Information
We have said quite a bit about the concept of information without
describing it in any formal sense. Information theory is a mostly mathematical
field, illuminating a diverse collection of ideas. While working at Bell Labs in
1949, Claude Shannon formally marked the launch of information theory with his
paper titled “The Mathematical Theory of Communication”. It came at a time
when biochemistry was blazing trails into genetics, so it was natural that
information theory played a huge role in forming the discourse around the genetic
code.
Information theory has since exploded with the proliferation of
microprocessors, home computers, communications applications, and a plethora
of “smart” devices. Although it seems there is something mystical about
information theory; there isn’t. It is a sometimes puzzling but always powerful
tool in detecting beautiful patterns in the universe. It underpins a pattern of
thought familiar to anyone who has ever tried to program a computer.

Jackson Pollock
Autumn Rhythm (Number 31)
Earlier I proposed a theoretical framework of the genetic code that
amounts to a synthesis of information theory and crystallography, which begs the
question of how a crystal can use information to become alive. There is an
answer that has at least two parts. The first part, which we already addressed, is
a crystal must have the ability to be regularly irregular. The second part of the
answer is a crystal must leverage and expand information. If we are to
understand the genetic code then we must understand both symmetry and
information, and we must be able to wed the two. This is where the rubber hits
the road in the Rafiki model. Unfortunately it is an intellectually and conceptually
brutal task.
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Fortunately we need but a tiny crystalline chip from information theory
here, and we shall shine a bright light through it. We cannot avoid some math,
but again we will attempt to say it with colors and patterns and metaphors, but it
is literally cryptography, and that’s why it’s hard to see. We will start with a
simple model of an information system comprised of three basic components
called a transmitter, a signal, and a receiver.

It is a one-way system in which the transmitter forms and broadcasts a
signal. The receiver detects the signal and acts on it in some way. The
information starts with the transmitter, carries across the signal and manifests in
the action of the receiver. It is impossible to implement such a system without
discussing the meaning of the information, because even at the most
fundamental level the information “means” that the system will act, but the
meaning is whatever the transmitter, receiver, or a third party observer, you for
instance, want to say it is. Therefore, the meaning is built into and dictates the
operation of the system, the information content of the system, but it is subject to
interpretation by observers. In this exercise we are going to concentrate on the
process and let the meaning take care of itself.
DNA plays the role of the transmitter, which gives us a starting point for
building a toy model. By naming DNA as a transmitter in our model we
automatically know some things about the signal. We know that it is a two-bit,
periodic signal, and for all intents and purposes it is virtually random. The trick is
to understand how a system could build itself up around a periodic, two-bit,
random signal and produce any organized output, let alone something that could
pass as meaning - or Life. Starting with the fact that DNA is a periodic
arrangement of molecules, we are told that there are only four choices for each
molecule in the arrangement - AGCT(U). We call this two bits of information, and
it is therefore a two-bit signal. This is because it only requires two binary digits
(bits) to describe any system with four choices, in this case, choices of four
molecules.
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We say that the signal is periodic because the transmitter emits two bits of
information with each and every link in the chain of molecules. DNA contains
only these four nucleic acids in a consistent, periodic arrangement, as opposed
to nucleic acids interlaced with lipids and amino acids and, … any ol’ molecule.
The signal is random because, with few elaborate exceptions, no pattern has
been found in the sequence of bases of DNA. For this exercise it’s best that we
just consider it random, as in completely unpredictable. We could know the 20
previous bases in a DNA molecule and have little chance of predicting the
identity of the 21st base. From this platform we can imagine a model starting with
a toy car and getting more elaborate as we go.
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Our car is limited initially in what it can do by the fact that it can only
receive one of four instructions. We can say the information content is “4” and
arbitrarily set the period for the transmitter at one cycle per second, which means
that the car continuously receives a two-bit instruction every second. Imagine
that a nucleic acid - a single, tiny block of color - spits out of the transmitter every
second and catches the mechanical driver’s eye. From this humble beginning
we can imagine that the car can do one of four things every second according to
the following arbitrary instructions.
Signal

Action
Go Forward
Go Backward
Go Left
Go Right

Of course, the car must contain some kind of a primitive program that
logically interprets the signal into actions. Our goal will be to constrain this
program to a logic that is as simple as possible while attempting to leverage the
information content of the signal to a maximum. The idea of maximizing
information via simplicity might appear contradictory, but tools built on symmetry
will accomplish both tasks together. The above table serves as the starting point
of logic behind just such a program. This version of the program is quite simple
(as simple as it gets) and the resulting behavior of the car is only briefly
interesting. It will randomly wander around on the floor at right angles like a
brownian particle, and we can hardly imagine at this stage how the behavior of
the car could be useful in any but the most limited circumstances. In order to
create more complex, interesting, and somehow useful behavior we must
address the structure of the program.
The “strategy” for the car must be examined before more interesting
patterns can emerge from its behavior. Two basic programming concepts must
be introduced: combination and condition. If the actions of the car (not the
messages - not yet anyway) are combined, and the car’s behavior is conditional,
then the behavior patterns will immediately become more complex and more
interesting to us. To organize and illustrate these programming tactics we can
imagine a simple map.
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The car harbors this map in its soul, and its consciousness resides at the
junctions of any three hexagons. Each hexagon represents a potential two-bit
message in the signal and therefore an action in the program. Each junction of
three hexagons contains a colored circle that represents the condition of the car
in some sense when it receives the signal. With this map we can begin to
understand how our system sees and feels its way around logically and
physically in the universe. There are still only four actions represented in the
map, so it will function with our two-bit signal, but there are now multiple possible
locations and four possible conditions at each location. We can produce four
new conditional actions and combine them with the original actions.
Notice that each condition can be identified by the one color missing from
the four possible colors at each junction on the map. For instance, condition
green is defined as the condition formed by the junction of red, yellow, and blue
hexagons. This means that there is no ambiguity or uncertainty about the
relationship between hexagons and circles, locations, conditions and actions.
We now also have two possibilities regarding the condition of the car compared
to the received signal; specifically they can be the same or different. A green
signal can occur at a green condition or at a NOT green condition, which is any
of the other three conditions, so the behavior is even more complex. The car’s
program operates upon receipt of a two-bit message by first checking its
condition on its internal map, and then it executes the combined actions
described by its location and condition. The program will contain a simple
version of this logic:
Do
Check Condition
If Signal = Condition then
Spin AND Make Fart Noise
Else
Do Action AND Do Conditional Action
End if
Loop

Signal
= Condition

Action
Spin
Go away from Green
Go away from Red
Go away from Yellow
Go away from Blue

Conditional Action
Make Fart Noise
Make Buzz Noise
Make Whistle Noise
Make Warble Noise
Make Laughter Noise

We can now well imagine that the behavior of the car has become
significantly more complex. It is moving in a grid at 1200 angles, spinning, and
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making all sorts of noise. The program logic is still very simple, and it can hardly
be thought of as a strategy, but it would be difficult for an observer to analyze this
behavior in a short period of time and guess at its program. The car still exhibits
random, useless behavior, but the potential and actual complexity is now growing
quickly. From a two-bit signal we have created at least 25 unique actions, and
the logic behind this complexity is clearly and completely defined by our simple
map.
The only memory requirement involves the car’s present location on the
map, but this can be stored in two-bits, because we have designed the map so
that it repeats. From the car’s perspective, the logical universe and the kitchen
floor are endlessly tiled with copies of a single repeating master tile. No matter
where it is on the floor, the map will control the car uniformly. The car needs only
a single image of the tile because only the immediately occupied location is
relevant to its actions, and all locations on all tiles are governed by the same
principles. This is not entirely true, however, because we have eliminated the
distinction between backward and forward in the actions. Now half of the
conditions could produce backward actions and half could produce forward
actions. If direction is important to us we will need one more bit of memory,
bringing our memory total to three bits. This extra bit will be called the symmetry
bit, and depending on whether it is 1 or 0 the car will remember exactly where it
is and which direction to go in the map logic.

For all practical purposes, the car’s memory functions to record the
identity of the last message delivered by the signal. When looked at in this way it
is curious that we should require three bits of information to remember a two bit
signal. The three for two phenomenon is a property of the map, one we will
expand on later, but for now note that there are two types of each condition in the
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above map. This is an inherent, mystical property of symmetry, one that can be
leveraged for information, and that is why we have called it the symmetry bit.
We now have all of the basic tools we need to generate tremendous
complexity of behavior for the car, but we cannot give the behavior any meaning
other than it is very complex behavior derived from simple logic. We could
increase complexity further via additional tile types, each with new conditions, but
this would be cheating on our single repeatable tile constraint. Another
alternative is to create a new type of repeatable tile with the above constraints
and add more conditions to the new tile. This is more difficult than it sounds,
which will become apparent later. A way to kill two birds with one stone is to
allow the tile colors to be filled by the signal, rather than pre-filled as they are
now. This means that the combinations of colors can vary depending upon the
sequence received from the random source. The expense of this move is a
doubling of the three-bit location memory requirement. This is because our
current location will be defined by the previous three messages in the random
signal. Our payback will be an explosion of new locations and conditions, with no
other changes in logic. In fact, since our location and condition values will now
vary, we can simplify the logic even further.
Do
Paint Tile
Check Condition
Do Action AND Do Conditional Action
Loop
Engineering this tile painting trick brings us face to face with the horns of a
dilemma: are locations and conditions the same or different? The above map
was built on the assumption that there could only be four locations based on
colors present at a junction of three hexagons, and that conditions were defined
by the colors missing at the junction. They were dual definitions with an equal
number of dual options, so it was no big deal. Now, however, a location can
consist of multiple combinations of colors present. Are there an equal number of
combinations of colors absent? The answer is an emphatic no, and it is
important that we understand why. We will start by going back to the original tile
and calling it what it is; it is a tetrahedron.
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The hexagons are faces and the circles are points, but we could
interchange the faces and vertices of a tetrahedron because they are in fact dual
to each other. This representation of the tetrahedron can be viewed as two dual
tetrahedrons, and the map can morph one way or the other – a perfect dual
tesselation.

But the tetrahedron is the only regular solid for which this is true. If we
propose to increase either the number of colors of circles or hexagons then the
ability to interchange them will be lost. However, our next option up in complexity
from the tetrahedron map is either a cube or an octahedron. Neither is self-dual
because the ratios of faces and vertices are four-to-three, not four-to-four. So
the colors on the map for either must be designated as points or faces, and once
we increase either component above the four that are present in the tetrahedron
we must make a distinction between them. Therefore, when we leave the map of
the tetrahedron we must define locations and conditions separately. The
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locations are defined as the presence of colors, and the conditions are formally
defined as the absence of colors at a location. Starting with any symmetry above
the tetrahedron there is always a difference in the number of each. This has a
profound impact on our system of information and logic, so let’s do a thought
experiment and see why this distinction matters.
Imagine a bag containing colored chips. Our goal is to produce every
possible location and condition under the above definition, so we will need three
chips of each of our four different colors – twelve chips. We want the drawing of
chips to be random, so no peeking, just reach in and draw out a chip. Very good,
you drew a red chip (how did I know?). Put it in slot #1, please. Now draw chip
#2 - but wait! It won’t be entirely random because there is one less red chip. To
remedy this chip inequity we will remove one of each of the non-red chips and
stack them off to the side. We can label the stack “not red”. Now we can draw
again, and we got a blue one. Yippie! Again, we must remove three not-blue
chips and label them “not blue”. The last draw fills out our definition of the first
location, and it is green - must be our lucky day. We have two sets of chips. The
location set of chips is:
RED – BLUE – GREEN
and the other set actually contains nine chips in three sets of three chips
labeled:
NOT RED – NOT BLUE – NOT GREEN
Clearly these two sets are similar but not equivalent. We can talk
specifically about chips that were drawn, but we can only talk generally about the
chips that were not drawn. There are no actual chips as referents in the second
set, only missing chips. We can arrange and locate the chips that were drawn,
but we cannot arrange and locate a specific set of three chips that were not
drawn. We can arrange and locate groups of chips that were around the missing
chips, which is in a sense quantitatively similar, but this is qualitatively different
than arranging and locating the missing chips. We can arrange dirt around a
hole but we cannot arrange a hole around dirt. We can however define the size
of a hole, which is the quantity of the missing dirt.
We can apply this thought experiment to our four-color dodecahedron
system that we created earlier. We know that every possible drawing of three
chips can be found at one of the points of the dodecahedron. Here is the point
that represents the drawing that we just held.
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The stack of chips labeled RED-BLUE-GREEN is represented by the
point, and the rest of the chips, NOT RED-NOT BLUE-NOT GREEN are
represented by the remaining dodecahedron. Since we cannot determine the
order in which chips were not drawn, we can just color the whole thing with a
single color.

However, we can determine the order in which the three chips were
drawn, or we can arrange them once they are drawn.

There are sixty-four ways to draw three chips, but there are only twenty
ways to not draw the rest of them.
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This is far from mere semantics; it is how nature functions at all levels, and
it is even an important way in which we intuitively think. It is the impetus for
humans to invent the symbol for zero, and look how successful that’s been.
Here’s a simple example regarding a friend’s invitation to a party.
“Are you going with me to Dick and Rita’s party?”
“Only if Bob isn’t there, and if you can keep Dick and Rita in separate
rooms.”
There is clearly a fundamental property “there” and its converse “not
there” and things will have one or the other value of this property. But the values
of there and not there will behave differently. The answer to the above question
means that Bob must be absent from the party – his location otherwise is not
important - but Dick and Rita are assumed to be present, because it is their party,
and we are therefore able to locate and position them somehow since they are
“there”. Things that are present are locatable, and their importance is both
quantitative and qualitative; whereas, things that are absent cannot be located,
therefore they are merely quantitative. Imagine if you went to the party and Bob
was in fact there, and that drunken, pathetic bastard squeezed off two shots from
a gun aimed in your general direction, so it turns out you were right to not want
him there. Suppose both shots miss (thank goodness, because I’m becoming
attached to you) how would you respond if I asked you to show me where he
missed you? You can’t locate and label missing wounds, as in, “here’s the first
wound I didn’t get and here’s the second”. It is much easier to demonstrate
something that is present than something that is absent. If a lion is in a room you
or I are unlikely to be in that room. The absence of a lion is an important
contributor to the probability of someone being in a room. The lion count in this
room is zero, because I have a hardened rule that lion count must equal zero to
find me in a room.
The numerical bottom line is that there are more specific ways to affect a
situation by being present than there are by being absent. In the above
illustration there are 64 unique ways for chip combinations to be drawn out of the
bag, but only twenty unique ways for them to not be drawn. Natural systems,
especially crystal growth systems, are equally concerned with what is there and
what is not there. Both values must be weighed and the ultimate configuration
must strike a balance between the two.
Information theory is about defining and choosing possibilities. We try to
identify all possible conditions, those that activate and those that repress.
Assignment of individual amino acids to combinations of nucleic acids must also
operate on two levels. The first is the set of all possible combinations of
nucleotides from a set that can be present. The second is the set of all possible
combinations of nucleotides that can be absent. The first set has 64 members
and the second set has 20 members. If the assignments are to be optimized in
any way, both sets will have to be balanced by the assignment process. We can
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see how and why this might be important by returning to our example of the
information system and the logic map to control the toy car. We now know that
we are in search of a logic map that can handle both sets of constraints
simultaneously. Crackerjack mathematicians will recognize that dodecahedrons
have five-fold symmetry, which will not tessellate a two-dimensional surface. So
a repeating map with these constraints is far from easy to find. Fortunately, I’m
not a Crackerjack mathematician, so here’s a map we can use.

We will continue to call the shapes hexagons (I could make all of them
hexagons) so three hexagons define a location, and this tile has 64 unique
locations. The colored circles represent the different color combinations absent
from each junction; therefore they represent the twenty possible conditions
described by the map. Each condition has been given its own unique color as a
shorthand reference. As before, some junctions are over-represented on this
single tile, but there is an even distribution of logic functions when the tile is
endlessly repeated. This tile is capable of being filed with color according to any
sequence coming from a random signal. Every possible condition or location that
might arise is represented on this one repeatable tile. The only salient feature
that has changed from the previous map is the ratio of locations to conditions,
which is now 3.2 to 1. Otherwise, the map as a logic diagram functions in a quite
similar fashion to our previous map. We are still in a two-bit world, because all of
the locations and conditions are defined by combinations of just four colors, but
with twenty conditions and 64 locations now in the car’s program we will have to
greatly expand the car’s repertoire of actions and conditional actions. Also, the
location memory requirement has grown to a minimum of six bits for the car to
track its position in the world.
With these new tile locations and conditions we can see all kinds of
interesting and useful-like behavior begin to emerge. The program is still simple,
random and linear, so the overall behavior will be random, but we can begin to
imagine some of the possibilities. I will not belabor the point by cataloging 20
new fanciful conditional actions and 64 actions. The point is that complexity can
easily grow within the system, all within a two-bit random world containing a
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simple, repeatable logic. The critical tool in doing this complexity magic is the
map, and the framework it provides for the car’s strategy. Without this map we
would require far more sophisticated programming logic to produce anywhere
near this level of complexity, the structure of the logic is inherent in the structure
of the map. Since the map repeats, the car can tile its entire universe, but only
the immediate location is ever of any concern to the system. The car needs no
awareness of any global strategy or pattern, only local.

We have generated complex random behavior from a simple signal, but in
order to break free of our random prison the system requires new, more
sophisticated features. We will not go into great detail here, but others have
shown that those features exist, and we can borrow some of them to move
forward here.
The system will need a goal, and an ability to learn. These are
complicated but well-established procedures for relatively simple information
systems, known as machine learning. I will not dive into the engineering here,
but the basic algorithm started with Darwin and has been in the refinement
process ever since.
We want to force our car to evolve toward a useful
behavior, and for this discussion we can simply imagine an evolution module, a
black box if you will, that we can snap into the system. We want to put our
transmitter inside the black box. The signal origin can forever remain random,
but there are other parameters that can be leveraged for our car’s behavior to
evolve. In addition to this magical black box, we will need an external selection
pressure.
The role of selection pressure is brutal and expensive. Since our
imagination so far is dependant on you, the reader, to operate the system, and
since we know that you are not capable of the qualities required by the selection
pressure role, we will imagine a third party who is - Bill Gates, perhaps. Bill’s job
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is to determine goals for cars, set many cars in motion at once, and smash cars
failing the goal for any reason. Those cars that are performing poorly on some
criterion will swiftly and surely feel the wrath of Bill’s hammer. When a car
achieves its goal, or perhaps two cars achieve their goals, they will be rewarded.
Bill will use his Wintel PC to mate the black box from each winning car a number
of times. Bill will then deploy the new toddler cars on the floor amongst the
bustling population. The signal origin in each car remains random, but it is now
merely a copy of two merged signals that were initially random in origin. The
individual car will continue with random-like behavior, but the flock of cars will
begin to change in interesting and unanticipated ways. To maintain a fair fight,
Bill must constantly change the goal, or move the target. The only overall
meaning we can assign to any car on the floor is that Bill has yet to smash it, but
the behavior of the cars in general is becoming more interesting, psuedopurposeful if you will.

Since we now have a third party operator of our system with infinite
resources, capable of anything, let’s get creative. Let’s imagine cutting-edge
technology - instead of cars let’s use satellites!
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Other than the increased demands of engineering a geosynchronous orbit,
we will have no new parameters in the system. Wow! This is because we have
meticulously obeyed our earlier constraints, so we can even use the maps that
we have already created. The first map works just fine for a satellite orbiting in a
tetrahedral symmetry, and despite the impossibility, the second map works just
fine for a dodecahedral orbit.

We can imagine all sorts of new properties for our system. Our goal can
now be something more substantial, like global domination. Our conditional
actions can include all sorts of sampling procedures, and there is even room for a
stray laser beam function or two. We are still under the same constraints, but we
are now 3D and global. Our maps are founded on shapes, so we can take
advantage of the shapes of our maps.
Let’s pause for a breath. This model that we are building is meant to
accomplish several things simultaneously, but primarily it is meant to enlighten us
about information.
Now is a good time to reflect on our blossoming
understanding of information - it is all about possibilities, and information systems
are all about relationships between possibilities, what we call logic. We started
with information in the form of a periodic, two-bit, random signal and asked what
were the possibilities regarding the “information content” of each two bits. We
now see that the answer is dependent on the system that receives the signal. If
it is built upon logic capable of naturally leveraging possibilities, then the number
of possible results from the system with each two-bit message can expand at a
staggering pace. Symmetry systems can provide just such a logic structure, and
it is precisely this structure that is behind the growth of crystals. There is no
need to invent or engineer symmetry, it is inherent in the universe. It is a
structure where a few possibilities can effortlessly flower into many results;
information grows.
Crystals require logic maps in order to grow. Symmetry is the only
method available to a crystal when it creates these maps. A symmetrical crystal
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is periodic, and it therefore has no trouble finding a map to plot the logic of its
growth. Each atom that participates carries its own map, and it asks two simple
questions of the recruiting crystal: What’s there and what’s not there?
Depending on both answers, the atom decides to either participate or not
participate in the growth of the crystal. When a crystal becomes aperiodic, what
map can it use? The very nature of being aperiodic precludes any map at all.
How does this irregular crystal maneuver its way around in the logical world of
molecular growth?
Like crystals, all thought must pass through a filter composed itself of
thought. No thought is an island. All thoughts possible to you now are
contingent upon thoughts you’ve had in the past, they grow on a foundation of
past thoughts. Your new thoughts are combinations of old ones. In this way
thought has both information content and information potential. Your thoughts
grow in number and complexity based on your system of thought. The
information content of a signal is contingent on the system that processes it as
well. Symmetry systems can cause information to grow in size and complexity
by combining possibilities. This is the structure that nature always chooses,
whether it is a system of sub-atomic particles, electromagnetism, or life. Life
grows like thought and vice versa. Nature is cleverer than we are, so when it
engineers a complex information system, nature uses the most elegant and
powerful tools available. Our limited nascent ability with information systems is
linear and leads us to believe that nature would similarly be constrained. Starting
with 64 possibilities as our target in studying the genetic code, we worked
backwards on a linear assumption. Nature took the opposite track, starting with
four possibilities it expanded forward to infinity in a non-linear fashion. Our study
objective in the past was to understand how nature could squeeze 64 into 20,
when nature was actually moving from 1 to 4 to 20 and beyond.
With this new perspective in mind, let’s put the pedal to the metal on our
model. Let’s see what an aperiodic map might look like, and from where it might
come. Instead of operating a single satellite with a single map, we can operate
multiple satellites with equivalent copies of the same map, but each satellite will
have a changing view of the map with the ongoing broadcast of the signal. We
know that it is quite simple to fit a tetrahedron into a dodecahedron, so let’s
create four satellites and deploy them into the dodecahedron with a tetrahedral
configuration.
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You can’t help but be impressed at this point.
The dodecahedral map has an interesting property in 2D, in that it shifts
depending on the initial point of reference. All four satellites will look at the same
map, but that map will have a different superficial 2D appearance from the
perspective of each satellite. The primary repeating tile has 120 variations, and
the overall pattern can assume one of six different variations, but all are
equivalent from the standpoint of the logic circuit they map. They change their
appearance based on the choice of the initial reference point. Now that we are
3D we can legitimately add McNeil subscripts to the map (love those McNeil
subscripts). These subscripts are extremely helpful in keeping our bearing, and
they are informative with respect to tracking colors that are missing from
locations and therefore help define conditions. Here is an illustration of four
simultaneous maps demonstrating tetrahedral symmetry within the dodecahedral
symmetry:
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The astute reader realizes that we now have a collection of maps that can
itself be mapped. We can use the tetrahedral map to map the dodecahedral
maps. Confusing, isn’t it? We need to have a control mechanism to organize a
collection of these four agents, or satellites. The tetrahedral map can serve as
our master control.
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The operation of the four individual agents is now synchronized and
coordinated. The locations and conditions of the master tetrahedral map are no
longer limited to the random, two-bit constraints of the original signal. The
original signal is leveraged into a more robust information set and re-broadcast
amongst the agents. The set of possibilities for the global locations and
conditions is vastly larger than the original constraints, and the combinatorial
potential is huge, at least 644 different combinations to work with. Since the
possibilities are vastly larger, so is the information content. Most important,
although the shape of the master control map is periodic, the pattern it contains
is so large that in a practical sense it could never behave in a periodic fashion.
This model demonstrates how a periodic system can build up a strong
component of aperiodicity, yet remain rock solid in its logical consistency of
output.
A creative and even distribution of the original set of conditions would
provide an infinite utility of combined components at this higher-level complexity.
The goal of the assignment process of the twenty conditional actions across all
64 possible locations would be to maintain balance and interchangeability. The
process spreads 20 across 64, in contrast to the conventional linear perspective
that sees it as a process of clumping 64 into 20.
With all of these wonderful new possibilities we have also produced a
need for a second signal, a signal between agents. Every component must be
interchangeable, else satellite #3 has no idea what satellite #1 “means” by
condition #17, or condition #6. Keep in mind, the primary signal generator is still
the same, periodic, two-bit, random signal coming from DNA, but the agents are
interacting on a higher organizational level represented by the master control
map. What just happened? We went from linear to non-linear, one signal
became two. We wrested control from the central signal to a second tier agent.
Whoa, Cowboy, you can’t do that.
Sure I can, what are you going to do to me?
Imagine four satellites, one of which is the leader, call him satellite #1.
The message from central control is received. Satellite #1 processes the
message, encodes it, and re-broadcasts to satellite #2, which does the same to
#3, and finally #3 passes to #4. Now #1 goes to the back of the line and the
other three move up one rank each. This rotation of control can proceed
indefinitely, each taking a ¼ turn at lead dog. The net result is that the original
signal produces a ripple effect in the results through the chain of agents in the
receiver. The overall behavior of the system becomes coordinated and complex.
Each satellite refers to the master control map to determine its action and
appropriate signal to broadcast to the next agent in the chain. Each action
moves the location and condition on the master control map.
This exercise was designed to answer two questions from the standpoint
of information theory: Can the genetic code possibly handle the information
content required by stereochemistry and how might it work? The above example
shows that with the help of symmetry it can more than handle it, and it would
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work in a non-linear fashion. It is periodic and sequential, but it is not linear in
any sense. The transmitter is DNA. The receiver is RNA. The first signal is
processed into mRNA, and the second signal is processed into rRNA and tRNA.
The output of the system manifests as peptide bonds, which collectively define
proteins. The behavior of the system is determined by the environment, which
presents ever-shifting goals, and the system therefore evolves – can evolve – to
meet its needs in a diversity of potential environments. Let’s take a look at how
these new conceptual tools can interleaf with the ones we developed earlier.
Signal generation, reception, storage and processing in this system is a
mind-blowing feat of natural beauty. We find the fingerprints of sacred geometry
everywhere, for it is the engine driving the leverage of the information machine.
The dodecahedron, the pinnacle of Plato’s regular solids, the carrier of the
golden proportion, is the origin of the signal. If we examine this object closely,
we can define three distinct zones. The equator presents a continuous band of
oscillating vertices. The two poles interlace with the equator with offset bands of
oscillating vertices that demonstrate exactly half the frequency of the equator.

We can match the nodes of the two poles and the equator. When we do,
we notice that there are vacant nodes.

Since the shape is symmetrical, we can fill the vacant nodes by inverting
and repeating the shape and merging multiple copies as follows.
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Now we can obviously recognize the repeating tile that we discovered
above, and that, my friends, is how you “tessellate” a dodecahedron. More
interesting still to our discussion of DNA, the repeating tile can be folded around
to mate with itself on the sides, and it can be extended longitudinally as long as
we like. In other words, it is a sequential tessellation in one dimension.

This infinitely repeating pattern can be imagined as the logic map of our
four-satellite system above. As each two-bit signal is received, each space gets
filled with one of four colors. As three new colors define a new location, the
chain of agents is activated to perform a coordinated relocation on the map. In
addition, with regard to signal generation, we can now imagine the repeating tile
and its McNeil subscripts serving the function of individual, complimentary paired
nucleotides. The whole structure forms a double helix with major and minor
grooves and ten hexagons per rotation (kinda spooky). The random two-bit
signals emit from the spool and fill the logic map. It’s almost too perfect.
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The signal is carried by RNA. The first level of processing involves
mRNA, which converts the signal into one of 64 possible locations in our logic
map. It does this using the mechanisms above, using clusters of three bases to
specify one of 20 conditions. Each of these conditions can be assigned to as
many as 6 different locations in the logic map according to the nature of the
grouping.
We demonstrated how the 20 conditions depend on the absence of bases
at a location. This is a tough visualization, so we can take a slightly more
conventional tact to define the 20 conditions, and we will end up with the same
net result. Physics, it turns out, has many occasions where things can be
numbered but not ordered. This was a concept first put forth as a statistical
method to tackle the foundations of quantum mechanics by an unknown Indian
physicist named Satyendranath Bose. Everybody ignored Bose initially because
his ideas were nutty, everyone, that is except a slightly better known physicist
named Albert Einstein. Einstein fell in love with the ideas of Bose, and he
formulated a theory based on them, saying that matter would display a weird
phase transition under specific circumstances. They called this phenomenon a
Bose-Einstein Condensate (BEC). It is entirely based on the premise that the
universe is quantized. The fundamental conclusion reached by Einstein can be
simplified by saying that at some time all particles in a gas could become
identical. This conclusion recognized that particles normally exist in multiple
discrete energy states, and that all particles in any discrete state can for all
practical purposes be considered identical, or they actually are the same particle.
These things can then be counted but not ordered. An alternate ordering of
identical things produces no alteration at all. Sounds a little familiar, doesn’t it?
From this point forward we will take a very liberal view of the word energy. It is
taken in the very stylized context that I will now describe. I used the basic
principles behind BEC and I assigned energy levels to nucleotides and codons.
These energies are based on the codon formula we developed earlier, and on
our concept of water affinity, so we can use the colors that we already have. We
can then distribute the energy levels evenly across all codons. Finally, we will
place the actual assignments in the genetic code into those energy levels to
examine any color patterns that might fall out.
Now we can group these values in twenty unique energy levels by
normalizing the position values in the formula. Note that the value of the triplet in
this case is interpreted as NOT-RED, NOT-GREEN, NOT-BLUE, NOT-YELLOW.
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When we apply this to our simple table generating formula we get the following
data:

From this perspective we can say that mRNA takes a two-bit random
signal, and processes it into a six-bit ordered signal that carries one of 20
energies traveling on one of three axes as illustrated below.

We can place the actual assignments in the genetic code into this
illustration and perhaps begin to get a feel for the real purpose of the
assignments, both from a functional and an information content perspective.

119

#
1

C

Triplet

E
48

1

2

3

4

5

6

*

*

*

*

*

*

*

*

*

2

41

3

36

4

34

5

33

6

29

7

27

*

8

26

STOP

9

24

10

22

11

21

12

19

13

18

14

17

15

14

16

12

17

11

18

9

19

6

20

3

STOP

STOP

*

*

*

*

*

*

*

*

*

*

# = Condition Number
C = Condition Color
E = Energy Total for Triplet
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The assignment process in the genetic code is based on a maximal
spreading of energies across codons. At the same time, similar energies were
assigned to “adjacent” codons so that like could easily substitute for like. The
distances between codons are quite different in a non-linear, symmetrical system
compared to a linear system. Codon substitutions that don’t statistically make
sense in a linear system can make perfect sense in the symmetrical system.
Transfer RNA picks up these signals, and they are processed into peptide
bonds. The conditional action of each tRNA is defined by the amino acid that it
carries. The overall function of tRNA is to make a completed peptide bond.

To do this the tRNA need to communicate with each other via the master
control map. This map defines the possibilities regarding the second signal, and
this is where each system has the most ability to tailor its code to its particular
needs. Each organism will confront different environments, have different local
goals, and therefore benefit from different strategies.
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Addition of each new piece in the system carries a risk and a reward for
the organism. The risk is that the organism will become dependant on a
component that later malfunctions. More components mean more maintenance
and more opportunity for malfunction. The reward is that by adding components
the organism gains flexibility in a changing environment. The organism optimizes
by selecting only those components that are required, and deploying selected
components in the most efficient way possible. The information content of the
system is constrained by two-bits organized in groups of three, producing twenty,
six-bit configurations. Each six-bit configuration benefits by specifying an action
that is interchangeable with neighboring actions so that the system can achieve
optimal flexibility.
We can extend the codon energy analogy another level. We talk about
the energy of something absent, which is basically an energy hole. Energy holes
are precisely the kind of things that atoms and molecules look for when they try
to arrange themselves into crystals. But we know that the genetic code is a
balance between energies that are absent and energies that are present. Each
codon as an energy hole has its own unique set of shapes. It is this curiosity that
is leveraged by the genetic code to take twenty out to sixty-four in terms of
information content. This view of the assignment process will show us old friends
in a new light. If we take a page from our old textbook we can see a pattern
trying to develop here.

However, these colors are clumping due to some unknown force
(previously attributed to wobble) but we quickly recognize a few important
influences. First, the nucleotides are not arranged according to our energy
progression. Let’s see what happens when we redo it that way.
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Now we can see a clear rainbow in the assignments running from top left
to bottom right. Perhaps the forces behind the clumping have something to do
with water affinity, or perhaps it’s not really clumping. But the second thing we
notice is that not all positions in the triplet are created equal. The second
position dominates the action, and the first position has a visible effect as well.
Our energy strategy for each codon should reflect this. The method behind the
table is clearly acting as a pattern filter on the arrangement of assignments. By
arranging codons in a systematic way we have begun to filter the apparent
randomness into a pattern.

By recognizing the relative importance of nucleotide identity versus
nucleotide position, we can weight the codons appropriately. Also, our perceived
relative importance within identity and position scales will impact the data. If we
plug in numbers consistent with our observations, we get the following values:
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This data hardly looks more interesting than the data we had before, but it
is. When we present it as a spectrum, according to energy values, we clearly
see the pattern of a rainbow.

I did not make this rainbow. The genetic code assignment process made
the color progressions and packaged them into the white light we normally see.
The conventional textbook grid is a similar, but less effective mathematical
presentation of assignments. It is a partial filter that produces a stippled pattern
of color. I merely acted as a prism to spread out the white light into its full
spectrum.

It is true that humans will always see what they want to see, and I am
human.
Actually, we see what we must see under any given set of
circumstances. Scientists are no different, and most models are constructed to
show an anticipated result. This rainbow was created by a mathematical
formula, but let’s be clear about the origin of the pattern and the mathematics
behind it. Both the conventional table and the rainbow above were generated by
the same, simple mathematical formula. The differences are due to the values
inserted into the formula, and the final presentation format. Here are the values
used in the formula to produce both the table and the rainbow.
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Position Values
Position
Table
1
16
2
1
3
4

Rafiki
2
3
1

Nucleotide Values
Nucleotide
Table
Uracil
4
Cytosine
3
Adenine
2
Guanine
1

Rafiki
16
4
1
9

No systematic, two-dimensional presentation of the assignments can
avoid a weighting, or bias such as this, but we can identify the bias in all cases.
The conventional table places more emphasis on the position than the identity of
a nucleotide. It also has a different view of how each of these rankings should be
made. The Rafiki Model reverses the emphasis and makes the rankings purely
on observations of water affinity. In this way the weighted data can teach us
something about the system. There is more, but in order to see it we must start
with un-weighted data. The way to eliminate the weighting biases in a systematic
presentation like this is to add another dimension to the presentation, as we’ve
already seen.

This is a perfectly balanced, systematic presentation of the empiric data.
It embodies any conceivable one or two-dimensional presentation. It is the
general case mathematical solution to presenting sixty-four permutations in an
un-weighted, un-biased format. Any pattern appearing on this ball was put there
by God, not me. Later we will combine the two, the weighted data and the unweighted data, and see what patterns might fall of that tree.
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Evidence
On his way to work a man stops for breakfast in a diner. He meets a
beautiful stranger who invites him back to her place for an entire day of passion.
Before returning home, the man rubs grass on his pants.
“I called the office all day, where were you?”
“I can’t lie to you,” the man says. “I met a young women and we spent the
day in passion.”
“You lying son-of-a-bitch - I see those grass stains. You’ve been playing
golf.”
There are some funny numbers in the machinery of the genetic code. We
could ask an endless stream of numerical whys, whens and hows, only to
endlessly speculate on clever explanations, but one particular question sticks
with me. Why are there three nucleotides in a codon? This seems like a funny
number, given the fact that the genetic code always uses twenty amino acids.
There are three possible answers. First, the code could have somehow
started with three, and never saw the need to change. Second, the code could
have started with one or two and then grown to three. Third, the code could have
started with more than three and shrunk down. The problem with three and
twenty is that they don’t match, and in a linear code I don’t see how they ever
could. Furthermore, if three and twenty weren’t some kind of forced move in the
evolutionary scheme, I would expect some funky fungi somewhere to perhaps
take a run at a radically different combo.
Presumably there is a cost to benefit function for the numerical proportions
of the component sets in the genetic code. Three nucleotides per codon is a
critical factor in those proportions. Whatever the cost of adding or subtracting
nucleotides from this pivotal component, it seems that there is an alarming lack
of opportunism with respect to the addition of amino acids to the code. Assuming
that the current code was however briefly preceded by a version with a twonucleotide codon, there must have been a benefit to adding the third nucleotide.
Whatever the benefit, it seems that the information space opened up all these
fabulous niches, but they were barely filled. The two-nucleotide codon could
carry fifteen amino acids, and the three-nucleotide codon could carry sixty-three.
Stopping at twenty is tough to explain, especially since the extra nucleotide was
almost entirely wasted on redundancy at the third position. The situation seems
all the more strange when one considers that the only start codon, methionine, is
carried by a necessarily three-nucleotide triplet. Was there an equivalent start
codon in the preceding version that was somehow transferred?
The linear model is an extremely redundant model, and a pattern
produced by it is expected to produce a clumping of assignments. There are
obviously good, efficient forms of redundancy, and there are frivolous,
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inexplicable forms of redundancy. The conventional view is that we are looking
at a clumping pattern of efficient redundancy.
The linear theory adopts a tacit approval of the idea that any one
nucleotide has a specific translation value to one amino acid in all settings.
Therefore, the linear system counts four equal choices (A-C-G-U) for every
position in a codon. This is analogous to believing that the letter “c” means the
same thing and sounds the same way in all cases of its usage. Simple, linear
combination of a molecule with two other interchangeable molecules could
generate sixty-four distinct molecules. These are somehow then to be arbitrarily
distributed across twenty and only twenty targets, which also happen to be
discrete molecules. This scenario is missing only pixie dust. I am pretty creative,
but I cannot even imagine a mechanism that would create this system in the first
place, let alone arrive at it as the endpoint of a fierce competition for survival.
We can illustrate the concept as follows.

There is a decided reversal of direction from expansion to contraction of
possibilities. From an information standpoint it is a system that has made an
effort to expand its bandwidth, only to then severely limit it, a process that would
require two difficult, yet surprisingly consistent subsystems. The first subsystem
would work toward expansion, and the second toward contraction, but the
process must teeter on an arbitrary fulcrum, which is the confounding variable
that makes consistency a virtual impossibility. Yet, the process is consistent.
In my book (and this still is my book) this is a classic error of scale. The
error is to assume that if one is one thing, then two things are one thing, only
twice as big - and three things are half again bigger than two. We are not adding
nucleotides in codons; we are combining them. Combinations do not understand
number lines. Expecting one nucleotide and three nucleotides to behave as
different sizes of the same phenomenon, is the same as expecting H2O To
behave as if it were a single atom with 18 protons, Argon, perhaps. More
nucleotides are not more; they are different. We must view a codon as a
separate genus of molecule, and recognize that it has three distinct species –
primary, secondary and tertiary. Each of these species is capable of different
functions depending on the circumstances. All combined, these individual codon
molecules built from discrete blocks can perform twenty distinct crystal tricks.
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When they are performing in a perfectly sequential manner, they can combine
and their trick count rises. The system will optimize, so the issue now becomes
finding the optimal way to spread twenty across sixty-four and beyond. The
graph now looks like this.

Life is interplay between carbon and water, so the optimal spreading trick
will rely on that interplay. We can use the water affinity pattern in the
assignments to decide if nature is clumping or spreading. Ironically, some of the
best evidence one way or the other comes from a hypothesis that was rejected
almost fifty years ago. Unfortunately, the theory was rejected before the
experiment was complete, otherwise it would have been apparent that there was
partial validity in the rejected model. The model to which I refer is George
Gamow’s combinatorial code that we met earlier.
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The official name of this model is the compact triangle code. It is
important to note that this model was proposed at a time when not a single codon
assignment was known. This model described a complicated process by which
nucleotides from adjacent spirals on the double helix combined to render codons.
The primary motivation for this proposal was the known fact that twenty amino
acids must somehow be assigned to sixty-four possible nucleotide triplets. It was
quite ingenious. Gamow recognized that there were three kinds of triplets, and
stratifying them in this way would result in only twenty unique triplets. It was a
model put forth to deal with the known redundancy of the genetic code. As
actual assignments were uncovered one-by-one, it quickly became obvious that
the theory was incorrect and there would never be a positive correlation between
the model and the data. This was most unfortunate, because if they had waited
until the many years later when all of the data was produced, completion of the
experiment would have shown an absolute correlation, a perfect negative
correlation, but a perfect correlation none-the-less. Let’s finish the experiment for
them.
We will start by translating Gamow’s hypothesis into our wonderful world
of color. Gamow was in search of a clumping model to explain the obvious
redundancy. If we color his predicted diagram and arrange the corresponding
energy levels we find the following.
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Had the actual assignments been discovered to conform to this pattern
then the code could be assumed to function on properties of the model, one built
on a premise of redundancy. Just by knowing the triplet one would know the
assignment. We therefore need a test for each of the known assignments to
determine which pass and which fail, and determine overall how close Gamow’s
model comes to reality. For an assignment to pass it must place an amino acid
into one and only one triplet as illustrated above. In this way we could say that
assignment redundancy is at its maximum for the known ratio of sixty-four to
twenty. Triangles can pass or fail the redundancy test as well, but a triangle can
pass in one way and fail in two. It fails when it contains more than one amino
acid, or when it contains an amino acid also assigned to another triangle. A
triangle partially fails when one of these conditions is true, and it completely fails
when both are true. Failure of this test is a sign that something other than
redundancy is driving assignments. Here is how the actual assignments appear.

With the actual data coming in slowly, over a decade, it was obvious very
early that Gamow’s hypothesis would fail, and to my knowledge the experiment
was never completed. They undoubtedly thought they’d get results that looked
something like this.
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These results would confirm for Gamow what he acknowledged at the
time: his theory was completely useless. However, this is not what the data
actually shows, and we have a case of losing the baby with the bathwater.
Gamow’s theory was incorrect, but it was far from useless. We will finish the
experiment for him using the complete data available today.

Apparently, Gamow couldn’t have been more wrong. You have to admire
that - I say if you’re going to be wrong, be completely wrong. Actually, he wasn’t
completely wrong, because statistically speaking nobody can be this wrong
(despite what Dee says). He was obviously right about something, thus the
absolute negative correlation, but what was it? In a way he was successful in
incorrectly predicting the results of eighty-four consecutive coin tosses. This is a
valuable talent, because people will pay you to guess an outcome so they can
bet against you.
Gamow was right in the same way that Bose and Einstein were right:
Quantity talks, order walks. He was incorrect in his assumption that the entity
being quantified was something that was present instead of something that was
absent. He thought the driving force in the assignment process was the
distribution of nucleotides, and the goal was redundancy. Since the results of the
Gamow experiment are the opposite of expected, the reason might be the
opposite as well. A driving force in the assignment process is the distribution of
nucleotides “not there”, and spreading of assignments is the goal. Absent
nucleotides can be counted but not ordered, and being absent matters,
especially in crystals. We learned earlier that possibilities equal information. An
assignment process trying to maximize information will drive possibilities to a
maximum, and this is what we see.
If we start from this new perspective we can restate the Gamow
hypothesis in opposite terms and test it against the actual data. A codon now
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passes if it has no redundant triplet assignments (as opposed to only redundant
assignments). A triangle passes if it has no redundant assignments, and has an
assignment from another triangle. This model will drive the possibilities and
therefore the information content to a maximum. When we plot the actual data
we get the shock of all shocks.

The hypothesis that assignments spread instead of clump is supported by
this data – exceptionally old data I might add. A parade of the usual suspects
accounts for why it has been missed. Our human biases blinded us to the real
world thinking of a molecule. We are able to arrange linear data, but a molecule
is not. We assumed that the constraint was sixty-four and the task was to
compress it to twenty. In fact, the constraint was twenty and the task was to
expand it beyond sixty-four.
The score of this game is now spreading 1, clumping 0, but Gamow
predicted clumping because he believed that it would be useful in some way. Is
there a similarly useful way to use spreading? Let’s see if we can find one in the
data. We start with the numerical spreading of assignments that we created
earlier.

We want to know if there is a systematic, useful way to spread the
assignments across this rainbow. If there is, we will have to find its pattern within
the rainbow, much like dissecting color frequencies from white light. We start by
examining the distribution of individual colors.
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We can certainly see a pattern from the spread of each individual amino
acid that looks remarkably like musical chords - harmonics. Our next challenge
is to fit the harmonics into the overall distribution of assignments.
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The above three grids are isomorphic representations of the data. They
are all mathematical treatments of codons for the purpose of presenting
assignment data. Any such presentation will require a weighting of some type for
each codon. There must be a first and last codon in any two-dimensional
representation. This particular representation is designed to demonstrate the
harmonics in each “wobble group” and the relationships of these harmonics
across all assignments. We can use the last grid above to illustrate the
relationship between the assignments and the rainbow.

It’s all over, folks, except for the shouting - gonna be tough to ignore this
pattern. We have a single master rainbow of assignments that is a composite of
four smaller rainbows of assignments, each spaced on a systematic progression
of water affinities. It is an interwoven network of harmonic networks. Hard to
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imagine anything this elegant arising coincidentally by an arbitrary process, isn’t
it?
The score of this game is now spreading 2, clumping 0. There are logical
forces shaping the assignment of amino acids to codons. These forces are
driving the process toward a systematic spreading based in part on water
affinities. Any other conclusion is a purely dogmatic denial of the rainbow right in
front of our eyes. Somewhere over the rainbow there is a purpose behind this,
so let’s see how this new information might change our view of Life, and the
information content of the genetic code.
The genetic code functions to deliver information at the point of
translation, resulting in a peptide bond. We have seen that information about the
identity and orientation of the molecules involved in a peptide bond would be
useful. If we return to our earlier example of tetra-leucine we can visualize the
working end of this information mechanism. In this model codons for leucine are
not leucine are not leucine, they are tRNA leucine. Therefore, the first of the two
following sequences will produce one brand of tetra-leucine, and the second will
produce another. The difference between the two will be undetectable in their
primary sequences, but will be revealed by their primary structures.

Every codon potentially specifies a group of tRNAs. The tRNAs selected
by the sequence will be determined by the interaction of tRNAs in the sequence.
This selection process for tRNA neighbors is as important as the codon – anticodon interaction. Silent mutations for synonymous condons can be seen in this
light as neither silent nor synonymous. A more robust relationship between
nucleotides and peptide bonds can be carried in the genetic code in this way.
The capacity for this information is there, and the forces responsible for the
assignments appear to be interested in it, or at least making a pretty good show
of it.
The evidence for stereochemistry in the genetic code is strong. Other
than knowing that codons are assigned to specific amino acids, there is very little
evidence that the genetic code is not primarily about stereochemistry. The
system appears to care less about which amino acids participate in a peptide
bond than the overall nature of the bond. Let’s pretend that we know nothing of
the correlation table, not a single assignment, only that codons exist, and
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somehow they direct the creation of proteins. Now let’s assume that we discover
two pieces of information, and our job is to form a theory about the genetic code
based only on those two pieces of information. The first piece of information
comes from a comparison of two highly similar enzymes from different
organisms: lactate dehydrogenase and malate dehydrogenase.

These two proteins are virtually the same, yet their primary sequences
share only 23% of their specific residues. The actual function of each enzyme is
the same, differing only in that they perform this function on slightly different
molecules. One of them removes a water molecule from lactate, and the other
removes the same portion of malate. Evolution conspired with the genetic code
to make both of these molecules. What was the most likely modus operandi in
this conspiracy? Presumably the enzymes are homologs, so at some point they
have diverged. Their function is relatively conserved, so it is no surprise to see
that their shape is relatively conserved as well. What seems to be of little
importance is conservation of their primary sequence, so is this the likely driving
force behind their construction?
The second piece of evidence we have is from the world of tRNA. We
know that the genetic code is about relationships between nucleic acids and
amino acids, so we must find precisely what that relationship is. We can start by
asking a very simple question. What is the exact contact of every amino acid
with nucleic acids? In other words, what does each amino acid see at its point of
contact with the genetic code? In fact, every amino acid sees the same three
nucleotides in the same sequence – CCA. This is a most curious piece of
information. All tRNA present the same three nucleotides in the same order to
every amino acid. As far as the current population of amino acids is concerned,
there is only one codon. How do amino acids know their role in this process?
Something other than codons must be there to tell them.
We have now seen the two pieces of evidence available to us, and asked
some open-ended questions about each, but our real task is to propose a theory
about how the genetic code might perform its protein building magic based on
only this information. From this limited perspective it would be reasonable to
guess that the genetic code will somehow guide the shape of a polypeptide. It is
not unreasonable to assume that the code in so doing has a limited ability, if any
ability at all to dictate the sequence of amino acids in this process. Perhaps
there is some mystical epigenetic mechanism to determine amino acid identities.
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The best answer is to say that we do not have enough information to make any
bold conjectures at this time. This is the opposite of how it really came down
decades ago. Our initial information pointed to identity assignments, so we drew
the conclusion that primary sequence was everything and the only thing – period
- end of discussion. Yet the empiric information since then seems to have
flooded in to contradict this view. The majority of what we now see seems to
argue that the forces of stereochemistry are important, more important perhaps
than assignment. A shape-based theory of the code should have a place in this
debate - at least there should be a debate.
If we go back to the beginning, back when there was no code, we can ask
what, if anything, was available to the first molecules to take steps toward where
we are today. The answer is carbon, water, and shape. These elements had no
advantage on any other crystal at that time. They were playing by the same
rules as everyone else, which are the rules of shape. The first steps had to be
based on shape, and it is reasonable to conclude that the evidence of these
steps is embedded in the code today. One potential piece of evidence is the
three-nucleotide codon, coupled with the consistent set of twenty amino acids.
The mistake we make is in recognizing the sequential nature of the system. We
see it as a sequence of points, however, and it is not. Molecules cannot be
points, they can only be shapes, and we should therefore see it as a sequence of
shapes. We have seen that shapes can carry much more information than
points, and therefore the code has more information capacity available to it than
was previously suspected.
Origins
“Man has been called by the ancients a lesser world, and indeed the term
is rightly applied, seeing that man is compounded of earth, water, air, and fire,
this body of earth is the same.”
Leonardo Da Vinci
Leicester Codex
Now that we’ve done most of the hard work of understanding the code and
some of its possibilities, it’s time to play with some of its implications. One of the
more interesting implications of the Rafiki model is how it will impact our thinking
on the origin of the code. It opens up whole new spaces for the mind to play.
Origin and evolution are inextricably intertwined, so I will open this discussion
with some of the problems the old model presents.

Darwin’s Paradox
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In the beginning, the argument was a fair one, and it was simple: “we can’t
even imagine; therefore not.” The argument now is the same; it is only the sides
that have changed.
Fifty years before the start of the last century, a small group of heretical
scientific thinkers championed the unpopular notion that all life on this planet
descended from a single origin and life therefore evolved. The implication was
that somehow this happened against the word of God, somehow the process
could be driven without a design, that the mind of a creator was an unnecessary
component. They were understandably shouted down from all corners, primarily
because their detractors were convinced that before all else there was “mind”.
The argument against evolution was simple and logical; it was known as the
argument by design. The premise: “we cannot even imagine an alternative to
design that is not at base entirely preposterous; therefore, there must be a
design, and there must be a designer”.
In 1859 Charles Darwin released his masterwork, over twenty years in the
making - The Origin of Species. Much has been made of this work, but whatever
else one makes of it; it is clearly a valid rebuttal to the argument by design. We
can now not only imagine an alternative to design, but that alternative is not
preposterous. It has become the single most powerful concept in science today.
It serves as the organizing principle of modern biology, paleontology and
molecular biology. Some might go so far as to say the same about sociology,
economics, astronomy – even physics - to name just a few. But let’s not get
ahead of ourselves; we must avoid over-reaching reductionism. Suffice it to say,
Darwin’s central concept of descent with modification via natural selection as an
explanatory tool is so powerful that it is taken as a scientific fact, in as much as
anything in science can or should be taken as fact.
Needless to say, I am a hardcore Darwinian. I make this statement;
however, because what I am about to say will be mistakenly interpreted as pure
anti-Darwinism. It will be used as a stick against Darwinians, to club them like
their aquatic mammalian cousins, the defenseless baby seals. Perhaps that is
why the debate has yet to rage, because it would take a Darwinian to recognize
the debate, and who would want to incite their own clubbing?
Darwinism as it is currently viewed is the source of the biggest paradox in
science. Darwinism is a theory to explain variation, yet at the heart of the
mechanism that drives life and life’s variation sits an apparent absence of
variation. The universal genetic code is held as just that – universal. There
appears to be no variation in the genetic code from a linear perspective.
With a few known minor exceptions, every living thing on this planet shares the
same genetic code. Absafrigalutely amazing! You can’t be serious. How?
Darwinians are now in the understandably unsettling position of arguing variation
via a mechanism that will dogmatically be held constant. “Non-scientists” are
killing them on this front, but they can’t admit it.
This is where we came in. Darwinians are restricted to a choice of two
mechanisms, A and B. Their official argument rings familiar: “we can’t even
imagine B, so it must be A”. When Darwinians are presented with apparent
sameness they have two explanatory options: homolog and analog. A homolog
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is when two things share a common origin but now have different forms and
functions. A classic example of anatomic homology is the following series:
human arm, seal flipper and bat wing. The three structures share a common
origin, mammalian forelimb, as evidenced by their identical structural
components, but their morphologies and therefore their functions are now
radically different. Structural homologies form a pallet for the heavy lifting of
virtually all arguments supporting Darwin. They are the evidence for descent
with modification. Please note that homologies are invoked to explain variation
in the context of sameness. They are collections of structural and functional
variety with shared ancestry. In many cases the taxonomist earns his salary by
making the tough decisions about ancestry in the face of homology. The
decision comes down to identifying the last common ancestor for a collection of
forms showing variation.
A common example in modern culture frequently cited to illustrate a
special case of homology is the computer keyboard. It is so frequently cited that
it has come to serve as the brand name for this particular phenomenon. It is
referred to as the QWERTY phenomenon, a pleasantly simple name to
remember and type due to its origin. “Q”-“W”-“E”-“R”-“T”-“Y” are the six letters
across the top left row of the keyboard. The computer keyboard is a descendant
of the typewriter keyboard; therefore they are structural homologies. Typewriters
were mechanical devices prone to jamming when too many keys were hit too fast
and too close to each other. The engineers, being the clever minds and
designers that they were, decided to put the most often used keys as far apart as
they could. This solved the immediate problem of jamming. But jamming was
later completely eliminated by computer keyboards. Unfortunately, so much
familiarity and skill has been built around QWERTY that the perceived cost of
changing it outweighs the benefits. Better key arrangements for speed have
been developed, and in fact all speed records are set with those arrangements,
but we rarely see them in our stores. We seem to like using, saying and typing
QWERTY. So it stays!
QWERTY is used as an example of solving a problem and being stuck
with the solution. But far too much is made of this phenomenon. First of all, look
at your keyboard. Do you think you would ever see that keyboard on a typewriter
100 years ago? It has changed in many ways. You could easily find rearranged
keys on a keyboard in the marketplace for speed typing if you were so motivated,
so it isn’t that it can’t change. What about palm devices? Look at their
keyboards. Telephones? QWERTY is an interesting observation, and it has its
uses, but it hardly serves as the basis of any law regarding the resistance to
change. Finally, QWERTY was a conscious design choice that is consciously
maintained, regardless of the reasons. I guarantee you that if some survival
competition arose that depended on typing speed, you’d see a rapid evolution of
keyboard design and keyboard commerce. Key arrangements would change, if
they really needed some benefit from change. I seriously doubt that the
phenomenon has as much actual weight in the balance of fitness as it is given
credit.
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Which painting is more likely to provide a basis for precise replication by multiple
painters?

Analog is option B of our two choices in explaining variation in the face of
similarity. With respect to the genetic code, option B is a howler. An analog is
when two structures arrive at the same place from different ancestry. A common
example: human eye, lizard eye, insect eye. They all function as light receptors,
but they do so in vastly dissimilar ways because they took different paths to get
there. Analogs are examples of when things converge; they are adaptations or
optimizations. If you live and interact in an environment that has light, it would be
good to adapt your body with some light receptors – i.e. eyes. Many organisms,
such as humans, do in fact adapt to their environment by developing light
receptors. How you actually went about this is your own damn business.
Analogs are frequently called forced moves, because they usually are seen as
selections from few if any alternatives. If your gonna see, your gonna need to
get an eye.
Adaptationism is a game evolutionists play in an attempt to explain how
things work. The game is played by looking at bizarre, baffling structures and
trying to guess what function they must serve, what they are adapted to. You
can see how it would be easy to get carried away, especially when interpreting a
deep-sea glob of goo from a gazillion eons ago:
“I think it’s the genitalia.”
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Digit Savants
Michael Teague
Some adaptationists have truly earned their scorn, but by and large I think
it is a healthy and valid pursuit. I can never resist a good adaptation binge, but
much of the ridicule against adaptationists is gratuitous, and has been embodied
in the character of Dr. Pangloss. His origin lies with William Leibniz, a brilliant
German philosopher and polymath, contemporary to Newton and legitimate
claimant to co-development of the calculus. He had the trivial misfortune of
coining the idiom, “best of all possible worlds”. This was bastardized by Voltaire
in the form of a character named Dr. Pangloss, a man who could rationalize any
pile of mung by noting that this is the best of all possible worlds. The antiadaptation police have seized on this character to ridicule over-reaching
adaptationist thinking, which they call panglossian.
Now that we have the basic idea of the two Darwinian options to explain
sameness, analog and homolog, let’s return to the original question. How are we
going to explain the lack of variation – the apparent universality in the genetic
code? The dogma holds that it is a homolog. It is crystallized QWERTY. The
genetic code doesn’t change because there is too much invested in it. It would
be far too expensive to change even the smallest aspect of the genetic code.
This is called the functional imperative, and to this I can only reply: b******t.
Furthermore, it is not OK to skirt the issue and then say, “the universality of the
genetic code is evidence of a last common ancestor”. You cannot have it both
ways. If common origin must lead by algorithmic process to variation, then we
cannot invoke common origin to explain a total lack of variation. Absent a
proposed new law of the universe - the QWERTY law of “can’t change” perhaps
– this avenue of argument is verboten to you, sirs.

141

Where does that leave us? Right back where we started: “we can’t
imagine A so it must be B.” Let the howling begin – please meet Dr. Pangloss.
The genetic code is the best of all possible worlds. It is entirely an adaptation. It
is optimized and continues to be optimized.
Apparently, the fact that the genetic code could be represented in a linear
fashion was taken as proof that the genetic code was linear. Following this same
logic can we then conclude that since the genetic code can now be represented
in a non-linear fashion that we must believe that the code itself is non-linear?
Perhaps, because “we could not imagine” any alternative; nor could we imagine
any reason why we would want to imagine an alternative. At least we should
start imagining something other than dogmatic doctrine. It is as though, in some
sense, that we “want” the genetic code actually to be linear, because that would
somehow be a good thing. The time has come to examine all of this reasoning
and the cascade of implications taken from it.
One thing is certain: we now can imagine an alternative to the linear
genetic code. The first most obvious observation is that at a bare minimum the
Rafiki model is capable of doing everything that the linear model was previously
doing for us. That’s always a pretty good start in a competition between models.
The linear model is entirely derivative of the Rafiki model. However, large
amounts of information are removed in going from Rafiki to Linear. From this
perspective we can say that Rafiki is optimized from linear. Linear systems
cannot be optimized in this way; therefore, dogmatic logic holds that the genetic
code cannot optimize in a linear model. But the Rafiki model could allow for
complete optimization. Which view is superior? From the perspective of the
Rafiki model, similarity of codes appears to be a “forced move”, or an
exceptionally good idea. It is a completely symmetrical system, which means
that all of the parts must be interchangeable. If there is non-equivalence of
properties within and between parts, the ability to rearrange them within the
system is severely diminished. Having more than one variety of stereoisomer in
the set of standard amino acids would appear to be selectively disadvantageous.
The Rafiki model intuits that this would not happen. The fact that it did not
happen only strengthens the claim.
The fact that the Rafiki system is capable of carrying more information
than the linear model suggests that there is more information in the genetic code
than was previously recognized. If one accepts the linear model, there is no
need to search for a function or meaning to any non-existent, extra information.
No time is wasted on a futile search, but a risk of overlooking useful information
is very real. Since peptide bonds are of paramount importance in translation and
protein folding, it is logical to suspect that the extra information in the code
serves a function here. The Rafiki model strongly suggests a meaning, use and
method for information optimization. The linear model does none of these.
Phylogeny debates appear confused by the linear model.
Conventional wisdom has us searching for a phylogeny with something similar to
the following pattern:
Replicator → Cell → Code

142

This has an inherent breach of logic, and it therefore creates problems in
the search. The job of a replicator is to reproduce. Is it possible to reproduce
before you produce? What are you re-producing? The non-linear model
suggests a “code first” phylogeny:
Code → Replicator → Cell
The code can optimize, and it has a function apart from the apparatus that
carries it, and that function’s performance can be good or bad on some metric.
Once begun, the code serves as the foundation of replicator systems capable of
replicating even primitive life forms. This “code first” view provides Darwinians
an easy out from an otherwise sticky paradox. The idea being: the code
generates, supports, and refines replication apparatus; not the other way around.
If the code is linear and non-optimized, Darwinians have no credible explanation
for its genesis and apparent universality, absent an elaborate supporting
apparatus. But what could have created the apparatus… Clay?

Crystals
The Rafiki model is first and foremost a theory about the aesthetic beauty
of the universe. It is a statement about the spatial arrangement of molecules,
and about how those molecules can maintain and translate genetic information in
that spatial arrangement. The universe is a very beautiful place. It produces
spatial–temporal patterns on the scale of the very small and the very large that
are sublime. My intuition tells me that any theory about the fundamental
workings of the universe must in some way reflect that sublime beauty.
The linear theory of the genetic code, from this layman’s perspective, is
aesthetically grotesque. Perhaps this is not so from a technician’s standpoint,
from the perspective of an engineer, someone who can appreciate the beauty of
“degeneracy” or the utility of “meaningless and arbitrary.” I am not such a
person. Perhaps I truly don’t know or understand beauty, but I know it when I
see it - and that is not it.
Molecular genetic mechanisms have not always been perceived in this
aesthetically offensive light. Prior to discovery of DNA as the molecular storage
of genetic information, in the 1940’s, it was believed that protein was king. There
was an appreciation of the diverse, sequential, polypeptide basis of proteins, and
how this could play a role in the diversity of shapes across all complex organic
molecules. At that time, there was no known mechanism to “specify” the shape
of these biological substances; so the term biological specificity came to
represent the general concept of shape “meaning” something in biology. It was
intuited that shape somehow played a key role in heredity. Going back even
further, the Greeks were convinced that shape was everything – somehow.
When the shape of the DNA double helix was elucidated in 1953 there was
considerable agreement that the shape of DNA had been described and it was
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decidedly monotonous and boring. There was little disappointment, however,
and focus quickly shifted from biological specificity toward pure information
science. Apparently, the shape of the information was no longer important.
In chemistry there is such a thing as a supersaturated solution. Take table
salt for instance. Salt is a simple, periodic crystal of sodium and chloride. In a
supersaturated solution of salt there is enough sodium and enough chloride that
they should be forming crystals, but they aren’t. In such circumstances it is
helpful to have what is known as a seed crystal. A seed crystal is exactly as it
sounds, it is a small salt crystal that seeds the formation of more salt crystals.
Just drop that sucker in there and before you can say shazam there is salt
growing in the solution. The atoms in the seed crystal teach the atoms in
solution how to line up and become a crystal; they teach shape. Are these atoms
reproducing, replicating or translating?

One might argue that the randomness of the solution is purged by a tiny
amount of information. The information content of the system grew rapidly on the
leverage of a simple symmetry.
Water is a similar but different story. Crystallizing water comprises a
variety of interesting phenomenon: a snowflake being one, Life being another. In
my book carbon is Adam and water is Eve. Imagine if you went someplace cold,
like Alaska, or Cleveland. Suppose some wiseacre at the car rental place said,
“are you just visiting?”
“No, I live here, but I always wanted to rent one of your overpriced cars.
Of course I’m visiting.”
“Well then, you must stop by the fields and see the snowmen.”
So, like a visiting idiot you go to the fields and find this snowfield full of
sled-like objects. When you approach one, it seems to somehow lurch with the
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wind, almost like it’s aware of your approach. After a few minutes of idiotic,
unsuccessful approaches to the sled-like objects, an old man in a parka
intervenes. He is overly cheerful and helpful, so you suspect that he is on break
from his Wal-mart greeter job. He is obviously skilled in the fine art of sled
capture, and he quickly subdues one of the beasts for you. Wal-mart guy whips
a pick and a lens from his parka.
“Looky here.”
Wal-mart guy picks a small fragment from the captured sled and holds it
under his lens, gesturing for you to look. Before peering through the lens you
notice the guy has a name badge: Donald Hatton – Geology, Indiana University.
“Don’t you love this?”
“Well, Don, what is it?”
“It’s a snowman,” says Don, gesturing again his excitement for you to look
into the lens.
What the heck - you peer into the lens and see hundreds of tiny
containers. Inside each container appears to be a tiny thermos™.
“It looks like a bunch of boxes with little thermoses inside,” you humbly
and irritably aver.
“Right! Guess what’s in each thermos.”
“Hell, Dr. Hatton, I don’t know. Coffee?”
“NO!”
“I give up. What is it?”
“A snowflake. And every snowflake in this pile is a replica of every other.
And every sled is the same, except by a slightly different snowflake.” Don waves
his arms toward the field (Dr. Hatton is a famous arm-waver, perhaps the origin
of the term).
“I don’t understand. How did all this come about – who made these?”
“Well,” Don says with his famous, crooked grin, “we don’t know. We
weren’t here when it happened.” Don laughs. “We have seen a couple of them
get together, mostly at night, and exchange containers, and a new one seems to
sprout at that spot. And we see them melt after a while, but other than that we
are limited in what we can know. We guess that somehow each snowflake
replicates itself, makes its own thermos and its own container. Somehow the
group figures out how to be a sled and somehow the sled seems to be aware of
its surroundings. It’s the damnedest thing I’ve ever seen.” Don laughs again,
and you awake from the nightmare.
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Sorry about that; I couldn’t resist. The point being: why not? Snowflakes
are obviously very talented crystals. How do they do what they do? They are
actually aggregations of tiny ice particles. They are “agent based” in this sense,
and their unexpected overall structure could be thought to emerge from a very
large number of agents, each agent must follow the same set of simple rules.
Why couldn’t they learn just a few new tricks and be able to do so much more?
They could, but the big question is what type of tricks would they need to learn
and how could they use them. Let’s start with the tricks they apparently already
know. They know how to generate diversity. This diversity is obviously all about
shape, so they must have a shape-diversity generating trick. They also have a
striking symmetry. Shape-diversity and symmetry are apparently not mutually
exclusive, but they do seem to be strange bedfellows. Symmetry is synonymous
with sameness and monotony, not diversity. Symmetry means that you can
change something somehow and keep it the same. Snowflakes have rotational
symmetry, you can rotate them without changing them.
The internal consistency of their symmetry is stunning, but other than
some fundamental universal law of symmetry, their methods of consistency are a
complete mystery. The ten billionth H2O molecule decides, or is taught by the
one before it, to line up on the left, instead of the right. How is this action in arm
number three of the snowflake coordinated with and communicated to arm
number five? Seems like a recipe for disaster to me.
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More bizarre, they seem to have some form of memory. They can be
partially melted and reform. Could the water molecules possibly have a
language? Would they need one? Unlikely on both counts. All they really need
is a simple shape based foundation that when compounded becomes very
diverse. The fact that both salt and water are periodic crystals gives rise to
relative predictability. One curious thing about Life-based crystals is their
predilection for five-fold symmetry, which is virtually non-existent in periodic
crystals.
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However, we are all familiar with the fiveness of Life – fingers, toes, sand
dollars – but could there be a polyhedrish referent behind this?

I wouldn’t be greatly surprised if there were.
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