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Abstract. The achievements of molecular genetics and bioinformatics lead to sig-
nificant changes in technological, medical and many other areas of our lives. This 
article is devoted to new results of study of structural organization of genetic infor-
mation in living organisms. A new class of symmetries and fractal-like patterns in 
long DNA-texts is represented in addition to two Chargaff's parity rules, which played 
an important role in development of genetics and bioinformatics. Our results provide 
new approaches for modeling genetic informatics from viewpoints of quantum infor-
matics and theory of dynamic chaos. 
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1 Tetra-group symmetries in long DNA-texts 

The achievements of molecular genetics and biotechnology lead to significant chang-
es in our lives. Genetic engineering and related fields provide not only the diagnostic 
and therapeutic possibilities of medicine that were unthinkable before, but also the 
emergence of new materials with surprising properties, new approaches to solving 
problems of nanotechnology, robotics, artificial intelligence systems, etc. Specialists 
consider projects for the cultivation of finished bodies of cars from chitin or bones. 
Several DNA strings connected together form a hinge-type mechanism for nano-
robots, capable of bending and unbending by a chemical signal. Of particular im-
portance is the knowledge of the principles of noise immunity of the genetic code in 
connection with the problem of ensuring noise immunity of information systems of 
control [1-6]. 
   A road to the knowledge of bioinformational patents of living matter for their use in 
engineering, medicine and education is inextricably linked with the study of hidden 
regularities of hereditary information recorded in DNA molecules. The species of 
living organisms are amazingly diverse, but in all organisms genetic information is 
recorded in DNA and RNA molecules in the form of long texts of four letters: adenine 
A, cytosine C, guanine G and thymine T (in RNA uracil U is used instead of thy-
mine). This article represents a new class of symmetries and fractal-like relations in 
long DNA-texts, the discovery of which shows elements of their fractal grammar. The 
goal of our research is revealing a participation of fractal structures in long DNA-
texts. 

Sergej
Typewritten Text
 This article was published and it should be cited as:   Petoukhov S., Petukhova E., Svirin V. (2019) New Symmetries and Fractal-Like Structures in the Genetic Coding System. In: Hu Z., Petoukhov S., Dychka I., He M. (eds) Advances in Computer Science for Engineering and Education, pp. 588-600. ICCSEEA 2018. Advances in Intelligent Systems and Computing, vol 754. Springer, Cham, DOI: https://doi.org/10.1007/978-3-319-91008-6_59.



2 

   DNA molecules are very long. For example, the human genome is a text with sever-
al billions of genetic letters A, T, C and G (it is equivalent to a text of thousands of 
thick books). DNA-texts of different organisms are represented in the GenBank 
(https://ru.wikipedia.org/wiki/GenBank), which contains hundreds of millions of se-
quences for more than one hundred thousand organisms. The set of known DNA-texts 
contains hundreds of billions of letters A, T, C and G. 
   What rules exist in these basic texts of living organisms? The modern situation is 
described by the following citation: “What will we have when these genomic sequenc-
es are determined? … We are in the position of Johann Kepler when he first began 
looking for patterns in the volumes of data that Tycho Brahe had spent his life accu-
mulating” [7]. Kepler did not make his own astronomic observations, but he found – 
in the huge astronomic data from the collection of Tycho Brahe - his Kepler’s laws of 
symmetric planetary movements relative to the Sun. In 100 years after Kepler, thanks 
to the laws of Kepler, Newton discovered the law of universal gravitation. We have 
revealed new hidden symmetries in many long texts of single-stranded DNA of sever-
al dozen species of organisms, including the complete genomes of some organisms 
from the GenBank (without exceptions till now).  
   Below we explain our study but previously we should remind about two Chargaff’s 
parity rules, which are known in genetics long ago. They are important because they 
point to a kind of "grammar of biology" [8]: a set of hidden rules that govern the 
structure of DNA. The first Chargaff's parity rule states that in any double-stranded 
DNA segment, the number of frequencies of adenine A and thymine T are equal, and 
so are frequencies of cytosine C and guanine G [8, 9]. The rule was an important clue 
to model the double helix structure of DNA by J.Watson and F.Crick . 
   The second Chargaff's parity rule states that both %A ≈ %T and %G ≈ %C are ap-
proximately valid in single stranded DNA for long nucleotide sequences.  Many 
works of different authors are devoted to confirmations and discussions of this second 
Chargaff's rule  [10 – 25]. Originally, CSPR is meant to be valid only to mononucleo-
tide frequencies in single stranded DNA. “But, it occurs that oligonucleotide frequen-
cies follow a generalized Chargaff’s second parity rule (GCSPR) where the frequency 
of an oligonucleotide is approximately equal to its complement reverse oligonucleo-
tide frequency … This is known in the literature as the Symmetry Principle” [25, p. 2]. 
The work [22] shows the implementation of the Symmetry Principle in long DNA-
sequences for cases of complementary reverse n-plets with n = 2, 3, 4, 5 at least. In all 
these works, authors concentrate their attention on the comparison of frequencies (or 
probabilities) of separate fragments of DNA-texts. By contrast to this, we study not 
individual probabilities of separate fragments but collective (or total) probabilities of 
special groups of fragments in long DNA-texts.  
    Let us explain our approach more detailed. Each of long DNA-sequences (for    
example, the sequence CAGGTATCGAAT…) can be represented not only in the 
form of the text of 1-letter words (C-A-G-G-T-A-T-C-G-A-A-T-…) but also in the 
form of the text of 2-letter words (CA-GG-TA-TC-GA-AT-…) or in the form of the 
text of 3-letter words (CAG-GTA-TCG-AAT-…) or in the form of the text of n-letter 
words in a general case. We briefly call such representations “n-letter representations” 
of DNA-texts. In each of such n-letter representations, we study total probabilities of 
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all members of each of 4 groups of those n-letter words, which have the same letter 
(A, T, C or G) on the same position k ≤ n inside words  (we call such groups “tetra-
groups”). Each of four DNA-letters A, T, C and G defines its own group of n-letter 
words inside a complete tetra-group of each n-representation of DNA-text. 
   By definition, in an n-letter representation of DNA-text, a total (or collective) prob-
ability of a group of n-letter words is the ratio: total quantity of all n-letter words of 
this group divided by the total quantity of all n-letter words. For example, the 2-letter 
text with 7 words AT-CT-GG-AG-AA-CA-AC contains 4 words with the letter A at 
their first position. In this text, the total probability P2(A1) of such words is equal to 
4/7 = 0,571. This text contains also 2 words with the letter A at their second position. 
Correspondingly their total probability P2(A2) is equal to 2/7 = 0,286. In a general 
case, we denote by the symbol Pn(Ak) a total probability of a group of n-letter words 
that have the letter A at their position k (k ≤ n) in a long DNA-text. The similar sym-
bols Pn(Tk), Pn(Ck) and Pn(Gk) denote correspondingly total probabilities of all those 
n-letter words, which have the letters T, C and G at their position k. 
   It was unexpectedly for us to discover that all these n-letter representations of a long 
DNA-text are symmetrically interrelated each other on the basis of approximate 
equalities of total probabilities of all words with the same letter on the same position 
inside words (n = 1, 2, 3, 4, 5, …. is not too large). These approximate equalities are 
symmetrical relations, whom we call “tetra-group symmetries in long DNA-texts”. 
For example, Fig. 1 shows results of our calculation of total probabilities Pn(Ak), 
Pn(Tk), Pn(Ck) and Pn(Gk) for DNA-text of the human chromosome № 1 that contains 
248956422 letters (here the values of probabilities are rounded to the third decimal 
place; more detailed results are shown in [4]). One can see in Fig. 1 approximate 
equalities of high level of accuracy inside the set of Pn(Ak), Pn(Tk), Pn(Ck) and Pn(Gk) 
under different values n = 1, 2, 3, 4, 5 and k ≤ n. 
    
P1(A1) = P2(A1) = P2(A2) = P3(A1) = P3(A2) = P3(A3) = P4(A1) = P4(A2) = P4(A3) = 
P4(A4) = P5(A1) = P5(A2) = P5(A3) = P5(A4) = P5(A5) = 0,291. 
P1(T1) = P2(T1) = P2(T2) = P3(T1) = P3(T2) = P3(T3) = P4(T1) = P4(T2) = P4(T3) = 
P4(T4) = P5(T1) = P5(T2) = P5(T3) = P5(T4) = P5(T5) = 0,292. 
P3(C1) = P5(C4) = 0,208; P1(C1) = P2(C1) = P2(C2) = P3(C2) = P3(C3) = P4(C1) = 
P4(C2) = P4(C3) = P4(C4) = P5(C1) = P5(C2) = P5(C3) = P5(C5) = 0,209. 
P1(G1) = P2(G1) = P2(G2) = P3(G1) = P3(G2) = P3(G3) = P4(G1) = P4(G2) = P4(G3) = 
P4(G4) = P5(G1) = P5(G2) = P5(G3) = P5(G4) = P5(G5) = 0,209. 
 
Fig. 1. Total probabilities Pn(Ak), Pn(Tk), Pn(Ck) and Pn(Gk) in the corresponding tetra-
groups of n-letter words (n = 1, 2, 3, 4, 5) in the DNA-text of the following sequence, 
which contains 248956422 letters: Homo sapiens chromosome 1, GRCh38.p7 
Primary Assembly. NCBI Reference Sequence: NC_000001.11; 
https://www.ncbi.nlm.nih.gov/nuccore/NC_000001.11 	  	   

 
   We have got similar results about an approximate equality of probabilities Pn(Ak), 
Pn(Tk), Pn(Ck) and Pn(Gk) (where n = 1, 2, 3, 4, 5) for several dozen long DNA-texts, 
including the complete genomes of a number of organisms. These results have given 
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the opportunity to formulate the following rules of the tetra-group symmetries in long 
DNA-texts [4]. 
   The first rule of tetra-group symmetries in long DNA-texts: if a long sequence 
of single stranded DNA is represented in different forms of texts of n-letter words (n 
= 1, 2, 3, 4, 5…. is not too large), then - in these texts - probabilities of words with the 
letter X (X = A, T, C, G) in their position k ≤ n are approximately equal to each other 
independently on values n. 
    The second rule of tetra-group symmetries in long DNA-texts: if a long se-
quence of single stranded DNA is represented in different forms of texts of n-letter 
words (n = 1, 2, 3, 4, 5…. is not too large), then - in these texts - probabilities of 
words with the letter X (X = A, T, C, G) in their position k ≤ n are approximately 
equal to each other independently on values k. 
   The third rule of tetra-group symmetries in long DNA-texts: if a long sequence 
of those single-stranded DNA, that satisfy the second Chargaff's rule, is represented in 
different forms of texts of n-letter words (n = 1, 2, 3, 4, 5…. is not too large), then - in 
these texts - probabilities of words with the complementary letters A and T in their 
position k are approximately equal to each other. The same is true for probabilities of 
words with the complementary letters C and G in their position k. 
   These rules are candidacies for the role of universal rules of long DNA-texts in 
living bodies. Further research is needed to define a degree of universality of these 
rules and these cooperative genetic symmetries. These phenomenologic rules can be 
modelled on the basis of a quantum informational approach [4]. 

2 Tetra-group symmetries in complete sets of chromosomes 

Human organisms contain 24 chromosomes: 22 autosomes and 2 sex chromosomes X 
and Y. These сhromosomes are long DNA molecules, the length of texts in which lie 
in the range from 50 to 250 million letters approximately. Autosomes are numbered 
from 1 to 22. We have studied tetra-group symmetries of long DNA-texts in each of 
24 human chromosomes for cases n = 1, 2, 3, 4, 5. In the result we have obtained not 
only a confirmation of the described 3 rules of the tetra-group symmetries for all sep-
arate chromosomes but also an additional unexpected result concerning the complete 
set of chromosomes: numeric characteristics of tetra-group symmetries of long DNA-
texts of separate chromosomes are approximately equal to each other for all human 
chromosomes. This result was unexpected since 24 human cromosomes differ greatly 
by their molecular dimensions, their sequences of letters, kinds and quantities of 
genes in them, cytogenetic bands (which shows biochemical specifity of different 
parts of chromosomes), etc. But in relation to values of tetra-group symmetries of 
their DNA-texts (that is, in relation to their total probabilities Pn(Ak), Pn(Tk), Pn(Ck) 
and Pn(Gk)) 24 human chromosomes are very similar each other [4]. Fig. 2 shows the 
average values of the probabilities Pn(Ak), Pn(Tk), Pn(Ck) and Pn(Gk) for all 24 human 
chromosomes. 
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Fig. 2. The graphical representation of the average values of the probabilities Pn(Ak), 
Pn(Tk), Pn(Ck) and Pn(Gk) for all 24 human chromosomes. The abscissa axis contains 
numberings N of chromosomes, and the ordinate axis contains average values of these 
probabilities in percent. The symbol “o” corresponds the average values of Pn(Ck) ≈ 
Pn(Gk), and the symbol “x” corresponds the average values of Pn(Ak) ≈ Pn(Tk). Direct 
lines correspond values 20% and 30%. 

 
   One should add that fluctuations of values of probabilities Pn(Ak), Pn(Tk), Pn(Ck) and 
Pn(Gk) for different n and k (n = 1, 2, 3, 4, 5) in relation to their average values were 
very small. For example, in the case of the human chromosome № 1, fluctuations of 
the probabilities were  ±0,006% (Fig. 3). For other chromosomes, the fluctuations of 
the probabilities were of the same order of magnitude. 
 

Average value 
of Pn(Ak) and 
fuctuations 

(%) 

Average value 
of Pn(Tk) and 
fuctuations 

(%) 

Average value 
of Pn(Ck) and 
fuctuations 

(%) 

Average value 
of Pn(Gk) and 
fuctuations 

(%) 

29,100±0,005 29,176±0,006 20,850±0,006 20,874±0,005	  
Fig. 3. Fluctuations of the probabilities Pn(Ak), Pn(Tk), Pn(Ck) and Pn(Gk) under 
diferent values n and k in relation to their average values in the case of the DNA-text 
of human chromosome №1. 
 
   It seems that – in the case of all human chromosomes - the average values of the 
probabilities of Pn(Ak) ≈ Pn(Tk) are concentrated around the value of 30% and the 
average values of the probabilities of Pn(Ck) ≈ Pn(Gk) are concentrated around the 
value of 20%. In theory of musical harmony, the ratio 30/20 = 3/2 is called “quint” (or 
"fifth").  
   We also analyzed tetra-group symmetries of the DNA-texts in the complete sets of 
chromosomes of a few organisms, which are traditionally used as model organisms in 
the study of genetics, development and disease: a nematode Caenorhabditis elegans, a 
fruit fly Drosophila melanogaster, a plant Arabidopsis thaliana. All received results 
show that the represented tetra-group rules are implemented not only for separate long 
DNA-texts but also for studied complete sets of chromosomes of eukaryotes. These 
initial results allow putting forward the hypothesis about existence of the following 
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general rule of tetra-group symmetries of DNA-texts in complete sets of chromo-
somes of different organisms: in the complete set of chromosomes of each of eukar-
yot organisms, characteristics of tetra-group symmetries of the DNA-texts of separate 
chromosomes are approximately equal to each other for all chromosomes [4]. 
   Further researches are needed to check a degree of universality of this rule.  

3 Fractal genetic nets, tetra-group symmetries of DNA-texts 
and a fractal grammar of biology 

Our article [26] has introduced the notion of “fractal genetic nets” (FGN) of texts for 
revealing hidden regularities in long DNA-texts in a connection with Charaff’s 
thoughts about a "grammar of biology" [8]). Each FGN of texts can contain different 
fractal genetic trees (FGT). In that work we have represented results testifying in 
favor of existence of new symmetry principles in long nucleotide sequences in an 
addition to the known symmetry principle on the basis of the generalized Chargaff’s 
second parity rule. 
    Below we represent our results about implementation of the rules of tetra-group 
symmetries of long DNA-texts at different levels of different fractal genetic trees and 
nets. In line with our article [26], FGT of various types are constructed by the method 
of sequential positional convolutions of a long DNA-text into a set of ever-shorter 
texts. Fig. 4 explains a construction of FGT of various types by means of an example 
of FGT for a DNA-text, which is represented as a sequence S0 of 3-letter words (a 
sequence of triplets). In each triplet, 0, 1 and 2 numbers its three positions corre-
spondingly. At the first level of the text convolution, an initial long sequence S0 of 
triplets is transformed by means of a positional convolution into three new sequences 
of nucleotides S1/0, S1/1 and S1/2, each of which is 3 times shorter in comparison with 
the initial sequence S0 (in this notation of sequences, numerator of the index shows 
the level of the convolution, and the denominator - the position of the triplets, which 
is used for the convolution): the sequence S1/0 includes one by one all the nucleotides 
that are in the initial position "0" of triplets of the original sequence S0 ; the sequence 
S1/1  includes one by one all the nucleotides that are in the middle position "1" of tri-
plets of the original sequence S0 ; the sequence S1/2  includes one by one all the nucle-
otides that are in the last position "2" of triplets of the original sequence S0 . At the 
final stage of the first level of the positional convolution, each of the sequences of 
nucleotides S1/0 , S1/1 , S1/2  is represented as a sequence of triplets, where three posi-
tions inside each of triplets are numbered again by 0, 1 and 2. To construct the second 
level of the convolution, each of the sequences S1/0 , S1/1 , S1/2  is transformed by 
means of the same positional convolution into three new sequences: S1/0  is convolved 
into S2/00 , S2/01 , S2/02; S1/1  – into S2/10, S2/11, S2/12; S1/2  – into S2/20, S2/21, S2/22 . Similar-
ly, the third level and subsequent levels of the convolution are constructed to form a 
multi-level tree of sequences of triplets called "the fractal genetic tree for the triplet 
convolution" or briefly "FGT-3". Texts at lower levels of any FGT can be figuratively 
called “daughter texts” of the original long DNA-text S0. 
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Fig. 4. The scheme of the fractal genetic tree (FGT-3) of a DNA-text, which is repre-
sented as a sequence of triplets (from [26]). 
 
   This FGT possesses a fractal-like character if the enumeration of positions is only 
taken into account: each of long sequences of this FGT can be taken as an initial se-
quence to form a similar genetic net on its basis (Fig. 4). In general case, the FGT can 
be built not only for triplets, but also for other n-plets (n = 2, 4, 5, ...) by means of a 
repeated positional convolution of each of sequences from the previous level into "n" 
sequences of the next level of the convolution. This way one can build FGT-2, FGT-
4, FGT-5, etc. for n = 2, 3, 4, 5,… correspondingly. A set of these FGT-2, FGT-3, 
FGT-4, FGT-5, … forms a net of separate trees; FGN is a set of such separate trees. 
   For a long DNA-text of any biological organism, one can study implementation of 
the described rules of tetra-group symmetries in long texts at different levels of the 
convolution in cases of FGT-2, FGT-3, FGT-4, etc. Our own results of initial study of 
enough long DNA-texts of different organisms show implementation of these tetra-
group rules in all texts at initial levels of the FGT-2, FGT-3 and FGT-4. Moreover 
values of the probabilities Pn(Ak), Pn(Tk), Pn(Ck) and Pn(Gk) are approximately repeat-
ed in all convoluted texts at different initial levels of convolutions in these tested cas-
es of FGT. Figs. 5&6 illustrate this phenomenologic fact for long texts at initial levels 
of convolutions in FGT-2 and FGT-3 for human sex chromosomes X and Y, whose 
DNA-texts contain 156040895 and 57227415 letters correspondingly. 
   One can see from Figs. 5&6 that fluctuation intervals of studied probabilities are 
very narrow for the set of texts at each of the initial levels of the fractal genetic trees. 
Moreover, fluctuation intervals for each of separate kinds of probabilities Pn(Ak), 
Pn(Tk), Pn(Ck) and Pn(Gk) are approximately equal to each other for the sets of texts at 
all considered levels of the FGT-2 and the FGT-3. Our results can be considered as 
evidences in favor of a fractal grammar of genetics in line with the Chargaff's prob-
lem about a grammar of biology. 

 
Level  

0 
Level 

1/0 
Level 

1/1 
Level 
2/00 

Level 
2/01 

Level 
2/10 

Level 
2/11 

Pn(Ak)∈ 0.3017÷ 
0.3019 

0.3017÷ 
0.3019 

0.3016÷ 
0.3020 

0.3016÷ 
0.3017 

0.3017÷ 
0.3019 

0.3015÷ 
0.3015 

0.3015÷ 
0.3019 
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Pn(Tk)∈ 0.3028÷ 
0.3029 

0.3028÷ 
0.3028 

0.3027÷ 
0.3027 

0.3025÷ 
0.3029 

0.3028÷ 
0.3029 

0.3027÷ 
0.3031 

0.3027÷ 
0.3027 

Pn(Ck)∈ 0.197÷ 
0.1971 

0.1969÷ 
0.1971 

0.1969÷ 
0.197 

0.1967÷ 
0.1971 

0.1969÷ 
0.1971 

0.1968÷ 
0.197 

0.1971÷ 
0.1971 

Pn(Gk)∈ 0.1981÷ 
0.1982 

0.1981÷ 
0.1982 

0.1981÷ 
0.1982 

0.1981÷ 
0.1982 

0.1981÷ 
0.1982 

0.198÷ 
0.1984 

0.1981÷ 
0.1983 

 
 Level  

0 
Level 
1/0 

Level 
1/1 

Level 
1/2 

Level 
2/00 

Level 
2/01 

Pn(Ak)∈ 0.3017÷ 
0.3019 

0.3016÷ 
0.3020 

0.3017÷ 
0.3017 

0.3017÷ 
0.3019 

0.3015÷ 
0.3018 

0.3016÷ 
0.3019 

Pn(Tk)∈ 0.3028÷ 
0.3029 

0.3027÷ 
0.3029 

0.3028÷ 
0.3029 

0.3027÷ 
0.3029 

0.3024÷ 
0.3029 

0.3025÷ 
0.3028 

Pn(Ck)∈ 0.1970÷ 
0.1971 

0.1970÷ 
0.1970 

0.1970÷ 
0.1974 

0.1967÷ 
0.1971 

0.1969÷ 
0.1971 

0.1967÷ 
0.1968 

Pn(Gk)∈ 0.1981÷ 
0.1982 

0.1981÷ 
0.1981 

0.1980÷ 
0.1980 

0.1981÷ 
0.1982 

0.198÷ 
0.1981 

0.1979÷ 
0.1985 

 
 Level 

2/02 
Level 
2/10 

Level 
2/11 

Level 
2/12 

Level 
2/20 

Level 
2/21 

Level 
2/22 

Pn(Ak)∈ 0.3015÷ 
0.3019 

0.3018÷ 
0.3019 

0.3015÷ 
0.3018 

0.3014÷ 
0.3014 

0.3016÷ 
0.3019 

0.3016÷ 
0.3017 

0.3015÷ 
0.3018 

Pn(Tk)∈ 0.3025÷ 
0.3026 

0.3025÷ 
0.3025 

0.3026÷ 
0.3030 

0.3024÷ 
0.3030 

0.3025÷ 
0.3029 

0.3025÷ 
0.3030 

0.3027÷ 
0.3030 

Pn(Ck)∈ 0.1966÷ 
0.1973 

0.1967÷ 
0.1969 

0.1968÷ 
0.1969 

0.1969÷ 
0.1974 

0.1968÷ 
0.1971 

0.1966÷ 
0.1968 

0.1967÷ 
0.1971 

Pn(Gk)∈ 0.1980÷ 
0.1981 

0.1977÷ 
0.1987 

0.1979÷ 
0.1983 

0.1978÷ 
0.1982 

0.1980÷ 
0.1981 

0.1980÷ 
0.1985 

0.1978÷ 
0.1981 

Fig. 5. Tables of fluctuation intervals of probabilities Pn(Ak), Pn(Tk), Pn(Ck) and 
Pn(Gk) for the set of all texts at each of levels of convolutions in the FGT-2 (upper 
table) and in the FGT-3 (bottom tables) in the case of the human chromosome X 
(NCBI Reference Sequence: NC_000023.11). 
 

 Level  
0 

Level 
1/0 

Level 
1/1 

Level 
2/00 

Level 
2/01 

Level 
2/10 

Level 
2/11 

Pn(Ak)∈ 0.2983÷ 
0.2987 

0.2982÷ 
0.2982 

0.2979÷ 
0.2987 

0.2980÷ 
0.2989 

0.2981÷ 
0.2981 

0.2981÷ 
0.2987 

0.2976÷ 
0.2992 

Pn(Tk)∈ 0.3009÷ 
0.3012 

0.3008÷ 
0.3021 

0.3007÷ 
0.3014 

0.3009÷ 
0.3013 

0.3005÷ 
0.3020 

0.3005÷ 
0.3010 

0.3005÷ 
0.3009 

Pn(Ck)∈ 0.1998÷ 
0.1998 

0.1997÷ 
0.1997 

0.1995÷ 
0.1995 

0.1996÷ 
0.1999 

0.1997÷ 
0.1997 

0.1996÷ 
0.2001 

0.1995÷ 
0.1995 

Pn(Gk)∈ 0.1998÷ 
0.2003 

0.1994÷ 
0.2001 

0.1999÷ 
0.2004 

0.1995÷ 
0.1998 

0.1994÷ 
0.2002 

0.1995÷ 
0.2002 

0.1996÷ 
0.2003 
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 Level  
0 

Level 
1/0 

Level 
1/1 

Level 
1/2 

Level 
2/00 

Level 
2/01 

Pn(Ak)∈ 0.2983÷ 
0.2987 

0.2981÷ 
0.2988 

0.2984÷ 
0.2989 

0.298÷ 
0.2982 

0.2981÷ 
0.2988 

0.2976÷ 
0.2984 

Pn(Tk)∈ 0.3009÷ 
0.3012 

0.3008÷ 
0.3012 

0.3007÷ 
0.3013 

0.3008÷ 
0.3012 

0.300÷ 
0.3013 

0.3010÷ 
0.3019 

Pn(Ck)∈ 0.1998÷ 
0.1998 

0.1995÷ 
0.2004 

0.1999÷ 
0.2002 

0.1999÷ 
0.1999 

0.199÷ 
0.1999 

0.1994÷ 
0.1994 

Pn(Gk)∈ 0.1998÷ 
0.2003 

0.1996÷ 
0.1996 

0.1996÷ 
0.1997 

0.200÷ 
0.2007 

0.1996÷ 
0.2001 

0.1991÷ 
0.2003 

 
 Level 

2/02 
Level 
2/10 

Level 
2/11 

Level 
2/12 

Level 
2/20 

Level 
2/21 

Level 
2/22 

Pn(Ak)∈ 0.2974÷ 
0.2982 

0.2978÷ 
0.2991 

0.2979÷ 
0.2979 

0.2983÷ 
0.2985 

0.2975÷ 
0.2976 

0.2974÷ 
0.2990 

0.2975÷ 
0.2979 

Pn(Tk)∈ 0.3005÷ 
0.3023 

0.2997÷ 
0.3006 

0.3002÷ 
0.3010 

0.3006÷ 
0.3008 

0.3005÷ 
0.3023 

0.3005÷ 
0.3010 

0.3005÷ 
0.3006 

Pn(Ck)∈ 0.1994÷ 
0.2005 

0.1994÷ 
0.1996 

0.1995÷ 
0.2004 

0.1996÷ 
0.2011 

0.1993÷ 
0.2003 

0.1997÷ 
0.2004 

0.1993÷ 
0.2002 

Pn(Gk)∈ 0.1990÷ 
0.1990 

0.2000÷ 
0.2008 

0.1988÷ 
0.2007 

0.1991÷ 
0.1996 

0.1997÷ 
0.1998 

0.1996÷ 
0.1996 

0.1998÷ 
0.2013 

Fig. 6. Tables of fluctuation intervals of probabilities Pn(Ak), Pn(Tk), Pn(Ck) and 
Pn(Gk) for the set of all texts at each of levels of convolutions in the FGT-2 (upper 
table) and in the FGT-3 (bottom tables) in the case of the human chromosome Y 
(NCBI Reference Sequence: NC_000024.10). 
 
   These results about a fractal grammar of long DNA-texts are additionally interesting 
by the following reasons: 
- Many biological organisms have fractal-like inherited configurations in their bodies. 
This phenomenon can be considered as a consequence of the fractal-like organization 
of long DNA texts with the participation of tetra-group symmetries; 
- As known, fractals allow a colossal compression of information 
(https://en.wikipedia.org/wiki/Fractal_compression). It is obvious that an opportunity 
of informaton compression is essential for genetic systems. Modern computer science 
knows a great number of methods of information compression including many meth-
ods of fractal compression. Our described results about fractal genetic nets can lead to 
a discovery of those «genetic» methods of information compression, which are used 
in genetic systems and in biological bodies in the whole; 
- Many authors published their ideas and materials about relations of genomes with 
fractal structures in different aspects [27-33]. For example, work [33] shown an 
existence of fractal globule in the three dimensional architecture of whole genomes, 
where spatial chromosome territories exist and where maximmally dense packing is 
provided on the basis of a special fractal packing, which provides the ability to easily 
fold and unfold any genomic locus. One should note that, by contrast to the work 
[33], in our work we study not spatial packing of whole genomes in a form of fractal 
globules but the quite another thing: we study the fractal organization of long DNA-
texts, in particular, in the form of described fractal genetic nets or trees of different 
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kinds (FGT-n, where n = 1, 2, 3, 4,…), which are connected with tetra-group 
symmetries of these texts (these symmetries and fractals were never studyed early).  
- Fractals are actively used in study of cancer; some modern data testify that cancer 
processes are related with fractal patterns and their development [34-38]. 
- Fractals are connected with theory of dynamic chaos, which has many applications 
in engineering technologies. We believe that the discovery of fractal-like properties of 
DNA-texts related with their tetra-group symmetries can lead to new ideas in theoret-
ical and application areas, including problems of artificial intelligence and in-depth 
study of genetic phenomena for medical and biotechnological tasks [3, 39-44]. 

Conclusions 

A special class of symmetries is implemented in long DNA-texts of different organ-
isms. Long DNA-texts are constructed by Nature with using fractal structures. This 
can be one of reasons of existence of a great number of inherited fractal configura-
tions in biological bodies in their normal and pathologic states including fractal pat-
terns in cancerous and biorythmic structures. Fractal patterns are connected with the 
theory of dynamic chaos, which has many applications in sciences and technology. A 
specifity of fractal genetic nets can provoke a further development of the theory of 
dynamic chaos and its applications. 
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