a dreary visual icon for a still drearier and fading scientific icon. It is a twodimensional map of a one-dimensional data set that was inadvertently mistaken for a code.
The first false premise of the classic paradigm was that we could somehow find within the
data a code that operates on the data, when in reality the code is not actually in the data.
However, we can now see in three dimensions that the global pattern of the data still reflects
some of the properties of the code, but only if that data is put into its proper context.
This brand new three-dimensional presentation is clearly superior, especially when
actually viewed in full color and on the surface of a sphere. It does everything the onedimensional spreadsheet does and so much more. It sends a clear message of symmetry and
equilibrium as we begin to think about the complex relationships between all of the
components of the system and how they might actually equilibrate. It certainly does
highlight the inherent symmetry of the system, because nothing says symmetry quite like a
sphere. It has the added advantage of actually being a ball, because everyone loves a ball.
This ball is especially fun when painted with all the pretty colors of the rainbow to reflect
the actual water affinities of the twenty amino acids. New patterns emerge. We can then
see the perfect symmetry of the codons and their patterns of assignment.
The G-ball is the most symmetrical, objective, and paradoxically from a purely
informative standpoint, it is the most compressed form of the data possible. It certainly
sends the right message when we start to think about the clever handiwork of Mother
Nature, and it is ten times more fun to toss and kick around than a spreadsheet. I honestly
gag whenever I see that damn look-up table (that comically got named the genetic code) for
all the confusion and trouble it has caused us, for all the wrong signals it sends to innocent
children. Please remove it from its central position. It is time for a new paradigm, and so it
is great to have a fabulous, new, colorful, and unbeatably fun visual icon to lead the way. It
is past time that we should have a new scientific icon for our future playgrounds of body and
mind.
We can also use this physical representation as a real, epistemic tool to help convince
ourselves of the strong symmetry in this data pattern. One can make the following
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observation, or you might say we can use a simple graphic formula on every triangle in the
pattern:

Fig. 7. The Codon Matrix Triangle Symmetry Key
This key is used as follows: For any codon in the codon matrix we can quickly learn
the approximate outcome of all basic transformations from the assignment of other codons
in only that same triangle. This is the exact opposite of the pattern predicted by Dr. Gamow,
which is why he turned out to be perfectly wrong. For instance, starting with the codon
made by B1B2B3 (Reference Codon) the result of a forward shift will be generally
anticipated by codon B2B3B1 and a backward shift will be anticipated by B3B1B2, both of
which are but one actual frameshift out of four possible. However, the whole pattern of
assignments is such that any one of the four possible outcomes will approximate the other
three to a remarkable degree. Wobble gives us one strong half of this formula, but a more
complex arrangement of all wobble groups is needed to give us the other half of the
frameshift pattern. Remarkably, Mother Nature found that other half by weaving the wobble
groups together, just so, in a complex global pattern. The inversion of the reference codon is
quite literally B3B2B1. Point mutations are generally approximated – to the extent that it is
mathematically possible - by the original codon. Compliments are generally complimentary
to the original codon with respect to the properties of their assigned amino acids, again a
trick that can only be achieved by a careful, global assignment of all codons.
This graphic tricyclic permutation formula might not seem significant at first blush,
but the ability to make these kinds of observations in the pattern – to any degree at all - is
extremely unlikely to happen in any random set of data. So, we must ask: Is there really a
strong pattern of symmetry in the codon data? Res ipsa loquitor. It is a difficult overall data
property to achieve, but it has been achieved in the actual system that nature uses. Compare
the results that nature got with the anticipations of nature reflected in the model that Dr.
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Gamow proposed and we can begin to see how his seemingly insignificant model might
actually turn out to be perfectly wrong. The fact that we can actually do these mathematical
symmetry tricks with the data is the result of natural selection having found a highly
symmetric arrangement of data within a highly symmetric system of translation. It reflects a
clear equilibrium point in the forces acting on the code. Mother Nature must indeed be one
heck of a mathematician.
The shear improbability of this pattern virtually guarantees that the pattern is no
random accident. Of the nearly infinite number of ways that an assignment pattern could be
made in this data, virtually none of them would display these symmetry properties.
Therefore, it is safe to conclude that data symmetry is an artifact of an engineering
achievement given to us by natural selection for a specific reason. It must serve some
purpose, and we will address that in more detail shortly. However, we can now aver with
confidence that prior speculations about the cause and function of codon assignment patterns
seem to suffer from a basic deficiency: they have failed to recognize the actual pattern of
codon assignments. It turns out that there is no logical need to propose a meteor strike.
Prior conjecture about assignment patterns will fall into the same historical category with the
conjectures that were made about geologic formations before the discovery of plate
tectonics. They are faulty because they are based on unknown factors, overlooked clues and
false premises.
From now on, ‘symmetry’ should be the simple answer to the question of why the
pattern of codons looks the way it does. The system is designed for symmetry and by
symmetry to give us the patterns we see today. Natural selection has carefully assembled
the components of the system not in isolation but in whole sets of constantly interacting
crystals. Each component must be interchangeable with the next so that symmetry can be
maintained. This is the simple answer to why every amino acid is the l-form of that amino
acid. Imagine the disruption to the symmetry operations if a smattering of d-forms found
their way into the assignment matrix. Also, why did nature limit herself to just twenty
amino acids when there really is no logical upper limit to how many it could use (think
tRNA) and why were those magic twenty apportioned exactly the way they are? The
answer, again, is symmetry. Twenty represents an optimum in the global pattern when we
begin to consider that amino acids are just one of many dimensions of information in this
language. Account must also be taken of structural information at all levels of protein
structure. This specific set of twenty amino acids in this specific pattern is probably the
most effective set when all translations of nucleotide sequences are considered
simultaneously in all possible dimensions. This is, of course, pure speculation, but at least it
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is a kind of speculation that begins to bring forward a logical selection pressure that would
have a real stake in the ultimate pattern of codon assignments. It is a selection pressure that
could have strongly acted in the past, at the very beginning, and it could still be acting across
all cells and back through time. It is not the static pattern of a frozen accident, but a
dynamic pattern of dynamic crystals in equilibrium.

It is monumentally ironic that things would go the way they did. The search for the
code of life was triggered by the discovery of the crystal shape of DNA, the double helix, or
the shape of the data that stores genetic information. Yet nobody stopped to ask about the
shape of the logic behind the code of life, and they turned out to be the exact same shape!
Logic is a tangible artifact of nature and logic can indeed have a shape. We might begin to
expect that any basic molecular logic will always have a shape. What else do molecules
have? After all, “The greatest scientific discovery of the twentieth century” was deemed to
be the discovery of the shape of life’s hard drive, a dodecahedron. In the twenty-first
century the discovery of the shape of life’s CPU apparently can’t get you a cup of coffee in
the hardened culture of science, even if it is the exact same shape and brings with it a darn
good reason to be that way. Nobody will entertain this idea so consequently nobody will
even publish this discovery. So, I am doing my very best to spread the word by whatever
means available. Why does nobody need this new way of seeing and thinking about
molecular codes? They all literally said that they don’t need a new map because they
already have one. Their map is easy to understand in one dimension, and it can be neatly
tucked into the backwater of any textbook, accompanied by a few brief lines of simplistic
rationalization.
Consider for just a moment – this is fun - that it was logically possible that some
clever cryptographer could have looked at the molecular system represented by DNA and
the common amino acids in protein and predicted that translation logic would fit into the
shape of a dodecahedron. They could have logically done this before any of the specific
details of translation mechanism were empirically demonstrated. What then? This would
have been a remarkable tour de force of human intellect, to be sure, and the Bayesian
inference of this prediction would have been quite clear: the dodecahedron plays a key role
in both molecular information storage and translation. However, the conclusion should be
no less obvious today. Had it happened then, the course of history in molecular biology
would have assuredly been much different. Our thinking would perhaps not have been
immediately turned upside down, inside out and completely backward as it is now by the
basic tenets of the classic paradigm. It surely would not be quite as difficult now to get our
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thinking started in the right direction with the proper perspectives on the inherent difficulties
involved with decoding “the code of life.” The dodecahedron is an “ideal” form that has
literal and abstract implications in the world of molecules, and so it should also have literal
and abstract implications in our thoughts about them. It is a powerful tool in the universe
for building spatial and logical relationships, and we should expect this ideal form to show
up in a crystal language for communicating molecular information of all types. I
recommend that we revisit all of the perfect solids. Perhaps we should at least introduce
them to our children at some point in the discussions of molecular behavior.
Independent of geometric ignorance, we are stuck on stupid now because they were
stuck on entropy then. They came flying out of the gate with the presumption of entropy
when in reality the system they were studying was one of pure negentropy, whether there is
a basic geometry to it or not. We now find a cult of entropy worshippers unwilling to
examine their own beliefs. The crystal computers of life are busy finding ways to harness
entropy and turn it into usable molecular information. Mother Nature recognizes the choices
she has and she makes them decisively and consistently. That’s precisely how she
accumulates negentropy in the system as a whole. She is not a slave to the randomness of
thermodynamics she is a master of it. She uses the paradoxical predictive nature of
randomness as her programming tool. However, the entropy map that Dr. Gamow proposed
turned out to be perfectly wrong for two reasons. First, it failed to anticipate the inevitable
randomizing effects that its pattern would create during symmetry transformations of
nucleotide sequences. Second, it failed to recognize that although information is stored in a
compressed format in DNA this information is not maximally dissipated during the act of
translation into a protein. There is logically more molecular information in the actual
creation of a protein than there is in the molecular string that is stored in DNA. It is a
system of extreme efficiency not inefficiency. The data is highly compressed and so is the
logic of the translation machinery. The system rewards translation machinery with the
fewest parts and the most translation ability. The system therefore also rewards the actual
data structures that can be used in the most possible ways. The exact way that Mother
Nature harnesses thermodynamics to consistently achieve the molecular miracle of a single
protein is still a mystery to us, but the answer will surely never be found in the codon table.

“[Natural] Philosophy is written in this grand book, the universe, which stands
continually open to our gaze. But the book cannot be understood unless one first learns to
comprehend the language and read the letters in which it is composed. It is written in the
language of mathematics, and its characters are triangles, circles, and other geometric
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figures without which it is humanly impossible to understand a single word of it; without
these, one wanders about in a dark labyrinth.”
Galileo, “The Assayer” (1623)
“The most exciting phrase to hear in science, the one that heralds new discoveries, is
not 'Eureka!' but 'That's funny... “
Isaac Asimov

Time to Reboot the Computers
The founding fathers of the classic paradigm were all too eager to reach for the
language that information theory offered, but they failed to actually apply the theory
properly to the task at hand. As a result, common words that are so comfortable to the
classic paradigm are mostly misleading and sometimes downright backward. In retrospect,
this is not very surprising because Shannon’s initial hardcore theory about information could
realistically offer very little to molecular biology initially. It was not until decades later,
when computers and computer programs became household items, that the larger pattern and
utility of information systems could become a useful model for the sophisticated molecular
systems of information that life uses. Consequently, the classic paradigm was based on a
much too simplistic view of molecular information. So, if we hope to continue developing a
more robust paradigm for molecular translation, we must first seek a more robust view of
information and the algorithms that process it. For those who have never had the great
pleasure of programming a computer, or for those who have never thought much about the
ins and outs of information theory, this might seem a daunting task.
Man is made of meat, and meat is made of molecules - crass, to be sure, but logically
apparent. Perhaps there is something essential missing from this crude simplification. If
there is I can’t presently see it, but my mind is still open. However, within the abstract
realm of life’s algorithms the exciting intellectual battles today are being fought at the
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highest levels, at the philosophical levels regarding human thought. Is thought merely the
complex product of unthinking molecules that are executing basic algorithms in complex
ways? I should think that it probably somehow is. Will a machine ever “think?” Most
certainly. I think, and what am I if not a molecular machine? Regardless of the outcome of
those kinds of high-level philosophical battles, there should be an analogous border skirmish
at the lower boundaries of debate about nature’s miraculous processes. If a stairway is to be
built from molecules to man, as Schrödinger tried to do, then the steps should at least have
an internal consistency.
Investigations in science at all levels - from quarks to thoughts – are rapidly
becoming dependent on computers. A cleverly designed computer is a virtual universe unto
itself, so why should we not try to use computers also for analogies for things in our own
universe, especially for an analogy of a code of life? This is becoming truer in biology
every day where more of the “wet-work” is being done with computers in the form of
complex molecular simulations. The even higher level philosophical wet-work is now
inextricably entwined with computer metaphors and simulations using nothing but
algorithms and game theory. Headway in explaining sophisticated, high-level biological
phenomenon, such as consciousness, behavior and ethics, is made using high-level language
metaphors to get the job done. However, I believe that the information paradigm can be
expanded at the low end as well, at the machine language level of the metaphor. There is
plenty of room at the bottom. Ideally, we could integrate the low and the high levels
together into the broader patterns reflected by the whole. This will happen only if we gain a
better understanding of computers and an expanded view of biomolecular codes.
Most everyone today has had the happy experience of using a computer. But an
average PC with a standard user interface is so sophisticated, controlled by such high-level
languages, that it is quite possible that most computer users have no working concept of
digital information. It is nothing but a mystical blur of technology that does… well… cool
stuff. Average computer users are so far removed from the circuits, bits, Boolean logic and
machine language of their computers that it is not intuitive how “information” in the
colloquial sense is employed in the universal service of a clever desktop machine.
It is not easy to grasp the nature of information in general, nor is it easy to know how
it might apply to the molecular machines that process genetic information, or more broadly
how the concept of information can be applied to the entire field of biology. But computers
today are not merely powerful tools used to study biology; they are the basis of powerful
metaphors, and in biology these metaphors are indeed valid. They are sure to increase in
prevalence and power in the very near future. The utility of computer metaphors in biology
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is so great that I feel comfortable saying that it is not possible to truly understand biology
without first understanding, in general, how a digital computer works. Again crass, I know,
but apparently valid. The academic glamour boy of our future will be the double major in
computer science and biology (throw in minors in geology, art, logic, math and philosophy).
From a metaphorical standpoint, it is even less possible to understand the patterns in
the components of protein synthesis without looking at them on the surface of a sphere and
seeing how they function at bottom as a complex, two-part application of information logic.
The protein code is software with a definite structure using compatible data structures. The
data structures themselves are not a code but they reflect the logic of the code that uses
them, and this elegant molecular code represents a primal machine language of molecules.
But, remarkably, even the basic concepts of a code are missing from the words and ideas
that define the code formerly known as genetic. However, this code in the real world is
merely a supporting platform for more sophisticated codes in complex living systems, a
platform for running higher-level languages in the programs of life. One part of the logic of
this language has been partially recognized, the part that works as a kind of molecular
operating system that builds proteins. But merely putting proteins together could never be
enough because the same code must serve several different functions simultaneously. Many
of these additional functions have been virtually ignored, but we can describe a big part of it
as a search engine that effectively finds new proteins. Collectively, the logic of the entire
code demonstrates a sublime efficiency behind the search, storage, multi-tasking and
translation of molecular information. Unfortunately, our view of the nuts and bolts
operation of these magical molecular information processors has heretofore been blocked
from our mind’s eye, cloaked in the language of dazzling simplicity.

We finally have enough tools to now tie together into a single metaphor of a
computer code many of the ideas covered so far. We can then directly compare the utility of
the classic paradigm with a new, expanded model in computer terms. It will be an applesto-apples comparison. The best language for this metaphor is not English or even
mathematics; it is the symbolic language of a computer. But since not everyone is adept at
reading computer code, I will try to keep it as simple as possible. I am not a computer
expert by any stretch of the imagination. I am quite childlike in how I perceive computers.
So, the computer language I will use here is not real computer code but pseudo code loosely
modeled on BASIC, one of the oldest and simplest computer languages around. It is more
of a graphic representation of ideas and relationships than an actual example of computer
code. It is like painting logic pictures with words, but the pseudo code definitely paints a
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better picture of computer ideas than does English under these circumstances. It is merely a
pagan version of pseudo BASIC to help illustrate some additional concepts. Einstein said
that if you cannot explain an idea to a child then you probably don’t understand the idea. I
think that this concept could be expanded today to include computers. Heck, I have had
mathematical ideas that would take days to explain to a mathematician but only five minutes
to get across to a computer, more a failure on my part than any mathematician. Computers
are stubborn, but they always understand something when you tell them in the right way.
We won’t try anything too fancy here, so even non-programmers should be able to follow
along.
Most computer languages use the same basic sorts of things to allow programmers to
write programs. They use language tools called variables, loops, conditional statements, and
larger structures of independent blocks of code called sub-routines. Sub-routines are also
sometimes called functions. Variables are also called parameters and they can be passed to
a function as input. They can also be returned from a function as output. For the purposes
of illustration here we will use the following simplified format to represent a function:
Output = Function (Input)
This is a simple way for a programmer to tell a computer to use the data variable
called Input within a sub-routine called Function, and have the result of the function put in
a variable called Output. The same idea is written in a mathematical notation like this:
Y = f(X)
The sub-routine, Function, will itself contain many lines of code that will exist in a
block of code elsewhere in the program and that can be called upon over and over again
from different places in the larger program. Here is a simple example of a block of code that
could be the function called Function (an illegal name actually):
Function Function (Input)
Output = Input x 2
Output = Output + 10
End Function Function (Output)

194

In this simple case if we pass as Input the number 20 to Function it will first double
it to 40 and then add 10 to make it 50, which it then sets for the value of Output and returns
to the line in the program that called it. Whatever we chose to do with Output from then on
will be done with the number 50, or until we call the function again with a new Input. We
can write virtually any kind of instruction into a function and use it this way. If we imagine
the epigenetic code of life on earth being called in the format of a simple function like this,
we would write it as follows:
Life2 = Natural Selection (Life1)
In this cartoon treatment the function is called Natural Selection, the input data
variable on which it operates is Life1 - which here stands for the pattern of all living things
at an initial time - and the output it returns is Life2, or the new pattern of living things after
Natural Selection has acted one time upon Life1. We can put this function into a looping
structure that acts as the perpetual master loop of the code of life:

For Time from Beginning to End
Life2 = Natural Selection (Life1)
Life1 = Life2
Next Time
This master loop was started here on earth, in my opinion, with the formation of the
earth, or perhaps with the formation of the universe, and it is still running in the same basic
form today. The second line in the loop ‘Life1 = Life2’ merely resets the input variable to
reflect the value of the output variable that was returned by the last iteration of Natural
Selection. It is just like a math statement, for example X = Y, except in computer language
it is actually a command that tells the computer to make X = Y or set X to the same value as
Y in the program. So the loop really just tells the program to use the output as input and call
the function in the same way again – over and over for all of Time. This loop generally
controls all other loops within biology, and coincidentally, as noted earlier, this looping
structure reflects the same basic structure of mathematical programs that generate fractal
geometries. This is primarily why we should expect to see so many fractal patterns in the
biosphere. Natural Selection is basically a fractal algorithm.
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We can now begin to develop a simplified concept of what happens within the
function, Natural Selection. In other words, we can sketch out the lines of code that
symbolize the steps in the algorithm that execute the logic of Natural Selection. For this
we will imagine a fanciful variation on a familiar competition called musical chairs. We
will define the data structures of Life as a vast array of individual data objects called Chair.
The data structure of each individual Chair in a Life array are quite complex. The Chair
data structure is what might be called a niche in ecology, and it can contain variables
relating to many parameters, such as food, air, sunshine, space, predators and prey, etcetera.
In each Chair the program will place a complimentary data object which itself has a quite
complex data structure. We will call each of these objects Body. One Body will fill each
and every Chair in Life, and we will imagine that each Body represents, for lack of a better
description, a living organism. Of course the objects that were a Body at Time Beginning
in the master loop were far different than Time Now, which of course means that so were
the Chairs, since they are complimentary data objects. Nonetheless, we can imagine that
the function that creates a Body has always been some form of the properly understood
genetic code, or ontological process that guides the formation of a living thing. A Body
could merely be a replicator, in Dawkin’s terms, a cell, or it could be a multicellular
organism. The function that generates a Body, let’s call it Genetic, operates on a data
structure such as a genome or DNA.
Body = Genetic (DNA)
Look very carefully at this line of code and see exactly what it tells you: The
Genetic code uses DNA as data to make a living thing. DNA is not a code. DNA is a data
structure; not a block of code. DNA stores information. It is a data structure. However, the
Genetic code, whatever it is, truly is a code. It is a defined set of steps that operates on data
to produce a result. It is a code, a set of steps, a method, a protocol, a complex set of logical
relationships, a procedure, an algorithm that produces an expected result. DNA is the data
that the Genetic code uses to execute the algorithm, but DNA is not in any way shape or
form to be confused with the algorithm itself. The code is not in the data; the code is a
separate structure entirely. The Genetic code is a coded object in living information
systems. This should be a very simple concept, but people seem to have a hard time
remembering it, so I am repeating it often.
The competition of musical chairs will be envisioned as follows. At the start of each
call to the function, Natural Selection, all of the Chairs in the parameter Life1 are filled
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with a Body. The function first tells every Body to get out of its Chair and leave the room.
While the Chairs are empty, Natural Selection devilishly rearranges the Chairs. It might
add some Chairs while it removes others, and it most probably will at least slightly modify
every Chair in the room. Sometimes it creates, destroys or radically modifies entire
sections of Chairs. This is fine by us; it is just part of the game, and the game must go on.
While every Body is out of the room, they are busy, busy, busy. (I guess they are busy
Bodys.) Here is the fun part of the game: each Body creates one or more new Body objects
while Natural Selection is rearranging Chairs. When every Body is let back into the room,
the landscape of Chairs will appear quite different, and there will now be far too few
Chairs for every Body to find a seat, quite simply because the Bodys have made so many
new Bodys. (I guess the busy Bodys were a bit too busy.) This was Darwin’s fundamental
insight. The over-produced Body objects will need to compete for limited Chairs in the
environment of Life. They will cleverly do everything in their power to find a Chair that
fits them, including killing and eating other Body objects. Eventually, all of the seats will
be filled, and the function, Natural Selection, will return the output, Life2, where all of the
new Chairs contain new Bodys. The function will then be called immediately again within
the master loop of the program, for all of Time.
Natural Selection plans none of this. It is totally blind and has no forethought for
the challenges presented by this game. It has no idea what the environment, or the Life data
structure will look like from one call to the next. The game plays itself and all of the codes
and data structures arise accordingly. Natural Selection had no plans for how the Genetic
function would attack the task of creating new Body objects. However, we do know that the
entire population of Body objects will shape the new environment from one call to the next.
Bodys define Chairs and Chairs define Bodys; therefore, the data structures in this function
reflect a complex, self-organizing system. It is also certain that the population of Body
objects will change with the inevitable changes of the Life data structure, so evolution
through time is assured. We can even be certain, due to the fractal looping nature of the
program, that the patterns exhibited by Life and Body will progressively grow more and
more complex as the competition heats up. It is a simple recipe for a self-organizing,
complex system of adaptation, where the word ‘adaptation’ can generally be seen as a global
pointer tracking the increased complexity of the data. The overall properties of the subroutines and data structures will emerge from this simple process and will reflect the
patterns of the whole.
Since Natural Selection has no forethought for the specific challenges within the
game, it also has no preconception of winning strategies. Therefore, it is up to the functions
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and data structures within Natural Selection to bootstrap their own winning strategies. The
function, Genetic, will be free to explore its own vast library of possible strategies, and the
best ones that it generates will be reflected in the patterns of the whole. If Genetic can only
produce a Body that can exactly replicate itself, then the game will go nowhere. But any
Body that learns a good strategy for matching itself with an ever-changing array of Chairs
will gain an advantage in filling Chairs. Each winning strategy will be amplified through
Time in Life by the basic rules and structure of the game.
The winners in this game will have good strategies for filling Chairs from round to
round. Finding a Chair in each round will be a balance between fitting into a Chair similar
to one in the previous round and fitting into perhaps a new kind of Chair. It also is
advantageous for a Body to find a way to displace another Body from its Chair. At the
same time it naturally behooves every Body to develop strategies to avoid being displaced.
It is a game, a competition, and every Body must compete with every other Body to some
extent. The strategy for this competition must be executed while every Body is out of the
room and the Chairs are being rearranged, so the search for Chairs must be done in essence
before the Chairs are actually seen. The best strategies will therefore involve a method of
pre-search, in the sense that possible Chairs are anticipated by a new pattern of Body
variations so that new Chairs are likely to be covered by some new Body. Many a new
Body must be made in anticipation of the highly variable new Chair environment. There
are a lot of rejection slips in the new proposal bin for Bodys.
If we think about this in the general context of any competition, an aggressive
strategy of novelty and anticipation makes perfect sense. I can think of no competitive
endeavor, chess, basketball, business, poker, where anticipation at all levels isn’t the key
ingredient for becoming more competitive. Since Natural Selection has no forethought, it
makes sense that it should reward those strategies that are most adept at anticipating future
problems and lay the foundation for generally preparing for complex and unknown future
solutions. On this score, it seems the best way to execute an aggressive yet sensible presearch is for Body objects to team up. If two or more Body objects are highly similar but
not identical, they can team up to generate a new Body that is highly similar to both, yet
identical to neither. This is a winning sub-routine within the Genetic function that we call
sexual reproduction, which is yet another misnomer because we do not reproduce an
existing Body via sex we produce an entirely new Body.
Body3 = Sex (Body1, Body2)
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Sex is an effective strategy bootstrapped by Genetic to fill more Chairs in Life. It is
a simple yet sophisticated strategy of partially combining two Body data structures to
guarantee novelty in a third Body object. The guarantee of a pattern of novelty or variation
that forms a sensible pre-search pattern for Chairs in a population of Body descendants is a
winning strategy in this game. Because Genetic is part of a self-organizing system we
cannot assume an a priori existence of either the function or the data that it operates on and
then returns as output. The function and the data must be discovered and developed
concurrently within the game. They mutually created each other, so we should expect a
symbiotic close fit between the data and the function.
To help us visualize the action as the game plays out through Time there could be
made a record of all the Life data structures that ever came into existence at a specific Time.
We could store them in a huge array of data structures, Life(Huge), by writing a new line of
code to make a simple assignment at the end of each master loop (i.e. Life(Time) = Life2,
where the array Life() can merely be used to store a different value for every clock tick of
Time: Life(1), Life(2)… Life(236,192,725), etcetera). This is just like taking an individual
data picture of each clock tick to be stored in a movie of the history of Life, where each
frame is a snapshot of all living things at a given moment. Since each Body is a data
structure, it is also a binary string, or a single number with many digits. We could divide the
visible color spectrum very very finely and assign every discrete color to a number. The
string of Life at any given moment could then be seen as a sequence of colored dots. If we
lay down moment after moment of Life() as a string of color dots we will produce a grid of
colors. We also can produce an animated color picture of contiguous blocks of Life through
Time. This kind of procedure is actually fairly common on a computer. It is called a
cellular automaton, or CA for short. Compared to most CA the rules for this one are
extremely complex, indecipherably so, but this is just a two-dimensional variation of the
same volumetric game that we played with the pagan universe. We could playfully
configure this particular CA to be animated as a movie that we could watch as it colorfully
formed new and interesting patterns along the axis of Time.
Complex patterns will assuredly emerge within the structure of Life and they will be
animated by Time. If properly constructed t will certainly be an interesting and dynamic
tapestry, but this is where we must let go of the brutal simplicity of this computer metaphor
in order to explore it yet further. We must realize that the function, Natural Selection, is
not nearly as perfectly granular in Time as it is portrayed here. Filling and refilling Chairs
in Life is not an instantaneous process in nature. Many ticks of the Time clock pass
between one iteration and the next, between generations of Natural Selection, and so the
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Life data structures must somehow become interlaced to provide more accurate detail. But
it is still useful as a metaphor in a granular form because Time also must animate all of the
functions within the master loop. The function, Genetic, is animated by Time as well as all
of the sub-routines within Genetic. All of the processes, strategies and data structures can
be visualized in this metaphor and will form complex fractal patterns that are animated by
Time, the animating force of Life.
‘Behavior’ is a good word to use to describe some of the patterns that we can see in
these animations through Time. A pattern of behavior will be identifiable in many data
structures, but we typically identify a behavior pattern as something a Body does through
Time. The kind of behavior a Body can show is a result of some function within the
function, Genetic, that creates the Body. We could use our simplified computer notation as
follows:
Behavior = Behave (Body)
Any particular Behavior is now the result of the logic in the algorithm Behave. The
simplicity of this step is belied by the fact that we have passed a parameter, Body, to a
function within the function, Genetic, that actually generates the data. This is a
programming nightmare that, as we have seen, can be described as recursion. Beyond
technical problems in actually creating such a recursive program, it creates myriad
complexities in the performance and output of the program. But we must ignore the
practical programming difficulties that we have just created and plow forward with the
metaphor. After all, it is not meant to be an actual program to run on an actual computer,
but more as a modeling tool, a way to advance our mental tools in exploring relationships
between parts of the overall system. But since we are no-longer even lightly tethered to a
real program, we can further illustrate the concept of code inheritance with the following
over-simplified block of code:
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Do While Time
Natural Selection
Do While Time
Genetic
Do While Time
Behave
Loop
Loop
Loop
This is a block of pseudo code that would never actually work on a computer, it
would ‘hang’ big time, but it does juxtapose the functions within a framework of Time that
gives us an idea of the nesting and interdependence of these elements. It is a logic picture
painted in pseudo code. This is the basic structure of the paradigm used by sociobiologists
and philosophers. They study behavior patterns in complex biologic systems and try to
frame them within the context of genetics and natural selection. This is the general
foundation for searching for primary artificial algorithms that might eventually frame our
understanding of human thought, or perhaps not. Indeed, there seems to be very little debate
about the general structure of this master loop, but there is heated debate over specific data
structures, the relationships between functions and the scope of various functions. In
general, the debate is about specific programming techniques, data structures or perhaps
even specific languages used for programming a particular Behavior.
In the case of the Behave function, the language used to program it will certainly be
a very high-level kind of emergent language. It will operate on and produce sophisticated,
complex data structures. It will produce complex patterns in the data through Time.
Collectively, the large number of Body agents who Behave in an inter-related manner will
also form something that can be called a culture. However, the primary argument of this
book is that there is a similarly complex function within Genetic, the understanding of
which should follow the same line of reasoning that has been used to understand Behave in
any broader context. Whether it is the informative patterns of cultures or molecules, the
same basic logic should be valid on some level in biology. Specifically, the function that
Genetic uses to physically build itself out of molecules should fit well into this framework.
It will form its own molecular code that is written in a self-organizing language like the
language that wrote Behave, except it will be a more primitive language. It will be a
machine language of crystals, one used by complex, dynamic, highly informative crystals to
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build more crystals through Time. It is a self-organized language for self-organization. In
the broadest possible context we could write this function as follows:
Crystals = Build (Molecules)
A Body is a very complex structure that must be built from many parts. It is not
assembled like a house, where a construction foreman consults a picture of the finished
product and puts each piece in its proper place. It is more like a tornado in a junkyard that
stirs up the pieces and they automatically and reliably land in the shape of a house. The
tornado is an expected and necessary part of the building process. The difference is that the
pieces in the junkyard are not junk; they are superbly crafted pieces produced in large
numbers, well-suited for the task of auto-assembly. They are there precisely because they
have proven to be capable of auto-assembly. Each piece is a hard-won trophy of trial-anderror, of adaptive searching over billions of years. It is not a collection of a single piece, or
a group of pieces; it is a collection of groups of groups of inter-related pieces. These groups
of pieces are produced in specific forms, quantities, variations, rates and timing within the
master plan. The net result is the building of intricate Bodys through Time within the
context of the overall game. We know that there are many crystal types, but this book is
primarily focused on a specific type: protein. We will essentially ignore all others and look
now at a new function, called Protein, responsible for all of the proteins in a Body, and
operating at base on DNA.
Proteins = Protein (DNA)
This is the function that the founders of the classic paradigm searched for, but
mistakenly named the genetic code. It is in fact a sub-routine of Genetic and we can frame
this function in the same context as Behave. But we now also know that there are at least
three additional basic broader codes nested in this one, and the code formerly known as
genetic shouldn’t even need to appear in the loop. It’s that bad.
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Do While Time
Natural Selection
Do While Time
Genetic
Do While Time
Gene
Do While Time
Protein
Do While Time
Polypeptide
Loop
Loop
Loop
Loop
Loop

So we can expect Protein to be understood in much the same way we try to
understand Behave, except it is written in a molecular machine language. It is the logic that
defines the molecular behavior that leads to protein formation. Like the others, it is a selforganized function that will concurrently develop the function and its data structures. They
are mutually dependent for self-organization and embedded in broader processes. It will
produce complex patterns in the CA of Life() that will be intricately woven into the complex
tapestry of Life through Time. Like the functions Sex and Behave within the function
Genetic, the function, Protein, must be part of the team in a winning strategy toward the
overall game. We should expect it to be patterned after winning strategies and contributing
to winning strategies in every conceivable way. All of these codes are “self-writing” yet the
higher codes are essentially “responsible” for writing the lower codes, but the lower codes
must somehow be functional for the higher codes to ever exist in their complex form. The
recursion and fractal patterns are entirely unavoidable in this complex system of information
handling.
We are at last in the part of this computer metaphor where we can directly compare
the classic paradigm to a new, expanded model of a protein code. The great benefit of the
classic paradigm is that its scope is so narrow and its description is so specific that it is
simple to write into this metaphor.
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Function Protein (DNA)
mRNA = Transcribe (DNA)
For Codon from First to End
Amino Acid = Codon Table (Codon)
Primary Sequence = Primary Sequence + Amino Acid
Next Codon
Result = Fold Protein (Primary Sequence)
End Function Protein (Result)
The attraction is easy to see: it is simplicity. The fingerprints of the three
fundamental premises of the classic paradigm are all over this code. They are in fact the
lines of logic of the code itself, and so it is a simple molecular function that is very easy to
understand. It can be explained to anyone very quickly, and so it is. The codon table that
carries the title “The Genetic Code” in textbooks today can be seen here as nothing but a
look-up function. In fact, it is nothing but a data structure itself, and the only logic it
provides is the exact arrangement of the data in its data array. It is a remarkably simple
model that gives us a clear picture of a remarkably simple language of proteins. It is merely
a simple toy model of a natural process, but simplicity comes at a high price to the overall
metaphor.
This classic model, although not problematic in and of its isolated self, creates
serious problems for the consistent structure of our larger computer metaphor. It creates so
many explanatory problems, in fact, that we might just wish for a meteor to strike the
junkyard before the first tornado. It does nothing to advance our understanding of broader
processes and it in no way suggests its own origins, operation or utility within a selforganizing system. There are no conditional statements and there is no Time element in the
function. There is not even any mention of a Peptide Bond in this function that must
somehow make peptide bonds. Important known co-performers of events, like tRNA and
Protein, are completely hidden from view. In fact, all of the really difficult programming
must somehow be done elsewhere in the metaphor. It must be just like magic, but it gives
no hint of the codependence between the data and the function, because its sole purpose is to
sequentially call on the Codon Table to create a Primary Sequence. Even this is a
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completely opaque function. The Protein code is a function, in light of the classic
paradigm, that has been completely excised and isolated from the larger context of the
metaphor, all for the sake of simplicity, but at the high cost of inconsistency, detail and a
broader understanding of any molecular language.
As we begin in our minds to reject and rewrite this code in the light of an expanded
paradigm, we quickly realize the practical difficulties. It is not a function that can be
completely simplified and compartmentalized, as we seem to want to do, at least I cannot
find a way to do it. The code must simultaneously take into account multiple players,
conditions and complexities. It must include a Time factor, if for no other reason than to fit
it back into the grand tapestry. It will be extremely self-referential, or recursive, making the
code’s structure problematic and complex. So even a more detailed, complex treatment
within this metaphor will need to be radically simplified if we are to have any chance to see
it, but here is one of many ways it might be done:
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Function Protein (DNA)
If Not Done then
Molecules() = Make Building Blocks (Molecules, Proteins)
DNA() = Make DNA (DNA, Proteins)
mRNA() = Make mRNA (DNA, Proteins)
tRNA() = Make tRNA (DNA, Proteins)
Proteins() = Make Proteins (DNA, Proteins)
End If
Time Start = Time
Gene = Regulate (DNA, Proteins)
mRNA = Transcribe (Gene, Proteins)
mRNA = Splice and Fold (mRNA, Proteins)
tRNA1 = Codon Matrix (Codon First, mRNA, Proteins)
For Codon from Second to End
Start Bond = Time
tRNA2 = Find tRNA2 (mRNA, Codon, Ref, Codon Matrix, tRNA(), tRNA1)
Peptide Bond = Make Bond (tRNA1, tRNA2)
Primary Structure = Primary Structure + Peptide Bond
End Bond = Time
Bond Time = End Bond – Start Bond
Work in Progress = Work in Progress + Peptide Bond
Work in Progress = Partial Folding (Work in Progress, Proteins(), Bond
Time)
tRNA1 = tRNA2
Next Codon
Result = Edit and Fold Protein (Work in Progress, Proteins())
Time End = Time
Time Total = Time End – Time Start
End Function Protein (Result, Time Total)
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And this is a grossly simplified version! Anyone who has never written or read
computer code will surely be completely befuddled by this treatment. Worry not, because
anyone who ever has worked with computer code will be even more befuddled. This is not
code that will work in this form on any computer. It is too complex and self-referential, and
it would take quite a bit of engineering to clean it up and ever make it run. The full code
and all of its logic would be massive. On the other hand, the code that we derive from the
classic paradigm absolutely will run on a computer, and it is, in fact, running in one form or
another on the computers of many experts today. It has no nasty complexities or recursions
such as this. The great irony is that the classic code might run on a computer, but it has
never been witnessed to run anywhere in nature. We still cannot synthesize a protein de
novo, so the only way to build a protein is by using the actual machinery that nature uses. In
other words, the only way to run the code is by running the code – talk about selfreferential! Even our attempts to simulate the code are based on molecular information
derived from completely folded proteins and they use the information in nucleotides not
primary sequence, so these efforts examine structures that are entirely products of the code
that created them. We are attempting to bludgeon the problem to death from above with
digital muscle instead of trying to actually simulate the process from the bottom based on
actual first principles of molecular information. Again, this is an empiric slight-of-hand that
is entirely self-referential. The classic paradigm is an axiomatic practice of theoretical and
observational self-reference, and so it is not moving us forward in any epistemic way.
By comparison, the expanded paradigm does not give us the absolute answers we
crave, but it sets the table to feed them to us. It provides a metaphorical structure that can
handle more details, but more importantly it can be fitted into a larger structure. Life is
playing a game that must simultaneously concern itself with details large and small. It
would behoove us to metaphorically do the same. Our goal here is not necessarily to
generate code that will run on an existing computer; it is to build a model that will closely
track with the code that nature is running. This is a self-organizing code that is engineered
for the purpose of generating better self-organization, so it will necessarily be highly selfreferential. Functions and data will be inextricably entwined. We cannot assume an a priori
existence of data or function. There will be a golden braid of recursion within the heart of
this code. The pattern of this braid should be identifiable on small scales and repeated on
larger scales throughout Time. The global pattern will be a fractal of self-reliance and
mutual dependence.
The essential lines of comparison between the simple and complex worldview with
respect to protein synthesis are the following:
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Amino Acid = Codon Table (Codon)
Versus:
tRNA2 = Find tRNA2 (mRNA, Codon, Ref, Codon Matrix, tRNA(), tRNA1)
The classic paradigm views the data in the Codon Table as the only salient feature
in “the genetic code.” It is the entire “logic” of protein synthesis in that highly specific,
simple model. This line represents the literal meaning of the axiom that “the genetic code is
one-dimensional.” If that is your chosen paradigm then that is the line of code that you must
“believe in” and live with in simulating protein synthesis. In contrast to that simplistic and
erroneous view, a complex application of the exact same data is illustrated by the second
version. The salient feature of the data is the tRNA molecule that will be used, and so by
extension the Amino Acid it is carrying. This is only part of the necessary information
because that tRNA will need to interact with at least one other tRNA to form the Peptide
Bond on either side of the Codon in question. This complex version also recognizes that
there are several other parameters that must be taken into account when determining even
which tRNA is to be used by the function. It recognizes that Proteins will play a role in the
process. It also includes a tip of the cap to the search function in the data itself by passing
the Ref parameter, meaning return output for the Reference Frame and not some other of
the many other possible symmetry transformations
Consider the size of the data structure, Result, that is passed back as a finished
protein from both of these functions. The size of this structure will determine the quantity of
information output by the function. How much molecular information is actually contained
in a protein synthesized in a living cell by the Protein code? Clearly, the data structure is
much larger in the expanded paradigm than in the classic paradigm, but more shocking is the
fact that Result is much smaller than the input data, DNA, that is used in the classic
function. How is this possible? Does “the genetic code” really compress its data during
translation? This is made possible by the fact that the classic paradigm is based on the
explicit requirement that there be only one possible Result from any Primary Sequence.
The programming trick then becomes finding the entire catalog of single outcomes to be
matched with every Primary Sequence. It is not a protein code but a code of primary
sequence and only primary sequence. This is in practice an entropy solution because it leaks
massive amounts of molecular information. But, this is just one half of the entropy nature of
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the classic paradigm, which says that molecular information can only dissipate into the
randomness of the universe during translation. The classic paradigm also ignores the fact
that the same data might be useful in several different ways, a recycling of “protein ideas” so
to speak. The expanded paradigm is a negentropy view that says not only is information
retained or perhaps expanded during translation but it is reused in as many ways as possible.
It is the difference between a view of inefficiency versus a view of sublime efficiency in the
language itself.
We have many clever ways to “see” the logic of something. We also have many
clever ways of seeing codes of behavior. We can translate a code into many forms and see
its structure. We can translate codes into English, computer languages, diagrams, shapes,
flow sheets and, as is done here, pseudo codes. This still does not completely capture the
logic and behavior of things. It does not get to the raw essence of what is going on at
bottom in logical systems. Even the greatest computer minds man has ever known will still
struggle to “see” the logic of their grand creations and struggle still more mightily to see the
inevitable behavior that their creations will exhibit. Have you ever really been able to “see”
the English language in your mind’s eye? We can see examples of English but how do we
actually see the language itself? This is going to be perhaps truer and more difficult on any
molecular level of logic and behavior than it is for English or computer programming. The
molecules themselves can only see each other. They could never possibly “see” the logic of
their overall behavior, so they could never actually “see” their own codes. It is a
tremendously complex system of logic and behavior, so we should never expect it to neatly
reduce to a few simple sentences of English. The molecular code so easily and simply
described by the following sentence cannot possibly be descriptive of reality: “A single
dimension of molecular information is transcribed from DNA into a single dimension of
molecular information in protein.” This describes the Easter Bunny but it does not give us
any greater insight into the processes of nature or the language we hope to understand.
We have a lot of hard work and a long time ahead of us before we can begin to see
the true logic and behavior of these fabulous molecular systems. We must begin by
attempting to see what the molecules see. We must ask ourselves what a codon looks like to
an amino acid, and what two codons look like to a peptide bond. We must expand these
efforts into asking what a protein looks like to another protein, and how all of them together
could “see” the logic of the entire system as a whole. We must struggle to understand what
this important molecular language “looks like” to the system as a whole. This will be our
path to understanding the language. However, we can see what the language looks like to us
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within the classic and the expanded paradigms by studying the pseudo code above. Perhaps
it is clearer still when translated into English.
The Classic Paradigm:

•

Consider only molecular identities of two strings at a frozen moment in time and
removed from the global cellular context.

•

Read three nucleotides at a time in one string, and replace each set of three with a
single amino acid in the other string.

•

Pass the amino acid sequence over to the entropy of the cell and receive a folded
protein in return.

The Expanded Paradigm:

•

Consider the language within the context of the past, present and future of the
language.

•

Consider the global organization of the molecules that comprise the entire cellular
environment.

•

Consider the entire history of the cell using the language, as well as its ancestor and
descendent cells.

•

Consider all of the forms of molecular information within the cell that make up its
environment and molecular language.

•

Consider all of the various functions of the molecular language.

•

Consider all of the specific factors and events that lead from one molecular string to
the next during protein synthesis.

•

Consider each peptide bond as it is precisely formed in space through time.

•

Consider the entire collection of peptide bonds at each stage of protein formation.

•

Consider the influence of the entire cellular environment on the entire collection of
peptide bonds at each stage throughout the entire time course of protein synthesis.
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•

Consider the entire information content of a single protein once it is synthesized.

•

Consider how each folded protein then joins the environment and contributes to all
of the above.

•

Consider how all of the factors and events of this language are organized and
integrated into a coherent whole.

The picture of this molecular language painted for us by the classic view is clear and
simple. The language can actually be “seen” by merely looking at the codon table. This is
remarkable, but it is also highly improbable as an accurate picture of the actual language.
Conversely, the picture painted by the expanded view is much less clear, but almost
certainly a more accurate view. It is far more complex, and there are many important pieces
missing from the puzzle, pieces that must be filled in before we see the entire picture more
clearly. If it is our desire to understand this molecular language we must begin seeing the
language in different terms entirely. It is time for a new paradigm.
Unfortunately, nobody seems to be willing to take this important step, and today
there is a subtle form of cheating taking place. The investigation of the massive “single
target” catalog of proteins has stalled badly, so they long ago began cataloging actual protein
shapes and mapping them to the genes that produced them, not to the primary sequences.
They have now tried to broadly map the patterns in an effort to predict future shapes. First
of all, it should be strictly unnecessary and forbidden to rely on nucleotide sequences instead
of amino acid sequences if the classic paradigm is correct. Second, it ignores the fact that
much vital information has been translated into the proteins now being studied, and so this
gross analysis does not give us a clue as to specifically what that molecular information
might be or precisely how it got there.

Returning to the above computer metaphor, the nuts and bolts of this master program
will be built of complex populations of self-assembling molecules. There is no master
programmer to guide any of the functions in a totally linear fashion. There should be
nothing linear expected to emerge from it. The guiding hand of the programmer can only be
seen to emerge from the complexity of inter-related parts operating on a vast backdrop of
time. In this context the protein code should be seen as complex and self-referential at all
levels. It is a function that operates on data, and part of its function is to develop new data.
It relies on itself to operate and perpetuate itself. More importantly, the ultimate concern of
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the function that calls it, Genetic, is not to make proteins one at a time; it is to make entire
populations of complex protein populations. In this sense the Protein code is merely a subroutine of the higher function, Proteins. The code that winds up embedded and amplified in
the grand tapestry will be the one that provides the best winning strategies to Genetic for
any Body relative to all Bodys. This code will inevitably be complex, not simple, and it will
probably even have clever ways to create variations of itself. Perhaps by controlling the bias
of the data, DNA, or the populations of tRNA(), the Protein code can subtly alter itself from
one group of Bodys to another and provide a new playing field on which to compete.
We are witness to the operation of an incredibly elegant and incredibly powerful
system of molecular information. It is a molecular machine in every sense, but one of
unimaginably many parts of intricate design. Some of these “parts” are the actual codes of
operation of the machine itself. We must place the molecules and their codes both into the
category of molecular artifact, each one to be described, explained and integrated into the
whole system. As an information system, the many codes of operation should be seen as
parts just like the physical parts of the machine that execute these codes. Certainly, the
codes that make the physical parts should be seen as every bit as elegant, efficient and
intricately designed as the parts they make. Ask yourself which one is more impressive,
hemoglobin or the codes that find and build hemoglobin? When we begin to imagine these
codes as cogs in the sublime machine we can begin to see just how sublime these particular
cogs must be. They are products of breathtaking craftsmanship and they function with
breathtaking precision. This is difficult to imagine in the first place, but it is impossible to
visualize from the view given to us by the classic paradigm. It is time for a new paradigm
entirely.

“Life is really just an information system.”
Bill Gates
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The Library of All Libraries
Now that we have a broad, tangible computer metaphor to work with, we need to try
to better understand it. We need to extend it. We need to put it into proper context by
developing still more context for information systems. The above metaphor sketches out a
potential general framework of the various codes that are involved in the natural molecular
processes that we wish to study, but it says very little about data and the data structures these
codes might use. It is precisely the nature of the data and the logical relationships between
the various types of data that defines the codes we wish to know. We are studying a crystal
language, so the logic that nature uses to inter-relate these complex sets of crystals in a
complex way in space through time is the genetic code.
We are lucky today that those who have gone before us left us with such a
monumental head start. They painstakingly collected mountains of excellent data and even
laid out clearly the steps that we should consider in the molecular machinery as we
contemplate the data. They certainly left us a big clue by compiling the data set known as
the codon table. But this table has hidden within it strong clues about obvious logical
relationships between the various data sets. Our predecessors have failed to structure and
view that particular data in the best possible way, so they failed to properly identify the
logical structural relationships between the complex data sets, but I suppose we should
merely thank them for all they have done up to this point.
I have found, in my limited computer programming experience, the real trick to
writing any program is in first understanding the data that the program will use. It is a tough
task but well worth the effort. It makes the rest of the job so much easier and the finished
product so much better. The importance of understanding data structures is magnified tenfold when one tries to reverse engineer the work of another programmer. In the case of
trying to reverse engineer an existing program, the first step, I suppose, is to look at the data
structures that the programmer has created, and if the data is clear, the logic of the program
she wrote becomes that much easier to guess.
It is not always easy to understand data, especially so when the data structures in
question are complex and the relationships between its many parts are extremely complex,
so it helps to have tools of visualization to guide the way. The first step in visualization of
data is to ask about all of the various possible ways that the data could be used. This is
always difficult, and it is most difficult when there are an extremely large number of types
and ways that information could be used, so we will need a visualization tool that is up to
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this huge task. I will use the additional metaphor of a library for this purpose. It is a lengthy
exercise, but one that has loads of epistemic fun and utility. Actually, this or something like
it is an absolute requirement if we ever hope to define the codes of life. You cannot
understand codes without understanding the data they use.

The Library of Babel is a thought experiment introduced in a short story by the
Argentine writer, Jorge Luis Borges in 1941. It was modified and expanded by Daniel
Dennett in his fabulous 1993 book, Darwin’s Dangerous Idea. I will pick up on Dennett’s
modifications in order to modify and expand it still further here. In the simplest terms, the
library of Babel is a physical space that contains all possible books. It is a mental device
that is useful for recognizing the vast difficulties in conceptualizing “all possible” anything,
especially all possible books. Even if we put well defined restrictions on what a possible
book can be, we still quickly run into unmanageable logistics problems. We will start here
with the restrictions imposed on the library of Babel by Dennett when he defines a “possible
book” as one that contains 100 different characters, 50 characters to a line, 40 lines per page
and 500 pages per book. This means that in Dennett’s library of Babel a book consists of
any string of characters that is one million characters in length and draws from a standard set
of 100 characters.
Note that a string of one million blank spaces is a possible book. This book that you
are reading now is also a possible book. The most recent character count of this book was
780,079 characters, including spaces, so the librarian of Babel will need to add 219,921
spaces to the end of this book to make it an official book. By sequentially printing these
strings in a physical object, such as consecutive sheets of paper bound between two covers,
we can assign a spatial significance to every string of characters. In other words, we can
standardize and spatially quantify a “possible book.”
It is very easy to imagine a physical object that correlates with a possible book, such
a thing is about yea big, yea wide and yea thick, but nobody - I assure you - nobody can
imagine a physical object that correlates with a library containing all possible books. Even
in the imaginary library with the considerable restrictions imposed here, there are 10 2000000
possible books (that’s one followed by two million zeros), but there are thought to be only
1080 cubic centimeters in the known universe. The situation always reminds me of the
Steven Wright quip: “You can’t have everything. Where would you put it?”
Dennett points out that your genome, or any genome, can somehow be found in the
library of Babel, in a wing of the library that he calls the library of Mendel. In the library of
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Mendel the books contain only four characters, A, C, G, T. (T is the letter in DNA which is
replaced by U in RNA.) These four characters represent the four different nucleotide bases
in your genome, which has roughly three billion nucleotides (3 X 109). So it will require a
boxed set of 3,000 consecutive “books” to write out your genome in the library of Mendel.
A two-sided bookshelf standing six feet would need to be roughly thirty feet long to contain
all of the books in your genome alone. We should note here that all of the cells in your body
consistently store this same amount of information (vastly more information actually) in a
space far less than the space occupied by a single punctuation mark in the library of Babel like the punctuation mark ending this sentence. So as unimaginable as the library of Babel
is the library of Mendel is vastly more unimaginable, although technically it is still just a
subset, but we’ll address that curiosity a bit later.
As a visualization tool, the library of Babel is useful in many ways. First, it is useful
in bringing to light the physical space limitations we encounter when we try to imagine
physical objects in the context of “all possible” variations of a particular thing. The
combinatorial numbers get so large so fast that time and space quickly become limiting
factors in the universe. The books in the library of Babel are extraordinarily simple things,
yet a collection of all possible books is extraordinarily large. It would fill an unimaginably
large number of entire universes. A possible book is a concept entirely based on a relatively
simple mathematical concept called combinatorics. It is just a fancy form of counting,
really, which, incidentally, also forms the basis for the standard numbering systems we
prefer to use when we count ordinary things. Digress for a moment and try to compare our
number system to the system of roman numerals and realize how superior the combinatorial
system of counting actually is. Imagine how difficult it would be to perform calculus with
roman numerals and then you will have an inkling of how difficult it is to discuss genetic
information with the language given to us by the classic paradigm.
Second, the library of Babel helps us get a handle on, or it helps us visualize the
uniqueness of meaning, or function, or what we might call the utility of things. Obviously,
for a book to have meaning there must be a reader to give it that meaning, there must be a
context for the specific quantity of information defined by the book itself, but the point here
is slightly different. The point here is that for whatever “meaning” there is to something,
there might be frightfully little of it relative to the space of all possible variations of that
thing.
Meaning, function or utility are usually very rare in an “all possible” scenario of
complex things. This might be seen as the essence of information, finding the meaning
within the vastness of meaningless. For instance, the library of Babel contains many books
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that have great meaning to you as a reader of written English, such as a copy of every book
ever written in English. But only the books that have actually been written contain any
actual information in the library of Babel. Relative to all possible books, a book that has
actually been written is a book with a miraculous amount of meaning. However, for every
book that has actually been written, there is an entire universe full of possible books that
contain nothing but random characters. The word gibberish does not do justice to the
concept of meaningless books in the library of Babel, because even a book of gibberish, I
think, implies the possibility of having a meaning based on nothing but the general
formatting of its characters.
Another thing that the library of Babel brings vividly to light is the difficulty
involved in the basic logistics of organizing such a library. There are really no “good” ways
to physically arrange all possible books. There is no universal system for comparing one
book to all others. The most obvious way would be to arrange them sequentially, which is
in fact very easy to do. Start in the top left corner of an unimaginably large universe with
book number one, next to which will be placed book number two, etcetera. Certainly we
could arrange them sequentially, since they are themselves nothing but sequences, but this
strategy would not help us in any “meaningful” search of the entire library. From the
standpoint of meaning, there is no way to even arrange all possible reasonable variations of
one actual book.
To further visualize the concept of meaning we will introduce an extra dimension to
the library, the dimension of color. We will use black and the visual spectrum of colors to
help drive home the point of meaning. We will take for example the book that Dennett uses,
Moby Dick, (unfortunately it is larger than one million characters) and we will use it to
demonstrate the new element of color in the library. We will set the spectrum of meaning so
that it runs from black, which stands for meaningless random characters, into violet, which
stands for a remote glimmer of meaning, to red, which represents actual meaning. So black
is meaningless, violet is true gibberish, and the rainbow of partial meaning runs through
blue, green, yellow, orange and finally red. (Maybe we can let infrared stand for what the
author actually “meant” by his book.) The purest form of red is saved for the actual copy of
Moby Dick. The actual book, Moby Dick, is colored pure red because if Moby Dick doesn’t
“mean” Moby Dick, what does?
We can try to imagine an entire library of Babel based on Moby Dick as the only
meaning, and we can use our color-coding system to somehow physically arrange this
library of Moby Dick. This new library will easily fill an entire universe the size of our
known universe. It is disheartening to find that even our entire universe is an inadequate
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metaphor for the concept of a single, actual book and all of its possible variations. But fear
not; we will now begin to take considerable artistic liberty in paring down the logistical
problems involved with this visualization.
If the actual book, Moby Dick, is pure red, then we can surround it with 10 32 books
that contain any four simple typographic errors within Moby Dick. This massive collection
of 1032 books represents a spatial volume that greatly exceeds that of our sun, but let us
pretend that they are equal. Surely, on any rational scale of meaning, all of these books
would read exactly like the actual book, Moby Dick, so they would all be virtually pure red
books. Four typos in a single book are certainly less than the actual number of typos in an
actual book. So it is clear that there are not enough heavenly bodies in our universe to
account for even the barely typo-altered versions of Moby Dick, They would all be red, but
let’s assume that the universe can actually contain this wing of the library and move on with
the visualization.
Now let’s consider the violet end of the spectrum. We will state that a string of one
million random characters that merely contains anywhere in it the substring “Moby Dick”
could be considered to have a breath of meaning, and therefore it is at least ultraviolet on the
color spectrum. It is but a drop of meaning in an ocean of meaningless, but still it is
distinguishable from totally meaningless. Any book that is pure gibberish, yet somehow has
so much as the framework of the actual book will be violet. For instance, the countless
versions of Moby Dick that maintain the positions of all the space characters, yet randomly
replaces all of the other characters would be pure gibberish. It still would be a non-random
version of Moby Dick and so it would be violet. Here again, the simple typo-altered
versions of this gibberish would also be violet, and their number is unimaginably large.
These violet stars and planets in the library of Moby Dick should be of little interest to us,
but they are quantifiably rare compared to the vastness of random space in this library. For
every violet copy of Moby Dick there are unimaginably large numbers of jet-black copies.
The library of Babel has a virtually unlimited supply of jet-black, entirely random, entirely
meaningless books that it can loan to the library of Moby Dick to fill in its vastness of
random space.
The most interesting books in the library of Moby Dick are the ones that lie between
violet and red on the color spectrum of meaning. For instance, the library contains entire
galaxies of books that substitute your name and the details of your life into the story of
Moby Dick. There are also galaxies full of every conceivable translation of the actual book.
These galaxies are not limited to human translations into German, French or Swahili; they
include all logical translations into all logical languages. There are an unimaginably large
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number of “all possible” logical languages. These books will retain their complete meaning
in some sense, so they too are surely very nearly red, or at least a reddish orange. There are
even books in this library that would describe computer programs or blind algorithms that
could generate “Moby Dick-like” books. Of course all of the books that these algorithms
would possibly generate would also already be in the library. But it is only when we get into
the middle of the color spectrum that we begin to find truly bizarre things, like versions of
Moby Dick in Swahili where the whale becomes an insurance broker living in Jersey,
married to a Chihuahua, raising their family of butterflies. These versions I would color
yellowish-green.
Another very useful and interesting category of books in the library of Moby dick is
the collection of books that represents all of the books as they are being written. For
instance, there is a definite sequence of books that begins with all blank spaces, and
proceeds through each addition of each character, and backtracks through each actual
revision, addition and deletion – of every possible sequence of every possible book in the
library! The point of these time sequences is that books do not appear in this library
spontaneously as random events; they all have a well-defined history of origin. They all
follow a logical path of appearance in the library. With the appropriate resources, we could
collect the entire sequence from the library of Moby Dick that would trace the actual path of
the actual writing of the actual book, Moby Dick. The books on the bottom of the stack
would start out jet-black, because they would not yet ‘mean’ Moby Dick, but they would
quickly proceed through ultraviolet, violet, yellow and finally red. In other words, the
library of Babel has both a dimension of meaning and a dimension of time, and the time
paths are clearly and logically traceable. The “logic” of the author as he wrote the book
could be traced in that path.
We might recall at this time that the library of Babel, and by extension the library of
Moby Dick, is meant as a metaphor or visualization of information theory, and that is
precisely what it is. It does in fact capture the essence of information theory: things can be
finitely quantified and precisely identified, no matter how large their number or how
complex their relationships. Information is only generated when choices are made from a
finite range of choices. More importantly, we can logically organize things in many
different ways according to their information content, and we can draw conclusions about
things based on their logical and historical relationships. The most insightful of abstract
thinkers might also recognize this as a good description of a digital computer. To illustrate
this point in more detail we will create another library, one that captures the simple idea of a
single personal computer. In honor of Claude Shannon, the father of information theory, we
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will call this new library the library of Shannon. For this library we will consider a single
desktop computer, yours, let’s say.
In this new thought experiment we must note, first of all, every book in the library of
Babel is nothing more than a sequence of characters. In computer parlance, each book is a
simple string. It is a very stylized string in this context, but a string nonetheless, and not a
very long one by the computer standards of today. A string is a sequence of characters, and
a computer string is a sequence of binary characters. Binary means two, and information
theory usually employs the two characters or digits ‘0’ and ‘1’ as its entire alphabet. We
might also name these characters or digits False and True. Information systems use two
digits and are therefore called digital systems.
We can quickly and easily convert in our mind’s eye every book in the library of
Babel into binary digits – nothing but two characters, zeros and ones. Since there are 100
distinct characters or letters in the alphabet in the library of Babel, we will need seven binary
digits, or bits, for each one. Seven bits can cover 128 characters (2 7), but since the more
common term ‘byte’ is made of eight binary digits, and a byte is already familiar to most
people, we will also use the byte as the standard for conversion here. Therefore, each
character in the library of Babel is exchanged for one byte. For example ‘A’ is now
00101001 and ‘B’ is now 00101010. This conversion is somewhat wasteful and means that
slightly more than two and one half books worth of potential information is now in each
“book.” As an alternative we might imagine that every book in the library of Babel is
replaced by eight binary books, but none of this is very important. (All of these binary books
are already there. Remember?) But, what is important is that we can now recognize that
every book in the library of Babel is a relatively short computer string of one megabyte.
The miracle of digital technology can quickly assert itself in this new metaphorical
light. Instead of laboriously storing and handling bulky stacks of paper, we can store and
process binary strings. Imagine that ten books in the library of Babel can be instantly
created with the click of a shutter on an ordinary digital camera. These books are rapidly
compressed into a single chapter in a single book within the camera’s on-board digital
algorithms for digital image compression. Millions of books can pass in a matter of seconds
through the standard logic circuits in an ordinary desktop computer. Even with this new
metaphorical magic we still need a physical unit in our mind’s eye to advance our
visualization of a physical library, but we can begin to imagine more manageable physical
forms for these “books” in the library. A DVD, for instance, could store roughly 10,000
one-megabyte strings (ten gigabytes). This is more than enough to hold the unwieldy thirtyfoot shelf that stores your genomic information in the library of Mendel. In other words, the
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sequence of your genome will fit onto a single, ordinary DVD, which is a whole lot smaller
than a monstrous shelf containing 3,000 printed books, but it is still a whole lot larger than
any of your cell nuclei.
Fundamentally, every book in the library of Babel, or the library of Mendel, or the
library of Shannon is nothing more than one huge number. This book - which is now bright
red in the library of Babel - is nothing but a very large, very stylized number. Instead of
base ten, like the numbers familiar in everyday mathematics, or base two, like the numbers
in computers, the numbers in the library of Babel are base 100. Each character, including
spaces, is nothing but a numeric digit in an incredibly large number. This is true also for all
the books in the library of Shannon. Information theory reduces every single thing down to
a single number.
We will have to pare the library of Shannon down quite a bit by today’s standards to
fit each of its possible numbers or states of being onto a single DVD, so let’s imagine that
your personal computer came from a decade or two ago (I certainly hope that you’ve
upgraded by now). Your computer is actually not a single thing; it is a system of
interdependent things. It is a system of “digital” things that include the CPU, RAM, hard
drive, video card and probably many peripherals, etcetera. It might simplistically be called a
finite state device; in other words, it exists at any one moment in time as a well defined,
finite state selected from a very large number of possible states. Every single possible state
of the entire collection of digital equipment that you call your computer can be reduced to a
single, extraordinarily long string of binary characters, or more simply to a single number.
The library of Shannon in this metaphor consists of every possible finite state of your
computer. For the sake of visualization we can distill every possible state down to a string
that will fit onto a single DVD. So each DVD in the library of Shannon represents the
possible state of your desktop computer at any given moment in time.
One of the curious features of the library of Babel metaphor is the insistence that all
numbers in it should have the same number of digits, even if the first 999,999 of those digits
is going to be zero. Space padding in the library of Shannon is at the front, whereas space
padding in the library of Babel seems it should appear paradoxically at the back. We
alphabetize books by starting with the first character, but we start counting by starting with
the last digit. Strange, n’cest pas? We can, however, relax the rigid one-megabyte digit
requirement on the high end by saying that we will allow certain books in the library to be
put in sequence with other books. By doing this we allow a continuous flow through any
combination of books that we might ever need, essentially creating new numbers in discrete
blocks of one million digits. This is called a concatenation of books. This implies two
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things: First, it implies that books can be arranged however we like, and, second, it implies
that books can be endlessly duplicated. Without these librarian freedoms most of the “really
big” numbers, like your genome, could never be created in the library of Babel.
There is nothing really wrong with either of these assumptions in the library, but if
we are going to accept them, then why not go the other way? Why not make the books as
short as possible? If we can duplicate and arrange the books however we like, why not
make each book be represented by a single character? If we take this reductionistic route in
our thinking then the library of Babel is reduced to a deck of playing cards. There are now
only 100 different card types or letters in the deck, and to write any “book” we merely string
as many cards together as we need, and in the end, each card represents a digit in a really
long number. Still more economically, the library of Shannon could be reduced to a single
type of playing card, one with a distinct pattern on the front and the back. Every single
number in the library of Shannon is then a sequence of cards turned up or down. The reason
we aren’t going to do this is that this kind of reductionistic thinking destroys the value of the
library metaphor. The metaphor is meant as a way to spatially relate all things to one
another regardless of their actual size or shape. Although the reductionistic view
demonstrates the basic commonality of all things in one library or another, it destroys the
pattern of their relationships and the magnitude of their variety. The size of every library is
defined by the arbitrary choice of the largest possible number, which is defined by the
number of digit characters raised to the power of the string length. This is what could be
called a data structure, and this is a simple way to view a common task in computer
programming, which is to “define the data.”
The library of Shannon contains many, many more - unimaginably more - DVDs
than will ever actually exist. Your desktop PC has vastly more potential states than states it
will actually visit during its lifetime. It is not only impractical for a single computer to visit
every possible state it is logically impossible for it to do so on its own. We can imagine that
a huge number of DVDs are created every single moment that your computer is on. Your
computer has an internal clock that updates a precise Julian calendar millions of times a
second, and even when it has “powered down” it runs on an internal battery, and so it is
constantly being updated in some way. So the precise state of your computer is constantly
changing, and it changes even more dramatically as you use and interact with it, as you load
software, create documents, surf the Internet, etcetera.
Every DVD in the library of Shannon represents a possible finite state of your
computer, or a single, very large number. Certain DVDs will actually come into existence,
and we can color these red. Others are highly unlikely to ever come into existence. We can
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color the highly unlikely DVDs jet-black, and the states that are probable but haven’t come
into existence we can color between violet and red based on the statistical likelihood that
they will ever exist. There simply isn’t enough time in the universe for a computer to visit
every possible finite state of its digital existence, or to ever come even remotely close to
visiting a tiny fraction of them. Therefore, like the library of Moby Dick, we can imagine a
universe for the library of Shannon that consists almost entirely of jet-black DVDs. There
will be trillions of galaxies of trillions of red heavenly bodies, and trillions of trillions more
galaxies of violet, yellow and orange heavenly bodies, but the universe will consist primarily
of jet-black, meaningless DVDs in the library of Shannon.
It is remarkably easy to compile, in our imaginations, a single stack of red DVDs
within the library of Shannon to represent the actual history of your computer. This is what
your computer does in being a computer; it is what your computer is. Each specific state or
number that actually came into existence for a fleeting moment can be stacked atop the
previous one, and your computer adds oodles of DVDs to the stack every second. Like
snowflakes, it is unlikely that any two in the stack are exactly alike. Every DVD in this
historical stack is simply and logically related to the previous disk, and the next disk in the
stack will be logically related to the current disk. In other words, the library of Shannon is
at some level very tidy indeed and much more easily organized than any of the previously
mentioned libraries. There is a basic code of logic that relates all of the disks in the library.
While a search of the library of Mendel would be infinitely perplexing to us, a search of the
library of Shannon would be purely mechanistic, an algorithmic process if ever there was
one. In essence, your desktop computer is nothing but a long, logical sequence of very large
numbers extending through time. The library is organized in a way that we can understand,
because we humans organized it, so there are obvious, logical ways to search it.
To help color this visualization, imagine that as I typed this sentence I was traversing
a clear path through my library of Shannon, leaving a clearly marked trail of red DVDs as I
went. I was listening to my Time-Life jazz collection on the computer as I typed. These
keystrokes occurred while the song ‘Birdland’ was playing on my computer, so you might
say that I orbited a red Birdland sun in my library of Shannon. But there are an endless
number of possible locations I could have quickly visited during this same time or at a time
in the near future. The partial digital signature of Birdland accumulated through time in my
historical stack of red DVDs, but there were plenty of orange galaxies I could have visited
with the click of a button. I could have jumped four songs ahead on the album to a song
called ‘Chameleon,’ or more radically I could have checked my email, or browsed the news
website online, or I could have popped in a movie. Any of these possible actions would
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have changed the actual digital signature and therefore the path of red DVDs in my
historical stack. The red stack of DVDs spells out the logic of the device, but it has
embedded into it an element of choice that was put there by me during my interaction with
it. It is brutally deterministic, yet utterly creative in its actual pattern.
Each lengthy second adds a few billion processor patterns, a blinking cursor, or a
few more words in this document I’m writing. The stack of DVDs that represent the actual
finite states of my computer grows ever larger, but it is still vanishingly small compared to
all possible states. The historical stack is a red laser line of single DVDs in the immense
darkness of jet-black DVDs that could potentially exist. Although there are many probable
states, or orange galaxies, there is only one trail of bright red DVDs that marks my path.
Some DVDs will probably never come into existence, possibly will never be able to come
into existence, merely because they did not happen when they could have happened, because
they missed their limited chance to exist. Although the actual state of my computer is
contingent on an unknown and unknowable interaction with the device, the actual historical
path is a rigid sequence of logic, and the probable future states can be logically arranged as
well. The important thing to note here is that any argument of what constitutes a “probable”
state in the future of a digital computer is completely dependent on the path through the
library in the past. Where it might go is completely a function of where it has actually been.
The magic of a desktop computer is a combination of the dizzying speed at which it
can generate DVDs – metaphorically - and the staggering number of potential DVDs in the
library of Shannon. The whole thing is remarkably well-behaved – controllable - because
the changes in states are so brutally logical. The library of Shannon is animated to function
as a digital computer because of its organizational structure coupled with its flexibility and
speed in traveling through the space of all possible states. Despite this logical rigidity, it
provides a virtually limitless realm of possibilities and therefore limitless creativity.
Granted, most of the possible states are not worth visiting, because they are meaningless, or
functionless, or worse still, dysfunctional. But the entire universe of possible states can be
logically organized, color-coded, understood and traversed.
The library of Mendel, like the library of Shannon, is an ad hoc metaphorical subset
of the library of Babel. All of the books are merely collections of strings of characters, or
collections of large numbers. They are numbers so large that we do not think of them as
single numbers anymore, but they are. We think of the books in any of these libraries as
collections of letters, words and languages, but they actually are all very large numbers. We
cannot deny the implication that on a very basic level, life is also an information system.
The library of Shannon is that curious subset of information that uses only two digits, and
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the library of Mendel is the subset that uses only four digits for its rudimentary molecular
information storage. For the sake of this visualization we have condensed 3,000 books onto
a single DVD, so we can talk about a single human genome, or the finite state of a late
twentieth century desktop computer within the same spatial context.
When we begin to talk of “all possible” configurations of these characters or digits
we quickly fill the entire known universe with physical objects, or DVDs, and we do not
begin to imagine the physical volume of disks required to cover “all possible” under even
the most restrictive of circumstances. We must then take artistic license in this thought
experiment and limit our imaginations to the space of the known universe. We can add
color codes to the DVDs to represent their “meaning” or utility or perhaps more accurately
their chance of actual existence. The DVDs imbued with visible color, those that have
existed, or even those that have a remote chance of existing, represent a tiny, tiny, tiny
percentage of all DVDs in the universe. They are like the heavenly bodies to the vastness of
empty space.
The use of color in this visualization serves several purposes. First, it demonstrates
that the number of possible things is virtually infinite compared to the number of actual
things in any robust system of information. Second, we can see that when speaking of
actual things we can begin to logically organize the space of possible things, or to configure
the relationships between that which will never exist, and might, and probably will, and
definitely will exist; and we can study their dependence precisely on those things that have
existed. In the case of the library of Shannon, there is a completely logical way to configure
the heavenly bodies. In the case of the library of Mendel, the heavenly bodies are
configured in a logical way, but the structure is necessarily quite different.
The method that life uses for searching the space of all possible genomes is
significantly different from the method of traveling all possible states of a desktop computer.
The search of the library of Mendel is governed at top by the epigenetic code. It follows the
simple steps in Darwin’s beautiful algorithm. The search of the library of Mendel could be
likened to a multi-processor as compared to a single processor, and yet the speed of travel is
painfully slow by comparison. Shotgun pellets traverse the library of Mendel, but the
library of Shannon is traversed by laser light. There are no truly random movements in the
historical stack from the library of Shannon. Digital computers don’t do random, they
merely simulate random, and metaphysics aside, living genomes are the product of many
“randomizing” events that rely on large numbers of variations. The system is driven by it.
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The library of Mendel could be color-coded in a way similar to the way the other
libraries have been in this visualization. DVDs of genomes that have actually existed can be
colored red. This is not seen merely as a record of organisms, but as a record of actual cells,
or more accurately a record of every sequence of nucleotides that ever came into existence.
Your body, over your entire lifetime, has produced thousands of trillions of cells, and most
of them have contained imperfect copies of your genome, or novel half-copies, but every
single one of them is a red disk in the library of Mendel. In addition to unwanted potential
cancer cells, your body presumably produces haploid gametes, or sex cells that are unique.
Actual genomes are red, but possible genomes in the library of Mendel can be given a color
from the visible spectrum that represents their likelihood of existence. Reddish orange
genomes would describe those that are in the line of fire with respect to potential point
mutations, and yellowish orange could represent the genomes that are a statistically possible
result of sexual recombination with a suitable mate. We might reserve green, blue and violet
for what Goldstein might have called the “hopeful monsters” or unlikely events, lightening
strikes that have a very remote chance of perpetuating a future path through the library.
It is clear that a vanishingly small portion of the library of Mendel will ever come
into existence, or ever could come into existence from a practical or a logical standpoint.
However, there is a clear pattern and a logic that life uses in searching the space of all
possible genomes. It is an effective and efficient search strategy based on the current
position of an organism and therefore the accessibility of new areas to search. It is not a
stagnant strategy but one of perpetual, widespread novelty. It is a perpetual process of
information renewal, and it represents an active and aggressive movement through the
library of Mendel. Sexual reproduction is a champion search algorithm in the library of
Mendel. Sexual reproduction is the strategy that virtually all complex multicellular
organisms have chosen as their way to travel through the library of Mendel, and it makes
good sense from the standpoint of an effective search strategy, given the practical
constraints of natural selection.

Consciously or unconsciously we all strive to make the kind of a world we like.
Oliver Wendell Holmes
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Four More Libraries
The larger point of the library exercise is to develop some mental tools, a
visualization technique for a more robust understanding of information theory. In a general
sense we can see now why information theory is literally all about putting a number on
things. It involves counting, arranging, assigning probabilities and drawing correlations
between one set of things and another. All languages or codes must be framed by this kind
of process in some sense, but some are naturally going to be more complex than others.
Through this brief example of a library metaphor we have been able to draw strong parallels
between printed books, digital computers and biology. But if we are going to use
information theory as a means to describe something, or as the foundation of a metaphor,
then we need to actually put numbers on the things being described. “Don’t know and don’t
care” are not legitimate methods of applying information theory. We might use information
theory as the basis for a better understanding of the protein code, but we must carefully
examine the proper methods for doing so.
To start framing an expanded paradigm for the protein code we can imagine four
more libraries, one each for all possible sequences of four distinct molecular string types:
DNA, mRNA, tRNA and polypeptides. We will name these four new libraries in honor of
Francis Crick and James Watson, the discoverers of the double helix. The collection of all
possible DNA sequences will be called the library of James. The library of Francis will be a
name that stands for all possible mRNA sequences. The Collection of all possible tRNA
sequences will be the library of Crick, and the library of Watson will be all possible
polypeptides. A proper view must include all four of these libraries, because the protein
code is a string quartet.

James = DNA
Francis = mRNA
Crick = tRNA
Watson = Polypeptide

We can define each of these libraries in a way most enlightening for understanding
each one, as well as understanding the logical relationships between all four libraries. From
this we will see that there is far more about the protein code - or for that matter the
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polypeptide code – that we do not know or understand than what we actually do know. We
will see that the classic paradigm is hopelessly flawed and can offer us nothing in thinking
about these areas going forward. In fact, we will see how the classic paradigm does real
damage to our thinking, how it perverts our language and is blocking our understanding of
the code of life. We will define each library in an order that is the reverse of convention, or
the reverse of the order suggested by the central dogma. It seems more teleologically
correct to do it this way, and certainly it is more useful to do so here. We will start with the
library of Watson.

The library of Watson is the collection of all possible polypeptides. Recall that a
polypeptide is a sequential molecule made of amino acids linked together by peptide bonds.
Every polypeptide is a sequence of peptide bonds. Every protein is a polypeptide, so the
library of Watson is also the library of proteins. Geometrically, every protein is a long
sequence of tetrahedrons that has folded up into a still more complex larger shape. We will,
of course, need to place some severe restrictions on this library if we hope to begin
imagining it. For instance, we will restrict the polypeptides to just the twenty l-amino acids
most commonly found in proteins today – a severe restriction to be sure. We also will
consider only polypeptides of a reasonable length, let’s say those of 2000 amino acids or
less. This is still an unimaginably large library, one with unimaginably more than 202000
DVDs. Of course, this library would more than easily fill the space in the known universe,
so we will again have to discipline our imaginations if we hope to consider this library as
one capable of being contained within our universe.
But wait; if there are only twenty amino acids in strings of up to 2000, how can there
be unimaginably more than 202000 DVDs in this library? Part of the answer is that substrings or strings of less than 2000 amino acids must also be counted, but against my strong
mathematical intuition, these sub-strings will account for less than half of all possible DVDs
in this library. More significant are all of the three-dimensional variations of every single
polypeptide, or all of the different shapes that any amino acid sequence can possibly be at a
given time. There is a huge amount of molecular information in any polypeptide beyond its
sequence of amino acids. It is actually absurd to define a polypeptide merely as a sequence
of amino acids, because it is really a sequence of peptide bonds, which is in reality a
complex shape made at bottom by a collection of shapes. A list of amino acids in sequence
provides only the bare minimum information we need in defining a sequence of peptide
bonds. Peptide bonds, as noted, are quite variable, so there are a huge number of possible
sequences of bonds within any sequence of amino acids.
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We must never lose site of the fact that a polypeptide is actually at all times a
complex yet specific shape - not a simple line. It is never without an exact spatial
configuration, and so the information content of a sequence of peptide bonds is vastly larger
than the information content of a sequence of amino acids. The sequence of amino acids is
merely a tiny, tiny, tiny subset of the information contained in the sequence of peptide
bonds. The classic paradigm encourages us to never think this way, but it is not possible to
ignore it and then pretend to understand it. Actually, every modestly sized sequence of say
300 amino acids could fill an entire universe with a collection of all possible sequences of
bonds between just those 300 amino acids. Even if there are only ten possible bonds
between any two amino acids – and there are surely many more than ten – there are then
10299 possible shapes for this modest single string of 300 amino acids.
The real world is of course much different from the world of “all possible” anything.
In the real world of a living cell, each sequence of amino acids could be considered as its
own molecular computer of bond angles, or its own computer of overall shape. This is the
idea captured by the first part of the thermodynamic hypothesis of protein folding – the
obvious part - and it is undoubtedly correct, in part. We could imagine a polypeptide that is
being randomly bombarded by molecules and surely changing shape with each collision. A
polypeptide will always be hammered into shape by thermodynamic forces, duh. But some
shapes are logically more susceptible to change than are others. We could build an entire
library of Shannon based on each sequence of amino acids and the limitless variations of all
possible shapes, some subtle, some large. Of course, the vast majority of these sequences of
bonds or spatial conformations will never be visited, but an incredibly large number of them
will be visited, at some point in time during the life of the polypeptide, even if just during
the brief period of time when it is made. The logic behind the paths from one sequence of
bonds to the next will be spelled out by a complex mixture of factors, the most important of
which will surely somehow involve the thermodynamic forces provided by a tetrahedral
matrix of water molecules. However, like any of the other libraries in this metaphor, the
exact position of a polypeptide in the library of Watson at any given time is absolutely a
function of where the polypeptide has actually been, and the future position will be logically
related to where it currently is. The information content has to arise from somewhere
initially, and the information at any time will strongly determine future potential
information. There is a time element in the library of Watson, and it is animated in a way
that can be loosely compared to the library of Shannon.
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Let’s take a brief detour from the library metaphor here to make a quick point with
another fun metaphor. Think about a Rubik’s Cube. It is a combinatoric geometric puzzle
that can exist in a staggering number of “states” at any given time. There appears to be but a
single “stable” state for the puzzle, so we can expect that if algorithmic solutions are applied
to it that the “correct” state will usually be achieved. This is false, all states are
“thermodynamically” equal on a Rubik’s Cube, but some states are clearly more desirable to
humans than are others. There are many clever scientists out there who have devised
“blind” algorithms for solving a Rubik’s Cube, and they have even programmed them into
robots that can solve a Rubik’s Cube. However, any of these robots will only work properly
if at least first given the vital information regarding the initial state of the Cube before the
“blind” algorithm is applied to it. If that little bit of critical information is not supplied the
outcome of the algorithm cannot be expected to produce any state that is more desirable than
any other. The algorithm actually operates on this initial information. It is designed to
process that spatial information based on a set of logical relationships in space and time as
defined by discrete moves. Why should we expect a blind algorithm for making protein to
be any less blind, any less logical, any less complex, any less dependent on an initial state,
and any less adept at achieving any “desired” final state than an algorithm for solving a
Rubik’s Cube?

Returning to our quiet little library metaphor, it does not serve our purposes of
visualization well here to think of each amino acid sequence filling a universe with all of its
possible shapes, so we will limit our imaginations to the space that is filled by a volume of
DVDs roughly equal to the physical volume of, let’s say, our planet earth. We can consider
a collection of DVDs that fills the entire volume of earth, which I have calculated to be
roughly 1026 DVDs, a large but still quite modest number compared to the real number of
possible shapes. Each DVD on this new planet – planet polypeptide - represents one of the
many possible sequences of peptide bond angles for a single sequence of amino acids. Each
one of These 1026 DVDs that fills the earth represents the very tiny fraction of bond
sequences that might be considered to realistically have any chance of coming into existence
for a single polypeptide. We can reserve the outermost layer of DVDs, or the surface of
planet polypeptide for only those shapes that might logically exist for any moment of time
for a given actual polypeptide inside a living cell. This number of roughly 5 X 1016 DVDs
would cover the surface of earth. We will color the interior of this planet ultraviolet, and
then use the visible spectrum to color the surface with a pretty pattern.
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Again, keep in mind that the fraction of likely or actual spatial conformations is
vanishingly small compared to the number of “possible” conformations. In other words, of
all the possible complex shapes of a single polypeptide, only a tiny percentage could ever
actually exist, but there are still enough actual shapes available to cover the earth with
DVDs. There is a tremendous amount of spatial information in any polypeptide. Look at
your floor, or the ground outside your window, or think of the ocean being covered by
DVDs, and each one of these DVDs represents a slightly different overall shape for any
given sequence of amino acids. Even when we radically limit the concept of all possible
shapes, or even all actual shapes, there is a tremendous potential for variation in the spatial
structure of any polypeptide. This is decidedly not the picture painted for us or in any way
encouraged by the classic paradigm, which conceptually has decided that there are really
only two.
Another handicap needlessly imposed on us by the classic paradigm is the use of the
terms ‘primary sequence’ and ‘primary structure’ as synonymous terms. This is absurd.
These two terms literally mean the same thing within the classic paradigm. This is an
insidious linguistic slight of hand that belies a fundamental confusion in the classic
paradigm. They have taken a concept that is ideologically unacceptable to them and
essentially obliterated it from the language. It is true that every polypeptide is composed of
a primary sequence of amino acids; however, the term primary structure is then used to
describe the exact same thing: the sequence of amino acids. Secondary structure is a term
then used to describe local patterns commonly seen in the folded polypeptide backbone of
proteins. Tertiary structure is the term used to describe the overall shape of a protein, and
quaternary structure is the term used to describe the pattern of aggregation between more
than one polypeptide in a persistent protein structure.
In other words, they have taken a concept that I would very much like to discuss,
because it is all-important even to their theory, but they would prefer not to discuss it, for
some reason that now eludes me, and they have merely defined the concept completely out
of existence. End of discussion, and there apparently is no room to open a discussion in the
classic language. However, I see no good reason to jump the gun from unfolded to folded
polypeptides like this and insist that primary sequence and primary structure should mean
the exact same thing, because they are obviously two distinctly different but equally real
things. The classic paradigm has obstinately demanded this etymologic waste of our time. I
know that it has wasted a lot of my time. It is not only wasteful it is downright misleading.
The proper view should be that a primary sequence is a tiny subset of information contained
in any view of primary structure. The sequence refers to amino acids and the structure refers
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to peptide bonds. Molecular structure gives us the information needed to deduce molecular
composition but never vice versa.
However, we will have a surprisingly tough job of deciding exactly what we mean
here when we say primary structure, because as we will see shortly, there is an important
environmental and time element when we consider the exact mechanisms of translation
involved in the polypeptide code. There is a real world informative difference between
primary sequence and primary structure, and there are interesting things to think about when
we contemplate the actual difference. It is not quaint or useful to literally define a real thing
out of existence and then pretend to talk about that thing. In fact, the entire classic scheme
for discussing protein structure is woefully inadequate, and since we are so busy here
defining so many new and important terms, I think we should take a swing at the global
hierarchy of protein structure a bit later as well.
Getting back to the visualization, every polypeptide within a cell could be seen to
live on the surface of its planet, wandering the chromatic topography from one shape to the
next. It spends its time traveling from one of a handful of likely shapes to another one very
nearby on the surface of its polypeptide planet. For instance, hemoglobin changes its shape
as a way to pick up and release oxygen. The most common shapes are pure red, and the
ones that are virtually never visited are violet. We can now imagine a colorful and complex
topography on every planet polypeptide. The red spots, or groups of closely related
common shapes, could actually be called proteins, because they have actually come into
existence or can be thermodynamically maintained for long enough periods of time to
qualify as proteins. However, we must be ever mindful that most proteins actually change
their shape as a part of their routine function, and they do so with amazing speed and
precision. Shape changing is part of a protein’s job (ironic in light of the single target
hypothesis) and we might imagine this part of the visualization as a frequent flyer program at light speed - between LA and New York on the surface of any planet polypeptide. They
are not rigid crystals in the traditional sense but dynamic crystals with many dynamic
features.
Given the fact that every polypeptide has so many possible and actual shapes, the
real question is: how many red spots are there on each planet and how are they distributed?
How many shapes are statistically likely given any sequence of amino acids? How many
stable solutions are there for this important geometric puzzle? This - one would think should be the very first question to answer in fitting the concept of proteins into a
framework of information theory. Well, unfortunately, this kind of question was definitively
answered without ever being seriously asked. However, the correct answer today is that we
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just don’t know how many shapes a single polypeptide can and does assume during its
existence. Statistically speaking, there are probably very many different possible and actual,
persistent shapes. There might be just a handful of actual red spots on any planet
polypeptide, for all practical purposes, but there certainly is not just a single red spot on each
and every planet as insisted by the classic paradigm. Worse still is the suggestion that every
planet is perhaps to be seen as a single color. This is absurd in too many different ways to
count, but remarkably this is the answer that is almost universally accepted today, because
this is the answer essentially forced upon us by the single target hypothesis of protein
folding.
The classic view just plain doesn’t make any sense, and besides, we now have many
examples where it’s just not true. Mad cow disease, for instance, is an example where one
particular planet polypeptide has at least two big red spots apparently separated by oceans of
blues and purples. If the shape of the polypeptide stays in one of the red spots, say, North
America, then everything is ducky. But if the polypeptide somehow travels to the other red
spot, say, Antarctica, then havoc reigns. There are therefore at least two sides to the cow
planet polypeptide: happy cow and mad cow.
The painful truth is that the polychromatic topography of each planet polypeptide
will depend on many, many factors. Determination of its actual shape is a complex natural
phenomenon. This contradicts the simplicity of the classic paradigm, but it is an
incontrovertible reality of polypeptides. Certainly the most significant factor will be the
shape of the polypeptide when it comes into existence and therefore lands somewhere on the
surface of the planet. We might consider this as a candidate for the term ‘primary structure’,
but I think there is yet a slightly better one.
It stands to reason that the landing site on a planet surface is important, and to help
visualize it we can add another level of organization to the library of Watson. Let us
imagine that a central body represents every possible polypeptide of the maximum length of
2000 amino acids, or a sun, and every sequence of one fewer amino acid is a slightly smaller
orbiting body around the central body, like a solar system. So the sequence of 2000 amino
acids is the sun, and the sequence of 1999 amino acids is Mercury, the one of 1998 amino
acids is Venus, etcetera, 2000 planets on down the line. Now we can see that the outermost
planet is a tiny single amino acid, and the next planet inward is a di-peptide, and then a tripeptide, etcetera. There are 2000 planets in the sequence and each planet has its own
collection of DVDs that represent all possible sequences of bond angles. Each planet also
has its own color pattern on the surface. As a polypeptide is created, a disk from the surface
of one planet will direct the arrival on the surface of the next planet.
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There are simply too many possible factors to even guess what a single, modest
planet of 300 amino acids might actually look like. This was the problem facing the earliest
scientists exploring this universe, and their solution (guided by an embarrassing lack of
empiric evidence) was to paint all of the surfaces of all of the planets pure red. In fact, there
are just two disks to every planet in the classic scheme. One disk is called “native state” and
the other is called “random coil.” From an information standpoint, it is a purely binary
system – fantastic! Incredible! Absurd! Useless! Perhaps it served its purpose for a time,
but it no-longer gets the job done when we do any serious thinking in this area today. We
know that the protein environment is crucial during translation. There are some proteins that
change the polypeptide backbone before final folding. We also know that the presence of
some planets – chaperone proteins – will have a real-world impact on the appearance of the
surface of other planets. We were shocked to learn that the existence of natives from one
region of a planet – prions – can somehow affect the overall color of that same planet. We
know now unequivocally that primary sequence does not determine tertiary structure.
Primary sequence, truth be told, does not even determine primary sequence. These
polypeptide planets are simply not monochromatic. There are happy cows and there are
mad cows on some planets.
Within the universe of the library of Watson there are innumerable polypeptide suns
and therefore large solar systems of partial sequence planets. A big drawback to this
visualization technique is that partial sequence planets get duplicated so many times, as well
as unimaginably large galaxies being formed by all the single point mutations of a single
amino acid in the sequence of our original planet polypeptide. The data structure of
polypeptides is extraordinarily complex, and in general we are conceptualizing complex
ideas about a complex data structure; therefore, it is a complex visualization. So we need
still more visualization tools to help organize the library further in our mind’s eye.
We might imagine that some sequences of amino acids are far more likely to exist
than others, for various reasons. Or we might say that some sequences are more protein-like
than others based on their overall shape and general properties. Each planet can have
“meaning” which is a measure of how protein-like it is. The vast majority of potential
amino acid sequences are not protein-like at all, and we can consider them to be like the jetblack randomness of deep space within the library of Watson. In addition we might also
imagine that each planet polypeptide has a colored atmosphere. Those sequences that have
actually come into existence are pure red, and those that are protein-like, but unlikely to ever
exist can have a violet atmosphere. Entire galaxies can give off a glow that represents their
likelihood of ever coming into existence for one reason or another.
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So now we have a fanciful and complex visualization of the library of Watson. It is
the library of all possible polypeptides and therefore all possible proteins. It is a universe
filled with DVDs that each represent one out of all possible polypeptides, or all possible
complex shapes of amino acid sequences. These disks are generally and logically arranged
on their tiny subsets of information, which in this case represents their primary sequence.
These planets can be further arranged or organized around their meaning, their actual
existence in the protein universe, or their likelihood of existence. So now let’s move on to
the library of Crick.

The library of Crick is the collection of all possible sequences of tRNA. It is the
most fascinating and mysterious of the four libraries in this scheme today, and it is the one
about which we know comparatively little. It is virtually ignored by the classic paradigm,
meriting barely any mention at all. The ‘t’ in tRNA stands for the word ‘transfer’ because a
tRNA is seen as a molecule that transfers an amino acid from the cellular soup to a growing
polypeptide, but the ‘t’ should stand for translation RNA. Translation RNA are seen as
vehicles that carry amino acids, which is correct, but vehicles can have various physical
properties, and in the world of molecules these physical properties represent molecular
information. A tRNA is a carrier, but it is not a mute carrier in the language of protein
synthesis.
It was initially speculated that a tRNA molecule would be a small and unimpressive
thing, perhaps only three nucleotides long, but as it turns out it is a huge and fascinating
molecule. A tRNA molecule is actually a nucleotide string that on average consists of
between 70 and 100 nucleotides, huge compared to only three nucleotides in a codon. The
populations of tRNA - the tRNA colonies - within each cell are different from one species to
the next. These tRNA molecules fold up into persistent shapes, just like protein, and the
shapes of all tRNA generally resemble each other. They are all roughly described by
gigantic molecular golden triangles. However, we can expect some variation from one
tRNA to another due to their immense size and inherent complexity. Unlike each codon in
mRNA, each tRNA is an independent molecule that floats freely in the cellular soup. The
codons of mRNA are landlocked, but the tRNA are roving and free to perform complex
interactions. This library visualization will treat tRNA as discrete, individual characters in
the library of Crick. Each huge individual tRNA molecule is like a distinct letter in a large
tRNA alphabet.
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Although the library of Crick garners nary a thought in the classic paradigm,
practically non-existent, it is in truth vitally important and impressively vast. We must
somehow start to restrict it in our thought experiment, and we will begin restricting the
library of Crick here by firmly linking it with the library of Watson. For every possible
planet in the library of Watson (every primary sequence) there is at least one, and generally
an unimaginably large number of DVDs in the library of Crick. For starters, every amino
acid in every sequence in the library of Watson can have a surprisingly large number of
possible tRNAs that could carry that amino acid. Each species, perhaps each organism,
perhaps each cell can have a different population of tRNA molecules. Of course these large
numbers only multiply exponentially as we begin to consider the idea of “all possible”
sequences of tRNAs. We don’t have even an inkling about how many tRNA there actually
are, let alone how many there actually have been, or how many there could be. But the
logical conclusion we must draw from this cursory analysis is that the actual information
content of a single modest string of tRNA characters is enormous – there are so darn many
possibilities. We don’t know the exact impact of the information carried by tRNA, but there
is nonetheless a lot of molecular information there to be put to good use by a clever
programmer in nature. We simply do not know at this time the exact reason why life would
create a system of tRNA with this large information content.
There is surely a precise and logical correlation between the libraries of Watson and
Crick, but we do not know enough about either library at this time to know exactly what that
correlation actually is. It could be quite simple, or it could be very complex, but it’s
probably closer to the latter than the former. Most people can agree that this is a very
logical conclusion, but they still hate the sound of it. The classic paradigm has been
insisting for decades that we should claim to know the totality of the correlation between the
information in tRNA that is passed to polypeptides. It is simple. It must be simple. We
know that tRNA exist only for the purpose of making a sequence of amino acids. If only it
were this simple, but unfortunately, we clearly do not have this level of command over the
details of protein synthesis - and we never did.
Here’s what we do know: We know for a fact that two tRNA are needed to make a
peptide bond during protein synthesis, and we know for a fact that every bond has a
structural state of being when it is made. So, we can say unequivocally that tRNA-tRNA
interactions must deliver structural information during protein synthesis. In other words, the
shape of any peptide bond is in some way determined by the two tRNA that led to its
formation. I did not just make this up. The idea that two tRNA must deliver the initial
structural information in a peptide bond is not a theory or speculation; this is a simple
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statement of unassailable logic. Read it again closely if you still disagree. Absent some
metaphysical method of bond formation, structural reality is imparted on every peptide bond
as a consequence of two tRNA molecules getting together during translation. I can’t even
imagine how this could ever be false, but it is amazing how a simple, obvious and logical
statement like this can cause such viscerally negative and immediate reactions from the
classically trained. Why should this be so? What is so scary or objectionable about this
simple and quite logical observation? The answer is that the classic paradigm prohibits such
language. It is verboten. It is heresy to even suggest such a thing. It is the thing whose
name cannot be spoken. The truth is that we do not know yet what this structural
information is, or how it works, or what it ‘means’ but we do know that it is there and tRNA
must initially deliver it. Mother Nature is confronted with clear choices here, and we know
that she makes them, but we just don’t know how or why she makes them the way she does.
We currently know virtually nothing about peptide bond information during protein
synthesis, so how can we be so confident when we blithely ignore them? However, it is
being blatantly ignored today.
The net result of our current ignorance is that we simply have no comprehensive way
at this time to precisely organize the library of Crick around the library of Watson. We
cannot “know” the polypeptide code at this time, but we can start to get a handle on the
problem by organizing all of the possible tRNAs around their anticodons, since we do know,
more or less, how many anticodons there might be. We also know, more or less, the
correlation between anticodons and amino acids, but even this is not immutable. Each
tRNA is “loaded” with an amino acid by a protein, and these procedures are not infallible.
The fidelity of each tRNA to its assigned amino acid will impact in a very real way on the
correlation between the two libraries. Molecular fidelity is yet another perhaps more subtle
brand of molecular information. Different fidelities mean different amounts of information.
Not all tRNA and not all anti-codons are equal.
More fundamentally, we do not have an answer to the most basic question: how
many different peptide bonds can any two tRNA charged with the same two amino acids
make? How unbelievable is that? I can certainly understand not knowing the answer, but I
can’t fathom why the question has never even been asked, or why it’s so easy for anyone to
assume that the answer is entirely inconsequential. I should think it would have been the
very first question asked. Well, now I’m asking: how many different bonds can any two
tRNA make? This is the essential first step in defining the character sets of this code,
regardless of how it plays itself out down the chain of molecular events of translation! It
seems to me that an answer to this basic question is absolutely required before we draw any
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broad conclusions about any possible correlation between the libraries of Watson and Crick,
before we rigidly define the language of proteins in the simplest possible way.
Even if the answer is “one” bond shape for all tRNA pairs across all possible
anticodon pairs, then this is an extremely important and interesting answer. At least it’s an
answer. The answer of one bond for all tRNA pairs is a very special case of a very general
question. It seems unlikely in the extreme that it would be this way in reality, but if that’s
the correct answer, then so be it. To be perfectly honest, I would be extremely disappointed
to learn that this is how it works in the real world, but it wouldn’t ruin my week or destroy
my worldview. Still, I’d like to know. I’m curious. Alternatively, even if the answer is that
the bond angles randomly vary, and even if variable initial bond angles have no subsequent
impact on protein structure; that would be a valid and interesting starting point in parsing
through the protein code. We do, however, need an answer. If functionally the same bond
angle is made between every two amino acids during translation then we can begin to make
important guesses about how to draw lines from the surface of one planet to the next as the
amino acid sequence grows in the library of Watson. We can also begin to draw conclusions
about the teleology of the system, because a system that makes but a single bond is one of
extremely high precision, but also one of potentially high waste. Perhaps it trades long term
symmetry for short term power in the equation of negentropy. Regardless, it could not have
arrived in this form, it had to be bought and paid for with many billions of years of trial and
error or molecular design. The libraries have to have a beginning and a logical path to
today’s libraries. This is a system of negentropy not entropy. Whatever the path actually is
it represents the indisputable winning design. This system clearly represents a winning
strategy whatever that strategy might be. Why would we think that this type of rigid monosystem of bonds, or even a “random” system of “don’t care” would be better than one that
isn’t so uniquely limited?
We now can see why any analysis of the information exchange between the libraries
of Watson and Crick must logically begin with the most basic unit of translation, which is
the peptide bond. Every peptide bond has two bonding partners and a spatial bond angle – a
shape. Additionally, every peptide bond has a real element of time for its formation, and
this time element cannot be ignored. The alphabet of the language of peptide bonds – the
machine language - will therefore be a combination of bonding partners and shapes in space
through time. How many characters are there in this particular alphabet that life has found?
There are separate and equally interesting questions about what the language is, why it is
that way, and how it got that way.
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We know that there are twenty potential bonding partners today, but how many
potential shapes, and how does the language define each one? Is it a product of two, three,
four or perhaps more tRNA in the sequence? What should we call that unit of meaning that
completely defines a peptide bond: a pepton? Even if the alphabet turns out to be a set of
twenty partners and one shape, this is a valuable finding. If this were in fact the case, we
could begin to speculate about the whats, hows and whys behind this particular language
chosen from a vast number of possible languages. Answers to these questions will define
the fundamental relationship between the libraries of Watson and Crick. Ultimately this is
what will define the codes of protein synthesis when they are finally known.
Unfortunately, it really is much more complicated than just sequence and shape,
because even if the exact same peptide bond angle is made by every two tRNAs in the
library of Crick, we still do not know the disc-to-disc correlation between adjacent planets in
the library of Watson. There are too many higher levels of emergent molecular information
in play here. When a protein twists or otherwise edits another protein, how do we fit that
into the broad scheme of the language? The process is too complex to know exactly how it
works at this time, perhaps so complex that we’ll never know the exact answer, but we
cannot ignore the complexities, especially the time element that must be embedded in them.
There is a distinct time element in the process of moving from one planet to the next during
protein synthesis, and this is yet another form of molecular information. During the time
that each amino acid is added to its growing sequence, the polypeptide surely wanders
around a certain area of its own planet surface. During this time it can also interact with
elements in its environment, like backbone twisting enzymes, chaperones and prions, and we
do not have all of the rules of interaction worked out at this time. Therefore, merely the
timing element will be essential in drawing lines between the surface of one planet and the
surface of the next. Both synchronic and diachronic relationships are important toward
understanding any possible language between any two libraries of molecular strings. There
is not only a distinct time element in traveling from one planet to another there is also an
important, broader historical element to building and traveling through the library in general.
We might like to know the evolutionary path because where we are now is a logical product
of where we’ve been.
Rather than a single simple dimension of “molecular information” in the form of
string order, protein synthesis involves several complex dimensions of internally consistent
molecular information. We must take into account the string order in addition to the specific
spatial information, the timing, and perhaps most importantly the cellular environment
during protein formation. The cellular environment will be determined predominantly by
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proteins and protein-like molecules, so it involves higher-level emergent forms of
information that lead to huge elements of recursion in the process. Perhaps a prion
represents a molecule which has “jumped the rails” with respect to this higher level of
recursive information that we should expect to find in a self-sustaining and self-referential
protein language. The prion is outside of the normal course of events of this tightly
controlled molecular information. Regardless, all of the proteins in the system are then used
to recognize their own data in the form of DNA data storage, and then recognize themselves
in the form of molecules of regulation, transcription, translation and folding. It is a selfreferential tangle of molecular information. It is highly likely that all of these forms of
molecular information are coordinated within a larger scheme of molecular information, and
therefore all of them act in concert to guarantee a maximum of efficiency and effectiveness
to the system in general. Anything else becomes dysfunctional.
The system is too primary, important and precise to just “leave to chance” that any
polypeptide will find its “correct” shape accidentally. The odds that any of a great many
“random” collisions in a cell will have the “wrong” affect are simply too great. Given what
we now know about the system, the odds that another protein might bump into a nascent
polypeptide and “randomly” wrench its crucial backbone from a particular trans to a cis
configuration now appear to be 100%. This would certainly have a devastating impact on a
pure entropy scheme; therefore, these kinds of events must be tightly controlled. Rather
than have a system that assumes uncontrolled “random” events, I think we should expect to
find a system that ensures them. In other words, instead of submission to a system of
randomness we should expect Mother Nature to design a system that controls all “random”
events to the extent possible. She has proven time and again that she will find a way to
anticipate the improbable and through time turn that clever anticipation to her advantage. It
is the massive accumulation of the results of this strategy that is life on our planet.

Returning to the notion of primary structure, there are two good candidates for the
term ‘primary structure’ of a protein. The first is the exact sequence of peptide bonds in
time and space that is created during translation by every tRNA-tRNA interaction in a
specific sequence at the actual moment that they each are formed. This must be an
imaginary structure because the peptide bonds that are made early in translation are
inevitably altered before and during the formation of later bonds. So, we must imagine the
primary structure in this light as something that exists in theory but probably could never
exist in a cell in reality. Protein folding does not begin after translation but during
translation. The actual folding of any protein is the result of a complex algorithm that
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results from many different basic elements of molecular information in space through time,
and also several emergent forms of molecular information as they interact with the
polypeptide during folding. It is not a simple or linear process, but it has proven to be
extremely reliable in the output it produces.
The primary structure is the pure information content of translation from tRNA to the
polypeptide string, but it is not this simple in reality, because the whole polypeptide is
changing during translation, and those changes must depend on environmental factors. So,
let’s call this pure form of polypeptide information the alpha primary structure. In other
words, the alpha primary structure of a polypeptide is a record of the rate, shape and
bonding partners of every peptide bond made during the translation of a single mRNA
sequence. In this definition it is possible that the information content of the primary
structure is indeed functionally equivalent to the information content of the primary
sequence, but only if all of the bonds are made in the exact same shape, or a functionally
equivalent shape, rate and actual way in all instances. Even if this is true today, it is highly
unlikely that it has been true throughout time. If the system ensures the functional
equivalence between these two terms now – primary sequence and primary structure - it
does so for an incredibly good reason, and that reason had to be proven by a very long
period of natural selection. Otherwise, it certainly would seem to represent a dramatic short
term information collapse in the system of translation, and so a collapse of molecular
information would need to be a competitive strategy here. We should then expect to find
adequate compensation somewhere else in the system.
The second candidate for the term ‘primary structure’ is the precise sequence of
peptide bonds immediately after the last peptide bond of translation is formed. Let’s call
this the beta primary structure. This would be the initial configuration that might be said to
be fed into the blind “protein folding” algorithm. This might also be a good candidate for a
proper meaning of the term ‘random coil’ if one is interested in romantic oxymorons. This
could be seen as the initial state of the Rubik’s Cube when it is handed to the robot for
solving. But since protein folding really begins with the translation of the first peptide bond,
even this is an artificial marker in the process. The environmental recursion is daunting, but
there surely is a sublime logic to its actual operation in a cell. It is some kind of grotesque
systemic breach of this logic that probably gives rise to prions.
The concept of primary structure brings forward another important point that I’m
sure the astute reader has already thought of: All of the strings in the library of Crick are
imaginary. The sequence of tRNA characters that is formed during any translation of a
polypeptide does not ever exist at a single moment in time. The subunits in the tRNA
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polymer are not covalently bound so they break apart quickly after their payload has been
delivered. Each tRNA-tRNA “bond” is made for only long enough to create the peptide
bond between the two amino acids that they carry. However, this is irrelevant from the
standpoint of information theory. We can easily take a snapshot of every bonding partner
during peptide formation and concatenate a string of tRNA to make a DVD for the library of
Crick. We can imagine that a complete tRNA polymer exists in time and space during
translation, and we can imagine that this complex molecule acts as an information scaffold
to create the alpha primary structure of a protein. The tRNA strings in the library of Crick
build a physical bridge through time to link the molecular information in mRNA and
polypeptides. They are the context for the translated polypeptide. They are an active and
integral part of the protein code as it should be properly understood. If a place in time and
space needs to be found to locate the polypeptide code it should be located here. This is a
real-world molecular version of the peptomatic because it is the string of tRNA that literally
defines the sequence of peptide bonds made in space through time.
It seems logical that every tRNA carries much more molecular information than its
anticodon and its amino acid. It is not obvious what will become of all that fabulous
information during protein synthesis, or how the code has chosen to take advantage of it.
Each tRNA carries a size, a shape, a nucleotide sequence, a population profile, which affects
translation fidelity and speed, among other things. Each tRNA probably also carries a set of
rules about how it will interact with other tRNA, and all of these forms of molecular
information will certainly impact on the size and organizational structure of the library of
Crick. The library of Crick is built around the basic information carried by tRNA. The rules
of interaction between tRNA during polypeptide formation will provide a foundation for the
language between the libraries of Watson and Crick. That’s how molecules work in the real
world; their interactions are a function of the physical parameters at hand. The code is
simply the hard won logic derived from billions of years of work by natural selection to
determine the exact nature of equilibrium between these sets of molecules.
It is curious how this basic kind of analysis seems to be common sense yet it is
wholly unacceptable to a classically trained molecular biologist. It is simply the nitty-gritty
reality of counting character sets that we must address when we reach for information
theory. How can we talk about codes without it? After all, these are the data structures we
must define before we start talking about the codes that use them. It is the nature of the data
structures and the logical relationships between them that will actually define the codes.
These are the unavoidable questions that must be asked. The specific answers are now
actually less important than simply allowing the questions to finally be asked and discussed.
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There are no absolute shortcuts, and there is no easy simplification of the process as we have
so far been pretending. Life is doing something at the interface between these sets of crystal
strings; we just don’t know what it is. But there are no unimportant “possible ways” of
doing something in a system of logic, whether it is computers or molecules. We may choose
to ignore the vastness of the libraries of Crick and Watson, but they are vast, and they are
logically related, somehow, and I’m sure that whatever it is, it is a remarkable, complex,
efficient and staggeringly effective relationship between them. It is unlikely that this
important language of biology is in any way haphazard or recklessly wasteful as we’ve been
classically describing it. It is far too important to all of life on this planet for it to fall into
the category of “don’t care” as far as Mother Nature is concerned. I, for one, am curious to
know how it actually works.
So now we might even begin to wonder about the history of these two libraries, both
separately and together. Regardless of how it works today we know that it had to start
somewhere and get to where we see it today. We are right to wonder about the direction
from which it came and the logical direction to where it might be going. There are vast
wings in the library of Crick that represent tRNAs of days gone by. These beasts would be
odd by today’s standards, I’m sure, perhaps even unrecognizable as tRNA, but just how
were they different from those of today? I would expect to see “tRNA” that perhaps
harbored multiple amino acids, not just one. How else could a primitive system find a
toehold? I also wonder if mRNA would even be necessary in some circumstances. Why not
let tRNA chose their own sequential partners at first while the system finds its legs? And
how were the lines between the two libraries drawn differently? From my vantage point, as
an omniscient observer here, I would guess that the library of Watson once contained far, far
more amino acids. Perhaps it accepted all comers. How could any exclusivity come about?
I believe that initially there was no precision to the process of stringing two amino acids
together. In all likelihood, any two would do in a sequence, as long as they formed a certain
shape, or one that was remotely close to a desired shape.
The precision, modularity and complexity of today’s processes are so breathtaking
that they are all undoubtedly expensive and late but quite powerful additions to the process.
There is simply no logical way that the primal apparatus could have the basic materials or
achieve the mechanisms of selectivity, precision and speed that we see today. The
machinery is far too complex – sublime - to spontaneously arise fully formed or as anything
close to today’s system, so it had to be built upon billions of years of searching and sorting
inferior systems and inferior languages. The physical systems and the languages had to

242

evolve in concert. These basic questions are unanswerable today, but it is nonetheless fun to
contemplate the vast array of possibilities.

The last two libraries, the library of Francis and the library of James, are perhaps less
interesting to us in this context, so I will not take quite the time to describe these final two.
There are severe known complications in defining either of them relative to the others, but
these two libraries barely advance our story, so I shall like to breeze through them here. The
library of Francis represents all possible sequences of mRNA, and it is linked here to the
library of Crick with the restriction that it need only contain all possible sequences of
mRNA needed to generate every sequence of tRNAs. It must be noted that any single disk
in the library of Francis will generate innumerable disks in the library of Crick, so the library
of Francis can be distilled to a tiny fraction of the number of disks in the library of Crick.
This simple and logical observation is more ironic when we realize that codons are widely
accepted as the highly redundant part of the code formerly known as genetic. Just exactly
how “redundant” any codon actually is remains to be seen. We know too little to actually
say for sure.
One might think, at first glance, as a misperception of the classic paradigm, that
imagining the library of Francis is a relatively simple matter, but upon further investigation
there are some pesky details that create ugly difficulties in this thought experiment. Note
that the entire sequence of mRNA transcribed from DNA might not be completely translated
into a sequence of tRNA during routine protein synthesis. Many mRNA sequences are
made of segments that are translated, called exons, mixed with some that are not translated,
called introns. The exons are spliced together, post-transcription, and the introns are clipped
out to become independent, free-floating molecules that seem to play a role in the overall
process. In other words, introns provide molecular information also - we just don’t know
yet the precise role of introns in translation. We cannot say with certainty exactly how the
various introns might impact on the final output of a protein, or more importantly on the
overall nature of a group of proteins, so it would be careless to completely ignore them here.
Worse still, there are many forms of “alternative splicing” of mRNA, which means that we
cannot merely look at a sequence of mRNA and know which way it will be spliced and
therefore translated. To add insult to injury, the mRNA can interact with itself and create
spatial conformations that profoundly impact on translation. It certainly doesn’t look like a
simple, linear, one-dimensional system of crystal strings to me.
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Also, we will presumably link the library of Francis to the library of Crick via their
codon-anticodon pairing, but because of wobble, codons are ambiguous with respect to
anticodons. Ironic, isn’t it? The classic paradigm tells us that codons are the redundant
element in “the genetic code,” but in actuality things are the other way around. Anticodons
are logically redundant with respect to codons, so codons are inherently ambiguous. There
are five nucleotide letters in the alphabet of an anticodon versus four in the alphabet of a
codon, so with special pairing rules during translation, there could be somewhere around
160 anticodons, versus only 64 codons. This means that many codons have more than one
anticodon. What’s more, there is no logical limit on the number of distinct tRNA varieties
any codon might have in any given cell. There could indeed be a large number of distinct
tRNA that can pair with any appropriate codon in a variety of contexts. We still don’t know.
Granted, there are only twenty amino acids, but defining the information content of codons
is purely a function of the number of choices and the probability of each choice being made.
Codons choose tRNA not amino acids. How the system ultimately uses that information in
translation is important, to be sure, but in this case we still do not know all the types of
molecular information or their ultimate functions. We just don’t know what’s involved or
precisely how it works. The plain, logical, undeniable numeric truth is that the molecular
alphabet expands at the level of tRNA, and we should be curious about how life might take
advantage of this inherent systemic expansion of molecular information. Information
expands naturally in the alphabets of translation from the library of Francis to the library of
Crick.
Anticodon redundancy brings up a very interesting question: when two or more
equally acceptable yet distinct brands of tRNA are available to join a growing sequence,
how does life decide which one to use? Is it purely random? Does Mother Nature make a
choice or does she take a pass here? Does it matter? I should think it would, but if it
doesn’t, that would be interesting too. For instance, when a codon will accept, let’s say,
three distinctly different populations of tRNA molecules during translation, what are the
rules that determine which of the three will get the job and contribute its molecular payload?
What molecular signals are available to guide this complex communal dance of crystals in
their otherwise thermodynamic behavior?
The additional signal for this could come from the tRNAs themselves. It wouldn’t
be hard, in my view, for the tRNA to decide amongst each other which tRNA to use to
resolve a real world case of molecular ambiguity. They could be restricted by, or simply
pair up with the preceding tRNA in the translation sequence in much the same way that they
pair up with mRNA. After all, tRNA molecules are made of nucleotides, just like DNA and
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mRNA. Just as there is a code between mRNA and tRNA, there could be a code between
tRNA and tRNA. Perhaps it is not so much a matter of matching nucleotides as it is of
matching mass or shape of adjacent tRNA in a translation sequence. However, it is not as
important to know that this code is actually in operation as it is to recognize the logical
opportunity for this code to exist. This is a natural feature within the numeric structure of
the translation system, and it is available to be either exploited or ignored in nature. Either
way, Mother Nature has a choice to make here. If it has somehow been expoited, then the
quality and quantity of molecular information in that case will be very different from what
we have expected and pretended to actually know.
The bottom line for this thought experiment is that we simply don’t know, so we
can’t say how it works. Data is woefully lacking. Perhaps the headlines of our mastery of
the genetic code were not exactly false but merely premature. I do think they were false, but
we shall have to wait and see. To my knowledge, nobody even knows how many different
tRNA actually exist in various species and cell types. It is logically apparent, though, based
strictly on the numbers, that there is an expansion of molecular information when we move
from the library of Francis to the library of Crick, from mRNA to tRNA. This is the exact
opposite from what is taught by the false dogma. Information in this context is not strictly a
matter of outcome but merely a matter of counting. This obviously is not the way this
numeric relationship is presented by the classic paradigm. The utter simplicity of the classic
view insists that we see the library of Francis as somehow inherently bigger than, or
redundant when compared to the library of Crick, but there is no compelling logical or
empiric reason to make this assumption. It is quite possibly true, but either way it is merely
speculation until data is actually produced. Wobble is real, there can be no doubt, but we
must recognize it for what it is. Wobble is an expansion of the alphabet from mRNA to
tRNA. If life has seen fit to further use wobble as a tool to restrict tRNA populations then
this is an interesting and useful strategy, but it needs to be accurately described within an
information paradigm.

The last library in the sequence is the library of James. It is the library of all possible
DNA sequences, and it is linked to the library of mRNA with the restriction that it contains
all possible sequences needed to make all entries in that library. Again, we do not know all
of the rules that life uses to determine when and how it will transcribe a sequence of DNA
into a sequence of mRNA, but we have enough of the details to keep things relatively brief
here. The heart of the gene code will surely be played out in the library of James, but we are
more interested in the protein and polypeptide codes here.
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There is an 800 pound gorilla in the room, and it is protein. The presence of
translated and folded proteins is the real fly in the ointment for defining any of the libraries
because they can impart molecular information on the system in so many ways. Proteins
play an indispensable role at every level of molecular information, from spatial storage, to
unpacking, to editing, to folding, to regulation. The information provided by protein is
undeniable, but it is still incompletely understood. The correlation between the libraries of
James and Francis is logically less opaque than the others, but we still do not have a
practical way to define either of these libraries within the whole concept of molecular
information. Our concept of molecular information is too ill-formed. We simply do not
know all of the rules of behavior, and we certainly do not know what types of information,
or molecular meaning that might be flying around between all four libraries. For the most
part, the four libraries and the precise relationships between them remains a mystery today.

“An expert is a person who has made all the mistakes that can be made in a very
narrow field.”
Niels Bohr

The Quiet Library is Now a Noisy Playground
Information, in the formal sense of the word, is at bottom nothing but a process of
counting. We need a mental playground, like this one, one with plenty of mental equipment
to play with if we are going to effectively discuss the codes of life. The puny sandbox in
which we have been stuck playing a lifeless game is no longer adequate for the job today.
The library metaphor that we just sketched out is a logical starting point if we ever to hope

246

to study the codes that life uses to make protein. These libraries do not represent codes; but
they represent the essential data structures that are used by the codes. The codes themselves
are the rules by which complex molecular behavior is governed in space through time, and
so the codes will also somehow define the global structure of the data. In a way, the codes
must be defined by the structure of the data because that is what dictates the complex
interactions between the various molecules. It is recursion and it is ugly to us humans, but
apparently molecules find it beautiful. They cannot get enough of it. Molecules drink up
recursion from the environment and produce more recursion from it. However, we have no
hope of getting anywhere unless we have the proper perspective of what a code is, what data
is, and how our data is actually structured and inter-related.
The very structure of these libraries and the real-world information they contain is a
measure of negentropy. Consider the number of “possible” libraries and the number of
“possible” ways to structure each one of them. The fact that we actually have libraries to
observe and discuss represents a breathtaking amount of negentropy in our entropic
universe. The physicists and chemists never prepared us for this. I am not claiming that the
numbers for molecular building materials and energy consumption don’t add up, they clearly
do. I love the sun as much as the next guy, but it is the explanation of the numbers, the
origin of the numbers that doesn’t add up. Where do we find the crushing entropy of the
universe in this crystal system if not utterly squashed under the powerful programming
thumb of Mother Nature? Each cell is a universe of molecular information, and each cell
leads to a more complex universe of cells in the future. All of the universes of molecular
information combined from time beginning to time future give us the universe of molecular
information that we call the biosphere. We are witness to a miracle of programming
perfection, but we are entirely ignorant of the programming strategies. How do molecules
conspire to cheat the natural universe of its precious entropy? Some force or some thing or
some one did billions of year’s worth of work on the universe to give us this grand pattern.
This work is stored in the pattern itself, and the programmers fingerprints are all over it.
As we sit down and evaluate what the master programmer, Mother Nature, has
actually done for us with her tremendous work, one thing becomes immediately clear: We
will need to define the set of coded objects that will eventually become “the code.” If we
spend the time to read an excellent and exhaustive textbook in molecular biology today, we
can easily identify protein as the coded objects that Mother Nature uses to do virtually all of
her coding work. Conversely, DNA does virtually no work from the standpoint of making
code. DNA interacts with protein to form mRNA molecules, and DNA interacts with
protein to form more DNA molecules, but then DNA is done with its work. Proteins, at the
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direction of proteins, do all of the rest of the heavy lifting in the information system, and one
might go so far as to say it is for the larger purpose of creating more complex protein
systems.
The information that is stored in DNA exists in a molecular format, it is a complex
crystal, but still it is relatively simple when compared to most molecular information and
how it operates. The length and order of DNA sequences are important, as are the vector
qualities brought with them by the asymmetry of the phosphodiester bonds that link each
nucleotide in the string. This provides a natural direction to events in space and time. Local
spatial vectors might be important also, but that is something that as of now we still do not
know how to organize within the system. Global patterns of DNA molecules, in the way it
interacts with its environment, provide yet more information in space through time relative
to more global and complex codes of life. There are packing and unpacking, as well as
complex regulatory codes that play off of the global properties of DNA as a molecule.
Contrast the molecular information of DNA with that of protein. The molecular
information of protein is far more complex in all ways. It is emergent information in the
system, and it interacts to create yet more complex emergent information within the system.
Protein information is based on shapes, charges, population profiles, information access and
complex interactions. It manifests in space through time, so it is far more dynamic. As we
look at the four libraries of data structures that we just created, we can see that most of the
coding objects that Mother Nature uses in her program development work are going to come
from the library of Watson.
Intermediate in molecular nature between DNA and Protein is RNA. The library of
Francis, or the library of mRNA, resembles the library of James, or the library of DNA, but
the mRNA molecule is very protein-like in its real-world behavior. It seems to me to be
almost a balanced hybrid between DNA and protein in the way it stores, uses, and manifests
emergent molecular behavior. The other big RNAs, rRNA and tRNA are virtual proteins in
their appearance and molecular behavior. Of course they require proteins for their own
manufacture, but they also work with proteins and act just like proteins when they
manufacture more proteins. The appearance and behavior of this crystal construction set
should basically be seen as a protein system for making proteins. It is understandable why
the system would choose RNA over protein in these specific roles, but we shouldn’t confuse
it with the role of DNA.
Since we are investigating Mother Nature’s intricate system of life’s codes, and since
we know she uses coded objects to write her codes, the next logical step in our investigation

248

is to study the structure of her coded objects. Since she uses proteins as her coded objects,
we need to take a good hard look at the global structure of proteins. When we do, we find
that it is not a single structure but an interaction of many structures that forms a hierarchy of
structures. Here is the hierarchy as I see it:

•

Primary Sequence – Information in a sequence of amino acids

•

Alpha Primary Structure – Imaginary pure string information of space through
time translated into a polypeptide by a sequence of tRNA.

•

Beta Primary Structure – Information translated into a polypeptide in space
through time at the completion of “translation” before “folding.”

•

Secondary Structure – Local shape domains in a folded polypeptide.

•

Tertiary Structure – Information in an entire folded polypeptide.

•

Quartenary Structure – Shape of aggregated polypeptides.

•

Seventh Structure – Information of a cellular protein population.

•

Eighth Structure – Information of ontogeny of protein population.

•

Ninth Structure – Information of biosphere protein population.

•

Tenth Structure – Information of biosphere phylogeny of protein population.

The naming is out of sync with the numbers, but that’s not my fault. Plus, the ‘fifth’
and ‘sixth’ structures are missing in the hierarchy because the classic paradigm went off
half-cocked and proclaimed that the earth was flat. I think we should leave five and six out
of the counting of structures anyway for several reasons. First, we’ve already changed the
meaning of so many words that I’d hate to try to change the meaning of secondary, tertiary
and quaternary structure of proteins. Second, nobody knows what comes after quaternary
anyway. Third, it is an easy way to acknowledge, remember and pay for the sins of our
fathers. So, the fifth and sixth structures are the etymologic sacrificial lambs in the history
of molecular biology. We will suffer relatively little phantom limb pain in their absence.
Now that we have a rough sketch of our coded objects, we can outline the domains
of the various codes we wish to study and perhaps then we might find ourselves in a position
to reverse engineer them. The ninth and tenth structures are the domain of the epigenetic
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code. The seventh and eighth structures are the domain of the genetic code. This genetic
code will inherit the properties and strategies of the epigenetic code. It will be comprised of
literally thousands of sub-codes or sub-functions to which it will pass its own properties and
strategies. One of the essential sub-codes will be the gene code, and it too will be found in
the seventh and eighth structures of our coded objects. The protein code will perhaps be
found in the span of structures from the first to the tenth. It will share properties and
strategies with the genetic code, and it will utilize the services of the sub-code that we have
named the polypeptide code. The polypeptide code is called by the protein code at the
interface between the libraries of Francis and Watson. It dwells in the library of Crick,
carried on the backs of all the tRNA in each tRNA colony. The polypeptide code will
determine the primary sequence, but more informatively it will give life the specific
information it needs in the form of the primary structures that will somehow be consistently
utilized by and coordinated with all of the higher structures in the hierarchy.
We can see now the utter folly of the classic paradigm. It should be crystal clear by
now. The code formerly known as genetic is definitively isolated in the very first structure
of the hierarchy. Searching for any of the higher codes of life here is a fool’s errand. The
primary sequence code represented by the icon of a codon table is nothing but a sub-set of
the information contained in the polypeptide code, and it is of little use in our hopeful,
industrial strength reverse engineering of the programming of life. To even call this a code
at all is somewhat gratuitous, but certainly we should never confuse it with the higher codes
of life, and we should never confuse it with DNA.
Now that we have a general outline for the data, the codes and the coding strategies,
we can ask the critical question every programmer needs to ask: What are these codes of
life supposed to do? The answer is simple; they are supposed to produce more codes. The
programming strategy that Mother Nature has adopted is sublimely brilliant. She has
created a coding system that functions as equal parts operating system and search engine, at
all levels. The epigenetic code builds machinery that searches the landscape of all possible
machinery. The thoroughly tested products of this algorithm become independent operating
systems that are saved on molecular hard drives and carried on the backs of the machines
themselves. The data for building more machinery is stored in the genetic hard drive of
DNA. The genetic code uses this data to build the individual machinery, while at the same
time it implements ingenious algorithms for inventing new data, new machinery as well as
new behaviors for the existing machinery. Therefore, the genetic code is also a perfectly
integrated, universal operating system and search engine. Do you think that God pressed an
antitrust case against Mother Nature?
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The protein code contains the instructions for building the parts of the machinery,
but it too has embedded within it ingenious algorithms for relentlessly inventing new parts.
The entire system is everywhere and at all times in equilibrium, and that equilibrium is
driven by the constant change of a global equilibrium. Adaptation is a good word to
describe the equilibrium point and how it changes through time. Negentropy is a good word
to describe the arrow pointing in the direction of increased order and complexity, leading to
the inevitable accumulation of molecular information within the system. No software
developer in the history of mankind will ever imagine a more ingenious, efficient and
effective system of information, I assure you. As a molecular information system, life is
truly worthy of reverence and awe. As it turns out, Schrödinger was indeed right. Life is
driven by a fundamental force in the universe that our human understanding of
thermodynamics and information theory has paradoxically both identified as entropy, but
that he called negentropy. It is a pattern of molecular behavior directly opposite from the
normal, random, statistical behavior of insentient molecules. Negentropy is the fuel of the
system, but rather than energy it is pure information in a larger system of information
processing. It is truly order from order. It anticipates disorder, but merely harnesses
entropy as an engine for change and dynamic renewal. Life “drinks up negentropy” in its
ceaseless quest to generate more negentropy, just as Schrödinger predicted.
We might now view the synthesis of even a single protein as an avalanche up the hill
of entropy of “random” molecular activity that reliably occur in well defined portions of
space and time. It is the recorded history of the system that schedules a consistent cascade
of “critical states” in the thermodynamic profile of the system, and these critical states
reliably lead to the coalescence of events that magically become a protein, time and again.
It is blind and it is random, but it has nonetheless been scripted, tested and recorded in the
molecular machinery to a point that it is not merely statistically possible but actually certain.
In fact, virtually every chain reaction of molecular events in biology appears to be an
avalanche of improbability, a reliable process we can now only call negentropy.

“Treat a man as he is, he will remain so. Treat a man the way he can be and ought to
be, and he will become as he can be and should be."
Goethe
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A few More Mental Calisthenics
As we play on our exciting, shiny, new playground of the mind we can start to look
around for fun toys with which to play, new tools to help us perform our future mental
calisthenics. The old-timers can sit around and spin their dreidels while the kids of today
make their X-Box 360 do party tricks. One of the new toys that we now have is the library
metaphor and the data structures that we can begin to visualize with the four libraries of
James, Francis, Crick and Watson. Having developed a general sense of the four libraries
we can start asking some basic questions and perhaps start coming up with some general
answers.
What is the basic character set for the library of Watson? The classic paradigm
requires only twenty characters to describe this entire library, one for each amino acid:
a,c,d,e,f,g,h,i,k,l,m,n,p,q,r,s,t,v,w,y. These “magic twenty” are concatenated into strings of
amino acids that theoretically contain all of the information of a living protein. This means
that the entire library can be tightly compressed in the classic paradigm. These magic amino
acid strings theoretically are then fed into a miraculous yet entirely mysterious “protein
folding” blind algorithm of pure thermodynamic forces, and we should be able to get the
same folded protein every time. This magical process of molecular information processing
should work independent of any other variable, according to the classic paradigm. But
imagine if we were actually the molecular foreman on the shop floor of the protein
production facility, how would we “think” about getting this facility organized and how
would we communicate this task with all of the other molecules that are needed to get the
job done? Would we teach them the twenty-letter alphabet and then teach them the three
codons that on average stand for each letter? Or would we teach them a 400-letter
overlapping alphabet standing for the bond between each letter:
aa,ac,ad,ae,af,ag,ah,ai,ak,al,am,an,ap,aq,ar,as,at,av,aw,ay,ca,cc,cd,ce,cf,cg,ch,ci,ck,cl
,cm,cn,cp,cq,cr,cs,ct,cv,cw,cy,da,dc,dd,de,df,dg,dh,di,dk,dl,dm,dn,dp,dq,dr,ds,dt,dv,dw,dy,e
a,ec,ed,ee,ef,eg,eh,ei,ek,el,em,en,ep,eq,er,es,et,ev,ew,ey,fa,fc,fd,fe,ff,fg,fh,fi,fk,fl,fm,fn,fp,fq
,fr,fs,ft,fv,fw,fy,ga,gc,gd,ge,gf,gg,gh,gi,gk,gl,gm,gn,gp,gq,gr,gs,gt,gv,gw,gy,ha,hc,hd,he,hf,h
g,hh,hi,hk,hl,hm,hn,hp,hq,hr,hs,ht,hv,hw,hy,ia,ic,id,ie,if,ig,ih,ii,ik,il,im,in,ip,iq,ir,is,it,iv,iw,i
y,ka,kc,kd,ke,kf,kg,kh,ki,kk,kl,km,kn,kp,kq,kr,ks,kt,kv,kw,ky,la,lc,ld,le,lf,lg,lh,li,lk,ll,lm,ln,l
p,lq,lr,ls,lt,lv,lw,ly,ma,mc,md,me,mf,mg,mh,mi,mk,ml,mm,mn,mp,mq,mr,ms,mt,mv,mw,my
,na,nc,nd,ne,nf,ng,nh,ni,nk,nl,nm,nn,np,nq,nr,ns,nt,nv,nw,ny,pa,pc,pd,pe,pf,pg,ph,pi,pk,pl,p
m,pn,pp,pq,pr,ps,pt,pv,pw,py,qa,qc,qd,qe,qf,qg,qh,qi,qk,ql,qm,qn,qp,qq,qr,qs,qt,qv,qw,qy,ra
,rc,rd,re,rf,rg,rh,ri,rk,rl,rm,rn,rp,rq,rr,rs,rt,rv,rw,ry,sa,sc,sd,se,sf,sg,sh,si,sk,sl,sm,sn,sp,sq,sr,s
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s,st,sv,sw,sy,ta,tc,td,te,tf,tg,th,ti,tk,tl,tm,tn,tp,tq,tr,ts,tt,tv,tw,ty,va,vc,vd,ve,vf,vg,vh,vi,vk,vl,v
m,vn,vp,vq,vr,vs,vt,vv,vw,vy,wa,wc,wd,we,wf,wg,wh,wi,wk,wl,wm,wn,wp,wq,wr,ws,wt,w
v,ww,wy,ya,yc,yd,ye,yf,yg,yh,yi,yk,yl,ym,yn,yp,yq,yr,ys,yt,yv,yw,yy?
How do we teach the workers to recognize the ten codon pairs that on average will
stand for each of these characters? And what do we tell the engineers that build the
peptomatic that we must use on the shop floor to do this magical work? Do we tell them to
make all of these bonds in the exact same way, or should the bonds somehow be varied in
time and space, and if so, precisely how should they be varied? Should we tell the poor,
overworked engineers to not sweat the “unimportant” details? What do we then tell the
workers who get the newly concatenated molecular string and then must somehow “fold” it?

Which of these four libraries is the biggest? The honest answer is that we do not
know. We don’t have enough information, or the libraries are not defined in such a way that
we can give an accurate answer; however, we are not precluded from making a guess. I
should think, based purely on the basic numbers, that the library of Watson is the largest - by
far - followed by the library of Crick, and perhaps tied for a distant third are the libraries of
James and Francis. It seems unlikely in the extreme that the library of James alone could
ever account for all of the molecular information in the library of Watson, or even just a tiny
portion of it. However, the exact nature of the codes will help determine the percentage of
the library of Watson that can be explored from the library of James.
The library of James is predominantly about character sequence, and the library of
Watson is predominantly about complex shapes. Whatever language translates between the
two libraries is one that somehow translates nucleotide sequences (which are shapes, but not
really interesting shapes) into the really active and interesting shapes of proteins. This
observation is not a matter of how it works; it is a matter of what it is. It is a correlation
between two string libraries, where the majority of information in one library resides in bond
angles and the majority of information in the other doesn’t. We simply do not know the
mechanism or all of the conduits for that information to get into the library of Watson, and
so we certainly are in no position to make absolute statements about the correlations
between all four libraries. Empiric evidence is woefully lacking.
How is the library of Watson searched? That is the most interesting question of them
all, in my mind, because it opens our eyes to a broader relationship based on the
fundamental structures and organization of all four libraries. The four libraries must be
logically structured, and the structure of the libraries is itself a form of molecular
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information. It demonstrates the negentropy embedded in the system itself. The complete
answer is still unknown, but we do know enough now to suspect that the search mechanisms
are brilliant and effective, which is what we’ve now come to expect from Mother Nature as
a programmer.
Consider first that the library of Watson is unimaginably large, and all but a tiny
percentage of it represents non-functional, non-protein-like random sequences. How could
life find those few precious useful sequences from within the vast randomness of protein
space? Add to that the fact that the search of the library of Watson is at bottom generated by
the data stored in the library of James, so the search mechanisms must therefore be
integrated between the libraries. However, when we look to the natural world we find that
the total number, diversity and exquisite specificity of proteins in the biosphere seems much,
much greater than we might expect to find after a short, four billion-year random search of
the library of Watson; therefore, the search process must be a highly effective and speedy
one. It must be logically patterned on the organizational structure of all four libraries.
Life has apparently taken advantage of several search strategies in the library of
Watson. First, it has modularized the search. In other words, instead of searching for
centralized planets to be used whole, it has found smaller, peripheral planets that it can
somehow combine and recombine into larger planets. It is like calling and re-calling
subroutines within a larger program. Perhaps we can use the name ‘planetoids’ to describe
the modular, peripheral planets. We know that proteins are built of modules in its
quaternary structures. We also know that proteins are built of smaller modules called
domains, so we can even draw an analogy between our polypeptide planetoids in the library
of Watson and protein domains. Life combines and recombines protein domains, called
domain shuffling, in finding entirely new proteins. It is the tried and true practice of use and
re-use of valuable material within basic biologic protocols. The library of James is used to
combine and recombine red planetoids in searching for new red planets in the library of
Watson. Of course, all of the mechanisms for doing this are based in the libraries of James
and Francis, but execution and feedback must ultimately be provided from the library of
Watson during the long process of natural selection.
The second method of searching might be considered the classic method. It involves
changing a nucleotide sequence one nucleotide at a time, called point mutations. This is a
simple matter of jumping from one solar system to an adjacent one in the library of Watson.
Because of the ever so clever arrangement of the codon matrix, the adjacent solar systems
are remarkably consistent in color from one to the next. The impact of any point mutation is
functionally minimized, to the extent that it is mathematically possible, so jumping solar
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systems is not a very expensive search method, but it is logically not very speedy either.
“The genetic code” is now commonly called an error correcting code, but error correction is
seemingly not a good way to conduct a rapid search for new protein morphologies. I prefer
to call it a search and build code. The lumbering nature of random point mutations through
protein space means that life cannot travel very far very fast, so large changes are unlikely to
happen very quickly if at all. However, there are known instances of two proteins with
similar functions and virtually the same shape, but with over 70% of their amino acid
sequences different. This means that two discs from widely separated galaxies in the library
of Watson can share essentially the same spatial information while sharing very little amino
acid information. Compare this to known instances where two viral proteins can share the
same frame shifted information of a single DNA sequence. What does that tell us about this
molecular language? It perhaps brings to light the true nature of the information in the
library of Watson, and it could shed some light on the teleology behind the library itself. Is
the library actually built around amino acid sequences or around polypeptide shapes, or
around some higher emergent level of protein meaning?
The next two methods of search in the library of Watson are ones that I feel that I
can contribute the most to understanding here, so forgive me when I say that they are the
most interesting. It could be called a pattern search, or perhaps a shuffle sort. They are
based on the actual interrelated structure of all four libraries. It brings to light the
importance of information theory when thinking about protein synthesis, and it punctuates
many of the deficiencies in the classic paradigm.
Remember that we colored the planets, solar systems and galaxies in the universe of
all possible polypeptides in the library of Watson according to two related schemes. The
predominant scheme is based upon the degree to which a sequence is protein-like. I have
avoided putting too fine a point on what it means to be protein-like because I must leave that
one, at least, to the experts elsewhere. The second of our color schemes is based on the
likelihood that a sequence will ever come into existence. We can imagine this as an overall
glow to a galaxy. A bright observer might complain that the two color coding schemes are
one and the same, but that observer would indeed be wrong. It is not necessarily true that
the two schemes should be the same, but it appears that life has taken great pains to make
sure that they are similar to the extent possible, and this, I believe, is the primary reason why
the search for protein morphologies has been so speedy in the natural world. This represents
a huge measure of negentropy in the language of proteins.
Imagine a search algorithm that is indiscriminant and randomizing, and imagine that
it operates on the sequences in the library of James. It would be an entropy algorithm. If
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this were the only method available for exploring new areas in the library of Watson, then
all of the sequences in the library would be equally likely to exist, or more accurately all of
them would be highly unlikely to exist and, therefore, all of them would be the same color in
our color scheme – jet-black. This would not form the basis of an efficient and effective
search of proteins. But if the randomizing algorithm operated on only a subset of the
“information” in existing sequences, then much of the “protein-like information” in each
existing sequence could somehow be retained. This kind of search strategy would lead to
the likely existence of like-colored planets in our scheme. This is clearly the type of method
used by domain shuffling and point mutations, but there are still more elegant ways to do
this. There is a general pattern search method at work in the protein code that is much more
aggressive, and much more ingenious. It is embedded in the data, the structure of the
libraries and their relationships to each other. It is a negentropy algorithm.
When we start to talk about sequences “likely” to exist in the library of James we
must start with the ones that actually do exist. Their probability of existence is 100%. We
can then see that many others are but a simple “mistake” away from existence, and therefore
their likelihood of existence is extremely high as well. It is exactly like a typo of a popular
internet address: www.googler.com, for instance. These kinds of simple typos are much
more likely to be visited on the internet than any random Internet address, so cyber-squatters
have snapped up the typos to await the arrival of many wayward travelers. In a similar way,
life has taken the trouble to squat on all the likely typos in the library of James – and there
are many.
There are five major categories of simple, basic, common typos in any nucleotide
sequence: forward shift, backward shift, complement, inversion and point mutation. This is
a natural product of the language and the system of translation. We can also imagine that
any and all combinations of these transformations are possible, even relatively likely to
occur. For instance, the double helix contains a coding strand and a non-coding strand. The
non-coding strand is a combination of a complement and an inversion of the coding strand.
This sequence of nucleotides actually does exist, but how likely is it to be translated? It is
probably very likely to eventually get translated when compared to any random sequence. I
would say that it is 100% likely to be translated at some time when compared to any
randomly chosen sequence. We have already seen how the point mutations work and how
life might take advantage of them, but life has done something similar with the other
common “mistakes” as well, and perhaps all combinations thereof. This is where, as
promised, we will revisit the system symmetry that was described earlier in the codon
matrix. This search algorithm is the explanation for why the global data pattern of amino
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acids reflects the inherent symmetry in the translation machinery. The symmetry of the
codon matrix is an integral part of a rapid search engine for finding viable new proteins
within the vast space of all possible proteins. The relationship between the library of James
and the library of Watson is such that productive, gigantic movements can be made in the
latter via tiny, high probability movements in the former. It is like a probabilistic gear ratio
where little movements are leveraged into productive big movements.
The simple typos in the library of James can be called sequence transformations of
inherent sequence symmetry. When a sequence has symmetry, one element of the sequence
can be transformed while all other elements stay the same. A frameshift in the library of
James is a transformation from one sequence to a virtually identical sequence. Let’s say 999
out of 1000 nucleotides remain the same in a frameshift, yet every codon and every
corresponding amino acid can be different. Still, vital protein information is remarkably
retained in the new sequence after the transformation. If we look at the relationship from the
reverse perspective, from the view moving from amino acids to nucleotides, we can say that
one amino acid sequence can be transformed into another completely different amino acid
sequence, yet it retains 99.9% of its nucleotide sequence. This is a brand of sequence
symmetry inherent in the language and dependent on a three-nucleotide reading frame
within the system of translation. Remarkably, the arrangement of assignments of amino
acids to nucleotides – the codon matrix - shares this same symmetry pattern. The data
pattern naturally matches the language pattern. Indeed, the patterns of codon assignments
can be shifted in all five fundamental ways yet retain large portions of their global structure.
This is true of all five common sequence transformations or common typos that are inherent
in the translation system, and so it must be true to some extent for all combinations thereof.
It is a very complex symmetry and reflects an incredible amount of negentropy in the
system.
The mere existence of easy and expected symmetry transformations of nucleotide
sequences is one reason we must re-evaluate our basic perception of codon assignments. As
we saw earlier, there is a complex overall symmetry pattern to assignments because the
primary challenge in nature was not merely to assign amino acids to individual codons or to
build a single protein with a single codon table. Rather, the programming task confronted
by Mother Nature was to assign whole proteins to all contexts simultaneously, which could
also be seen as a more complex effort to find all viable protein populations within a single
codon matrix. There is an elegant nesting of hierarchical protein meanings within the
language and it is highly recursive. The data pattern within the codon matrix brings to mind
an impenetrable mathematical magic square, or a sudoku puzzle. Each slot must be filled-in

257

in such a way as to ensure a consistent global pattern on multiple levels. Nature is a
mathematician that perhaps worked billions of years to precisely fill in this particular puzzle.
So we cannot merely frame the issue of codon assignments completely within the context of
protein building; it is also a codon matrix with protein search capabilities. When we think
about codon assignments, we must consider all possible codes for all possible sequences,
and we might conclude that very few patterns could serve life’s total purposes better than the
one we find in nature. This kind of complex efficiency is exactly what we should expect
from such a vital language, but it is a major conceptual element excluded from the simplistic
ideas propping up the classic paradigm.
Except for point mutations, any of the five sequence transformations at first has the
appearance of a totally randomizing event downstream in the library of Watson. This is an
entropy view of the situation. However, the probability of these “random” occurrences has
been integrated into the pattern of the codon matrix. It is a bit like buying lottery tickets
based on past tickets, but actually being given useful clues by studying past tickets. There is
clearly a complex equilibrium between these “random” factors. Without this cooperative
symmetry, common nucleotide typos are likely to be worse than worthless for any search of
the library of Watson, but with this integration between genomes and translation products,
the search for new proteins becomes accelerated. The translation products of any and all of
the common symmetry permutations are much more likely to come into existence than are
the products of any random nucleotide sequence. Remarkably, the symmetrical pattern of
the codon matrix has guaranteed that they will be much more protein-like than would any
random sequence. So, in our visualization of the library of Watson, we can see that the
librarian has arranged the galaxies in a symmetrical fashion, and so life has apparently found
a hyperspace button that jumps from galaxy to distant galaxy with the reasonable
expectation that upon arrival it will find planets of visible color. This hyperspace button, in
part, is provided by the sublime symmetrical pattern of data in the codon matrix.
There are a huge number of possible patterns of codon assignments, but vanishingly
few patterns would speed the search like this. It must have taken quite some time, trial and
error, but life has found a perfectly symmetrical pattern of assignments, in equilibrium, and
it could tremendously speed the search for new proteins and thereby drive the point of
equilibrium toward further complexity. Since the odds are so small that we would randomly
see such a pattern in the data, it is not unreasonable to conclude that the pattern is “for” the
function it could logically provide. Virtually any arbitrary pattern in a table could logically
build a protein suitably well, so the existence of this rare search enabling symmetry pattern
helps shed some light on the teleology of the pattern of codon data.
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The last potential method of search in the library of Watson is the most neglected, if
it has in fact ever been considered at all. It is the method whose name cannot be spoken,
because according to the classic paradigm it cannot exist. But now we must ask: Is it
possible to somehow search all possible stable shapes of a single sequence of amino acids?
We simply know too little about the whole process to know if or how this might be done. It
is possible that life controls the cellular environment in such a way that certain shapes
become likely and others less so. This would be an emergent form of control manifest in the
protein population itself and therefore highly recursive. It would be a brand of selfreinforcing molecular information. It is also possible that life tightly controls the shape of
each sequence as it is built, as the sequence jumps from the surface of one planetoid to the
next. We simply do not know, and more shockingly we seem to have never cared to ask. It
is also possible that a shape search method could be integrated with the method of the
pattern search just described. In fact, I would expect this to be true and I would guess that it
is a major part of the engineering work that Mother Nature had to perform in refining the
language. The data itself could be more geometrically based than we ever guessed. If this
type of crystal trick is done in nature, it will be a purely geometric solution and a doozy to
boot. It would involve whatever basic physical principles tying together shape sequences
and identity sequences within the protein code.

We can begin to sense that there are thousands of interesting questions to be asked
and answered from a proper, new, expanded view of molecular information. However, with
respect to protein synthesis, the questions really do need to start with peptide bond
formation. After all, the entire issue is one of molecular structure. Specifically, we are
interested in knowing the language that molecules use to build the beautiful and complex
structures that we call proteins. We have been heretofore pretending that it is a language of
simple molecular composition, yet we logically and empirically know that it cannot be this
way. The first basic steps in understanding this fascinating system must then begin with
studies of peptide bonds at the point of formation and move outward from there. There are
four basic questions that need to be answered before any other detailed explanations of the
language can be given, or before we should speculate on absolute properties of the language
in general. The first question is, how many different types of bonds are made? The second
question is, how consistent is each bond made when it is made? The third question is, what
impact do differing bonds have on protein structure? The fourth question is the most
difficult, which is, precisely how could any variance in a specific peptide bond impact on
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proteins and more generally impact on a protein population? These are all tricky yet
important questions toward our overall understanding of the codes of life.
We are where we are in our thinking today undeniably because of where we have
been. We took a fork in the road one half century ago, and now it appears we took the
wrong fork. Our heroic sprinters pulled a hammy with the first burst out of the blocks, and
now our explanations are pulling up decidedly lame well short of the finish line. Our current
state of confusion can easily be attributed to a total and persistent failure of human
imagination. The third question, what impact do differing bonds have on protein structure,
was the first one asked and answered, and it was ostensibly done in a scientific way. In
reality, however, it represents nothing but a failure of human imagination. Therefore, the
rest of the questions never got asked or answered, yet the answers to questions one two and
four are still interesting and important questions, regardless of the correct answer to number
three.
Unfortunately, the answers to all were first definitively given as “none” or that
peptide bonds can have no impact on protein structure. This answer was clearly given by
backward logic, Z to A logic. It is the simple, flawed logic that compelled us to remove all
language of structure from our understanding of a language of molecular structure. The
logic was that since proteins can ultimately fold in only one way, there can be no impact on
their folding by varying the bonds at the point of folding. So, who really then cares about
peptide bonds in a language of peptide bonds? However, now that we empirically know that
proteins can indeed fold in more than one way we can no longer logically draw these
important broad conclusions. We merely need to now imagine a system in which variance
in peptide bonds do have some kind of impact. It is really not so hard to do. Just imagine
any of the many systems that life could have chosen where the variance of the initial
structure does have an impact on the output of the final structure. Then ask yourself, if life
has chosen a specific system from all possible, even from all highly probable systems that
do not do this, how and why has life chosen this specific system? Did life really select a set
of molecules that is so thermodynamically robust that they can actually perform the
impossible? I highly doubt that it was done, nor do I think it would be necessary or even
entirely desirable.
The initial evidence that was used as a justification for building our entire belief
system is embarrassingly poor. It is finally time to take a new survey of the existing
evidence today, and it is even finally time to seek new evidence. It is well past time to make
a new decision about what our belief system in this area should actually be. We cannot
pretend to know something that we logically can at this time know very little about. We
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should not use our limited and flawed knowledge to draw huge conclusions about other
things. It is time for science to get busy and start doing science all over again.
Once we know this basic information, we can start trying to figure out how and why
the translation system is exactly the way it is. Knowing the basic answers will not actually
answer the bigger more important practical questions we ultimately want answered, like how
do we make a protein from scratch, but it will surely move us in that direction. It will not
necessarily tell us where a polypeptide will end up on the surface of its planet, but it will
help us to make general connections between the surfaces of adjacent planets and begin to
flesh out the chromatic topography of the planets. It will also undoubtedly provide insight
into the history of the entire library system. I suspect that the process of winding up on one
part of a planet versus another is very chaotic, complex, and multi-factorial. However, this
line of inquiry has been explicitly yet needlessly blocked for decades by the classic
paradigm.
Speculation of all possible search methods in the library of Watson really strikes at
the heart of the matter with respect to information theory and protein synthesis. The
fundamental unit of information in the library of Watson is a peptide bond not an amino
acid. However, it is absurd to wonder what kind of peptide bond a codon might carry, since
it takes at least two codons to make a peptide bond. A codon provides the sound of one
hand clapping during protein translation. I should also point out that it also takes at least
two codons to make any sequence of amino acids, so technically it should always be
inappropriate to define a codon outside this broader context. But a still more fundamental
question has been completely ignored: how many actual peptide bonds are created during
translation? If all of the bond times and angles are identical then the answer is 400. If more
than one bond angle or bond time is created during translation, then the answer is greater
than 400, but we have no way of knowing at this time how much greater. We also do not
know what effect, if any, these variations of peptide bonds could have on our travel through
the library of Watson, but the answer cannot be “none.” Variations in peptide bond creation
will impact on the library of Watson and its correlation with the library of Crick. Variations
or not, the exact bond created by every pair of contiguous tRNA will define the relationship
between the two libraries whether it is relevant to finding a final shape or not. It is
intellectually dishonest to claim otherwise. This is the nature of information theory; count
the possibilities and make logical connections between sets. Regardless of the details, the
language between the libraries of Crick and Watson is a language of peptide bonds – it’s as
simple as that.

261

If we eventually learn that life does in fact create the exact same peptide bond
information in all instances of translation, then this too would be interesting and important.
This would be a very restrictive and special case selected from all possible cases, and we
would be right in wondering why life would insist on this special case. What would be the
benefit of this special case, and how was life able to achieve it? Would it be a case of
“everybody knows” or “don’t care” or “just because” or would there be a logical reason that
it should be that way? Would life be signaling us that it has had enough variety, thank you,
and it would prefer to just do things a single way from now on? Would there be a
mechanistic explanation, like that it is the most efficient way to get the job done? We
simply don’t know because nobody, surprisingly, has thought to ask. More important, the
language that is required to discuss these ideas must finally be put back into the ideas that
need to be discussed.

Scientists were rated as great heretics by the church, but they were truly religious
men because of their faith in the orderliness of the universe.
Albert Einstein

Expanding an Expanded Metaphor
We can expand our new metaphor still more by first revisiting the library of Babel,
which by definition contains every possible character sequence, given the parameters that
were arbitrarily chosen in the definition of the library itself. This library is a mental
construct that is minimally compressed, or we might say it is maximally uncompressed.
However, within the library of Babel there must exist another library – call it the library of
Dewey - that represents every book that has ever actually been written. The library of
Dewey contains real books, and it is notable for the fact that it must be vanishingly small
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compared to the library of Babel; nonetheless, it is still quite large relative to the scope of
human thought. The library of Dewey is still an imaginary library - but a library of real
things - and unlike the library of Babel, it does need to somehow be logically organized.
Herein lies a huge paradox: The library of Dewey is far more complex than the library of
Babel that contains it. In fact, the actual information content of the library of Babel is
virtually nil.
The only real “information” contained in the library of Babel is the list of parameters
used to create it. This is a concept known as algorithmic complexity, wherein the trick is to
try to reduce a representation of something to the smallest possible state needed to reproduce
the whole thing. The library of Babel is like an information hologram; a small amount of
actual data that can be algorithmically expanded into a much larger representation of the
exact same thing. This concept of algorithmic complexity is closely related to real-world
applications of digital compression technology. We are all, I am sure, well versed in the
frustrations of dealing with various compression schemes and standards of digital media.
But consider the plain fact that a few simple lines of computer code – and huge amounts of
time - are all that are needed to produce the entire library of Babel in its full glory.
Therefore, it is an imaginary information object that seems at first blush to be unimaginably
huge, but which is ironically almost completely devoid of any real information. It is in
reality a tiny data object.
Creation of real information is a two-step process of having choices and making
choices. No information actually exists until choices are defined and made. The amount of
information that is created by making a choice is a function of the number of choices
available, the number of choices made, and the probability of each choice being made.
Technically, the letter ‘x’ has a greater amount of information behind it than the letter ‘e’ in
the English language, because a randomly choosen character from most books is much more
likely to be ‘e’ than ‘x’. By actually choosing real books from the library of Babel in
building the library of Dewey we generate huge amounts of information in the library of
Dewey. The algorithmic complexity of the library of Dewey is virtually infinite compared
to the library of Babel. It is difficult to actually compress the library of Dewey by very
many orders of magnitude when compared to the real thing, yet we still must create
compressions of it, if for nothing other than organizational purposes.
Melvil Dewey invented a system in 1876 to organize real libraries that is a prime
example of information theory put into proper action. He assigned a simple, small number
to all books. His original system, the Dewey decimal system (DDS), was based primarily on
the subject matter of each book, but today it also includes information about authorship and
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various parameters of publication as well. So, within the Dewey Decimal system of
organizing a library, a number (actually a character sequence, and it rarely exceeds twenty
characters) defines each book. We have seen that all books can already be thought of as
large, stylized numbers, so Dewey merely conceived of a system to make little numbers that
somehow stood for bigger numbers. Dewey essentially created a compressed shadow
library – the baby Dewey – that stood for the larger real one. The baby Dewey is naturally
much more manageable when dealing with all books all at once than is its papa. The DDS is
an example of a useful and extreme compression of basic information.
The huge algorithmic complexity of the library of Dewey means that we could never
create an algorithm that expands baby Dewey into its papa (unless you count the algorithms
involved in human thought and culture). The Dewey decimal number of each book is not an
algorithmic seed generator for the information in each book, it is merely a pointer that tells
us where to go to find the actual book within a global organization scheme. On the other
hand, the algorithmic complexity of the library of Babel is so low that we could actually use
the Dewey decimal numbers as seed generators to create actual books to fill huge sections of
the library of Babel, if only for self-amusement. The space in the library of Babel is so vast
that a miss is not as good as a mile – a mile is a direct hit. A book-writing algorithm based
on the DDS would fill entire universes with books that are “good enough” to pass for the
real thing compared to the vast randomness of all possible books. The lines that are drawn
between baby Dewey and papa are precise in the real world, but they could also prove to be
pretty darn good pathways for randomly wandering the library of Babel as well.
This, of course, assumes that any of these libraries will be organized according to
‘thoughts’ or ‘ideas’ contained in them. This isn’t such a bad assumption, because our
brains naturally translate the large numbers that represent books into something else as we
read them. The specific number that is the book being read will dictate where thoughts are
“led.” Changing a few digits in the overall number does not have much consequence –
usually – toward the final destination for most thoughts, so there is not a literal one-to-one
system of translation from character sequences to thoughts. In fact, there are usually many
possible character sequences that might land thoughts in the same destination, and these
sequences could be spread out quite broadly in the library of Babel. Conversely, the same
exact character sequences can lead to entirely different thoughts in reader’s minds. English
is not a linear system of thought translation.
What about the library of Shannon - on what criteria is it organized? What is the unit
equivalent to ‘thought’ in that system that would allow us to arrange it? The answer is: I
don’t know, but whatever it is, its algorithmic complexity is surely much much lower than
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the algorithmic complexity of the library of Dewey. The library of Shannon is arranged
around known, precisely defined protocols of rigid logic. They are information algorithms
for the purpose of running information algorithms. They are rigidly defined and highly
organized. The outcome of translation is much more literal –one-to-one - than that derived
from reading a book. We all know how persnickety a computer can be with respect to its
codes and syntax.
So, what of the library of Mendel? Remarkably, we do have an inkling of an
effective system for compressing and organizing this library. Living things are the products
of translation, or individual life forms are the unit of organization for the volumes in the
library of Mendel. The library can be efficiently organized around a system of taxonomy
given to us by Darwin – the Darwin Decimal System. Just how literal, or one-to-one, the
system of translation is, is still anyone’s guess. We don’t yet have a good way to even
interpret such a question, but it is highly likely that the algorithmic complexity of the
translation system is extremely high.
That brings us back to the four libraries that represent the string quartet of the protein
code - James, Francis, Crick and Watson – DNA, mRNA, tRNA and protein. What is the
‘thought’ being translated in this system? What is the algorithmic complexity of the
translation? Remarkably, these questions don’t seem to have really ever been asked, but
they certainly were definitively answered by the founding fathers of the classic paradigm
with the very first ad hoc definitions they made for molecular information. The ‘thought’ is
merely a sequence of amino acids, and the algorithmic complexity is zero. Did they get it
right? I think perhaps not. It seems unlikely that so simple a molecular information system
would ever come about in nature. It would seem to be a goofy system for molecules to
strive for, but one that nonetheless would have to be built – somehow – by molecules.
I think that we should rightly perceive the “thought” in this translation system as
‘protein’ or more accurately ‘all proteins’ or ‘all complex populations of proteins’. But
whatever the “thought” is being translated by these molecular codes, it seems to have a high
degree of natural symmetry, and this is the logical foundation used by the librarian to get
things organized. The language used in this translation is an inherently symmetric language
where some “thoughts” can be expressed backward, forward, shifted, and upside-down. It is
quite a language, to be sure. The exact nature of the words and sentences being employed is
still a mystery, but the various molecular alphabets used to create them point toward
something more elegant than a one-dimensional, linear, purely literal translation of amino
acids.

265

The question of actual algorithmic complexity is much trickier at this time, because
we still don’t know the precise algorithm. The numeric expansion of molecular choices
from the library of Francis into the library of Crick presents a real challenge. Each disk in
the library of Francis could produce so many disks in the library of Crick that we must have
some empiric data before we decide how many disks are actually being made during
translation. What are the number of choices being made and the probability of each choice?
After all, each sequence of tRNA represents a different physical entity in time and space, so
fundamentally they each represent a different amount of molecular information. There is
likely to be some kind of literal molecular translation from the library of Crick to the library
of Watson, but we don’t know what it is.
If we imagine a library of Mendel for all of the genomes that have ever come into
existence we should call it the library of Darwin. The library of Darwin is much like the
stored “thoughts” to be translated by higher codes into life forms, or a record of all the
winning “thoughts” that life has had in the past and the present. This imaginary library of
real things represents the winners that the stern taskmaster, natural selection, has actually
proven to be winners. The library of Darwin represents a huge amount of stored work in
programming, work that Mother Nature has done at her keyboard while pounding out the
epigenetic code. The library of Darwin is just data storage, but clues to the programming
strategy can be found in the patterns of the stored data. Studies of algorithmic complexity
and information entropy can and should be done on this data, as well as the other crystal
strings in the language, on scales small and large. It is highly likely that these kinds of
studies will provide even more clues to the programming handiwork of the master
programmer. The entropy values of strings will almost certainly operate just like any other
emergent level of information in this complex system of molecular information. Varying
entropies will have varying meanings on both a small and large scale.
Is it really true that the information in the library of James is tightly compressed by
“the genetic code” during its translation into the library of Watson, or is there something that
we are missing here? Is there a baby Dewey and papa Dewey in this translation system, and
if so, which way do the pointers point? Is molecular information really stored in an
uncompressed format only to then be tightly compressed during translation, or is it more
likely that it is stored in a tightly compressed format and expanded during an epigenetic,
evolute process of translation? Which way does the arrow of entropy actually point during
protein translation? These are all interesting questions that we can play with in this new
mental playground that information theory, or at least a valid application of it, can provide
with respect to the polypeptide, protein, gene, genetic and epigenetic codes of life.

266

I suspect that there are currently two compressions that are occurring and their
arrows are pointing in the exact opposite direction. The first is the compression that is
occurring in nature, in the actual molecular codes. The second is the false compression in
our thinking that has been forced upon our minds by the classic paradigm.

We can easily slide from this library metaphor into another computer metaphor and
make a quick and dirty analogy between the search functions in the library of Watson and
the search functions in the library of Shannon. Actually, what we need to do is imagine a
library full of libraries of Shannon; we need to imagine a large network of computers, we
need to imagine the worldwide web. The web is somewhat analogous to the search space
that life faces in finding new proteins. It is a large pool of possible things, most of which
have a low probability of being the thing you need at any given time.
Society has recently recognized the importance of having a good search algorithm
when confronted with the task of searching the web. We have recently seen the amazing
utility and commercial value that comes with building a better mousetrap in this area. There
were plenty of fine search engines available for years, but then Google came along and
suddenly dominated the field. Everybody uses it and the inventors got rich because it works
and is quite valuable to surfers, and these reasons are similar to why every living thing uses
roughly the same codon matrix. Why does Google work so well? Because it is built around
the fundamental structure of the thing it is searching. A network is a collection of nodes,
and Google’s algorithm primarily searches the web keyed to nodes of interaction. In the
same way life has found a rapid algorithm of search in the library of Watson. A genome
through time becomes a collection of sequence symmetries – nodes - so life decided to
design the search engine around sequence symmetries. Brilliant!
It is not entirely unreasonable in this light to speculate about the portions of any
genome that do not appear to code for any proteins. It is generally true that the more
complex an organism is, the larger, more complex and fragmented is its genome. Besides
regulatory functions, these “non-gene” regions of a complex genome are loaded with repeats
or sequence duplications. Sequence duplications will always be the progenitors of other
transformations, or they can lead to high rates of forward and backward frameshifts,
compliments, inversions and multiple opportunities for point mutations. The genome must
have a way of creating and cultivating these regions, like gene farms, and with the integrated
symmetry of the codon matrix there is perhaps a tremendous reason to do this. The “nongene” regions of the genome could then function as the inventor’s toolkit or the R&D
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section of the cellular protein factory. “Junk DNA” if there really is such a thing, is
probably the best raw material on which the symmetry-enabled protein search engine will
most efficiently operate.
Life on earth can be compared to digital computers in many other ways. Life in
general has a two-part strategy, a molecular operating system that builds cells and a search
engine that finds new kinds of cells. Overall, natural selection relentlessly operates on the
library of Darwin to produce the myriad patterns we see in nature. In this context the library
of Watson is but a small part of, merely a sub-routine of the processes of life, but it clearly
shares dominant patterns with the whole. The universe of proteins, all possible proteins, is
organized around equal parts building and searching. The protein code, whatever it is
specifically, must also be seen to be made of equal parts operating system and search engine.
These two functions are integrated together into the fundamental structure of the code itself
and reflected in the patterns of the data it uses.
We can now bring together the computer metaphors for cells and proteins by
realizing that a cell in the most simplistic terms is a big bag of proteins. It is full of lots of
proteins of stunning variety, and lined by a membrane, which is also packed with
sophisticated proteins. Ignoring the other important categories of organic molecules for the
moment, we can say that a cell is a complex bag of proteins. It is not a simple array of
different proteins; it is a complex population of complex populations. Each protein type
within a cell has its own population of clones that has a population profile through time in
and of itself. There are complex mechanisms for regulating each specific population of a
single protein as well as regulating the more complex population of all populations within a
cell.
If we tried to describe a single cell within our library metaphor we would quickly
find the logistics problems insurmountable. However, we can recognize that the range of all
possible cell protein populations is in a small sense predetermined. The populations must be
selected from the library of Watson and they must be generated by the genetic code. All of
the possible bags of proteins are pre-determined at base by the machine language of the
protein code. Every possible variation of every possible population is predetermined by
whatever system of protein synthesis is chosen by life. We can recall that evolution is not a
property of individuals but of populations. Individuals can be selected but populations must
evolve through time. Evolution can only proceed via constant variation within populations,
so any system that drives it must supply constant variation within and between populations
of things. Therefore, there is a significant importance attached to the ability of the protein
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code to supply constant, logical, efficient and useful variation to every population of
proteins that it generates.
In this context we might even say that life does not conduct a search but actually a
perpetual pre-search. Life does not await a specific need and then respond to it. Life
prepares for a wide variety of potential needs and then selects a path that best meets the
need. It remains in equilibrium, and the equilibrium is constantly moving in the direction of
complexity. The selected path then leads to an amplification of the particular trait that best
meets the need. The algorithm or method life employs to search is then seen as: pre-search,
select and amplify. Here again, this pattern is loosely followed in modern digital network
searches such as Google. Another analogy might be found in the human immune system
where the complex network of white blood cells uses a similar search method. Sexual
reproduction is yet another broad example of this search strategy. So the basic pattern is
repeated most everywhere we look.
All of these examples of life’s search strategies draw their effectiveness from
“random” variation; however, the emphasis is on variation and not really on random. In all
of these instances life has kept the random element to a minimum and even turned it to
advantage. Random is a tool used by life’s search algorithms in much the same way that
computer programmers use random elements in rigidly controlled shuffle sort computer
algorithms. A child is a random combination of existing DNA from two parents, but all
combinations are drawn from a tightly controlled pool of possible combinations. Symmetry
transformations leading to proteins are random events, but their effects are tightly
controlled. So, in these cases random becomes a good way to speed up an otherwise
daunting search. It seems that “luck” is relative to how well circumstances can be
anticipated and “random” contingencies pre-arranged in the systems of life.
The concept of population variation as pre-search can veer dangerously close to a
concept known as group selection. The idea of group selection focuses on evolution via
‘good of the whole’ mechanisms. This subtly but significantly misses the complexities of
what might better be described as team selection. It is, I suppose, inevitable that the two
will be confused, but I believe Richard Dawkins best made the distinction between them in
his 1976 masterpiece, The Selfish Gene. Dawkins did not exactly talk of ‘pre-search’
properties of evolution per se; he was more focused on the concept of how individual
entities could be selected for their ability to perform within a team environment. He was
specifically referring to individual genes within an entire genome, and he provided a simple
metaphor of a rowing crew to make the point.
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When a crew coach is tasked with assembling the fastest eight-man team from a
large pool of possible oarsmen, he may not necessarily select the eight fastest oarsmen.
Within a team, the responsibilities of each member probably vary quite a bit, so ultimately
the fastest team will be the one that uniquely meets the collective challenge to obtain the
best result. The team members are all role players, so to speak. The team members are in
equilibrium with each other, and the best team combinations will win the competition. The
competition itself will lead to equilibrium within and between teams.
We can draw a direct analogy here to the codon matrix we developed earlier.
Individual codon assignments are not made based on single amino acid placements within a
single translation but within the context of all possible placements in all possible sequences.
To use the crew analogy we can say that every codon assignment is an oarsman in a boat,
but that one boat must perform exceptionally well in every possible race. The boat will
inevitably be required to turn left, turn right, race backwards and it must even sometimes
race upside-down.
But the analogy must be extended much further than this because the race is not just
to build individual proteins. The race is to build complex populations of proteins. Cells are
selected in nature based on their populations of proteins, and as we can imagine the actual
origin and operation of these populations will also be complex. It will require the
mechanisms operating on nucleotide sequences to work in concert with mechanisms that
produce the global results in populations of proteins. There must be population regulators as
well as mechanisms to generate constant population variation. Given any single system of
protein synthesis, some population profiles will be readily available whereas others will be
so improbable as to be considered statistically impossible. Therefore, it is imperative that
the whole system be selected on its ability to consistently generate never-ending variations
on winning profiles of protein populations. It must not stagnate on any population profile or
in any tiny corner of the library of Watson. The overall system of protein synthesis found
here on earth seems to have relied on system symmetry to win this particular race, so we
must begin to think in terms of a translation team that involves the interdependence of all
four libraries: James, Francis, Crick and Watson – one helluva string quartet.

We can ask some additional general questions about the library visualization scheme
and the way molecular information has been perceived up until now. This tack, broadly
visualizing information theory and thinking about how it might play a role in protein
synthesis, is the most general approach I can think of, but where can the classic paradigm fit
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into this scheme? The answer: the classic paradigm is a highly specific set of answers, or
non-answers, within this more general approach to molecular information. Of all the
possible answers, or even all the possible questions, the classic paradigm has forced us from
the initial steps in the investigation to focus on a very specific set of conditions, obviating
certain questions and requiring axiomatic answers. But are those answers correct? Is there
any strong empiric evidence whatsoever to require us to continue blindly accepting them? I
think not.
Within the structure of this visualization, what precisely is the genetic code? The
answer is simple - according to the classic paradigm - the genetic code is a grotesque
simplification of a subtle, powerful, complex and much larger natural phenomenon. This
over-simplification obscures most of the facts and details and thereby blocks our enhanced
understanding of that phenomenon. According to the classic paradigm, we must ignore the
libraries of Francis and Crick, and then collapse the libraries of James and Watson down to
their absolute least informative states. In this form we can focus entirely on codons and
thereby ignore the symmetry and search functions engineered into the system by Mother
Nature. We can then draw simple, straight lines between the libraries of James and Watson,
between DNA and protein, and pretend that no other more complex molecular information
exists or is involved in the translation process. These are the premises and epistemic
consequences of the classic paradigm of the genetic code. But even if every unjustified
assumption made by the classic paradigm were true, it could still fit comfortably within this
more general perspective of molecular information. So why must we reject the general
perspective out of hand and cling so tightly to a highly improbable, specific explanation? It
feels just like a religion to me.
How useful is the classic paradigm today? What does it do for us to advance our
thinking about molecular information, and what does it teach us about protein synthesis? I
find nothing in it today but a faith-based tautology. It says that protein synthesis is a limited
process because it is simple and it is simple because it is limited. It really does not say
anything at all at this point in the investigation, other than “don’t look here” and “don’t
question the dogma.” It teaches us to ignore a more general perspective and hammers home
the erroneous mantra, ‘simple, simple, simple’ and ‘narrow, narrow, narrow’ when
molecular reality is broad and complex – and quite elegant, subtle and stunningly beautiful.
The classic paradigm today is not an explanation in any sense of the word; it is a
rationalization for the fact that we really have no functional explanation. The classic
paradigm is more than just false hope that the explanation is coming; it is precluding the
search for a proper explanation.
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The general scenario presented above can help us begin to question some of the
specific tenants of the accepted paradigm. For instance, Should we really be using the term
co-linear? These four libraries are described as libraries of pure information. They are
strings of molecular sequences, and there are intricate correlations between strings in each of
the four libraries. We simply do not know precisely what these correlations are or how they
work. We do not know why they are the way they are or how they got there. There are
molecular languages at work between any two libraries and across all libraries in general,
but we do not even know what types of information are being translated, let alone how
“linear” the translation might actually be. They are sequential in that they are strings with a
beginning and an end, but they are not even co-sequential. The term “co” directs our
thinking in ways that are ultimately unhelpful. We must mentally undo the effects of the
term to gain a better understanding, so why do we use the term in the first place?
The term ‘co-linear’ was originally chosen to describe an unknown process in nature.
At the time it was coined it was useful for conveying a specific concept, but we now have a
much broader and intricate understanding of the process, and the original concept is not
mysterious or problematic. However, the term ‘co-linear’ is no longer helpful, it is actually
detrimental. It is false poetry. The concept that it was intended to convey is that translation
of a gene into a protein is a sequence-based molecular endeavor. Molecular information is
serially passed from one molecular string class to another. But the general system of
translation is not built with a single string in mind. It is built with account of all possible
strings of every class simultaneously, and the quantity and method of information being
passed between each string class is presently not known. So the term ‘linear’ is
inappropriate as to information content and the prefix ‘co’ is inappropriate as to the actual
number of strings involved at any level. The protein code is sequence-based in general, but
it is not specifically co-linear in any way.
What about the central dogma: which way does information “flow” in this scenario?
God only knows, at this point. It seems to me to be flowing in every which direction, and
I’m sure there are huge pipelines of information that are completely lost on us at the
moment. The dogma instructs us to simply ignore them and focus on DNA. However, the
interdependencies of all involved molecules make any absolute statement about information
flow foolhardy. Only a uselessly crude simplification of the concept of information could
assign a direction to all of the informational portals in this system of protein translation.
Proteins clearly play a major role at every step of the process of their own synthesis, as well
as the synthesis, storage and usage of DNA. Introns provide information to posttranscriptional processes. Molecular information comes in many forms, not just sequence
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information, and we cannot justify a language convention that cherry-picks the specific
types of molecular information that will and won’t count in any discussion. We would have
to willfully ignore most known aspects of the system to apply our cherished “central dogma”
to information flow here. It is no longer useful to even imagine such a thing, but if we must,
the arrows in the central dogma clearly should be reversed.
What about the thermodynamic hypothesis of protein folding? This is the axiom that
directly led to an entropy paradigm for the code of life. It says that the translation of a
single protein is a slave to thermodynamic forces within a cell. There is only one choice of a
protein for Mother Nature to make when she starts with molecular information in a string of
DNA so she is inevitably forced to make it. The information she starts with must be a
maximum and it must be dissipated to a greater or lesser degree by the machinery of
translation. I think this is utterly false. I think that Mother Nature has billions of individual
choices to make starting with the hooking up of the first two amino acids extending to the
final folding of an entire protein, and every single one of these choices represents molecular
information. I think that this is a process of negentropy and it is using a code of negentropy,
so in reality we should be working on a non-thermodynamic hypothesis. Granted,
thermodynamics is a necessary and pervasive influence on all molecular activity, but in the
case of life, Mother Nature is specifically interested in those processes that anticipate
randomness and channel it into efficient, well defined, predictable results. Furthermore, she
uses intricate procedures of negentropy to produce the original data in DNA that leads to
protein. It is not a random hit or miss search but a refined manipulation, massage and
cultivation of existing data, combining, re-combining and transforming existing data for the
purpose of creating new data. All of these negentropy tricks of search and build must be
integrated into the translation machinery and therefore into the translation code. It is
efficiency not inefficiency. It is control not absence of control. It is information expansion
not information destruction. It is non-linear and complex not linear and simple. It is
negentropy not entropy.

We simply do not know what all of these libraries are and how they work, let alone
how they all work together. The chicken is in many ways indistinguishable from the egg.
We do not know the control mechanism for typos, transformations and feedback. How often
do they occur? What is the protocol for generating and incorporating the typos? What
information is important, and which way is this information flowing during this entire
process? The central dogma is misleading the discussion in this field and the
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thermodynamic hypothesis misled everything. The classic paradigm is now merely a
historical curiosity that does more epistemic harm than good.
I have admittedly taken a classic approach here to organizing the library of Watson
primarily around sequences of amino acids. This is the legacy left to us by the single target
hypothesis of protein folding. That little gem of axiomatic thinking has done more than
anything else to misguide our thoughts. Never has more harm been done so quickly, for so
long and based on so little. It tells us, “start with entropy.” Even if it was correct, and it has
proven not to be, there is nothing that says we couldn’t – if we knew how – arrange the
library of Watson around sequences of bond angles or overall protein shapes. If we could do
this, we might notice some additional truths about the library of Crick and how it is
optimized for the library of Watson. If nothing else, I think an organizational scheme
centered on peptide bonds will make more sense of the history of the four libraries and the
relationships between all of them. Unfortunately, the single target hypothesis collapses the
entire library of Watson to its least informative state. There is no logical reason to do this
and there are many reasons not to do this, but the classic paradigm insists that it be done.
This alone is a good reason to find an entirely new paradigm.

Is the relationship between these four libraries simple or complex? It is unlikely that
it is anything that we could ever consider simple, and there are unmistakable elements of
complexity in all of the parts of the machine as well. The relationship between the libraries
of Francis and Crick are, in my opinion, quite complex. Populations of tRNA molecules in a
cell are independent yet interrelated agents that must interact with a variety of molecules. It
is a self-organized, adaptive system, a molecular alphabet from which new molecular
properties emerge at higher levels. The overall relationships between the libraries of James
and Watson are complex as well. If one protein depends on another for its shape, where do
we start the chain of causality? How many factors are interacting to produce any shape of
polypeptide in the first place? It appears that the general answer can now confidently be
given: many factors contribute to the final shape of a polypeptide. The exact level of
algorithmic complexity is yet to be determined, and it probably varies from one cell to
another.
Where did these libraries come from, and how did the relationships develop? Good
question. Anybody know the answers? I don’t, but I do have some fanciful suggestions.
Not having a solid basis for speculation has never stopped me from speculating on anything.
I suggest that we first ask what these libraries could have possibly looked like in the very
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beginning. I think that it is unlikely in the extreme that they could have looked anything like
the way they do today. The impressive selectivity and precision we see today is clearly a
late and expensive feature of the system, R and D-wise. The early days of these libraries
must have been much different. I am tempted to say that there might have been just two
libraries, perhaps those most resembling the libraries of Watson and Crick. Today,
sequences of individual tRNA molecules serve as a rapidly constructed modular scaffold in
both time and space. They lay the physical foundation for protein formation. Perhaps the
early scaffoldings were less modular. Perhaps the foundations were larger and more
permanent in space and time and somehow able to replicate. I am also tempted to speculate
that the library of Watson was much, much larger. I can’t imagine how or why it would be
as exclusive (only twenty amino acids) as it is today. Perhaps many of its primitive building
blocks would not even qualify as amino acids today.
So, were the earliest libraries more complex or less complex than the libraries we
find today? Ironically, I imagine that the system and its libraries were less complicated but
much more complex on the molecular scale at which they operated. Compared to the finely
tuned molecular machines we study today, they had to be real Kluges. The overall system
was assuredly less complex, but this isolated feature of specific molecule building was so
much more pivotal relative to all else, that its complexity could have actually been greater.
All of the complexity of the entire system could have been focused right at this point. I
would not expect to see less complex interactions between insentient molecules in the
earliest time of the tapestry. The very first libraries could not have been as precise or as
efficient; therefore, they probably threw more variation and larger numbers of molecules at
the problem, relying more on the luxury of time, a luxury no longer available in today’s
high-tech molecular combat. The point is aptly made by Darwin in Origin:

“… - not as specially endowed or created instincts, but as small consequences of one
general law leading to the advancement of all organic beings, - namely, multiply, vary, let
the strongest live and the weakest die.”

Winning strategies had to emerge from small victories, and the very first playing
fields would have to be very primitive by the highly refined standards of today’s translation
machinery. Proteins today are large, elaborate crystals of intricate shape, produced with
high fecundity and even higher fidelity. They are produced from the auto-assembly of
smaller molecules of simpler shapes. The system that produces them could not have started
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with anything approaching the degree of engineering success that churns out the elegant
behemoth structures of today. The early victories toward self-organization of this system
would be measured on a different scale entirely, and it would probably have nothing to work
with initially but primitive molecular structures.
There simply must have been laws of shape to guide progress in the very beginning.
These shape-based rules of molecular self-organization could have provided a platform for
the more sophisticated rules of molecular identity that we so easily recognize today, but are
these primitive rules of shape now gone? Could there be a fundamental geometric law of
scaling, like fractal geometry, that might have guided the hard work of engineering the
machinery of protein synthesis? Are there basic components of shape to be arranged just so,
and do they lead to ever larger components of shape? Are these rules still in operation, or
have they been completely evolved out of modern protein synthesis? Are there any vestiges
of the rules of shape in today’s machinery? Can we see the fingerprints of primitive
geometry anywhere on this artifact of nature?
The thing that I find the most challenging in this whole scenario is the definition of
the library of Crick, the definition of “all possible” tRNA sequences. Even when tied to the
other libraries, there are no natural diachronic or synchronic restrictions on this library, or at
least none that I can see. The problem is that tRNA characters are defined by their
anticodons with respect to mRNA, yet amino acids are not now physically related to codons
or anticodons in any way. It appears likely, from good empiric evidence, that amino acids
are now physically attached to tRNA via the same three nucleotides – CCA – in virtually all
instances. As far as any amino acid is directly concerned, there really is only one codon:
CCA. Furthermore, nature has demonstrated the ability to change the relationship between
amino acids and anticodons, and man has empirically demonstrated his ability to do this as
well. So as far as the number of possible ways to put a tRNA together with an amino acid, it
appears that the sky is the limit. I do not see any logical reason that the code must stop at
sixty-four amino acids because it has the linguistic infrastructure to carry many more. A
code with only twenty amino acids is indeed a severely restricted code. This restriction was
created by what means, at what cost and to what benefit?
The library of Crick today relies on a set of proteins to load tRNAs with amino acids,
and those proteins are neither infallible nor immutable. Add to this the fact that anticodons
are also not fixed in stone - we seem to have quite a bit more of them than we appear to
need. There also appears to be no limit to potential variation in the body of a tRNA,
between the anticodon head and the CCA tail. The library of Crick is indeed quite large and
quite complex. It will undoubtedly take quite a bit of time to sort out its fundamental
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structure. In light of all these observations I can’t help but ask, just what kind of sick game
is life playing? If protein synthesis is all about sequencing amino acids, why has life seen fit
to make such a fuss about tRNA? Why are they so large, complex and diverse? It seems to
me that this part of translation should be fairly straightforward, according to classic ideas,
and it should be impressively universal, yet life has spent extravagantly on embellishments
here. Massive tRNA molecules cavort in a curious diversity of populations from one species
to another. This seems baroque and unnecessary within the strict confines of the simple,
one-dimensional classic paradigm.
What about wobble? What does it really mean? In my view, wobble is primarily a
symmetry issue. After all, it can logically give us either forward or backward frameshifts
within a symmetry plan, but we must then earn the other. We might imagine that a purely
symmetric plan would split codon assignments between forward and backward frameshifts,
but I think there was an irresistible opportunity in nature to reduce tRNA by strictly picking
one or the other. In this light, was wobble a driver of evolutionary patterns or an
opportunistic secondary gain? I think the proper answer is: both. I think that by arranging
codons consistent within one frameshift pattern life could pick up the 100% benefit of
wobble patterns. The next step was then to weave the sixteen wobble groups together to
pick up the frameshift direction opposite of wobble, which is work that Mother Nature was
apparently willing to do, because she did it.
Life seems to have clearly adopted a strategy of aggressively limiting the library of
Crick where possible. This seems like a very sensible strategy. It would seem that a large,
real-world library of tRNA would get quite expensive quite quickly for any organism that
tries to build and maintain it. Why use two hundred of a complex thing if only twenty
simple versions of the same thing would do just as well? There is certainly a calculus made
for each organism in the equation of survival that trades quantity for something else. One
quick and dirty way to pare down the numbers might be to place simple restrictions on
pairing between tRNA. If there are rules concerning which tRNA can follow another tRNA,
then the space of “all possible” sequences will become much smaller. This also becomes a
way to “say more” with less, which is always a good thing. Rules between tRNA could be
seen as a “second language” or a tangible second dimension of information between
libraries.
I think that these questions will only be answered when we expand our minds and
expand our opportunity to ask and answer these types of questions. In my mind, the issue of
codons must first be broken down into individual nucleotides within a codon, then expanded
to include the issue of any two codons, and finally expanded to include the issue of all
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possible combinations of codons. When we finally start looking at codons on the level of
individual nucleotides, we can see that each nucleotide probably plays a different role with
respect to the information it transmits in the broad and narrow context. The logical roles of
each nucleotide are inherently different. The middle nucleotide must be the most important
because at higher levels it must do the most work. Perhaps the first nucleotide plays a
disproportionate role with respect to molecular composition, and the third nucleotide plays a
disproportionate role with respect to molecular structure. When symmetry transformations
occur, the second nucleotide must assume new roles to some extent, and the other two must
somehow change their roles as well, perhaps more radically so. The third nucleotide will
obviously impact on the rate of bond formation, but it also could easily impact on the shape.
It looks to me like a natural rudder steering the ship of a gigantic golden triangle in the form
of a tRNA molecule. The rudder can be pulled from the water, or it can be ever so slightly
tilted this way or that, and when combined with the rudder of the previous ship these
adjustments can be remarkably magnified in space during translation at the point of peptide
bond formation. Who knows? These are, of course, wild speculations, but they are no
longer speculations that can be entirely ignored because there are so many important and
interesting questions yet to be asked and answered.
Hopefully, at this point the interested reader can start to get a feel for the
fundamental problems that the classic paradigm of the genetic code has caused in our
thinking regarding this important area of biology. It is not merely a minor curiosity; it is a
truly grand and remarkable natural phenomenon – perhaps earth’s first real language. The
classic paradigm gave us many answers that turned out to be plain wrong, but worse it put
our thinking into a tiny little box. There are some important and interesting questions that
can and should be asked, but the classic paradigm explicitly prohibits them. In their place
we are told remarkable fables and commanded to stop asking any more questions. Why?
If scientific evidence is requested in support of the classic paradigm, it is huffily
rebuffed with “that’s absurd” and “everybody already knows how it works.” If that’s true, it
should be relatively easy to explain and prove it. Surely there’s some good empiric
evidence lying around that can be cited, a famous study or two to expedite the argument.
This looney pagan heretic should be an easy kill here. So, who wants first crack at this
piñata? Certainly a small collection of true statements and simple questions should never
elicit such a viscerally negative reaction. Granted, there are plenty of “mom said”
arguments to be had in this field, but even if all of the assumptions and conclusions of the
classic paradigm were correct, and they clearly are not, they could be described as a very
special case that life selected from a large set of possible cases. We could then look for the

278

methods of how life selected this special case and the reasons why life would see fit to do
this. Either way, it is a fascinating process that merits investigation. It will be these kinds of
visualizations and thought experiments that will lead the way. One thing is absolutely
certain: information theory and the upgraded computer metaphors it brings with it will be
essential to our further understanding of biology.

Forgive, O Lord, my little jokes on Thee
And I'll forgive Thy great big one on me
Robert Frost

New Visuals for New Eyes
Moving forward, we can capitalize on this expanding paradigm by replacing old
tools and ideas with some new toys and visualization techniques. The first and most
obvious tool is the map of codon assignments that has stood for forty-plus years as a visual
icon of this scientific icon. The standard table of codons is clearly inadequate for today’s
paradigm. The technical term for it is that the standard codon table sucks, or it blows
depending on your favored era of expression. The global representation of codons in the
new and improved codon matrix is better for all of the reasons previously mentioned,
starting with the obvious observation that it is literally global. The real global patterns
emerge from the data, and their symmetry tells an ancient story of molecular logic. The
pretty colors “pop,” and the many implications and ideas it suggests can literally be kicked
around. The map is not the code; it is an objective data pattern that reflects geometric logic
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patterns in the actual code. It is like the periodic table of the elements in that it arranges the
data in the best way for humans to see and understand the data. However, everyone is free
to choose his own map, her own paradigm, and their own visual icon. This is still a free
country.
Code World is the second new tool. It is not just a physical model of the pagan
universe. Granted, it does not really do any genetic decoding today, per se, none that I can
quite figure out yet anyway, but it does provide a nifty physical demonstration of rigid
geometric elements within the geometric logic structure that exists between the molecules
literally forming the alphabets of the code itself. Pretty darn cool. Perhaps it can stimulate
somebody else’s imagination just like it stimulated mine. Perhaps not. Perhaps I’m just
getting carried away and imagining things. Regardless, it has never hurt anyone to look at it,
that I know of, and it is really fun to fiddle with and think about – trust me. It was the initial
seed crystal for this book, so it could never be called completely useless. I got my money’s
worth out of it. I am sure that it won’t amount to a hill of beans as a model for relativity,
thermodynamics or quantum physics, as it was naively intended, but it certainly did turn out
to be a nifty crystal decoder. It is fun to think about as a secret crystal decoder for a secret
crystal code, whether it really is or not.
As far as additional visuals, I will provide a few more here – bonus visuals! I have
been consistently criticized in my heretical, quixotic pursuit of truth and beauty for not
suggesting anything useful with my eccentric ideas about the code of life. I’d sure hate to
fall short on that score again here. We will first make a typewriter analogy that captures
many of the basic elements of the translation system, including the spherical codon matrix.
It is a way to visualize the physical arrangement of characters within the protein code and
how they are broadly organized around each other. Imagine an IBM Selectric typewriter,
the ones that contain an entire character set on a strike ball or on a font ball. Imagine that
the pattern made by the typist’s fingers represent DNA strings, the typewriter keys she
strikes represent mRNA, the font ball represents tRNA, and the typed sentence on paper
represents a protein. This visualization suffers from some of the exact same flaws that
plague the classic paradigm, but it has several helpful new features that can move our
thinking in a better direction. If we imagine that we place a single golden triangle on each
codon on the surface of the codon matrix we can actually visualize a very simplistic tRNA
font ball – pretty darn cool:
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Fig. 7. The tRNA font ball.
A typist starts by selecting a font ball from her collection of various balls. This first
particular font ball is labeled ‘Reference Frame’. She types out a short sentence as follows:
“As a sentence I am actually a protein that does something useful in a living cell.” This
simple idea also captures the essence of protein translation conveyed by the classic
paradigm, but it includes a central role for tRNA. Now imagine that the typist replaces the
Reference Frame font ball with another one labeled ‘Forward Shift’. The typist types
essentially the same finger sequence, but this time the tRNA font ball is completely different
and so the printed output reads: “I am a completely different sentence, but I am also
remarkably and improbably like a protein.” The typist repeats the procedure with the
‘Backward Shift’ font ball, and it reads: “Although the sentence has completely changed,
I am still more likely than random to be useful.” Again, the typist types the same thing
except she does so using the ‘Compliment’ font ball and we see: “I have found a
completely unanticipated use for myself in the same living cell.” The ‘Inversion’ ball
generates the following: “A random sequence of key strokes would lead to something
you probably can’t read.” The ‘Compliment-Inversion’ ball is more explicit: “I am
probably the second most important ball in the group, after Reference Frame, because
I type out the non-coding strand of DNA.” (Mouthy little font ball.) The ‘Forward ShiftInversion’ font ball is harder to read, perhaps, but it says something to the effect: “I have
typos and I’m syntactically challenged, but I’m not pure gibberish.”
Further imagine that the typist has a vast rack of font balls labeled with all manner
and combinations of esoteric transformations. Although this visualization is not perfect, it
does drive home several points. The assignment of meaning to nucleotides could not have
been a codon-centric procedure and still achieve this overall effect. The primary assignment
of meaning was made not on a codon but on all possible codons involving a specific
nucleotide. Triplets are merely a necessary unit of assignment within a globally symmetric
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system. The symmetry is inherent in the structure of the system and not merely a byproduct
of it. Single or even double nucleotide ‘codons’ could not have mathematically provided
this level of global symmetry to the system. It is not until we get to sets of three nucleotides
that many of these transformations could be meaningful within an overall pattern, but for
them to be meaningful the entire system must be coordinated, including the assignments.
The system and the data must all be in equilibrium.
A single font ball cannot be assigned with the hope that all of the other balls won’t
be worthless. Without global coordination they could even be detrimental. One keystroke
difference in DNA leads to an entirely new set of tRNA in translation, and so the entire set
of tRNA must be coordinated to make any sense out of symmetry transformations. Small
steps in the library of James lead to gigantic leaps in the libraries of Crick and Watson, so
the libraries too must be coordinated around some first principle of the protein language.
This elegant coordination was a hard-won property of the system earned over a long period
of intense natural selection, not a single act of creation. A meteor from the sky could not
have delivered the font balls. The entire set of font balls must be constructed simultaneously
in-situ and with a purposeful end in mind. In this case, the purpose of the multi-set of font
balls is to create as many legible or semi-legible sentences from essentially the same
sequence of keystrokes. This is a real doozy of an engineering feat, and it probably took a
long, long time to attain the level of mathematical perfection in the system and the
assignments that we see today. Very few sets of font balls could achieve this trick.
We mustn’t forget that the symmetry trick is language dependant as well as font ball
dependant. We still do not know the entire scope of the protein language, so it is unlikely
that we can yet fully appreciate the exact method of the symmetry trick. But it is clear that
the language produces sets of entire sentences not single sequences to be read one character
at a time. Despite the fact that whole character sets can change at once, the protein
“thought” can remain remarkably similar. The protein code, when viewed from this proper
broad perspective, is a language of proteins not amino acids. At the very bottom it is a
language of mathematics, and since it is of the crystals, by the crystals and for the crystals I
would expect to see a heavy dose of geometry in Mother Nature’s native tongue.
Negentropy is the goal of any language, and she prefers to use symmetry wherever possible.
The negentropy in this language is reflected in both the translation of a single sentence and
the translation of all possible sentences.
Whereas the alphabet used to type this book that you are reading is made of twentysix characters that are always read in the same context, left to right, top to bottom, the
alphabet for writing out proteins is not. The nucleotide character string CCCGGG makes
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the equivalent of a word in a protein, or a peptide bond. For this specific six-nucleotide
sequence the word is some kind of a Proline-Glycine peptide bond. In addition to the two
bonding partners, this bond will have a shape, a rate of formation and a fidelity to the ‘ideal’
bond it is meant to represent. All of these properties of the peptide bond - not just the
bonding partners - are examples of molecular information. All of this information is
somehow carried and delivered by two tRNA molecules during translation. We do not know
how much information is actually involved in this process in nature, nor do we know the
impact that this information will ultimately have on a single protein or an entire population
of proteins within a living cell. But when this same sequence is read backwards or as a
compliment it makes the word Glycine-Proline, which to a protein has virtually the same
meaning as the original word within the larger context of a protein phrase, such as a loop or
turn. The backwards-compliment in this special case is the original word, Proline-Glycine.
The forward shift is also Proline-Glycine and the backward shift looks to me like gibberish,
but in the larger context of the language it probably isn’t. All of the words in the language
must work together to make phrases, like secondary structures, and all of the phrases must
work together to make complete thoughts or sentences, like domains, or perhaps even whole
proteins. All of the sentences must work together to make books, like cells. This is an
extremely complex task for any language. Now consider that all of the structures for the
entire set of font balls in the language system must be pre-built before any “modern” books
were ever written. It is not merely a process of writing books but of writing languages to
write books.
Just like our alphabet has a beginning, middle and end, so do nucleotides. They can
be arranged A, C, G, U, a happy coincidence with regard to alphabetic order and water
affinity. When we combine them into all possible 64 triplets these symbols can be arranged
from the beginning through the middle to the end, and the end wraps back around to the join
up with the beginning. But unlike our alphabet, this alphabet is mirrored, palindromic and
can be shifted in either direction. It is a highly symmetrical alphabet used for a highly
symmetrical language. The very middle of this alphabet lies between CCC-GGG so it is not
surprising that this is a particularly symmetrical word in the actual language. There are 64
codons capable of making 4096 codon-codon words, not counting tRNA combinations, and
I’m sure we would be impressed with the symmetry of every single one of them within the
context of the whole language, if only we understood the whole language.
So the broader question involves the true scope of the protein code. In the classic
view it is simply a language that makes a primary sequence of amino acids. We might now
prefer to look at it as a language that makes a primary structure for polypeptides, but we
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must not forget that it also ultimately determines, in conjunction with all of the molecular
machinery, the secondary, tertiary and quaternary structures of proteins as well. We should
also be aware of the fact that the entire protein population of a cell forms a complex
structure, a seventh level of structure where all proteins made by the genetic code must work
together. The existence of some proteins in the population will help determine in a very real
way the structure of other proteins in the population. This higher-level structure changes
through time in the life of a cell and across the population of its descendent cells, or across
the complex population of cells in the lifetime of a multicellular organism. The pattern of
this change, the ontogeny, will create a higher level of structure for protein. Still another
level of structure could be found across the population of proteins within the population of
all living cells at a given moment in time. All living cells at any given moment are
somehow interrelated with all other living cells in space through time. Finally, we should
put the genetic code within the context of all populations of proteins that have existed
through time across all populations of living cells. This highest-level structure, the protein
phylogeny of the biosphere, the tenth structure of protein is the proper context for discussing
the origin and evolution of this molecular machine language we call the code of life.
Returning again to the typewriter analogy: specific execution of all of the sentences
in a single book lays with the typist, the specific DNA strings she types. However, the typist
can only type sentences that are made possible by the font balls available to her. Oh, one
other thing, the typist is blind and cannot even read. She can only peck out a sentence and
wait for natural selection to read it back to her. Also, there is a critical timing and sequence
to every sentence she types. Some sentences rely for their meaning on having other
sentences already typed into the book. Given these difficulties, it is easy to see why the
typist would benefit by having an excellent set of font balls available. Once she finds a
sentence that natural selection tells her “works,” the easiest, most efficient thing to do when
looking for an entirely new sentence is to use the sentence that already works and merely
change the font ball. This is a much better way to write a molecular book than by randomly
punching keys. It is a conservation of molecular information, or a form of negentropy. In
the same way, Mother Nature has decided that using two books to create a new third book
for the future is a better search strategy than randomly generating new books. The global
pattern in all of the codes of life shows us that re-use of things of proven utility in novel
combinations, rather than random newness, is always the winning strategy. It is a way to
harness the randomness of the universe to quickly accumulate negentropy. It is a molecular
information system not a system divorced from the natural information of molecules.

284

Some of the subtle deficiencies of the font ball visualization can be slightly repaired
by another one of a digital computer. Specifically, the origin of “useful” keystrokes is
completely opaque in this visual. So imagine that your PC is running a program called
‘Protein Search and Build.” The program operates on a binary file of modest length called
DNA.dat. The program opens this file and displays your word processor, but the program
interface also displays a column of radio buttons, one of them is labeled ‘Forward Shift.’
When you click on this button the DNA.dat file is shifted forward exactly two bits, while
magically your word processor closes and your spreadsheet is now displayed with
essentially the same data, merely shifted forward. Similarly, there are radio buttons for all
of the other possible symmetry transformations of DNA.dat, and they each use the same data
file but produce functional operations of widely different applications. How remarkable
would that program be? That is the essential construction of the program or the code
formerly known as genetic, and its basic logic is evident in its global data pattern.
Now imagine that you are a computer user, or perhaps even a software developer,
and all of the things you want to do with your computer must use this same program as the
one and only program to get your work done. You would greatly benefit if that program
were as powerful and efficient as it could possibly be. You would also want to invest a good
deal of time and effort in data protocols that could perform data harvesting algorithms,
because ultimately you are constrained by your ability to find useful data files. You are
constrained by the information carrying conventions and reading conventions of the system,
so you will find ways to maximize every drop of meaning from the information you use.
This is the antithesis of the view given to us by the narrow, classic paradigm of the
genetic code. This is a negentropy view not an entropy view. This is probably why Dr.
Gamow was able to propose a brilliant first strategy for viewing the basic structure of
codons, yet he suggested a model that is perfectly wrong. It apparently takes a very small
mistake to eventually become perfectly wrong. This is the reason the arrows in the central
dogma are pointing in the wrong direction. This is the reason we must propose an algorithm
for protein synthesis that expects zero algorithmic complexity in the data structures it uses.
The founding fathers of the classic paradigm were hell-bent on seeing the system as simple,
DNA-centric, linear, redundant, degenerate and therefore grossly inefficient. In reality, the
system is breathtakingly efficient in its overall operation. It squeezes as much information
and utility out of every usable nucleotide sequence and it harvests that information in the
most logical way it can. It does not build sequences of amino acids and then hope for the
best. It builds proteins to operate within populations of proteins. The complex system is
built by symmetry on a premise of efficiency not inefficiency.
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“A human being is a part of the whole called by us universe, a part limited in time
and space. He experiences himself, his thoughts and feeling as something separated from the
rest, a kind of optical delusion of his consciousness. This delusion is a kind of prison for us,
restricting us to our personal desires and to affection for a few persons nearest to us. Our
task must be to free ourselves from this prison by widening our circle of compassion to
embrace all living creatures and the whole of nature in its beauty.”
Albert Einstein

In Praise of DNA
Admittedly, I have been a little rough on DNA here, but it is not really the molecule
that draws my ire. Rather, it is the classic, dysfunctional view of it, or the improper role
given to DNA in the classic paradigm that troubles me most. The molecule itself is truly
impressive and worthy of great praise. However, I would like the defenders of the classic
paradigm to explain how their view of how DNA inevitably leads to protein amounts to
anything other than the cute but discarded view of a homunculus guiding embryogenesis.
The homunculus was seen many years ago as merely a tiny version of the thing it was to
become. It was a tiny man in an egg that would become a bigger man. It was simplicity to
complexity as day is to night with respect to genetic information. The two were merely the
same, the homunculus as little man and the adult as big man, in all essential aspects except
for size. There was no metamorphosis from one cell through various intermediate stages to
a far more complex colony of cells.
But how is this idea any different from the classic view of DNA being the exact
same as protein from the standpoint of molecular information? There is no metamorphosis
from DNA through a series of intermediates to an entirely different and more complex
molecule in protein. Worse still, the classic view actually sees DNA as a larger version of
the exact same thing with respect to protein information. They are both merely defined as
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simple sequences of sub-units and nothing more. Protein is seen just as miniature DNA
after substituting twenty amino acids for sixty-four codons. How then is the codon table
anything but a drawing of a protein homunculus? Why then should we not call this classic
view of genetic information “the homunculus theory of protein synthesis?” How could
molecular information translate from the form of one molecule into the form of a completely
different molecule ever be this simple? This question is especially important when we know
for certain that so many completely different molecules are required in the actual translation.
How could such a twisted and simplistic idea about molecular information and translation, if
not entirely correct, not do real damage to our broader understanding of genetic
information? Why would we favor a view of genetic information that in any respect is
worse than a homunculus? If we do not believe this, then should we not also immediately
change our role for DNA and our basic view of DNA?
It is finally time to give DNA its proper role in genetic translation and time to finally
recognize the properties of DNA that make it so wonderful in this role. The three most
prominent features of DNA are durability, flexibility and versatility. These are not merely
physical features of DNA they also speak to the information processing roles that DNA
plays within the overall systems of life. DNA is physically durable because it persists
through time quite well. It is also functionally durable because it appears throughout life on
this planet, and it probably will extend backward in time and forward in time for very long
stretches. It is durable from an information standpoint because it can be replicated and
transcribed with such high fidelity. The molecular information in DNA can persist in many
ways and many forms for extended periods. DNA is quite durable.
DNA is also physically and functionally flexible in many ways. The double helix
can assume more than one form, although it greatly prefers its standard form of coiling. The
coils themselves can coil in many different ways, and these super-coils provide a large
measure of additional molecular information and still more functionality of DNA as a
storage molecule. The two strands of the double helix can also separate when and how they
need to, with the help of protein, of course, and this physical flexibility provides a huge
component of the functional utility of DNA. DNA is quite flexible.
These first two features of DNA, durability and flexibility, contribute to the third and
most important feature of DNA, which is its versatility. Granted, DNA is merely a storage
molecule, but it is an incredibly versatile way to store molecular information. To really
appreciate this fact one first needs to be impressed by how many different kinds of
molecular information there are in living systems, and one needs to recognize how many
different methods life has developed for utilizing all these different forms of molecular
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information. DNA is certainly not a one trick pony when it comes to molecular information.
In this new, expanded light, we can see that the defining feature of DNA basically is that it
is a one-to-many molecule within life’s grand system. Starting with the information
contained in the sequences of one set of chromosomes, DNA leads to a staggeringly large
amount of molecular information in the near future of even a single cell. This set of highly
coordinated molecular tricks is performed in many dimensions using many codes, but all of
them are the result of the versatility of DNA acting in perfect harmony with the system that
generates and utilizes DNA.
DNA is a one-to-many molecule on every level we can see. One set of DNA leads to
many more than seventy-five trillion sets of DNA in your body. One set of DNA in a cell
leads to many sets of RNA. One set of DNA leads to roughly thirty thousand different sets
of protein in your body. One set of DNA leads to a virtually infinite number of entirely new
sets of DNA in your gametes, and still more novelty in your descendents after they combine
with a foreign set of DNA to become your children. So, the one-to-many pattern is not just
limited to the absolute numbers of things, like one DNA sequence can lead to over a trillion
copies of hemoglobin in under a second, it also includes the impressive novelty of things
that spring from DNA. Even when we look at DNA on a narrow basis we see that this
pattern continues to hold true. One limited sequence of DNA can lead to many different
mRNA for translation. One DNA sequence can lead to an even bigger number of different
tRNA character strings in translation of this mRNA. We can even now see that because of
symmetry in the system, one DNA sequence can easily lead to many different proteins with
the help of just a few minor transformations. So, why in heaven’s name would we ever want
to imagine that this one-to-many pattern of DNA would be broken, and only be broken in
the case of protein structure? Why would we ever expect that in this one isolated, limited
case that DNA would end up being a one-to-one molecule? What part of the homunculus
view is attractive here? Why would we ever imagine that life could or would develop such a
system in only one dimension of molecular information?
The answer is that we cannot and we should never have tried to imagine it this way.
DNA is remarkable for the many sublime ways that it can fulfill its role as the prime storage
molecule within a negentropy system of molecules. The entire system is designed to take a
quantity of molecular information at time A and turn it into a larger quantity of molecular
information at time B, at all times and all levels. This is the winning strategy of the whole
system. DNA is perfect for this role because it is a one-to-many kind of molecule. DNA
does not generate these information expansion results but rather it is utilized during the
generation of these information expansion algorithms. DNA does not generate life but life
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does generate DNA. The algorithms themselves are not contained within DNA, but the
unique and useful features of DNA as a molecule make it ideal for the other molecules to
utilize it in the performance of all of these fabulous information-processing feats of
molecular magic.

“If I were required to guess off-hand, and without collusion with higher minds, what
is the bottom cause of the amazing material and intellectual advancement of the last fifty
years, I should guess that it was the modern-born and previously non-existent disposition on
the part of men to believe that a new idea can have value.”
Mark Twain

Back to Those Pesky Definitions
Absent the long-anticipated demonstration of our mastery over protein synthesis, at
least we might provide an improved basic definition of “the genetic code” for future
textbooks. Definitions of the codes of protein synthesis today must be quite brief or they
must contain so many caveats that they can hardly be called definitions. They are more like
lengthy apologies, or rationalizations of the many known counter-instances. Perhaps we
could define it better with only the broadest possible statements about what we actually do
know. We should then be tempted to add only the things about which we are certain and
that are a necessary part of defining this important code.
Our goal here, then, is to come up with three short sentences to define the protein
code: what it is, what it does, and how it does it. Here is a sentence of what the code is:
“The protein code is a molecular system of logic that relates nucleotides to proteins.” That
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is an accurate and concise statement, but of course the bold yet necessary step of replacing
the word ‘genetic’ with the word ‘protein’ has been taken. It certainly avoids being overly
specific, so it is a rather bland single statement about the protein code that might otherwise
work equally well within either the classic or a new paradigm. Defining what it is was easy,
but defining what the protein code does is a bit trickier, to be sure, so let’s try this: “Proteins
are produced from information stored in DNA, and novel proteins are anticipated by
symmetrical relationships within this system.” There is a lot of ground to cover here
because the protein code does so much. After all, it is a fundamental language that
insentient molecules use to become a living system. This short sentence merely touches on
the two primary functions of this part of the system, which is to build and find proteins. In
fact, this part of the system must do much more, but these are the two fundamental
functions. So, now that we’ve said what the protein code is and does; what about how it
gets this done? This question is, at the moment, not really understood because we just don’t
know, and so it naturally is a difficult topic to cover in one sentence. We might try this one:
“These two functions are achieved through a complex series of relationships between four
distinct sets of molecular strings: DNA, mRNA, tRNA and protein.” We now have plenty
of material here in this simple definition to fight about.
For now, I think this is as far as we should go with this definition. Anything else
would be gilding the lily, or worse, it would belie our ignorance. We could, of course, add
many, many things to this definition, but for what end? Indeed, I think it is more radical for
what is missing from the definition than for what actual does show up. Certain words and
descriptions today clearly have no place in the definition of this particular thing that we had
once called the genetic code. One should rightly note that there really is no place for the
word ‘codon’ within a proper definition of this code. The word codon is far too limiting and
therefore quite misleading in this context, yet classic definitions can’t seem to live without
it. However, codons and codon tables do not define the protein code as it should be properly
understood. A codon requires a proper general context and should represent an entire
definition unto itself. To start with, given a choice between codons and anticodons,
anticodons should have a stronger claim for inclusion than do codons, since they are the
more direct physical unit of assignment to amino acids, and there are so darn many more of
them. Still more pertinent is the observation that peptide bonds have a stronger claim to a
definition of this code than do amino acids. A peptide bond is a far more inclusive and
accurate unit of description within this code than is an amino acid. The amino acid sequence
is merely a subset of the peptide bond sequence. Proteins are molecular structures and
bonds define structures but simple composition does not. Furthermore, the relationships in
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this system are not based entirely on a single correlation between nucleotide triplets and
amino acids. There are, in fact, whole networks of relationships based on networks of
nucleotides and entire protein populations. The role of any single unit in the system starts
with two amino acids, not one, and it greatly extends from there. It is comical to focus on
amino acids because no amino acid can be examined out of context and no nucleotide triplet
can either.
I suppose all this ranting about a simple textbook definition brings to light a
necessary fourth sentence, or perhaps a first sentence in the definition. We need to set the
historical context straight for this textbook definition and alert all the school children that we
have regrettably made a big mistake when we first told them that we’d cracked “the genetic
code.” I think we can get this quickly and painlessly done without alarming too many of the
little tikes: “The protein code is an incompletely understood natural phenomenon that once
was called the genetic code.” With all this in mind, let’s take another look at this definition
and see if we should modify it:

The protein code is an incompletely understood natural phenomenon that once was
called the genetic code. It is a molecular system of logic that relates nucleotides to proteins.
Proteins are produced from information stored in DNA, and novel proteins are anticipated
by symmetrical relationships within this system. These two functions are achieved through
a complex series of relationships between four distinct sets of molecular sequences: DNA,
mRNA, tRNA and protein.

I don’t think I can improve on the definition at this time, but I do think it is a radical
and tremendous improvement on existing definitions. It is short and sweet, to the point and
entirely accurate. It avoids the seductive pitfalls of past definitions, like including codons
and amino acids and excluding tRNA and peptide bonds. Although it is quite tempting to
add words and phrases to this definition to give it more detail and meaning, there is always a
tradeoff. Sometimes less really is more.
The legion of doubters of the many heresies put forth in this book should stop right
here and make an important observation. The cherished tenants of the classic paradigm
might somehow be tortured to fit into the above definition - however unlikely they are to be
correct. The classic view could appear here as a special case, or as a highly specific empiric
outcome of a future scientific investigation. However, the classic paradigm and the
language it requires have stunningly obviated some of the most powerful aspects of this
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definition. The language of the classic paradigm actually precludes proof and explanation of
any view, and it ultimately precludes a full understanding of the classic paradigm! It inverts
most of our thinking and instantly kills the imagination. It is mind-numbingly bad. The
classic paradigm then further invites us to recklessly dive into claiming knowledge of
unproven details. The process of simply defining unknown natural phenomena should work
from general to specific, not the converse as was done from the get-go with “the genetic
code.”
I look forward to the future debate of others on the details of this definition, but to
truly describe and explain the code in all its glory, it surely cannot be done in any simple
definition. “The code of life” surely cannot be seen as being simpler than any single line of
modern computer code. Anyone who believes they can actually “get it” by looking at a
codon table couldn’t possibly get it at all. This natural language of molecules could never
be visualized in a single “linear” spreadsheet. It will probably take entire chapters and even
entire books, if not lifetimes before a clear picture begins to emerge from the many details.
The problem that we have had from the classic paradigm is that it incorrectly defines “the
genetic code” and so all of the descriptions, explanations and paradigms that work from it
are also flawed. Science is a complex system of languages. It starts with basic definitions
that are used in a network of definitions. All of the descriptions and explanations within the
broader language of science must be consistent with those basic definitions. It is not
acceptable to describe and explain something in such a way that goes directly opposite of its
basic definition. Science therefore exists in a critical state, and when one definition falls
many others might go down with it. If the definition that fails is central to many others we
experience an avalanche, or as Kuhn calls it, a revolution in thinking.
The founding fathers came out of the gate and defined the code of protein synthesis
in the absolute simplest possible terms. This meant that the code appeared one-dimensional,
highly inefficient, not integrated into any larger web of complex molecular codes and
meanings, and that the code has but a single function in its structure and operation. It
certainly does appear boring and completely unimpressive as a code. Its essence is
completely captured by a one-dimensional spreadsheet of molecular meaning. In this light
they couldn’t even imagine a real competitive advantage for this code over any other, so
they added the caveat that it had no chance to compete! They literally defined the genetic
code specifically in this way, so all of the descriptions and explanations must be consistent
with that definition. This is the classic paradigm of the genetic code: a large network of
faulty perceptions and language based entirely on a faulty basic definition.
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We know now that all of these perceptions are false. That is, in a nutshell, why I was
forced to write this book. However, nobody can now get it because everybody already gets
it. They need to realize that they in fact do not get it. But we must also begin to realize that
the whole thing is in reality quite difficult to describe, and more so since the original
descriptions of this “simple” molecular language are so misleading. Yet the old descriptions
are still so maddeningly alive and aggressively kicking that new ones can find no home in
the imagination. This code, quite obviously, is not the simplistic thing that we confidently
expected to find when we first started to look at it. The classic paradigm led us merrily
down the primrose path of simplicity, and now it insidiously blocks our proper view of the
awesome natural processes that are performing right before our very eyes. However, any
definition of the code behind life’s proteins must always be but a small subset of a still
broader definition of the molecular codes of all life on this planet, and perhaps even all life
everywhere.
The protein code is not one-dimensional. It has so many different dimensions that
we will have a hard time trying to imagine all of them. It is a molecular language of
molecular structure not of molecular composition. The structures that it translates are so
complex, so hierarchical, so self-referential, that it is going to be difficult to even categorize
all of the dimensions of molecular information involved in this language. The language
itself is so evolute that it will be difficult to sort out one operation from the next. The
protein code does not have but a single function it has many. All of its functions are
designed by Mother Nature to do the same thing. They are designed to survive, but they
survive by creating systems that can survive. There is nothing simple about this process.
Our understanding of this language is far from perfect, but if we are ever going to get a bit
closer to perfect we must begin by rejecting the basic definition of this language that has us
stuck searching in the wrong place.
Life on earth, according to Darwin’s brilliant algorithm, is a molecular system, or a
molecular code that through time can write itself. One might be tempted to say that the
purpose of this code is simply to build a machine that can execute the code, but this would
be inaccurate. The purpose of the code of life is to build a machine that can create new
code. Life is all about finding new ways to do more.

“The pain passes, but the beauty remains.”
Pierre Auguste Renoir
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Here’s What We Know
I was removing a part from the engine of my car and my eight-year old daughter,
Sophie, was “helping” me. The part to be removed was under another part, and I got it off
the engine but I still couldn’t get it out of the car. I banged this pesky part around inside its
dirty scratchy cage until I finally decided that the part above it must also come out. As I was
applying wrench to problem and beginning to solve, Sophie said, turn it the other way. I
was at first confused by her terse instruction, but at least I thought I should humor her, so I
turned the wrench around the other way. Sophie looked at me like the true idiot that I am
and pointed to the part that I couldn’t remove, “No, turn that around the other way.” Finally,
I “got it” and realized that she was absolutely right. It was so simple it plum evaded me.
The part turned around easily and slid without distraction from its puzzling hole. Children
can be like that, and sometimes the adults need a simple suggestion from a child to solve a
frustrating puzzle.
We have all had that experience at one time or another and it is a fun and
empowering thing to experience. Equally fun is when we watch someone else while they
are shifting a paradigm inside out so that they can solve an otherwise seemingly insolvable
puzzle. For example, I was filling out a deposit slip near the glass double doors at my bank
one day when a woman, obviously in a hurry, came up behind me and started doing a
strange dance in front of the doors. She was bobbing and weaving as if to scare away some
invisible door-demon before she exited. She was obviously agitating herself, but at least she
was entertaining me. The more she bobbed her torso and waved her hands, stepped back
and stepped forward, the more frustrated she became. I began to pick up on the flawed
mental model of a glass double door that was causing this curious behavior at just about the
time she looked to me in frustration, her eyes pleading for advice. I said, “They’re not
automatic.” This simple observation helped her very little. As if to illustrate the true nature
of her logical need she did a few more steps from the book of the de-demonizing door
dance, and then looked quizzically to me again for more assistance. So, I elaborated on my
proposed solution, “They are not automatic doors. You need to push on them if you want
them to open. It sure is a strange way to design a door.” And it really was strange that a
door in this modern era should be designed to look like an automatic door but actually
require a push to open it. Everybody knows that doors that look like those doors are always
automatic doors. The tormented dancer obviously suffered a problem of perspective and an
anachronism of expectation.
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We have all had experiences where our paradigms have been suddenly inverted, or
where we have inverted the paradigms of others. It is a dramatic moment, to be sure, but
sometimes we are surprised to find that folks don’t really want their paradigms messed with,
useful or otherwise. They might even become tightly wrapped around the axel should
anyone dare to note a tiny flaw in their preferred paradigm, perhaps suggest that there might
be something askance in the way they are thinking about the problem at hand.
That is exactly the experience that I have had over and over again, ever since I began
trying to share my looney pagan heretical worldview on the code of life. It has been a
consistent pattern of behavior that I’ve experienced with the experts in the field. This
includes various experts in various fields that, one imagines, should be concerned in some
way with the code of life. However, it was the very first expert who set the tone with me for
all of the rest. Before I even got all of the words out of my mouth he said, “That’s absurd.
That’s been proven a thousand times. You are wrong and so what if you are right?” My
initial response was, “liar, liar pants on fire.” What I suppose he meant to say was: “You are
going against our basic definition of the genetic code, and if what you say is true we have a
really big problem. I am unwilling to consider your proposal, and therefore I must accept as
false all of your premises. I am happy with what I know and I am busy with other more
important things.”
I guess there really is no universal utility in being right, and as it turned out, it was
indeed good of this kind expert to so quickly and so clearly disabuse me of my false
preconceptions. Specifically, he stripped me of the naïve notion that science is an allcurious, all-flexible, mental construct that continuously morphs from one interesting idea to
another. Science is, as I was later to learn from Thomas Kuhn, a very rigid system of
thought. It evolves through punctuated equilibrium - not gradualism.
The genetic code has obviously become a topic of interest in my mind, but more
interesting is what my experiences with it have shown me firsthand about science and
human behavior, some things that I was quite surprised to learn. The whole heretic thing
has taught me things I thought I already knew but, in fact, did not really know at all. It has
changed my paradigm about what science is and the way it works. The problem with
science, in my mind, is that it is entirely populated by smart busy people, and you can’t tell a
smart busy person anything. You especially cannot tell a smart busy person that he is wrong
and perhaps he needs to stop and really think about what he is doing. But more broadly, my
experience has changed my worldview about the place for science within the much larger
pattern of human culture. All of science provides the necessary context for any science, and
human culture provides the context for all of science.
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Science and religion are different, but they are not nearly as different as people like
to believe. They are much more similar than I ever wanted to imagine. There are far more
similarities than differences in their basic structures, merely kissing cousins in the ancestral
branching pattern of cultural evolution. They are homologs not analogs in the grand and
constantly evolving pattern. Newton had no trouble talking about the body of Christ
because that is exactly what he believed the universe to be. Science and religion weren’t
joined at the hip then; they were a single life form. Einstein had no problem talking about
religion and science because that’s the way he felt. Science and religion have thankfully and
substantially parted ways over the past few hundred years, and they clearly did so over
disputes regarding the protocols for dealing with dogma. The issue of a controlling role for
dogma in thought was the force that split the equilibrium that previously had kept science
and religion together. The most serious thinkers and leaders of thought felt that it was
terribly unfair that the cultural leaders should be allowed to spout bad dogma about clearly
observable natural phenomena. The brand new scientists centuries ago boldly and
dangerously argued that there should be a new, more rational system for guiding our
thoughts as a species.
Recall that Galileo politely asked the church to reconsider their position on the
position of the sun, but the church obstinately declined to do so. Fortunately, they did not
feel the burning need to burn him like they did his good buddy, but they did invite him to
stay home and take a “sick day” from his work as a scientist, so to speak. They invited him
to do so for the rest of his life, which they reluctantly allowed him to keep on living. He
was grateful for that, I’m sure, and so should we be, because it allowed Galileo to live just
long enough to die on the exact same day Newton was born. Nice historical symmetry,
don’t you think.
However, the vestigial organs of religion are still quite visible in the behavior
patterns of science. Religion and Science are both cultural algorithms for organized human
behavior. They both require a strong worldview to animate their ideas through time. They
require qualified leaders to lead their doctrine. They require specialized languages to
communicate their ideas. They require tradition and respect for time-tested ideas, as well as
intricate indoctrination rituals to learn all of those fabulous ideas. They require fealty and
faith. Most scientists must simply take much of science on faith because there is so much of
it to learn, and it grows exponentially more every day. There just isn’t enough time to
“prove” everything to oneself, so one must defer to the experts, and one must take it on faith
that our heroes got it right the first time around. But if there is anything that science has
ever taught us, it is that science is always eventually proven wrong, and that’s what is so
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good about science. There is never an end to the number of details nature is willing to share
with us, and there is never a solution that can’t be made just a little bit better with a turn of
the wrench or a turn of the problem. There is plenty to keep any and every scientist busy,
and more so every day. We will never run out of science for scientists to do.
Science, unlike religion, has embedded into it the systematic ability – the obligation
really – to change through time. It evolves rapidly. According to the pagan worldview of
science, the equilibrium point of scientific thinking is forever in motion, onward and upward
through time, more and more complex, driven by the accumulating negentropy of human
thought. It adapts ideas and evolves rapidly, much more so than religion. Sometimes
science can move so rapidly that it is impossible for any scientist to keep up with it, but
luckily there is no way for any scientist to stop its inevitable progress. Science is quite
comfortable with taking old ideas apart and putting them together again in new ways,
thereby making new models to move forward with apologies to none. That’s just the way
science is.
Religion is not as comfortable when it comes to disassembling its old models, and
consequently it naturally resists change more strenuously. This is not to say that science
does not resist change strenuously, just not quite as strenuously. There is no burning fear of
persecution for the heretic in science. However, the force with which science will resist
change is proportional to the age, magnitude and importance of the ideas facing change. It
will also depend on how widely loved, easily understood and cherished an old model is. On
all of these counts we can expect to see a tremendous amount of resistance to change from
the classic paradigm of the genetic code. But no model of science can ultimately overcome
its own profound shortcomings, and the flaws in the classic paradigm are profound, so
change is indeed inevitable.

Copernicus suggested that the sun should be put at the center of the planets, Galileio
seconded the motion, but Kepler and Newton made it compulsory in science and religion. It
took a long time to change the paradigm because people are not stupid. Any fool can see
that the earth stays still while the heavens move around it. Who are you going to believe,
the experts or your own lying eyes? Besides, it is written that the sun orbits the earth. Look
it up! People need solid proof, or practical reasons, before they are going to change their
cherished beliefs about what they already know.
Leon Foucault provided a fabulous toy model in the form of a pendulum that could
change what one saw with one’s own lying eyes. With a wee bit of imagination, one could
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literally see the earth rotate by looking at his simple toy model. It was an ordinary
pendulum powered by gravity, but it could swing freely, back and forth, in a 3600 arc. For
the terrestrial rotation paradigm to truly sink in, a viewer must recognize that it is somehow
a simple two-part model of relative motion. The arm and the bob of the pendulum swing in
a straight line relative to the base. The base of the pendulum is actually centered at the
center of the earth. The base also has a circular dial at the earth’s surface that marks the
procession of the pendulum’s arc throughout the day. Still, it is difficult for people to
understand this relative motion, because they tend to wonder about the force causing the
“straight” swing of the pendulum to process in an arc, when really the only force on the
pendulum is gravity centered at the center of the earth.
So even this simple, two-part, mental model of relative motion must be shifted
slightly to include a third part, which is the universe itself. The earth is moving through and
rotating in the universe as the bob swings back and forth relative to the earth, and so now we
really have a three-part system of motion. We need a point of reference. It is a new and
unexpected problem that needs solving, at least so we can see it in our mind’s eye. The
simplest, most effective way to view this system in my mind’s eye is to peg one of the first
two parts to the third. The best thing to do, I think, is to pin the bob of the pendulum to the
universe itself, to a fixed point in the universe anyway, and then let the rest of the universe
move around it. When the bob is the fixed point of reference in the universe, we can see in
our mind’s eye that the base is not only swinging back and forth but also rotating around it.
We can also see that it is the rest of the universe that is somehow causing the actual rotation
in the base. It is still a gigantic mystery, but much less so.
Every model or scientific paradigm must have a fixed point of reference. Some
reference points are better than others in understanding a particular model. The codon table
is the fixed point of reference for the classic paradigm of the code of life. It is, quite
unfortunately, a miserable reference point for any model in this area of thought. It is a twodimensional map of one-dimensional data, and it anchors a one-dimensional universe that
isn’t even allowed to rotate around it. It is a static model of a dead line not a multidimensional, living universe. Fortunately for us, we now have a new way to quickly swing
the model of genetic translation back into motion, and at the same time add a little color and
excitement to our boring, black and white universe. It is a splash of 21st century, threedimensional color to enliven a 1950s universe of one-dimensional information. We merely
need to swap out the old flat pendulum bob with a new round one. We need to install a bob
that shows the global pattern of life’s multi-dimensional molecular machine language. We
simply need to replace the codon table with the global codon matrix as our point of

298

reference. This change does not merely represent a paradigm shift but an inversion of the
paradigm. The universe of molecular information is not simple, linear, one-dimensional
entropy centered in DNA. It is complex, non-linear, multi-dimensional negentropy centered
in the world of protein. The flow of molecular information starts and lives in protein and
moves at the behest of protein into DNA where it is merely stored. When protein needs this
information, it calls it back out again, when, where and how it wants. The entire universe of
molecular information is complex, interrelated, multi-dimensional, in constant motion and
becoming more complex every second.

Some folks are quick to interpret my ideas as an attack on our heroes, the founders of
the classic paradigm. This is false. Those heroes are my heroes too. The founders were
merely doing their jobs, doing what they had to do given the circumstances of their time,
and doing a tremendous amount of creative, hard and important work. I begrudge them
nothing, but clearly not everything they said is right. How could we ever expect it to be?
They did not have a crystal ball, and they had very little with which to begin their work.
Plus, I have other heroes too, like Dawkins, Dennett, Darwin, Mandelbrot, Schrödinger,
Shannon, Einstein, Newton and Foucault, and I think we should listen to what they might
have to say about this very same subject. These other heroes of thought might somehow be
able to co-mingle with the heroes of molecular biology to give the world a better model of
molecular biology. It certainly wouldn’t be the first time something like this has ever
happened in science.
No, my beef is not with the founders of the classic paradigm but with the current
defenders of the classic paradigm. They need to finally let go of the broken dogma and
begin to think in new terms. The jabberwocky and cryptic protective rituals are wearing a
bit thin all around. The general doctrine of molecular information is not advancing quite as
fast as one might expect in today’s high-tech, digital environment, but the fault line seems
fully loaded, awaiting a big quake at any moment. I suspect that accelerated progress can be
achieved once we reject the antique classic paradigm and replace it with a shiny new one.
After all, this is not your grandfather’s paradigm; this is the paradigm of the future.
Even with the intrepid defenders I’m inclined to cut considerable slack. I empathize
with them because the difficulties they face are many and complex, and the current state of
confusion is quite explainable. It is always sensible in attacking new areas of inquiry that
we should start with what we know. “Here’s what we know,” those are always the first
words uttered when a new problem is first attacked, and it is usually an excellent place to
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start. Unfortunately, in this case we don’t really know what we thought we knew, and what
we do “know” seems to be totally backward with reality. Now, sadly, this insistence on a
“what we know” mentality has fed forward into the language we use, and the erroneous
ideas of simplicity are merely amplified. They are self-sustaining and unassailable.
Listening to classically trained molecular biologists discuss the code of life with hotshot
computer programmers today is like listening to Abbott and Costello try to figure out Who’s
on first.
The language of the classic paradigm is so bad that it has become the most
inefficient, expensive language on the face of the earth. The basic problem is that the classic
paradigm does not describe the code of life it defines it. It is a definition that reverses
everything, making complex into simple, making data into code, making information “flow”
in all the wrong directions, if it’s even allowed to be information, or if it’s even allowed to
“flow” at all. Perhaps most aggravating, it inverts the pyramid and puts the least powerful
and least informative “code” at the top of the pyramid of codes, supposedly giving life to all
else. In reality, “the code of life” in the classic paradigm is no code at all. How could we
help but become confused by any discussion based on these ideas and that language?
When the founders first sat down to define this code of life they were driven by
strong desires and expectations, but they also had to work within a realistic framework of
extreme limitations. Still, they badly wanted to see and share with us the beautiful garden
that the code of life could show us, and so they expected their beautiful view to be waiting
just on the other side of some automatic doors. They optimistically convinced themselves
that once the simple relationship between codons and amino acids was spelled out, the rest
could somehow be automatic. Unfortunately, those doors are in reality quite heavy, and
they are anything but automatic. The doors to the garden of life’s codes are obviously going
to require many more years of hard work and strong pushing by strong minds to get them to
open up for us.
The classic paradigm can be celebrated, but it should not be widely and universally
released upon the minds of unsuspecting children. It turns out to be a highly virulent meme
that can quickly commandeer the thoughts of those new to the field, and it immediately
points them in the wrong direction. The classic paradigm generates a thick tangle of
misleading language and ideas that cannot allow healthy thoughts to flow through any new
and inquisitive mind. It is a situation that very much reminds me of a “thought prion” that
hijacks and perverts the normal course of things. It clouds and tangles the images in our
mind’s eye and produces a decidedly ugly picture. The classic paradigm clearly trades on a
very expensive language, one that carries a high cost and delivers a low epistemic and
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pedagogic value. It now must be stripped out and replaced entirely. It is time for a new
paradigm.

"The heart of all major discoveries in the physical sciences is the discovery of novel
methods of representation , and so of fresh techniques by which inferences can be drawn and drawn in ways which fit the phenomena under investigation."
Stephen Toulmin

The Future of the Game
The purpose of this writing is not really to answer questions, because a new and
expanded paradigm of molecular information today clearly begs more questions than it
answers. For science, that is a good thing. The paradigm I am championing asks old
questions in new ways, or perhaps it really asks them for the first time, but we must first
acknowledge that there are indeed questions yet to be answered. I honestly do not know
what any of these fabulous codes actually are, but I have come to realize - and I am now
absolutely convinced of this - nobody else does either. At least I do know what I don’t
know. I am not claiming here that I have cracked the genetic code. I am claiming here that
we have collectively experienced a cultural false alarm, and I have merely re-un-cracked the
genetic code. I am claiming that the genetic code, or anything like it, was never really
cracked in the first place. We have a simple definition but no accurate description and no
plausible explanation.
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Our understanding of the codes of life is decidedly a work in progress, so we should
avoid the pretence that we have any of them actually solved, except, perhaps, the code for
the primary sequence of amino acids, which should hardly qualify as the code of life. The
codon table is useful for tracking the primary sequence through translation, but that is all. It
is a very poor substitute for an understanding of the molecular logic that finds and builds the
intricate and interrelated structures of the biosphere. The purpose of this writing is to break
us free of the feed-forward loop between language and paradigm that has focused our
thinking into a tiny linear box of simplicity. If we let go of the specific answers that are not
currently working for us, we can start a new loop between the language of complexity and
an expanded paradigm of molecular information. This should start us on a productive path
toward asking good questions, and shouldn’t that be the ultimate goal for any paradigm?
The classic paradigm represents a fossilized, rigid attempt to define a specific solution of
simplicity. We will benefit from a more flexible attempt to define a living paradigm that
more generally defines the problem of the code of life. From it we can hope to find a more
complex network of solutions.
The classic paradigm is seductive precisely because it is so simple and easy to
understand, but its greatest strength is also clearly its greatest weakness. An expanded
paradigm is much more difficult to comprehend, and so naturally it is immediately less
attractive. However, the true test between simple and complex here is not measured on the
answers they each give but on the questions they each ask and on the general picture of
reality that they can each paint. On that measure there can be no doubt that a paradigm
based on complexity is a superior paradigm.
In retrospect, we should consider it a miracle if the founding fathers of the classic
paradigm could have gotten the story right on their first try, and so we should not be
surprised or disappointed in any way that they did not. But the classic paradigm now merely
reflects a strong set of beliefs and desires about molecular biology from a bygone era. Our
heroes started from nothing, and from there anything is progress. The progress they made is
impressive, but they veered wildly off target, deflected perhaps by a prematurely strong
desire to understand with confidence the first principles genetic information. They charted a
logical course of investigation, and from it they achieved a huge measure of success.
Unfortunately, the course they charted was imposed upon them by their context, by their
worldview and the extreme limitations of their times. Now, the paradigm they created for us
reflects only their worldview and their path of investigation, but it has little similarity with
reality. Within the context of today’s data, the classic paradigm is barely a small step up
from the idea of a tiny homunculus magically working at bottom in the processes of organic
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development. It is a 1950s computer struggling to process 21st century simulations of
complex data. The truth in nature is much more bizarre than classic perceptions of it could
have anticipated. The data and their codes are far more complex than originally thought,
and therefore the whole topic of organic codes should be viewed within a much broader
context. At the same time, the language and metaphors need to be aggressively upgraded if
any useful discussion can even be held.
So to the legion of confident, classic, pugnacious experts who so easily shout me
down today, I now defiantly reply: You are right; it is absurd. We are choosing to remain
willfully ignorant about the details of protein synthesis and the broader context of its
importance within any biological pattern. Granted, you might eventually be proven right on
some of these details; it might even prove to be a brutally simple system with DNA at the
very center. I can honestly say that I hope not, but I can also honestly say that I fear this
outcome very little. It is highly unlikely to be anywhere near as simple as we have been
pretending to know it to be. But even if you are right, and even if it is so stunningly simple
that its full explanation fits within the square grid of a single spreadsheet, we can still use
the more general framework, upgraded computer metaphors and improved language to move
ourselves forward. This is the only way for you to defend or ever prove your position.
There is only one special case from the vast space of all possible cases where your ideas can
be correct, and even that special case requires an expanded language to provide a detailed
explanation of how and why it should be this way. However, if you are wrong, and I
strongly suspect that you are, your antique paradigm is crushing the beautiful truth from our
view, and it has led us straight into an investigative dead end.

The biggest difference between science and religion, I think, is based on what we
know. Religion is driven by that which we know in our bones, have faith in knowing, but
have no particular burning desire to know in a completely different way. Conversely, and
paradoxically, science is based on that which we do not know. The unknown and an intense
desire to know it are the driving force of science. The “consciousness” of science is found
on the edge between the known and the unknown. As Schrödinger pointed out, the known
becomes wrote, memorized, old hat, but we must be very careful and conscious in handling
what we “know.” Human minds are not linear machines; they are quite fallible. It is the
weeding out of the knowns and unknowns that makes science so exciting and alive. It is a
constant process of renewal in our thinking, and so it evolves ever more rapidly with each
new piece. It seems to be true that the more that we know the more that we realize there is
still so much more that we don’t know. Science must start with and be driven by identifying
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that which we do not know. Science, therefore, will never slow down but only speed up. It
is negentropy all over again.
I remain awed by the past, cheerful in the present, and optimistic about the future.
The next several years and decades will no doubt be interesting. We will find out which
directions the investigations of molecular biology eventually take us. It will be interesting to
see how the path is guided by exciting new paradigms and fun metaphors, and hopefully
we’ll get to see how it all plays out. That is science. The hunting grounds for new ideas in
science have never been this fertile, and yet our new ideas still clearly have plenty to borrow
from the old. I have obviously borrowed liberally here from the hard work and ideas of
many that have gone before me. I have merely put those pieces together in a new way that
makes more sense to me. It will be fun to see what new and interesting games are invented
and how others will eventually play them.
It might be another hundred years before many of these interesting codes of life are
truly spelled out. The better we define the game, the better we’ll be able to play it. One
thing is certain: computer metaphors, broad collaboration across disciplines, open
mindedness and intensely creative thinking will proliferate in this field. We have been
brought this far along the path by the old analogies that lie behind the classic paradigm, but
the antiquated first principles of genetic information and the rusting computer metaphors
have taken us as far as possible and then perhaps just a wee bit further. It is not that it was
bad science initially, because it clearly was not. But it did come from a different era with a
different set of questions, a different set of desires, a fundamentally different worldview and
a different set of tools entirely.

It has been all too easy, I suppose, for people to confuse me with my message, but I
am not the message here. I am the messenger, and the message is that we need to go back
and try again. Science is all show and tell, but it needs to now ease back on the telling and
start doing a little more showing. The proper pattern is: first show then tell. I am only the
irritating sound of the alarm clock screeching out a wake-up call to the sleeping intellectual
giants. It is time to wake-up and get busy, busy, busy on all that wonderful science just
waiting to get done. I am just echoing Apple Computers in suggesting that we Think
Different™ this second time around. However, we need to also be more careful this second
time around as we meticulously parse through what we know and what we don’t know. We
need to aggressively revisit the paradigm of the code formerly known as genetic and perhaps
inch ourselves a wee bit closer to the actual code of life.
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Because I am such an inadequate messenger the message is clearly not being heard.
However, it is not really my message, since it is not my code. It is everybody’s code, and it
is going to take help from everybody to figure out what it really is. We need broad input on
how it should be perceived and the language we should use when we discuss it. It is an
incredibly huge, complex and difficult task, much more so than anyone could have
imagined. Surely it will take much effort and many years to get it done. Fortunately, there
are many pieces already lying around, but there are still more important pieces that are
clearly missing. There are important ideas yet to be conceived but still required to tie all of
the ideas into a neat bundle. There is a tremendous amount of science yet to be done.
Artists, poets, mathematicians, philosophers, physicists, molecular chemists, systems
engineers and hackers will surely be among those who provide the fabulous new pieces.
Perhaps the chemists should step slightly to the side for a few decades and let some
computer whiz kids have a crack at this language for a while. The chemists have done
enough already, I think, and maybe we shouldn’t expect them to be the ones to explain all
these fabulous codes to the rest of us, especially if they’ve never touched a computer. I fully
expect the big fundamental breakthroughs in biology of the near future to come from the
computer whiz kids. There are bound to be many heretics among the new gang of playful
searchers, but we shouldn’t let that keep us from listening patiently to their wacky ideas.
On this score I fully recognize the reason why I am being ignored today; it is because
I am entirely insane and can be easily proven to be so. Who has time for the insane?
However, the big difference between most insane people and me is that I have been trained
to recognize and diagnose insanity, and I am, therefore, able to absolutely know my own
diagnosis. I am okay with that. I know that the thoughts in this book represent nothing
short of clinical insanity by any formal metric. They are a clear statement of my loss of
reality testing, which is defined as the relationship between thoughts and that known to be
true. I can test my thoughts against known reality and I consistently find that they test false,
yet I persist in believing them anyway. I can’t help it. Nothing else makes sense to me. I
believe that the second law of thermodynamics is false, or that it is somehow incompletely
described. I view the pattern of life on earth as legitimate proof of my belief in this insanity
despite the fact that highly qualified, honest and intelligent physicists and chemists assure
me that I certainly should not do this. They have been kind enough to show me their math,
yet I dismiss it. Then, without stopping to take a breath, I parlay this perverted belief into
another still more insane belief that the genetic code has not been cracked, despite the fact
that everybody knows that it has. To maintain my grand cohesive delusion I believe that the
physicists and chemists somehow have led the biologists into deluding “everybody” into
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“knowing” something that is false. So now not only am I clinically psychotic but I am a
paranoid conspiracy theorist to boot. I persist in complaining so I am a nettlesome crank. It
is unpleasant, to be sure, but I try to not become too agitated by it, and I try to remain
outwardly cheerful. However, I secretly believe that it is the circumstances that are insane
and not just me.
This book is neither science fact nor science fiction. I have tried to limit the number
of facts to only those about which I am reasonably certain, and hopefully I have included as
little fiction as possible. Inevitably, I will be proven wrong about a good bit of what I have
said here, but I can accept that, as long as I am not proven perfectly wrong. However, I still
believe that what I have said here is not only right but mostly useful to others, no matter how
improbable that may seem to anybody else. I personally see this book as science poetry,
simply a way to draw connections between disparate things and paint the picture of my
thoughts in words. (Being a poet has always proven to be a good line of work for the
insane.)
I am a scientist in the limited sense that my mind is the only laboratory I can enter.
None of the real laboratories will have me, and I can’t start my own. To the community of
scientists I am nothing but a Frankenstein’s monster crashing through the delicate language
and ideas set up decades ago by good scientists. They were set up to teach our children the
important facts of nature. I am nothing but an ugly and pesky crank and monstrous heretic
crudely stumbling around their laboratories, grunting and slashing about for the sole purpose
of alarming the innocent children. However, to me, I am actually Dr. Frankenstein. I have
merely dug up a dead and rotting scientific icon and reanimated its carcass by stitching
together the pieces that I’ve found lying around in the parts bin of scientific ideas. If that
crude approach frightens you, then I suppose I must apologize. However, I merely feel that
I have shocked this dull, flat and lifeless scientific icon back to life! That should be a good
thing. I believe that I have reanimated it with the lightning bolt of my toys and eccentric
perspectives. I take solace in knowing that my toys and my ideas will surely outlive me
here, but I suppose only time will tell.
I certainly do not feel that I have invented a new code or method of coding; I merely
invented a method of mapping data and then discovered that the existing data will map
perfectly onto my invention. This immediately led me to several inferences about the data
itself. Any fool, in my opinion, can see that this is a structural language of the crystals by
the crystals and for the crystals. In the same way I do not feel that I wrote this book but that
the book forced me to write it. I invented a worldview and discovered that this book could
emerge from a colorful junkyard of ideas that is always floating around in science. I have
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merely gussied up the picture that is so vivid in my mind’s eye with my eccentric poetry,
hoping that perhaps some other minds will eventually see it too. However, most people
sadly require “permission” from the experts before they can exchange their paradigms for
anything, before their perspectives can be as violently flipped as I am suggesting here that
they should be. Well, then, consider this book to be your poetic expert permission for
changing your paradigm of the code of life. No harm done.
I am but a silly child playing and stumbling along a beach. Several years back,
without warning, I tripped over a pretty seashell, which I took home and polished up a bit.
The thick soup of ideas I found myself in which I found myself floating was indeed
supersaturated, full of excellent details just waiting for new ideas to allow them all to
crystallize. It is now my deep desire that my quirky ideas here can serve as a tiny seed
crystal for the bigger, more useful ideas to finally form.
At the same time, I am also actually a trained physician, and so I am somewhat
qualified to make a diagnosis. Granted, I am only a minimally talented, ordinary mechanic
of human machines. I am simply charged with the task of repairing humans when they veer
into dysfunctional equilibriums of mind and body, or when they fall down and get broken. I
am certainly not qualified to pontificate on the mysterious codes of life. But for this
particular patient, for the scientific icon of the genetic code, my learned diagnosis is that it is
deathly anemic. Can you not see how pale it truly is? It is sweating and breathing all too
fast. It barely has any vital signs of life at all. In fact, I can’t find even a single hemoglobin
molecule in its marrow. This code, in my opinion, should have been coded a long time ago.
It is now nothing but a tragic, lifeless idea, and we should stop trying to resuscitate it; the
plugs should be pulled, we should close the casket on this monstrosity and finally shovel on
the dirt. And while we are here in the cemetery, we should move the medal on the grave of
Anfinsen over to the grave of Schrödinger, I think. After further review, I suggest that we
reverse the call made by officials several plays ago because they apparently got it
completely backward. The correct score should now read: Schrödinger 2, Anfinsen 0.
As an explorer I am trying to dislodge us from this ideological reef that has us stuck
in the shallows. We certainly need to sail this ship toward deeper, uncharted waters. There
are many sea monsters in our future exploration, but there are also countless beautiful things
yet to be discovered. A flat, inaccurate, out-dated map should not chart the course, lest we
fall from the edge of ideas. We must use a more robust globe, one that more accurately
details the areas to be explored. This globe will map the ideas that should guide the journey
in our future. Call me a hopeless romantic, but I am still quite hopeful that a new band of
intrepid explorers is chomping at the bit to finally launch this exciting adventure. As an
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explorer I also feel that I have already made a remarkable discovery. I have discovered a
scientific theory that is so incredibly bad that it could never even be wrong. I have
discovered a strong religious belief in the tautology of the classic paradigm of the genetic
code. As soon as any defender of this theory even reaches for any “scientific” method to
defend their own theory, they must acknowledge the fundamental flaw in that very theory,
so they simply don’t even attempt to defend it. They are quite certain of their belief and
quite busy to boot. They merely attack the messenger. However, this logical absurdity does
not diminish in any way the zeal with which they argue that we must maintain our belief in
this magical and important theory.
I am accused of setting up and attacking a straw man, yet that is exactly what the
classic paradigm is – a straw man. The code that we seek could be many possible ways.
The original set of explorers imagined that it might possibly be only one highly specific and
highly improbable way, so they assumed that it was actually this way. This did, in fact,
make their exploration much simpler and therefore accelerated their exploration. However,
this method of exploration is also the only way that this code could ever possibly be
considered “one-dimensional.” Still, it was at first rigidly defined in just this way, as a code
that actually is one-dimensional. Unfortunately, this central premise cannot even withstand
its own weight in arriving at the desired conclusion. Even if it is true that the genetic code is
“functionally” one-dimensional, whatever that is supposed to mean, one must still
acknowledge all of the possible dimensions in this code just to demonstrate that it is actually
a one-dimensional code in practice. They then must explain how and why it actually
became a one-dimensional code. However, once all of the other dimensions in this code are
finally recognized, it is then quite easy to see that it actually is not a one-dimensional code
in any sense of the word, nor could it ever become that way.
There are dimensions of time - past, present and future - embedded in the very
structure of this code. There are dimensions of structure embedded in this code that extend
from storage to translation to folding to the global operation of the code itself. It is a pure
code of pure information in both time and space, so we can never define all possible
consideration of time and space out of the code and then understand the code. For heaven’s
sake, people, it is a code of molecular structure that will create molecular structures! How
could there possibly be no dimensions of structure in the actual code? After all, we must at
some point begin to wonder about precisely how this fantastic code of one-dimension ever
could make any bonds in the first place. Even if these structural dimensions turn out to
appear to us somehow as “uninteresting” they still need to be located, described and
explained. They should never have been defined completely out of existence. The one
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dimension of amino acid sequence in the classic paradigm is somewhat interesting but not
really that interesting, and it certainly is not definitive of the code. The other dimensions, in
my mind, are still more interesting. The origin and interrelated complexity of all dimensions
combined is yet more interesting. The description, explanation and debate of this larger
structure will represent the coherent understanding of this molecular code in the future of
science. Rather than an ugly, inefficient code operating in a single dimension, this is indeed
a code that is so efficient and operating in so many different dimensions that we can now
barely begin to guess the full magnitude of its sublime beauty.
The classic paradigm is clearly causing more confusion than any insight it provides
or any global understanding it engenders. It has gotten the story of the code of life
backward, inside out and completely upside down. This makes it undeniably tough to
understand what is really going on in nature. There are lots and lots of marvelous facts and
insights in the field, but there isn’t a consistent game that can be played with them. I invite
anyone to pick up a cutting edge textbook of molecular biology and read it today. It has
plenty to teach, but it must be read with the eyes of a new reader, a reader with a worldview
diametrically opposed to the worldview from which it was written. Perhaps then the many
epicycles in the data can be identified and finally begin to disappear, leaving a more elegant
perception of the exact same information in their wake.
The protein code is a scientific icon, as it should be. However, it is complex not
simple. But because it is so complex we have incomplete knowledge of how it operates in
nature, and today many important details are still missing. So it is an easy icon to recognize
but a difficult icon to understand, and it will take many years of good science to gain a better
understanding of life’s complex molecular codes. The protein code is but one of many
interesting and important complex languages of molecular structure. Actually, the problem
today is not that the classic paradigm of the genetic code represents bad science; it is that it
represents no science at all. It is now an area dominated not by inquiry and debate but by
faith-based dogma, and so, distressingly, it is beginning to more closely resemble religion
than science. We must somehow break free from this cult of entropy worship because the
classic paradigm is no longer giving us meaningful answers. Worse still, it is confusing and
blocking the asking of meaningful questions. It no longer deals in what we do not know but
merely communicates that which we strongly believe to know. Despite the obvious
deficiencies here, most people seem to be just fine with that approach to this important
scientific problem. Therefore, we must expect the next set of answers to be driven by a new
set of questions – by a new paradigm entirely.
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The new paradigm of molecular information will surely arise from a kind of modern,
modern synthesis, a grand party with Darwin at the head of the table, Schrödinger to his
right and Shannon to his left. An entirely new group of clever code busters will need to take
another shot at this difficult and important code of molecular translation. However, the
future is a bright one, a future where art, math, geology, physics, computer science,
language arts and chemistry can all include an element of biology, and each can give a piece
of the puzzle back to biology. At least we might imagine that after students of the future
take the simplistic and isolated version of Biology 101 as it is taught today, they can partake
of an expanded curriculum of computers, art, philosophy, etcetera, and then study Biology
102, where the real intellectual goods of the future can finally be delivered.
I have no doubt that we will have some new, more useful answers to the important
questions outstanding, but the amount of time it will take us to get those answers is now
anyone’s guess. One thing is certain: the sooner we start asking the right questions, the
sooner we’ll get those interesting and important answers. Taped to my computer monitor is
a small printed card given to me by a good friend. It is a single sentence attributed to
Scientific American. I can’t help but laugh every time I read it because it is always so apt,
but never more so than at this particular moment. It reads: “There has been an alarming
increase in the number of things we know nothing about.”

“…how an individual invents a new way of giving order to data now all assembled
must here remain inscrutable and may be permanently so… Almost always the men who
achieve these fundamental inventions of new paradigm have either been very young or very
new to the field whose paradigm they change… (they) are particularly likely to see that
those rules no longer define a playable game and conceive another set that can replace
them.”
Thomas Kuhn
The Structure of Scientific Revolutions
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