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PREFACE

This book is an attempt to focus attention on new understanding of the
genetic code. The central theme is the Boolean spaces and genetic coding
based on them. The mysteries of the genetic code are ultimately explained in
terms of LIGHT (Logical, Information, Geometric, Homeomorphic,
Topological) model and System.

After reading this book we can see that, there have been several reasons
for its writing. First, until this book there is not good enough mathematical
model to make link with physical reality of genetic code. Second, we can see
that there is strong determination between atom and nucleon number of
amino acids and their physical and chemical parameters. A third motive for
this book is to make available a unified resource for teaching Ph.D. students.
The book can also serve both researchers and students in the field of
biochemistry, molecular biology and interdisciplinary studies.

Dr. RakoCevi¢ does a particularly excellent job of creating a working
model of nucleon number (mass) and shell properties (electrons). The book
thoroughly, clearly, and gently opens the reader's mind to the conclusion that
we, as biological begins, are more than classical chemistry and physics
entities.

In the past seven years, I have had the pleasure to be associated closely
with Dr. Rakocevi¢. I liked the book, have enjoyed reading it and think that
s a timely contribution. As usually in science, we may do not agree with all
of it but, in the main, Dr. Rakogevi¢é model of genetic code is more
consistent with physical reality than any other model which I know.

There is no question that this book will have great influence on our
thought about genetic code.

Prof. Dr. Djuro Koruga
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1. INTRODUCTION

In spite of the fact that the genetic code had been practically decoded as
early as 1966 (Crick,1966a), there are still many unanswered questions and
controversies even today in relation to it. Among the unanswered questions,
that is, the unsolved problems we list the following:

1. Is the genetic code really universal or not (Crick, 1968; Porschke, 1985;
Alvager et al., 1989)?

2. If it makes sense, instead of a universal, to talk about the standard code,
does an established connection, one defined by law or principle, with
nonstandard codes (cf. Attardi, 1985; Alvager et al.,1989) then exist?

3. Being redundant, did the genetic code (in the process of evolution) really
degenerate, or was it generated as such? (Caspari, 1968, p 327: "This
code was completely degenerate and... each code letter was used in more
than one codon.")?

4. As to the interpretations of the origin of the genetic code, to which of the
two theories should preference be given: "The Stereochemical Theory" or
"The Frozen Accident Theory™ (Crick, 1968; Porschke, 1985); moreover,
to what degree is the first theory supported by the Watson-Crick rules of
base pairing (Watson & Crick, 1953a, 1953b), and to what degree is it
thwarted by mispairing in the process of complementary base pairing as a
condition for the origin of substitution mutations (Topal & Fresco,
1976a), and in the codon-anticodon interaction (Topal & Fresco, 1976b);
and, how much do the facts concerning pairing favor (if at all) the second
theory?

5. Does the fact that only the L-amino acids participate in the genetic code
favor "The Stereochemical Theory" or not, especially if it can be shown
that every codon fulfills the stereochemical conditions for coding the
appropriate L,S-dimer (Grafstein, 1983, p 157: "An intricately coupled
stereochemistry is formulated which displays a binary logic for amino
acid-codon recognition™)?

6. With the formulation of "the general base-pairing hypothesis™ (Topal &
Fresco, 1976a) and "the two out of three" hypothesis (Lagerkvist, 1978
and Lagerkvist et al., 1981) has the "Wobble Hypothesis" (Crick, 1966b)
been refuted?

7. Has the genetic code been "from the beginning™ as it is today: a four-
letter alphabet (four amino-imino bases: two purines and two
pyrimidines, with at least one base- uracil- which is only an imino base)



from which three-letter words are generated; plus the twenty-letter
alphabet (20 amino-imino acids, 19 amino acids and 1 imino acid) from
which one-letter words are generated. Or, was the genetic code originally
(in the beginning) a four-letter alphabet with two-letter words; or a two-
letter alphabet (2 amino-imino bases, 1 pyrimidine and 1 purine) with
doublets or with triplets; of course, in all cases, with the suitable
(which?) number of amino acids (cf. Eck, 1963; Jukes, 1963, 1966, 1973,
1983; Yockey, 1977; Eigen & Schuster, 1979; Rowe & Trainor, 1983b)?

(Note: By "the beginning™ of the genetic code we mean the origin of life
anywhere in the universe; in the sense that, if there's a genetic code, there is
life, and if no code exists, then no life exists.)

8.

Is the fact that the present day code completely represents the realization
of a mathematical model - the third class variations with the repetition
from the set of four elements (Gamow, 1954) of great importance
(Konopka & Brendel, 1983, p 472: "The theoretical possibility... is a
result of the mathematical structure of the genetic code"), or it is not of
great importance (Osawa et al.,1992, p 230: "The general pattern of the
genetic code results from biochemical properties of nucleotides rather
than from any mathematical formula™)?

Which factors have determined the replacements of amino acids in
proteins during the evolutionary process (Dayhoff, 1969, 1972-1978;
King & Jukes, 1969; Doolittle, 1981, 1985; Doolittle & Kyte, 1982;
Swanson, 1984; Frommel and Holzhitter, 1985; Taylor, 1986; Prat et
al.,1986)?

10. Does Darwin's theory of selection, as a nonrandom process, still hold for

the macromolecular level, and for the level of genomes, or are we talking
about a "non-Darwinian Evolution" (King & Jukes,1969) as a random
and drift process, and as an indirect result of the existence of neutral
mutations (Kimura, 1968)?

With argumentation for one general and several separate hypotheses

(bearing the status of working hypotheses), we will show in this study that
the answers to the previously asked questions have to be affirmative (the
declaration of the position taken in the first part of the question section),
except for the third and sixth question; the ninth question will be discussed
separately.



2. THE HYPOTHETICAL FRAMEWORKS

2.1. The general hypothesis: Boolean (logical) spaces are the main
determinants and the invariants of the genetic code.
2.2. The separate hypotheses:

1) In answer to the question of whether there is any sense in talking
about the evolution of the genetic code, a reliable answer can be
found on condition that the following three input-output relations
are correctly analyzed: I. Input: Codon-Anticodon interaction -
Output: Codon - Amino acid relation; II. Input: Codon ring -
Output: Mutation ring (both rings as in Swanson, 1984, p 188 and p
191; cf Appendix 1) and Ill. Input: Essential amino acids - Output:
essential, semi-essential and non-essential amino acids;

2) The wobble principle is a universally - held principle for the genetic
code and does not amount to only codon-anticodon interaction
(Crick, 1966b);

3) The relation of Strong - Middle (mixed) - Weak (SMW) (Lagerkvist
et al., 1981), that is, Full-Semi - Empty (FSE) (Rakoeevig, 1994) is
a universally - held relation for the genetic code;

4) “The Crossing - over” principle is a universally - held principle for
the genetic code not only for its physical but also for its logical
systems (structures).

The presented argumentation for the stated hypotheses proves that the
genetic code represents a whole, unique, and unified system with strict
relations of binary symmetricality, proportionality and harmoniousness of
all its parts (constituents) within the whole; and that not only from the
formal aspect (the number of molecules, atoms and nucleons) but also from
the essential aspect (the structure and the physical and chemical properties
of the constituents). The genetic code must have been in “the beginning” in
the same state as it is at present (today) because the generation of such a
genetic code is a prerequisite for the origin of life anywhere in the universe.
(The chemical evolution of macromolecules, which occurred prior to the
genesis of the genetic code, will be considered as being prebiotic in this
study; cf Dickerson, 1978, pp 70-86: “One of the fascinanting side issues of
origin-of-life biochemistry is why the present set of 20 amine acids was
choosen”; cf also Pflug, 1984, p 67: “A prebiotic evolution took place on the
early earth. The origin of life is open to alternative explanations, including
extraterrestrial phenomena”).



Remark 2.1. All the three elementary types of symmetries (1. in relation to the point, i.e.
center, 2. in relation to the line or axis and 3. in relation to the plane) can be represented by
the binary symmetry of the segment line, i.e. by the symmetry of the entities 4 <> 4" (or
A <> B) in relation to the central entity C - the center of symmetry (whether or not it
exists, represented only by a point), where AC = C4’=nand A4’ = 2n. If so, then:

The entity C contains (in itself) the quantity ¢ (c =n), which represents the
arithmetical mean for AC and CA’. This is the essence of binary symmetry as the
"symmetry in the simplest case"(Marcus, 1989, p 103: "In its simplest form, in a one-
dimensional Euclidean space, symmetry is defined with respect to one point. Given two
points A and B in this space, the symmetric point C of A with respect to B is one such that
the distance from C to B is equal to the distance from A to B, whereas the distance from C
to A is the sum of these two distances"; Notice that our B or 4’ is Marcus' C and vice
versa). Its simplicity is the reason why we can consider binary symmetry as the best
possible symmetry.

1. There is also the entity M which contains (in itself) the quantity m, where m =4/3 n,
which represents the harmonic mean for AC and 44’ (the essence of binary harmony!);

AA’ can be, in infinitely numerous ways, divided into two unequal parts;

AA’ can, in a finite number of ways, be devided into two parts which are proportional
to each other (the essence of binary proportionality!);

5. There is exactly one of pair of points G, G’ which represent the golden section along the
segment line A4’ (the essence of infinite division and the best possible proportion!).
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Figure 1 The binary tree of the genetic code. It generates from the Gray code model
of the genetic code (Swanson, 1984) by codons arranging according to the natural numbers
series “for the numbers 0-63”. The 8 rosettes on the binary tree correspond to 8 codon
classes. The broken line is the primary (source) line and the full line is the secondary one;
pyrimidine type molecule is the parent molecule while the purine type is its derivative.
However, when the purine type is to be selected, it is the primary line for the purine type
base but only in one step. The Arabic numerals, as the vector numbers designate the
rosettes (classes) of codons that correspond to the vertices of the unit Boolean 3-cube.



Remark 2.2. The binary symmetry A <> A" (or A<> B) in this paper is still understood, except by S.
Marcus, in the sense used by P. Hilton and J. Pederson (1989, pp 73-74) so that the given entity from the
pair A, A’ (or A, B) “may admit several different combinatorial structures and each structure will be
regarded as combinatorially distinct. You should thus be warned that [entities] which we regard as the same
(i.e. combinatiorially equivalent), you may hitherto have regarded as different (see Fig.1(a)); and [entities]
which we regard as different (i.e.combinatorially distinct), you may hitherto have regarded as the same (see
Fig.1(b)).” For a better understanding of this we present a possible correspondence between their Fig.1 and
our Fig.1. The entity on the left side of their Fig.1(a) - “the cube” - correponds to the pyrimidine entity (in
32 combinations, or to be more correct, variations) on the left branch of the binary tree in our Fig.1; their
right side entity ("the prism”) corresponds to our purine entity on the right side (also in 32 variations). The
entity on the left side of any one of the 4+4 “rossete” (or classes) codons on the binary tree in our Fig.1
corresponds to their left entity in their Figure 1(b); a simpler cube model corresponds to our simpler
pyrimidine (U) and/or purine (A) entity; their right entity - a more complex cube model - corresponds to
our more complex pyrimidine (C) and/or purine (G) entity on the right side (cf analogous “cubes” and
“prismes” in Fig. 3.5 in Dubinin, 1985, p 81).

Remark 2.3. Since the genetic code can be reduced to the Gray code model (Fig.1 in Swanson, 1984,p
188) and to a binary tree (Fig.1 in this paper), with a starting codon UUU 000000 and a final codon GGG
111111, it follows that as to questions of symmetry in relation to the genetic code the mathematical group
theory holds only partially (our hypothesis and a prediction of this - Prediction 1 - remains for further, that
is, future research). This results from the fact that set Q of rational numbers, including zero, does not form
a group with respect to a multiplication operation. The above mentioned is the reason why we won’t use
the mathematical group theory to research the symmetries of the genetic code in this paper.

3. GENETIC CODE AS ABOOLEAN SPACE

A more detailed analysis of (experimental) facts shows that the nature of the genetic code
is such that the two contradictory views stated in the 8-th question in the Introduction
hold true simultaneously: for the characteristics of the genetic code, which, being as they
are, are “the result of the mathematical structure”, in other words, they are not that, they
didn’t originate “from any mathematical formula” but are the result of the “biochemical
properties of nucleotides”. The genetic code, in fact, represents a unity of both one and
the other: the relations of the characteristics of the genetic code are such that they
correspond to an ideal (one or more) mathematical model; “correspond” in the sense that
they are correspondent of and in accordance with the model.



4. GENETIC CODE NUCLEON NUMBER

Besides the strict, above-shown regularities of the genetic code,
regularities characterize the genetic code in other ways as well. If codon
systematization is observed not only in quartets but also in octets
(Rumer,1966) we get exactly two classes of separate binary symmetrical
codon doublets (the first and second base of the codon), the first class being
within the first octet, and the second class within the second octet (Table 1
in Shcherbak,1989, p 272). The ratio of the number of doublets is 1:1 (or
8:8); which also corresponds to the number of codons in the two classes: 1:1
(32:32). As to the codon-coded entities (for amino acids and/or for
termination entity), the ratio of four-codon and non-four-codon entities is
1:2 (that is, 8:16). Finally, the relation of the number of "strong” (C,G) to
the number of "weak" bases (U,A) in codon doublets of the first octet is that
of 3:1, whereas that relation in the second octet is 1:3.

4.1. Union of Chemistry, Physics and Boolean Arithmetic

However, what is in a way unexpected and most surprising is the fact that
(binary) symmetricality and proportionality is achieved through the number
of nucleons (Fig. 1 in Shcherbak, 1994, p 475). Namely, from the aspect of
nucleon number, 16 of the non-four-codon entities are symmetrically
separated into the "head" and the "body" (the side chain) in one way, and the
8 four-codon entities in another. The first way "uses the same symbols", and
the second way has "the numbers arranged by cyclic permutation”, but in
both cases the numbers in question are those taken from the table of the
multiples of the number 037, which form a system arranged in accordance
with module 9 (Table 1 in Shcherbak, 1994, p 476). The relation of the
number of nucleons in the "heads" and "bodies™ of non-four-codon entities
is that of 1:1 (that is, 1110:1110), whereas the relation of the whole
(molecule) to that of one of its individual parts "heads" and "bodies" is 2:1.
On the other hand, the relation of the number of nucleons in the "heads" to
that of the "bodies™ of the four-codon entities (amino acids only!) is 16:9;
that is, when the wholeness of the molecule is taken into account,
proportionality is then reduced to very small numbers, not to any number,
but to those numbers which demonstrate the squares of the first three
Pythagorean numbers 3%:42:52, (Hint. Not only the total amino acid nucleon
number, but also the total pu-pyr nucleon number is related to the multiples
of 037; cf footnote in Shcherbak,1994, p 476).



5. HIERARCHY OF BOOLEAN SPACES

When the Watson-Crick table was first presented in the form of a codon
cube (Fig. 64 in Eigen & Schuster, 1979), it was not possible then to expect
anything in the way of a reality-model, much less the Boolean cube B2,
However, with the presentation of the "codon path cube” (Fig. 2 in
Swanson, 1984, p 189) there was no doubt about it, all the more so since out
of six possible choices in the Gray code model (B®), the situation is exactly
balanced with the generation of B*: the second base was chosen with both
questions being taken into account (base type and number of hydrogen
bonds) and the first base was chosen with the first question being considered
(base type). Choosing, and doing so on the basis of only one question,
means to choose! Choosing the first and second base and not the third, is a
strict rule which can be otherwise expressed as choice according to the
model of "two out of three" (cf. with the reading "two out of three" in the
codon-anticodon system in Lagerkvist, 1978 and Lagerkvist et al., 1981).
Knowing that, in the coding process according to the Watson-Crick Table,
mutatis mutandis, only the first two bases are coding, and the third is
noncoding (Lewin, 1987, p 129: "The pattern of third base degeneracy...
shows that in almost all cases either the third base is irrelevant or a
distinction is made only between purines and pyrimidines."), we can say that
the choice according to the "two out of three” model is such that we are
talking about a reality-model; therefore, the generated Boolean cube B®
(generated after the third choice) is also a reality-model. The relations of
codon entities and amino acid entities in such a model are in fact shown in
the genetic code binary tree (Fig. 1).

The achieved balance after the third choice is one in the sense that
besides the number of chosen bases there were exactly the same number of
those which were not chosen. The second base based on both questions and
the first base based on one question were chosen; but the first base with one
question and the third base with two questions were not. It is important to
notice that at the realization of the six choices the first and second base are
chosen by the essential presence of "crossing-over", whereas the choice of
the third base takes place without it (Swanson, 1984, p 188: "Note the
interleaving of the Gray code bits representing the first and second bases of
codon.™).




However, the "two out of three" and the "crossing-over™ principles are
fully observed with the fourth choice: the first two bases are then fully
chosen, while the third base in the codon is not. This is the reason why the
genetic code binary tree (Fig. 1), that is, the Gray code model (Fig.1 in
Swanson, 1984, p 188) represents the unity of the Boolean cube and the
hypercube B2 - B*. In accordance with this, it is understood that besides the
eight large rosettes in the genetic code binary tree (0-7), there
simultaneously exists 16 small rosettes (0-15).

6. PARAMETRIC RELATIONS

The informed reader will find it easier to see a hypercube in the binary
tree (Fig. 1) than a cube, but the physical and chemical parameters,
nevertheless, give priority to the cube. If the whole Boolean space of the
cube is divided into two equal (and symmetrical) parts, into space-3 and
space-4 (a harmonious division in the sense of the discussion given in
chapter 3.3.), we will get two classes of amino acids (Note: Vertex 3 and
adjoining vertices 1,2 and 7 form space-3; vertex 4 and adjoining vertices
0,5 and 6 form space-4.). Space-3 contains 9 amino acids: T,A; S,P; I,M,V;
R,G. Space-4 contains 12 amino acids: Y,H,Q; F,L; CW,R; N,K,D,E.
Because the amino acid R appears in both spaces, the number of amino
acids "increases" by 1 so that now there are "21 amino acids".

6.1. The Three Rings

With division of the amino acids into two classes within Space-3 and
Space-4 the existence of the physical properties ring, along with those of the
Mutation ring and the Codon ring (Figs. 4,3,1 respectively, in Swanson,
1984) becomes evidently clear. If, in Figure 2 (Fig. 4 taken from Swanson,
1984, p 192) through the arc which passes through the points P-M and the
arc which passes through the points D-F we divide the space into two parts -
the right and left - then in the upper left part or in its adjoining area can be
found amino acids from Space-3 (G,A,S,T,P), whereas amino acids from
Space-4 (D,N,E,Q,K,R,H,Y,W) can be found in the upper right part or its
adjoining area. After this division, in the lower part of the ring (far from the
top part and its adjoining area) remain amino acids which are located
exactly on the two arcs .....
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Figure 5(11) Here are given amino acids from Space-3 and Space-4 as in previous
Figure but here are taken the collective binary values (cf Rakocevig, 1980, p 10). In case of
nonexistence of such values, the categorization (3 x 3) would not make any sense for Space-
3, but only the categorization (2 x 4). Note that the sequences (Q, N, D, E) and (S, A, G, P)
are the same as in Mutation ring.

With this we have total and definitive proof for the existence of the Input
(Essential amino acids) - Output (Essential, semiessential and non-essential
amino acids) relation presented in the second working hypothesis
(Chapter 2). Of course, here it is understood that, for organisms which first
came into being, all the amino acids had to be essential (in other words,
non-essential, depending on the view; they were non-essential in the sense
that the organisms themselves were able to synthesize all of them).

It is important to notice that with the systemization of amino acids, as
given in Figure 5, the problem of amino acid classification is solved, and
from the aspect of essentiality, that has been achieved according to the
model 10 : 10 or the model 8 : 4 : 8 (4 semiessential amino acids). The
surprisingly large number of different views about this problem, which we
have mentioned in a previous study (Rakoéevie, 1994, pp 84-85) now
acquires a simple solution: amino acids must first of all separate into those
of Space-3 and Space-4; only then can their essentiality be analyzed.

27



The positional hyerarchy

In order to make the periodic law and the optimal principle
of the genetic code (hence, consequently, of the amino
acids code) more comprehensible, it is necessary to
observe that the "course of change" in the "area' of
physicochemical properties of purine and pyrimidine bases
follows the binary logic (Fig. 1). What is even more, the
principle of the positional hyerarchy of the binary
numbering system is completely applicable to the genetic
code:

2° - third position (2) 22\ 2

4 2 1 u=0
2! - second position (y) UUC=1 c=1
ucu=2 A=2
22 - First positon (X) cCuuU=4 G=3
UUA=2 :
ACG=13

Binary numerical values of each of the triplets‘ represent,
in fact, their distance from the starting (zero) point uw)
(Table 2).

From the aforesaid, and from the figures and tables, follows
the axiomatic conclusion:

1. The genetic code could not start its evolution as a two-
letter alphabet (A,T); 2. A "doublet" is not possible; 3.
Codons, 64 of them, can encode 21 different situations,
which is maximum (20 amino acids and a "stop" command);
4, The genetic code evolution has not ended halg - way.
Binary values of the amino acids, calculated as mean values
of the codons encoding them, are shown together with the
values for hydropathy (Doolittle, 1982) and polarity (Woese,
1966) (Table 4).

The relational approach (instead of the functional one) of
the analysis of the relationship between amino acids
provides a very good agreement of binary values,

» Since we are concerned with a spatial arrangement, the sequence
T-A is not fully confirmed.
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Table 2 64 codons for 20 amino acids and 1 ,Stop“ command
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Figure 6 Mutation ring I1. This Ring could be regarded the Mutation ring Il provided
that R. Swanson s Mutation Ring (Swanson, 1984, Fig. 2) is regarded the Mutation Ring I;
Everything is the same as on Mutation Ring I, only the S.T.-Q.K. line is shifted by one step
on both ends in relation to Mutation Ring I; and P.E.-M.L. line is shifted only on one (the
other) end. The squares designate the amino acids from Space-4 and triangles designate
the amino acids from Space-3. The empty squares and empty triangles designate the
nonessential amino acids, otherwise they designate the essential amino acids; the dots
designate the semi-essential amino acids. The lines strictly separate non-essential from yes-
essential amino acids; then the lines strictly separate the Space-3 amino acids from Space-
4 amino acids. There are the two exceptions: C is full-strayed; R is semi-strayed. One
should note that the complementarity principle is applied as follows: outer-inner: non-
essential amino acids from Space-4 are complementary with the essential amino acids from
Space-3, etc.

Surprises, however, do not stop here. We can see in Figure 6 how the
arranged system of essential amino acids, determined by Space-3 and
Space-4, brings order to the relations among the amino acids within the
mutation ring. The essentiality of amino acids and the relation between
Space-3 and Space-4, in fact, reveals that the Mutation ring (Fig. 3 in
Swanson, 1984, p 191 - Mutation ring I) must exist in yet another form, as
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shown in Fig. 6 in this paper (Mutation ring Il). It should be noted that in
the half of the ring with the non-essential amino acids there is no "Crossing-
over", whereas in the half with the essential amino acids the "Crossing-
over" exists: full (strong) "Crossing-over" for C, semi (middle) "Crossing-
over" for R (and empty "Crossing-over" for other amino acids.). Binary
symmetry is evident and so is proportionality: yes-essential: non-essential =
3:2 (or 12:8); non-essential from Space-3: non-essential from Space-4 = 1:1
(or 4:4); yes-essential from Space-4 (including R): yes-essential from
Space-3 (excluding R) = 2:1 (or 8:4). Including and excluding the amino
acid R is also another specific way of "Crossing-over".

With such a view regarding the structure of the mutation ring, we can be
certain that it is the result of a representative sample not only from the
aspect of the number of analyzed proteins, but also from the aspect of an a
long enough passage of time in the process of evolution (Dayhoff, 1969;
1972-1978; Swanson, 1984). Bearing this knowledge in mind, it follows that
in the input (codon ring) - output (mutation ring) relation, feedback had to
exist, and had to be negative. But what does that practically mean? It means
that with a sufficiently large number of “dice throws" (the replacement of
amino acids in proteins as a result of mutations), the relations among the
amino acids in the proteins have come to be the same as those originally
found in the genetic code. There is, therefore, no discontinuation, which
means that the genetic code was originally the same as it is today.
Mutations, even when they are "obviously" neutral in fact are not neutral.
All of them are an indispensable part of the whole, representing at least the
smallest pebble which are, one by one, continually and gradually built into
the mosaic, which after a long enough time forms in such a way as to be the
exact copy of the mosaic originally contained in the genetic code itself. If all
this is so (and this follows from the analyzed results), then we have a full
and definitive proof for the existence of a Codon ring (Input) - Mutation
ring (Output) relation (First working hypothesis in chapter 2); then not even
the Non-Darwinian evolution existed, being that it was based on wrong
suppositions about the possibilities of neutrality for mutations. With this the
answer to question 10 from the Introduction has been given.

With accurately argumented proof that Boolean spaces are actually the
main determinants and invariants of the genetic code, then non-Darwinian
evolution, per se, is not possible. However, independently of this, in the
very act of founding the theory of non-Darwinian evolution many
methodoliogical mistakes have been made. The main experimental result on
which the findings of this theory has been based (Figure 1 and Table 6 in
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King & Jukes, 1969, p 796) originated from a selective, instead of a
representative sample ("53 completely sequenced mammalian proteins™)
(italics M.R.). On the other hand, basing their theory on the genetic essence
of being, the authors of the mentioned theory, have again made a
mistake.They have started from both the genotype and the phenotype model,
that is, from two entities of the genetic essence of being, as defined by
Johannsen (1909, 1913), and which are in their sense non-reality models or
conventions; instead of starting from reality-models, as perceived and
defined by Mendel (1866) and who have reduced the entity number to two
instead of four, with a strict mathematical interdependence: Stammarten -
Konstante Formen - Glieder - Individuen, 1" - 2" - 3" - 4", respectively. In
other words, using modern terminology, we can say the following: Parent
type - Phenotype - Genotype - Individual type (see Rako~evi}, 1994, ppl75-
177 for details).

6.2. Codon-Anticodon and Codon-Amino Acid Relations

The results, which we are presenting above in so straightforward a
manner, are also strengthened by the results given in Table 1. The relations
among the amino acids given in this Table are, in fact, "copied" relations of
the amino acids united in the Codon ring - Mutation ring system (see
Appendix 1). As we can see, the amino acids are strictly divided on the
basis of the "key" of positive and negative values of a very important
parameter, that of hydropathy (Doolittle & Kyte, 1982).

The presented conclusion may be surprising for the reader because it has
been drawn only from the relation (and interaction) of codons - amino acids
(cf Reuben & Plok, 1980, p 111: “The genetic code apears be the ‘fossil
record’ of nucleotide - amino acid interactions in the prebiotic milieu”). At
first sight it seems as if the codons - anticodons interactions have not been
taken into consideration at all. The contradiction, however, disappears when
the following two things are understood:
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7. FINAL COMMENTS

How has the genetic code become "from the beginning™ that what it was:
why with those bases and that exact number of bases; why with those amino
acids and why with that exact number of amino acids; with exactly 3 "stop™
codons in the alphabet which functions on the level of words, with exactly
one termination situation in the alphabet which functions on the level of
letters (as showed graphically in Figure 1 in Shcherbak, 1994, p 475)? All
this follows from a strict determination by nucleon number presented in
chapter 4 and a strict determination based on physical and chemical
parameters presented in chapter 6. The genetic code, therefore, must be
universal for life which could exist anywhere in the universe (with this the
answer to question 1 from the Introduction has been given). But it is not
universal in the sense that there is one-meaning correspondence between the
words of one alphabet and the letters of the other alphabet in all cases. On
the contrary, for the largest number of cases the correspondence is really
one of one-meaning (strong), but in a number of cases there must be a
deviation from one-meaning,and that by two possible levels: middle and
weak. In a previous work (Rakoeevig, 1988, pp 182-183), we have given
the following prediction: "the optimal path in the process of coding (insofar
as there aren't any anomalies) is realized with at least one binary step and at
the most with two! Therefore, all exceptions from the universal code can
appear only within these limits... .The phenomenon of multiple-meanings in
cases of suppression does not overstep the limits of the two binary steps."
And now we can more precisely say: the deviation ("wobble™ or "wobbling™)
from one-meaning in the coding process is a law, a universal principle, and
in the case of the genetic code this principle manifests itself in such a way
that there are "one-meaning" limits which is strong (in most cases), then a
"one-meaning"” which is slightly weaker (within the limits of one bit in the
Gray code model, or in the genetic code binary tree), middle, and an even
weaker "one-meaning” (within the limits of two bits), "weak" (with this the
answer to question 2 from the Introduction has been given).

All examples of deviations from the standard genetic code, presented
prior to or following 1988, confirm our prediction: they are deviations only
within the limits of two bits. We should, however, list some concrete
examples: Kuchino et al. (1985) and Horowitz & Gorovsky (1985) report
that in the Tetrahymena thermophily codon UAA there is no "stop”



meaning, but it codes for glutamine. The UAA position in the standard code
binary tree is determined by means of the Boolean vector (100010). The
position of the first codon which codes for glutamine of codon CAA is
(100110). The difference is 1 bit. The position of the second codon, CAG, is
(100111). As we can see, the difference is two bits (the difference in the
number of ones). And now the conclusion: from the aspect of the first
codon, the situation in the change of one-meaning can be described as
middle, and from the aspect of the second codon, as weak; in relation to both
codons, the situation is, however, mixed. Osawa et al. (1992, p 230) report,
however, that "in certain ciliated protozoans, UAR codes for GIn." This
means that, besides UAA, UAG codes for GIn. In either case, the limit of
two bits is not violated (the reader can easily convince himself of that by
"reading"” the six-bit-records of appropriate codons in the binary tree in
Figure 1). The second example, as reported by Yamao et al. (1985, p 2306)
and Osawa et al. (1992, p 230), refers to the organism Mycoplasma
capricolum in which "UGA codes for Trp." But, instead of citing examples
of particular cases, we can generally conclude the following: in all cases of
deviation from the standard code, which have been discussed by a great
number of researchers (Sanger et al., 1981; Jukes, 1983; Attardi, 1985;
Alvager et al., 1989; Osawa et al., 1992), are such that they do not violate
the limit of two bits. With this, our prediction from 1988 forward still holds
(now as Prediction 7): and in the future there will not appear cases of
deviation from the standard code by more than two bits.

The discussed cases of deviation from one-meaning given by the
standard code concern homonymy (one and the same codon has different
meanings in different systems). However, deviations from one-meaning are
determined by the strong-middle-weak relation even when the chemical
composition of the genetic code constituents (amino-imino acids and amino-
imino bases) are considered. The 18 amino acids are strictly one-meaning ,
in the sense that all are made up from the same 4 kinds of atoms - H, C, N,
0. They, therefore, have a strong one-meaning. For the remaining 2 amino
acids (M & C) a deviation ("wobble™ or "wobbling") already appears, and so
does the fifth kind of atom (S); this is how "weakening" of one-meaning
occurs. In regard to that, methionine (in both forms: sulpho-methionine and
seleno-methionine) stays middle, while cysteine "weakens" even further to
become weak. It becomes so in two ways. First, it "multiplies™ itself for a
whole "step", that is, for one whole "neighborhood" - in proteins it appears
in the form of cystine. Secondly, it becomes "weak™ by "multiplying™ its
standard nucleus (atom S) by one whole neighborhood (Se) (by one electron



level!), so that it gives rise to a "nonstandard nucleus"” (atom Se) and with it
, to amino acid selenosysteine (cf. Voet & Voet, 1990, p 912; Osawa et al.,
1992, p 254; cf. "The anomalous” behavior of cysteine in Mutation ring Il in
Figure 6.).

(Osawa et al., 1992, p 254: “One of the most remarkable properties of
coding is the occasional incorporation of selenocysteine in polypeptide
synthesis in both prokaryotes and vertebrates. Secys has been sometimes
termed the ‘21st amino acid’. It occurs as the active center of a few
enzymes... Enzymes containing Secys have not been detected in green
plants”; and further at the same page: “Notably, Secys cannot replace
cysteine in cysteine tRNA. In this respect, Secys is unlike selenomethionine,
which can become aminoacylated to methionine tRNA and is then
incorporated into thiolase of Clostridium kluyveri”);

Our prediction for future research (Prediction 8) is that an analogous
strict determination of one-meaning - multiple-meanings has to exist for
amino-imino bases as well, whose determination we can now only hint at.
Namely, in the following sense: from the aspect of "standardization”, C, A,
G have a "strong" one-meaning, while T and U already show a "weakening"
- the next step in the "weakening" is represented by different modifications
of nonstandard pyrimidine and purine bases (cf. Voet & Voet, pp 902-903).

Strict determination of one-meaning - multiple-meanings of amino acids
by way of the strong-weak-middle (mixed) relation is important for the
pairing and non-pairing of amino acids from the aspect of their
stereochemical categorization (cf chapter 4.1.). If it is noticeable that
according to the character of the influence of the side chain R on the
conformational freedom of the basic monopeptide segment (-CONH - C*HR
- CONH -), the 20 canonical amino acids can be categorized into 4
stereochemical types: Gly, Ala, Val, and Pro (Popov, 1989, p 79),
determination then takes place in the following manner. According to
E.M.Popov, glycine belongs to type Gly, proline belongs to only type Pro,
Isoleucine, together with valine, belongs to type Val, while the remaining 15
(of the total 16) amino acids belong to type Ala. Bearing this in mind, we
are of the opinion that every chemist can easily see that the 16 amino acids
of the Ala type are strictly divided into 8 pairs: A-L, S-T, C-M, N-Q, D-E,
K-R, H-W, and F-Y. The following conclusion can be drawn from this:
from the aspect of strict stereochemical one-meaning pairing (strong), there
is only one pair of amino acids, and that is V-1; one pair is weak (empty), but
it is not really a pair: G-P; finally, then all the remaining 8 pairs within the
stereochemical type Ala, are mixed, in the sense that it has 8 different



variations of one and the same stereochemical type. If we add to this the fact
that stereochemical pairing - non-pairing is determined , also very strictly,
by the number of nucleons, and even by perfect numbers (cf. Appendix 3),
then no special discussion is necessary to additionally prove why "The
Stereochemical Theory"”, and not "The Frozen Accident Theory" holds true
for the genetic code (with this the answers to question 4-5 from the
Introduction have been given). Moreover, it becomes obviously clear why
the genetic code had to be "from the beginning" the same as it is today (with
this the answers to question 7 from the Introduction have been given).

When it is once perceived and understood that the Boolean spaces are the
main determinants and invariants of the genetic code, as we have shown in
the previous six chapters, then all the other experimental results as to the
genetic code have to be perceived in a different light and differently
interpreted. We will show this with several examples. It follows from the
accurately given “Mutation Data Matrix”, MDM, (Dayhoff et al.,1979;
Dayhoff & Orcutt, 1985) that the evolution of proteins was “a random”
process (no ordering of amino acid groups in the matrix is preceivable). But
that is, in fact, due to the fact that the order of amino acids is not the one
that would unavoidably follow from the positions of amino acids in the
Boolean space. With such an order, the situation is the opposite (as
expected!): a strict ordering by amino acid group exists; in other words, the
evolution of proteins must be “a non-random” process (cf. the original order
of amino acids in the MDM with our order in Rako~evi}, 1988, p 196 and
197; the table on p 196 is the same one from Figure 4 on p 7 in Dayhoff &
Orcutt, 1985). The same holds for “The genetic code matrix” (Dayhoff et
al., 1979; Dayhoff & Orcutt, 1985): in the original order of the amino acids,
there are as many as 12 mismatchings (the mismatching of number 3 with
number 2 along the diagonal, whereas in our order there are only 4
mismatchings (cf. Table on p 193 and Table on p 1995 in Rakoeéeviz,
1988). Of course, in our original matrix, which strictly follows the position
of amino acids in the Boolean space , there is not even one mismatching
(Table 48 in Rakoeeviae, 1988, p 192). (Note. Table 49 in our study on p 193
is the same one from Figure 3 in Dayhoff & Orcutt, 1985, p 6. The necessity
of matching of numbers 3 and 2 is clear from the explanation given by
Dayhoff & Orcutt, 1985, p 6: “Identical amino acids obtain a score of 3;
those for which two nucleotides could be identical, 2; one nucleotide, 1; and
0 if no nucleotides are ever shared in the codons for the amino acids”).

The presented “genetic code matrix” can also exist in its inverse form
which was used by Fitch & Margoliash (1967, p 280) and Leunissen & De



Jong (1986, p 192). In such a case, “the table is symmetrical about the
diagonal of zeros.” In any case, there still remains 12 mismatchings in it.
However, altered by our (Boolean) order of amino acids (Rakoeeviee, 1988,
p 180) there are no more than 5 mismatchings. Undoubtedly, our original
(Boolean) matrix even in this form shows not even one mismatching
(Rakoeevie, 1988, p 188). There is no need to specifically emphasize the
fact that the results of the previously mentioned authors, which follow from
the comparisons with “the genetic code matrix”, would have been different
had that matrix had the Boolean order of amino acids.

Instead of every researcher having to give his order of amino acids in the
mutation matrix, or in the matrix of the genetic code, it is essential that the
order be standardized, and that, only that order which follows from the
positions of the amino acids within the Boolean spaces, with respect to “the
unit change law”, that is, the allowed change should vary only by one bit
going from one amino acid to the next in the genetic code binary tree
(Figure 1), perceived as being three-dimensional (three-four-dimensional to
be more exact).

Schulz and Schirmer (1979, p 172) changed the order of amino acids in
“the Mutation probability matrix for the evolutionary distance of 2 PAM’s”
(Dayhoff, 1972, p 92), with the aim of explaining the main result on which
the “Non-Darwinian Evolution” theory was based (King & Jukes, 1969).
Had they brought the change to its end (reduced it to the Boolean order),
their observations would have been more complete, but as it is, because of
the good correspondence of their order to the Boolean one, their
observations are exceptional. Contrary to the conclusion of King & Jukes,
they hold that the result as to “correlation between observed and expected
amino acid frequency” (p 173) favors Darwin’s Theory of Selection, and not
the other way around (p 174: “Therefore it cannot be deduced from the
correlation between such summary values as amino acid frequencies that the
evolution is neutral, i.e., non-Darwinian”) (cf. Rakoeevie, 1988, p 72:
“From the experimental results we will here cite those of King and Jukes...
In spite of the fact that these authors are using this result to refute
Darwinism, facts are facts, and the question of scientific conclusion depends
at times on the subject himself - the scientist”).

The complete analysis we have given in this paper confirms that the
frequencies expected on the basis of the genetic code cannot at all be
random, but are (with the representative sample, not only from the aspect of
a sufficiently long evolution period, but also from the aspect of a sufficient
number of different kinds of organisms taken for analysis) evidently non-



random. With the correct conclusion, therefore, the result of King and Jukes
is excellent because it shows that, in spite of the small selective sample (p
796: “Graph showing the similarity between the observed frequencies of
amino acids in 53 completely sequenced mammalian proteins™), the output
is such as expected on the basis of the input - the physical and chemical
properties of the genetic code constituents and their positions within
Boolean space. That this is indeed so is also proven by “the Growth factor
for 2 PAM” which was presented by Schulz and Schirmer (Figure 9-1b, p
173), and which corresponds to the graph of King and Jukes. Schulz and
Schirmer perceive the agreement but cannot make sense of it (p 174: “Note
that no attempt was made to explain the observed correlation of Figure 9-
1b”). And the sense is more than evident. The graph on (their) Figure 9-1b
represents, in fact, the symmetrical order of the amino acids from Space-3
and Space-4 and that in the following way: below the line of the graph are
the amino acids from Space-3: M, I, P T, S and R; above the line of the
graph are the amino acids from Space-4: W, C, H, F, Y, D, K and L; with
this another full Crossing over is realized: two amino acids from Space-3
have strayed into Space-4 (A,V), and two amino acids from Space-4 have
strayed into Space-3 (N,Q); but a semi Crossing over is also realized:
exactly on the line of the graph is one amino acid from Space-3 (G) and one
from Space-4 (E). Thus, to conclude: from the aspect of Crossing over,
(A,V) and (N,Q) are “full” (complete Crossing over); (G) and (E) are “semi”
(semi Crossing over), whereas all the remaining amino acids are “empty”
(there is no crossing over).

As to the strict agreement of experimental results with theory, for future
research, the following important things must be kept in mind. Selective
samples are permissible only in cases when the power and range of the input
- output relation is examined (in the sense designated in the first working
hypothesis in chapter 2), otherwise they are not permissible; they are
especially not permissible regarding things which pertain to the question of
the existence of a Darwinian or non-Darwinian evolution. In that sense, all
criticism directed at King and Jukes by L. Gatlin in the all-embracing
polemic is justified:

King & Jukes (1969), p 789: “As far as is known, synonymous mutations
are truly neutral with respect to natural selection.”

Gatlin (1972), p 198: “This is not the case with respect to... selection”; p
180: “King and Jukes (1969) have selected an amino acid composition from
a sample of vertebrate proteins which they believe is representative.” As to



further debateable aspects of this polemic, see appropriate numbers in J.
Mol. Evol. (7, 185-195, 1976; 8, 295-297, 1976 and 8, 299-300, 1976).

One of the questions which was a rather polemical subject is "the
conspicuous disparity of the observed and expected frequencies of
occurrence for arginine” (King & Jukes, 1969, p 797). Not intending to
spark off any discussions in regard to this, we will remind ourselves of the
fact that arginine is the only amino acid which is simultaneously located in
both spaces, Space-3 and Space-4, of the Boolean cube, bringing the
number of amino acids to a total of "21". There is disparity there, and there
is disparity here! And to top all surprises: this amino acid deviates from
even this deviation - within Mutation ring Il in Figure 6 this amino acid is
located in only Space-4, and not in Space-3 as would be expected. All in all,
we can see that the behaviour of this amino acid is characterized by a
specific "wobbling™ (existing to a significant degree). Therefore, in the
system of 20 amino acids, it can certainly carry the epithet -"the wobbling of
wobbling's wobbling” (I Wobbling: the genetic code, due to the fact that
there exist deviations from the standard code within the limits of one and/or
two bits; Il wobbling: the 20 canonical amino acids, bearing in mind the fact
that they can be "forced"” to become "21" amino acids; 11l wobbling:
arginine, by means of which this "forcing™ is realized.). The reader here
probably recalls that the next amino acid which can also carry this epithet is
cysteine (see previous discussion and compare with position C and R in
Mutation ring Il in Figure 6; also notice that C is the only amino acid in the
right half of the Watson-Crick Table which has a positive value for the
hydropathy index.)

What is in a way paradoxical, however, is the fact that if any of the 20
amino acids can carry the epithet - "the invariant of the invariant's
invariant”- then that amino acid is arginine again. That follows from its
position in the system in Figure 5. Without arginine that system would be
neither symmetrical nor harmonious; and no other amino acid could replace
arginine in that role, not even ornithine, despite Jukes' findings (Jukes, 1973,
p 24: "l have suggested that arginine displaced ornithine during the
evolution of protein synthesis™). Notice here that arginine has a very
complex structure and that it is a semi-essential amino acid for most
organisms; on the contrary, ornithine has a very simple structure, thus
making it a non-essential amino acid (cf. Van Nostrand's Scient. Enc., 1983,
p 119) (Hint. | invariant: the genetic code, the fact that it is universal, with
the permissible 2 steps of freedom; Il invariant: the 20 canonical amino
acids, the fact being that from the genesis of the genetic code until the



present day, there have been 20 amino acids, as there will be in the future,
despite the "wobbling” behaviour of arginine and cysteine; Ill invariant -
arginine and/or cysteine, the fact being that without arginine the system in
Figure 5 could not exist, and/or the fact that the role played by sulpho-
cysteine and seleno-cysteine cannot be played by any other amino acid.).

It should also be noticed that the three "wobblings"”, i.e., the three
invariants, can be "read" in the opposite direction where | becomes I1l and
vice-versa. In that case, in the role of entity I can be found any one of the 20
amino acids with a precisely defined degree of "wobbling”, that is,
invariantness.

Finally, it should also be noticed that everything that holds for the system
of the 20 canonical amino acids analogously holds for the system of the four
canonical bases (U, C, A, G) as well. This system can also be “forced”, in
other words, increased by exactly one base and which can be done in two
ways. Accordingly, cysteine’s analogue is uracil, whereas arginine’s
analogues are A and G simultaneously. Analogous to the “widening” of
sulpho-cysteine into seleno-cysteine, uracil “widens” in the interaction of
DNA-RNA (in the transcription process) in such a way that it becomes even
thymine. On the other hand, the fact that what is happening to arginine is
unreal ("mapping” two unreal entities from Space-3 and Space-4 in a real
molecule of arginine), what happens to adenine and guanine is real: these
two real entities are ‘“mapping” themselves into a new real entity:
hypoxanthine (primarily in the codon-anticodon interaction, in processes of
translation. Besides all this, the system of “20 + 1” amino acids is “clean”
(less “wobbling”), whereas the system of “4 + 1” bases in one way, and “4 +
1 bases in another way, in other words, the system of “4 + 1 + 1” bases, is
“dirty” (more “wobbling”) due to the existence of a great number of
modifications. [Hint. A maximally widened system of “21” amino acids and
a maximally widened system of 6 (4 + 2) bases, exist in a strictly
harmonious relationship of the first (6) and the second (28) perfect number;
in the sense that 21 is 3/4 of 28, and 6 is 4/4 of 6. The quantities 3 and 4
exist in the relation of the best possible harmony, as we have shown in many
instances. Notice, in regard to this, that the quantities 3 and 4 are here
connected by the mathematical operation of division, whereas in the system
in Figure 5 they are connected by the operation of multiplication, which also
represents a special kind of inversion. With this the sense of classification
8:4:8 inthe system in Figure 5 becomes even more clear].

The strict agreement of theory and experimentalal research, as we have
shown in the six chapters and the Discussion of this research paper,



demands other requirements. The Codon ring, Mutation ring | and Mutation
ring Il (as we have presented them in this paper), must be in the future used
as standard and referential systems, in the sense that they are reality-models,
and changes regarding them are not permissible. Not even minimal changes
can be tolerated, like those carried out by Taylor (1986, p 208), who has
changed the positions for H and R in the mutation ring; much less greater
changes which, (for 8 amino acids) also in the mutation ring, observing it as
“the rosette”, were carried out by A. Prat and her associates (1986, p 56,
Figure 5) (the very idea of a “rosette” is otherwise an excellent one and it
agrees with our own view of the eight rosettes in the binary tree, Figure 1).

On the basis of what we have presented, on the basis of the discussion
given in every one of the six chapters, as well as all integral discussions,
the inevitable conclusion is that all the working hypotheses given in chapter
2 have been proved. The general hypothesis, according to which the
Boolean spaces are actually the main determinants and invariants of the
genetic code, has been therefore proven. The Boolean spaces have been
shown to be reality-models! From this it further follows that it makes no
sense to talk about the neutrality of mutations, or about a non-Darwinian
evolution.

In specific places in our paper answers were directly or indirectly given
to all the questions mentioned in the Introduction, except for question
number 3 and number 6, which were directly answered, through the
evidence given for the four separate hypotheses. Thus, “the present status of
Wobble usage” or “the general base-pairing hypothesis”, or “the two out of
three” hypothesis, do not refute “the wobble hypothesis” but do, in fact,
promote it to a generally-held principle for the genetic code. On the other
hand, the genetic code, being redundant, did not become degenerate in the
process of evolution, but was generated in origin as such. It is today as it
was in the beginning and it will remain so in the future anywhere in the
universe, because that follows from the positions of the bioelements in the
periodic system of elements; bioelements - being the constituents of the
genetic code. Accordingly, it makes no sense to talk about the evolution of
the genetic code, but it does make sense to talk about the evolution of the
macromolecules, that is, the evolution of life which came into being on the
basis of just such a code - a universal genetic code.



Appendix 3

Perfect and friendly numbers

As to the manner in which perfect numbers are the determinants of
Boolean spaces, or, in the other words, as to how perfect numbers are the
determinants of the genetic code, we have shown in our previous research
works - in Rakoéevie, 1990, 1991, 1994. In this Appendix some new
perfect and friendly number relations within the genetic code is shown
(Fig. 7).

After the sum of the first three perfect numbers, in the logic of succession
(based on the principle of continuity) the next thing that follows is the sum
of the firs four perfest numbers (8658); after the realization of the first two
friendly numbers comes the realization of the third (1184). In Table 2 we
can see that both results correspond to the multiples of the number 037: the
first result (8658:1 = 8658) is completely in the position 13d, and the second
result (1184:2 = 592) with one of its halves in position 16e. As 8658 is equal
to 7770 + 0888, or to 78x111, and, as 8658 + 592 = 925x10, we can see that
all the nucleon number patterns for four-codon-amino acids and for non-
four-codon-amino acids have ben realized (see Figure 1 in Shcherbak, 1994,

475).
A7) /00 - 07/08 - 15/16 - 23/24 - 31//32 - 39/40 - 47/48 - 55/56 - 63/

28 92 156 220 284 348 412 476
64 64 64 64 64 64 64

/00 - 07/00 - 15/00 - 23/00 - 31//00 - 39/00 - 47/00 - 55/00 - 63/
28 120 276 496 780 1128 1540 2016
92 156 220 284 348 412 476

Figure 7 The determination of the series of the numbers 0-63. When we look closely
into the structure of the sequence 0-63 of the series of the natural numbers we come to the
obvious and self-evident explanation of the reason why the genetic code must be six-bit
code, no matter if it is the manifestation in the form of the Gray Code model (Swanson,
1984, p 188), or it is in the form of the Binary tree (Rakoeevia, 1994, p 38). There must be
8 codon, i.e. amino acid classes. The structure of the sequence 0-63 is strictly determined
by third perfect number (496) and the sum consisted of the first pair of the friendly numbers
(220+284). Along with this, the specific Boolean square is being made and it is the
restrictive factor, in a sense that it is not possible to “go on” any further - not ahead, not
back: (0) 220+284=504; (1) 156+348=504; (2) 92+412=504; (3) 28+476=504. The key
distinctions within the genetic code are obviously self-evident: entity 64 as a series of
continuance (correspondent with 64 codons); entity 20 from 496(l111 PN)-476=20
(correspondent with 20 amino acids) etc.



From Table 2 it is obvious that the Number System of Multiples of 037
(NSM 037) is only a sub-system of one extensive system of multiples: the
Number System of Multiples of 666 & 777 (NSM IlI). According to our
hypothesis-prediction (Prediction 9) all natural codes must be determined

Table 2 The Number System of Multiples NSM 111

a b c d e

14 27 20979 17982 999
13 26 20202 17316 962
12 25 19425 16650 925
11 24 18648 15984 888
10 23 17871 15318 851
09 22 17094 14652 814
08 21 16317 13986 777
07 20 15540 13320 740
06 19 14763 12654 703
05 18 13986 11988 666
04 17 13209 11322 629
03 16 12432 10656 592
02 15 11655 09990 555
01 14 10878 09324 518
00 13 10101 08658 481
01 12 09324 07992 444
02 11 08547 07326 407
03 10 07770 06660 370
04 09 06993 05994 333
05 08 06216 05328 296
06 07 05439 04662 259
07 06 04662 03996 222
08 05 03885 03330 185
09 04 03108 02664 148
10 03 02331 01998 111
11 02 01554 01332 074
12 01 00777 00666 037
13 00 00000 00000 000

a. The original number, countdown starting from the middle row;

b. The original number, contdown starting from starting (zero) point;

. The multiples of the number 777; c =21 x ¢;

d. The multiples of the number 666; d = 18 x ¢;

e. The multiples of the number 037; they are existing only in NSM 111
(For the details see the text).

(@]



with this system, including its predecessors with the multiples 6 & 7
(NSM 1) and 66 & 77 (NSM II), as well as its followers with the
multiples 6666 & 7777 (NSM 1V), etc. It should be noticed that the
whole system is in a certain way determined by the first and second
perfect number (6 = 4/4 of 6; 7 = 1/4 of 28). With this observation,
however, it is easy to perceieve that the total atom number within the
four pu-pyr bases and their nucleotides is also determined by the relation
of the first two perfect numbers (solutions 25-29):

U C A G
12 13 14| 15 16 (25)
1x28
1x28
(b)
plus Ribose 20
(2 x6)
plus Phosphoric acid 08 (26)
28 (1x28)
minus 2 molekules H20 06 (1x6)
UMP (12 +28) -6 = 34
CMP (13 +28)-6 =35
AMP (15 + 28 ) -6 = 37 (27)
GMP (16 +28) -6 = 38

(2 x6 ) =144



UMP CMP AMP GMP

34 35 |36 37 38 (28)
)
2 x 36
2 x 36
(b)

12 x 28!
/1 x 062  (a)
------ (29)
171 x 28!
211 X 062  (b)

In connection with this, non-existing entities (a) and yes-existing entities
(b) exist in strict binary symmetry interrelations (cf. Solutions 25 & 28 with
29).

After our hypothesis and prediction (Prediction 10) not only the total pu-
pyr atom number, but also the total amino acid atom number must be ralated
to the first two perfect numbers in the next sense:

x+y=2/1 28
x-y=1/2 28 (29-1)
x=35 y=21
(29-2)
(29-3)

The amino acids in Solution (29-2) are essential: first two (T, 1) can make
the diastereoisomers, the other can not. The inner amino acids in Solution
(29-3) are nonessential, the outer semi-essential. Notice that 34 = 06 + 28
and that 27 + 33 = 26 + 34 = 10 x 06. Notice also that atom number of 08
amino acids in Solution (29-2) is equal to the atom number of 12 amino
acids in Solution (29-3): 21 + 26 + 27 + 28 =33 + 34 + 35 = 102.



is 1 x 37 except in the last (6th) where it is 2 x 37. In the second row there is
an inverse case of a Crossing-over: in all triplets the sum is 2 x 37 except in
the first, where it is 1 x 37. The same is valid for the sums of any three
cyclic permutations 1 x 999 x 6 = 5994 (9 x 666); 2 x 999 x 6 = 11988 (18 x
666). The further relations between these two numbers are as follows.
Firstly: 3 + 7 = 10, which corresponds to the 10 pairs of amino acids: 8
pairs of the alanine stereochemical type, plus 1 pair of the valine type (V-I),
and plus 1 non-pairing pair (G within the glycine stereochemical type, and P
within the proline stereochemical type). Secondly: 3 x 7 = 21, which
corresponds to the three possibilities within the genetic code: 20 amino
acids plus selenocysteine; 19 amino acids plus two times R (in Fig. 5 see
explanation); 20 amino acids plus 1 ”stop” situation (as in Fig. 1 in
Shcherbak, 1994, p 475). Thirdly: 3 x 37 = 111 and 7 x 37 = 259, which
corresponds to the patterns for the total nucleon number within the 8 four-
codon and/or 15 non- four-codon amino acids (Shcherbak, 1994, p 475).
Besides this, it is also important to notice the following. If the numbers 11,
and 111, are read in the decimal numbering system as 01110 and 1111, then
the first number, itself excluded, has no other factors; the number 1115,
however, itself excluded, has the factors 03 and 37. And, finally, where an
analogy with quantum physics is concerned, the state of 111, is an analogue
of the Hund semi-full state, while 0114 is the previous state; for the case
g=10, this previous state (as we have seen) is the quantum through which
the strong-middle-weak relation for the three cases of “single base position”
is realized; in the case of the Anticodon arm the state is strong and
determined by the numbers 70 (35 x 2 = 70), in the case of the Extra arm we
have middle agreement (a deviation of 011 x 1), and in the case of the TyC
arm we have weak agreement (a deviation of 011 x 2). [Hint. The patterns of
the “total nucleon number” for four-codon and non-four-codon amino acids
in Figure 1 in Shcherbak, 1994, p 475, are exclusively multiples of the
number with “the same symbols” 111 (03 x 37 = 111), or they are “cyclic
permutations” of the number 259 (07 x 037 = 259)].

In position 11 on the Boolean square is the most complex base, guanine,
as in Fig. 1 in Rakocevig, 1994, p 8; in position 111 on the Boolean cube
are the most complex 8 guanine type codons, as in Fig. 1 in this study,
coding for aginine - the most complex (“strong”) amino acid, then for serine
- the less complex (“middle”), and, finally, for glycine - the least complex
(“weak’) amino acid.

The science-conscious reader, educated in the science of the twentieth
century, cannot but conclude at this point that all that is being hopelessly



Appendix 4

About the number 037

There are 3 and 7 non-zero vertices within the square and cube,
respectively (3 =1/2 6 and 7 = 1/4 28; 6 is the first, 28 the second perfect
number). On the other hand, if we have a cube corresponding to the binary
tree through the four letters as in Fig 1, then there must be exactly 37 three-
digit words which contain a determined letter (37 codons with one or more
U, C, A, G, respectively). From this it follows: 37 x 4 = (2 x 64) + (1 x 20).
As we see, there exists 64 real and (2 x 64) + (1 x 20) unreal entities. If,
from 64 words, 37 contain a determined letter (e.x. U), then the 27 sufficient
words contain only the three other letters (e.x. C, A, G). That means: within
the Watson-Crick Table there are 37 + 27 = 64 codons. On the other hand,
in Shcherbak’s Table (Shcherbak, 1994, p 476), the end multiple of 037 is
the 27th: 37 x 27 = 999. From this it follows: 999 - 64 = 057 + 878 (78 or 87
is the middle pair in the hypercube); 878 x 2 = 1756; 999 + 64 = 0567 + 496
(496 is the third perfect number; the results 057 and 567 correspond to the
numbers 570 and 567 in Solution 16-17 in Appendix 2; on the other hand,
number 567 is the (last) case in Survey 6).

Survey 6
[ Il I v Vv VI
(1,10,26) (2,15, 20) (3, 4,30) (5, 13, 19) (6,8,23) (7,33, 34)
027 054 081 135 162 189
270 405 108 351 216 891
702 540 810 513 621 918
VIl Vil IX X Xl Xl
(9,12,16)  (11,27,36)  (14,29,31) (17,22,35) (18,24,32) (21,25,28)
243 297 378 459 486 567
324 729 783 594 648 675
432 972 837 945 864 756

But, besides the relations 27 + 37 and 27 x 37 there exists more complex
relations 27 x 37 as we see in Survey 6. Except for the cyclic permutation
system (with the 6 x 3 = 18 permutation triplets) in Table 1 in Shcherbak,
1994, p 476, there is a parallel permutation system in Survey 6 (with 12 x 3
= 36 permutation triplets). Notice that the sum in all triplets in the first row



discussed here is only numerology and nothing else. The reader is separated
by twenty-five centuries from Pythagora and his axiom according to which
“the harmony of the Uuniverse...depends on the number”, thus it follows
from this that the basis of every genuine science, which tends to discover
universal laws, has to be “the study of even and odd numbers, simple and
complex, figurative and perfect numbers, of arithmetic, geometric and
harmonic proportions and means.” (Mathematical encyclopedic dictionary,
1988, p 737). The misunderstanding with Pythagora during the whole
wenty-five centuries is first of all in the fact that it was considered that
Pythagora took numbers in their “usual” sense of the word, as intuitively
“seen” and perceived. Not much attention has been paid to the
“figurativeness” of the spaciousness of numbers, from which Pythagora sets
out. In this way, the perceived numbers are not only “numbers” but are also
relations in space, and represent the relation of the parts within a whole.
Understood in this manner, besides being quantities “by meaning of which
counting is separated by ones” (as follows from the fifth Peano axiom), the
numbeers become quantities by which interconnected ones are counted
(such is the case with the numbers generated in the Boolean spaces).

As to the previously cited Hint regarding the relations of the universal
genetic code, its constituents are such that they are exclusively determined
by the relation 03 x 037; 037 x 07, it is not adequate proof for the
Pythagorean axiom, or for our main hypothesis according to which Boolean
spaces are the main determinants and invariants of the genetic code, then we
believe that facts concerning tRNAs we have additionally given here
adequate proof for even the most sceptical of science-conscious readers.



Appendix 7

Fractal Structure of Amino Acid (Genetic) Code

In this Appendix it is shown a fractal organization of amino acid code in
which the ratio 3:2 appears to be a basic motive. In other words, twenty
canonical amino acids of the genetic code appear within the groups of two
and three at the same time. From a such fractal structure it follows that four
stereochemical types of protein amino acids are determined with a
synchronical balance of shemical characteristics and of atom and nucleon
number within the singlets, doublets and triplets of amino acids. These strict
regularities provide a new standpoint for addressing questions of evolution
of the amino acid code. The presented facts show namely that it is no any
sense to speak about evolution of the code, but only about evolution of
macromolecules and organisms.

Shcherbak (1993, 1994) and Verkhovod (1994) have shown that the
structural and functional distinction of canonical amino acids of the genetic
code is followed by a strict balanced proportionality of nucleon number for
the first (lightest) nuclide.

In this study we show that the presented law of balanced proportionality
is also valid for the structural and functional distinction into the four
stereochemical types of twenty canonical amino acids of the genetic code,
synchronically through chemical characteristics and still through atom and
nucleon number balance within a fractal structure which basic motive is the
ratio 3:2 (Surveys 7 and 8). (The atom number in presented Survey 7 and
nucleon number in Survey 8 are given only for the side chains of amino
acids).

According to E.M. Popov (1989) only one amino acid (G) belongs to the
stereochemical type of glycine, making a doublet, i.e. a pair (G-G) in itself;
only one amino acid (P) belongs to the type proline, making a pair (P-P) in
itself; the pair V-1 belongs to the stereochemical type of valine; and, finally,
to the stereochemical type of alanine belong the following amino acid pairs:
I. S-T, C-M, D-E, N-Q, K-R and II. A-L, F-Y, H-W. (The idea about the
doublets, i.e. pairs and about two classes within alanine type is ours).



From Survey 7 we see that atom balance law is valid for tow classes
within alanine type in next manner: AN of the first members of the first
class plus AN of the second members of the second class equals to AN of
the second members of the first class plus AN of the first members of the
second class (Solution 34):

(S0O5+CO05 +D07 +N08 +K15)+(L13 +Y 15+W 18) = 86

(TOB+M11+E10 +Q 11 +R17)+(A04+ F14+H11) = 86 (34

From Survey 7 we see also a strict accordance and correspondence
between atom number balance and chemical characteristics balance. From
the aspect of chemical characteristics (the inductive effect, IE, of atom
groups within side chain and electron density, ED, in itself etc.), first class
of alanine type with the pair V-1 of valine type makes a subsystem; the
second class of alanine type makes a second subsystem with the pairs of
other three types: V-I, G-G and P-P. These two subsystems make a whole
fractal system with 12 doublets (pairs) and 8 triplets presented in Survey 7
(doublets : triplets = = 3 : 2). Notice that first subsystem has an inner, but
the second subsystem has an outer position within the system (cf with iner
and outer amino acids in mutation ring in Swanson, 1984, p 191). [Hint. The
12 doublets corespond to the 12 edges and 8 triplets to the 8 vertices on the
LIGHT (Logical - Information - Geometric - Homeomorphic-Topological)
model of B? unit Boolean cube; cf “LIGHT Model and System” in:
Rakoéevia, 1994, p 53].

As an etalon of IE-ED, the whole system must use G-G pair for non-
cyclic and P-P for cyclic side chains; also V-l pair as an etalon for
comparation the two subsystems (inner and outer) within one integral whole
system. This is really a noteworthy fact: one stereochemical type (alanine
type) as a measurement subject, and three other types as measurement
etalnons and measurement subjects at the same time!

Bearing all this in mind, we can see, except a self-evident IE-ED balance,
still a strict atom number balance between two subsystems (Solution 35):

(Il 27- 1 15)+ (VI 41-VI 33) = 20 o
(IV 32-111 20)+ (VI 38 -V 30) = 20 (35)

But atom number balance is also valid for the whole fractal system
(Solution 36) and for its first and last triplet-square (Solution 37):



15+32+30+41 = 118

(36)
27+20+38+33 = 118
15+32=20+27 = 047

37)

30+41=33+38 = 071

As we see atom number balance is not valid for the middle triplet-square;
from that follows the fractal motive 3:2 again. However, for this middle
square there is a balance through nucleon number (Survey 8): the balance
for two squares with realization of the fractal motive 3:2 still once.

But not only this. In the Survey 7 we see that from three triplet - squares,
two are with the balance (first and last; the middle square is not with
balance). This “ two from three” situation we see still once again in Survey
8 (cf. Lagerkvist’s rule “two out of three” in Lagerkvist, 1978 and
Lagerkvist et al., 1981). Bearing in mind that ratio 3:2 is the basic fractal
motive in the middle third (Fig. 8) and middle ninth Cantor set (Fig. 9); that,
on the other hand, “THE LIMIT OF THE GOLDEN NUMBERS IS 3/2”
(Moore, 1994; see Addenda), and, on the third side that “dimensionality of
[dimension] N =0 is n = 3/2” (Koruga, 1995, p 245), all these regularities
are clear and expected (Notice the validity of diagonal balance for all tripllet
sguares within the nucleon system in Survey 8 through modulo 9).

In the connection with the said regularities one must notice the ratio
between the atom number and nucleon number as the strict proportionalities.
Namely, within 2x12=24 amino acids in the fractal system of amino acids in
Survey 7 (about fractal system see in further text) there are excatly 1x236
atoms (cf Solution 36 where 118 + 118 = 236). On the other hand, within
1x12=12 amino acid side chains in the fractal system of amino acids in
Survey 8 (first 12 amino acids without 12 last) there are exactly 2x236
nucleons (059 + 177 =236; 115+ 121 =236). Within the last 1x12=12
amino acid side chains in the Survey 8 there are exactly 1x925 nucleons
(189 + 278 = 467; 245 + 213 = 458; 458 + 467 = 925), strictly as within 1x8
side chains plus 1x8 “heads” of 1x8 four-codon-amino acids in the codon
amino acid system (333 + 592 = 925) (cf. Fig. 1 in Shcherbak, 1994, p 475).
The nucleon number ratio in the last case is 2:3 and 3:4 because there are
8:12 and 16:12 amino acid entities at the same time (8 side chains plus 8
“heads” equals 16 entities).

The difference of two systems (fractal amino acid systems minus codon
amino acid system) corresponds to “the unit change law” (Rakoceviae, 1994,



p 36) (24 - 23 =1), and the sum corresponds to the Golden mean through
eight root of 47 (23 + 24 = 47); eight root of 47 equals 1.6181 . . . , and
Golden mean is 1.6180 . . .

(Prediction 14. The total number of conformations for 20 protein amino
acids, 405, established by E. M. Popov in Ref. 1989, p 88, must be in a strict
relation with atom and nucleon number, in some way).

Knowing all this, now it is self-evidently that amino acid component of
the genetic code, like pu-pyr base codon component, is arranged as a
doublet-triplet system with validity of ”strong - weak”, i.e. ”strong-middle-
weak” or “’strong-mixed-weak” principle (Lagerkvist et al., 1981); strong-
weak effects for doublets, and strong-middle-weak effects for triplets.
[Lagerkvist et al., 1981, pp 2640-2641: “reading must be a function of the
strength of the interaction between the anticodon and the first two codon
nucleotides” (italics M.R); and further on p 2641 see about ”’strong” codons,
”mixed” codons and “weak” codons, that means about such triplets]. For
example, in first amino acid triplet in Survey 7 the positive IE follows the
next logic: “weak” (side chain H-); ”middle” (side chain - CHa);
’strong”(side chain CH3CHCHB3); in doublet A - L: ”weak” - ’strong” etc.

In order to compare two systems - amino acid doublet/triplet system and
pu-pyr nucleotide doublet/triplet system - one must rearrange the system
from Survey 7, as we made in Survey 7.1. and 7.2. The basic fractal motive,
the ratio 3:2, for nucleotide system now is clear and self-evident: for
doublets two distinctions, for triplets three distinctions (the fractal structure
of amino acid system see in the further text). For doublets: from 4 the same
nucleotide pairs (U-U, U-U, U-U, U-U) to be 2 and 2, or to be 2 and 2 the
same pairs with crossing-over (U-C, U-C and/or A-G, A-G) and then, to be
1 and 1 pair. For triplets: to be 4 and 4 triplets, then 2 and 2, and finally, to
be 1 and 1 triplet (as here with middle base U, analogous situations we have
with middle base C, A, G respectively).

Within the system in Survey 7 doublets are horizontally, but the triplets
vertically arranged; within the system in Survey 7.1. and 7.2. in vice versa
arrangement. In this vice versa arrangement two systems of amino acid
triplets (the first system in Survey 7.1. and the second system in Survey
7.2.) show new arithmetical regularities - new proportionalities and new
balances, presented in Solutions 38-45, then in 38°’-45’, and finally in
Solutions 46-50.



In Solutions 38 and 38’ the diagonal balance law is valid through
Boolean square (the differences 00, 01, 10, 11). In Solutions 44 and 44’ still
once Boolean square determination (0, 1, 2, 3) and the determination
through first three perfect numbers at the same time. Namely,
112 =4/1 28; 124 =1/4 496; 124 - 112 =2x6. The determination through
first and second perfect numbers once more in Surveys 40 and 40’. The
number 28 is second perfect number; 37 is the next “28” in modulo 9;
within the result 67 the first perfect number exists as 4/4 from 6 and second
perfect number as 1/4 from 28; through number 037 the system in Solution
40 is in relation with Shcherbak’s system of multiples of 037 (cf Shcherbak,
1994, p 476, Table 1) and through result 67 - 1 =66 in relation with NMS
I1, position 1d (NMS I11 in Table 2 in this book).

From result 41 - 43 follows the result in Solution 44; from 41’ - 43’
follows the result in Solution 44°. The congruent classes (4, 5, 6, 7 and 1, 1,
1,1,1and 4,1, 1, 7) taken as four-didgit numbers as in Solutions 45 and
45 give a final result in Solution 46 (7992 + 2997) which result is the
number from position 12d in NMS 11l in Table 2 (7992) plus its inversion
(2997).

The two systems (in Survey 7.1. and 7.2.) are also determined with last
three factors of the first perfect number, with 236 in Solutions 44 and 44’;
and with first three factors, with 1, 2, 3 in Solution 47 (cf the said about
1x236 of atoms and 2x236 of nucleons).

The relation between two systems is a balanced proportionality 1:1 in one
manner (Solution 48) and in another manner (Solution 49); in the third case
(Solution 50) the balance is not 1:1 but the determination is realized through
the first 2x6=12 and the second perfect number 2x28=58.

v

The reader must notice still one ’hidden” doublet-triplet system within
the system in Survey 7. More exactly, that new system is a doublet-triplet
and doublet-doublet system at the same time. The doublet-doublet system
contains two pairs of alanine-type with cyclic side chains (F-Y and H-W).
The rest of six pairs (2x3) of alanine-type with non-cyclic side chains (A-L,
S-T, C-M, D-E, N-Q and K-R) makes the first subsystem within the new
doublet-triplet system; the second subsystem is mixed (cyclic: P-P and non-
cyclic: G-G and V-1) and it contains three etalon-pairs, each pair from one
of remaining three stereochemical types of canonical amino acids. These
“new divisions reveal new balances” (Verkhovod, 1994) also through fractal



motiv 3:2 - three balances within atom number system and two within
nucleon number system (Surveys 9 and 10).

\Y

But that what is surprising is the fact that atom number balance follows
also the essentiality - nonessentiality distinction within the system of twenty
cannonical amino acids of the genetic code, also through the same fractal
motive 3:2. In mutation ring of amino acid (genetic) code (Swanson, 1984, p
191; Rakoéevig 1994, p 85), 8 amino acids left from the line S-Q, including
these two on the line, are nonessential, NESS (S, A, G, P, E, D, N, Q); on
the right are 8 essential, ESS (K, W, F, L, M, I, V, T) and 4 semi-essential,
SESS (H, R, Y, C) amino acids (Van Nostrand's Scientific Encycl., p 117:
”Generally, those amino asids which the human body cannot synthesize ...
are called essential amino asids ... the term nonessential is taken to mean
those amino acids that are really synthesized in the body”; and still for a
semi-essential amino acid which ”is essential for the normal growth of the
human infant, but to date it is not regarded as essential for adults”). Thus, a
strict atom number balance through the fractal motive 3:2 (12:8 amino
acids) is presented in Solution 51.:

[(8 NESS + 4 SESS) =8 ESS] = [(54 + 48) = 102] (51)

VI

From the Surveys 7-10 and then 11-14 it is self-evidently that the
doublet-triplet system of 20 canonical amino acids of the genetic code is
arranged as a strict fractal structure (Falconer, 1990); the structure with the
form of self-similarity, expressed through always the same and equal ratio
3:2 in the sense to be three and two at the same time (Falconer, 1990, p
XVIII: “The word ‘fractal’ was coined by Mandelbrot in his fundamental
essay from the Latin fractus, meaning broken, to describe objects that were
too irregular to fit into a traditional geometrical setting...Fractals have some
degree of self-similarity - they are made up of parts that resemble the whole
in some way”); the fractal structure, expressed through three manner within
two realities - phisical and logical reality. First manner, first reality: if in the
beginning there are three doublets and two triplets, then: within any of two
subsystems (inner and/or outer) there are two times more of doublets and
triplets; within whole system there are four times more of doublets and
triplets. Second manner, second reality: for the doublets, two binary



distinctions are possible: to be six doublets within inner subsystem, and
more six doublets within outer subsystem; then, to be three and three
doublets within both subsystems; for the triplets, three binary ditinctions are
possible: to be four triplets within inner subsystem and four triplets within
outer subsystem; then, to be two and two; and, finally, to be one and one
triplet as a whole. Third manner, both realities: the atom number differences
ratio for two and two triplets within both subsystems is the same, 12:8, that
means 3:2. ( Prediction 15. The conformation number differences ratio for
triplets must be also 3:2 in some way).

One must notice that the doublet-triplet system 12:8 is a unique and only
one system from all doublet-triplet systems; only this system can have a full
“3:2 ratio” fractal structure (cf. the preceding system 9:6 and following
system 15:10; also double system 24:16 etc.). [Hint. The results 16x79 in
Solution 44 cf with the results in Solutions 31-33 and Table 11. For the
results in Surveys 11-13 notice that there are 15 non-cyclic and 05 yes-
cyclic amino acids and at the same time 18 and 06 after the Survey 7. If so,
then 15 entities plus 05 entities equals 20 entities; these 20 entities plus 10
distances (15 - 05 = 10) equals 30 (30 : 20 = 3: 2, what is the basic fractal
motive). Notice also that only two systems are possible, 5th and 6th in
Survey 11, because the next connections are valid: 66 is position 1d in NSM
Il (cf Table 2); 110 is a half of 220 (first friend number); and 11, 12, 13 are
from the “region of maximum possible inversions within the frame of the
decimal number system” (cf Survey 14). The final result in Survey 13
(38610) is the sum of first six friendly numbers (or: first three pairs):

(220 + 284) + (1184 + 1210) + + (17296 + 18416) = 38610].

Vil

In comparison Fig. 1 and Fig. 8 we see that the binary tree of the genetic
code represents a realization of the middle third Cantor set (the triadic
Cantor set) in specific manner: all open middle parts are deleted; that means
that middle part is empty. But at the same time genetic code corresponds to
the middle ninth Cantor set (the nonadic Cantor set) in Fig. 9.



Fig. 8.: "Construction of the triadic Cantor set. The initiator is the unit interval [0, 1].
The generator removes the open middle third. The figure shows the construction of the five
first generations. D = 1n2 / In3 = 0.6309” (After: Falconer, 1990).

One must notice that the middle third Cantor set corresponds to the initial
Boolean vector (as a middle part) and its maximum possible two neighbors
(left part and right part). The initial vector itself is empty, the two parts are
full. The 6th generatin of this system represents a realisation of 64 codons.

Fig. 9. Construction of the middle ninth Cantor set.

The next step within the Boolean spaces, B", after initial vector, B, is a
Boolean square, B2, with maximum possible still 8 squares as neighbors
(Fig. 9). The model in Fig. 9 is also an adequate model for the genetic code:
inital square (middle part) is full with 24 amino acids from Survey 7; the
neighbor 8 squares are full with 8 classes of codons 8x3=24 nucleotides
from binary tree of genetic code (Fig. 1) (to be “full” it means to be in full
correspondence).

As we also see the genetic code is a middle third Cantor set with 6
generations and a middle ninth Cantor set with only 1 generation at the same
time (cf the relation between 1 and 6 in Solution 40 and 40’). The both sets
are fractal sets per se with ratio 3:2 as their basic motive, and with a fractal
dimension in the range 0 < D < 1 (Falconer, 1990, p XIII: “The middle third



Cantor set is one of the best known and most easily constructed fractals™)
(about correspondence between the ratio 3:2 and the Golden mean see in
Addenda).
VIl

Knowing that the amino acid (genetic) code is a fractal structure with
basic motive 3:2, and, on the other hand, bearing in mind that “the middle
third Cantor set is one of the... most easily constructed fractals” (Falconer,
1990, p XIII) with logic: to be three and two at the same time; that “the limit
of the golden numbers is 3/2” (Moore, 1993, p 211); that “dimensionality of
[dimension] N = 0 is n = 3/2” (Koruga, 1995, p 245), and that “the
Hausdorff dimension D@ of a randomly Cantor middle third set for N = 0

is DSP= GM- or ¢, where GM™ =(+/5-1)/2 is the Golden Mean”
(Koruga, 1995, p 249), all these strict regularities presented in this work
provide ”a new standpoint for addressing questions of selection vs random
drift in the evolution of the code” (Swanson, 1984, p 201). [Hint. To
undrestand why “a randomly Cantor . . . set, cf. the Reference: Mauldin et
al., 1986, p 325: “Of course, by a Cantor set we mean a compact, perfect,
0-dimensional metric Space”; and p 342: "with probability one, we obtain a

Cantor set with Hausdorff dimension a, where . .. o = (\/5—1)/2 ”.].



Supplement 1.
Atoms "*hidden" among nucleons

The hidden harmony is stronger than the visible one.
Heraclitus (Fragment 54)

With this first and the supplements that will follow, the idea of connecting my main
book on the genetic code and the main paper (Main pap.) [Rakocevi¢, 2024:
(10.26434/chemrxiv-2024-1b9n7)]* on the same topic is realized. This book has earned
the epithet "main” because out of my three books on the genetic code (GC), it is the first
to consider not only Boolean spaces as determinants of the genetic code but also the
arithmetical regularities contained in it. As for the main paper, it is the main one in that it
is the first time (on my part) that the semiotic nature of GC is openly and publicly
discussed (written).

I MMR, 2024: Semiotic nature of Genetic code, in Preprint server ChemrXiv, Cambridge. (Note: In the
following text, instead of "Rakoc¢evi¢", only MMR.)


https://doi.org/10.26434/chemrxiv-2024-1b9h7

TABLES

Table 1-1. "Perfect Protein Amino Acid Similarity System (PPAASS)"

o1 dll P P dall o1
01 G | ol 01 31 08 N 11
02 A 04 09 31 07 D 12
03 \' 10 25 17 05 S 13
04 P 08 23 25 08 T 14
05 I 13 33 25 05 C 15
06 L 13 33 41 11 M | 16
07 K 15 41 49 14 F 17
08 R 17 55 57 15 Y 18
09 Q 11 39 69 18 W | 19
10 E 10 39 43 11 H 20
055 102 298 388 102 155
455 | 554 645 | 546
(455 | 554) + (645 | 546) — (1100 + 1100) — 10 x 220

on — Ordinal number; an — Atom number; pn — Proton number. (From Main pap. as Table 1)



Table 1-2. Distribution of AAs in Space-3 and Space-4 according to Fig. 5(I1), in relation
to the number of isotopes

Q23 N17 D1s En Yi1 C12 H» Ray Fas L Wis Kao
Sit A G Pis Rz Vi e My Ti7

78 /21 99 /70 120/ 67

297 /158 — 455 [45

L ]
[l

421 +R 34]

By the fact that arginine is located in both spaces (Space-3 and Space-4), the quantity of the
isotope number of 421 rises to the quantity of 455, which in PPAASS (Table 1-1) originates from
three disparate entities.



Table 1-3. Distribution of AAs in Space-3 and Space-4 according to Fig. 5 (I1), in

relation to the number of isotopes (i) and atoms (a)

11 | 08 | 07 | 10 1510511 17 14 | 13 | 18 15 (a)
1| 1| 2 | 2 +1 | +2 | 20 | 0 20 | 0 | 20 | +0 (d)
23 | 17 | 16 | 22 31 | 12 | 22 | 34 28 | 26 | 36 | 30 (1)
Qo1 |[No2 [ Doz | Ens Yos | Cos | Ho7| Rog Foo | Lio |[Wii| Kip | Sp-4
So1 A Goz Pos  Ros Vos Io7  Mog  Too Sp-3

11 | 08 02 16| 34 |20 26 | 24 17 (1)

+0 +0 20| 20 |+0 =0 (d)

05| 04 01 08| 17 |10 13 ] 11 08 (a)

(up 56 + 88 = 144); (dn 18+59 = 77) — [56 +59 = (87 +11)+ R 17] [88 +18 = (117-11]
N-ESS: 56+18 = 074; ESS: §88+59 =147 [147 =74 + 73] (74 - 73=01)

(up 121+176 =297): dn 37+121 = 158 ) — [121+121 = (210-2) + R 34] [176+37=211+2]
D-ESS: 121437 = 158; ESS: 176+121 =297 [297 + 158 = 455] (227 + 228)
(158 =228 —70) (297 = 227 + 70) [(70+70) vs 77]

a

(up 56 + 88 = 144): (dn[24]+ 53 =77) — [56 + 53=110-01] [88 +]24= 111+ 01]

(up 121 + 176 =297): dn[59 + 106 = 158) — [121 + 106 = 227] [176 + [52] = 228] — 455




Table 1-4. Distribution of AAs in Space-3 and Space-4 according to Fig. 5 (I1), in
relation to the number of nucleons (1)

Go | Ais | Va P4 Is7 Ls7 | Kn2 | Ruo | Qnz | Em 667/ 588
Nsg | Dss | Sa Tas | Co7 | Mys | Fou | Yr | Wi | Ha o
Go | Ais | Va P4 Is7 Ls7 | Kn» | R | Qnz | Em 623763
Nsg | Dsg | Ssp | Tas | Cy7 | Mys | For | Yigr | Wiao | Ha T
Go [ Ais | Vaz | Pa Is7 | Ls7 | Kz | R | Q2 | Em 6357 620
Nss | Dsg S Tas Cy | Mss | Fau | Yior | Wi | Hax e
Gor | Ais | Vi | Pg Is7 | Lsy | Kr2 | Raoo | Q2 | Em 631/ 624
Nsg | Dsg S31 Tas Cy7 | Mys | Fou | Yo | Wize | Han T
Gor | Ais | Vs | Pa | Is7 | Tsy | Koo | Ruo | Q2 | En = [
Nsg | Dsg | Sz1 | Tas | Cyp | Mys | For | Yior | Wiz | Ha il / 614
Goir | Ais | Va3 | Pa | Is; | Lss | Kn2 | R [ Q2 | Ens 623 /63
Nsg | Dsg | Sa1 | Tas | Cuo 75 | For | Yy | Wi | Ha -
Gp | Ays | Vs | Pa | Iss | Lsy | K; | Rago | Quz | Em o, -
Nsg | Dsg | 831 | Tas | Can 15 | For | ¥y | Wiso | Ha /631
G | Ais | Vas | Pg Is7 Isy | Kn2 | Ruo | Q2 | Ens 597/ 658
Nsg | Dso | Sa1 | Tas | Cg 75 | Far | Yir | Wiz | Ha T
Gon | Ais | Vo Pa Is7 Ls7 | Kz | Raw 72 | En -
2 i
Nsg | Dss Sa1 Tas Cy7 75 For | Yior | Wiz | Ha 339/716
Gor | Ais | Va P Is7 Ls7 | Kz | Rawo 72 | Emns
31/72
Nss | Dso Sa1 Tas Cy | M7s For | Yir | Wi I-fs 331 +
(6356 + 6194 =12550) [6356 + 6336 =12802] [6194 + 4916 =11110]
[11110 — 6446 = 4664 (220 + 4444)] [12892 — 11110 = 1782]
(1782 = 3 x 594k (61 x 9 =[Fa9};
[6177 / 6373) (7716 — 6177 = 1539)] [6373 — 3736 = 2637) [2637 — 1539 = 1098
11098 = 2 x 549 (594 +{ 549 = 11437 (1143 = 1443 - 300)

Significant quantities: 594 as well as the number of atoms in 61 amino acids molecules (in their
side chains; 549 as well as the number of atoms in 61 amino acid molecules, in their "bodies", i.e.
61 times in the amino acid functional group: 61 x 9 = 549.



Table 1-5. Distribution of AAs in Space-3 and Space-4 according to Fig. 5 (1), in
relation to the number of nucleons (I1)

Gor | A15 | Vaza | Paa | Is7 | Ls7 | K72 [Ruoo | Q72 | E7a 651 / 604
Nss | Dso | Sz1 | Tas | Ca7 | M7s | For | Yo7 | Wize| Hsi o
10/10
G A V P 1 Lsy | Kn2 | R 7 E7:
01 15 43 41 57 100 | Qn2 3 1l / 614
Nss | Dso | Sa1 | Tas | Ca7 | M7s | For | Y107 | Wizo| Hsi
10/10
G A V P Is7 | Lss | K2 | R 7 E7:
01 15 43 41 100 | Qn2 3 631 604
Nss | Dso | Sa1 | Tas | Ca7 | M7s | For | Yo7 | Wize| Hs
01/01
G Ais | V. P s7 | Ls7 | Kn2 | R E7
01 1 43 41 72 ,100 Q?: 73 €33 / 623
Nss | Dso | Sa1 | Tas | Ca7 | M7s | For | Yo7 | Wize| Hsi
00/ 00
Gor | A15 | Va3 | Paa | Is7 | Ls7 | K72 |Rioo | Q72 | E73 632/ 623
Nss | Dso | Sa1 | Tas | Ca7 | M7s | For | Yior [Wize| Hs1 |
G Ais | V. P 1 Ls K72 | R E7:
01 1 43 41 ?T 57 72 rloo C%-u 73 TR
Nsg | Dso | S31 | Tas | C47 | M35 | For | Y107 | Wiso| Hsa




FIGURES

The number of H atoms (in brackets) and number of nucleons

G (01) 01 A(D3)15 S(03)31| D(03) 59 | C(03)47 | (13) [153
N(04)58 | P(05)4 T(05)45 | E(05) 73 | H(05)81 | (24) [298 | (59/58)
Q(6)72 | v(07)43 F(07)91 | M(07)75 | Y(07)107 | (34) |[388 | 969/686
W (08)130| R(10)100 | K(10)72| 1(09) 57 | L(09)57 | (46) (416

(13 +46=59) (24 +34=58)
(153 +416=569) (298 + 388 = 686)

Out: GW ACPHVYRL
58 H+44 n-H =102 at (622

In: NQ SDTEFMKI
59 H+43n-H=102 at (633 nu)

nu)

GWACP36+HVYRL 66=102[12x3 & 22x 3]
NQSDT 39+ EFMKI 63 =102 [13x 3 & 21 X 3]

Go1W1gAp4Co5Pog 36 / H11Vi9Y15R17L13 66 // NogQ11S05Do7T0g 39 / E1oF14M 11K 5113 63

Figure 1-1. Classification of amino acids in relation to hydrogen atoms, according to Sukhodolets
(1985) plus additional classification according to nucleon number. ... Among other things,
"synonyms" of the quantities 298 and 388 appear, which we also find in Table 1-1 for disparate
entities.



The number of neutrons (in brackets) and protons

G0)01 |A©6)09 |S(14)17|D@28)31 |C@22)25 |(70) |83 153
N@7)31 |P@8)23 |T@0)25 |E@4)39 | H(@38)43 | (137) | 161 298
Q@33)39 |V(18)25 |F@42)49 | M(34)41 |Y(50)57 | (177) | 211 | 388
We1)69 | R@45)55 |K(31)41|1(24)33 |L(24)33 | (185) | 231 | 416
(372-255=117) (372 +255=621) (314 + 314 = 628) gj’i’ g;g ggg
[in: (n 287 + p 346 = 633)] [out: (n 282 + p 340 = 622)] — (1255) (569) | (686) | (1255,

Figure 1-2. Classification of amino acids in relation to protons/neutrons, according to

Sukhodolets’ model ...
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Figure 1-3. The "Floor Table" of Genetic code [MMR, Three-dimensional model of Genetic
code, Acta biologiae et medicinae experimentalis, 1988, Vol. 13, No 2, pp. 109-116; Table 3, p.

114 (Yu ISSN 0350 — 5901)]



SURVEYS

Survey 1-1. The only one possible arithmetical logical square (according
to Survey 14, p. 100 in this book)

1Nx1=11 1x1=11

11x2=22 11x2=22 112=121

11%x3=33 11x3=33

12x1=12 21 %1=21

12%2=24 21x2=42 122 = 144

12%3 =36 21 %3 =63 212 = 44)

13x1=13 Ax1=31

13x2=26 I x2=62 132 = 169
13%3=139 31x3=93 312 = 961

14x1=14 41x1=41

14%2=28 41 x2=82 142 =196 _|
14%3=7 41%x3=1




Survey 1-2. Reducing the series of natural numbers to the logical square in the decimal
number system and to te logical line (segment) in the quaternary number system

(00) (01) (10) (11) [Logical square]
(0.1.2): (3.4.5): (6.7.8):(9.10.11): (12.13.14) ...
(0. 1. 2): (3.4.5) ...
[00] [01] ...

(1.2.3): (4,5,6): (7.8.9)

Cantor’s triadic set

(0.1.2):(3.10,11):(12.13.20) ...
(0. 1. 2): (3. 10.11) ...
[0] [1]

Binary (logical) segment

In the Cantor set: threes sgnificant first: 1, 2,3/4, 5,6/ 7, 8, 9 in correspondence with
Shcherbak’s pattern 1-4-7, an essential determinant of both the genetic and chemical
code.



Supplement 2.
The unity of genetic and chemical code

Authors of the highest eminence seem to be fully satisfied
with the view that each species has been independently created.
To my mind it accords better with what we know of the laws
impressed on matter by The Creator ...

Charles Darwin

(on the penultimate page of Origin of Species)

In one of the previous papers (Polyhedron 153 (2018) 292-298), |
presented the idea of the existence of analogies between the genetic and
chemical code. Now the time has come to say that these analogies follow
from the existence of an even more substantial relationship between the two
codes: they follow from the unity of the genetic and chemical code. And that
unity is the subject of this supplement, in which we will argue the said idea
with additional facts.



TABLES

Table 2-1. "Periodic system of chemical elements with 6 groups” (Table 2 in Polyhedron,
p. 295: further elaboration, 1)

DI T1 T2 T3 D2 M

! } b b b )
Il 1 H2 vo| 2 He2 v, 3 Li [ /4Bl @m|5 B2 m 6 C2 IV
27 N2 v 8 O3 vi| 9 F VII | 10 Ne3 vII| 11 Nal I | 12 Mg3 I
3I0BAIT m| 14813 |15 P Vi1 S 4 vij17Cl2 vl 18 Ar 3 Vi
4119 K3 1] 20Ca6 1| 21 Sc m|2T5 v|23 V2 v 24V
5 X | 28Nt 5 X|29Cu2 1/]307Zn35 1

2
1
1
1
51725 Mn1 vi| 26 Fe 4 vir| 27 Co |

6131 Ga2 I| 32 GedS IV| 33 As 1 Vv | 34 8Se 6 VI| 35 Br2 vil| 36 Kr 6 VII

7037 Rb2 1] 38 Sr 4 1M 39 Y1 II | 40Zt5S IV 4 N1 VvV 42 M7 VI

8/ 43 Tc 0 V| 4 Ru7 VII| 4 Rhl IX | 46 Pd 6 X| 47 Ag2 1 | 8 Cd8 I
91 49 In2 m| 5 Sn 10 Iv| 51 Sb 2
2

V| 52 Te8& Vi[53 1 1 viI| 54 Xe VII

9
10°55Cs 1 1|5 Ba7 1| 57 La m | 58 Ce4 IV| 59 Pr 1 V|60 Nd7
1] 61 Pm0 VI| 62 Sm7 VII| 63 Eu2 IX | 64 Gd7 X | 65 Tb1 X1 | 66 Dy 7 XII
121767 Ho 1 X1m| 68 Er 6 XIv|/ 69 Tm 1 I 70Yb7 W71 w2 m| 72 H 6 IV
By 73Ta2 V|74 WS VI| 75 Re2 VIl | 76 Os 7 VII| 77 Ir 2 IX | 78 Pt 6
1479 Aul 1|80 Hg7 m| 8 Tl 2 II| 82Pb4 IVv| 8 Bil V| 8 Po 0
15] 85 At VII | 8 Rn  VII| 87 Fr I | 8 Ra I| 8 Ac m | 9 Th
16| 91 Pa VIi9U VI| 93 Np VI | % Pu VII| 95 Am IX | 96 Cm X
17| 97 Bk XI| 98 Cf XII| 99 Es  XII| 100 Fm  XIv| 101 Md I

1

18| 103 Lr Il | 104 Rf V| 105 Db V| 106 Sg VI| 107 Bh VI | 108 Hs VII
1
1

VI

19 109 Mt IX | 110 Ds X| 111 Rg I | 112 Cn I | 113 Nh 11
20) 115 Mc V| 116 Ly VI 117 Ts VII | 118 Og  VIII| 119

DI .. 13(4) 25(7) 55(10) 67(13) 79(16)

T2 .. 9(10-1) 15(7-1) 21 (4-1) 27(10-1) 33(7-1) 39(4-1) 45(10-1) 69 (7-1)
T3 ... 4(4)

D2 . 11(1+1) 41 (4+1) 53(T+1) 39 (4+1) 65 (1+1) 83 (1+])

D1 13 (4), 25 (7), 55 (1), 67 (4), 79 (7)




Table 2-2. "Periodic system of chemical elements with 6 groups" (Table 2 in Polyhedron,
p. 295: further elaboration, 1)

DI Tl T2 T3 D2 M

} b | | ) |
1)1 [H 240 v 2 He2#0vim) 3 Li 240 1 |4 Bel 1m| 5 B2H0m|¢ C 240 Iv
207 /N 240 v |8 0340 vij9 F 1 vm|to Ne3-Ovmj1t Nal 1|12 Mg3+ 1
SIBAL L mi4 St 340 vi1s P1ovile S 440 vij17 €I 240 vir| 18 Ar 3+0 vII
4019 K 241 1]20 Ca 5+1 m|21 Sel m|22 Tt 540 vi23 V [+l v |24 Cr 440 VI
5125Mnl  vi|26 Fe 440 vir 27 Co 1 IX |28 N1 540 X (29 Cu2+0 I |30 Zn 540 I
631|Ga 240 T |32 Ge 4+1 Ivi33 As 1 V|34 Se 5+1 vI|35 Br 240 vir | 36 Kr 6+0 viII
7037/Rb 141 1[38 St 440 1|39 Y 1 ImM|40 Zr 4+1 v|41 Nb 1 Vv 42 Mo 6+ VI
§143|Tc 0 vI|44 Ru7+0 v 45 Rh 11X |46 Pd 60 X |47 Ag2+0 1|48 Cd 6+2 1
9149 | In 141 1|50 Sn 9+1 1v|51 Sb 240 v |52 Te 6+2 Vi[53 I | ViI|354 Xe 8+ vII
1055/Cs 1 115 Ba 6+l 1|57 La 141 m |58 Ce 440 1v|{50 Pr I v |60 Nd 542 VI
1/ 61|Pm 0  VII|62 Sm5+2 v 63 Eu I+] IX |64 Gd 6+1 X|65 Tb I X1|66 Dy 7+0 X1
12167 Ho 1 xm| e Er 640XV 69 Tm1 1{70 Yb7+0 1|71 Lu [+l m |72 Hf 541 v
13/73/Ta 240 v |74 W 4+ V1|75 Re I+l vIm|76 Os 6+1 v 77 Ir 240 1Xx |78 Pt 5+1 X
4/79/Aul 1|80 Hg7+0 1m|s1 TI 240 m |82 Pb 440 1v|83 Bt I Vv |84 Po 0 VI

08 36 06 38 12 30

(D20 + M 30 =DM 50) DM 50 +T 80 =DMT 130)

Group muber 20 9 48 28 42




FIGURES

0000 O0 O OUOO0 O L+0=1
012 3 4 5 6 7 8 9 JIOI)
02 4 6 8 10 12 14 16 18 L6412 — 8
03 6 9 15 18 21 24 27 55 + 30 = 55
0 4 8 20 24 28 32 36 361 42=78
0 5 10 15 20 35 40 45 49 + 56 =105
0 6 12 18 24 36 42 48 54 64+ 72 =136
0 7 14 21 28 35 42 49 56 63 (204) (220)
0 8 16 24 32 40 48 56 64 72 137+ 83 = 220
0 9 18 27 36 45 54 63 72 81 11+ 03 =204
. [72+42 =110 + 04]
[220 +284=504] | [65+41=117-11] [58 + 48— 110 - 04 ]
[204 + 300 =504] [53+45=87+11] [dec. 110 | 100 bin.]

Figure 2-1. Multiplication Table, in the decimal number system, with quantities found in
both the genetic and chemical code



I e e s |

X’ +x=z z 0 2 3 4
(0x0)+0=00 0x1=00 1 2 3 4 5
(Ix1)+1=02 1x2=02

()£ = 7 x 3= i
(Zkb)—Fb 06 2x3=006 5 6 7 8 9
(3‘(3)"’3:12 3x4=12 I 2 2 1 0
(4x4)+4=20 4x5=20 -
(5x5)+5=30 5x6=30

X6)+6=42 =42 .
(6x6)T6-4 6x7=42 1) 12,3 | 4,56 7,8,9
(7x7)+7=56 Tx8=56 = '
(8x8)+8=72 8x9="72 (111 +999):2 =555x2
9x99N+9=90 555 —1=7554]455

q=1(1),4,7,10,13, 16 455, 545, 554
Diads I: 13AL 25Mn. 55Cs. 67Ho. 79Au 545 +1=1546| 645
(13)4. (25)7. 37)10. (49)13.(3B)16

Quaternary Decimal Decimal
01x013=013 01 x 037 =037 01 x 038 =038
10x 013 =130 10 x 037 =370 10 x 038 =380
13x 013 =301 19x 037="703 19x038="722

Figure 2-2. The quantities contained in the results of the quadratic equations that determine
the Generalized Golden Mean (GGM) are "taken off" from the diagonal of the
Multiplication Table, as can be seen in the previous Figure (Fig. 2-1).



Survey 2-1. The ordinal number of monoisotopic elements in the Periodic System

SURVEYS

(PSE), determined by Shcherbak's pattern 1-4-7, found in the genetic code

Dl Tl T2 T3 D2 M
13 Al (4) 9F(10-1) 4 Be (4) 11 Na (1+1)
(1-1)
25 Mn (7) I5P(7-1) 41 Nb (4+1)
55Cs (1) 21Sc(4-1) 531(7+1)
67 Ho (4) 27 Co (1-1) 59 Pr (4+1)
79 Au (7) 33 As (7-1) 65 Tb (1+1)
39Y (4-1) 83 Bi(1+1)
45 Rh (1-1)
69 Tm (7-1)
5) (8 (1) (6)
Total: 20




Survey 2-2. The quantity 594, found as the number of atoms in 61 amino acid
molecules (in their side chains) is also shown as a "hidden" quantity in the
interrelationships of the six variations of Shcherbak's pattern 1-4-7

147 741 | — | 888(594)

174 | 471 | — | 645(297)

417 714 | — | 1131(297)

714 vs 174 [888 (540)]
171 vs 417 [888 (054)]
540 + 054 =594=054x 11

1311 + 1131 =2442 =66 x 037
1311-1131 =180= 143 + 037
143X 6=858=13xX66
1443 X 6 = 8658 = 13 X 666






