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Abstract. In previous works (MMR, 2019, 2021, 2022), we presented a new type of mirror 

symmetry, expressed in the set of protein amino acids; such a symmetry, that it simultaneously 

represents the semiotic essence of the genetic code. In this paper we provide new evidences that 

the genetic code represents the unity of chemism and semiosis. [This is the first version (on the 

way to the fourth), originally in the same form and content published here a few months ago.]  
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1. Introduction 

The main paper of the scientific work, of which this paper is an accompanying part, was 

published last year (Rakočević, 2022).1 The whole work is, by the way, in the status of a 

hypothesis, because in current science the term genetic code (GC) is not accepted as an 

ontological reality, but only as a metaphor; and, this is even more true for the concepts of 

semiotics and semiosis; in other words, current science does not accept that the genetic 

code could have a semiological nature (Slide 1).2 

      With such a state of affairs, the question arises as to the appropriateness of bringing 

such a large corpus of bare facts (as many as there are here) in support of the hypothesis 

about the semiological nature of GC; why is that, if the scientific truth itself is called into 

question in this matter.  

                                                 
1 The main paper was preceded by the Synopsis (Rakočević, 2021b), so the subject scientific paper (with a 

minimally varied title) consists of three parts. (Note: in further citations, instead of "Rakočević", only 

MMR.) 

2 n the case of my research, the situation is even more difficult. This is because the results of those 

researches, except for the term genetic code, require that the terms Cipher of the genetic code and the code 

key also be considered real ontological entities (MMR, 2018a, b). 
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But instead of opening a possible ontological and/or epistemological discussion, 

we opt for a very concrete matter: to show with two examples how we see the 

bare facts in this (semiological) matter, and, from our point of view, an 

undoubted scientific truth. 

Example 1. On Slide 14 we see a system-arrangement of protein amino acids 

which, by the number of atoms in the molecules, by rows and columns, is in full 

accordance with one of the diagonals of the Periodic Number System (PSN: Slide 

13) in the Decimal number system. It cannot be said that this is not a bare fact, 

and therefore a scientific truth. However, as we know (from the overall science so 

far) the indicated connection between the system-arrangement of molecules and 

the Periodic system of numbers cannot have any causal relationship, it follows 

that we have before us the bare fact that this connection, instead of being possibly 

causal, is actually of a semiotic nature, and this means that it is an arbitrary 

connection.3 

Example 2. On Slide 16 we have a system-arrangement of amino acid molecules, 

such that the number of atoms per row represents a mirror image of a specific 

unique crossing of a 6-bit binary tree and the last column of the PSN; the bare 

facts, which testify that it is so, and thus it is also the fact that it is a scientific 

truth. On the other hand, since this connection is also non-causal (arbitrary), this 

example also confirms the semiotic nature of the genetic code. 

* 

In the same way that the two slides in the two given examples were commented 

on, all the remaining slides were also commented on, with as few words as 

possible, because the illustrations speak for themselves. 

 

 

                                                 
3 Of course, as a signifier, it is arbitrary in relation to the signified, but not in the set of signifiers. 

[De Saussure, 1985, p. 100: "Le lien unissant le signifiant au signifié est arbitraire, ou encore, 

puique nous entendons par signe le total  résultant de l'association d'un signifiant à un signifier 

nou pouvons dire plus simplement: le signe linguistique est  arbitraire. … Le mot arbitraire 

appelle aussi une remarque. Il ne doit pas donné l'idée que le signifiant dépend du  libre choix … 

Nous voulons dire qu’il est immotivé, c'est-à-dire arbitraire par rapport au signifié, avec lequel il 

n'a  aucune attache naturelle dans la réalité."] 



  

 

 

 

 

 

 

 

 

2. Basic slides: the presentation 

 



4 “The very first model of the genetic code was the Stereochemical Theory, an idea

proposed by George Gamow in 1954 … The second canonical model was the Coevolution ..”

(Barbieri, 2018, p. 2)

1



(Genes, molecules, language)

2



René Thom, 1979. La Genèse de l'espace représentatif selon Piaget,

in: Théories du language, théories de l'apprentissage. Le débat entre

Jean Piaget et Noam Chomsky. Éditions du Seuil, Paris:

"Sans doute, j'en suis profondément convaincu, les mathématiques

‘informent’ le monde comme elles ‘informent’ aussi notre propre

structure. Mais ces mathématiques-là ne sont pas celles que nous

connaissons, celles que les algébristes nous fabriquent dans l'élan têtu de

l'itération indéfinie des opérations formelles. C'est au contraire dans

l'étude des limitations naturelles des formalismes que réside la

mathématique de demain."

Richard Dawkins, River Out of Eden: A Darwinian View of Life,

Weidenfeld & Nicolson, London, 1995, p. 139:

"The minimal condition for true heredity would be the existence of at

least two distinct kinds of H2O molecule, both of which give rise to

(‘spawn’) copies of their own kind. Molecules sometimes come in two

mirror varieties.

There are two kinds of glucose molecule, which contain identical atoms

tinkertoyed together in an identical way except that the molecules are

mirror images. The same is true of other sugar molecules, and lots of

other molecules besides, including the all-important amino acids. Perhaps

here is an opportunity for ‘like begets like’ – for chemical heredity."
3



4

Swanson, 1984, p. 201: "The actual amino acid code and the twenty

amino acids it codes for suggest an idealized model coding system

and idealized relationships among the amino acids. Using the

idealized models, one could construct a 'perfect' genetic code and

even choose a different set of amino acids to give a still more even

distribution of their physical properties … The purpose of such an

effort would be to make comparisons and gain insight into the

actual code in use in organisms. … "



. Gray code model of GC (Swanson, 1984)

Codon ring. AAs as outter, inner / small, large

00, 01, 11, 10 5



Determination by the Golden Mean

Rakočević, BioSystems 46 (1998) 283–291

6(60, 66, 78)  [(10 x 6), 11 x 6), (13 x 6)] [(1 x 6), (2 x 6), (3 x 6)]



Physics of deterministic chaos: The Farey tree

7

Fibonacci series

0 1



8

Leibnitz’s  interpretation of binary system



"Fourth variant of long form PSE with vertical groups, including zeroth"

. B.M. Kedrov, 1977, p. 188

1900 March

Lutetium 1907, Promethium 1945

Manuscript Table of Mendeleev: 14 Lantanides in 14 groups

9



10

Noble gases in the zeroth and VIII group
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"Periodic system of elements by groups and rows"
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Mendeleev's „error", which it is not



Periodic System of Numbers (PSN)

13



Determination by Golden Mean and PSN (CIPS) [MMR, 2019, Fig. 1)
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15

(CIPS)

CIPS: Cyclic Invariant Periodic System of AAs (MMR, 2019, Fig. 1) 

)



16

The crossing  of the Periodic System of numbers (of the last column) and 

the 6-bit binary tree (of the path of the greatest change)



17

60 66 78

A harmonic structure of the genetic code (MMR, 2004a)



Molecules mass in harmonic structure of GC 
[MMR, 2004a, Tab. 2, p. 223]
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Perfect Protein Amino Acid Similarity System (PPAASS) [I]
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496 as third PN
_

[65 + 87 + 68 = 220] [76 + 79 + 65 = 220]

Inversion:

Perfect Protein Amino Acid Similarity System (PPAASS) [II]

20



21

044

440 ←

044 + 440 = 44 x 11

Two-digit numbers understood as three-digit, analogous to 

Shcherbak's Prime-quantum 037



Perfect Protein Amino Acid Similarity System (PPAASS) [II]
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Perfect Protein Amino Acid Similarity System (PPAASS) [III]

[530 + 540 + 560 + 570 = 2200] [035 + 045 + 065 + 075 = 220]

[530 + 570 = 1100]

[540 + 560 = 1100]
[035 + 075 = 110]

[045 + 065 = 110]

[1100 =  5 x 220

110 =  5 x 022]

23



Similarity System of Amino Acid Perfect Pairs 

(SSAAPP) 

24



25

The result of crossing of four types of diversity 

of AAs and PSN (III)

Molecules mass in four types of diversity of AAs (MMR, 2013b, Tab. 7)
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Quantitative relations  in PSN (I)



Quantitative relations  in PSN (II)
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“The relations of amino acids positions within GCT and their polarity” (II) 

31



22

21

39

40

32

“The relations of amino acids positions within GCT and their polarity” (III) 



33

Two distinctions: two AAs classes and two spaces



The relations of AAs positions within GCT and their 

atom number within two classes 

34



The relations of AAs positions within GCT and their 

isotope number within two classes (I) 

[178 + (314 – 71) = 421]  [S 11 + L 26 + R 34 = 71]

[314 – 71 = 243]
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The relations of AAs positions within GCT and their 

isotope number within two classes (II) 

2

1
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37

The relations of AAs positions within GCT and their 

isotope number within two classes (III) 



The correspondence of the distribution of the number 

of AAs molecules and decimal number system

38



Plato's unique arithmetic existing in the genetic code

39



(FLL 40) +[(NKDE 40 + CWR 40) = 80] = 120

[(IMV + SPTA  = 60-1)] + [(YHQ + SRG = 60)] = 120-1

(50±10) [(40:80 = 1:2) (60:120 = 1:2)]

Py-Py Py-Pu

Pu-Pu

The unity of chemistry type and the position

Pu-Py

Py-Py

Py-Pu

Pu-Py
Pu-Pu

40



 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Slides explanations  

 

 



 

 

 

 

1. Nota bene. From: MMR, 2018a, p. 33: I added this Nota bene at the beginning of my 

paper on the Cipher of the genetic code (MMR, 2018a). This meant that the state of 

affairs in understanding the genetic code is as it is seen and described by M. Barbieri. [In 

my case it is even more difficult. It is claimed that both the concepts of the Cipher of the 

genetic code and the Key of the Cipher are also ontological realities.] On the other hand, I 

also wanted to say that everything that M. Barbieri says corresponds (directly or 

indirectly) to the key contents of my book Genes, molecules, language, published 35 

years ago (Slide 2). 

2. Geni, molekuli, jezik (Genes, molecules, language). MMR, 1988b, p. 4: "The founder 

of structural linguistics, Ferdinand de Saussure, as early as 1908 said everything about 

the universal in language, whether natural speech language, or language in other sign 

systems; even about the interdependence of language units ... By genetic language we 

mean the system of nucleotide sequences in nucleic acids and a system of amino acid 

sequences in proteins." 

On p. 64: "From De Saussure's point of view, language (observed in its phylogeny) is a 

system of words with all the connections and relations between them, and all the changes 

that have befallen them on the evolutionary path; that is, from an other side, it is a system 

of macromolecules (nucleic acids or proteins), also with all the connections and 

relationships between them and changes in the evolutionary path"]  

Therefore, it is not about any norms that are prescribed, but the laws of language, the 

laws of synchrony and diachrony, independent of 'agreements about language, from the 

norms prepared by experts and specialists'... 'The laws of synchrony and diachrony have a 

universal character'. Saussure well observed the universal character of phenomena in 

language, in the same way as Darwin, when it comes to the laws of evolution of 

organisms.  

'... On ne pourrait concevoir un tel changement [lors de l'introduction de normes dans la 

langue] que par l’intervention de spécialistes, grammairiens, logiciens, etc.; mais 

l’expérience montre que jusqu’ici les ingérences de cette nature n’ont eu aucun succès' 

(De Saussure, 1985, p. 107).  

‘How poor will his (of man) products be, compared with those accumulated by nature 

during whole geological periods.’ (Darwin, 1859, p. 66) [Origin of Species: second 

British edition (1860), page 84.]  

Many more such, almost identical statements, can be found in The origin of species and 

Cours de linguistique general, with Darwin talking about organisms and Saussure about 

language." 

On p. 65: "This universality in language, which can also be revealed in other phenomena, 

was emphasized by linguists even after De Saussure, especially Louis Hjelmslev. In his 



 

 

 

famous monograph, a scientific study, Prolegomena to the Theory of Language, he says: 

‘In a new sense, it seems that it is as fruitful as it is necessary to establish a certain 

common point of view for a whole range of sciences, from literature science, through the 

science of art, musicology and general history, to logic and mathematics, wouldn't they 

all, from such a common platform, focus on the problem defined by linguistics. Each of 

them will be able to contribute to the general science of language in their own way if they 

try to investigate to what extent and in what way their subject can be subjected to an 

analysis that would be in accordance with the requirements of language theory, so 

perhaps new light could be shed on these disciplines, encourage them to do their own 

self-reflection. In this way, through all-round fruitful cooperation, it would be possible to 

arrive at a kind of general encyclopedia of sign structures’ (Hjelmslev, 1980, p. 101)".4 

* 

On p. 223: "This Ideas for possible research into the scientific problems that are the 

subject of this study began in the early seventies, when I came across literature on such 

biochemical processes as the transcription and translation of genetic informations from 

one macromolecular language to another...  

For the next few years, new and different studies began and continued for me. I searched 

for chemistry in non-chemical sciences and again tried to see in chemistry the non-

chemical – what is common to molecules and individuals of any other species in the 

living and non-living world. Thermodynamics was now to be studied again, but not 

without of information theory; genetics and theory of evolution, but not without 

cybernetics and systems theory; biochemical and genetic language, but not without 

structural linguistics and semiology…." 

3. Rene Thom: "… in the study of the natural limitations of the formalism reside the 

mathematics of tomorrow"; Richard Dawkins: "Perhaps here is an opportunity for ‘like 

begets like’ – for chemical heredity."  

4. Rosemarie Swanson: "The actual amino acid code and the twenty amino acids it codes 

for suggest an idealized model coding system … a 'perfect' genetic code."  

5. Gray code model of GC (Swanson, 1984). This Gray code model of Genetic code 

(Codon ring), in itself, is proof that the genetic code is determined by Boolean spaces. 

(Cf. Mutation ring on App-Slide 1.) [How is it possible that after several million years of 

evolution of organisms, evolution of protein macromolecules, after many random 

                                                 
4 I took the advice of L. Hjelmslev and took the steps listed below, under the asterisk. [Of course, I read L. 

Hjelmslev's book in the early seventies of the 20th century.] But, in addition to the above, I also studied the 

structure and composition of works of literary classics, in parallel with the study of the structure of natural 

codes. Some of these results have been published in OSF preprints (for example here: MMR, 2021c, Box 

13.1 – 13.4; Tables B6 and B7; Displays B6 and B7; but also elsewhere, a few books, too). I have 

published several papers (in Serbian and/or English) at: ECPD, European Center for Peace and 

Development of the United Nations University for Peace, Belgrade.  



 

 

 

mutations, the Mutation ring retains, mutatis mutandis, all the relationships that we also 

find in the Codon ring?! The answer to this question cannot be given from the aspect of 

current science. The missing "hoop" in the possible explanation is that it does not take 

into account the space in which the atoms are; the space in which the molecules are.5 

Atoms, in the Periodic System of chemical elements (PSE), "carry" their space with 

them; molecules, in some autonomous system-arrangement, like the Genetic Code 

System, carry their space with them. (Proof-example: It makes no sense to "cram" 14 

lanthanides into a unit space, together with lanthanum, but 14 elements should be 

arranged in 14 groups, as Mendeleev arranged them) (MMR, 2018b; Slide 9 in relation to 

Slides 10, 11 and 12; also in relation with App-Slides 5, 6, 7 and 8).]  

Swanson, 1984, Legend to Fig. 1, p. 188: "Codon ring. The central part of the figure is an 

example of minimum change binary code. Note that the inner two rings are split into a 

dotted half and a dashed half. Successive rings split into quarters, eighths, sixteenths, etc. 

The two split inner circles correspond to identical splittings of the middle and first base 

rings of the nucleotide circles into pyrimidine and purine halves. The codons are arranged 

so that the middle base changes most slowly, the first base more often and the third base 

most frequently."6 

6. Determination of GC by the Golden Mean. Determination on the binary-code tree 

(developed from the Gray code model of GC). MMR, 1998a, Fig. 1, p. 284: "The full 

lines: the routes of the greater (faster) changes from pyrimidine to purine or from two to 

three hydrogen bonds and vice versa. The dotted lines: the routes of the less (slower) 

changes. The double full line: the route of the maximum possible (fastest) changes; the 

route corresponding to the ‘Golden mean route’ on the Farey tree [Slide 7]. Asterisks: 

‘stop’ codon UGA. Quadrangles: ‘stop’ codons UAA and UAG." 

Amino acids in Golden mean positions: FLSPTQG with 60 atoms in their side chain; 

their chemical complements: YACIMNV with 66, and non-complements: DE KR HW 

with 78 atoms (cf. Slide 14). Quantities 60, 66, 78 appear in many system-arrangements 

of the 20 protein amino acids. Same quantities for different qualities (Principle of the 

sameness). MMR, 2018a: Observation on the determination with the Golden mean, as it 

is cited in Main paper (MMR, 2022, Box 1, p. 2: second paragraph). 

7. The Farey binary tree. MMR, 1998a: Fig. 2. "The Farey binary-code tree as a 

representation of rational numbers relationships within the interval (0, 1). The full lines: 

the routes of the greater fractions of the rational numbers, i.e. of the faster changes (for 

example: the faster routes into deterministic chaos). The dotted lines: the routes of the 

                                                 
5 If Einstein's theory about the unity of space and time "drinks water", and it is surely certain that it 

"drinks", then here too, whenever we talk about space, we mean Einstein's space-time. 

6 This and such a Boolean type Gray code represents, per se, a Boolean space (the Boolean space of the 

genetic code), from which a series of natural numbers can be generated. [Carbo-Dorca and Perelman (2022, 

p. 80): "Using simple arguments derived from the Boolean hypercube configuration, the structure of natural 

spaces, and the recursive exponential generation of the set of natural numbers, a linear classification of the 

natural numbers is presented".] 

 



 

 

 

smaller fractions of the rational numbers, i.e. of the slower changes. The double full line: 

the route with the greatest rational numbers (greatest or fastest changes) whose 

numerators and denominators are given by the Fibonacci numbers sequence – the 

‘Golden route’. Notice that ‘each rational number between 0 and 1 occur exactly once 

somewhere in the infinite Farey tree’ (Schroeder, 1991 p. 336). [The figure is made after: 

Belić (1990), Schroeder (1991).]"  

8. Leibniz's binary system, taken from the ancient Chinese. Тhe famous German 

philosopher and great mathematician Gottfried Wilhelm Leibniz published (in 1703) an 

article on the Binary Arithmetic ("Explication de l’atithmetique binaire") in the French 

Academy of Sciences. In the article, on only five pages, he presented the binary number 

system, and nowadays there are more and more researchers who consider that article, in 

itself, to be a prophecy of the future, from the aspect of the emergence of universal 

binarity and digitality. The 6-bit binary tree, which the ancient and modern Chinese have 

been dealing with for a total of several thousand years, proves to be unique on several 

grounds. Only in the case of such a binarity both Mendeleev's principles are satisfied: the 

Principle of continuity and the Principle of minimum change. Three-letter words from the 

four-letter alphabet, with  two-letter word root, and one-letter on the start. Only in the 

case of this binary tree is there no ambiguity about the root of the word. (See Rumer's 

presentation of nucleotide doublets on App-Slides 9 and 10).7   

Symmetry in the reading of individual hexagrams (codons in GC) and their families: 3 

bits for the position of the family and 6 bits for the position of the individual hexagram, 

i.e. the codon. Such symmetry, apart from being shown as symmetry in the simplest case 

(Markus 1989), also contains mirror symmetry of the Dirac type (111 | 000); (101 | 010) 

etc. [Cf. Slide 8 with Slides 6 and 7.] 

 

9. Slide explanation .... 

------------------------------------------------------------------------------------------------------------

----------------------------------------------------- 

                                                 
7 Ю. Б. Румер, 1966, 1393: „Рассмотрение группы кодонов, относящихся к одной и той же 

аминокислоте, показывает, что в каждом кодоне (xy | z) целесобразно отделить двухбуквенный 

‘корень’ (xy | ) от ‘окончания’ ( | z). Тогда каждой аминокислоте, в общем случае,  будет 

соотвествовать один определенный корень ...“ [Y. B. Rumer, 1966, p. 1393: “Consideration of a group 

of codons referring to the same amino acid shows that in each codon (xy | z) it is useful to separate the two-

letter 'root' (xy | ) from the 'end' ( | z). Then each amino acid, in the general case, will correspond to one 

specific root ...“ 

 

 



 

 

 

 

 

4. Concluding remark  

 
It is expected that the presented facts testify sufficiently convincingly that the genetic 

code is indeed a semiotic system. ... 
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1. Appendix Slides presentation  



Valence mirroring in relation to 

position 4 (Copy IV)

Distances between atomic masses: Principle of 

continuity and Principle of minimum change

1



Hydrogen on the right side of the Periodic System
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Zigzag connection and interdependence as a "start" 

to diagonal connection
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Periods, rows, diagonal 

interdependencies, formulas of 

molecules (Copy VIII)

The law of diagonal interdependence
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Two classes of amino acids related to two 

classes of synthetases

Rakočević, 1998a, Surv. 4, p. 290
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(FLL 40) +[(NKDE 40 + CWR 40) = 80] = 120

[(TVSL 36 + HCDS 28 + QWER 56 = 120 
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Generating binary sequences of perfect numbers 

in Boolean spaces

Rakočević, 2007a,  Tab. 12, p. 96.



16Rakočević, 2007a,  Tab. 5, p. 82.

Binary multiplication of the number 2 in 

relation to perfect numbers



17Rakočević, 2007a,  Tab. 4, p. 82.

Generating of perfect numbers in relation 

to the series of odd natural numbers



60 84

60

25

35

34

28

22

84

18



19

N

O

C

m exi

mixed

d



20

6

6

3

3



119 – 20

(10)

120 + 20

(13)

120 + 10

(11)

119 – 10

(12)



22



24



25



26



23



27



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Appendix Slides explanations  
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Materials (Slides) for future Supplements 



Amino acid system-arrangements (Sis-ars)

60    66 7886 / 86 102 ± 1

(Atom number within amino acid side chains)



2

“A harmonic structure of the genetic code” 

60 66 78

124 124 

+11
54 54    

x 2

Isotope number

[[124 / 421] [299 / 992]

(124 + 54  = 178) [135 + 108 = (1 x 243)]

70 = 124 – 54; 30 =108 – 078  [60 + 66 = (2 x 063)] 

nucleon number



Relations with isotope number (I)

3



Relations with isotope number (II)

4



Relations with isotope number (III)

5



Sukhodolets, 1985; MMR, 2011, Tab. 7.

System-arrangement of AAs thtough the number of hydrogen atoms (I)

6



System-arrangement of AAs through the number of hydrogen atoms (II)

Sukhodolets, 1985; MMR, 2011, Tab. 9. 7
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(201 = 210 – 9)

Perfect Protein Amino Acid Similarity System (PPAASS) [III]
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Perfect Protein Amino Acid Similarity System (PPAASS) [IV]
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Perfect Protein Amino Acid Similarity System (PPAASS) [V]

10



117 + 108 = 225  

118 + 108 = 226

(108 = 12 x 9)   

119 + 108 = 227

120 + 108 = 228

Quantity relationships in (PPAASS) [V]

11



Perfect Protein Amino Acid Similarity System (PPAASS) [VI]

12



The source of atom number quantities in PAASS

13



14

The starting position of generating four types 

of diversity of AAs



[4 x 17 and 8 x17]

[26 + 77 = 102 + 1] [42 + 59 = 102 – 1] 15

The result of crossing of four types of diversity 

of AAs and PSN (I)
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The result of crossing of four types of diversity 

of AAs and PSN (II)
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Seeing the set of 20 amino acids in GCT with 

quantities of essential parameters



18

The number of atoms in bases and nucleotides in 

relation to the first and second perfect number



Codon path cube: two classes of  amino acids in relation to two classes of 

aminoacyl-tRNA synthetases (I) (MMR, 1997a)

19



226 → 

Codon path cube: two classes of  amino acids in relation to two classes of 

aminoacyl-tRNA synthetases (II) (MMR, 1997a)
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(103 + 123 =  2 x 113)

Unique arithmetic existing in the genetic code (I)

21



Unique arithmetic existing in the genetic code (II)
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“The relations of amino acids positions within GCT and their polarity” (I) 




