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Abstract. The study was carried out on the basis of mathematical analysis of experimental data: sets of genes and sets 

of natural genetic codes. All 5 cases of gene overlaps allowed by the DNA structure were investigated. Integral 

characteristics of genetic codes are introduced into consideration, which testify to the ability to overlap pairs of genes. It 

was possible to establish the functions in which all reinterpreted codons in the mitochondrial genetic codes (of humans 

and other organisms) participate, as well as a significant difference between the integral characteristics of such codes 

from the standard code. Our results allow us to conclude that code deviations from the standard carry a quite clear 

functional load. It follows from the above results that for all semantic families of codons, two protein sequences can be 

written that are practically not obstructed by the same DNA region, and for this you can use the most favorable 

(according to the combination of amino acids in the overlap) one of the 5 variants of such a compact notation of genes 

(5 cases overlap). A categorical ban exists for no more than 5% of amino acid pairs, both for the standard code and for 

all 14 known non-standard codes. Those. All 15 code tables have the same common property. This leaves no chance for 

any arbitrariness, chance. choose the structure of the genetic code. In the course of these studies, a mathematical theory 

of the genetic code has been developed, the first stage of research has already been published (see Appendix), a book of 

the results of the second stage has been prepared for publication, and work has been carried out on the third stage. It 

seems that this research topic of fundamental research is inexhaustible. 

Key words. Genetic code, overlapping genes, deviant code, code possibilities for overlaps, common property of all 

known codes. 

1. Foreword 

After the successful completion of two labor-intensive and multi-year projects [1,2], I was allowed to conduct research 

in the field of modern genetics. Moreover, it was allowed to choose any task with one condition: it must be a discrete 

system with a large number of interconnected elements. This is how my leader, Academician T.M Eneev, set the task., 

who was one of the leading theorists of Russian cosmonautics and who would have been 100 years old in a year. The first 

line of new research was related to the problems of structuring RNA molecules, starting with the shortest ones, tRNAs 

[3]. Later, I turned to the analysis of special ways of recording genetic information - overlapping genes, when two proteins 

code for the same piece of DNA This effect was first experimentally established in 1976 when reading the first complete 

genome of bacterial viruses ФХ 174 [4]. After these studies, their leader F. Sanger [5] became the only two-time Nobel 

Prize winner in chemistry in history 

  The initial experimental material, at first glance, so strongly reminded those complex discrete systems that had to be 

dealt with for many years. Due to the fact that such data has already been published in hundreds of articles (and this is 

only at the beginning of the 90s), I was interested in one question. Where in the world are works containing common 

positions, principles that describe such a phenomenon, where, after all, is an approach that allows you to work with gene 

overlaps that differ in just one position or how many such changes are potentially acceptable in a given overlap. It became 

clear that the multitude of genetic overlaps had to be sorted out in some way, but at first it was not entirely clear how to 

do this. There was a feeling that this is a lengthy work that requires new approaches that need to be developed based on 

the indicated experimental data. 

After the completion of the first stage of ongoing research, a monograph [6] was published in 2010, which was in 

great demand (even hackers downloaded it for free more than 70 thousand times before the ban was introduced), and the 

publisher recently offered me a contract to extend the publication for the next 20 years. 

2. Introduction 

We have carried out a mathematical study of the secrets of the genetic code, starting with the phenomenon of 

overlapping genes. At present, it is believed that overlapping genes represent, although unusual, but still quite 

common element of the organization of the genome. Multiple genetic overlaps were found in the deciphered human 

genome [7] - there were about 1700 of them. The accumulated extensive material on genetic overlaps put forward 

the task of their thorough and comprehensive analysis. Let us dwell on some results obtained by us on the basis of 

mathematical analysis. It can be seen that there are only 5 different cases of gene overlaps allowed by the DNA 

structure (Figure 1), of which the first two refer to overlaps of genes from the same DNA strand, and the remaining 

three to overlaps of genes taken from different DNA strands. 

In Figure 1. only small fragments of real overlaps are presented, and the total length of some of them reaches 

almost 1300 nucleotides. In addition, the total extent of overlaps can reach more than half of the genome size 

(GSHV virus [8]. 
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Figure 1. Five possible cases of gene overlaps corresponding to one (1,2) or two DNA strands (3-5). Reading texts in this case is 

carried out in different directions (indicated by an arrow): from left to right for B11, B12, B21, B22, B31, B41, B51 and from right to 

left for B32, B42, B52. These fragments contain only DNA pairs: CG and AT 

3. Potential possibilities of the code for building overlaps 

Next, we set the task of what is the potential of the genetic code to create all these cases of overlap. The answer 

turned out to be the following [9] - phenomenal potential! Only 16 pairs of amino acids out of a possible 400 can 

create obstacles to the construction of all 5 cases of overlap. These are the amino acid pairs for just three cases of 

overlap: 

in case 2 it's 5 pairs: 

MetMet, MetAsn, MetLys, MetIle, MetThr,                                                                                                                       (1) 

in case 3 it's 6 pairs: 

PheTyr, TyrTyr, HisTyr, AsnTyr, AspTyr, CysTyr,                                                                                                           (2) 

in case 5 it's 5 pairs: 

PheMet, PheAsn, PheLys, PheIle, PheThr.                                                                                                                          (3) 

Thus, we have established the integral characteristic of the genetic code, which we denote by p and which is 

equal to 16 for the standard code: 

p = 16                                                                                                                                                                                      (4) 

This result was first published in. Doklady Mathematics and was sent to the Nobel Prize winner De Duve (his answer 

is in the appendix file) after his report at the anniversary celebration in honor of the 300th anniversary of St. Petersburg. 

Table 1. Standard К0   and non-standard genetic codes K1- K14. and their integral characteristics. –p 

1 2 3 p 

K0 The standard code TGA(ter)®Trp, ATA(Ile)®Met, AGX(Arg)®ter 16 

K1 The Vertebrate Mitochondrial Code TGA(ter)®Trp, ATA(Ile)®Met, AGX(Arg)®ter 7 

K2 The Invertebrate Mitochondrial Code TGA(ter)®Trp, ATA(Ile)®Met, AGX(Arg)®Ser 7 

K3 The Echinoderm and Flatworn  Mitochondrial Code TGA(ter)®Trp, AAA(Lys)® Asn, AGX(Arg)®Ser 5 

K4 
The Mold, Protozoan, and Coelenterate Mitochondrial 

Code and the Mycoplasma / Spiroplasma Code 
TGA(ter)®Trp 6 

K5 
The Ciliate, Dasycladacean and Hexamita Nuclear 

Code 
TAX (ter)®Gln 5 

K6 The Euplotid Nuclear Code TGA(ter)®Cys 5 

K7 The Alternative Yeast Nuclear Code CTG(Leu)®Ser 16 

K8 The Ascidian Mitochondrial Code TGA(ter)®Trp, ATA(Ile)®Met, AGX(Arg)®Gly 7 

K9 The Alternative Flatworn Mitochondrial Code 
TGA(ter)®Trp, AAA(Lys)®Asn, TAA(ter)®Tyr, AGX 

(Arg) ®Ser 
0 

K10 Blepharisma Nuclear Code TAG(ter)®Gln 10 

K11 Chlorophycean Mitochondrial Code TAG(ter)®Leu 10 

K12 Trematode Mitochondrial Code 
TGA(ter)®Trp, AAA(Lys)®Asn, ATA(Ile)®Met, AGX 

(Arg) ®Ser 
6 

K13 Scenedesmus Obliquus Mitochondrial Code TAG(ter)®Leu,  TCA (Ser) ®ter 10 

K14 Thraustochytrium Mitochondrial Code TTA (Leu)® ter 21 

Note. 

1- codes K0- K14 ,2 - their names, 3 - deviations from the standard code 

Columns 2 and 3 were obtained on the basis of…: http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=t 



 

3 

 

 

4. General property of known natural codes 

The result obtained led to the formulation of new tasks. What is the value of p for non-standard (deviant) codes, the 

number of which continues to grow? Note that the first non-standard code was discovered in 1979 in a human cell in a 

separate organelle - in mitochondria: the mitochondrial DNA genes - mtDNA were written with such a code [10]. Only 4 

codons were rethought.   

Calculations showed that the p value for all 14 deviant codes (see Table 1) does not exceed the value of 22, or about 

5% of the total number of amino acid pairs. In this case, all the same three cases of overlaps were forbidden, as for the 

standard code, and in addition, one code with a zero value of p was found. Thus, all natural genetic codes have a small 

number of prohibitions on the construction of genetic overlaps. This can be seen as a general property of natural codes. 

The question arises: why do natural codes correspond to this, while the number of gene records with overlaps is 

immeasurably less than ordinary non-overlapping genes, and what is the role of rethought codons? 

5. On the role of rethought codons 

Consider now the question of the role of rethought codons. We raised the question of a possible relationship between 

overlap restrictions (1)-(3) and code variability observed in a number of organisms. The analysis showed that such a 

relationship exists, and it is expressed in the fact that for a number of deviant codes (examples for some of them found in 

mitochondrial DNA are shown in Fig. 2), natural rethinking of codons leads to the possibility of constructing genetic 

overlaps that are forbidden for standard code [11,12]. 

 
Figure 2. Fragments of genetic overlap found in the mitochondria of four organisms whose genes are written in codes that deviate 

from the standard code. These are overlaps in one strand of DNA. Fragments and names of proteins are given according to publications 

[10, 13–15]. The number below the nucleotide indicates its number in the genome 

  Each of the four fragments shows the role of the same permutation: TGA (ter) Trp. This natural permutation is 

observed for three deviant codes, which correspond to the above fragments, respectively; the second and fourth fragments 

are written in the same deviant code. Moreover, this permutation is present in all three deviant codes. It turned out that 

such a permutation makes possible overlaps for pairs of MetAsn (Figure 2.1, this case corresponds to human 

mitochondrial DNA), MetMet (Figure 2.2), double MetThr (Figure 2.3) and MetLys (Figure 2.4), which are forbidden 

for standard code. The indicated nucleotide pairs and reinterpreted codons are highlighted. Thus, the size of genomes is 

reduced due to the possibility of constructing gene overlaps that are impossible for a standard code. Such a contraction 

for a living cell can be quite large, because the number of mitochondria is usually more than 1 and can reach a million 

6. Conclusion 

In the monograph [16], we read “The code seems to have been selected arbitrarily”, as well as “Rethinking codons 

indicate that random changes can occur in the genetic code of mitochondria ". 

Our results lead to the conclusion that deviations of the code from the standard carry a completely clear functional 

load. It follows from the above results that it is possible for all semantic families of codons to write two protein sequences 

almost unhindered by the same DNA region, and for this the most favorable (according to the combination of amino acids 

in the overlap) one of the 5 variants of such a compact gene recording can be used (5 cases of overlap). A categorical ban 

exists for no more than about 5% of amino acid pairs, both for the standard code and for all 14 known non-standard codes. 

Those. 15 code tables satisfy the same general property. This leaves no chance for any arbitrariness, chance. 
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   In the course of these studies, a mathematical theory of the genetic code was developed, the first part of which was 

published in Russian [6]. In this regard, the English translation of the annotation and the table of contents of the 

monograph is given in the Appendix. 
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Appendix 1. Application 
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MATHEMATICAL ANALYSIS GENETIC CODE 

MOSCOW, 2010 

Annotation 

Based on the study of genes, new properties of the genetic code were established and its most important integral 

characteristics were calculated. Two groups of such characteristics were distinguished. The first group refers to integral 

characteristics for DNA regions where genes overlap in pairs, and all 5 cases of overlap allowed by the DNA structure 

were studied. The second group of characteristics refers to the most extended regions of DNA in which there are no 

genetic overlaps. The interrelation of the established integral characteristics in the named groups is established. Taking 

into account the conducted studies, a currently known set containing more than 200,000 genes for 12 large genomes, 

including 25 613 genes of the human genome, was analyzed. As a result, a number of previously unknown effects were 

discovered. A comparative analysis of all genes from one cell, but recorded with different natural codes, was also 

carried out. It was possible to establish two functions in which all rethought codons in the mitochondrial genetic codes 

(of humans and other organisms) participate, as well as a significant difference in the integral characteristics of such 

codes compared to the standard code. 
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