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Foreword by Subhash Kak

To Dad,
Thanks

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
…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 to conceive another set that can replace them.
Thomas Kuhn
The Structure of Scientific Revolutions

If we were still listening to scientists we’d still be on the ground.
The Wright Brothers
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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Prologue
I like to tell people that this all started with a toy, but that is false. It ended
with a toy. This all started with my birth, and from there my life has been a
bizarre mixture of fortunate experiences that led me to the toy. The toy was
merely the end of one process and the beginning of yet another more interesting
process – as life always is. I have had the good fortune of being born into a
world and a set of circumstances that could lead me down this exciting path. I
was never a particularly brilliant or accomplished person, but I have all my life
had an idiosyncratic way of thinking that seems to be well-suited for my unique
set of bizarre experiences. I have had the good fortune to be exposed to people
and ideas and resources that have made my journey possible.
My first training came as a graphic artist. I was then trained as a
geologist. I was then trained in the life sciences as a physician. I then trained
myself in the art of computer programming. I then became an entrepreneur and
learned the art of business, manufacturing, marketing and product development.
I am not especially good at anything I’ve trained to do, but I was born an inventor.
I invented a toy and then I invented a way to make sense out of that toy.
It is only this unique personal set of qualities and experiences that could
have led any human to my situation. My eclectic background is my answer to
how I took the path that led me to realize what it is that I came to realize; and I
realized it instantly, in a lightening strike, with a toy. One day, out of the blue, I
instantly knew that man’s understanding of the genetic code must be completely
wrong. I was fortunate to have this experience, but I am also unfortunate that
nobody could really share it with me. Nobody else could possibly have this
bizarre background, and, therefore, few can understand the excitement I
experienced as a result of my epiphany. Quite understandably, this disconnect
has made the process of communication extremely difficult – almost impossible.
Here again, I have been extremely fortunate that I have had the support and
opportunity to stick with it for as long as I have. I feel that I am now finally able to
make some progress in communicating my epiphany.
You see, there was an inherent conflict between my geology training and
my biology training, and this conflict came to a head during my experience with
programming computers. In geology I was taught that molecules think one way,
and in biology I was taught that they think in an entirely different way. My
experience with computers made me believe that perhaps molecules could not
think in any way whatsoever, but at least they must always be informed and they
must always be informative. So, suffice it to say that I had questions.
Eventually, I invented a toy, and one day that toy immediately answered the
simple questions floating around in my head: All molecules think alike! Atoms
must have simple patterns when they become molecules, and molecules must
have a pattern to follow when they become bigger molecules, like crystals, or like
DNA and proteins. I accidentally discovered a simple pattern that could explain,
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in part, these larger patterns of molecular behavior. After all, the universe is built
of patterns because without first a pattern, nothing can ever be built at all.
It has been several years now since my enigmatic epiphany immediately
answered my idiosyncratic questions, and since that time I have had virtually no
luck in communicating those answers. It turns out that perhaps I should have
been trying to communicate the questions. After all, nobody wants an answer to
a question they don’t even have. Consequently, I was predictably shunned by
science, and I reacted in a decidedly negative way. This reaction has helped
nobody, least of all me. However, I was frustrated; I was repeatedly told in no
uncertain terms that my unique answer was of no particular benefit to science
because it made no predictions. I protested that it did make predictions, and one
of the predictions it made was that silent mutations would change protein
structure. This, of course, was deemed “absurd” because “everybody knows”
that it is false, and it has been “proven a thousand times.” Well, I just didn’t
happen to believe it, and now, it appears, I was right. Silent mutations do change
protein structure and so perhaps we are completely wrong about the genetic
code after all. I also predicted that soon people would come to realize, as I did,
that they really know very little about the genetic code, when you get right down
to it, and perhaps they will come to realize that what they do know is not helping
them understand it in any meaningful way. That prediction, too, will eventually be
proven correct. Of this I am certain. This book is my latest attempt to help make
that prediction come true because I believe that I have merely suffered from bad
communication and not bad ideas, at least not all of them anyway.
Therefore, this book is an attempt to recreate and communicate my basic
thought patterns so that others might better understand them. The overall goal is
to advance our knowledge and thereby advance our understanding and
appreciation of the genetic code. This will only happen when we first realize that
what we think we know about the genetic code has never been proven, and,
therefore, we really don’t understand it. From there, I think, there will be a
tremendous increase in appreciation for just how fabulous this code actually is,
and what it might mean to us eventually. It is the most interesting thing on earth.
For those of you who are new to the genetic code I can say only this:
Good for you. I know that you will enjoy thinking about it, and I suspect that you
will find something in it useful to your thoughts. Keep an open mind. There is
even a good chance that you will have a useful contribution to make toward the
thoughts of others because the genetic code involves so much, and man has
barely begun to explore it all. It is so complex that perhaps we never can explore
it all. To those of you who already know the genetic code I can say only this:
Start over. Start from the very beginning and re-explore everything you think you
know about it. Take it apart completely and put it back together in an entirely
new way. When you do, you will see biology – perhaps the whole universe –
through entirely new eyes. It will be fun.
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I like to say that I was forced by personality and circumstances to do this
project in total isolation. This is false. Many people provided essential support,
resources and assistance all along the way. I could never thank all of them and
thank all of them enough. I doubt that I could ever even identify them all
completely, because some of them are perhaps unknown even to me. Some of
them are now dead, and some of them were dead before I even got started.
This particular book, as luck would have it, is the direct result of contact
from a single individual, Subhash Kak. You see, I had just finished writing what
was my third attempt at a book on this subject, all seemingly unpublishable, and I
was not of a mind to start over. I was ready to wash my hands completely of this
frustrating mess. Subhash merely contacted me and said, “You know what, I
think you are right. You should publish.” That, apparently, was all it took for me
to make one last pass at this big brass ring. He encouraged me and helped me
to organize my thoughts. Initially, this book was designed as a series of papers
to be posted to an online archive, since surely no reputable journal will consider
publishing them. However, I have now collected them into this book. In addition
to Subhash, there are many who have contributed in various ways to this book,
and I could never list them all. I apologize for leaving some of you out.
Obviously, no man can do anything without the love and support of a good
woman, Deanna, and the unconditional love of a good family, Logan, Carter,
Chloe and Sophie Rose. Beyond that, I can only make a random list of those
who deserve thanks but certainly are not to blame for my errant ways: Mike
McNeil, John Bender, Sam Ardery, Erwin Schrödinger, Brad White, Heather
White, Ann White, Scott Allbright, Jeff Parker, John McNett, Harold Morowitz,
Dan Snow, Mark Zuchinni Anderson, Pat Anderson, Warren Scott Fentress,
Anita Richardson, Tim Ellis, Jerry Yeagly, Heather Gutwein, Steven Freeland,
Jerry Arthur, George Gamow, Cornelis Klein, Pedro Romero, Juan Cabrera,
Keith Matheson, Donald Hatton, Ram Samudrala, Stuart Kauffman, John Hewitt,
Mother Nature, Albert Einstein, Terry Nichols, Isaac Newton, Richard Merrick,
Yale Landsberg, Roy Wagner, Jenn Hottel, Tim Boeglin, Dan Pricket, Martin
Ferris, Bill Gates, Charles Darwin, Daniel Dennett, Richard Dawkins, James
Watson, Francis Crick, Christian Anfinsen, Jack Coe, C.O., Ron Boyle, Michael
Crichton, Tom Wolfe, Kurt Vonnegut, Jerry Slocum, Erno Rubik, Dan Maki, Mario
Livio, Phillip Ball, Gary William Flake, Dan Berleant, Stephen Watt, Thomas
Kuhn, Tom Siegfried, Lily Kay, Evelyn Fox Keller, Brian Hayes, Manu Jain, John
Santoro, D’Arcy Thompson, Plato, Marvin Solit.
The cover and chapter illustrations were done by Michael Teague. Most
of the other graphics were done by the author.
Please enjoy.
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Foreword
By Subhash Kak

The discovery of the double-stranded structure of the DNA over fifty years
ago, and the decipherment of the genetic code soon after, opened up the
possibility of reading the book of life. The research of the past decades in the life
sciences has sought precisely to do this. The genes, strands of DNA, when they
are active, determine what proteins will be synthesized and, therefore, it appears
that the book of life is written sequentially and fully in the alphabet of A,G,C,T, its
four nucleotide bases. The genome appears similar to a computer program,
which is also written sequentially. It is strange that at the end of our scientific
journey, on which we set out wishing to be free, we have arrived at the
understanding that we are machines, and so our freedom was an illusion!
Let’s go back to the question of reading the book of life. To read its words,
one needs to know the language. Ordinarily, words are symbols for real or
abstract objects or relationships; they can also mean different things in different
contexts. It is not enough to read an isolated word or even a sentence; one must
have the whole narrative to obtain the correct meaning. If the codon, in terms of
the nucleotide triplet, specifies an amino acid under certain conditions, the
possibility that it may specify some other behavior under entirely different
conditions must remain. Thus the code cannot be universal; the book of life may
never be understood completely.
The genetic code itself has fascinating symmetries. There are four bases,
which makes for 4×4×4=64 possibilities that map into the 20 standard amino
acids. More than one codon may map into the same amino acid, and three
codons represent “stop”, UAG, UGA, and UAA. There is also one “start” codon,
AUG, which codes for methionine, so each amino acid chain must begin with
this. The codons possess varying amount of redundancy. The workings of the
code are somewhat like this: first, the DNA on which the gene resides must be
transcribed to messenger RNA (mRNA), and second, it must be translated from
mRNA to protein. RNA-coding genes go through the first step, but are not
translated into protein.
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Recent studies have shown that the human genome has a rather low gene
density, and most of the DNA – according to estimates as much as 95 percent -does not have any obvious genetic purpose. The single–celled Amoeba duria
has the largest genome, with 6 billion base pairs, has twice the size of the human
genome!
Since everything in nature is optimal, the question of why the genetic code
has its specific form may be asked. Does the nature of the redundancy provide
best protection against random mutations? Why are there variations of the
standard genetic code in mitochondria and elsewhere? Can the structure be
understood on mathematical and symmetry grounds alone, which would provide
us a plausible picture of how the earliest life arose?
۞
Mark White’s fascinating little book deals with many of these puzzles. He
looks both at the question of how best to represent the symmetry of the genetic
code as well as its meaning. He is right to emphasize that speaking of the
mapping of codons to proteins, without consideration of the environment, is
simplistic. He makes the provocative suggestion that the code may also be seen
as mapping between proteins through the agency of DNA. Of course, this shift in
perspective may be taken up to higher, or lower, levels in which fully developed
higher organisms are merely intermediary to the survival of the code. If the code
is to be viewed as in interplay of various categorical descriptions, then the task of
unraveling it may never end.
Mark is a computer programmer as well as a doctor. This has given him
the capacity to think outside of the box. He has come up with insights that will be
valuable both to the expert and the layperson.
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The Genetic Code
A Good Example of Bad Science and Why it Needs to Get Much Better.
Mark White, MD
Copyright Rafiki, Inc. 2006

“All religions, arts and sciences are branches of the same tree. All these
aspirations are directed toward ennobling man's life, lifting it from the sphere of
mere physical existence and leading the individual towards freedom.”
Albert Einstein

9

Introduction to Knowledge
Our world is founded on universal laws that lead to complex phenomena.
We study this using the scientific method. This creates scientific data that must
somehow be “modeled” to be understood. We must first place the data and our
understanding of it into a model, or into a structure that makes those things
understandable in some way. In the broader scope, we must have a formal
system, or a type of language to effectively communicate all of these things. Our
systems of communication always depend on various icons. Ultimately, the
entire process leads to human knowledge.
The act of acquiring knowledge has been around for thousands of years,
but recent advances in culture, science and information technology have made
the process far more complex and much less intuitive than perhaps we realize.
As a result, the evolution of human knowledge has led to a need for a formal
academic discipline called informatics.
Informatics is a little hard to
conceptualize because it is quite broad, but we might define informatics as the
organization, presentation, visualization, interpretation and analysis of
information and information systems. In my mind it is nothing more than the
scientific method on the steroids of modern information technology.
The pressing need for informatics is nowhere more acute than in the area
of life sciences, where information is being accumulated at exponential rates.
There are thousands of examples of bio-information and thus the need for
bioinformatics. The central paradigm of this field - grandfathered into the field by
default - is a concept known as the genetic code. The genetic code is a simple
human metaphor for a complex natural phenomenon. It is a living language of
molecules that all cells on earth depend upon to manufacture proteins. This
process somehow has “molecular information” being stored in DNA and
somehow has that information being translated into the many important
molecules that we now know as proteins. Our knowledge of this system is quite
recent, but our understanding of it is woefully inadequate. Before it can improve,
we simply need a better understanding of knowledge itself.
The idea of a code of life was first popularized in the 1940s by the brilliant
quantum physicist, Erwin Schrodinger. By the 1950s, the genetic code had been
formally modeled and partially elucidated, and by the late 1960s, the genetic
code had been formally and completely described. Today, the genetic code can
be quickly visualized, organized, analyzed and conceptualized by a tiny data
table known as a codon table. This is today the universal icon for the genetic
code. Our all-too-simple concept of a genetic code, along with its now all-toofamiliar visual icon, together perhaps provides the first true paradigm of
bioinformatics, and so it is used to teach the fundamental concepts of biological
information. In this area, the codon table completely informs our thinking today.
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Unfortunately, the genetic code is merely a good example of science and
bioinformatics gone bad; therefore, we need a better understanding of where and
how it went wrong, and a better understanding of how and why it must change.

Figure 1.

Figure 1. introduces a system of visual icons to help us conceptualize the
structure of human knowledge. The universe is built upon basic principles that
we perceive as physical and logical laws. For instance, there must be six faces
on a cube, 2 + 2 = 4, two objects with mass will be attracted by gravity; these are
examples of the kinds of basic laws that appear to construct our universe. These
laws operate over vast times and vast space to create physical phenomena of
our reality. Two hydrogens will bond with one oxygen and oceans form, sunlight
hits chlorophyll and photosynthesis results, protons collide in a chain reaction
and an atomic bomb explodes; these are all examples of physical phenomena.
We use science to formally and systematically study natural phenomena, and
this generates observational data - gobs of it. However, this data will always
reflect but a tiny subset of the actual phenomena. That is the nature of nature.
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Science provides a narrow window through which we are allowed to peer
at the natural world. The specific area of natural phenomena, the type,
character, quality and amount of data will all be dictated by human knowledge
and human prejudice. Human knowledge is at bottom dictated by data, models,
language and a strong set of beliefs.
We use models to guide our observations of the universe. The earth
rotates elliptically around the sun, sodium and chloride occupy alternating points
on a cube to form a salt crystal, a pulley is an atypical form of a lever as a
mechanism to apply force; these are all examples of the simple conceptual
models that we use to guide our observations. These models require systems
and languages for our communication as well as our understanding of them.
Knowledge always requires languages. Icons are therefore created. The word
“red” is a linguistic icon for an electromagnetic wavelength of approximately
750nm, and a patch of specific pigments on paper can be a more literal example,
or a powerful visual icon of that same phenomenon. “F=MA” is yet a more robust
scientific icon that symbolizes complex general relationships quickly and
powerfully. Words are indeed powerful icons, and graphical symbols are still
more powerful. After all, a picture is worth a thousand words.
Basic understanding of the interrelationships and the juxtaposition of these
essential components of human knowledge lay at the heart of science and its
new tool, informatics. At bottom, informatics is the practice and art of using
information to construct and communicate human knowledge.
It is a
contemporary prosthetic device to augment science primarily through the use of
modern information technology, but it is at all times grounded in the first
principles of human thought and our understanding of natural phenomena.
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Figure 2.
Figure 2. illustrates the interrelationships of the components of human
knowledge and the central role that science plays in the overall scheme. It
illustrates the various and logically distinct aspects of our metaphor of the genetic
code. When we speak of things, it is always important that we first know the
exact type of things of which we speak. The genetic code can mean different
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things to different people in different contexts. It is all-too-easy to become
confused about whether our thoughts and words are referring to something real
or something we merely imagine to be real. Knowing and understanding are two
entirely separate things, and they are tied together by a strong belief that we
understand that which we think we know.
Models create icons and icons serve as the currency in the economy of
building and communicating models. Models and icons are derived from data but
also dictate the acquisition of data. All of these things are input to and output
from human systems of thought and human interaction in the ever-escalating
creation of human knowledge. Models, data, icons and knowledge are human
artifacts of our interface with the natural world. They are the sum total of our
insight and understanding of natural laws and phenomena. However, these
human artifacts do not necessarily reflect a literal or accurate picture of those
things in nature. They are merely ghosts of reality. The more tightly all of these
components are integrated and the more internally consistent they are with each
other, the more accurate will be our perceptions and knowledge. As these things
accumulate and become more refined, the process of generating new knowledge
becomes greatly accelerated.
The genetic code is a paradigm of bioinformatics, perhaps a paradigm of
science in general. It is the very image of science itself that man should
somehow be able to decode the secret code of life. The name is a linguistic icon
that can be applied to all components of our knowledge system regarding genetic
information and its translation. The codon table is a powerful visual icon that
solidifies and amplifies the broader system of knowledge. These familiar and
preferred names and visual icons are today quite simple, and so the model and
data are also simple. This presumably reflects the reality of simple natural
phenomena and laws. However, this has broken down in profound ways and
now merely creates a demonstrably false context for our perception and
understanding of this system. It has misguided our thoughts about the laws and
operation of this important system of molecular translation.
The entire
knowledge engine breaks down here at its core, at the visual icon. The codon
table is the genetic code for most people, but it is an inadequate icon with an
inadequate structure for understanding this incredibly complex and robust natural
system of information. Consequently, the model and data that we currently
possess is inadequate toward an explanation of this phenomenon. Further
investigations of these important natural laws and phenomena have been
diminished by it. The codon table is a good example of informatics gone bad.
The genetic code is a good example of science gone bad.
If we are to advance we must question everything. We must break the
system apart and reassemble it in entirely new ways. We must question our
data, our models, our language, and most importantly, we must question our
beliefs. After all, it is our strong but wrong belief in the validity behind our
metaphor of the genetic code that has led us into this uncomfortable situation.
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The Worst Idea in the History of Science
Listening Carefully to the Curious Noise of Silent Mutations
By Mark White, MD
Copyright Rafiki, Inc. 2006

“Things should be made as simple as possible, but not simpler.”
Albert Einstein
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Introduction to History
Ideas have power. The notion is made quite literal in exploding an atomic
bomb as a physical demonstration of the idea that even tiny amounts of mass
contain enormous amounts of energy. But more so, ideas are powerful in how
they shape other ideas, and even simple ones can explode into enormous power
and complexity. The power of a single idea can be measured in terms of its
clarity, pervasiveness, and centrality to other ideas. All of these things contribute
to the longevity of an idea in the minds of mankind. Really good ideas live a long
time, but so too can bad ones.
Of course, the concept of good versus bad introduces a large bit of
additional subjectivity to the formal measurement of ideas. Judging ideas as the
best or the worst is like arguing about the best golfer, the best painter, or the best
leader of all time. In truth, it can never be an untainted process of pure
objectivity. Plus, many ideas that might actually deserve the title of “the worst
idea ever” rarely gain enough traction to merit any attention. There must be
something “good” about a bad idea to become a candidate for the worst idea
ever. Despite these subjective difficulties, some ideas clearly stand out. They
are so powerful that, in time, they separate themselves from the field in terms of
being the best or being the worst idea of all time. From these few exceptional
ideas we can confidently say that the most powerful ideas tend to be simple
ones, or at least they deal with fundamental relationships. They provide simple
clarity to otherwise opaque relationships. Clarity derived from simplification is the
foundation upon which more ideas and more complex ideas are built within
science. This is the basic pattern of science in its inexorable march toward
evolving its collection of ideas. The best ideas march us quickly toward more
good ideas and the worst ones lead us into dead ends, or worse still, they lead
us in the wrong direction entirely.
Ironically, bad ideas can sometimes be more powerful than good ones,
and a good idea need not be entirely correct to become powerful. For instance,
one of the best ideas of all time surely is the one Newton used to explain motion
in terms of force and mass. After all, this fundamental relationship serves to
explain the motion of the earth around the sun. Once the proper relationships
between the earth and sun are appreciated, the force of gravity can explain this
motion. However, Einstein discovered that Newton was not entirely correct, so
he proposed that an additional symmetry is required between the earth and sun.
Neither body is really stationary, so their motions must always be seen as
relative to each other. Einstein also realized that motion is merely a function of
time and space, and symmetry must exist between time and space if we are to
understand motion. Both men were true geniuses with great ideas, obviously,
yet Newton was not entirely correct after all. Still, his ideas are deemed “good”
and no doubt continue to be incredibly powerful. They are the foundation for the
ideas of Einstein, who actually corrected Newton, or you might say that Einstein
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merely extended the ideas of Newton.
Regardless, my vote for the best idea in the history of science will always
go to Charles Darwin and his idea of natural selection. This was a simplifying
idea that provides an unexpected clarity in biology, a field dominated by
overwhelming complexity. Darwin described a mechanism that can bridge the
gap between organic and inorganic matter in the minds of many men. The idea
explains with surprising clarity the logical relationship between random molecular
activities and highly organized molecular information, even though Darwin
perhaps never used the term “molecule.” Natural selection is, therefore, the best
ideological framework for understanding all of nature’s many organizational
schemes. It is a simple idea that makes sense of evolution in spanning the
extremes of micro and macro in time, space and number. Darwin, like Einstein,
couched his great idea within an general ideological framework of symmetry and
time. He appreciated that natural selection was a function of time as well as a
function of complex symmetry in the many parts making up any whole.
Leading candidates for the worst idea in the history of science surely must
include the two ideas of a flat earth and a geocentric universe. I reject the flat
earth as a viable candidate here because it is merely an example of a simple
choice made wrongly. The geocentric universe, on the other hand, is a good
example of a simple relationship wrongly inverted. The sun does not travel
around the earth, yet the simple inversion can make perfect sense at some level.
So perhaps we can expect to find the hallmarks of this bad idea masquerading
as a good one for a long period of time. And so we do. These unfortunate
situations involving simple inversions mean that bad ideas become troublingly
powerful, show puzzling longevity, and are extremely difficult to eradicate. Worst
of all, the basic inversion winds up inverting practically everything it touches, like
cause and effect. This means that bad ideas ultimately require “add-on” ideas to
take care of the numerous inconsistencies that always arise in an inverted model.
For instance, a geocentric universe must also be filled with complicated epicycles
to account for otherwise simple motions in heavenly bodies.
Notably, the longevity of the geocentric universe was independent of the
sheer number of epicycle-like ideas that were also required to sustain it.
Humans are willing to accept untold complexity as long as they can hold onto an
initial premise of simplicity. However, the remarkable longevity of geocentrism
can be attributed to several other factors as well, not the least of which is that the
initial inversion between earth and sun hardly seems to matter. In fact, this
inversion still seems to find many practical and impractical uses today. A starting
assumption of a stationary earth is “good enough” for practically everything. Our
acceptance or rejection of it depends on the required level of detail and the
practical need for anyone to have a “better” understanding of the system in
question. Plus, defenders of this ruggedly simple paradigm had plenty invested
in it before it began to falter. It really is intuitively simpler for humans to suppose
a stationary earth at the center of a rotating universe. Consequently, total
indoctrination to the erroneous paradigm was both simple and fierce. This
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makes sense of the puzzling fact that this one powerful yet demonstrably bad
idea died very slowly, and was allowed to do immeasurable damage along its
death march. Could it happen again?
Modern science is now in the process of lifting the veil on what may
eventually be seen as the worst idea in the history of science. It is hard to
imagine that 21st century science could either spawn or safely harbor such a
thing, but in reality it is more likely than not that it actually does. It is modern
hubris to expect otherwise. Science is so broad and complex these days that
ideas are more difficult to understand and evaluate – not less - yet simple ones
still send ripples throughout the entire pond of scientific ideas. Science has
proven itself to constantly be full of both good and bad ideas, so today can be no
different than yesterday or tomorrow. The magic of science lies in its ability to
eventually tell the good from the bad. An honest scientist will tell you that there is
really more faith required in most scientific ideas today than ever before, and
certainly more faith involved than most modern scientists ever care to admit.
When it comes to molecular biology, a huge percentage of the ideas simply must
be taken on faith, because most of them are inherently hard to define, and they
become even more difficult to conceptualize and conclusively test.
With this context in mind, consider the important case of an extremely
powerful idea that widely exists today. It is a simple idea, so it is a good
illustration of the relationship between simplicity and power with respect to
scientific ideas. The idea to which I refer is the idea that molecular sequence
determines molecular structure. It is hard to overstate the power that this one
idea has had in shaping our current understanding of molecular biology.
However, it is now the pivot around which we rotate our ideas of genetic
translation and still more abstract general notions of molecular information. In
other words, it is the initial point of reference for most of a much larger narrative.
This same idea has been stated, reformulated, built upon, combined and
employed in too many different ways to mention here, so regardless of whether
we ultimately deem it good or bad, it is undeniably powerful. The idea derives its
basic power from its unique ability to simplify and clarify what would otherwise be
an opaque relationship: the basic relationship between sequence and structure in
the universe of molecular information. The idea gets this ability by merely
inverting the fundamental relationship between sequence and structure. This
idea is not believed to be a generally true, but it does seem to be true for the
special case of large biopolymers. Let us review:
Every molecule can be viewed in two different ways: as a composition or a
structure. The composition of any molecule is an information subset of its
structure. In other words, knowing the structure is the same as knowing the
composition, but knowing the composition is not the same as knowing the
structure. This is a fact of basic chemistry, yet in the world of large, complex,
“linear” biopolymers, where an amazing consistency of subunits is found, the
sequence of subunits is indeed valid shorthand for molecular composition. Of
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course, sequence is not really the same as composition but they can easily be
seen as equivalent because – purely in terms of molecular information - every
sequence is only slightly above every composition. In other words, sequence
adds just a little bit of organizing structure to composition, and that bit of structure
in biopolymers is also remarkably consistent. This wee bit of equivalency
simplifies the notion of composition in complex molecules; however, to simplify
the situation entirely we must also know that sequence determines structure.
The natural hierarchy of total molecular information content is: structure –
sequence – composition, yet this single, powerful, new idea collapses all
molecular information to sequence by merely inverting the place of sequence and
structure in the hierarchy. In the very special case of biomolecular information,
composition, sequence and structure can now be seen as equivalent on an
important level of understanding. This is exactly what is meant to say that
sequence determines structure. If sequence determines structure then it logically
also follows that molecular information equals sequence. This is, in fact, the
standard way to define molecular information in the world of complex
biopolymers. This is our first point of reference when we begin to discuss and
contemplate the complex world of biopolymers, their fundamental relationships,
and the translations of one into another.
The idea that sequence determines structure, therefore, is an idea that is
nothing short of a magic wand when it comes to simplifying the complex world of
molecular information. To say that sequence equals molecular information is our
way of first knowing the rate of exchange during molecular translations. We now
hardly need be concerned with compositions and structures, simple or complex,
because life, it turns out, is just like a computer: It is all about sequences! This is
what molecular information is and this is what molecular information does in life’s
grand organizational scheme. The information of a biopolymer is contained
wholly in its linear sequence of subunits.
This is why this model for
understanding things is also referred to as “one-dimensional” because it models
only one-dimension in the universe of molecular information. Information can be
reliably reduced to, thought of as, and translated by the single dimension of
information contained in any sequence of polymeric subunits. Naturally, this
greatly accelerates learning and also happily expedites our use of computers in
mastering the complex universe of bioinformation. It is an incredibly powerful
idea that logically leads us to many more ideas that are clearly useful in
countless ways.
Specifically, this simple idea serves as the basis for our understanding of
the genetic code, which then serves as our paradigm for molecular translation. It
is, after all, the supreme paradigm of molecular translation to know that a
sequence of nucleotides is reliably translated in triplets – codons - by the genetic
code into a sequence of amino acids. The product of translation then
conveniently determines the structure of folding in the translated protein. The
logic of translation is made complete merely by correctly knowing the relationship
between sequences of codons and sequences of amino acids. It makes perfect
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sense that every protein can consistently have only one stable structure simply
because only one dimension of information can be translated into its sequence of
amino acids. Proteins absolutely must have consistent structures - no doubt and the genetic code is the only way to achieve them. This also logically makes
every sequence dwelling in the simple helical structure of every genome the
correct initial point of reference from which all molecular information naturally
emanates. So, the idea also paints for us the all-important main arrow in our
current diagrams of information logic, or more precisely it illustrates to us the
inevitable character and “flow” of information as described by the central dogma
of molecular biology. In other words, sequences of DNA can legitimately be seen
to form the central body around which all other bodies must revolve in the
organic universe of molecular information. They are the gatekeepers of
sequence and sequence is everything.
This kind of grand and truly inspiring narrative is familiar to anyone who
has ever studied biology at any level. It derives its explanatory power at first
from the idea that sequence determines structure and molecular information is,
therefore, sequence. We know that sequences of nucleotides determine the
double helix of DNA and sequences of amino acids determine the structure of
proteins. The two are solidly welded together by the inescapable logic of the
genetic code. Of course, these primary explanations must lead to countless
other explanations because science is not in the business of giving answers but
of asking questions. We must now explain how this basic system works, why it
works the way it does, and how it ever came to work this way in the first place.
This is the nature of science, and it all fits neatly and completely together - as it
should. Therefore, the idea that sequence determines structure is an incredibly
powerful idea in modern science, one that is clear, central and pervasive; one
that instantly turns the opacity of nature into something that can be immediately
understood in its simplest form possible. It is a powerful idea of science that has
only been around for half a century, but one that will be around for a long, long
time to come. This is an obvious candidate for the best idea in the history of
science, which is probably why it, and its many close descendents, have
garnered so many accolades in the annals of science. However, the sheer
simplicity and raw power of this one idea now also make it a potential candidate
for the worst idea in the history of science… if only it were wrong. Clearly, it is
completely wrong.
All one really needs to know about the veracity of this simple idea is that
“silent” mutations actually do cause changes in protein structure. It is not a
matter of whether all silent mutations cause structural changes but whether any
silent mutation ever causes a structural change by any means whatsoever. And
they do. However, if the basic idea were right in the first place, this should never
happen; otherwise, it would not surprise us to learn now that it actually does. If
silent mutations can change protein structures then sequence cannot determine
structure. It’s just that simple. The very real structural impact of silent mutations
was demonstrated four years ago by Cortazzo, and recently verified in
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convincing fashion by Gottesman. These empiric demonstrations completely
destroy the now utter myth that sequence determines structure, but the
supporting evidence for this basic knowledge has, in fact, been abundant for
decades. The very idea was completely illogical to begin with. There are now
many ways to say it and many more ways to prove it, but one can no longer even
recognize the orbits for all the epicycles.
First, recognize that this is an idea - like being pregnant - that cannot be
partially right. Either molecular information is contained and translated in one
dimension or it is not. This is now not a question of degree but of absolute
relationship. Specifically, is the relationship between sequence and structure
normal or inverted? Either sequence determines structure or it does not. After
all, we already knew that sequence was a subset of structure, so to say that
sequence is but one determinant of structure is to say the obvious. To say that it
is a very important determinant of structure barely merits a yawn. The clarity and
sheer power of this idea is completely derived from the clever inversion of the
normal relationship between sequence and structure by making the silly mistake
of definitively saying that sequence determines structure. This is also precisely
why we now say that molecular information is sequence. If there is no real
inversion, there is no added clarity but merely added confusion. In fact, there no
longer is a viable definition of molecular information. Consequently, we now
have no working definition of the genetic code. What is the genetic code?
Second, note that all subsequent arrows of time, cause and effect, as well as
presumed evolutionary progress through time, teleology, virtually all of our key
explanatory narratives depend on this one central relationship between organic
sequence and structure. If the relationship is inverted then so too are all the
dependent arrows. The power of this idea lies in its simplicity and its ability to
clarify, but so too is its risk to obscure reality and mislead our thoughts. In other
words, it is either taking us in the right direction in many and various ways or it is
leading us to dead ends and wrong turns everywhere we look. The latter indeed
appears to be the case.
The original man-bites-dog scientific story of sequence determining
structure was fantastic and, therefore, widely reported and touted for its supreme
significance. But the dull truth is once again just another example of dog-bitesman. Nothing is inverted, except for our current understanding of reality. The
correction, as always, has not gotten nearly the attention of the sensational false
headlines.
The continued absurdity now merely reflects our complete
indifference to the tremendous power and influence that the initial idea has
obtained. Unfortunately, one can look nowhere today and fail to see the fabulous
number of required epicycles nested in an elaborate structure of ideas to support
this one, really bad idea. It boggles the mind that this could go on for so long and
yet now be fully expected to continue indefinitely. The sheer simplicity and
intuitive appeal of the original false paradigm, coupled with the immeasurable
investment and extreme indoctrination over decades mean that this bad idea will
surely haunt us for a long time to come. However, the realization that sequence
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does not determine structure should rightly be seen as analogous to finally
realizing that the earth actually does move within our solar system. It changes
everything in a very fundamental way. Yet, think of all the simple flow and logic
diagrams and all the captions for all the codon tables in the world today. Think of
how many more will be printed in the future with this catastrophic idea embedded
in not merely the captions but in the fabric of an all-too-clear picture being
painted by the table itself. It is a picture of a molecular code completely devoid of
structural organization and structural information.
Surely, some grizzled veterans of biochemistry will never concede the
fundamental importance or even the obvious incorrectness of this one bad idea.
They simply are incapable of doing this, so they will find half-truths within it, and
attempt to rehabilitate the apparent utility of the idea right on 'til the embittered
end of their scientific days. The important narratives will change slowly because
this is the nature of bad scientific ideas – they obtain power, cause confusion,
and eventually lead to ideological wars. When all else is lost, the defenders of
the flawed paradigm will undoubtedly argue that perhaps we never would have
gotten where we are today without it. In other words, it was an incomplete but
necessary step in discovery. Even this weak argument is pure hogwash. The
idea served us no good; nothing done of benefit would not have been done
otherwise, and we simply would have gone farther and faster without it. It is a
red herring that doomed the inevitable advance of science to become slower and
more difficult not easier and faster. Plus, some of the damage it has already
caused might never be reversed.
This is perhaps the key concept of this entire book: We have a binary
decision to make. Does sequence determine structure or does structure
determine sequence? Does the universe of molecular information revolve
around sequences or does it revolve around structures? Choosing the former
produces a line and choosing the later produces an intricate curve in our thinking.
These are diametrically opposed ideas and they are mutually exclusive. One or
the other is correct but both of them cannot be correct. Our entire model of
molecular information and genetic translation are built upon this first decision in
the model building process. Our entire explanatory language depends upon it. If
sequence determines structure then the model becomes flat and we loose all
sense of time and scale. The details evaporate and the explanations become
necessarily ad hoc and tautological. If structure determines sequence then the
details explode. Rather than studying a simple line we find ourselves looking at a
curve that rivals the Mandelbrot set in its beauty and complexity. We must then
introduce many different dimensions of information, including time and scale to
our understanding of molecular information. The shape of the curve, the number
of details and the patterns we see in them all become dependent on the scale we
choose to investigate this beautifully complex natural phenomenon.
The heuristic devastation wrought by our unquestioning faith in a model
based on this single bad idea is incalculable. It has laid waste to the natural
beauty of a proper model of a complex molecular biology. The idea smacks of
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pre-formation, or of a DNA homunculus that guides the growth of every protein.
This is quite the same as believing that DNA would somehow store digital
pictures, if it could, in an uncompressed format and then have the genetic code
compress them for our viewing or printing. The idea that sequence determines
structure has clearly led to a modern day version of alchemy in the derivative
idea of protein folding. Millions of people and computers today are searching in
vain for the elusive magic formula that converts sequence to structure like lead
into gold. They are merely studying the structures of a decidedly biased group of
proteins to ostensibly map the forces of nature that move these complex
structures around the gravity of simple sequences. But a search for any single
target of protein structure based wholly on amino acid sequences is doomed to
failure. Noises are made by silent mutations, yet the blinding faith in this
alchemy will surely persist as it has despite decades of abject failure.
Nowhere is the damage more evident than in our collapsed view of the
genetic code. Only because it is collapsed is it widely seen as an all-toodisappointing kluge that is in turns described as simple, degenerate,
unimpressive, arbitrary yet universal, frozen out of evolutionary competition by its
banishment to one and only one dimension of information. In short, virtually
every aspect of the genetic code is mistakenly perceived today, and all because
of the idea that sequence determines structure. Our paradigm of a code of
molecular translation is quickly and reliably burned into our brains today by
looking at a spreadsheet and truly believing that it somehow depicts the actual
code of protein synthesis. In fact, it’s not even a code at all but a powerful
ideological icon built from a simple arrangement of demonstrably incomplete
data. Sure, there really is a consistent relationship between nucleotides and
amino acids, but this is merely a subset of more complex molecular information
and its ingenious logic of translation. What’s more, the genetic code is not only a
fabulous operating system for building proteins but a search engine to boot. It
embodies the first principles of life itself. Time, complexity and symmetry are all
playing major roles in these functions. Unfortunately, our entire definition of
molecular information is now merely a subset of molecular information.
Therefore, the codon table should never have defined information in full and
stood as our paradigm of molecular translation. Unfortunately, that is exactly
what it does today.
This absolute over-simplification has stood the entire concept of cause
and effect completely on its head. In other words, we like to now say that a
protein can fold only one way; therefore, the genetic code is this way. In truth,
the genetic code is this way so that a protein can be made in any consistent
fashion at all. It need not appear to us this way if only we can begin to imagine a
world without this one, powerfully bad idea. In the correct light, the genetic code
becomes a stunningly complex and elegant system, optimized for function, yet
able to evolve in various ways at a moments notice. Far from a simple example
of sequences making structures it is part of a much larger algorithm where
structures make sequences. After all, molecular sequences are nothing more
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than sequences of molecular structures. DNA stores these structures in
sequences of remarkably simple overall structure, and they get translated
through time into progressively more complex sequences of structure. One of
the intermediate sequences of structure in translation - sequences of whole tRNA
structures - are fabulously interesting and informative, but they are eliminated
from the universe of molecular information whenever the genetic code is
flattened and placed inside a codon table. Even sequences of amino acids are
merely sequences of structure, but most of the structure in these sequences
resides in the necessary peptide bonds that connect the amino acids. Proteins
should be generally viewed as sequences of peptide bonds and not merely as
sequences of amino acids simply because knowing the peptide bonds means
knowing the amino acids but knowing the amino acids does not tell us the
peptide bonds. Unfortunately, peptide bonds have also been completely
eliminated from the codon table, and, therefore, no longer exist in the universe of
molecular information either. Virtually nothing is left of molecular information
when sequence determines structure.
Given the amazingly consistent set of amino acids in the genetic code, the
next question should become: How many different sequences of peptide bonds
can the genetic code make in both time and space? However, this code could
never even be this simple because protein structures themselves are merely
sequences of secondary structures, like helices, sheets, loops and turns. In fact,
many of these sub-structures have been proven to contain no consistent
structure at all. How could we ever hope to make a supra-structure consistently
in only one way if its many required parts are allowed to somehow keep changing
their own structures? Perhaps the genetic code is not at all concerned with
simply making sequences of amino acids but is instead busy making peptide
bonds, or secondary structures, or whole protein structures, or entire complex
populations of protein structures. Regardless, we can now know for certain that
it is not merely making sequences of amino acids; otherwise, all silent mutations
would always be silent. It is obviously not a code that is only about simple
sequences without inherent structure but will instead be far better understood as
a complex algorithm that logically relates structures to other structures. It
somehow is able to do this by relating many structures to each other sequentially
in time and space. We will never understand this until we frame our questions
and answers within the certainty that structure determines sequence. After all, it
is logically and empirically true that structure determines sequence.
Our failed geocentric model of the molecular information universe today
depends on the idea that we should accept a simple inversion of reality. This
idea lends required mass to DNA and places it in a stationary central position so
that all other information can revolve around it. This idea not only ignores Darwin
completely, it reverses many of his most basic concepts, and it inverts most of
the key arrows he lays down in time. In fact, it virtually eliminates the concept of
time from the entire model. Worst of all, the many beautiful symmetries that
make the system work are also destroyed in this single erroneous process of
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simplification. The symmetries between sequence and structure, DNA and
protein, time and complexity, random and organized, are completely flattened.
So, not only is this model obviously geocentric but it includes a flat earth
component as well - with a huge measure of spontaneous generation thrown in
to boot.
The truth is that DNA does not make DNA and DNA does not make RNA
and DNA does not make protein. In fact, DNA makes nothing. Protein makes
DNA and protein makes RNA and protein makes protein by using DNA, RNA and
protein. Only by seeing things first in this way can we understand how insentient
molecules can efficiently turn an otherwise unimaginable molecular trick of
complexity in performing a code of structural information processing. It turns out
that protein is far closer to the center of the real molecular information universe
than is DNA because structure makes sequence. In reality, nothing is stationary
in this universe but everything constantly moves relative to everything else
through space and time.
Making complex structures from simple sequences is a combinatoric
cakewalk. The real challenge to the crystallographer and to the cryptographer is
to figure out how life makes simple sequences from complex structures. In any
complex molecular world there are too many different things that could possibly
happen to be certain that the "right" thing will ever happen at all, so the question
becomes: How does any molecular system make certain things always happen?
Another way to ask the question is: how can complex structural information be
captured, stored and reliably utilized? A way to ask this same question such that
we might catch a glimmer of the answer today is: How did a molecular code of
molecular structures make itself appear to us to contain no structure? The
answer is that it uses perfect structures. In other words, if all of the structures
and the components of structure are somehow the same, then the amount of
structural information required by the system can be minimized. It is purely a
question of information efficiency. When things in an otherwise random system
become consistent their information content goes way down. Think of the case
of tossing 100 coins and the resulting 100 bits of information that it generates.
Now think of another case that involves 99 of 100 two-headed coins, and imagine
the tremendous decrease in information it will provide. So, by strongly biasing
components in a structural system you can greatly reduce the need for structural
information. This trick can be done by biopolymers by selecting complex yet
highly consistent structural symmetry, in huge numbers over lots of time. By
making structures extremely consistent and highly symmetrical, information can
be stored and translated via much simpler structural sequences. After all, the
structural information can never completely disappear; it just gets hidden by the
monotony of its participating structures. It is a case of steganography, where the
true message got hidden in the physical form of the message itself. It never was
about a simple relationship between sequence and structure. It is a complex
symmetry between the two, but only if that relationship is properly understood.
It is useless to assume that the genetic code spontaneously appeared on
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earth with a magical inversion of reality that instantly simplified everything, but it
is quite useful to note that through time it has almost achieved one. At first blush,
sequence really does appear to determine structure, but this is merely an
informative illusion, one that can teach us something useful. Proteins have
figured out a way to compress huge amounts of complex structural information to
be stored in simpler structures built of simpler sequences. There logically must
be a huge amount of structural symmetry in this system that must operate
through many scales in time. Therefore, the system ultimately selects only parts
that enhance that symmetry. This means that the structures and their sequences
are hugely biased toward this system’s many symmetries over enormous periods
of time. This is the only way a system like this could ever work or ever even get
itself going in the first place. This also can explain the apparent lack of diversity
in its structures today.
We do not currently have a workable definition for molecular information,
but we logically know that all molecular information is a function of structural
events in time. It would seem then that a good method for controlling events in
time is to create molecular sequences. However, complex molecular structures
must first be well-suited for this task before it can be reliably done. Even now it
takes time for simple molecular sequences to translate into complex molecular
structures, but it clearly takes more time for complex structures to make the
appropriate molecular sequences. DNA can be uncompressed into enormous
amounts of complex protein information relatively quickly, but protein information
gets stuffed back into new DNA to make new proteins only about once per
generation. The required symmetry between sequence and structure also
means that the same structures that make sequences must also be able to
recognize those sequences in order to make more structures. The greatest irony
is that the current system of storing and translating molecular information
appears to us now to contain no structural information. However, the very first
system to perform these functions must logically have been purely structural.
Molecular structure was the only molecular information for molecules to work with
before any system began.
Furthemore, molecular structure is the only
information any molecule in any system today could ever understand in operating
the system we see. Therefore, the original genetic code had to be a primitve
language of molecules that related one group of structures to another group of
structures, and only through time and intense evolutionary pressure did it
become so fabulously sequential that it could travel the long path toward
consistent structures that became so well behaved to appear before us now as
sequences. In other words, the first genetic codes would have been diverse,
erratic and with few truly silent mutations; whereas, today's genetic codes are
consistent to the point of appearing "universal" and well behaved to the point
where silent mutations seem like they should be expected events. Our current
narrative to define, describe and debate this process has been squashed flat and
turned around backwards. The entire explanatory language has become so
perverted that many of the necessary words are completely missing from the
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language, and many more have absurd, backward meanings. The supposed first
appearance of the code on earth now rivals any act of creation ever proposed,
simply because the story of its beginning must necessarily begin in the middle.
This is the inevitable consequence of biting so hard on a simple, powerful, bad
idea.
The notion that the genetic code somehow reflects a property of our last
common ancestor is also absurd simply because the notion of a last common
ancestor is absurd. Nothing so fantastic as a potential candidate for “the last
common ancestor of all life on earth” for tomorrow could arise today, nor could it
have arisen yesterday. Life has never fundamentally changed its ways. This
simple absurd notion of a last common ancestor merely results from a confusion
of the concept of ancestry that is always involved with the concept of
reproduction. After all, it is not the goal of life to reproduce but to merely
produce. Life does not dwell on making copies but thrives on invention. More so
than simple mutation, life most effectively invents things by making combinations
of things as a useful way to perpetually generate new things. It can only do this
when the things to be combined share components of a common system, what
can easily be called symmetry. Nowhere is this more obvious than in the case of
sexual reproduction, but it is also apparent in everything that life does.
Therefore, life most strongly selects the things that make the most effective
things for making more combinations of new things. The genetic code is the
most effective thing on earth for making combinations of the most things. In this
way we might say that it is not the last common ancestor reflected in the
structure of the genetic code but rather the first common ancestor. All life today
makes protein from nucleotides.
The idea that sequence determines structure has not been disproved in
the exact same sense that Pasteur did not disprove spontaneous generation.
They are but two examples of false questions. After all, we still basically believe
in the correctness behind the general idea of spontaneous generation. However,
it is more rightly understood now as a question regarding life on earth as
something that can “spontaneously” generate via the process of natural selection
– at least once, and perhaps many times. The question of how life arises on
earth is one of degrees from the standpoint of requirements of time and
circumstance. However, the correct question of the relationship between
sequence and structure is truly one of degrees and never should have been one
of absolutes. Unfortunately, the question was falsely turned into an absolute.
The wrong answer was quickly assumed, yet nobody seemed to have seriously
bothered to rigorously test or even question the original idea. The point is that
bad ideas must be proven first; otherwise, we only give them power and cause
the need to disprove them later. We have always known that sequence
determines structure to some degree because it logically must, but to what
degree? Does sequence really determine structure? Obviously not, but it was
never really proven in the first place, so it hardly seems to be an issue to be
disproved now. Unfortunately, our erroneous assumption and unquestioning
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faith that it was indeed somehow proven at any level has had an enormous
impact on the ideas and narratives that such proof would quickly allow us. Now
that we can clearly realize that no proof exists, we must carefully but quickly
dismantle the explanatory structures that are built up around this simple, bad
idea. They are everywhere and they are insidiously controlling.
It is good to laud and contemplate good ideas. It is sometimes better to
clearly recognize and completely reject bad ones. Science is really good at the
former and horrible at the latter. It is far easier to convince somebody that they
are right than that they are wrong. Science has fallen victim over the past half
century to a really bad idea, perhaps the worst idea ever. It competes admirably
on virtually every metric with all of history’s worst ideas. We should recognize
this quickly and work hard to correct it and limit its negative effects going forward.
The good news is that bad answers in science yesterday are always the source
of excellent questions in science tomorrow. The bad news is that this bad idea
has had free reign for so long, so much indoctrination and so much investment
has occurred that our entire model is now built in some way around it. Therefore,
it will take a long, long time to get rid of and reverse the obvious damage done by
this bad idea. This simply means that more patience than expected will now be
required before we reach the promised land of bioinformation.
The universe of molecular information is far more complex and far more
opaque than the universe of heavenly bodies. The job of science is to help us
understand our place in the universe. Clearly, we are not the product of simple
molecular sequences but of complex molecular structures operating on complex
molecular information. However, the correct relationships between simplicity and
complexity, sequence and structure can be clarifying principles in how that
universe behaves only if we correctly understand them. The relationship can
surely be made simpler, but it has heretofore been made far too simple.
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The Most Interesting Thing on Earth
What is the Genetic Code?
By Mark White, MD
Copyright Rafiki, Inc. 2007

‘I don’t understand you,’ said Alice.
‘It’s dreadfully confusing!’
‘That’s the effect of living
backwards,’ the Queen said kindly:
‘it always makes one a little giddy at
first –‘
‘Living backwards!’ Alice repeated in
great astonishment. ‘I never heard
of such a thing!’
‘- but there’s one great advantage in
it, that one’s memory works both
ways.’
Through the Looking Glass, Lewis
Carroll
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Introduction to Interesting
The genetic code is the most interesting thing on earth. Not everyone will
agree with this statement, of course, but only those who do not understand the
genetic code will disagree. Then again, science has barely begun to understand
it, so I suppose that few will agree with the first statement. However, we are
living backwards, and so as we discover the tremendous flaws in our knowledge
of the genetic code, we will also come into agreement that it is truly the most
interesting thing on the planet.
The genetic code can most simply be defined as the logical relationship
between molecular information in DNA and molecular information in protein.
Unfortunately, all of science has fallen victim over the past half century to the
worst idea in the history of science. It would have us define molecular
information only as a sequence of subunits in every “linear” biopolymer. This is
simply a matter of defining structures logically backwards - as sequences instead of correctly understanding that sequences are always a mere subset of
the total information in every molecular structure. Swallowing whole this
atrocious idea also now means that the genetic code is to us seen only as the
relationship between sequences of three nucleotides, called codons, and
sequences of amino acids in protein. One must admit that seen this way it is not
very interesting. The problem here, of course, is that molecular information
cannot logically be defined as merely a sequence of subunits and then deal with
structure separately; therefore, we now clearly have no workable definition for
molecular information. And without a proper understanding of that, we can only
have a misunderstanding of the genetic code. That is precisely what we have
today; a huge misunderstanding of the genetic code. Today, the most interesting
thing on earth is so backwards that it is completely defined by and simply
understood within the structure of a single spreadsheet called a codon table.
Granted, a simple spreadsheet could never be considered worthy of such great
interest, but neither can it be considered the genetic code. That is exactly what
makes this so gosh darned interesting.
To be the most interesting thing on earth means to be the most worthy of,
or the most tempting of our attention. Science is the barometer of human
interest. It is the formal way in which we systematically focus human interest on
the many puzzling questions of nature. We can, therefore, roughly judge the
interest of something by looking at how science treats it. The level of interest in
the genetic code today barely registers any movement in the needle; however, if
we place on the scale all of the teachings and all of the scientists currently
focusing their interest on something that should be related to or affected by our
understanding of the genetic code, we would break the scale. This makes it the
most important and interesting thing in science today, or at least tomorrow.
There is virtually nothing of human interest today that cannot be involved in or
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made analogous to a proper understanding of the genetic code. After all, it
defines, shapes and embodies the first principles of life itself.
To appreciate how interesting the genetic code might be, we must first
begin to imagine a world without the current view. We must imagine how the
world will become once the genetic code finally is a robust and complex model
for the logical relationship between all of the various forms of molecular
information that execute the code. The most obvious advantage to this new
world will be that we will finally be able to make proteins, or at least understand
how proteins are made. Of course, we are able to make some proteins today,
but only the ones that life has already made, and only by hijacking life’s
machinery to do it for us. Even then we are never entirely successful at doing
only this. However, a proper understanding of the code of protein synthesis
should allow us to finally begin designing proteins from genes and perhaps
designing new genes for new proteins. It will in general help us understand the
nature and role of proteins as well as DNA. This is the Holy Grail of the
biotechnology promised land.
The second big future interest in the genetic code will involve the innate
human interest in having a better understanding of life itself. On this score, the
genetic code has a tremendous amount to teach us. It represents the primary
bridge between what is mostly random molecular activity and what is highly
organized molecular information. It represents the primary relationship between
organic and inorganic matter. Stating it this way is the same as saying that life
really is a molecular information processing system, and the genetic code is the
primary operating system for the specific molecules that do the bulk of critical
information processing. The trend over the past half century has been to define
life in terms of information, but a proper understanding of the genetic code will
make the many models, analogies and metaphors far more valid and
enlightening.
Life is essentially the organization of molecular information. Evolution is
an organizational pattern for any sort of information through time. On this bottom
level it is then correct to say that life is evolution. This has been known or at
least sensed for quite some time, but the idea will take on new meaning in our
information saturated times only after we obtain a proper understanding of the
logic in the codes that organize molecular information through time. A proper
understanding of the origin of life on earth, for instance, must start with a proper
understanding of these codes. The genetic code, and codes like it, is precisely
what makes life. All life today involves the organization of molecular information
between protein and nucleotides. But more intriguing is the promise held out for
artificial life made more real by a correct view of the codes and processes of
natural life. After all, life is merely a natural arrangement of molecules in a
complex crystal form, and so life can be seen as a complex crystal computer.
However, computers are merely molecular organizations that have been
artificially created by the logic of man. There seems to be no reason that man
could not artificially create life if only he knew the proper organizational schemes.

31

The organization of life revolves around codes of molecular behavior, so
should our organization of biology, or the study of life. A proper understanding of
the genetic code will place it once again in the center of our future organization of
biology. It has been pushed to the periphery of late merely because it is seen as
simple in the ways clearly demonstrated in the utter simplicity of the codon table;
however, the code itself is quite complex and should rightly serve as a paradigm
of complexity and not simplicity. This change in perspective may well change the
basic definitions in biology, starting with the definition of life as a relatively simple
system of reproduction. In simple and complex terms, life does not reproduce
but instead it produces. At bottom, life produces complexity. The genetic code is
not merely a paradigm of complexity but a generator of complexity. It is
optimized for the production of evermore complexity in the molecules and
functions of life. Once we realize this, we will begin to model and study it in
different and informative ways.
A proper understanding of molecular information must begin with a logical
definition for molecular information. It must allow us to include all forms of
molecular information which must be firmly grounded in molecular structures that
perform events within a complex framework of time. Sequences are not the end
all of molecular information but merely a powerful tool for molecules to perform
complex molecular events reliably in time and space. Our understanding of
codes must include the form, quantity, and rates of exchange of all molecular
information during translation of all sorts. Reference frames for time and space
become all-important in this endeavor. Molecules form sequences so that
complex relationships can emerge between them in time and space. Proteins
form structures that lead to sequences that in time become new proteins. A
single protein can be seen to be made from a sequence of structures through
time, and on a larger scale the protein itself is a sequence of structures through
time. Cells form people that become cells capable of becoming new people in
time. A single person can be seen as a sequence of single cells through time.
However, the genetic code is the primary arbiter for the rate of exchange for
molecular information at all levels of time and space.
For instance, the genetic code serves not only as an operating system for
building proteins but also as a search engine to find new proteins. Life must not
only build proteins but it must also continuously find new proteins to build. The
genetic code must be an integral part of this process at every level. It defines the
set of proteins that can be built and how they will be searched. The nearly
universal pattern of amino acids in the codon table can be seen as a reflection of
but a part of this basic search function. Since we know that this part of the
pattern is nearly universal today, and since we know that it could not have been
this way at the time of its initial appearance, we can also know that the search
function had to play a critical role during the early periods of life on earth. In fact,
life is merely the complex molecular building of one grand search. We now
should also know that there is a logical way to optimize these functions and that
life has apparently found it; otherwise, it would not appear to be universal today.
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Things evolve rapidly, and sub-optimal things evolve greatly. So, it is natural to
assume that the patterns in the genetic code continue to serve an important
search function today. We therefore should want to find out the various, rates of
exchange, proportions of new versus old proteins in various generations of
various levels of complex life. We should also try to understand the formulas and
mechanisms within the system that allow the achievement of these proportions at
an optimum rate. Just the basic relationship between search and build - new
versus old - should provide us with some added clarity to the designs of living
information systems and allow us to design better, more complex artificial ones.
Understanding life more in terms of information will help move biology
closer to math and physics. It will obviously move it much closer to information
science. This movement will surely open up a whole new world of epistemic
tools to help us understand biology. Eventually, biology will provide us with new
tools to help us better understand everything. If life is truly an information
system, and if it is based on the information contained in structures, it could
never be at bottom organized on the structure of a cube. The genetic code itself
is organized on the six planes of a dodecahedron and not on the threedimensional construct of a cube. If we were computers and we wanted to know
the structure of the genetic code, we could never know it by starting our model
within a three-dimensional universe. Any model that begins only with the three
planes of a cube can never produce even a single dodecahedron but only a close
approximation of one. If we were computers living in a world of whole numbers
and pure information, we would logically first chose the six planes of a
dodecahedron to model our universe, that way we could “know” the structure of
the genetic code as a dodecahedron, or even “know” any dodecahedron at all. In
the process we would be provided with all the cubes we could ever need, free of
charge. If our goal is to know all the structures in the universe then we should
start by at least knowing the only five that are perfect. If the universe, like life, is
truly an informative universe, perhaps it too is first organized around a sixdimensional structure as well.
Along with the epistemic and organizational changes in biology, a new
understanding of the genetic code will hopefully bring with it significant changes
in nomenclature. The words that we use today are horribly confused and their
meanings have become bizarrely inverted. In today’s world, the concept of a
code is confused with the concept of data. DNA is not a code, yet it is frequently
referred to as the genetic code. In terms of pure logic, a code is some form of a
function; it is an algorithm that relates one set to another. Simply because we
have no current concept of the true function of the genetic code – no concept of
the two sets involved whatsoever - we also have a nonsensical concept of any
biological code. In reality, DNA is analogous to the hard drive on your computer
and the genetic code is like the computer algorithms that process the information
on it. The immediate output is protein, but more broadly, it is life itself. The act
of cloning is merely analogous to hard drive swapping. However, life is not
particularly interested in cloning. It is more interested in the invention of new
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information systems. It can do this by inventing new DNA, new proteins to
process it, or new relationships between the information in DNA and protein. It
does, in fact, do all of the above. However, the words, semantics and syntax, the
whole language that we use to study, understand and communicate these ideas
will need to evolve if we hope to be more efficient and effective communicators
than we heretofore have been.
As our conceptualization, modeling, language and understanding of the
genetic code improves and expands, there will surely be a change in our science
textbooks. Today’s textbooks are inadequate and largely misleading, so they will
have to change. What’s more, there are many textbooks that still need to be
written in whole areas that apparently do not currently exist. Today, textbooks
deal with the genetic code, if at all, in the middle or back, and even then only at a
stunningly superficial level. This is the clear result of the confusion caused by
living backwards. There are many textbooks that deal with specifics of molecular
genetics, and there are many that deal in minute detail with proteins, but there
aren’t any that deal entirely with the logical relationship between the two. In
other words, there are few - if any - textbooks solely about the genetic code.
Those few that do exist are merely reflections of a grand misunderstanding, and
notably, they rarely even contain a basic definition or detailed description of the
genetic code itself. The books about the genetic code today appear to be wholly
uninterested in trying to describe the genetic code. This will certainly change in
the future as the genetic code becomes properly understood and it is found to be
significantly complex, important and interesting. Although few scientists today
devote their time to understanding the genetic code, the future will include many
people that will spend their lifetimes trying to better understand it. Hopefully, they
will write some new textbooks and help rewrite all of the old ones.
As dormant scientific interest and activity begins to again pick up around
the genetic code, and as the models, nomenclature and meanings begin to
change, there will be a significant impact on human culture. The genetic code
has already had a significant impact on culture, but our limited and flawed
understanding of the code has stinted its actual impact on our culture. However,
as the appreciation of life’s logic improves, the cultural impact of this
understanding will intensify. Virtually any complex system, organic or otherwise,
can somehow become more informed by making analogies with the genetic
code. Systems of music, art, business and government can be legitimately
compared and contrasted with the logic and operations of earth’s first competitive
information system. Of course, information systems will increasingly borrow from
these comparisons as well. It is entirely plausible that a more enlightened
understanding of the genetic code will help shape the trajectory of our nascent
age of information. Software development will benefit, but so too will hardware
technology and networking strategies. It will change the nature of who we are
and how we communicate with each other. How could it not?
The genetic code, properly understood, is the most interesting thing on
earth. Nothing human is immune to its potential analogies, and nothing in nature
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can match its extreme efficiency, effectiveness and raw natural beauty. It turns
out that the Queen’s description to Alice of living backwards is apt after all, both
in terms of giddiness and memories. We have been living in a backwards world,
but as we turn forward our understanding of the genetic code we will become
giddy for all the new interest it generates. We also will invent new memories of
what we thought we knew about it all along.
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A Perfectly Symmetric Icon of the Genetic Code
by Mark White, MD
Copyright Rafiki, Inc. 2006.

“The most exciting phrase to hear in science, the one that heralds new
discoveries, is not 'Eureka!' but 'That's funny...’ “
Isaac Asimov
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Introduction to Perfect
The standard codon table has failed as an icon of the genetic code. It fails
to capture the basic structure and function of nature’s real code of protein
synthesis. It fails to reflect in any logical way the universal laws or selective
forces that operated over billions of years so that DNA and protein could become
mutually dependent at the core of life’s complex molecular systems. The codon
table belies none of the logic that led to the existence of this simple table, the
data now filling it, or its true function in nature. It is a tiny set of data that is
merely arranged by the arbitrary structure of the table itself, and it does this in
such a way to merely support and amplify a false model of collapsed molecular
information. It fails to predict or explain the ultimate formation of protein
structure. It is a failed icon that perfectly represents the essential features of a
failed model of protein synthesis. Therefore, the standard codon table must be
rejected and replaced with something more robust.
This paper introduces the essential features and methods of construction
for a new, multi-dimensional, perfectly symmetrical icon, one that is more
reflective of the logical structure for the natural phenomenon that we call the
genetic code. In reality, the data within the codon table is a complex,
symmetrical, multi-dimensional matrix of information relating nucleotides to
amino acids. After all, the genetic code is not just a linear substitution cipher.
The icon we use to illustrate this molecular information should reflect at least
some of the organizational properties of the information system itself, something
analogous to the periodic table of elements. Just as the structure and natural
symmetry of DNA’s double helix informs our thinking about genomes, the
structure and natural symmetry of codons should inform our thinking about the
genetic code. A new, unexpectedly complex, yet a more enlightened view of
molecular information reveals that the double helix and the genetic code actually
share the exact same symmetry in many different ways. This strongly implies, to
me at least, that this miraculous system of translation is organized by
fundamental universal laws of symmetry. These laws act on vast sets of selforganized molecules over vast periods of time to ultimately give us this wonderful
view of life that we find today.
The term “the genetic code” is a linguistic icon that we use to signify our
model of the natural processes behind protein synthesis. The name, its model
and our organization of the data are nothing but a human metaphor of a
molecular metaphor. In truth, it should rightly be called the protein code.
However, our current view is entirely derived from a one-dimensional model of
the genetic code today, which holds that there is only one dimension of “colinear” molecular information that is translated by the code when information
passes from a nucleotide sequence to an amino acid sequence. This even
serves as a formal definition of “molecular information” within the entire model. It
does the same for other larger models that must use it. The one and only
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dimension involved in the table is then seen purely as a simple relationship
between any sequence of three nucleotides selected from a set of four possible
nucleotides. This is, in fact, what defines a codon. The genetic code model and
its inseparable visual icon, the codon table, therefore, provide us with a cipher to
determine translated sequences of amino acids but not actually the translation of
whole proteins in any real sense.
This simplified icon and its related model merely represent a relationship
of molecular composition and reflect no true information about molecular
structure, nor do they reflect any broader total information content of molecular
sequences in general. Sequences themselves are more complex than what is
implied by the arbitrary table. The codon table is our isometric icon of a general
model for a compositional code purporting to illustrate complex molecular
structures, whereas, in truth, molecular structure always subsumes molecular
composition. Consequently, neither the model nor the table has proven to have
any larger predictive or explanatory power. Science is now adrift without an
ideological rudder.
The table itself is arranged in a two-dimensional grid of data that must
always treat the data asymmetrically. It presents this data in a highly convenient
yet partially compressed format. The specific arrangement of the data must
always be largely subjective in this way, so any patterns that appear in it are also
subjective to a large degree. A more symmetric, multi-dimensional yet maximally
compressed and virtually objective arrangement of the data will, therefore, be
informative toward our knowledge of the genetic code. I promise.

Codons Form a Group
We will first gently borrow the language of group theory and the graphical
elements of common geometry to define and illustrate the perfect symmetry of
codons. We will create a robust new icon for this data based on this symmetry
alone, an empty data structure really, and then merely place nature’s data into it.
We will conclude by briefly discussing how this simple data structure can further
inform our thinking about the data and any model used to discuss it.
A group is a formal concept in mathematics. Group theory has become
the mathematician’s preferred language of symmetry. A group is a set of objects
that can be acted upon in some way to create other objects in the set. I will not
go into group theory in any depth or sophistication here, but I must briefly use it
as a tool to advance our general language and illustrations to help inform our
icon and model of the genetic code.
The set of integers acted upon by simple addition, for instance, is perhaps
the most common example given of a numeric group. The six faces, eight points
and twelve edges of a cube illustrate a more useful example here. The elements
of a cube are a more concrete visual example of a symmetry group than is the
set of all integers. These generic spatial elements of a cube can be easily
rotated and reflected through space yet leave the cube unaltered via the cube’s
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inherent symmetry properties. The highly visible symmetry of a cube can be
understood by everyone, and this kind of basic understanding of spatial
symmetry has proven quite useful in modeling and understanding the selfassembly processes in many different inorganic molecular systems in nature,
such as a salt crystal, or in organic examples, such as virus particles. Geometric
symmetry can be equally useful toward our visualization and understanding of
sequence symmetry and the self-assembly principles behind DNA sequences
and protein synthesis.
As it turns out, much to everyone’s surprise, virtually anything might
represent a group, like, for instance, the set of solutions to specific types of
algebraic equations. A set of things is a formal mathematical group if only they
can satisfy four abstract criteria, which are: associativity, possess a neutral
element, possess an inverse element and demonstrate closure. That’s it. The
details can be found elsewhere, but we can easily show here that, based on
these remarkably simple, abstract criteria, DNA’s double helix and codons do
indeed each form a group. However, and this is an unexpectedly tricky point with
respect to real world biochemistry, deciding in a practical sense on a precise
definition of a codon is less obvious when put into this formal yet more abstract
setting. How exactly should a codon be defined in nature? The hidden subtleties
of this definition, it turns out, lie principally behind today’s widespread confusion.
Any chosen parameters in the definition of a codon will significantly impact the
size and overall structure of the codon group as well as any set of actual
molecules or codons contained therein.
Conventionally, it has been immediately noted that there are exactly four
nucleotides in DNA, and that these four are merely combined in sequences of
three consecutive nucleotides to make up a set of sixty-four codons (43 or 4 X 4
X 4 = 64). This is exactly backwards thinking in this context, and it seems to
simplify the definition of any set to an examination of its overall size. This is, in
fact, a less-than-adequate definition of codons for a variety of obvious reasons.
Perhaps the best reason is that there are several more than four nucleotides that
participate in the real-world system of translation that we have uncovered.
Codons actually “mean” anticodons in nature, and the set of anticodons is still
undefined and largely unknown. So, when that fifth nucleotide shows up, as it
inevitably does in nature (a bit like the fifth Beatle), how do we then fit it into our
definition of codons and the resulting new sizes of their molecular sets? In a
system with five nucleotides what now is a codon? This is why a more general
description is appropriate here and why it can serve us well as an example of
much needed abstraction in this area as we drill down on the real-world
structures built upon useful invariant natural symmetries. These symmetry
principles are clearly evident in this miraculous molecular information system that
we call the genetic code, and they can be easily reflected in a proper icon for it.
We can begin here to appreciate a more general description of codons by first
looking at a simple schematic of a short DNA sequence of nine base-pairs.
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Figure 1.

This schematic illustrates the known fact that the double helix of DNA is
comprised of a sequence of bases, and for each base in the sequence (1) there
will exist at least one complement to that base (1’). The primary logical structure
of DNA’s double helix is built only from the concept of two complementary
strands. The translation of DNA into more DNA, also known as DNA replication,
proceeds one base at a time; therefore, there is really no inherent logical
direction to the sequence of DNA with respect to its translation into more DNA. It
can be equally well translated in one direction as the other, and so it is.
Complement formation is the only translation operation performed on the set of
bases, and so it can easily be shown that they form a simple group with respect
to the logic of DNA replication.
Table 1.
I
c

1
1’

Identity
Complement

Table 2.

I
c

I
I
c

c
c
I

This group is an example of what Galois called a normal group, which is
one that cannot be made any simpler. Normal groups act as the equivalent of
prime numbers in creating more complex groups. The natural symmetry of this
group is independent of the number of bases in the set. There could be 1, 2, 3,
4, 10, 1024, or any given number of bases in this set, and they could be equally
divided into exclusive pairs but need not be. The fact that nature happened to
give us a set of four bases – A, C, G, T - two exclusive pairs of bases (a dual
binary, or literally a two-bit system) is irrelevant in this particular context;
however, this empiric fact does now conveniently allow us to objectify this
particular set of four bases by using the perfect arrangement of dual faces on an
octahedron. We can graphically illustrate this specific set of four bases and their
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complementary symmetry by putting it on an octahedron. This allows us to better
visualize the symmetry of this special case with respect to real-world translation
operations of DNA into more DNA.
Figure 2

Each face of an octahedron can be labeled with a base and a subscript
(called a McNeil subscript) and the subscript in this special case will tell us the
complement, which also happens to be the base on the opposite face. It is
merely one example of how elements of common geometry can help us visualize
the abstract symmetry in a specific set of objects. The same mapping of this
particular information also has a mirror version, but it is irrelevant to the
discussion here.
By comparison, the translation of DNA into protein, or operations of “the
genetic code” when compared to this simple case of translating DNA into DNA
introduces but a single new logical feature to the translation system at this basic
level. Instead of merely operating on one base at a time, the bases are now
“read” three bases at a time. Independent of the actual number of bases in the
set, we can then schematically illustrate this system as follows:
Figure 3

In going from a reading frame of one base to a reading frame of three
bases we have now also potentially introduced the need for a logical reading
direction. We empirically know that DNA is structured such that there is a
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physical difference between the “beginning” and “end” of any DNA sequence,
and this difference is inverted in the complement sequence. The reading
direction of a nucleotide sequence essentially introduces a new kind of
asymmetry into the system. We further know, empirically, that this physical
difference forms the actual basis for the direction of a reading frame in every
sequence of DNA. Figure 3 labels the bases 1, 2 and 3, and their complements
1’, 2’ and 3’. This has nothing to do with the specific identity of the base in any
particular sequence, but rather only the position of a base within a given reading
frame. It also essentially cancels the asymmetry of the reading direction by
inverting it in the complement sequence, allowing us to deal generally with both
sequences in the same basic terms. So again, the symmetry of this translation
system can remain completely independent of the actual number of bases in the
set. However, the number of objects in each set need not be the exact same.
To formally define the codon group we recognize that it is based on a
system of complementary sequences whose elements are read three at a time,
yet are transposable elements. We must now enumerate all of the possible
permutations allowable under the structure of this particular system. Decisions
must be made here about what is considered “allowable” within this context.
Those decisions are easily made if we merely examine the empiric data from the
actual system, as is traditionally done, but if we make decisions in only this way,
natural symmetries of the system may fail to be recognized. So, based entirely
on the most generic description of a system of sequential yet transposable
elements with a fixed direction, a complement, and a reading frame of three
elements, here is a list of abstract “codons” based on their “allowable”
transformations. This represents the simplest abstract view of complementary
nucleotide triplets.
Table 3.
I
s1
s2
t1
t2
r
c
s1 ’
s2 ’
t1’
t2’
r’

123
231
312
213
132
321
1’2’3’
2’3’1’
3’1’2’
2’1’3’
1’3’2’
3’2’1’

Identity
Shift one element
Shift two elements
Transpose first element with second
Transpose second element with third
Reflect or invert all elements
Complement
Complement and shift one element
Complement and shift two elements
Complement and transpose first element with second
Complement and transpose second element with third
Complement and reflect or invert all elements
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This list respects the idea that the complementary sequence need not
share any bases with the identity sequence, and the transformations depend only
on a fixed reading direction and yet remains silent as to the actual number of
bases in any set. In this way the system is viewed as two related yet distinct
sequences that do not necessarily intermix at the level of individual bases, but
they still could at a higher level of an entire codon, a codon sequence and still
above this level of information translation within the entire system. This
accurately reflects the real-world “two-for-one” nature of DNA sequences, codons
and anticodons. In other words, for every sequence there is necessarily at least
one complement sequence. The proof matrix that demonstrates this particular
set of abstract objects as a group is as follows:
Table 4.

I
s1
s2
t1
t2
r
c
s1 ’
s2 ’
t1’
t2’
r’

I
I
s1
s2
t1
t2
r
c
s1 ’
s2 ’
t1’
t2’
r’

s1
s1
s2
I
r
t1
t2
s1 ’
s2 ’
c
r’
t1’
t2’

s2
s2
I
s1
t2
r
t1
s2 ’
c
s1 ’
t2’
r’
t1’

t1
t1
t2
r
I
s1
s2
t1’
t2 ’
r’
c
s1 ’
s2 ’

t2
t2
r
t1
s2
I
s1
t2’
r’
t1’
s2 ’
c
s1 ’

r
r
t1
t2
s1
s2
I
r’
t1’
t2’
s1 ’
s2 ’
c

c
c
s1 ’
s2 ’
t1’
t2’
r’
I
s1
s2
t1
t2
r

s1 ’
s1 ’
s2 ’
c
r’
t1’
t2’
s1
s2
I
r
t1
t2

s2 ’
s2 ’
c
s1 ’
t2’
r’
t1’
s2
I
s1
t2
r
t1

t1’
t1’
t2 ’
r’
c
s1 ’
s2 ’
t1
t2
r
I
s1
s2

t2’
t2’
r’
t1’
s2 ’
c
s1 ’
t2
r
t1
s2
I
s1

r’
r’
t1’
t2’
s1 ’
s2 ’
c
r
t1
t2
s1
s2
I

All of the criteria for a group are met within this table and so we can easily
see that a set of codons under this definition forms a group. This group is
independent of the actual number of nucleotides and says nothing of whether
they organize neatly into mutually complementary pairs as seen in nature. The
total number of actual codons in any set will be determined by a variety of
factors. However, the group itself is now independent of the size of any
particular set.
The logical independence of group and set size can now be immediately
appreciated in the real world of biochemical data. Codons are translated into
anticodons and not amino acids per se. Codons “mean” anticodons not amino
acids. There is convincing evidence that more nucleotides exist in the set of
anticodons than there are in the set of codons, so there are potentially more
anticodons than codons. This relationship is commonly misunderstood in a
bizarre way, and so one frequently hears the erroneous idea that there are fewer
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anticodons than there are codons. However, the true number of possible
anticodons is independent of the actual number of molecules that possess them
in nature. The plain fact is, codons and anticodons share the same symmetry
group, yet they are distinct sets with different numbers of objects. The set of
actual codons is translated into a potentially larger – or smaller - set of actual
anticodons in nature. However, the translation of one into the other depends
entirely upon the inherent symmetry of the group and not the size of the two sets.
This kind of basic abstraction begins to allow us to cut the wheat from the
chaff and clear a path to a better understanding of the particular molecular
information systems in question and how they could have possibly evolved.
Symmetry plays a primary and not a secondary role in this context. The system
itself is founded on natural symmetries. Furthermore, this same pattern can be
traced up and down the complex hierarchy of this particular molecular translation
system, which is actually a stunningly complex system – not a simple one - but it
is obviously more difficult to visualize and therefore comprehend the implications
of this as we begin to add real data in moving forward toward our construction of
a more appropriate icon of the genetic code.
Now that we have the general pattern of codon symmetry and have
proven that they actually do form a symmetry group, we can begin to build tools
to help us better visualize the codon group, and we can then easily begin to
recognize that it is the basic structure of the codon group that has significantly
influenced the formation of the system of molecular translation that we call life,
and not vice-versa.

A Better Visualization of the Codon Symmetry Pattern
Cayley’s theorem tells us that every group is isomorphic to a group of
permutations; therefore, any group of permutations that matches the codon
group can be used to illustrate it. As defined above, the codon group can now be
neatly illustrated by two equilateral triangles in the following way:
Figure 5.
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It is now apparent that the codon group is generically isomorphic with a
set of dual triangles per Cayley’s theorem. Perhaps not as apparent is the fact
that the first triangle forms a normal group, and it is merely combined with the
normal group of DNA complements being translated into more DNA to generate
the second dual triangle. Each strand of DNA is related to the other by its
complements. Notably, this is not the first time that something like this simple
visualization technique has been done, at least in part. In 1957 the brilliant and
colorful cosmologist, George Gamow, turned his attention to the nascent codon
map and produced a similar, albeit a less robust model, one that he called the
compact triangle code.
Figure 6.

The good Dr. Gamow was on the right track but quite unfortunately fell
well short of the conceptual mark on several counts. He was obviously
hampered by a lack of data and what now appears to be a misunderstanding of
the actual physical mechanism of translation. After all, he knew nothing of
mRNA, tRNA and anticodons. First, he assumed that his model should be based
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purely on an assumption of four nucleotides that can only form two sets of
virtually exclusive base pairs. This is unfortunately still the accepted traditional
approach to codons and it is specifically how he arrived at his model. Today’s
model starts with DNA and builds upward, when a more enlightened view should
start with codons and built upward and downward. Second, he failed to consider
the possibility that additional complementary triangles might actually somehow
provide further insight of the overall pattern. In other words, he considered only
twenty triangles when in fact there should be at least forty, possibly many more
triangles, even within his own general scheme. Third, he failed to integrate his
triangles into a comprehensive symmetry relationship. In fact, the basis of his
model retrospectively seems to be predicated on the notion that codon
assignments will somehow reflect a symmetry minimum instead of a symmetry
maximum. Finally, he apparently failed to rigorously test his partial symmetry
model, presumably on the assumption that it had failed with empiric mapping of
the first two codons, a failure that remarkably extends throughout all of the codon
assignments to perfection. Here I will now partially repeat his first failure and
correct the other three.
In the same way that I objectified DNA symmetry with respect to
replication transformations I will now use elements of common solid geometry to
objectify and visualize the codon group. Because the illustration quickly
becomes heavy with numerous visual elements, I will now introduce colors as a
way to quickly distinguish visually the various elements. Starting with the four
nucleotides, we can objectify them as a single tetrahedron with a different base
at each vertex. (Henceforth I prefer the RNA base U to the DNA base T.)
Figure 7.

We can easily see that four base poles create two dual axes predicated on
their special known rules for base-pairing. One axis aligns the A:U poles and the
other aligns the C:G poles. However, we still need a minimum of twelve base
elements to generate all possible permutations for this specific translation system
of nucleotide triplets; therefore, I will add an equilateral triangle representing
three base elements perpendicular to each pole.
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Figure 8.

Conveniently, the points of these four triangles can be made to
correspond perfectly with the face centers of a dodecahedron. Still more
convenient is the fact that these points then generate sixteen additional
equilateral triangles corresponding to the twenty triangular faces of an
icosahedron, since the dodecahedron is a dual to the icosahedron.
Figure 9.

Happily, we have now generated all twenty equilateral triangles that
Gamow included in his model. Still more happily, since this specific case
involves only two complementary pairs of nucleotides, we have also generated
the twenty complementary triangles in the codon group. In fact, we have
generated every possible permutation in the table that generally reflects the
global symmetry of the codon group, but only for this specific set of molecules.
This is a surprisingly simple procedure that should be viewed as significant. Life
chose this for a good reason.
Furthermore, since this specific case involves only four nucleotides, many
of the permutations end up being isomorphic with several others. If we now
combine entirely isomorphic permutations within each triangle, we end up with
only sixty-four unique permutations and not the 120 or 240 that we might expect
from the general case.
In other words, we have used the dodecahedron and

47

this specific set of four bases to quickly boil the group down to twenty sets of
permutations with only sixty-four distinct permutations instead of built up to these
numbers from more simplistic first principles. We can then broadly classify each
triangle, as did Gamow, based on the type and number of permutations that is
unique within each specific triangle. There are three classes of triangle and six
distinct types of codons.
Figure 10.

We can further organize all of the codon types into four distinct sets based
on the dominant base poles that contribute most strongly to each individual
permutation. Within each pole we can sub-divide sets of permutations based
primarily on their s1 transformations, which I have called a multiplet. A multiplet
is a collection of four permutations derived from common bases at the first two
positions of every codon. These are also called wobble groups or family boxes
elsewhere. Regardless of their general name, there are obviously two basic
types of multiplets, homogenous and heterogenous. The first one makes a circle
in this mapping scheme and the other looks like a fish, at least it does to me.
Each pole consists of three heterogeneous multiplets and one homogeneous
multiplet. When combined into a coherent pattern of a dominant nucleotide pole,
the four look to me like a flower.
Figure 11.
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These visualization techniques merely represent graphical conventions
based on common elements of geometry that are allowed only by the unique
situation here that we are visualizing a set of two exclusively complementary sets
of base pairs. If more bases are introduced, or if the pairing rules were to
change, then these graphic techniques are perhaps no longer effective. Under
more complex circumstances, such as tRNA and anticodons, a similar,
presumably a larger graphic structure could be constructed, but it will perhaps
not be perfectly and comprehensively represented by the geometric symmetry of
a dodecahedron. However, we know that these techniques are indeed allowed in
this one specific case gleaned from empiric knowledge of the universal molecular
set in DNA.
This is perhaps a good time to also recognize one more interesting
isomorphism in this particular geometric scheme of illustration. Recall that we
constructed our dodecahedron first from a single tetrahedron. However, the
natural symmetry of this first tetrahedron allows for twelve distinct
transformations or spatial rotations. (Also note that each of these tetrahedrons
has a mirror twin that is perhaps not relevant here.)
Figure 12.

A tetrahedron, combined with its dual tetrahedron forms a cube. There
are five interlocking cubes in a dodecahedron; therefore, there are 120 distinct
transformations of a single tetrahedron in a dodecahedron (2 X 5 X 12 = 120) not
counting mirror twins. To help “see” this mathematical relationship we will need
to add a fifth color to our initial illustration, the new color here being purple.
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Figure 13.

This proves that the codon group is not only isomorphic with all of the
permutations of a dual triangle system; it is also isomorphic with all of the
rotational permutations of a tetrahedron related to a single dodecahedron.
Furthermore, combinations of any three contiguous faces of a dodecahedron can
precisely specify the spatial orientation of a single tetrahedron from the entire
tetrahedral set. Face sequences equal structural orientations. All of the
tetrahedrons are related to each other by consecutive logical permutations of the
twelve dodecahedral faces. There exists a minimum number of steps for getting
from any one permutation to any other. Hamiltonian circuits can represent
specific relationships between dodecahedral faces to whole tetrahedrons, so
sequences are related logically to other sequences. A naturally occurring
geometric language exists, therefore, and it translates dodecahedrons into sixty
four unique tetrahedrons when using only permutations of four distinct face
elements grouped symmetrically into threes. This language exists independent
of any set of objects that might somehow employ it in nature.
The geometric symmetry of DNA’s double helix can also easily be
idealized as a sequence of dodecahedrons, and a protein is literally a sequence
of amino acid tetrahedrons. In other words, there is an undeniable spatial
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symmetry to the molecular components in the system used by nature, and it is
isomorphic with sequence symmetry. The fact that nature somehow found this
natural geometric language as a basis for molecular sequence coding logic
should, therefore, not be surprising to anyone. For every codon in a set there
can be a corresponding tetrahedron in a dodecahedron under the specific rules
of this particular geometric information scheme. Nature could use this as a
natural basis of a molecular language in building molecules based purely on
space-filling logic. The basic rules of sequence, when employed for spatial
information storage and translation, are entirely self-consistent. These rules
were obviously in place before any molecules existed to provide us with the
specific real world data that we like to study today as our metaphor of the genetic
code.
Think about this point carefully. The universe contains a primary logic that
naturally relates sequence to structure. On the basis of pure symmetry alone,
sequence and structure can become logically equivalent. Sequence and
structure can be logically related to each other via common symmetry. There are
many possible languages that can operate on this logic. More importantly, this
should be the correct answer to the heretofore missing question of how
structures can make sequences and how structures can be informed by other
sequences. Molecules must have languages and languages must have logic. It
seems obvious that all molecules must at first be logically guided by their own
structures. It seems even more obvious then that all molecular languages must
at some level be languages of pure structure. In this particular case, the genetic
code is a structural language that has become capable of producing sequences
only because of the consistency and symmetry of the molecular structures that
operate the language. Simple structures can now be stored and translated into
more complex structures by logical relationships between molecular sequences.
The key question in molecular biology must always boil down to the
correct relationship between sequence and structure. Structure always logically
subsumes sequence. We must then always conceptually understand and
logically define the genetic code as the natural functions that logically relate sets
of molecular sequences composed entirely of molecular structures. In other
words, structure determines structure and structure determines sequence – just
as we logically know it to be.
Until now, we have said virtually nothing about the actual data that nature
has given us to study in this translation system. The discussion has been only
about basic symmetry and simple ways to represent it. We have merely created
some linguistic and visualization tools based on fundamental codon symmetry in
conjunction with the unique nature of DNA’s natural two-bit set when placed
within the elements of solid geometry. This exercise has merely generated a
data container with virtually no data in it, apart from the specific set of DNA
nucleotides. However, we can now see that the container itself forms obvious
patterns based on the sequence symmetries that went into its construction. Not
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all codons are alike, but all codons do inform each other. We will now see that
the actual data found in nature fits perfectly within those patterns of sequence
symmetry.
Figure 14.

The Assignment of Amino Acids Conforms to the General Pattern of
Symmetry in the Codon Group
We will now use our new geometric visualization tools to analyze the real
world data. I will illustrate the data within the context of these tools and argue
that symmetry is the fundamental organizing principle behind the patterns we can
see. I will present three forms of evidence to convince the reader that the data is
in fact organized by the structure of the codon group. First, the evidence will be
purely visual techniques based on properties of molecules within the data
pattern. Second, the evidence will involve Gamow’s remarkably perfect failure
with respect to the predictions of his compact triangle model. Third, the evidence
will be a handful of published findings that demonstrate diverse forms of
symmetry acknowledged as valid forms of symmetry within this data set.
As we examine the data that relates codons to amino acids we will need a
property of amino acids to stand as “meaning” within the translation system.
After all, apart from the context of an actual protein translation, an amino acid
has no meaning in and of itself. Codons do not literally “mean” amino acids in
the real world system of translation, but their assignment patterns demonstrate a
remarkably consistent correlation within this set across all known life forms. For
this analysis I have chosen to focus primarily on the property of amino acids
known as water affinity. For the time being, water affinity will stand as “meaning”
within the translation system. This is but one of many properties that we could
have chosen, but it is an important property when amino acids combine in
sequences to form proteins. This property in the pattern of codon assignments
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can clearly be shown to reflect a tremendous amount of symmetry in the overall
system of translation. That is precisely what we will now do.
A quick look at the water affinities within the set of standard amino acids
reveals that nature has selected a set that displays a smooth gradient with
respect to water affinities across the entire set. I will use color once again as a
tool to illustrate the data, but this time I will place water loving (hydrophilic) amino
acids in the blue part of the color spectrum, and water hating (hydrophobic)
amino acids in the red part of the color spectrum. I have further used purple as a
natural splice between the extreme water hating and extreme water loving amino
acids to create a symmetrical distribution, just like a color wheel.
Table 5.

Amino acid water affinity is a valid property to use for analysis here
because it is such an important factor in the ultimate form that is taken by any
protein structure. Furthermore, we will quickly see that it has played a key role in
the symmetrical pattern of organization seen in the codon assignments.
There are two primary factors in each codon that play a role in the
assignment of an amino acid within the codon group. First is the identity of each
nucleotide in the codon. Second is the position of a nucleotide identity within the
sequence of a codon triplet. These two factors form two hierarchies with respect
to water affinity within codon assignments, which are Nucleotide identity and
position:
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Nucleotide Indetity
1.
2.
3.
4.

A – Adenine (1)
C – Cytosine (4)
G – Guanine (9)
U – Uracil (16)

Nucleotide Position
1. 2nd Position (3)
2. 1st Position (2)
3. 3rd Position (1)
Using these two hierarchies and their somewhat arbitrarily assigned
weighting values we can demonstrate that the assignments within the codon
group reflect an obvious pattern of amino acid water affinities within the codon
group. It may surprise some to learn that these hierarchies are used in some
way to arrange the standard codon table. The table at bottom is merely the
result of a simple mathematical formula to weight and thereby linearly arrange
codons within the standard spreadsheet of codons. However, we can produce
an alternate arrangement within that same structure by merely substituting these
new values into the variables for the same codon weighting formula that is used
to arrange the standard codon table. Of course we then loose the clever
compression of nucleotide symbols that makes the table so convenient in the first
place.
Figure 15.
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We have merely achieved a new arrangement for the same presentation
of data. However, we can now change the arrangement scheme slightly and
present the data in a “linear” format quite literally. In so doing, we can see that
the smooth gradient, or rainbow of water affinities has in some way been
preserved in the assignment of amino acids across the entire codon group. More
importantly we can begin to guess that some arrangements of the data can be
more useful than others.
Figure 16.

We can see that this is not merely a single rainbow but somehow a
weaving of many rainbows based on the four multiplets that make up the four
nucleotide poles of the codon group. This is a complex rainbow indeed, but I do
not feel that it is best illustrated within the context of the standard linear table.
The water affinities of amino acids do indeed form a matrix of interrelated
assignments not a single line of assignments. The codon table is merely a single
slice of a more complex pattern, and the standard method of arrangement is
entirely subjective and asymmetrical.
It represents an inherently limited
approach to illustrate the data and its global symmetry.
The actual assignment in nature is, therefore, better viewed as a
symmetrical matrix of assignment patterns. To fully appreciate the natural
beauty of this arrangement we must use the tools of symmetry that we created
earlier, because it is primarily a relationship built upon a complex symmetry
within the data. We will start with the categorization of codon classes and types,
and illustrate the distribution of amino acids based on those categories alone.
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Figure 17.

This too fails to fully illuminate the complex pattern of water affinities as
they relate to codon types. A much better way to illustrate the global pattern
based on codon class and type is to develope a new weighting scheme that best
respects the contribution of every nucleotide in every position. I have chosen to
use continued fractions to create this new codon weighting scheme.
Figure 18.
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We can now organize each codon within its class based on its weight and
easily see that each codon class and type forms a perfect rainbow with respect to
amino acid assignments and their water affinity. In other words, the complex
symmetry of the codon group has captured the complex symmetry of amino acid
water affinities in making global codon assignments. This is completely lost in
the standard table.
Figure 19.

57

58

Of course, the codon classes and types are merely a property of the
symmetry group of codons as illustrated above. It then seems valid from this
alone to conclude that the assignment of amino acids is somehow predicated on
the symmetry of the codon group. However, to fully appreciate this global
symmetry and what it means, or how it has been deployed within the translation
system by nature, we will now need to rely heavily on the visualization
techniques developed above. It is such a complex system of symmetry
relationships that we can only hope to visualize it by dissecting out components
within the larger context of perfect symmetry. We will start by filling our generic
symmetry data container with the empiric assignment data.
Figure 20.
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This does not perhaps reveal a compelling pattern because it actually
reflects an interwoven matrix of many different patterns. So, we will begin
dissecting them out individually by first tracing the obvious rainbow of water
affinities that we now know exists within the codon group. We will start with the
four major nucleotide poles and their resulting multiplets to “fold the rainbow” into
its requisite tetrahedron. This requires a smattering of oddball assignments to
seemingly act as glue within the global pattern.
Figure 21.

This merely serves as a visual tracking device to identify the complex
general rainbow within the generic, symmetric data container. It is somewhat
hidden in this form, but we know it is there and we can still see large parts of it.
However, we can now see that the rainbow has a beginning, middle and end,
and the beginning has been folded by nature back to meet with the end within
this symmetric container. It acts just like a musical scale or just like a color wheel
in joining beginnings with endings of a single spectrum. We can more easily see
this relationship when we unfold the multiplets and display them in a simple
series of the four major poles.
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Figure 22.

From this we can see the contribution of each multiplet to the overall
rainbow pattern. We can see that the start codon on the far left initiates the
pattern that then generally proceeds from water loving to water hating and
terminates in a tight pattern of the three stop codons. The start and stop codons
form a “wall” between hydrophobic and hydrophilic codons in the folded series.
The whole pattern can be seen as a complex rainbow continuum with a
beginning, middle and end, and the beginning and end merely wrap around the
color wheel to join the two extremes of the pattern. In this context, the genetic
code has apparently used start and stop codons to splice the continuum in the
same way that nature uses purple to splice red and blue on opposite extremes of
the color spectrum into a perfect circle.
However, we must be ever-mindful that codons do not “mean” amino
acids, and water affinity is but one property in a more complex overall scheme.
Notably, codons for proline and glycine form the strongest sub-pattern in the
overall pattern, and they are perfectly balanced with their dominant assignments
in the very middle of the continuum. Besides water affinity, proline and glycine
provide a strong duality between the structural properties of amino acids when
they form protein structures. They represent a complementary “swivel” and
“latch” motif in the polypeptide backbone, and they can be symmetrically
positioned in a sequence to do this. In other words it does not matter so much
that proline comes before glycine in a sequence, just that they appear together.
This is another valuable complex symmetry that life can utilize during inevitable
transformations of coding sequences that frequently occur in DNA replication and
recombination.
We can now plainly see this defining symmetry to the
assignments of the code. We can imagine that they are used in decoding these
sequences only if we view them from the context of a global symmetric structure
of the overall codon assignment pattern.
Perhaps a more convincing demonstration of the global symmetry pattern
can be found in the individual symmetry transformations of the data itself. We
will start by looking at the logical impact each of these transformations has on the
pattern of the generic data container. We will then show that the empiric data
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actually conforms to the varied patterns of these transformations. We will use
the multiplet arrangement of the major poles to visualize the impact of sequence
transformations on the global assignment of codons. As a standard convention
we will put the C-pole in the center of the pattern.
Figure 23.

A genome is a sequence of nucleotides. It is transformed by sequence
symmetry when new genomes are inevitably formed during replication. Codon
reading frames are shifted in both directions, they are complemented, they are
inverted, point mutated, and combinations of all transformations are typically
executed through time in nature. The genetic code is structured upon a global
symmetry that is able to anticipate all of these transformations, which makes it a
remarkably effective tool for consistently decoding genomes through time. We
can use our visual tools of symmetry to see how this is done. We will start by
visualizing a short sequence of 101 random nucleotides.
Figure 24.

First codon in sequence

62

The first reading frame, F1, is the reference frame. The second frame, F2,
is shifted forward one nucleotide. This roughly corresponds to the s1 symmetry
of codons. The third frame, F3, is shifted backward one nucleotide, which also
roughly corresponds to s2 symmetry of codons. Note that all of the codons in the
random sequence of 101 nucleotides are transformed in the same way during
every transformation. However, since the sequence is random, there is no way
to anticipate exactly which nucleotide will be added to each codon after a frame
shift occurs. It seems that it should be a randomizing event over the entire
sequence, but we will see that the genetic code has taken advantage of codon
symmetry to insure that sequence transformations maintain elements of protein
information after transformations of all kinds. This is the value and meaning of
symmetry within the pattern of codon assignments.
We can start by examining the literal impact of a transformation on the two
different kinds of multiplets within each major pole. We will use CCN (N stands
for an unknown nucleotide) as the homogenous multiplet, and CGN as the
heterogeneous multiplet for this illustration.
Figure 25.

We can see that the scatter pattern of a forward shift in a homogeneous
multiplet keeps the new codon entirely within the original pole. In other words, all
CCN codons stay in the C-pole when they shift forward. Type I codons all stay
within the homogeneous multiplet. Each of the three type II1 codons creates four
possible new codons, and the group of four is tightly contained in adjacent
heterogeneous multiplet of that pole. However, the heterogeneous multiplet has
four different types of codons that each create four entirely new codons. The
group of four codons for each original CGN codon will fall into one of the four
multiplets in the G-pole. The s1 symmetry of codons is the same as wobble
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symmetry in nucleotide sequences. This type of symmetry has been apparent
since the first day the codon table became known. One cannot help but see it
because its pattern is so strong across the spectrum of assignments. However, it
is frequently misinterpreted. The wobble groups are prominent in the genetic
code because amino acid assignments are made with respect to s1 symmetry,
but not only s1 symmetry.
There is vastly more symmetry within the
assignments, and so the picture gets even more interesting when we examine
the pattern of other symmetries in the group, especially s2 symmetry.
Figure 26.

The scatter pattern of a backward shift on the CCN multiplet stays within
the type I codon and the type II3 codons from each of the other three poles. In
other words, all four original codons shift into the same four shifted codons
(NCC). Equally interesting is that each of the four CGN multiplets will shift
backward into four different types of codon, II1, II2, III1 and III2, from four
different poles, but it is the same four codons (NCG) for each of the original
codons in the CGN multiplet. Unfortunately, this scatter pattern is so complex
that we cannot immediately appreciate the visual impact it has had on the global
assignment pattern - like we so easily can with wobble - but we can use a
graphical trick to clarify this obvious impact. Note that each triplet has three
nucleotides and one of those nucleotides is removed from the triplet in a shift
transformation.
But that same nucleotide is one of the four possible
replacements in the triplet after the shift. We can, therefore, merely replace that
nucleotide in the permutation for the new codon, and we can do this for every
codon on the map. When we do this for s2 symmetry, the overall pattern of the
map now looks like this:
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Figure 27.

And the rainbow series of major poles after s2 codon replacements looks like this:

This is a stunningly consistent pattern with respect to global amino acid
assignments, major nucleotide poles, water affinity and s2 symmetry of the codon
group. In other words, s2 symmetry has played an identifiable role in making
amino acid assigments across all codons. Although accounting for s1 symmetry
is a simple matter of respecting multiplets in the assignment pattern, accounting
for s2 symmetry is a far more complex matter of weaving together all sixteen of
the multiplets. This diagram reflects the fact that this has, in fact, actually been
done in nature.
However, there are still other symmetries to consider in the pattern. Take,
for instance, reflection symmetry of a sequence. When we reflect a sequence of
three nucleotides we merely create the inverse of the original codon. There are
no new nucleotides in the codon, so to see the impact of reflection symmetry on
the global pattern we merely need to replace every codon on the map with its
inverse.
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Figure 28.

Every codon shares a Cayley triangle with its inverse because of reflection
sequence symmetry. Replacing codons with their inverse, therefore, is an
exercise in shuffling and rotating every triangle. This should seem to somehow
greatly fragment the overall pattern, but as we can see from the above diagrams,
the pattern remains remarkably consistent after the transformation is globally
performed. However, the codon system has become a dual-binary system
because of the complement pairs of nucleotides it employs. This means that
there is another type of reflection symmetry within the system: the reflected
symmetry of complement pairing. The reflected symmetry of complements is
perhaps a more impressive example because it is embedded in the entire
system. We can see it by performing a similar graphic trick with the entire map.
Figure 29.
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These assignment patterns are, of course, identical. The graphical trick
performed here is merely to replace every codon with its complement and then
rearrange the four major poles, swapping C with G, and A with U. The
complement symmetry of codons is reflected in the complement symmetry of
DNA. It is simply a property of the overall system. This trick is only possible with
this specific set of nucleotides, or a dual binary system of information. However,
note that the amino acids in the A pole are generally complementary with the
amino acids in the U pole, and those in the C pole are complementary with the G
pole. The reflected symmetry of complementary codons is reflected in the
properties of the amino acids to which they are assigned. Once again, it is an
incredibly symmetric assignment pattern when all codons are considered
globally.
Besides these specific sequence symmetry transformations, there are
other ways to detect a global symmetry in the codon assignments. Consider the
case of point mutations. We can use them to examine the effects of partial
randomization in the pattern. For instance, a point mutation involves the random
change of any nucleotide in any position in any codon. We can see the
randomizing effects of all point mutations when applied to one homogeneous and
one heterogeneous multiplet from the C-pole of the data container.
Figure 30.
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The pattern of point mutations is generally incoherent across the entire
map because the various point mutations land in all codon types from all four
poles, and this is merely the pattern from two multiplets! However, it still
represents only a partial randomization because only a single nucleotide is
changed and not all three. The only logical method to accommodate this
incredibly diffuse pattern within the data is to build some type of global symmetry
within the entire data set. There is no way to anticipate which nucleotide in which
position in which codon a point mutation will strike, so the entire structure must
somehow be prepared for global randomization. Therefore, only an assignment
pattern taking account of all symmetries in the codon group could anticipate this
randomizing pattern.
Convincing evidence shows that the standard arrangement of amino acids
does in fact minimize the effect of any point mutation on many different levels of
potential “meaning” in amino acids. In other words, of all the possible
arrangements of this set of amino acids, nature has somehow found virtually “the
best” arrangement toward minimizing the effects of point mutations. This means
that the genetic code operates as a type of Gray code with respect to the effects
of point mutations and their amino acid substitutions. It is a global collection of
“minimum steps.” This can only be achieved by a global symmetry pattern of
amino acid assignments with respect to all individual nucleotides. All of the
components must fit into a larger pattern for this trick to actually work. Codon
assignments, with respect to the impact of point mutations, therefore, are yet one
more example of global symmetry in the genetic code.
We have now seen that with respect to sequence symmetry there is a
remarkable amount of complex symmetry within the global pattern of codon
assignments. We can confirm this by returning to the basic structure of our
Cayley triangles and perform a quick symmetry check on each one.
Figure 31.

This represents a global symmetry key for each triangle. There are two of them
because of the mirror symmetry between type III1 and III2 codons. Either one of
the mirrors can be used for any of the other codon types. The symmetry key
shows us that for any specific codon, the other codons in its permutation set do a
remarkable job of anticipating the impact of any transformation of that codon.
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This is remarkably true even though randomization is always involved. For
instance, the s1 transformation, or a forward frameshift could produce one of four
new codons, one of which will be in the triangle. However, because the
properties of amino acids are symmetrically assigned across the global pattern,
we have a very good approximation of the other three possible codons by
knowing the assignment of just one. Likewise, the s2 transformation, or a
backward shift, does the same. Wobble groups are assigned and then woven
together to form a globally coherent pattern. The inverse and transpositions are
literally present in the triangle. Point mutations most closely mimic the original
amino acid, to the extent possible, and complements mirror the properties of their
complementary codon assignments. It is a remarkable piece of symmetry work
by nature.
Each triangle acts as an informative holographic representation of the
whole. However, Dr. Gamow’s model, had it been correct, would have nature
performing quite poorly in this exercise. That is why I call his model a proposed
symmetry minimum, whereas nature apparently sought a symmetry maximum.
So, let’s now take a closer look at Dr. Gamows model of codons and his
proposed assignment pattern. We can use his simple predictions of the
assignment pattern to glean some insight into the actual symmetry of the codon
assignments. Gamow, unknowingly, provided us with a simple test for the global
symmetry of amino acid assignments based on individual codons and nucleotide
permutation triangles. He essentially predicted a simple generic global pattern of
assignments based on these system elements. They can be seen as eighty-one
individual tests of codons and triangles (ignoring stop codons and
complementary triangles, as he did). Here are the criteria for testing Gamow’s
model:
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.

The compact triangle model fails all eighty-one tests. It is never easy to
propose a model that is either perfectly right or perfectly wrong. There must be
some quality in the pattern of amino acid assignments that allows it to perfectly
dodge Dr. Gamow’s prediction. Again, it is symmetry that allows this to happen.
We can appreciate this phenomenon better by first realizing that Dr. Gamow
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proposed that each triangle would contain an absolute minimum of assignment
information. It reflects nothing more than a simple compression scheme of global
assignments. This is not surprising because Dr. Gamow was merely trying to
logically explain the apparent compression in the data itself. He believed that the
genetic could should be maximally redundant, but it is not. Protein synthesis,
when viewed globally, is in all probability a decompression algorithm. How could
it not be? Information is maximally compressed in a genome and the complex
task of making proteins as a group uses epigenetic algorithms to eventually
decompress the information into protein structures through time. This only
makes sense when we realize that structure determines sequence.
In Gamow’s particular graphic scheme each Cayley triangle is built upon
six bits of nucleotide information but contains only 4.2 bits with respect to amino
acids in. However, we can quickly show that nature found a scheme that takes
this set of amino acids and maximizes the information in each triangle despite the
standard erroneous view of “redundancy” or compression within the genetic
code. Symmetry was the obvious, perhaps the only tool available to do so. In
this sense, the most symmetrical arrangement is also the least redundant.
Until now, we have focused almost exclusively on sequence symmetry
within the genetic code. However, the genetic code is merely one important
component in a complex process of synthesizing protein structures, and there
are surely many different forms of symmetry involved in the larger process. Most
functions of the genetic code are purely structural functions, so this is where the
missing information must be hiding. In other words, the genetic code might be
brutally redundant with respect to only sequence, but it is not an entirely
redundant system in general. In order to fully understand and appreciate the
beautiful symmetry of the genetic code, we must expand our view of protein
synthesis. The formation of even a single protein involves a complex algorithm
operating within a complex array of molecules that must interact in terms of time,
space and number. Here again, the symmetry of the codon group is the primary
tool to allow them to organize through time into a coherent array capable of doing
so.
It is the s1 symmetry of codons that first paves the way for wobble to
become a molecular reality and a powerful tool of protein translation. The
numbers of anticodons and the physical molecules that carry them can thereby
be varied greatly within different molecular arrays. The concentrations of these
and other molecules within the array can be varied and thereby impact the time
components of translation. These are merely additional forms of symmetry within
the system, and they have been utilized to make the system as efficient, effective
and flexible as possible across a wide diversity of organisms. Life really seems
to like this arrangement.
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Admitting the existence of global symmetry in the genetic code and the
central role it has played in the pattern of codon assignments forces upon us the
widely ignored issue of spatial symmetry within the translation. In other words,
what role does structural symmetry play in translation? We have here already
seen that the structure of the language itself shares the geometric symmetry of
dodecahedrons and tetrahedrons, but is this geometry shared by other elements
of the system? A cursory examination of the translation machinery, the inputs,
the intermediates and the outputs, demonstrates that, in fact, it does. Beginning
with the roughly ten-fold transverse rotational symmetry of the double helix we
can find the presence of the universal metric of geometric scale, which is called
phi, or the golden ratio. This geometric proportion is shared by the general
dimensions of a standard tRNA molecule as well. An idealized form of a tRNA
molecule can, therefore, be fitted on each codon in the G-Ball and perfectly
extend the spatial symmetry of this molecular apparatus into a much larger
representation of the same icosahedral symmetry.
Figure 32.
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This kind of spatial symmetry can also crudely but easily be found in larger
structures that rely on symmetrical sub-units to self-assemble consistently into
larger organic structures, like virus particles and radiolarins.
Figure 33.

However, the formation of all protein structures is also a self-assembly
process, and it too would greatly benefit from a coherent symmetry within all of
the molecules of the complex arrays of molecules involved in their formation. In
fact, proteins have been shown to fall into broad groups that are defined by their
basic spatial symmetries generally matching the symmetries of perfect solids.
This means that all protein structures are broadly consistent with each other and
broadly consistent with perfect structures of geometry.
Figure 34.
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Therefore, starting with DNA, mRNA and tRNA we can see that the
genetic code is founded on a consistent platform of dodecahedral geometry.
Execution of the code itself is a natural exercise in molecular space filling, a
purely geometric process, and the sequence symmetry of codons is also founded
on dodecahedral symmetry. It is, therefore, quite reasonable to conclude that the
entire code, all of its complex dimensions of molecular information in time, space
and molecular sequence, is primarily organized over vast periods of time and
large numbers of molecules by the invariant laws of symmetry in the universe.
Symmetry is the primary tool for the universe to build not just inorganic molecular
systems but more complex organic systems as well. It is a process of making
molecular structures fit logically together through time.
Regarding the codon table, “symmetry” seems to be the correct general
answer to virtually any simple question about it. In other words, symmetry
correctly answers any simple question about why the codon assignment pattern
is the way it is. Why are all of the amino acids of the l-form? Because if they
were not, they would destroy the symmetry required of the many transformations
through time. Why are there twenty amino acids? Again, symmetry is the
answer. A study done in 1998 shows that the groups of “synonymous” codons
conform to the supersymmetry patterns of Lie algebras. This basically means
that the size of the set of amino acids, apportioned the specific way they are,
represents another clear example of the symmetry groups within the codon
assignment matrix. A different number of amino acids in the matrix risks
disturbing the overall symmetry of the sets and their specific assignments.
When the codon table was first elucidated it seemed somewhat of a
disappointment for its apparent simplicity and lack of any obvious global patterns.
There seemed to be very little organizing principle behind it, so the forces that led
to its organization remained obscure. It was then brazenly and erroneously
called arbitrary and considered a “frozen accident.” However, this absurd
perception was mostly a human artifact of the arbitrary organizational structure of
the table itself. In reality, the entire pattern is neither frozen nor accidental.
There is certainly no lack of interesting patterns to behold now, and they
are far from simple. The symmetry that defines these patterns not only ensures
their subtlety but also guides their utility. The existence of so much symmetry
within the translation system is hard to deny, so we must begin to seriously
question the role that symmetry has played in the formation of the system itself.
In other words, did the system arise and then find its symmetry or did the
inherent symmetry provide the initial engine and ultimate target for the system to
form in the first place? Do we find these sets of molecules in nature because the
inherent symmetry of the system found them or is the symmetry that we see
merely a curious byproduct of this set of molecules? Quite simply, do the
molecules build the ball or does the ball build the molecules?

73

One fact is hard to deny: the entire system of protein translation
considered broadly is fairly universal across all organisms over the entire planet.
It took hundreds of millions of years, perhaps billions of years for this system to
evolve to the level of complexity, precision and virtual ubiquity that we see today.
This seems to me to logically represent an optimization of a system rather than
an arbitrary arrangement that is mysteriously prevented from evolving.
The symmetry of the universe could provide a magnet for convergent
evolution of molecular codes. In other words, this kind of symmetry might
represent a forced move in the path of evolution. Granted, the “functional
imperative” is a factor that retards evolution, but it is not enough of a factor to
explain the origin of this code, and clearly it is not enough of a factor to explain
the many similar characteristics now seen across all life on earth. Keep in mind
that the codon table only shows relationships between codons and amino acids,
but codons do not “mean” only amino acids in nature. Although the codon-amino
acid relationship may stay relatively constant, the code itself might not. There
are intermediates, like anticodons and tRNA, that are selected between codons
and amino acids. There is no logical upper limit to the number of these
intermediates. There are also many variations above the level of amino acid
sequences. Nature allows for additional flexibility at these levels because the
code is not just executed in one dimension, and so life has chosen an impressive
range of variations at these levels as well. So, the genetic code, when taken in
its entirety, is perhaps not as universal as we like to believe. There are more
variations of it than we realize, but the primary logic of any variation is based on
a common symmetry. It all starts with the perfect symmetry of a dodecahedron
and expands from there.
There should also be strong time symmetry to our perception of evolution
on earth. We should see the same processes and patterns operating to evolve
our organic molecular systems today as we imagine were initially bootstrapping
the system at its origins. We should not so easily accept an ugly asymmetry to
the process where it is allowed to evolve only up to a point and then some
undefined universal policeman prohibits any further evolution. Likewise, we
should not postulate a sudden, universal appearance for the code. In truth, there
are powerfully useful aspects to having a system where all of the organisms use
roughly the same translation system. In this way there can be a constant
generation and exchange of common components and building blocks within the
system.
There is a symmetric exchange and recombination of genetic
information through time. The system even benefits from a lateral exchange of
genetic information, but only if a common system is used. A common system
will, therefore, naturally accelerate its information content and complexity
whereas a fragmented system will not. Once again, the universality of the
genetic code is but one more example of how nature leverages symmetry in the
self-assembly of organic systems of molecular information.
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It is a valid question to ask: do we have sixty-four codons simply because
we start with four nucleotides in DNA or did nature choose these four nucleotides
because sixty-four codons represents an optimum within the codon group? Why
not choose just two nucleotides, like a computer’s binary system? After all, the
geometric language between dodecahedrons and tetrahedrons as well as the
sequence symmetry of complementary triplets exists prior to and independent of
any molecular system of translation. A rudimentary system of molecular
information could use it with any given number of nucleotides and still be
remotely functional. However, the specific set of molecules - a set of dual binary
nucleotides related to a compatable spectrum of amino acids - is absolutely
required to reveal the beautifully intricate symmetry that we just illustrated. Any
number of nucleotides will function within this system to some degree, but four
mutually complementary nucleotides is the most efficient way to utilize the overall
inherent symmetry of codons. How long would it take for nature to find such a
thing? Once found, what would be the impetus for an organism to significantly
diverge from it? What system for building intricate molecular structures could we
now imagine that would be any better than the one nature is showing us today?
All of these questions can only be asked and potentially answered from the
context of perfect symmetry that we can most easily see from a perfectly
symmetrical arrangement of the components of the system.

Choosing an Appropriate Icon for the Genetic Code
The genetic code is a natural phenomenon but the codon table serves as
our icon to visually represent that phenomenon. It is a graphical metaphor. It
also perfectly reflects the features of our system of understanding,
communicating and modeling the processes involved in protein synthesis.
However, our general model has failed to adequately explain those processes to
us or predict their consistent features and general outcomes. We are at a point
in science where it appears we need a new model to help us understand genetic
translation in general and protein synthesis specifically. Therefore, we should
also reevaluate the accepted icon we have traditionally used to symbolize it.
The standard codon table represents a more-or-less arbitrary arrangement
of a specific small set of data. The symmetrical arrangement of the G-ball
presented above is still merely an arrangement of this same data, but it is far less
arbitrary and it has useful structural and logical features that the standard table
does not. It can greatly inform our thinking about the data and the natural
processes that use it. The G-ball subsumes the table but the converse is not
true. The icon that we ultimately choose to represent this phenomenon will
depend on our specific needs and a direct comparison between our actual
options. The codon table is undeniably convenient if all one needs is a simple
lookup table to derive the linear sequence of amino acids in a protein, and the G-
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ball competes poorly on terms of two-dimensional graphical convenience alone.
But this seems to be the only advantage to choosing the standard table over the
G-ball. Here is a list of the individual features for a rigorous comparison between
the two relevant choices of icon:
Objectivity
The standard codon table is merely a data object, but it is a “linear” object
that is subjectively chosen from a large number of equivalent structures.
Therefore, the patterns observed in the data itself will always be largely
subjective. The G-ball, on the other hand, is a data object chosen from only two
possible objects (it has a mirror twin). The one chosen above reveals more
aesthetically pleasing patterns in the data, so this degree of subjectivity should
not be too disturbing. Unlike the standard table, there are only two ways to
arrange the identities of the faces of a four-color dodecahedron and still generate
all of the necessary permutations. A dodecahedron is a real object, and it is
shown here via Cayley’s theorem that its symmetry elements can be used to
create a data object to completely represent the sequence symmetry of this
specific set of codons.
Dimensionality
The standard codon table is designed to represent and relay a single
dimension of molecular information in the genetic code. It is time-independent
and structure-independent information. It is merely drawn from a specific context
for every sequence of just three nucleotides. The genetic code, on the other
hand, does not operate in this way and could never have self-organized from this
first principle alone. The existence and translation of molecular information is a
time-dependent process on many different levels. The synthesis of specific
protein structures is now known to involve many different dimensions of
molecular information playing out on a backdrop of time. A protein structure
consists of much more molecular information than merely its specific amino acid
sequence, or simply its linear composition. These concepts are lost in and
confused by the simplistic one-dimensional structure of the standard codon table.
Although the G-ball cannot yet be used as a secret decoder ring for other
dimensions of the actual genetic code, it does introduce the possibility that more
than one dimension of molecular information is transmitted via the genetic code
itself. The necessary time element is suggested by the easy transformations that
can be done on all single codons. A dimension of spatial symmetry is suggested
by the physical structure itself. The dimension of shared symmetry between
codons and anticodons can also be conceptualized and visualized by this
structure.
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Compression
The standard codon table represents a partial symbolic compression of
the genetic code. It is a linear configuration merely broken down and arranged in
two spatial dimensions for the sole purpose of conveniently eliminating
nucleotide symbols. A complete linear arrangement of sixty-four codons would
require 192 nucleotide symbols, but the table only employs twenty-four.
However, the G-ball employs only twelve nucleotide symbols, and this is the
minimum required to represent all codons. Therefore, the G-ball is, in fact, a
maximum symbolic compression of the data.
There are many positive
consequences to achieving this level of symbolic compression. First, it
demonstrates that the translation system can indeed be maximally compressed.
Molecular information appears to be stored in a compressed format in DNA and
expanded through time in many ways by various ingenious algorithms, the
genetic code being just one of them. This perfect symbolic compression reflects
the fact that there is a “most-efficient” way to organize the system in general.
Second, it demonstrates via McNeil subscripts that there are actually twelve
distinct nucleotide symbols involved in the translation system. The significance
of this can only be appreciated when one admits the influence of time and
sequence context on the system. Note that every Cayley triangle must exclude
at least one of the four nucleotide types from it. Every nucleotide must
participate in five triangles representing sixteen codons. Because of the specific
sequence context of any nucleotide, every one of the twelve can be seen to be
excluded from all participation with one other nucleotide, and this is reflected by
the identity of the McNeil subscript. This means that any nucleotide in a specific
sequence can be seen to participate through time and sequence transformations
with a specific set of amino acid assignments. The compressed symbolic format
of the G-ball immediately tells us what these assignments are and how each
nucleotide is different in this way. After all, it is not a single line of assignments
but a network of assignments between nucleotides, codon position and amino
acids, and it ultimately produces a matrix of codon assignment patterns that can
best be appreciated in this format.
Geometry
The standard codon table admits of no geometry in the genetic code.
Geometry is merely a language we use to communicate universal spatial
relationships. It is a human artifact of natural phenomena. However, we have
learned that when more dimensions are required in our models of natural
systems, the geometries we use must be reconfigured to reflect these extra
dimensions and their respective symmetries.
General relativity and its
dependence on non-Euclidian geometry is but one example of expanded
symmetry. The fundamental structure of the genetic code is built upon natural
symmetry but this is reflected in many different features of the code. Sequence
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symmetry is a major element of this structure, and it is a happy coincidence that
we can use common geometry to illustrate this form of symmetry in the genetic
code. However, the genetic code at bottom is a molecular algorithm for building
molecular structures, and this is a decidedly space-filling task. Therefore, we
should expect there to be elements of space filling geometry somehow involved
in the algorithm. We presently do not know what they are, but we can easily see
that all of the component molecules of this algorithm somehow share elements of
a single geometric system, and this system is represented by the geometric
symmetry of a dodecahedron. The consistency between sequence symmetry
and spatial symmetry within this complex molecular system is, therefore, quite
striking. The G-ball captures this geometric consistency like no other icon ever
could.
Symmetry
The standard codon table is an asymmetric data structure that arranges its
data in an asymmetric way. However, the genetic code is primarily organized by
symmetry; consequently, the genetic code has been perceived as a
fundamentally arbitrary “accident” that is somehow “frozen” in time. After all,
without an organizing first principle for the genetic code, it is hard to imagine or
explain the fact that the genetic code is fairly ubiquitous today, and apparently it
has been more or less this way for perhaps billions of years. A far more
enlightened view of molecular information, however, does not suffer from this
explanatory quandary. The languages of life are primarily organized by a
universal invariance of symmetry, so a perceived invariance in this particular
code merely reflects the fact that life has found a remarkably efficient way to take
full advantage of those symmetries. There is no better way to communicate this
concept than a perfectly symmetric icon for the genetic code.
Decision Time
The codon table is our visual icon for the genetic code. It has been
heretofore seen as a one-dimensional code; however, silent mutations can and
do change the shape of a folded protein. Since silent mutations are not really
silent, the genetic code cannot be truly one-dimensional. The codon table can no
longer contain all of the information translated by the genetic code. Proteins
contain sequences of amino acids that are connected to each other by their
peptide bonds. Since two sequences of the same amino acids can now have
more than one sequence of peptide bonds, the extra dimensions of information
translated by the genetic code must somehow at some time be translated into the
sequence of peptide bonds. This could be done by either changing the rate of
formation of the peptide bonds or it could be done by changing the physical
parameters of the peptide bond itself. Perhaps it is done by both; we simply do
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not yet know. Still, it is somewhat irrelevant to know exactly how this is done; it is
only important to know that something besides amino acid sequence is, in fact,
translated by the genetic code. Once this fact is finally accepted, the goal of
science will be to find the optimum way to visually represent codons, amino
acids, their logical relationships and ultimately the genetic code itself. The
standard codon table is a poor choice here because it is able to visually
represent so little, and what it does represent is limited by the subjective, twodimensional and arbitrary format. A more logical format, much like the periodic
table of the elements, would be useful toward understanding the natural
arrangement of nucleotides and amino acids.
So, a new decision must be made once again as to a preferred icon. This
icon should communicate the features and structure behind this fabulous natural
molecular phenomenon called the genetic code. But to each his own. If one
merely wants a convenient way to represent a single dimension of molecular
information, then it is truly hard to beat the standard codon table. However, if
one is interested in communicating the essential features of a much larger
concept, if one is interested in contemplating and understanding the more
complex logic and structure behind an incomprehensibly complex natural
phenomenon, then there is no better way to start than with the G-ball. It is
superior by all comparisons to the standard codon table. A perfectly symmetric
icon is the clear and coherent path to a more enlightened and useful model of
molecular information and genetic translation.
The genetic code is a metaphor for a molecular language. The codon
table is a metaphor for our model of the genetic code. Because today’s accepted
metaphor depends on sequence determining structure, the genetic code is seen
as one-dimensional, and this idea is communicated to us by the codon table in
the way that codons are intended to “mean” amino acids. This codon table is
devoid of meaningful structure and symmetry. However, the genetic code cannot
be one-dimensional after all. Codons cannot only mean amino acids and the
standard codon table cannot provide an adequate metaphor for the genetic code.
In reality, codons mean anticodons, and anticodons mean tRNA, and
tRNA mean peptide bonds, and peptide bonds mean secondary structures, and
secondary structures mean tertiary structures, and tertiary structures mean
quaternary structures or proteins. Proteins mean a complex population of
molecules that ultimately mean life, but proteins must eventually loop back and
mean DNA, RNA and more proteins. The language of life is highly recursive and
so it is quite complex in this way.
In truth, codons cannot mean anything at all in the absence of other
codons. All molecular meaning is always relative to all other molecules, that is
why it is metaphorical. It is metaphorical not just in human terms but in molecular
terms as well. All codons are meaningful only in the context of all other codons.
All nucleotides are meaningful only in the context of other nucleotides. All amino
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acids are meaningful only in the context of other amino acids. All nucleotide and
amino acid sequences are also meaningful only in the context of all others, and
still only then to the extent that they are all different molecular structures. The
genetic code is a molecular algorithm that is not devoid of structure and
symmetry; it is built upon these things. It is not merely a code that makes
sequences without structure. It is highly structured. It is a structural code that
makes sequences of molecular structures. Different codons behave differently
within the context of sequence symmetry. For instance, a primary triplet acts
differently from a secondary triplet when transformed by symmetry operations.
These kinds of ideas cannot be understood within the structure of the standard
codon table, but they all come to life within the structure of the G-Ball. This new
icon of the genetic code performs somewhat like the periodic table of elements.
It implies structure and it implies a useful meaning for that structure. The G-Ball
is a superior icon for the genetic code.
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“It takes a long time to become an overnight success”
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Introduction to Proper
Science today lacks a workable definition for molecular information.
Finding a proper definition is perhaps the single greatest scientific challenge of
our time. Within all of biology, our definition of molecular information now only
includes the “linear” arrangement of sub-units of any larger bio-polymer. The
“information” of any molecule is now found only in its sequence, just like this
sentence is a sequence of letters, or just like a string of computer code is a
sequence of zeros and ones. This “one-dimensional” definition of information
wrongly excludes all other forms of information. But the true nature of
informative molecules is currently unknown. We should know however - without
any doubt whatsoever - that molecular information is in reality a multidimensional entity. In other words, our widely accepted definition of molecular
information is currently a logical subset of real molecular information. What then
is the proper superset? Any useful answer will require an entirely new approach
to the problem.
The intensity of the current problem is magnified by knowing that many
other basic concepts in molecular biology are in part derived from or related to
this one fundamental definition. We talk freely about genuinely abstract notions
of “genes,” “genomes,” “translations,” “information,” and “codes,” all in the
general context of molecular information. But what happens when this context
turns out to be utterly false? In other words, what if we have simply failed to
grasp the first principles, or failed to grasp the very nature of the genetic beast
itself? Our failed model of the genetic code is a good example of the answer to
this question. It is an example of the many looming problems in the future
advances of life sciences. The genetic code is now only that code that translates
molecules one way; from DNA into proteins. However, it should now be seen as
an absurd, backward ghost of reality, simply the unfortunate derivation of a
flawed definition of molecular information in the first place.
Consider that even the most simplistic view should respect the fact that on the smallest scale - molecular information must be a real, quantifiable entity
that completely defines a particular molecule. It must embody an actual, specific
molecular configuration and make it entirely distinguishable from a set of all
possible configurations. Think of it in terms of names - every distinct molecule
must not only have a name but it must somehow also be namable. Like
electrons in an atom, where all electrons are considered identical yet no two can
be the same. So too is the conflict in our perception of molecular information that
is created by not having a simple means to make sets, or a means to make sets
of distinctions. The simplest possible concept of molecular information alone will
never meet our conceptual needs here because, on any larger scale, molecular
information is a tremendously complex and highly recursive entity. It defies any
simplistic human understanding.
The genetic code represents a natural
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language of molecules. We must expect then that it will somehow rival the
complexity of all human languages combined.
There are, in fact, many potential facets to any form of molecular
information; therefore, it is quantifiable only through a comprehensive
understanding of complex molecular relationships. The whole issue of identifying
molecules by their inherent “information” must be taken within a broad context of
any specific environment, yet also within the context of all highly variable
molecular environments. Environments change and molecular information
changes with them.
We must also always put molecular information into a relative scale of
time. Molecules are merely manifestations of thermodynamic events, a term
which literally means heat motion. Any kind of motion is purely a function of time
and space. Therefore, it is folly to think that molecules can be defined by a
simplistic entity that excludes both time and space from its very own definition.
Every counting of “possible molecular configurations” for any particular molecule
is entirely dependent on the specific context for that molecule in time and space.
So, man can review his work to date, and we can find it wanting. We can
conclude that we have heretofore made the simple mistake of thinking of
molecules as we think; when instead it is rightly a question of how they think. To
advance our understanding of molecular information we must better our
understanding of how any molecule must think.
Let’s start with a simple definition of information; it is the counting of
choices. Counting can only be done in whole numbers of real choices, so there
must first be things to count – choices to make – and then there must be ways of
making choices. Ultimately, any form of information is quantified by also knowing
the probability of choices made. Plus, probabilities are always related to the
specific mechanisms for making those choices. What are the specific choices
and the mechanisms for making definitive choices within the insentient world of
molecules? When we can answer that difficult question, we will have our elusive
definition of molecular information.
What is a choice? We can answer that most simply in terms of pure logic
if we recognize that counting produces sets and sets can be logically related. A
logical relationship between sets is called a function. In these terms, a choice is
the operation of a function. In other words, a choice is always made based on
the logical relationship between things in sets. A function in these purely logical
terms is always symmetrical to some degree, or it somehow works both ways
between sets. The more perfectly symmetrical a function is, the more completely
can information be translated back and forth between sets. All languages are
codes, and all codes are functions. When we enumerate the steps in the
operation of a function we have produced an algorithm, which is the specific list
of steps of a function. When we write, read and execute algorithms we are
working with codes. There are many ways to write, read and execute any code.
A language is a specific way to execute a code. In other words, for any function
there can be many possible languages. We can generally say then that choices
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are logically made through the execution of languages. What is the language of
the genetic code? When we can answer that, we will know the first principles of
life itself.
Life is a process that somehow organizes molecular information through
time. The language of life must, therefore, be a language of organization. This
simple idea merely reflects a basic definition of evolution itself, where evolution of
any kind is the abstract notion of organizing information through time. Life is
simply a manifestation of evolution in general, and life represents an organization
of molecular information through time at larger and larger scales, involving
evermore-vast periods of time and volumes of space. However, any specific
organization of molecular information is itself an important form of molecular
information. It stands to reason then that since languages are forms of
organization, molecular languages now must also be seen as complex forms of
molecular information. The genetic code has rightly come to be our central
paradigm of molecular information, but our overly-simplistic model of the genetic
code today is inadequate toward our understanding of life’s many patterns of
organization, and this is true for several obvious reasons:
•
•
•
•
•
•

•

•

It is based on an inadequate definition of molecular information.
It denies that sequence is always a logical subset of structure. In fact, it
inverts this logic along with all explanations of it.
It fails to recognize the existence of any primary, logical organizing
structure for molecular functions in general.
It fails to appreciate the required roles played by time, symmetry and
molecular context that must be integrated into the function of the genetic
code at all levels.
Neither the basic sets nor the basic functions have yet been identified in
any workable definition of the genetic code.
The genetic code is purely molecular, and it is at first a structural function
built of structures used for its inputs and outputs, as well as the
fundamental logic of its operation. Therefore, no model that eliminates
every trace of structure from the genetic code will ever adequately explain
the genetic code. Molecular information is always at first structural
information, and so its translation is always a structural function.
The genetic code has tightly organized molecular information on earth
through time, obviously, but the standard model comically sees this
primarily as a “frozen” and “arbitrary” event devoid of and immune from
evolution rather than a significant hallmark of a broader, logical (i.e. not
arbitrary) process of evolution.
The genetic code is complex not simple; it involves many facets of
molecular information not just one, and it demonstrates a coherent
organizational structure that works broadly to expand molecular
information through time not compress it.
Therefore, it must be
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understood within a broader context of the entire molecular system of life
through time.
For these and other practical reasons, our basic model of the genetic code
must change along with a search for a new, workable definition for molecular
information. Our current model simply does not work for any of the complex
intellectual tasks we now need it to perform.

Idealizing the genetic code
In 1953, Watson and Crick published their famous letter to Nature
proposing a double helical structure for the DNA molecule. This was the shot
heard round the world of molecular biology. The simple structure was taken as
an idealization of the DNA molecule, yet it is widely acknowledged that the
molecule itself can exhibit many subtle and not so subtle variations of this
structure. In fact, there have been many credible and useful challenges since
then to their basic proposal, as well as challenges to the logistical implications of
this. However, the idealization of this structure has rightly withstood most if not
all of its ideological challenges. It has proven to be a “good” idealization. It still
serves as the starting point for our understanding of molecular information, as
well as the basis of many simple human symbols and languages that we use in
trying to describe and understand the natural role of DNA in living systems.
At the time, there existed no accepted formal idealization of the genetic
code. It is natural then that DNA would serve as our starting point for idealizing
the genetic code. However, the stunningly simple and seemingly consistent
structure of DNA - when seen as the primary storage mechanism of molecular
information - also strongly implies that its translation would somehow involve a
simple mechanism, one that could perhaps be completely devoid of any
significant structural elements. The specifics of DNA and its idealized structure
were then logically used as the foundation of our initial attempts to idealize the
mechanisms of its translation. In retrospect, this was a big mistake.
Unfortunately, all molecular codes are bound to be more complex than
any of the individual molecules that participate in their execution, and they are
logically bound to involve complex relationships between all of the molecules that
comprise the codes themselves. After all, molecular codes are merely logical
relationships between molecular sets through time. Note that all molecular
information is at bottom structural; even “simple” molecular sequences are
sequences of simple molecular structure. For molecular information, structure
always logically subsumes sequence. This basic and logically correct concept
was completely lost in the initial efforts to idealize the genetic code; therefore, the
natural function of the genetic code is now entirely inconsistent with our current
idealization of it. This is not a good situation for science to find itself in today,
and so there is much foolishness now on display. We have idealized this
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important code as a fundamentally unstructured entity that merely translates
sequence. Time and structure are eliminated from the model entirely. The
function of the genetic code is indisputably now only viewed – entirely defined
actually - as the relationship between a set of codons and a set of amino acids.
The relationship is embodied in the codon table alone. The icon and its
relationship to time and structure are still further described by the central dogma
of molecular biology.
We can now immediately understand all of the
relationships between all of the elements in all of the molecular sets of the
genetic code via the following simple flow diagram:

Figure 1.
This graphical icon completely defines our current idealization of the
genetic code. There can be no real dispute about that. It illustrates the location
and function of the genetic code, an entity devoid of structure and structural
function. The icon shows the code’s relationship to time and structure; it is one
completely separate from either of those things, and free of all functions that
operate upon them. While it is true that an important function of the genetic code
is to relate codons to amino acids, it is also true that this is not its only function in
nature. Furthermore, our goal should not be to idealize things in the simplest
possible way, but to idealize them in the simplest possible way that is also the
most correct, and in a way that promotes the least confusion. For instance, we
do not idealize the earth as a circle even though this is the simplest possible way
to do it - simply because the earth is known to have volume. We can idealize it
as a sphere, to some degree, but even this is not entirely correct because the
earth is known to be slightly irregular and ovoid. Still, moving from circle to
sphere is a tremendous improvement. Likewise, we cannot idealize the genetic
code as a codon table because we know that many important sets and elements
are missing from this model. Moving from sequence to structure is a tremendous
improvement in our model. Therefore, we must definitively move away from this
ancient flat model and start the process of idealizing this natural code in a more
robust and rational manner. This will be extremely difficult - much has been
invested and many have been indoctrinated - but we can start by recognizing the
things we clearly know to be true about the genetic code in general.
•
•
•

The genetic code is not universal.
The genetic code cannot be understood as a single, simple, unidirectional
function but as a complex network of symmetrical functions.
The genetic code is a function of space and time.
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•

The genetic code logically relates sets of molecular structures through
time.

The genetic code on earth has evolved. Like all things on earth especially languages - the genetic code has evolved many variations. In fact, the
genetic code involves many functions, and each of these can be seen as having
many different languages. So, naturally, there are many combined dialects of the
genetic code operating on earth today. Only a tiny portion of these variations is
reflected in the known variations of the codon table because the codon table
reflects only a tiny portion of any version of the genetic code. So, the task of
defining the genetic code becomes more difficult; first because it involves
defining molecular information, and second because it involves defining the
specific sets that participate in the various functions across multiple languages.
Despite these obvious difficulties, all variations of the genetic code can
share the same primary logic, and this accounts in part for the extreme
consistency in basic sets and operations for all of the languages and their many
current variations. The primary logic of the genetic code involves the logical
relationship between all spatial structures in the universe. All basic structures in
the universe share the same logical relationships with all other structures through
shared common geometry. This is the smallest possible scale for our thinking on
the problems faced by molecules; but on the largest possible scale, the function
of the genetic code is to determine the logical relationship between all possible
proteins and all possible nucleotides through time. This relationship must be
symmetrical, because proteins and nucleotides are mutually dependent, but this
does not mean that the language is the same in relating the two sets to each
other through time. In fact, the languages must be quite different in both
directions because they are time-dependent functions. Although their information
can be the same on a primary level, their information is defined by specifics in
both molecular sets, and those sets are quite different in their specifics.
However, the set of all possible proteins is at first a set of molecular structures;
likewise, so is the set of all possible nucleotides. The molecular information in
each set is logically related to the other, but there are an infinite number of
languages that are capable of performing these translation functions. Life is
about finding optimums, and life has apparently been quite busy finding
optimums in these functions.
Life appears to find optimums best by strongly biasing sets. Note that the
set of all possible proteins in life today is an infinitesimally small subset of all
possible proteins ever. The same is true of nucleotides. So, life is performing its
functions by restricting itself to small sets that are optimized for generating larger
sets. The set of all possible codons has been greatly reduced by life’s selection
of mostly only four nucleotides. All possible proteins are similarly reduced by
life’s selection of twenty common amino acids. Still, the number of structures
that can be generated through logical relationships between these sets remains
staggeringly large. Life chooses relationships based on efficiency. It uses the
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fewest parts to generate the most wholes. Symmetrical relationships are the
most efficient relationships, especially when it comes to generating molecular
structures in time.

A Language of Structures
Before we can begin describing any natural language of structures, we
ourselves must have a language of structure to describe it. Please consider that
our concept of the genetic code is merely a metaphor. A metaphor is an implied
meaning of one thing to another given a particular context. I believe that no
example from the English language is necessary here because, according to Dr.
Roy Wagner, all human languages are examples of recursive metaphor. In
modeling the genetic code we use human language as a means of comparison to
a molecular language. Now consider that the genetic code itself is merely a
metaphor. It is a molecular metaphor that uses molecules as a means of
comparison to other molecules. Molecules must have a basis for comparison,
and humans must now have a basis for describing that comparison.
Any human language of spatial structure is called geometry, and there are
an infinite number of possible geometries; therefore, we must choose wisely.
Our goal here is to describe molecular codes in terms of efficient, symmetrical
functions of time and space. Any description of time and space is a description
of a universe. So our geometry must have easy ways for us to count elements of
time and space in a universe of molecular information. I will describe a simple
geometry here that I feel is most adequate for that task. Of course, It reflects my
prejudices toward a particular set of beliefs about that universe, so here is a
simple list of those beliefs about time and space as it relates to molecular
information.
•
•
•
•

They define each other.
They are maximally symmetrical.
They are purely informative and therefore inherently binary.
They are self-organizing entities.

Without a protracted philosophical debate, I believe that we can use these
ideas to quickly build the most efficient geometry for describing the fundamental
structure and logic of the genetic code, or at least in quickly building a structure
for a language to describe it. This is an admittedly quirky geometry invented
solely for communicating a “solid-state” view of a molecular information universe.
Space is at first defined by time, and then space is entirely defined by a collection
of combined elements, such as planes, angles, lines and points.
The
relationships between these elements are purely logical, and those relationships
are combined to form more complex larger elements of structure. We will need
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symbols for the most basic elements, and then all other elements can somehow
be made of logical combinations of those symbols.
All geometries are imaginary. In other words, the primary elements for
building any geometry must at first be imagined. Therefore, all of man’s
languages of time and space are merely used to describe imaginary universes.
This is the nature of man’s relationship to time and space. But it has proven to
be decidedly useful path toward understanding and predicting the behavior and
phenomena we can empirically witness in our many universes.
This particular geometry starts with the abstract notion of imagining time.
Time is a purely imaginary concept here, to be sure, but it must be a binary
element in this particular informative universe, so we will assign it the symbols
positive (+) and negative (-). Time is infinite and time is perfectly symmetrical in
this imaginary form. We can now imagine the infinity of positive related to the
infinity of negative, and what we will see in our mind’s eye, hopefully, is a perfect
plane between positive and negative. So, the plane - not the point - is the
primary generative element of this particular geometry. Time is defined as
change, and in this case it is simply any change between positive and negative so too are the initial notions of distance and direction. The symbol one (1) will
stand for minimum change and the symbol zero (0) will stand for no change. We
can define a plane as the symmetrical interface between a minimum change
between positive and negative. Unit time, distance and direction are a function of
minimal transformations in either direction between a positive and a negative
element in any plane of time. We can now stack planes of minimum change
infinitely in the positive and negative direction and thereby begin counting time
and distance as functions of an imaginary time and space.
To make this geometry useful for counting all elements of space, we must
first create them. We will do this merely by adding new planes to create logical
combinations of planes forming angles, points and volumes. Here, an angle is
the relationship between two planes. A line is the intersection between two
planes. A point is the intersection between three planes. A line segment is the
intersection between four planes. An angle segment is the intersection between
two line segments. Note that all angles are the same but all angle segments are
not. All lines are “straight” but a combination of line segments perhaps is not. A
volume is the space defined by a minimum of four points. To fully create this
system of geometry we now merely need to pick a standard unit of common
angle between planes. The standard choice in most of our standard geometries
is to choose the angle between any two planes in a cube. This standard
“Cartesian” choice is a convenient human choice because it makes all angles 90
degrees, and all compound angles are multiples thereof, so angles become
maximally easy to understand, and planes become completely filled by similar
squares. However, if we choose this as our standard angle then we must know
that no perfect dodecahedron can ever exist in this universe, and we certainly will
need at least one of them eventually. As Plato said, the dodecahedron is the
cosmos and it embroiders the heavens.
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This eccentric geometry is, as I previously implied, a form of “quantum
geometry” in that it is purely informative. To be purely informative a universe can
only have whole units of every element, and only whole unit multiples for all
composites of elements. In a purely informative universe, anything that does not
exist in whole units does not exist at all. If we hope to ultimately use this
geometry to define an information system it would be nice to imagine that we
must only have whole choices of things to count, which can then be logically
arranged into sets. We should thereby chose sets that lend themselves to
making the most efficient combinations of sets in this regard. Ultimately, we
hope not just to make simple sets, but to make complex sets of sets of sets… up
to the largest set in the hierarchy, which is the whole universe.
If we choose cubic symmetry we must sacrifice the dodecahedron, but if
we choose the dodecahedral angle for intersecting planes we will generate more
than enough cubes. In other words, if we were computers we would choose the
dodecahedron every time. Since we are men, we consistently choose a cube.
Men are like that. We now must ask the question: What would a molecule
choose? After all, we are building this particular geometry to communicate ideas
about a natural molecular language. I think a molecule, like a computer, would
choose the dodecahedron for use in a system of maximal symmetry, efficiency
and power with respect to spatial information and its logical functions. Therefore,
this quantum geometry will be built on the six symmetrical planes of a
dodecahedron. You can label them A, B, C, D, E and F if you want, or you can
color them red, yellow, blue, orange, green and purple. You can assign them
each a note from a perfectly balanced musical scale. It does not really matter
what symbols you use because these six planes are all the same relative to each
other. They combine infinitely in all directions to produce the temporal and
spatial elements of the universe that we must have in some form before we can
start counting elements and sets as whole numbers, before we can start
producing any logical relationships between elements and sets.
All of the spatial structures can now be built via translations in time within
the context of this quantized geometry. We can start with the quantized unit of
space, which is now a dodecahedron. It is formed by the intersection of all six
primary planes. There is a positive and a negative surface to every plane, twelve
distinct surfaces are created, twenty points and thirty line segments. All of the
combined elements of this geometry are maximally efficient for making elements
and sets that are binary, quantized and perfectly symmetrical. This seems like a
heck of a good way for a molecular system to found a language used in building
and searching spatial structures through time. The system can become
evermore complex through time, but the primary logic can remain the same. This
logic merely expands into more structures and more complexity between
combined larger sets of parts of these same basic structures.
Note that our initially abstract notion of binary directionality of time in
space becomes distorted by the addition of five symmetrical planes to our
original plane of time. Time no longer has a single clear meaning, yet it remains
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relative to and symmetrical with space, per Einstein’s instructions. Unfortunately,
it becomes inherently directionless in space in a purely quantized way. We might
even consider the notion of adding a dual set of planes to the original
dodecahedron to make the entire structure perfectly symmetrical with respect to
time. Regardless, a global arrow of time remains within the more general context
of scale. Time becomes a pure metric of scale with respect to quantities of
change in space through time. There is a constant between change in space
and change in time for all structures in this universe, and scale is a function of
this constant.
Since this universe is self-organizing, the arrow of time now must point
toward an expansion of structural information in quantity and complexity through
scales of time. The actual universal metric for scale in this universe can now
happily be located and identified as phi, the mystical golden ratio, which here
becomes the scaling length of a unit line segment relative to the unit distance.
Spatial structures are now logically related to time quantities by whole multiples
of phi. Large structures are logically related through larger quantities of time than
are smaller structures. Larger units of time produce more spatial information
through the inevitable self-organization of structures in space in this informative
universe. Time can now be measured in terms of information content and
complexity of spatial information. This avoids conflicts with basic principles of
relativity but now puts us in obvious direct conflict with a somewhat vague notion
of entropy. Specifically, this points our time arrow in the opposite direction to
those involved with understanding the cherished notion of the second law of
thermodynamics. This physical “law” tells us that entropy should be increasing
and not decreasing through time. In other words, structural information should
perhaps be decreasing universally through time. However, this seeming conflict
can be easily rectified if we imagine that this particular universe starts in a state
that is moving at maximum velocity toward structural entropy. However, all
measured changes in entropy in this universe are a function of a self-organizing
force producing acceleration, or in this case deceleration of structural entropy. In
other words, the second law should be seen here as one that describes a curve
rather than a line relating time and entropy. An increase in entropy and a change
in increase in entropy are logically related entities, but their arrows can point in
opposite directions.
The primary structural logic of this quirky space is based on fundamental
sets of structures. The primary structure in this space is a dodecahedron, but
within this one structure there are many logically related substructures, like cubes
and tetrahedrons. There are five full cubes within the set of points of a single
dodecahedron, each cube sharing two points with the other four cubes. Each
cube is composed of two tetrahedrons sharing no points.
So, each
dodecahedron is composed of ten tetrahedrons all logically related to each other;
consequently, any set of tetrahedrons is logically related to any set of
dodecahedrons, and any set of dodecahedrons is logically related to any set of
tetrahedrons. The dodecahedron, in other words, is a natural and entirely logical
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metaphor for cubes and tetrahedrons. There are countless possible logical
functions for translating the specific elements of complex tetrahedrons into the
elements of complex dodecahedrons - and vice versa. This is merely a result of
the fact that tetrahedrons are informative compressions of dodecahedral
elements. It is not “as if” a tetrahedron is a dodecahedron; a tetrahedron really is
a dodecahedron, only with certain parts missing. So, there are an infinite number
of possible languages that can exist for performing these translational functions.
Life will surely start by using the logic of these naturally existing functions and
then quickly find an efficient set of molecular languages for performing them.
We can ask about the structure of some specific molecular phenomenon,
like table salt, for instance, and we can find a structure in the universe that
demonstrates it. In the case of sodium chloride, a cube demonstrates its
fundamental molecular structure. We can ask about the structure of another
crystal, like diamond, and in this case it is the tetrahedron that demonstrates its
molecular structure. We can ask about how these two structures are related to
one another, and this question can always be answered by simple mathematics
to show these spatial relationships as well. However, what shall we do when we
ask about the structure that relates all structures to all other structures? Does
such a thing even exist? Apparently it does, and apparently life has been
demonstrating it to us over the past several billions of years. Life is the ultimate
metaphor of molecular structural metaphors. It is the living language of crystals.
We can get a quick and dirty understanding of the nitty-gritty mechanics of
such a process by briefly returning to our Cartesian roots. Imagine that the
universe is a Rubik’s Cube. Imagine that the universe starts out in a maximally
random state, and that time is a simple sequence of quarter turns that organizes
cubic information in three cubic planes. A self-organizing universe will eventually
“solve” the cube via a sequence of logical moves that relate one state to another.
All states are logically related and all sequences are logically related. Time
becomes a function of the number of turns past present and future, as well as a
measure of the “order” produced by any sequence. Of course, the complexity of
this analogy is low in large part because there is only one possible structure in
this Rubically informative universe of minimal structures and all-too-simple time
sequences. This particular cube can only make other informative cubes,
whatever they may be. However, the universe of molecular information operates
on the complex relationships between many different structures and the logical
relationships between them through time, on scales both small and infinite.
Furthermore, persistent and identifiable patterns inevitably must develop on all
scales. It is an admittedly coarse analogy, but we must start with something we
know before we can begin to understand the things that we do not know. That is
the metaphorical nature of human thought.
Sequences of dodecahedrons can always be logically related in time and
space with sequences of tetrahedrons.
Building, searching and moving
structures through time and space is an inherently logical process, even if it is
somehow driven by “random events.”
However, this process of spatial
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organization can obviously be simplified by using consistent elements of highly
symmetrical, pure structures. This is precisely what life is doing. Life seems to
be organizing many sets of many elements of many dodecahedrons through
time. The elements and sets themselves are perhaps becoming evermore
simpler, but combinations and relationships between them are growing evermore
complex. Consequently, structural information is accumulating through time.
Complexity is increasing. New languages are spontaneously forming to translate
and amplify the new information and complexity that is inevitably forming in this
molecular information universe. We can graph and perhaps measure the time
course of complexity in this universe by merely examining the time course of life
on earth. It is increasing and accelerating. If we are going to logically
understand this we must start with logical models and languages that help us do
this, and choose only those that add the least possible confusion.
This is admittedly a toy model of cosmology based on a decidedly
idiosyncratic flavor of geometry and physics. It is perhaps not useful in any way
for understanding basic math or physics, but it now appears to be indispensable
when it comes to first understanding the molecular sets in life. To start we must
understand them in their simplest possible terms, in terms of information, time,
structure and the inherent logic of interdependent molecular sets. We can
immediately get started here by using this quantum geometry to neatly rearrange
the molecular sets represented by our old friend, the codon table. Nucleotides
can be idealized as the faces of a single dodecahedron and amino acids as a
symmetrical collection of tetrahedrons. By symmetrically placing three instances
of only four kinds of nucleotides into a dodecahedron, we have broken the
perfect symmetry of that structure, but we also have generated a huge number of
new symmetrical sets. More pragmatic is the realization that we efficiently
generate all required sets of common codons into which we can find a home for
all common amino acids. They are all now examples of elements in sets of more
sets of the exact same thing: they are all parts of a dodecahedron. The codon
table in this new light does not define or even describe the genetic code, but it
does illustrate the primary logic of its general organizational structure. The
genetic code does not operate only on these simple molecular sets but on a
more complex logic between much larger and more complex molecular sets
through time and space. This primary logic merely reflects the most efficient way
to organize sequences of dodecahedrons into more complex and spatially
informative sets of the elements of larger dodecahedrons. Many natural
languages of structure are logically formed within this particular system, and they
compete endlessly to become the basis of new, more complex languages.
People become understandably confused here. They seem to want to find
this molecular structure somewhere in our universe. Be ever mindful that no
such molecular structure exists now or perhaps ever. I am not necessarily
saying that the genetic code is a dodecahedron; I am saying that a
dodecahedron is the best possible metaphor for any human understanding of the
primary logic of the genetic code. The molecules of the codon table perhaps do
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not organize into a dodecahedron but the dodecahedron did clearly organize the
molecules of the genetic code. Think of it in terms of naming. Before we name
we must have structures that require a name. Life self-selected the best possible
names for the common elements of a molecular dodecahedron and thereby
inherited all of the primary logic and possible languages useful for relating
structures to other structures in a multitude of molecular contexts.
We can now happily continue to idealize the double helix as the simplest
set of molecular dodecahedral sequences in this particular scale of time and
space. We can now also idealize proteins as the simplest set of tetrahedral
sequences in this scale of time and space. The genetic code translates these
sequences through time, first into sequences of tetrahedrons that must somehow
be perceived as hidden, symmetrical, structural elements of much larger
dodecahedrons. These new sets merely combine to form a vastly larger set of
complex “dodecahedrons” that ultimately appear as specific proteins or parts of
proteins, or more precisely into collections of molecules that have their own
consistent macromolecular structures. Yet these structures still must be tasked
through time with making more combinations of the spatially simpler and greatly
compressed sequences of nucleotides. And thus the symmetrical cycle of logical
molecular relationships between time and space continues. Information and
complexity expand with each biological tick of the grand universal clock.
Life is an inherently logical process of fractal information expansion. In
the prescient words of Erwin Schrödinger, it is producing order from disorder and
it is producing more order from order. All of the structures of life that are output
from each function immediately act as the input for other functions. Plus, the
output from some functions gets immediately input back into those same
functions. Choices are constantly being made by the ubiquitous mechanism of
natural selection - the structures that persist continue to persist, and they lead to
the existence of more persistent structures. Mother Nature has choices and she
makes these choices based on the persistence of her past choices. Her “goal” is
to generate more future choices with each tick of the universal clock, everywhere
in both time and space. Life is one grand search. It is relentlessly searching for
structures to build more structures. Per Darwin, all of these past choices are
recorded in the fabric of her universe as a complex network of choices made. All
past choices form the perpetual basis of future choices to be made. The output
for each round of choices made is used as the input for the next round. Local,
regional and global fractal patterns are naturally created everywhere in time and
space within the grand pattern of life. We should look carefully for them and pay
close attention to them wherever they may be found.

A brief examination of known mechanisms of protein formation.
We know that life consists in large part of an intricate relationship between
two general sets of molecules: nucleotides and proteins. We know that this
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relationship today involves a symmetrical system where proteins participate in
the creation of nucleotides and nucleotides participate in the creation of proteins.
We know that this is a beautifully efficient and effective relationship, yet we do
not know specifically how or why this relationship came about or exactly how it
works. We know that the genetic code somehow defines these relationships, but
we’ve yet to elucidate the first principles of the molecular sets behind them.
Science has, however, deftly uncovered many of the specific molecular
mechanisms that execute the code in nature. It is useful then to briefly review
some of those mechanisms.
Start by first assuming that molecular information already exists in nature
and is stored in DNA – a huge initial assumption. This information exists in an
idealized form we know as a double helix, yet specific proteins, called histones,
wrap it into evermore-efficient structural configurations for efficient storage. More
proteins then have the job of finding specific information and unpacking it so that
it can be accessed in the execution of “the genetic code.” A specific DNA
sequence is somehow selected by proteins, unpacked, and transcribed into a
new sequence of messenger RNA (mRNA). Molecular information is now clearly
being utilized and transformed by the system in a structural way. This sequence
of mRNA must be delivered to a suitable environment where it can be translated
into protein. The mRNA must first, however, be processed into a sequence
somehow deemed suitable for translation before it is translated. The processing
of mRNA produces many new structures that participate somehow in translation
as structural agents. Again, proteins are involved in this processing and delivery
mechanism, and there are apparently many possible options for getting this
done. This is called transport and transcription editing, and it represents yet
another form of molecular information from a purely structural perspective.
These specific choices are made in tandem via a complex relationship between
the mRNA and proteins.
Once mRNA is ready for translation, it is affixed by protein to a ribosome,
or rRNA, which is itself a large complex of nucleotides and proteins. It is a given
that, in order for translation to proceed, there are other complex populations of
molecules available to perform the actual translation. Proteins must have
already translated DNA into many independent transfer RNA (tRNA – should be
translation RNA) structures. Other populations of proteins must also already
exist to pair existing amino acids with these tRNA. These highly conserved
protein structures are known as aminoacyl–tRNA synthetases (ARS). The
initiation and termination of translation itself requires still more proteins; however,
once the translation is underway, we can only partially idealize it as a process of
pairing codons with tRNA. The process of making an amino acid sequence is
purely a process of pairing proteins with tRNA, not amino acids with codons. The
process of making a peptide bond sequence is purely a process of pairing tRNA
with mRNA and other tRNA.
Each tRNA contains at least one “identity sequence” known as an
anticodon, and each tRNA consistently carries a specific amino acid given to it by
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a specific ARS protein. Although there are only four nucleotides that generally
go into a codon, we know that more than four nucleotides participate in the
formation of an anticodon; therefore, there are special rules for pairing the
nucleotides in codons with the nucleotides in anticodons. There is a strong
symmetry to the rules of pairing. There is even a special symmetry in these rules
at the third position of every codon. Specifically, there exists an inherent
ambiguity of nucleotide pairing between codons and anticodons at the third
codon position. These special rules are known as wobble rules, because the
tRNA can be idealized as “wobbling” in the act of precisely pairing itself with the
appropriate third nucleotide position of a codon.
The addition of extra
nucleotides and wobble rules means that there are logically more possible
anticodons than there are codons. This is clearly a form of molecular
information. Life has proven it uses these wobble rules, in part, to decrease the
number of actual anticodons, and, consequently, they also reduce the number of
distinct tRNA molecules required in any specific translation. However, the set of
ARS is remarkably always the exact same as the set of amino acids. So, wobble
rules are related to information efficiency and structural translation of peptide
bonds. After all, tRNA must now actually wobble. Regardless of specific form of
information involved, the relationship between codons, anticodons and tRNA on
a purely informative basis is one of natural expansion of molecular information.
This is logically true simply because there are more molecular choices for
anticodons and tRNA than there are for DNA, mRNA, codons, ARS and amino
acids.
Just as amino acids and nucleotides are now perceived as whole
molecular structures in our current model, so should whole tRNA be perceived in
the context of protein translations. They are discrete molecular structures. Each
distinct tRNA in the system should have a name just as each distinct nucleotide
and amino acid has a name.
These tRNA are huge molecular structures
compared to individual nucleotides and amino acids, but their role is similar and
their function is somehow related to expansion of molecular information in time
and space. There is an alphabet of nucleotides, amino acids and tRNA, and the
tRNA alphabet is the largest by far. Translation is a sequential process that must
now include the sequential formation of tRNA “virtual polymers” in time and
space as the direct translation of codon sequences. The sequence of translated
tRNA form sentences as an informative intermediate subset between nucleotide
and amino acid sentences. These structural sequences immediately translate
the structural information necessary to make any sequence of peptide bonds
within any variation of the language of the genetic code.
Once the act of translation begins, it is minimally an act of creating a
sequence of amino acids where there is known to be a consistent relationship
between specific codons, anticodons, tRNA and amino acids. There is no
empirical doubt about this, and this primarily forms the basis of our idealization of
the genetic code today. This is the whole essence of the standard codon table
that we use to symbolize, describe and understand our current idealization of this

96

molecular code. However, the real translation is purely structural, and the tRNA
structures cannot be ignored as information appears in full via total protein
structure through time. After all, a single codon can have no meaning outside of
a specific context because no sequence of amino acids can be formed without
connecting each amino acid to another within any sequence. Nothing “means”
anything in the molecular universe in the absence of all else. It is literally a
molecular metaphor that draws structural meanings from structural comparisons
through time.
Amino acids are known to be connected by peptide bonds, and peptide
bond formation is known to not be a homogenous act with respect to molecular
information. Some peptide bonds are known to form quickly while others more
slowly. This is independent of the two amino acids involved, yet it is entirely
dependent on the tRNA involved. In this way, tRNA are delivering molecular
information in time and space to the formation of every peptide bond. This is a
logical fact, not just idle speculation. Additionally, peptide bonds exist at all times
in specific spatial conformations that ultimately define the overall structure of any
amino acid sequence. They must, therefore, have a specific structure at the time
of their formation. Remarkably, we currently have little knowledge of the
“possible” number of conformations that can be delivered by tRNA to peptide
bonds, yet this is another form of obvious molecular information that logically
must be structural, and must be delivered by tRNA at the point of peptide bond
formation. The information content of any amino acid sequence is always a
subset of its sequence of peptide bonds. This is not a theory but a quite simple
and logical fact of scientific reason. However, the logical implications or meaning
of this fact is currently being universally ignored because the current model has
no language or mechanism for handling it. It obviates all need to do so.
Virtually coincident with the formation of a primary sequence of peptide
bonds, the nascent protein begins to form larger structural patterns that are
typically referred to as secondary structures. These structures merely serve as
fundamental building blocks toward still larger protein structures. The structures
themselves are known to be remarkably consistent across the space of “all
possible” protein structures, and they are known to consistently form patterns
within and between secondary structures, which then accounts for “all possible”
tertiary and quaternary protein structures. An “unfolded” protein is referred to
now as a random coil, but neither random nor coil is defined in this reference.
Proteins are in fact structures built of coiled coils, but they are rarely random, and
many different coils and ways of coiling them are possible. The genetic code
helps define how this reliably gets done because the code itself represents an
important form of molecular information.
Broadly speaking, there are four types of secondary structure: alpha
helices, beta sheets, loops or turns, and extended segments of no consistent
structure, or regions of structural “disorganization.” Although it is generally true
that certain sequences of amino acids tend to always form the same structures,
this is not universally true. Some sequences that are virtually identical are known
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to form different structures, yet some sequences that are entirely dissimilar are
known to form the same structure. It is either true that sequence determines
structure, or that sequence in conjunction with other factors form structure. The
known evidence strongly supports the latter. Regardless, every protein structure
is always defined by its sequence of peptide bonds, this is specifically what
defines secondary structure and all structures above it, yet the same cannot be
logically said of any sequence of amino acids. For any sequence of amino acids
there are many “possible” sequences of peptide bonds because the amino acids
are merely a molecular information subset of peptide bonds. On the other hand,
every protein is always defined by its sequence of peptide bonds. Any
ideological model that ignores this non-trivial point of information logic is naturally
fraught with a risk of explanatory catastrophe. That’s exactly what we now have.
Once the initial sequence of peptide bonds is translated, the nascent
protein enters a mélange of additional proteins. It also starts this process within
the context of a specific structural environment, which is sometimes a specific
structure called an endoplasmic reticulum (cool name, cool structure). These
structures plus the environmental protein molecules shape, transport and edit the
nascent protein toward its final destination. The original sequence is edited in
several ways. First, it can be truncated, which basically means that a primary
sequence of amino acids does not strictly determine even the primary sequence
of amino acids. In addition to amino acid sequence alterations it also undergoes
a series of backbone altering procedures that can impart major structural
features to individual peptide bonds as well as global structures that might be
formed by entire groups of peptide bonds. In other words, the protein begins to
make coils and begins to coil the coils. The protein structure is guided via
structural algorithms post translation in a complex way to its final structure by a
set of proteins that can generally be called chaperones. In other words, a final
protein structure might not be determined until additional molecular information
can be added to the formation process. This additional information cannot,
therefore, be entirely dependent on amino acid sequence. The structural
information is derived not from amino acid sequence but from a specific
molecular environment in which it forms. This is undeniably an important form of
molecular information that must logically extend beyond any examination of
“sequence-only” molecular information.
Once a particular protein structure is achieved, it is then required to
interact within a particular molecular environment to form larger structures and
more complex relationships. The character and quantity of this interactive
behavior is entirely dependent on the entire set of molecules in which any
particular protein molecule might exist. In one environment it might behave and
interact in a particular way; whereas, in another environment it is likely to behave
and interact in a distinctly different way. Therefore, counting the number of
“possible ways” that a particular protein might exist and the probabilities of each
way depends entirely on its specific environment. This greatly complicates the
task of defining and quantifying any aspect of molecular information, but it is not

98

ideologically acceptable to adopt the pure expedience of ignoring these
difficulties.
Finally, all of the complex structural information that is generated by the
languages that guide protein in its use of nucleotides to make more protein must
then perform the function of making more nucleotides. It can do this by
replicating old nucleotides, inventing new nucleotides, or translating old
nucleotides into different forms of nucleotides, and then editing, shaping and
deploying them as well. Regardless of the specific mechanisms, these functions
are purely structural, and their languages must be efficient for relating the
structural information in proteins to that of nucleotides. In other words, the
information in proteins and nucleotides must be highly symmetrical so that it can
be translated in both directions.
We can now appreciate the tremendous difficulty involved in modeling
molecular information and the genetic code. There are two many sets, and too
many functions to allow the language to be completely simplified. Different
organisms contain decidedly different sets of DNA, RNA and protein. They have
decidedly different macromolecular structures in general; therefore, they have
multiple dialects for multiple languages that go into the global language of the
genetic code. We can, however, begin to make progress in our modeling by
noting the areas where life has conserved the most. These are sets in the
system of sets that are the most biased and the most remarkably conserved.
The set of nucleotides and the set of amino acids are two good examples.
However, these sets cannot perform their functions in the absence of other
important sets, like ARS and tRNA. Fortunately, we can begin to idealize all of
these functions by recognizing that the most highly conserved elements of the
system are found in the primary set of structures organizing the system. For all
intents and purposes, we can idealize all of them either as dodecahedrons, or as
parts of dodecahedrons at every scale of size and complexity. For instance, all
tRNA within a single organism are more or less similar, and all of them can be
idealized as the wedge of a dodecahedron carved from one edge to the middle.
This means that amino acids can be further idealized as points for the larger
structural parts – coils – of much larger parts of much larger dodecahedrons.
Even if the super-structures do not end up making actual dodecahedrons, we can
idealize them as symmetrical parts of highly symmetrical structures, and
therefore they become extremely efficient elements within larger sets, and
functional operators in symmetrical functions. The functions that operate on
these sets can become more efficient and reliable. More importantly, all of the
information can remain so consistent that the amount of required information can
be reduced dramatically. Most of the required information for forming, changing
and repeating structures can be maintained in remarkably simple, compressed,
symmetrical structures.
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The Information Content of Molecular Languages
A single human hemoglobin molecule is statistically impossible. It
consists of roughly 11,000 atoms arranged into 600 amino acids arranged into
four chains more or less precisely located in time and space. Think of all the
quarks! All of life’s molecular behavior is animated by random molecular activity.
Because it is random, the number of possible behaviors is infinite. The chances
of this collection of atoms conspiring in random fashion to become a single
hemoglobin molecule are zero. Yet, in the past second on earth, 2 X 1028 atoms
did precisely that. You, dear reader, depend on your body’s ability to make 4 x
1014 hemoglobin molecules every second of every day. How could such precise
behavior ever be the result of totally random atomic motion?
Finding the answer must start with the realization that you and one second
are not the appropriate contexts of time and space for understanding this natural
phenomenon. The proper context for a single human hemoglobin molecule is all
of space and all of time. The appropriate context for your hemoglobin molecules
is one of your cells over your lifetime. The molecular information content of a
single hemoglobin is virtually infinite within the context of an entire “random”
universe for all time. This information content goes way down, however, within
your cells because the information system is already organized around the
molecular languages in your cells. This “pre-existing” molecular information
allows your cells to process enormous amounts of molecular information reliably
and efficiently. Not only did the translated molecules need to evolve, but the
languages of translation need to evolve as well. This took lots of time. In this
light, each translation is a compressed form of evolution. Molecular translation is
the evolution of structural information in the proper time and molecular context.
Both, the molecules and their specific languages, are part of a specific molecular
environment, and it is the environment that defines and quantifies the molecular
information therein.
Approximately five amino acids are added to a peptide chain per second
during routine protein synthesis. The molecular motion is random, so think of all
the molecules that collided with the growing chain and perhaps “could have”
been chosen during that period of time. Think of how big a tRNA is relative to a
codon and think of how similar all the tRNA are to each other. Think of how
many different molecules are in the cell and how they might possibly screw up
this process. Think of how many tRNA must be “tried” before the right one is
found. Think about how incredibly precise and reliable this process has become.
Of course, keep in mind the scale. On this scale of space one second can seem
like an eternity to these molecules. However, this process represents an
enormous amount of molecular information stored in the system because it has
been a long climb up mount improbable.
Life depends on catalysis. This usually means that chemical reactions
that are not likely to proceed on their own are catalyzed in time so that they can
proceed reliably and quickly. This produces a time-compression in the reaction.
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The time of expectation is greatly decreased. However, we have failed to realize
that life has also depended on structural catalysis and information catalysis at
every scale of complexity in the system. Just like an enzyme catalyzes a
chemical reaction, a molecular language catalyzes a sequence of events that
decreases the time of expectation for the appearance of structure and for the
creation of more molecular information. This is what I mean when I describe
expansion and acceleration of complexity, as well as expansion of structure and
information in living systems. It is negentropy. It is catalysis of structure that
leads to molecular sequences. It is catalysis of molecular information that leads
to proteins, cells, people and even culture. It is catalysis that leads to life.
Realizing the unavoidable complexity of this system also must make us
wonder whether we will ever be able to understand it. We know that we can
partially idealize it somehow, but at what cost to our understanding? We must
start by differentiating the sets of things to understand. Molecular information
must exist on many complex levels. This appears to be the basic strategy taken
by life in creating the system itself. In a perfectly random molecular world there
are too many possibilities for molecules and events, so life gains control first by
greatly restricting the sets. It also keeps things highly consistent so as to
minimize the number of logical relationships that must at some time be
accounted. For instance, there are many possible amino acids, but life
consistently uses only a few, and the ones it uses are logically related to each
other. This is the first principle of organizing molecular information and its many
languages of translation. The act of recognizing these few sets of nucleotides
and amino acids can be accomplished with an equally consistent set of proteins.
However, the act of structuring sequences of these amino acids is an inherently
less consistent sequence of events. Therefore, life employs a fleet of larger
structures – tRNA, mRNA and rRNA – to efficiently translate the minimum
required structure into sequences of amino acids with the minimum number of
sets, and a decreased number of elements in each set. Should life find that
additional structures have become required, life merely expands the sets. All of
the structures at all times must remain consistent; otherwise, the number of rules
and amount of required information will increase exponentially. Life tries to
economize, and symmetry is a great way to keep this internal expansion of
primary sets from occurring.
All of the distinctly different sequences of DNA are quite literally distinctly
different molecular structures. Life has the ability to operate on these differences
in logical ways through space and time. A set of tRNA structures can logically
and physically be idealized as efficient yet flexible instruments of information
expansion in time and space. Although sets of tRNA vary greatly among
different organisms, their basic structural logic does not. However, different sets
of tRNA naturally lead to different dialects in languages of translation. These
sets of tRNA cannot reasonably be excluded from our idealization of the genetic
code, because they translate an important portion of its logic in time and space.
The genetic code is not a single language but a highly consistent set of related
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languages. Its consistency is not a simple accident of descent, or a feature of
some mythical last common ancestor. Rather it is a tightly organized, incredibly
biased reflection of shared primary logic, or the unavoidable traits of our first
common ancestor.
All of life’s sets of molecules and languages for logically relating them on
earth are intensely biased. They are all tiny subsets of those that are logically
possible, and they all remain incredibly symmetrical with each other. This is the
exact same notion that led life to give domination of the system over to DNA,
protein, the codon table, multi-cellular organisms and sexual reproduction on
earth. They are all basically combinatoric strategies that allow the most
information to be maintained in an efficient way, while still expanding the sets
through time and space in an effective manner.

Expanding our view of molecular information.
Defining and modeling molecular information is an inherently complex
task. I have no illusions that I am able to do it in any practical way, but I do firmly
believe that we should now begin a rational process of idealizing it in a more
useful way. I do not have the specific answers and methods required, but I can
begin the general process of outlining and organizing the basic parts, and
thereby we can begin along the difficult yet important path of defining and better
understanding molecular information.
Before molecular information can be properly modeled, one must first
recognize a fundamental difference between the information contained in any
single molecule and the information contained in much larger molecular sets, or
that is to say molecular arrays containing many interrelated organic molecules.
This is especially important once one recognizes that the genetic code is a
phenomenon of the latter and not the former. It is an organic molecular function
operating in nature, and at a minimum it results in the synthesis of whole proteins
not just amino acid sequences. The genetic code represents in reality the
molecular algorithms involved in a complex evolution of molecular array
information through time. The genetic code is, therefore, strictly a function of
molecular arrays and not of individual molecules.
First admitting broadly the utility of any concept of molecular information
allows us to then view single molecules as individual data objects. The basic
properties of each object are defined by the atomic structure of a particular
molecule given the specific probabilities of “all possible” structures for that
molecule. There are many molecular structures for any molecular sequence, and
they are all namable. Of course, composition is always a derived subset of
sequence, and sequence is always a derived subset of structure. However, this
hierarchical relationship is complicated further by the fact that molecules –
especially organic molecules - must be placed into a specific context to ultimately
derive their total information content. A single complex molecule, such as
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proteins and DNA molecules are, can visit an elegant ensemble of logically
related structures during a given unit of time within a particular context. They
also can change physical properties quickly depending on the specific
environment in which the molecule exists. Heat and pH are two simple yet
undeniably important examples of how environmental variables can play upon
the complex task of elucidating total molecular information. Therefore, we can
know that organic molecules are chemically, spatially and temporally dynamic
data objects that must always be considered on the backdrop of time and
circumstance.
Compared to a relatively simple idea of molecular information, the general
concept of molecular array information is far more complex. The actual
existence, quantity, character and “meaning” of individual molecular information
is dependant on the total array of molecules in which any individual molecular
data object exists at any particular moment in time. The situation is unavoidably
complex because each object actually contributes to the information of the array,
yet the precise information of the object is strictly determined by the array itself.
For instance, a specific protein molecule can be partially defined by its overall
structure. This structure must always subsume its sequential identities of
residues, or its linear amino acid composition, but it also interacts closely with its
environment, including other protein subunits, such as when it becomes a
quaternary structure, or a total protein. The totality of the molecular information
of this single data object is derived from and dependent on the total environment
in which it resides and the specific molecular array to which it belongs. If we take
this individual protein molecule out of one environment and array, and place it
into another, the quantity, quality and “meaning” of this molecular information can
change dramatically.
This difficult concept can perhaps be grasped by imagining the transport
of a protein from an extracellular to an intracellular environment. The shape,
functions, and interactive capacities of the molecule are thereby demonstrably
changed. The basic molecular information of this protein is changed in a
quantitative and qualitative way. The illustration is more dramatic when we
consider the case of a prion, a case where a single data object has the capacity
to change the global information of an entire molecular array. This situation can
lead to catastrophic disruption of the receiving molecular array, its information
content and structure. Likewise, the simple addition or subtraction of heat from a
system will change the information of an individual molecule as well as the
information of an entire molecular array.
The case of messenger RNA gives us another simple yet fundamentally
different example of this general concept. Messenger RNA, like DNA, has the
ability to combine portions of its structure with other portions of its own structure
to create a distinct superstructure. So, included in the environment for an mRNA
must be the mRNA itself. If the rest of the environment and array includes such
molecules that an mRNA does or does not actually combine with itself, the
molecular information of a single mRNA can be dramatically impacted by this
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single determination. The information of that same mRNA is also dependent on
whether it is in or out of the cytoplasm, and therefore has or has not been given
the capacity to “translate” information to other molecules in the array, or whether
the heat or pH is relatively high or low so that translation is more or less
probable. The actual molecular information for that mRNA molecule cannot be
formally determined without knowing the exact context of the molecule, or more
precisely without knowing the specifics of all the other data objects in the
molecular array.
This is the general recursive context from which we must struggle to
define and understand the genetic code. There is a distinct and profound form of
complex relativity involved in molecular information of all kinds. Molecular
information is relative to time, space and other molecules. The act of modeling
and quantifying such a thing will be immensely complex. This lies in stark
contrast to all prior efforts to model the genetic code. The classic model of the
genetic code is cherished for its simplicity, yet it utterly fails to capture the real
complexity of the natural phenomena it purports to model. It is constructed on
the three simple premises of 1) co-linearity of molecular composition, 2) directed
flow of molecular information, and 3) thermodynamic predetermination of protein
structure. It is grossly inadequate as a definition of molecular information, as well
as the supposed functions involved in its translation.
We can begin to appreciate the difference between this old model and a
new expanded model by drawing a picture of the broad relationships in the new
model. This less-simple picture is meant to replace the all-too-simple icon of the
genetic code as dictated by the central dogma of molecular biology.

Figure 2.
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Figure two is a cartoon or visual icon that serves as a general framework
for understanding the basic structure of a more complex and robust natural
molecular function that we might somehow metaphorically call the genetic code.
It accepts the definition of the genetic code as a function that evolves discrete
portions of a molecular array through time. Evolution is taken to mean the
organization of information through time, and there are three levels of evolution
that must be considered with respect to the genetic code. First is the evolution of
discrete molecular information that results in the formation of a single protein.
This is the standard, accepted, if incompletely defined and inaccurate meaning
today. Second is the evolution of the entire molecular array as this function is
performed. Third is the evolution of the entire system of translation here on
earth. All of these time scales or orders of molecular evolution should be taken
as enlightening toward our conceptualization and understanding of molecular
information and the genetic code.
The code itself is a distinct entity like any individual molecule. It resides
within and is made of a particular molecular array. It represents not a cipher but
a time sequence of molecular events. It is an algorithm that molecular arrays can
follow in time and space to achieve specific forms of molecular evolution. The
code itself can and does evolve. It is universal in the sense that major features
of the code can be detected across the grand diversity of arrays that perform it,
but in its actual particulars it is far from universal. As the specifics of arrays
change, so do the specifics of the actual algorithm.
Beyond the general concept of a molecular array, there are two main
features that differentiate this kind of model from past models. However,
because the past models are of molecular composition only - this model holds
that structure always subsumes composition - this model subsumes past models
completely. In other words, whatever could be done with past models can also
still be done with this one, but so much more can be done with it as well. This is
simply a more robust interpretation of molecular events through time. Two
additional differentiating features of this basic model - beyond complex arrays of
information - correct the demonstrably false ideas derived from the central
dogma of molecular biology and the single target hypothesis of protein folding.
Starting with the central dogma of molecular biology, which says that
information is contained in linear compositional sequence and transmitted
stepwise to other linear compositional sequence, we can see that this is an
utterly failed premise of molecular information. The visual icon of this dogma is
usually viewed as follows:

Figure 3.
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This is, in fact, not at all representative of the known empirical data. In
reality, DNA does not in any way control the synthesis of protein, nor does it even
control the formation of more DNA. The information does not merely flow in one
direction. A broader more enlightened view might reverse the molecular roles
here. We now know that protein controls virtually all events within a molecular
array. This includes the operations that form a protein sequence and a protein
structure. It also includes the operations that form sequences and structures for
DNA and RNA. Indeed, without protein, no DNA, RNA, or protein will ever be
made. Protein gives information to the molecular array and derives information
from the molecular array. Merely because a portion of that information is stored
– by protein – in the data objects of DNA does not give us license to draw
absolute conclusions about the origin, function, quantity or flow of that
information; however, this is, in fact, being done with the central dogma. To
correct this historically false and overly-romanticized conceptualization we merely
need to reverse the visual icon of the central dogma and add a few more
symmetrical arrows of information flow. It now appears, predictably, that the
central dogma gets the general relationships entirely backwards.

Figure 4.
The second profound distinguishing feature of this model involves the
single target hypothesis of protein folding. This was erroneously derived from
Christian Anfinsen’s Nobel Prize winning thermodynamic hypothesis of protein
folding, which states that thermodynamic forces acting on protein composition
will play a primary role in determining protein structure.
This is true,
thermodynamic forces do indeed play a very big role in determining protein
structure, but they are not the only factors that determine protein structure.
There are many empirically demonstrated factors other than primary sequence
that play a role in protein structure, and they all somehow are derived from the
environment and molecular array. Amino acid sequence is only one of them.
We have yet to determine what all of these factors are, where, how and when
they operate in the algorithm, but we have conclusively proven that other factors
do exist and they are indeed a part of the genetic code as it should be properly
understood. The fact that “silent” mutations can and do alter the folded
structures of proteins is all we need know here. There are, on the other hand, no
definitive studies that should allow us to accept the single target hypothesis. It is
the dog that did not bark, and it can now easily be rejected.
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As we finally move beyond the failed hypothesis of a single target of
structure for any protein composition, we can quickly see that it greatly
complicates any new model of the genetic code. Instead of a protein data object
with merely a single possible structure, we must perceive that any protein indeed
has many possible structures. This ultimately means that the quantity of
information contained in any protein is a function of the number of possible
structures for that composition. The structure can be formally defined by its
sequence of peptide bonds, and the composition is merely a derivative thereof;
not the reverse as is commonly and erroneously concluded from the single target
hypothesis.
An analogy for understanding this was provided me by Richard Merrick
who used the classic game of twenty questions. The game is played by first
imagining an object from the set of all possible objects. Another entity then
begins a process of asking questions designed to algorithmically identify the
object. It proceeds via a system of channeling the unknown object into
categories or sets of objects. A complex process of logically juxtaposing and
interrelating these sets inevitably and miraculously can lead to the identification
of the unknown object. A new and informatively expanded model of the genetic
code adopts a similar perspective on the process of forming a specific protein
from the set of all possible protein. Instead of questions, the protein is channeled
through time toward its eventual destination by a series of events that are
dictated by the information contained in the molecular array. Each protein
structure is but one of many possible structures, but that structure is reliably
formed by the existence of other molecules in the array. For us to begin to track
the molecular information in a single protein data object, we must at all times
track its sequence of peptide bonds, or its time-dependent structure. At some
point, each sequence becomes thermodynamically robust and therefore requires
little to no further channeling.
From this broader perspective of molecular information and models
thereof, we can see more clearly where the old model fails and how a new model
can improve upon it. We can see that the premises of co-linearity, the central
dogma, and the single target hypothesis define the old model completely.
However, we can now also see them as an all-too-simplistic tautology: the
genetic code is simple and linear because a protein can fold in only one way. A
protein can fold in only one way because the genetic code is simple and linear. If
this were empirically true then it would be logically sound, but it is empirically
false so it has become logically meaningless, and all derived explanations are
meaningless as well. This tautology has predictably failed us, so we must start
the new process of modeling by rejecting it completely. The key elements of the
old model must be discarded before the key elements of a new model can be
installed and begin to make sense to us again.
The first step, after the rejection of the old model, is to begin the difficult
process of defining molecular information. We have broadly done so here by
admitting the relativity of molecular information, it is always relative to something
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much larger and more complex, which here is described as molecular array
information. Furthermore, all of these concepts must be firmly grounded on the
concept of evolution. Time is an essential component to understanding
molecular information and its organization through time. The genetic code is an
algorithm that evolves molecular information; therefore, it can never be fully
understood outside the context of time on many levels.
As this new method of conceptualizing and modeling molecular organic
information is finally debated and developed, we will recognize a pressing need
for a formal language to do so. Since the model involves pure information, which
involve quantities and the interrelationship of quantities, the formal language of
this model must take on a distinctly mathematical flavor. It will not be a simple
language because it is not a simple system that we are modeling. Since the
system involves fundamentals of space-filling and has been organized by clear
principles of symmetry, we can imagine that the best language to describe it will
share many features with geometry. Also, since symmetry is a hallmark of the
organization of this system, we can expect that group theory and a language of
molecular sets will prove useful as well. Since it is a code, cryptology will come
in quite handy. Since the components of the system are highly interrelated and
perpetually changing in subtle, complex ways, we might expect to also find
elements of calculus that will eventually prove enlightening. Since our work is a
human metaphor for a molecular metaphor, we can not accomplish this difficult
task without heavy doses of linguistics and philosophy. The scientists of the
future will perhaps focus more attention on math, linguistics and mineralogy than
have the chemists and biologists of the past in their attempts to model the
genetic code. At bottom, we still do not have enough command of the pertinent
concepts to define a workable mathematical language today; however, we can
anticipate that this crucial development of the model is in our future.
Despite the fact that we are not able to precisely define the exact
components and their interrelationships within the system today, we are
nonetheless able to make general observations about the information system, its
origins, basic structures and patterns of operation. It is a self-organized system
of molecular information that is founded on principles of complexity. The
direction of evolution of this system is toward increased levels of complexity on
all scales. Third order levels of evolution select for and perpetuate components
of the system that can lead to evermore degrees of complexity. Symmetry of
components in both time and space provides the best tool available for the
system to accomplish this goal. A related observation is that information actually
expands during evolution of the system at all time levels of evolution in this
system. This is clearly true on the third order where the system can be seen to
expand and increase in complexity and information quantity through time and
throughout all life on earth. In other words, there is more organic information
today - in the form of molecules and languages - than there was at the time of its
origin, and this pattern of expansion can be seen to be increasing exponentially
as the system continues to evolve. On the second order time scale we can see
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that molecular information expands as the molecular array performs the genetic
code. Proteins are added to the array, which then merely participate in the
processes occurring within the array to fulfill the basic expansion pattern.
However, even on the first order level we can see that molecular information
expands during protein translation. There is far more molecular information
contained in an individual protein than is contained in a nucleotide sequence
before it is translated. The genetic code merely imparts this robust set of
molecular information upon the protein data object as the molecular information
evolves within the system. It is on these kinds of fundamental points that we can
finally recognize the failure of the old model, as well as the need for and utility of
a new model of molecular information and the genetic code.

Expanding our idealization of the genetic code.
As our concept of molecular information expands, so should our
idealization of the genetic code. We only now have generalities, but countless
specifics will eventually be required. Here are some commonsense steps toward
finding those specifics:
•
•
•
•

Locate molecular events in time.
Define molecular events in space, including molecular sequence events.
Fully integrate molecular information between nucleotides and proteins.
Explain the desired function of the code, the various mechanisms to
achieve that function, and the evolutionary path toward present day
mechanisms.

On choosing a model to represent and understand the genetic
code.
Information is real and exists in many forms. It is translated from one form
to another by pure logic. Wherever information is translated, a language exists.
Languages organize information by determining the nature of translation for that
information, and so languages themselves become a form of information. The
genetic code is real and it is a real language comprised entirely of molecules, but
we have yet to identify this language in nature and perhaps never will. We do not
understand the information it translates and we have yet to recognize the
information represented by the genetic code itself.
The universe of molecular information is large, diverse and in constant
motion. All of the molecules and forms of information must be taken relative to
each other, which makes knowing this universe quite complex. We might never
know the specific codes that dictate all of the motions, but we can know that logic
is the gravity that binds them all together. Despite the vast diversity and constant
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motion, the code of life shares a common logic, and this we can know. And while
there is a force of logic that is bringing molecular information together, so too is
there a natural force driving things apart into more permutations, and into more
complex permutations. Life may use a common search method, but the results
of the search guarantee an ever-increasing diversity in life.
The primary job of science is to make sense of the universe. Some of the
explanations of the universe emanating from science today make sense and
some of them are purely senseless. The current model of the genetic code,
based on an inherently illogical definition of molecular information, is generating
explanations that are completely senseless. They are devoid of basic logic and
reason, and people who argue them are merely being unreasonable. We must
start over from scratch with a proper, logical understanding of our knowledge and
system of knowledge. Only then can proper languages and models effectively
expand that knowledge. A proper definition of molecular information and a
proper model for the genetic code are the best possible places for us to start
understanding life in this universe. May the important debates finally now begin.
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Symmetry Organizes the Language of Life
by Mark White, MD
Copyright Rafiki, Inc. 2006.

“When I am working on a problem I never think about beauty. I only think about
how to solve the problem. But when I have finished, if the solution is not
beautiful, I know it is wrong.”
Buckminster Fuller
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Introduction to Life
The ambitious goal of this paper is to convince the reader on the truth of
the following Statement: Symmetry organizes organic matter. In other words,
living systems exhibit distinct patterns that are best defined by their inherent
symmetry; therefore, symmetry can be the primary organizing principle that
drives the evolution of these patterns. One will perhaps arrive at this same
position simply by noting that symmetry organizes inorganic matter, and
inorganic matter somehow organizes organic matter. This is merely a statement
of the related beliefs that there is symmetry between inorganic and organic
matter; that there are universal symmetry languages, and they are organizing the
universe by compounding those languages in larger and more complex ways.
The universe has languages at sub-atomic, atomic, and molecular levels of
complexity, and all of them can be seen to operate on first principles of
symmetry. Indeed, I will argue that symmetry can be seen as the primary
organizing principle that allows complex molecular languages to ever evolve at
all.

Symmetry Subsumes Even Geometry
Symmetry represents the invariant property of things when they are
transformed into other things. One might say that symmetry is change without
total change. Transformations of things inevitably occur, yet those things can
remain unchanged in some way. This quality of changelessness is independent
of the specific nature of the thing in question. The spokes of a wheel, the points
of a triangle, the tiles on a floor, the colors on a color wheel, the tones in a
musical scale, the Yin and Yang of any cosmology are all examples of our ability
to naturally recognize symmetry in widely disparate things. Many things are
inherently symmetrical in various ways. Consider any human language and how
it might be described as “recursive metaphor.” This means that all meaning is
derived by comparison to the meaning of other things. In other words, meaning
is always symmetrical between the things of comparison. Again, this is an
example of how inherent symmetries can be the foundation of language itself.
It must then begin to seep into one’s mind that our informative universe and thereby our unique perception of it - is somehow constructed on symmetry.
Just as symmetry drives the construction of geometry, and geometry is merely a
language or basic human tool for higher mathematics, symmetry could also drive
the construction of living information systems. Symmetry offers a tempting,
logical and powerful structural platform for any molecular language to find its
legs. Symmetric molecular languages are found in basic chemistry, physics and
crystallography, so too could symmetry have served as a primary tool of nature
toward forming the still more complex pattern of molecular evolution in life on
earth. Symmetry might be the only way for this to ever happen.
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It is self-evident that any system of geometry that advances mathematical
ideas about natural phenomena must first be made consistent with the inherent
symmetry of the phenomenon in question. This idea holds equally true toward
seeing the visible beauty of platonic solids as it does for the mysterious physical
properties of sub-atomic particles, objects that by their bizarre nature must
remain forever hidden from direct human observation. Although human systems
of geometry have become surprisingly exotic over the past two centuries – as
they need be - and these several forms of geometry can now appear to vary
wildly depending on our specific investigative needs, symmetry itself is thought to
belie an inviolable principle sewn into the fabric of the universe. So, a general
concept demands our attention here, and the concept is far from obvious.
Indeed, it is not at all self-evident that pure symmetry must subsume all else,
including simple things that are as fundamental to us as basic geometry. This is
precisely why we must now carefully consider the idea that it does. After all, it is
intuitive to anyone that common geometry should somehow create symmetry, yet
it is seemingly absurd that any abstract notion of symmetry actually ties together
all of our various manifestations of geometry. However, it is just this idea that
supports many sophisticated concepts in contemporary science. The most
prominent example is our understanding of general relativity in physics. We are
now convinced that the geometry of space alone is inadequate to allow any
addition of time to the system, and so new geometries were created to
accommodate extra dimensions and their unique patterns of symmetry. It is
entirely possible then that a similarly general view of universal invariance, based
on abstract symmetry principles, might also greatly benefit our understanding of
molecular information at the most basic level of biology. This would give us yet
one more example of universal symmetry: that being the symmetry between the
organization of organic and inorganic matter.

Problem Solving
Think about the inherent symmetry involved in problem solving. Problems
imply solutions and these solutions somehow imply the problem that leads to
their existence.

Figure 1.
Yet this is only the beginning. Most of us realize that solutions themselves
often lead to the existence of new problems. Of course, this risks an explosion in
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the chain of causality, like the woman who swallowed the fly. After all,
sometimes the solution is the problem, or more accurately, the solution becomes
a bigger problem than the original problem it solved. This is generally known as
the law of unintended consequences, and it pops up everywhere. It pops up in
human relationships, in the practice of medicine, in science, but most prominently
in our system of laws, or the formal act of legislative problem solving.

Figure 2.
Now think about creative problem solving. What is it? It is the generation
of potential solutions as summarized by the idiom: There is more than one way
to skin a cat (a truly disturbing idiom). After all, the most creative problem
solvers are not the ones who come up with the “best” single solution but are the
ones who come up with the most number of possible solutions from which to
choose. In addition, they also tend to be the ones who best recognize how
problems and solutions can go together in the optimal way. Creative problem
solving involves the act of surrounding a problem with all possible solutions and
then picking the solutions that solve the original problem without leading to an
exponential expansion of derived problems.

Figure 3.
We might say that the best problem solvers are the most creative and also
the most symmetrical problem solvers. Mother Nature is an excellent problem
solver, and her handiwork in life displays an enormous amount of creativity and
symmetry.
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The Problems of Life
Life poses many problems. It would be good then if we could simplify life’s
problems down to terms that we can more easily understand. This way, perhaps,
we could better understand the solutions that life has found. We can grossly
reduce life’s problems down to purely molecular terms, and we can grossly
reduce these down further to two problem categories: building and searching.
Life must build molecules that persist, and life must build molecular systems that
persist. This naturally leads to the problem of finding molecules and molecular
systems that can persist.
Life can only build those molecules that are build-able. So, life must build
its molecules mostly by combining molecules that have already been built. This
combinatorial system of escalating molecular construction leads to the building of
more complex molecules through time. It also requires a system of searching
that is related to an expansive trial of endless combinations of ever-expanding
possible combinations. Any system of building and searching complex molecular
systems can be called a molecular language. It would be good then if life could
somehow combine its solutions for building and searching so that they are
integrated into a system of solutions that solve the problems that they
themselves create. In other words, it would be good if life used symmetrical
languages, and it would be good for life to practice creative, symmetrical problem
solving. This appears to be exactly what life does.

Figure 4.
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Life’s problem of building molecules today has a symmetrical solution.
Proteins are symmetrical with nucleotides in that they each help build the other.
The information that is stored in DNA is unpacked into a diverse population of
proteins. That same information is looped back upon itself to build a diverse
population of nucleotides. The relationship between sequence and structure is
also symmetrical. Molecules must be built from sequences and they must
always exist as structures. Life selects a system of molecules that is able to
make sequence and structure simultaneously and in both directions. The
processes of building and searching these sequences and structures are also
very symmetrical. The genetic code must select structures and select sequences
that not only can be built, but also can participate in the processes of finding and
building more sequences and structures. The genetic code is ideally structured
to relate all of these things: sequence and structure, search and build,
nucleotides and proteins. The genetic code, when taken in the broadest context,
is a remarkably symmetrical language. It needs to be this way. The genetic
code encompasses all logical relationships between nucleotides and proteins.
The molecules themselves are highly symmetrical and always exist as specific
structures. The genetic code is quite simply a symmetrical language of
molecular structure. The idea is simple but the language itself is complex. The
genetic code is not a simple language of sequence. It is a complex language of
structure that builds sequences of molecular structures in both time and space.
The easiest way to conceptualize this general process of molecular
symmetries is to consider a common method of life as seen in its dogged use of
sexual reproduction. The term sexual reproduction is a classic oxymoron
because the goal of sex is to ensure that things do not get reproduced. The goal
of sex is to produce; not re-produce. Sexual reproduction is simultaneously a
function of life’s desire to build and search. Once organisms have proven their
ability to persist, they are granted the opportunity to produce, or in these terms to
search. This is the nature of Darwin’s idea of natural selection. Life does not
content itself with replication but instead it elaborately pursues a method of
generating endless novelty. The problem of generating complex molecular
systems - ones able to persist - is simultaneously solved by surrounding the
problem with endless potential solutions. Natural selection allows only those
solutions to persist that prove to be more capable of persistence than their rivals.
It all comes down to which level of complexity that we are willing to grant the title
of “solution”. Darwin realized that an entire species constitutes a solution in
some sense, and we now know that this type of gross categorization can be
employed up and down the complex hierarchy of living systems – perhaps even
into the realms above and below living systems as well.
The method of building a complex living organism might be termed
embryogenesis, or less specifically it can be called ontogeny. It requires the
decompression of complex molecular information stored in the genome of every
organism. However, this basic system of building is also tightly integrated with
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life’s system of searching. During your own embryogenesis, your body built a
miniature factory that should ensure your ability to sexually reproduce. It is
contained either in your ovaries or your testicles. These genome R&D factories
are tasked with the job of permuting your genome into a complex and diverse
population of cells – either sperms or eggs – that do not contain your genome but
do contain many novel combinatorial versions of only half of your genome.
These cells are then tasked with finding a suitable partner for combining wholly
separate genomes in the creation of an entirely novel genome. For this to ever
happen, genomes must be incredibly symmetrical objects, and so they are. Your
genome must have the capacity to disassemble, invert, complement, transpose,
mutate, and recombine itself into one half of a viable genome. It must also then
be globally symmetrical enough with other genomes that it can combine with an
entirely separate and entirely novel genome-half, and so it is.
This same pattern of deconstruction, reconstruction and combination can
be seen in all of the processes of life up and down the grand hierarchy. This is
symmetry writ-large on the grand pattern of life on earth. Lateral gene transfer is
now a well-documented phenomenon that spans the range of complexity from
viruses and phages up to trans-species co-mingling. It even exists within a
single organism in the form of multi-gene copying and chimerism. In a grossly
perverted sense it can be seen at the level of an individual protein in the form of
a prion. Genomes and sexual reproduction are an example of symmetry and
how life absolutely requires it to perform its fundamental tasks of building and
searching within all complex molecular systems.
Nature’s language of
embryogenesis is a stunningly creative and symmetrical language in this way.
One level below embriogenesis in life’s complex pattern of interrelated
molecular languages lays the languages of individual molecules. The most
prominent and important language at this level is called the genetic code. The
genetic code is a human metaphor for the language life uses to make proteins.
Life makes proteins in a complex, creative and symmetrical way; therefore, the
genetic code must be a complex, creative and symmetrical language, and so it is.
Life stores protein information in DNA. It translates this information
through a series of intermediates into protein. The DNA, the intermediates, and
the protein are all complex, and so too is the method of translation. The
information itself is complex because it exists only as a relationship between
many complex molecular structures. This same information must be symmetrical
enough that it is able to loop back on itself – mostly in the form of protein - during
the task of generating more DNA, more intermediates, and more protein. Life’s
basic problem of building complex molecular structures cannot be simplified
more than this; however, we can note that the actual information contained in all
of these structures somehow remains the same. It is change without change. It
is a highly symmetrical system between DNA and protein. The problem of
making DNA and the problem of making protein are symmetrical problems that
have symmetrical solutions. That’s how life always solves its problems.

117

On the simplest possible level, the task of building a protein involves
making a string of amino acids. This could never be the only level. This function
can be partially seen in the correlation between codons and amino acids, what
we call the codon table. Integrated into this task, yet somewhat hidden by the
codon table itself, is the task of finding new proteins that would somehow be
suitable for life to build. Life solves this search problem with huge amounts of
symmetry. It solves it in basically the same ways that it solves all problems, as
illustrated above by the example of sexual reproduction. Life modularizes
solutions in a symmetrical way so that they can efficiently and effectively
recombine into more solutions built from existing proven solutions. This is how
life generally “pre-finds” solutions to unknown problems: by guaranteeing an
endless supply of potential solutions that are derived from existing solutions. For
this to work, life must logically start with a stock of symmetrical solutions.
Virtually all proteins are collections of sub-sections. Entire peptide chains
combine, as in the case of hemoglobin, to form larger structures. Entire protein
populations combine to form larger, vastly more complex supra-structures. Each
peptide chain itself is a collection of sub-structures known as domains, and in
more reductionistic fashion known as secondary structures. (Primary structures
should be seen as the translated sequence of peptide bonds not amino acids.)
The translation of protein is performed by tRNA, which must be considered as a
modularized sub-structural intermediate in the process. The tRNA interact
directly with mRNA, which itself is a collection of many sub-structures called
introns and exons. The entire mRNA is merely a sub-structure of the DNA from
which it is transcribed, and the DNA consists of many sub-structures of the
genome as well. There can be no doubt that proteins and their agents of
translation are highly modular entities. There can be no doubt that the many
modules must all remain symmetric with respect to themselves and with respect
to the many structures on which they depend.
Building a protein is one thing, but finding new proteins that are suitable
for building is quite another. Naturally, life has invested heavily in its protein
search methods. Life has the option of making new proteins out of old (prionlike), making novel proteins from the combination of old protein parts (immunelike), or making entirely new proteins (mutation-like). It does all three. The prionlike method can be witnessed, naturally, in the case of prions. This general
method has been grossly underappreciated because of a heretofore
unreasonable insistence that it cannot be done. However, it can and is done
quite frequently. Every sequence of amino acids can fold into more than one
protein structure. In fact, it is almost certain that this technique is even done at
the lowest levels of the genetic code. In other words, the genetic code has the
ability through “silent” mutations plus other downstream methods to generate
more than one protein from a single sequence of amino acids. It is not now nor
has it ever been locked into single protein structures from any sequence of amino
acids. The immune-like system of making new proteins is well-documented.
This involves combining and recombining existing protein parts in an effort to

118

explore “all possible” combinations of those parts. However, the same method
can be seen at the level of transcription itself, and at the level of transcription
editing in the form of exon-shuffling, or domain shuffling of all kinds. The
mutation-like search method of proteins is well-documented yet over-emphasized
in general. It surely plays an auxiliary role in hardcore protein searches. It is just
too slow to be of primary importance here.
Perhaps the least appreciated but the most enlightening example of
symmetry in the genetic code is the symmetry of codon assignments. It is widely
acknowledged that the pattern of assignments between codons and amino acids
is well-equipped to build proteins, but into this is tightly integrated a remarkable
search function as well. The pattern of codon assignments represents a
symmetrical solution to the simultaneous problems of building and searching
proteins. This solution is also tightly integrated into the symmetry of genomes
and the symmetry of entire protein populations.
The frequency with which life finds specific new proteins to build is directly
related to the probability that any particular protein will ever be found. The more
random is a particular protein the less frequent it will appear. Therefore, proteins
that are already found are the ones most likely to form the basis of new proteins.
Parts of existing proteins are most likely to become the parts of new proteins.
This system becomes intensely biased toward symmetry in this way. Life has
taken advantage of this statistical fact by ensuring that the translation of existing
proteins is symmetrical with the translation of all possible variations of that
protein. Because of the strong natural symmetry of genomes, the most likely
new proteins are the ones that derive their identities from symmetry
transformations of old proteins. This occurs by transforming nucleotides in shifts,
inversions, complements, transpositions and translocations.
The codon
assignment pattern anticipates this so that proteins are not just built efficiently in
their standard reference frames but are also built efficiently (i.e. protein-like) from
all transformations of their reference frame. The codon table and its entire
genetic code language, therefore, are highly creative and symmetrical things.
The entire pattern of codon-amino acid assignments is a highly symmetrical
pattern that tightly integrates many symmetrical protein and nucleotide functions
into an effective whole.

Time Symmetry and Life
There is a tremendous amount of symmetry in the long time-course of life
on earth. Processes and patterns that emerge early in life’s path also get
repeated later at higher levels of complexity in the grand pattern. Most all of
these patterns involve the generation of new complexity through combinations of
existing patterns. The net effect is that life increases complexity at an
accelerating rate through time, and it expands the information contained in life’s
many organic systems. Life catalyzes the increase in information, structure and

119

complexity during normal operations of life through time. We should rightly
perceive life as a single molecular system on earth. It is not a single thing or a
single event but a vast and complex process. It is made of many subsystems,
but all of the sub-systems share important features, and so they must remain
symmetrically related.
The genetic code is a good example of a shared sub-system of life.
However, it has been used as an example in a decidedly bad way. It has been
offered up as simple proof of a “last common ancestor” here on earth. This
concept, regrettably first introduced by Darwin himself, is preposterous on its
face. This is especially so now that we know so much more about life than we
did at the time of Darwin. Sexual reproduction and lateral gene transfer make
the concept of any last common ancestor wholly untenable. We must merely
imagine a simple thought experiment here to reject this concept now. Consider
the idea that a single cell could arise on earth today and become the ancestor of
all cells on earth tomorrow. Nobody would ever seriously entertain this concept
because of the complex way we know things become shuffled and recombined in
life. It is the shuffling and recombining that makes it life. However, because of
time symmetry, we should not imagine that circumstances should be
fundamentally different in past present and future logic. Because of time
symmetry the basic components in life can dramatically change yet the
fundamental processes do not. Life is an inherently symmetrical, complex
process of perpetual novelty in the vast network of potential combinations. A
shared language is an essential component of that network.
Another related example of this same concept can be seen in our
explanations of the origin of life and the genetic code. I believe that on the most
primitive level they must be seen as one and the same. Today they are not.
However, the first event in life, most logically, was the initiation of a symmetrical
relationship between two forms of molecules. Today those two forms are seen
as nucleotides and proteins. They each are now, as they must have been then,
and forever, mutually interdependent. Today it is quite fashionable to not see
things quite this way. We seem to be stuck on the idea of first eliminating one of
these molecules from our past. So, now there are exotic creation myths that
have the genetic code landing on earth aboard some insentient extraterrestrial
vehicle. The code is seen as something that somehow appeared, more-or-less
fully formed and fully functioning. From that day forward it is to be seen as moreor-less encased in a rigid, icy prison that won’t allow it to evolve further. This is
what is known as a “functional imperative.” Whereas, common sense and
symmetry dictate that we should imagine that it still is able to evolve right along
with every other aspect of modern life. This imperative produces a terrible and
ugly asymmetry between life and time. It has life evolving only to a point and
then somehow stopping. On the other hand, the near-universal nature could be
seen as some kind of functional optimum rather than an arbitrary and unknown
imperative.
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Alternatively, we now have serious proposals from serious people that
claim nucleotides arose first – in the absence of proteins – and then the proteins
appeared later only to take firm control of the molecular information reigns. This
is known as the RNA-world hypothesis. To my mind, this merely displaces the
creation myth but a half-step back in time, yet makes it still more difficult to
conceptualize. Proteins are more complex than nucleotides in general, yet they
are chemically simpler to make. How do the nucleotides rise up in the absence
of proteins? The answer, apparently, is clay, as is the case in most creation
myths. Again, the RNA-world brings to the fore more ugly time asymmetries for
life to somehow overcome.
To my way of thinking, the genetic code is synonymous with life today,
and due to time symmetry it must have been synonymous with life on the day it
began. It originated with life itself, has evolved greatly, and it is still evolving
today. The closely guarded secrets of the origin of life are now tied up in our
current lack of understanding of the genetic code. We have failed to recognize
the genetic code for what it is because we have failed to recognize the intense
symmetry that organizes all of life. Granted, the genetic code is remarkably
precise and consistent today, and it could not have been that way when it began.
But it is merely the same processes of life, operating over billions of years, which
have made it this way. In other words, the genetic code is not a reflection of our
last common ancestor but a clue to discovery of our first common ancestor. The
similarities in various dialects of this essential organic language on earth today
are not homologies; they are instead analogies merely reflecting the first
principles that have organized the language itself. Our quest for origins must
become a quest for first principles.

Summary of Symmetry
Before we can think about and understand the languages of life we must
first realize that we are at bottom trying to understand molecules. Molecules are
physical structures and molecules are based on principles of symmetry. Before
we can think like molecules we must understand the exact ways that molecules
can think. Languages must always be understood by the things that execute the
languages. The question must become: What kind of languages can molecules
actually understand? What kind of language can be shared by a complex group
of molecules so that each molecule in the group can carry with it on its back the
instructions it must follow in executing that language? How could we ever pin the
entire genetic code on the backs of a group of molecules so that they could ever
execute that code? The answer, quite logically, is that it must be a structural
code and it must be highly symmetrical.
We use symmetry every day but we hardly ever notice. We could never
get along without it. This is probably because we are built to naturally gravitate
toward and utilize natural symmetries. This in turn is probably because we are
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built of symmetries. Symmetry is a powerful tool, but we should learn to better
appreciate it and its many uses. It can bridge the gap between problems and
solutions, and it probably can be used to bridge the gap that currently exists
between our most difficult problems and their missing solutions. The toughest
problem faced in science today is how to bridge the gap between organic and
inorganic molecular systems. Symmetry will probably provide the most powerful
conceptual and linguistic tools here because symmetry has organized the
languages of life.
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