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A B S T R A C T   

According to the founders of quantum mechanics and quantum biology P. Jordan and E. Schrödinger, the main 
difference between living and inanimate objects is the dictatorial influence of genetic molecules on the whole 
living organism. Code biology can make a valuable contribution to understanding this dictatorial influence of 
genetic molecules whose ensemble is endowed with many interconnected alphabets and codes. The paper is 
devoted to probability rules of nucleotide sequences of single-stranded DNA in eukaryotic and prokaryotic ge-
nomes. These rules are connected with n-plets alphabets of DNA whose nucleotide sequences are considered as 
bunches of many parallel texts written in interconnected n-plets alphabets. The rules draw attention to genomic 
phenomena of special tetragroupings of n-plets and new genomic symmetries. A generalization of the second 
Chargaff’s rule is described. They show the existence of long-range coherence in genomic DNA sequences and 
reveal new connections of structural features of genomic sequences with formalisms of quantum mechanics and 
quantum informatics. The author supposes that the received results are related to the known vibration-resonance 
theory of G. Frohlich about long-range coherence in biological systems, that is, about collective quantum effects 
there. The possible influence of the described genetiс probability phenomena on the genetically inherited 
physiological structures is noted and discussed.   

1. Introduction 

Science has led to a new understanding of life itself: «Life is a part-
nership between genes and mathematics» [Stewart, 1999]. But what 
kind of mathematics is a partner with the genetic code? Trying to find 
such mathematics, the author has turned to study the multi-level system 
of interrelated molecular-genetic alphabets. Alphabets play a basic role 
in communication technologies. In any communication system of 
“transmitter-receiver”, the receiver always knows the alphabet of sig-
nals, which are used by the transmitter. 

It is known that the molecular-genetic system of living bodies in-
cludes, in particular, the following alphabets, each of which can be 
considered as a part of a complex alphabetic system: the 4-letter al-
phabet of nitrogenous bases; the 64-letter alphabet of triplets; the 2-let-
ter alphabet of “weak and strong roots” of triplets; the 20-letter alphabet 
of amino acids; the 2-letter alphabet “purines vs. pyrimidines”; the 2-let-
ter alphabet “strong vs. weak hydrogen bonds’’; the 2-letter alphabet 
“keto vs. amino”, etc. (see a wide list of genetic alphabets in [Karlin 
et al., 1989]). A profound study of the phenomenological fact of the 
parallel existence of a wide set of different and interconnected alphabets 

and codes in genetic informatics is important for developing the code 
biology [Barbieri, 2015] and understanding living bodies as genetically 
inherited holistic essences. 

According to the founders of quantum mechanics and quantum 
biology P. Jordan and E. Schrödinger, the main difference between 
living and inanimate objects: inanimate objects are controlled by the 
average random movement of their millions of particles, whose indi-
vidual influence is negligible, while in a living organism selected – ge-
netic - molecules have a dictatorial influence on the whole living 
organism. Besides this, Jordan claimed that life’s missing laws were the 
rules of chance and probability of the quantum world [Jordan, 1932; 
McFadden, Al-Khalili, 2018]. From the standpoint of Jordan’s state-
ment, the study of probabilities or percentages of n-plets (monoplets, 
doublets, triplets, etc., that is, oligomers with lengths n) in long DNA 
sequences is important for discovering hidden biological laws and for 
developing quantum biology. Correspondingly, this article is devoted to 
the author’s results of studying hidden rules of probabilities in long 
nucleotide sequences of single-stranded DNA in eukaryotic and pro-
karyotic genomes. 

In his previous articles, the author described the universal hyperbolic 
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rules of the oligomer cooperative organization of DNA nucleotide se-
quences in eukaryotic and prokaryotic genomes [Petoukhov, 2020а-с]. 
These rules were discovered based on a new method of oligomer sums 
for the analysis of long nucleotide sequences. Let us remind this method 
since it is also used in this article and is connected with interrelated DNA 
alphabets of n-plets. As it is known, there are DNA alphabets of 4 nu-
cleotides (adenine A, cytosine C, guanine G, thymine T), 16 doublets, 64 
triplets, etc. (each such alphabet of n-plets consists of 4n elements of 
length n). The mentioned method represents long DNA sequences in the 
form of composite, multilayered texts, in which each nth layer is a 
sequence of n-plets (or oligomers of fixed length n); in other words, each 
nth layer is a separate DNA-text written in its alphabet of 4n n-plets. For 
example, in the sequence ACCTGTAACG …, the first layer is a text, 
which is based on the alphabet of 4 nucleotides (A-C-C-C-T-G- …), the 
second layer is a text, which is based on the alphabet of 16 doublets 
(AC-CT-GT-AA-CG- …), the third is a text, which is based on the al-
phabet of 64 triplets (ACC-TGT-AAC- …), etc. In each nth layer, one 
calculates the percentages of each of the 4n members of the n-plets al-
phabet and studies the relationship between all their percentages in 
different layers. This approach to the analysis of any genomic sequence 
as a set of many parallel texts, each of which is written in its alphabet 
(but all these alphabets are interrelated), reveals important algebraic 
patterns in the genetic informatics of higher and lower organisms. 

For comfortable showing the calculated set of phenomenological 
percentages of n-plets in genomic DNA layers, one uses a family of 
square tables, which contain complete sets of DNA alphabets of n-plets 
and was early described in [Petoukhov, 2008; Petoukhov, He, 2010]. 
These tables (Fig. 1) are based on the system of binary-oppositional 
molecular traits in the DNA alphabet of four nucleotides C, A, T, and G:  

1) two of these molecules are purines with two rings (A and G), and the 
other two are pyrimidines with one ring (C and T). In terms of these 
oppositional indicators, one can represent C = T = 1, A = G = 0;  

2) the two letters are keto molecules (T and G), and the other two - 
amino molecules (C and A). In terms of these oppositional indicators, 
onу can represent C = A = 1, T = G = 0. 

In each of the alphabetic tables, its columns are enumerated in 
accordance with the oppositional indicators «purine or pyrimidine» (C 
= T = 1, A = G = 0), and its rows are enumerated in accordance with 
oppositional indicators «keto or amino» (C = A = 1, T = G = 0). In such 
tables, all monoplets, doublets, triplets and other n-plets automatically 
occupy their strictly individual places (see examples of the alphabetic 
tables in Fig. 1). This system of alphabetic tables coincides with a tensor 
family of matrices [C, A; T, G](n) where (n) refers to tensor power n 
[Petoukhov, 2008; Petoukhov, He, 2010]. Correspondingly, each of 
these alphabetic tables of n-plets can be interpreted as an appropriate 
alphabetic matrix [C, A; T, G](n). Appendix I describes the properties of 
the tensor product of matrices and its important role in quantum me-
chanics and quantum informatics. 

The article aims to represent and discuss the results of the analysis of 
possible interrelations of percentages of different n-plets in text layers of 
DNA sequences of eukaryotic and prokaryotic genomes. 

2. Positional tetra-groupings rule of percentage composition of 
n-plets 

For the study, nucleotide sequences in single-stranded DNA of 
eukaryotic and prokaryotic genomes are taken from the well-known 

Fig. 1. The tabular representation of the DNA-alphabets of 4 nucleotides, 16 doublets, 64 triplets, and 256 tetraplets. These tables are constructed by the described 
binary numbering of their rows and columns, and they coincide with appropriate alphabetic matrices [C, A; T, G](n) where (n) refers to the tensor power n. 
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Genbank. In each of the studied layers of genomic DNA, an individual 
quantity of each of the appropriate 4n members of the n-plets alphabet is 
calculated; then this quantity is divided by the total amount of all n-plets 
in this layer to define a percent of this kind of the n-plets in the layer. 
One can remind that genomic sequences in the GenBank sites usually 
contain some letters N, which indicate that there can be any nucleotide 
in this place (https://www.ncbi.nlm.nih.gov/books/NBK21136/). For 
this reason, the total amount of all nucleotides A, T, C, G, which are 
calculated for the sequence from the GenBank, is slightly less than the 
complete length of the DNA sequence, which is indicated in the Gen-
Bank. But practically this is not essential for the resulting values of 
percentages of separate nucleotides in the analyzed genomic sequences. 

To explain general obtained results, let us use a particular example of 
the DNA of the human chromosome N◦1, which contains a sequence of 
about 250 million nucleotides C, A, T, and G (initial data on this chro-
mosome were taken in the GenBank: https://www.ncbi.nlm.nih.gov/n 
uccore/NC_000001.11). At the first step of the analysis, the percents 
of each of the nucleotides C, A, T, and G in this chromosome are 
calculated: %C ≈ 0.2085, %G ≈ 0.2089, %A ≈ 0.2910, %T ≈ 0.2917 
(here percents are shown in fractions of one). Here and below, per-
centages are usually rounded to the fourth decimal place. These percent 
values are used to be indicated in appropriate cells of the matrix of 
nucleotides (Fig. 1) instead of nucleotide symbols for receiving a 
numeric matrix of nucleotides percents (Fig. 2, upper row). One can note 
that here %C ≈ %G and %A ≈ %T in line with the second Chargaff’s rule 
[Albrecht-Buehler, 2006; Chargaff, 1971; Prabhu, 1993]. 

At the second step of the described approach, the nucleotide 
sequence of the analyzed chromosome is represented as a text of dou-
blets, in which the percentage of each of 16 doublets is calculated. Then 
all these percents are indicated in appropriate cells of the (4*4)-matrix 
(Fig. 2, bottom row). At the third step of the described approach, the 
nucleotide sequence of the analyzed chromosome is represented as a text 
of triplets, in which the percentage of each of 64 triplets is calculated. 
Then these percents are indicated in cells of the (8*8)-matrix [C, A; T, 
G](3) (Fig. 3). 

At the fourth step of the described approach, the DNA sequence of 
the analyzed chromosome is represented as a text of tetraplets, and 
percents of each of 256 tetraplets are calculated. Then these percents are 
indicated in appropriate cells of the (16*16)-matrix [C, A; T, G](4) shown 
in Fig. 1. The resulting matrix of percent of 256 tetraplets is presented in 
Fig. 4. 

At first glance, the set of percent in the resulting alphabetic matrices 
(Figs. 2–4) is quite chaotic. It has the following features regarding the 
percent of separate n-plets:  

• Percent of presented n-plets significantly depends on the order of 
letters in them. For example, the percent of doublets CG and GC, 

having the same letter composition, differ several times: %CG =
0.0103, and %GC = 0.0440. Similarly, the percent of triplets of the 
same letter composition CAT, CTA, ACT, ATC, TCA, TAC are signif-
icantly different: %CAT = 0.0179, %CTA = 0.0127, %ACT = 0.0162, 
%ATC = 0.0132, %TCA = 0.0196, %TAC = 0.0110, and so on; 

• Accordingly, the matrices of phenomenological percentages of dou-
blets, triplets, and tetraplets (Figs. 2–4) don’t coincide numerically 
with matrices of the tensor family [%C, %A; %T, %G](n) = [0.2085, 
0.2910; 0.2918, 0.2087](n). 

But unexpectedly these values %C = 0.2085, %G = 0.2087, %A =
0.2910, %T = 0.2917 show themselves in the block organization of 
percentages of different n-plets in various layers of the genomic DNA- 
text as one can calculate from data of percent matrices in Figs. 2–4. 
For example, the following sums of percentages of n-plets, which have 
the nucleotide C as an attributive indicator of their grouping, are 
realized:  

• The total sum Σ%CN of percentages of all 4 doublets CN (hereinafter, 
the symbol N denotes any of the nucleotides A, T, C, and G), which 
start with the nucleotide C, is equal to %C, that is, Σ%CN ≈ %CC + % 
CA +%CT + %CG ≈ 0.0541 + 0.0727+0.0713 + 0.0103 ≈ 0.2085 ≈
%C;  

• The total sum Σ%NC of percentages of all 4 doublets NC, which have 
the nucleotide C at their second positions, is also practically equal to 
%C, that is, Σ%NC ≈ %CC +%AC + %TC +%GC = 0.0541 +
0.0503+0.0601 + 0.0440 ≈ 0.2085 ≈ %C;  

• The total sum Σ%CNN of percentages of all 16 triplets CNN, which 
have the nucleotide C at their first position, is also practically equal 
to %C, that is, Σ%CNN ≈ 0.0284 ≈ %C;  

• The total sum Σ%NCN of percentages of all 16 triplets NCN, which 
have the nucleotide C at their second position, is also practically 
equal to %C, that is, Σ%NCN ≈ 0.0285 ≈ %C;  

• The total sum Σ%NNC of percentages of all 16 triplets NNC, which 
have the nucleotide C at their third position, is also practically equal 
to %C, that is, Σ%NNC ≈ 0.0285 ≈ %C;  

• The total sum  Σ%CNNN of percentages of all 64 tetraplets CNNN, 
which have the nucleotide C at their first position, is also practically 
equal to %C, that is, Σ%CNNN ≈ 0.0285 ≈ %C;  

• The total sum  Σ%NCNN of percentages of all 64 tetraplets NCNN, 
which have the nucleotide C at their second position, is also practi-
cally equal to %C, that is, Σ%NCNN ≈ 0.0285 ≈ %C;  

• The total sum  Σ%NNCN of percentages of all 64 tetraplets NNCN, 
which have the nucleotide C at their third position, is also practically 
equal to %C, that is, Σ%NNCN ≈ 0.0285 ≈ %C; 

Fig. 2. The transformation of the symbolic matrices of 4 nucleotides and 16 doublets from Fig. 1 into appropriate numeric matrices of the percentage of nucleotides 
and doublets in the case of the human chromosome N◦1. 
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Fig. 3. The matrix of percent of the 64 triplets in the DNA-sequence of triplets in the human chromosome N◦1.  

Fig. 4. The matrix of percents of the 256 tetraplets in the DNA-sequence of tetraplets in the human chromosome N◦1.  

Fig. 5. Percentages of nucleotides C, G, A, T (in the first row), and the sum Σ of percents of n-plets with these nucleotides at their certain positions in the case of the 
first 4 layers of the DNA-sequence of the human chromosome N◦1 (here n = 1, 2, 3, 4). The symbol N denotes any of the nucleotides. 
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• The total sum  Σ%NNNC of percentages of all 64 tetraplets NNNC, 
which have the nucleotide C at their fourth position, is also practi-
cally equal to %C, that is, Σ%NNCN ≈ 0.0285 ≈ %C. 

A similar phenomenological situation holds for other groupings of n- 
plets, for which other nucleotides G, A, T play roles of the attributive 
indicators. Fig. 5 shows this stochastic phenomenon of the constant 
values of sums of percentages of appropriate members of n-plets al-
phabets in n-plets layers of the DNA-sequence of the human chromo-
some N◦1. 

Briefly speaking, the following equalities (2.1) hold - with a high 
level of accuracy - regarding interrelated percentages in the considered 4 
groupings of n-plets from different layers of the DNA-text of the human 
chromosome N◦1: 

%C ≈
∑

%CN ≈
∑

%NC ≈
∑

%CNN ≈
∑

%NCN ≈
∑

%NNC ≈
∑

%CNNN ≈
∑

%NCNN ≈
∑

%NNCN ≈
∑

%NNNC

%G ≈
∑

%GN ≈
∑

%NG ≈
∑

%GNN ≈
∑

%NGN ≈
∑

%NNG ≈
∑

%GNNN ≈
∑

%NGNN ≈
∑

%NNGN ≈
∑

%NNNG

%A ≈
∑

%AN ≈
∑

%NA ≈
∑

%ANN ≈
∑

%NAN ≈
∑

%NNA ≈
∑

%ANNN ≈
∑

%NANN ≈
∑

%NNAN ≈
∑

%NNNA

%T ≈
∑

%TN ≈
∑

%NT ≈
∑

%TNN ≈
∑

%NTN ≈
∑

%NNT ≈
∑

%TNNN ≈
∑

%NTNN ≈
∑

%NNTN ≈
∑

%NNNT

(2.1) 

Knowing the percentages of nucleotides %A, %T, %C, and %G, it is 
possible to predict with high accuracy the sums of percentages of n-plets 
from the appropriate C-, G-, A-, T-groupings represented inside columns 
in Fig. 5. The ability of such predictions based on equalities (2.1) exists 
not only for the considered human chromosome N◦1 but also for all 
eukaryotic and prokaryotic genomes, which were analyzed by the 
author till now including the following:  

- 1) all 24 human chromosomes, which differ in their length, the 
number, and type of genes, etc.; 

− 2) all chromosomes of a fruit fly Drosophila melanogaster, all chro-
mosomes of a house mouse Mus musculus, all chromosomes of a 
nematode Caenorhabditis elegans, all chromosomes of a plant Arabi-
dopsis thaliana, and many other plants;  

- 3) 19 bacterial genomes of different groups both from Bacteria and 
Archaea. 

One should add that percentages of nucleotides %A, %T, %C, and %G 
can be essentially different in various genomes. For example, the 
genomic DNA of bacteria Bradyrhizobium japonicum has %A≈ 0.1819, % 
T≈0.1815, %C≈0.3184, and %G≈0.3182 in contrast to the considered 
case of the human chromosome N◦1 (see percentage data of this bac-
terial genome in [Petoukhov, 2021b, Appendix I]). 

The four columns in Fig. 5 show that in each of the presented layers 
of the genomic DNA-text, there exist alphabetic tetra-groupings of n- 
plets with the same percentage sums. The following positional rule of 
probabilities in layers of long DNA-sequences, which is a candidacy for 
the universal rule for genomes, can be formulated based on such results:  

• All n layers of a long DNA-sequence, each of which consists of a text 
of 4n n-plets, has approximately the same sum of percentages of all 
those n-plets, which contain the considered nucleotide (C, G, A, or T) 
at a fixed mth position (m ≤ n); here n = 1, 2, 3, 4, … but is not too 
large compared to the length of DNA. 

By this rule, the percentage sums of n-plets in such alphabetic 
groupings in different layers of a considered long DNA-sequence are 
equal to the percentage of a corresponding nucleotide (that is, %C, %G, 
%A, or %T) in the first layer of the DNA-sequence, although the percent 
values of individual n-plets, that are summands in these sums, can differ 
significantly. For example, in the second layer of the DNA-sequence of 
the human chromosome N◦ 1, the sum of the percentages of all 4 dou-
blets with nucleotide C in their first position (m = 1) is equal to Σ%CN ≈
%CC+%CA+%CT+%CG ≈ 0.0541 + 0.0727 + 0.0713 + 0.0103 ≈
0.2085. In the same second layer, the sum of the percentages of all 4 
doublets with a nucleotide C in the second position (m = 2) is equal to 
the same number, although the summands in this sum are significantly 
different: Σ%NC ≈ %CC+%AC+%TC+%GC = 0.0541 + 0.0503 +
0.0601 + 0.0440 ≈ 0.2085. These two equal total values are equal to the 
percentage of nucleotide C in the first layer of the given genomic DNA- 
sequence: %C ≈ 0.0285. 

The formulated positional rule for multi-layer DNA-sequences is a 
generalization of the second Chargaff’s rule speaking, as known, that % 
C ≈ %G and %A ≈ %T in long single-stranded DNA sequences (this 
Chargaff’s rule speaks about probabilities only in the first layer of long 
DNA-sequences without analyzing probabilities of n-plets in other 
layers). The generalized Chargaff rule cannot be analytically derived 
from the original Chargaff rule. Let us explain this by the example of 
comparing the percentage compositions of 4 nucleotides in the first layer 
of the genomic DNA sequence and 16 doublets in its second layer. With a 
fixed percentage of 4 nucleotides in the first layer of the DNA sequence, 
there are many options for the sequence of these nucleotides one after 
another. Each of these variants corresponds to an individual variant of 
the sequence of 16 doublets and also the number of doublets of each 
kinds in the second layer of the DNA sequence. In other words, with the 
same percentage composition of 4 nucleotides in the first layer of 
genomic DNA, there are many variants of the percentage composition of 
16 doublets in its second layer. It follows that the rule of percentage 
composition of 16 doublets in the second layer cannot be analytically 
deduced from the percentage composition of 4 nucleotides in the first 
layer of this DNA. The same applies to the percentages of n-plets in the 
corresponding n layers of genomic DNA sequences. 

Each of the tetra-groupings of n-plets, which is defined by a dispo-
sition of attributive nucleotides C, G, A, and T at a certain position m (m 
≤ n) in these n-plets, we call an m-positional tetra-grouping. For 
example, a tetra-grouping corresponding to sets ANN, TNN, CNN, and 
GNN is called a 1-positional tetra-grouping; a tetra-grouping corre-
sponding to NAN, NTN, NCN, NGN is called a 2-positional tetra- 
grouping, and so on. The described stochastic phenomena have some 
analogies with the phenomena of holography, in which it is possible to 
reconstruct the image of a whole object from the image of its piece. 
Indeed, the knowledge of the sums of the percentages of n-plets in m- 
positional tetra-groupings of one layer of a long DNA-text gives 
knowledge about the sums of the percentages of n-plets in m-positional 
tetra-groupings of other layers. 

Returning for a moment to the tensor family of matrices [C, A; T, 
G](n) (Fig. 1), let us consider model (or reference) percentages of n-plets 
in a tensor family of percentage matrices [%C, %A; %T, %G](n) ≈

[0.2085, 0.2910; 0.2917, 0.2089](n). Figs. 6 and 7 show the received 
matrices for (n) = 2, 3, whose percent entries are significantly differ 
from real percentages of n-plets shown above in Figs. 2–4. 

But unexpectedly the Gestalt rule holds for these model percentages 
of n-plets by the expression (2.2) as well:   
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It should be especially noted that in the case of a tensor family of 
percentage matrices [%C, %A; %T, %G](n) we have the absolute accu-
racy of fulfillment of the Gestalt rule. For example, if %A =

0.291001313, %T = 0.291755765, %C = 0.208498924, %G =

0.208743998, then the expressions (2.1) is fulfilled precisely: 

[%A,%T,%C,%G] = [ 
∑

%AN,
∑

%TN,
∑

%CN,
∑

%GN] =

[
∑

%NA,
∑

%NT,
∑

%NC,
∑

%NG] =

[
∑

%ANN,
∑

%TNN,
∑

%CNN,
∑

%GNN] =

[
∑

%NAN,
∑

%NTN,
∑

%NCN,
∑

%NGN] =

[
∑

%NNA,
∑

%NNT,
∑

%NNC,
∑

%NNG] =

[
∑

%ANNN,
∑

%TNNN,
∑

%CNNN,
∑

%GNNN] =

[
∑

%NANN,
∑

%NTNN,
∑

%NCNN,
∑

%NGNN] =

[
∑

%NNAN,
∑

%NNTN,
∑

%NNCN,
∑

%NNGN] =

[
∑

%NNNA,
∑

%NNNT,
∑

%NNNC,
∑

%NNNG]  =
[0.291001313,  0.291755765,  0.208498924,  0.208743998]

(2.3) 

It gives pieces of evidence that fundamental genetic phenomena, 
reflected in the formulated Gestalt rule, are connected with the algebraic 
operation of the tensor product, which is so important in quantum me-
chanics and quantum informatics. Accordingly, the tensor family of 
percentage matrices [%C, %A; %T, %G](n) and their percentage entries 
can be considered in each specific case as a certain standard of com-
parison in the analysis of long DNA-texts. Below it will show that the 
difference between the tetra-groupings of real percentages and these 
reference percentages is related to unitary operators. 

The described m-positional tetra-groupings of n-plets can be trans-
formed into each other based on cyclic shifts of positions in n-plets. Such 
transformations of positions in n-plets have accompanied a reconstruc-
tion of the (2n*2n)-matrices of n-plets alphabets (Fig. 1), where each of 4 
matrix quadrants will contain in each time a complete grouping of n- 
plets with the same attributive nucleotide in their appropriate position 
m. Arrangements of n-plets, which are belonged to C-, G-, A-, T-group-
ings, in such matrices have some connection with algebras of hyper-
complex numbers in matrix forms of their presentations as it is described 
in the preprint [Petoukhov, 2021b]. 

The genetic matrices of n-plets alphabets (Fig. 1) were constructed 
based on binary-oppositional traits of the DNA alphabet of 4 nucleotides. 
The genetic coding system has binary-oppositional structures at 
different levels of its organization. As it is known, the ancient Chinese 
book I-Ching, which was written a few thousand years ago, has intro-
duced the system of symbols Yin and Yang (equivalents of 0 and 1). This 

book had a powerful impact on the culture, medicine, and science of 
ancient China and several other countries. The system of I-Ching is 
represented by the schemes with 4 bigrams, 8 trigrams, and 64 hexa-
grams. Similar to this, the genetic code is constructed on DNA molecules 
using 4 nitrogenous bases, 16 doublets, and 64 triplets. Structural 
analogies of Yin-Yang schemes of I-Ching with the alphabets of DNA 
have long been noted by various authors, including prominent geneti-
cists: Stent G.S. in 1969 and Nobel laureate F. Jacob in 1977. The 
Ancient Chinese claimed that the table of 64 hexagrams in Fu-Xi’s order 
is the universal archetype of nature. The Ancient Chinese knew nothing 
about the genetic code, but the genetic code is arranged following the I- 
Ching in many aspects. In particular, the genetic matrices of n-plets al-
phabets (Fig. 1) with binary numerations of their columns and rows are 
constructed by a deep analogy with a historical famous table of 64 
hexagrams in Fu-Xi’s order. More details about such analogies one can 
read in publications [Petoukhov, 1999, 2008; Petoukhov, He, 2010; Hu 
et al., 2017; Shchutskii, 1997]. 

I-Ching, which is called also «The Book of Cyclic Changes», declares 
a universality of the cyclic principle of organization in nature. Tradi-
tional Oriental medicine is based on the viewpoints of this book. Many 
western scientists studied and used I-Ching. For example, the creator of 
analytical psychology C. Jung developed his doctrine about the collec-
tive unconscious in connection with this book. According to Jung and his 
fellow campaigner Nobel laureate in physics W. Pauli, the trigrams and 
the hexagrams of I-Ching “fix a universal set of archetypes (innate psychic 
structures)” [Shchutskii, 1997, p. 12]. Many modern physicists, who feel 
the unity of the world, connect their theories with the ideas of tradi-
tional Oriental culture, which unite all nature. The intensive develop-
ment of the self-organizing and nonlinear dynamics of complex systems 
promotes the strengthening attention of western scientists to the tradi-
tional eastern worldview (e.g., see [Capra, 2010]). 

One should note that the genetic matrix [C, A; T, G](3) of 64 triplets 
(Fig. 1), which are distributed among three different m-positional C-, G-, 
A-, and G-groupings (here m = 1, 2, 3), and the table of 64 hexagrams 
from I-Ching have deep structural analogies, which were unknown 
previously and which are described in the preprint [Petoukhov, 2021b]. 
Correspondingly, presented phenomenological data about stochastic 
regularities in genomic DNA-sequences can be considered in their 
connection with a rich theme of nature’s archetypes and genetically 
inherited psychological phenomena including phenomena of Gestalt 
psychology, which are concerned below. 

Fig. 6. The matrix of model percents for 16 doublets, which is the second tensor power of the matrix [0.2085, 0.2910; 0.2917, 0.2089] in the case of the human 
chromosome N◦1 (all values are rounded to the fourth decimal place). 

[%A,%T,%C,%G] ≈ [  %AN,  %TN,  %CN,  %GN] ≈

[
∑

%NA,
∑

%NT,
∑

%NC,
∑

%NG] ≈

[
∑

%ANN,
∑

%TNN,
∑

%CNN,
∑

%GNN] ≈

[
∑

%NAN,
∑

%NTN,
∑

%NCN,
∑

%NGN] ≈

[
∑

%NNA,
∑

%NNT,
∑

%NNC,
∑

%NNG] ≈ [0.2910,  0.2918,  0.2085,  0.2087]

(2.2)   
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3. DNA epi-chains and the positional rule of percentages of n- 
plets 

Similar phenomenological results were also received regarding per-
centages of n-plets in special subsequences of long nucleotide sequences 
of single-stranded DNA. These subsequences are termed «DNA epi- 
chains» [Petoukhov, 2019, 2020a-c]. Our initial results testify that the 
above-described equalities (2.1) of total sums of percentages of n-plets 
hold for these epi-chains as well. By definition, in a nucleotide sequence 
N1 of any DNA strand with sequentially numbered nucleotides 1, 2, 3, 4, 
… (Fig. 8a), epi-chains of different orders k are such subsequences that 
contain only those nucleotides, whose numeration differ from each other 
by natural number k = 1, 2, 3, 4, …For example, in any single-stranded 
DNA, one can consider its epi-chain of the second-order N2, in which its 
nucleotide sequence numbers differ by k = 2: an epi-chain N2 contains 
nucleotides with numerations 1, 3, 5, …(Fig. 8b). By analogy, an 
epi-chain of the third-order N3 is connected with k = 3 and contains a 
subsequence of nucleotides with numerations 1, 4, 7, 10, … (Fig. 8c). 

Each genomic DNA epi-chain of kth order (if k = 2, 3, 4, ….) contains 
k times fewer nucleotides than the DNA strand and has its own ar-
rangements of nucleobases A, T, C, and G. Each of these epi-chains 
contain different percentages of corresponding n-plets. But unexpect-
edly the total sums of percentages of n-plets in C-, G-, A-, and T- 

groupings practically coincide for each of the epi-chains and for the 
complete genomic DNA-text (at this stage of the research, the author 
studied the percentages of n-plets in epi-chains only in cases of epi- 
chains with relatively small orders k). 

To illustrate this result, Fig. 9 shows the percent matrices for epi- 
chains of the second, third and fourth orders (k = 2, 3, 4) in the DNA 
of the human chromosome N◦1. 

One can see from data in Fig. 9 that for considered epi-chains, 
different percentages matrices contain essential different percentages 
in corresponding separate cells. For example, %CG = 0.0103 in the 
complete single-stranded DNA; %CG = 0.0478 in the epi-chain of the 
2nd order; %CG = 0.0464 in the epi-chain of the 3rd order; %CG =
0.0475 in the epi-chain of the 4th order. But in each of these four per-
centages matrices the equalities (2.1) are realized with a high level of 
accuracy: 

[%A,%T,%C,%G]≈[
∑

%AN,
∑

%TN,
∑

%CN,
∑

%GN]≈

[
∑

%NA,
∑

%NT,
∑

%NC,
∑

%NG]≈[0.2910,  0.2918,  0.2085,  0.2087]

(3.1) 

It illustrates that in the considered DNA epi-chains, the sums of the 
percentages in the tetra-groupings of n-plets in each of the epi-chains 
practically do not depend on the percent of its separate n-plets and 

Fig. 8. Schematic representations of a single-stranded DNA and its initial epi-chains of numerated nucleotides, denoted by black circles. a, a sequence N1 of 
numerated nucleotides of the DNA strand; b, an epi-chain of the second-order N2 having nucleotides with numbers 1-3-5-7- …; c, an epi-chain of the third-order N3 
nucleotides numbers 1-4-7-10- …. 

Fig. 7. The matrix of conditional or model percents for 64 triplets, which is the third tensor power of the matrix [0.2085, 0.2910; 0.2917, 0.2089] in the case of the 
human chromosome N◦1. 
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coincide with corresponding sums in the genomic DNA-sequence. This 
can be considered as the separate Gestalt rule for genomic epi-chains (in 
addition to the above-presented Gestalt rule of percentages of n-plets in 
long multilayer DNA-sequences). 

4. Regarding the development of Gestalt genetics based on 
analogies with Gestalt psychology 

The described genomic phenomena of the relative independence of 
the sums of the percentages of n-plets (in the indicated tetra-groupings) 
from the values of individual percentages of summands in these sums 
resemble the phenomenon of perceiving a musical melody: a musical 
melody can be reproduced by different musical instruments and in 
different frequency ranges, that is, under significantly changing the 
sound frequency of each of its note elements, but despite these changes, 
the melody remains generally recognizable. 

Many such phenomena of perception, in which there is relative in-
dependence of the integral form from its constituent individual com-
ponents, are studied in Gestalt psychology. The described universal 
regularities in the preservation of total percentages in tetra-groupings of 
n-plets relatively regardless of the percentage of individual n-plets in 
genomic multilayer DNA-texts allow the author to develop Gestalt ge-
netics. It seems natural to think that Gestalt genetics is interrelated with 
Gestalt psychology, which studies some genetically inherited properties 
of our brain regarding the perception of the environment. 

The phenomena of perception of visual, auditory, and other images, 
studied by Gestalt psychology, reflect the fundamental inherited prop-
erty of the psyche - to seek in a disparate whole. Thanks to the ability to 
think in Gestalts, you can understand the sentence, even if you change 
the order of the letters in each word and leave only the beginning and 
end in place. For example, you can easily understand the phrase, 
strongly “mutated” by local permutations: “Aoccdrnig to a rscheearch at 
Cmabrigde Uinervtisy, it deosn’t mttaer in waht oredr the ltteers in a wrod 
are» (this “mutated” phrase example is taken from https://www.dictio 
nary.com/e/typoglycemia/). 

Gestalt genetics comes in contact with the teachings of the creator of 
analytical psychology C. Jung and his associate Nobel laureate in 
physics W. Pauli about the archetypes of the unconscious; in particular, 
they linked these archetypes with the Yin-Yang schemes of the ancient 
Chinese book “I-Ching” and its table of 64 hexagrams, which have deep 
structural analogies with the DNA alphabets (these analogies were noted 
by some reputable geneticists - G.S. Stent in 1969, and Nobel laureate F. 
Jacob in 1977; extended information on these analogies is in publica-
tions [Petoukhov, 1999, 2008; Petoukhov, He, 2010]). 

In our opinion, the origins of the genetically inherited ability of the 
brain to work with Gestalt images should be sought in Gestalt genetics. 
In particular, Gestalt genetics is capable of providing new approaches to 
understanding the noise immunity of genetic information under muta-
tions of DNA-texts. 

In addition to the phenomena of Gestalt psychology, in living or-
ganisms, there are many genetically inherited physiological phenomena, 
in which the same whole pattern is realized in conditions of a wide 
variety of constituent elements and which can be attributed to Gestalt 
biology (this new name is proposed by the author as uniting genetically 
inherited Gestalt-like phenomena of different types). For example, 
Gestalt biology includes some genetically inherited phenomena of 
morphogenesis (laws of phyllotaxis, spiralization of biological structures 
at various levels and branches of biological evolution), as well as some 
functional phenomena (homeostasis at different stages of ontogenesis; 
the processing of sensory information from different sense organs ac-
cording to main psychophysical law of Weber-Fechner; the biome-
chanical phenomenon, known as Bernstein’s problem, that the general 
target task of body movement is performed exactly regardless of the 
inaccuracies of its constituent motor subtasks). In particular, Gestalt 
genetics includes an observation of the embryology classic K. Baer that 
chick embryos are vastly different, while the resulting adult organisms 
are remarkably similar. The author thinks that various genetically 
inherited phenomena of Gestalt biology are based on Gestalt genetics. 

One should also recall that the molecular composition of a living 
body is constantly changing while maintaining the shape of the body. 
Our body’s proteins are involved in continuous life-death cycles of their 
assembling and disassembling into amino acids. For example, the half- 
life of the hormone insulin is 6–9 min, etc. In other words, genetically 
inherited parts of our body are constantly dying and reborn. Taking into 
account such phenomena, the renowned physiologist A.G. Gurvich 
claimes: “The main problem in biology is maintaining shape while constantly 
renewing the substrate” [Gurvich, 1977]. In our opinion, the described 
phenomena of Gestalt genetics with its Gestalt rules of percentages in 
genomic multilayer DNA-texts are directly related to this fundamental 
problem of biology. 

Gestalt genetics provides new approaches to understanding 
ontogeny. Using the terminology of Gestalt psychology and Gestalt 
therapy, the author suggests interpreting ontogenetic processes as the 
stepwise processes of “closing” certain genetic gestalts. One should note 
that all physiological systems are forced to bear the structural stamp of 
the genetic code since they should be genetically encoded for trans-
mission to descendants and survival. 

Gestalt genetics also concerns the phenomenon of the biomechanics 
of movements, described by the classic of biomechanics N.A. Bernstein: 
the general target task of the movement is performed exactly regardless 
of the inaccuracies of its constituent motor subtasks [Bernstein, 1967]. 
For example, when repeating an exact hit with a hammer on a nail, a 
person each time uses different trajectories, speeds, and accelerations of 
body parts with changes in both flexions in the joints and the activity of 
many muscles of each joint with many motoneurons of each muscle. This 
question of how the central nervous system is capable of adequately 
controlling the many degrees of freedom of the musculoskeletal system 
was first addressed by Bernstein and is now known usually as the 

Fig. 9. Matrices of percentages of 16 doublets in the single-stranded DNA of the human chromosome N◦1. Upper row: the percentages matrices of the genomic DNA 
(k = 1). Bottom row: percent matrices for the DNA epi-chains of the second, third, and fourth orders (k = 2, 3, 4). 
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«Bernstein problem». The degrees of freedom problem in motor control 
states that there are multiple ways for humans or animals to perform a 
movement to achieve the same goal using redundant neurophysiological 
degrees of freedom. How the nervous system “chooses” a subset of these 
near-infinite degrees of freedom is an overarching difficulty in under-
standing motor control and motor learning. In other words, under 
normal circumstances, no simple one-to-one correspondence exists be-
tween a motor problem (or task) and a motor solution to the problem. 

Gestalt psychology comes into contact with the well-known phe-
nomena of perception constancy, reflecting the ability of the brain to 
stably recognize the shapes of objects and other structures of the 
external world under conditions of a significant change in the conditions 
of their presentation to the sense organs. For example, a change in the 
color illumination of a room does not prevent a person from recognizing 
the shapes and colors of objects in it, although other light frequencies 
from objects come to the retina. Similar properties one can be waiting 
for information phenomena in Gestalt genetics, which preseeds phe-
nomena of Gestalt psychology. 

According to Mendel’s law of independent inheritance of traits, in-
formation from the level of DNA molecules dictates the macrostructures 
of living bodies through many independent channels, despite strong 
noises and interferences. For example, hair, eye, and skin colors are 
inherited independently of each other. Accordingly, each organism is a 
machine of multichannel noise-immune coding. Gestalt genetics, with 
its genomic Gestalt rules, can help in understanding this multi-channel 
noise immunity. 

5. Gestalt genetics and quantum informatics 

Many authors have long suggested the quantum-informational na-
ture of living bodies. For example, R. Penrose, treating the body as a 
quantum computer, appeals to tubulin proteins that can switch from one 
state to another by analogy with triggers [Penrose, 1994]. One can show 
that the analysis of living bodies at a deeper - genomic - level leads to 
more convincing and fruitful pieces of evidence about organisms as 
quantum information entities (or as quantum-like entities whose 
modeling can use the formalisms of quantum informatics). 

In quantum mechanics and quantum informatics, when analyzing 
the probabilities of events, the amplitudes of these probabilities, equal to 
the square root of their values, are traditionally considered. The 
genomic Gestalt rule for percentages of n-plets (in C-, G-, A-, and T- 
groupings) was revealed under analyzing the sums of the probabilities of 
n-plets from certain groupings, for example, all doublets starting with 
the letter C: Σ%CN = %CC + %CA + %CT + %CG. Each of these 
probabilities %CC, %CA, %CT, and %CG has its own “amplitude” in the 
form of its square root. 

It can be noted that the sum of the percentages (that is, the proba-
bilities) of n-plets in each of these four groupings can be interpreted as 
the square of the length of a vector whose components are equal to the 
square roots of the probabilities of the corresponding n-plets. For 
example, the sum %CC+%CG+%CA+%CT is the square of the length of 
the 4-dimensional vector VCN = [

̅̅̅̅̅̅̅̅̅̅̅
%CC

√
, 

̅̅̅̅̅̅̅̅̅̅̅
%CG

√
, 

̅̅̅̅̅̅̅̅̅̅̅
%CA

√
, 

̅̅̅̅̅̅̅̅̅̅̅
%CT

√
]. 

Accordingly, the sum Σ%CNN is interpreted as the square of the length 
of an 8-dimensional vector VCNN = [

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CCC

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CCG

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CCA

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CCT

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CGC

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CGG

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CGA

√
,

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CGT

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CAC

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CAG

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CAA

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CAT

√
, 

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CTC

√
,

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CTG

√
,

̅̅̅̅̅̅̅̅̅̅̅̅̅̅
%CTA

√
,

̅̅̅̅̅̅̅̅̅̅̅̅̅
%CTT

√
], and so on. 

From this point of view, equalities (2.1) mean the constancy of the 
length of the corresponding 2n-dimensional vectors, whose coordinates 
are the amplitudes of the probabilities of the corresponding n-plets. This 
metric approach allows for developing new methods of comparative 
vector analysis in genetics. 

Let us compare all m-positional tetra-groupings - under different 
values m - in the case of real percentages of n-plets (similar to those 
shown in Figs. 3–5) and in the case of reference percentages (similar to 
those shown in Figs. 6 and 7). In all compared tetra-groupings, the 

corresponding 2n-dimensional vectors of amplitudes of probabilities 
have different coordinate values. But the lengths of these vectors in all 
compared cases are equal to each other due to the Gestalt rule, which 
says about the equality of the sums of the percentages of n-plets in each 
grouping to the same value, that is, to the percentage of the corre-
sponding nucleotide in the analyzed genomic DNA-text. Accordingly, 
these vectors of equal length can be transformed into each other by 
unitary transformations that do not change the length of the vectors and 
are either rotations or mirror reflections. 

Thus, algebraic Gestalt genetics turns out to be connected with 
unitary operators, which are key for quantum informatics: all calcula-
tions in quantum computers and quantum search algorithms are based 
on unitary operators as quantum gates. Moreover, any unitary matrix 
can serve as a quantum gate. In quantum mechanics, the evolution of a 
closed quantum system is described by unitary transformations. Since 
this article deals with many layers of genomic DNA texts, it can be 
assumed that, in particular, a whole set of quantum search algorithms 
work in multilayer DNA texts, each of which is individually oriented to a 
particular text layer. The articles [Patel, 2001a-c] suppose that the ge-
netic code is related to the quantum Grover’s algorithm. 

Along the way, one can note that the entire genetically inherited 
kinematic scheme of movements of our body with its parts is built on 
rotations in the joints and mirror reflections, that is, on unitary trans-
formations that have physiological significance. Turtles and crocodiles, 
when hatched from an egg, immediately crawl to the water with coor-
dinated movements using innate algorithms with the same unitary 
transformations of rotations and mirror reflections. 

The materials of this new article supplement the author’s previously 
published works on the topic of quantum biology and formalisms of 
quantum informatics in biology [Petoukhov, 2008, 2018, 2020a,c, 
2021a,b; Petoukhov, He, 2010; Petoukhov et al., 2019]. The revealed 
connection of genetics with quantum informatics opens up the possi-
bility of introducing rich formalisms of quantum mechanics and quan-
tum informatics into algebraic biology for the mutual enrichment of 
these sciences and the inclusion of biology in the field of developed 
mathematical natural science. There are about 100 trillion cells in the 
human body, forming a holistic system. The formalisms of quantum 
informatics and Gestalt genetics can help in understanding such coher-
ence phenomena. 

The author draws special attention to unitary matrices in developing 
Gestalt genetics since he considers unitary rotation transformation as a 
basis for modeling a well-known morphogenetic Gestalt phenomenon of 
spiralization in biology that is, the existence of helical and spiral 
morphological configurations at different levels and branches of bio-
logical organization independently on their genetically inherited bio- 
material content. Goethe even called spirals “symbols of life” because 
of multiple implementations of inherited spiral structures and processes 
in living bodies at various lines and levels of biological evolution. In the 
human body spiral and helical structures genetically inherited from one 
generation to another are presented in the muscles, heart, blood vessels, 
bones, nerves, an organ of hearing (the cochlea), cellular organization of 
the embryo (zygote), etc. The structure of tendons and ligaments con-
sists of spirals and helices, which in turn are composed of collagen that 
has a triple helical structure. Spiral motions (nutation) are observed 
during the growth of roots and shoots, tendrils of plants are spirally 
wrapped, a tissue in the trunks of trees grows spirally, etc. Because of 
spiral bio-configurations, all the fluids in the body (blood, lymph, and 
urine) are spiral. The title of a book about bio-spirals – “Lines of Life” 
[Cook, 1914] - reflects their importance for living matter. Previous au-
thor’s publications describe other examples of structural connections of 
molecular-genetic systems with unitary matrices as well [Petoukhov, 
2008, 2018; Petoukhov, He, 2010]. 

In this article, the following new structural connection of unitary 
matrices with genomic DNA-texts is also noted. When considering a DNA 
double helix containing complementary nucleotide pairs C-G and A-T, 
the percentages of nucleotides C and G are exactly equal to each other 
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(%C = %G), as are the percentages of nucleotides A and T (%A = %T). In 
this case, from the entire percentage sum %C + %A + %T + %G = 2(%C 
+ %A) = 2(%C + %T) = 1.0, you have the following equalities: %A =
0.5 - %C and %T = 0.5 - %C. Correspondingly the percentage matrix 2[% 
C, %A; %T, %G] (known from Fig. 2) becomes a bisymmetric doubly 
stochastic matrix 2[%C, 0.5-%C; 0.5-%C, %C] where percentage sums in 
each row and each column are equal to 1.0. But doubly stochastic 
matrices are connected with unitary matrices as the following theorem 
claims [Prasolov, 1994]:  

• if a square (n*n)-matrix M = |mij| is unitary then a (n*n)-matrix B = | 
bij|, where bij = |mij|2, is doubly stochastic. 

In line with this theorem, Fig. 10 shows an interrelation between four 
unitary (2*2)-matrix and a doubly stochastic (2*2)-matrix of percent-
ages of nucleotides in DNA double helices where %C = %G and %A = % 
T. Two of these four unitary matrices present transformations of mirror 
reflections. The other two unitary matrices are transformations of ro-
tations of vectors clockwise and counterclockwise and simultaneously 
they are matrix presentations of complex number z =

̅̅̅̅̅̅̅̅̅̅
2%C

√
+ i*

̅̅̅̅̅̅̅̅̅̅̅
2%A

√
, 

where i2 = − 1 is the imaginary unit of complex numbers. 
This interrelation of the structural features of DNA double helices, 

presented in the percentage matrix (upper row in Fig. 10), with unitary 
matrices of rotations clockwise and counterclockwise can be used for 
algebraic modeling of well-known Gestalt morphogenetic phenomena of 
left and right spiralizations realized in a great number of genetically 
inherited biological structures. 

The described connection of matrices of nucleotide percentage in 
DNA double helices with complex numbers, which are presented by 

noted unitary matrices, is important for algebraic and quantum me-
chanical modeling of genetic phenomena since quantum mechanics is 
closely related to complex numbers. 

Such interrelations of (2*2)-matrices, shown in Fig. 10, can be 
generalized for (2n*2n)-matrices produced by tensor powers of the initial 
unitary (2*2)-matrix and the doubly stochastic (2*2)-matrix (as it is 
known, tensor powers of unitary matrices generate new unitary matrices 
of increased orders). Tensor powers of (2*2)-matrices, which present 
complex numbers, produce (2n*2n)-matrices, which present algebraic 
extensions of complex numbers. 

One should mention suppositions of many authors that formalisms of 
quantum informatics can be effectively used for deep understanding and 
modeling biological bodies (see, for example [Igamberdiev, 1993; 
Matsuno, 1999; Matsuno, Paton, 2000; Abbott et al., 2008; Fimmel, 
Petoukhov, 2020]:). 

6. Gestalt percentage rules for sets of n-plets starting with 
certain k-plets (k < n) 

Above, in section 2, m-positional tetra-groupings of n-plets were 
described, which are defined by a disposition of attributive nucleotides 
C, G, A, and T at a certain position m (m ≤ n) inside these n-plets. Now in 
this section, other positional tetra-groupings of n-plets are described 
where a role of attributive elements is played by not separate nucleo-
tides but separate doublets, or separate triplets, and so on. As it is 
revealed, these new tetra-groupings of n-plets obey Gestalt rules but 
have their own values for percentage sums in each of the groupings. Let 
us explain this by some examples using again percentages of n-plets in 
different layers of the DNA-text of the human chromosome N◦1 by 
analogy with section 2. 

Fig. 10. The interrelation between the doubly stochastic matrix (upper row) of the percentage of nucleotides in the DNA double helix, where %C = %G and %A = % 
T, and four unitary matrices (bottom row). Two unitary matrices (at left) are transformations of rotation clockwise and counterclockwise and present complex 
number z =

̅̅̅̅̅̅̅̅̅̅
2%C

√
+ i*

̅̅̅̅̅̅̅̅̅̅̅
2%A

√
. The other two unitary matrices (at right) present transformations of mirror reflection. 

Fig. 11. Percentage sums are presented for mm- 
positional tetra-groupings related to 64 triplets and 
256 tetraplets in the appropriate triplet- and 
tetraplet-layers of the DNA-text of the human 
chromosome N◦1. Each of these tetra-groupings is 
defined by one of 16 doublets as its attributive po-
sitional element disposed in the beginning, or in the 
middle, or at the end of the n-plets. Numerical 
values of percentage sums are calculated based on 
data about the percents of separate n-plets in 
Figs. 2–4.   
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For the beginning, consider the percentage contents of positional 
tetra-groupings, each of which is defined by one of 16 doublets as its 
attributive positional element. In a general case, one calls such tetra- 
groupings as mm-positional tetra-groupings or, in individual cases, as 
a CA-tetra-grouping, or a TA-tetra-grouping, etc. Below special de-
notations are used for percentage sums of n-plets, which are explained 
by the following examples (here N refers to any of nucleotides A, T, C, 
and G):  

• Σ%TAN means a percentage sum of all 4 triplets, which start with the 
doublet TA in an analyzed DNA-text presented as a sequence of 
triplets;  

• Σ%NTA means a percentage sum of all 4 triplets, which end with the 
doublet TA in an analyzed DNA-text presented as a sequence of 
triplets;  

• Σ%TANN means a percentage sum of all 16 tetraplets, which start 
with the doublet TA in an analyzed DNA-text presented as a sequence 
of tetraplets;  

• Σ%NTAN means a percentage sum of all 16 tetraplets, which have 
the doublet TA in their middle in a DNA-text presented as a sequence 
of tetraplets;  

• Σ%NNTA means a percentage sum of all 16 tetraplets, which end 
with the doublet TA in an analyzed DNA-text presented as a sequence 
of tetraplets. 

Let us calculate these percentage sums of n-plets for corresponding 
layers of the DNA-text of the human chromosome N◦1 using the data 
presented in Figs. 4–6 about percents of separate doublets, triplets, and 
tetraplets. This calculation gives equalities shown in Fig. 11. 

Data in Fig. 11 show that percentage sums in each of these mm-tetra- 
groupings are equal to a percentage of that doublet, which plays the role 
of the attributive positional element for these tetra-groupings. The 
presented equality of these percentage sums in all tetra-groupings of 
each row of Fig. 11 occurs even though summands in them in each case 
are very different. Other genomes, analyzed by the author, have similar 
Gestalt properties for mm-positional tetra-groupings in the layers of their 
DNA-texts. This new genomic Gestalt phenomenon and the corre-
sponding Gestalt rule for mm-positional tetra-groupings (Fig. 11) are 
analogs of the Gestalt phenomenon and the Gestalt rule described above 
for m-positional tetra-groupings in section 2 and the expression (2.1). 

Now consider percentage contents of 64 mmm-positional tetra- 
groupings, each of which is defined by one of 64 triplets as its attributive 
positional element. The analogical denotations are used for these tetra- 
groupings: 

•Σ%TAAN means a percentage sum of all 4 tetraplets, which start 
with the triplet TAA in an analyzed DNA-text presented as a sequence 
of tetraplets;  

• Σ%NTAA means a percentage sum of all 4 tetraplets, which end with 
the triplet TAA. 

Fig. 12. Percentage sums are presented for mmm-positional tetra-groupings related to 256 tetraplets in the tetraplet-layer of the DNA-text of the human chromosome 
N◦1. Each of these tetra-groupings is defined by one of 64 triplets as its attributive positional element disposed in the beginning or in the end of the tetraplets. 
Numerical values of percentage sums are calculated based on data about percents of separate triplets and tetraplets in Figs. 3–4. 
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Let us calculate these percentage sums of n-plets for corresponding 
layers of the DNA-text of the human chromosome N◦1 using the data 
presented in Figs. 3 and 4 about the percents of separate triplets and 
tetraplets. This calculation gives equalities shown in Fig. 12. 

Data in Fig. 12 show that percentage sums in each of these mmm- 
tetra-groupings are equal to a percent of the triplet, which plays the role 
of the attributive positional element for these tetra-groupings. The 
presented equality of these percentage sums in all tetra-groupings of 
each row of Fig. 12 occurs even though summands in them in each case 
are very different. Other genomes, analyzed by the author, have similar 
Gestalt properties for such mmm-positional tetra-groupings in the 
appropriate layers of their DNA-texts. This new genomic Gestalt phe-
nomenon and the corresponding Gestalt rule for mmm-positional tetra- 
groupings (Fig. 12) are also analogs of the Gestalt phenomenon and 
the Gestalt rule described above for m-positional tetra-groupings in 
section 3 and the expression (2.1). 

The author suggests that similar Gestalt phenomena exist also for 
layers of n-plets with n = 5, 6, 7, … of genomic DNA-texts of various 
types of organisms but he did not make corresponding calculations at 
this stage of research. 

At the end of section 2, the concept of reference percentages of n- 
plets in the corresponding layers of genomic DNA texts was introduced 
based on the tensor family of matrices [%C, %A; %T, %G](n). Figs. 6 and 
7 showed these reference percentages of n-plets for the first layers of the 
DNA-text of the human chromosome N◦1. It should be noted that for 
these reference percentages [%C, %A; %T, %G](n) similar Gestalt rules 
hold for mm-positional and mmm-positional tetra-groupings in the 
appropriate layers of genomic DNA-texts. For example, for the human 
chromosome N◦1 in line with its data in Figs. 6 and 7, you have the 
following equalities for a case when 16 doublets play the role of posi-
tional attributive elements: 

%CCC  +  %CCA  +  %CCT  +  %CCG ≈ %CC,  because
0.00906382  +  0.01265035  +  0.01268315  +  0.00907448 ≈ 0.0435
%CAC + %CAA + %CAT + %CAG ≈ %CA,  because
0.01265035  +  0.01765605  +  0.01770183  +  0.01266522 ≈ 0.0607

(6.1) 

and so on for all doublets as attributive elements in mm-positional 
tetra-groupings. 

7. The genomic rules and Frohlich’s theory about collective 
quantum effects in biological systems 

The presented results of the author’s study indicate the presence of 
long-range relationships in the composition of genomic DNA-texts and 
also the quantum information essence of the genetic system and living 
organisms as a whole [Petoukhov, 2020a-c]. The author believes that 
these results are associated with the well-known vibration-resonance 
theory of G. Frohlich about long-range coherence in biological systems, 
that is, about collective quantum effects in biological systems [Frohlich, 
1969, 1970, 1978, 1980, 1988; Frohlich, Kremer, 1983]. Let us clarify 
this belief. 

Penrose uses Frohlich’s theory to substantiate his ideas about the 
brain as a quantum computer and writes about it as follows: «The 
distinguished physicist Herbert Frohlich suggested a possible role for collective 
quantum effects in biological systems. … Frohlich was led to propose, in 
1968, that there should be vibrational effects within active cells, which would 
resonate with microwave electromagnetic radiation, at 1011 Hz, as a result of 
a biological quantum coherence phenomenon. Instead of needing a low 
temperature, the effects arise from the existence of a large energy of metabolic 
drive. There is now some respectable observational evidence, in many bio-
logical systems, for precisely the kind of effect that Frohlich had predicted in 
1968 …. He argued that so long as the energy of metabolic drive is large 
enough, and the dielectric properties of the materials concerned are suffi-
ciently extreme, then there is the possibility of large-scale quantum coherence 
similar to that which occurs in the phenomena of superconductivity and 

superfluidity - sometimes referred to as Bose-Einstein condensation – even at 
the relatively high temperatures that are present in biological systems … In a 
Bose-Einstein condensate, large numbers of particles participate collectively 
in a single quantum state. There is a wavefunction, for this state, of the kind 
that would be appropriate for a single particle - but now it applies all at once 
to the entire collection of particles that are participating in the state. … With a 
Bose-Einstein condensate, it is as though the entire system containing a large 
number of particles behaves as a whole very much as the quantum state of a 
single particle would, except that everything is scaled up appropriately. There 
is a coherence on a large scale, where many of the strange features of 
quantum wavefunctions hold at a macroscopic level” [Penrose, 1994, c. 352 
and 367]. 

F. Fröhlich (the son of Herbert Fröhlich) wrote the article “Genetic 
Code as Language” regarding quantum coherence states and long-range 
communication in genomes [Fröhlich F., 1988]. He notes: “Beyond the 
chromosome, the genome as a whole must contain some sort of long-distance 
communication in order not to produce on one section antigens produced on 
other parts. So there is a complexity of entities which use genetic language in 
different ways. There might be said to be a logic of cells” [Fröhlich F., 1988, 
p. 194]. He further writes that – by H. Fröhlich’s hypothesis - long-range 
coherent vibrations will lead to resonance between a differentiated cell 
with its own characteristic vibrations and the chromosome such that the 
chromosome-particular region responding to this characteristic fre-
quency will be activated or opened up so it can produce the appropriate 
proteins. Such a resonance could transport the embryological, already 
partially induced cells to their target and there they would be further 
fixed into producing the correct proteins for this organ through super-
imposed resonance. Frolich’s theory allows an explanation of some 
features of cell division during mitosis by the hypothesis that corre-
sponding chromosomes line up through resonance having the same 
frequency, finding each other by such long-range communication. 
Resonance oscillations draw like to like. More generally there might be 
some kind of coherent long-range interaction among the members of the 
genome creating the self-marking. If this broke down through subse-
quent mutations, auto-immune diseases would arise [Fröhlich F., 1988]. 

Fröhlich’s synchronous large-scale collective oscillations imply inter- 
cellular microwave emissions which would constitute a non-chemical 
and non-thermal interaction between cells [Vasconcellos et al., 2012]. 
Some evidence of a non-thermal influence of coherent microwave ra-
diation on the genome conformational state in E. coli has been reported 
[Hyland, 1998], which may indicate that chromosomal DNA could be 
the target of mm microwave irradiation within this system. 

The genomic phenomenological rules described above can be 
considered as additional support of Frohlich’s theory. The concept of 
multi-resonance genetics and its factological argumentation [Petou-
khov, 2016] also has connections with Fröhlich’s synchronous 
large-scale collective oscillations. 

7.1. Some concluding remarks 

The presented results of the study of the regularities in the percent-
age distribution of members of n-plets alphabets in genomic multi-level 
DNA-texts of various organisms are consistent with Jordan’s claiming 
that life’s missing laws are the rules of chance and probability of the 
quantum world [Jordan, 1932; McFadden, Al-Khalili, 2018]. The 
described author’s results show the existence of previously unknown 
stochastic genetic regularities. These results were obtained using the 
described author’s method of analysis and modeling of long DNA se-
quences as a set of many parallel texts based on n-plets alphabets. 

Considering the views of Jordan and Schrödinger about the dicta-
torial role of the structured informatics of genetic molecules for the 
whole organism [McFadden, Al-Khalili, 2018], it is natural to think that 
the structural features of DNA informatics leave their marks on all 
genetically inherited biological systems and phenomena. This is 
consistent with the fact that all physiological systems must be struc-
turally aligned with genetic coding to be transmitted in genetically 
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encoded forms to offspring. This is also consistent with the point of view 
that the main task of living organisms is to transfer genetic information 
along the chain of generations. The described algebraic-genetic results 
give pieces of evidence that the system of genetic coding is based on 
methods of probability coding. 

The modern situation in the theoretic field of genetic informatics, 
where many millions of nucleotide sequences are described, can be 
characterized by the following citation: “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 accumulating. We have the program that runs 
the cellular machinery, but we know very little about how to read it” [Fickett 
and Burks, 1989]. The important task of code biology is to provide 
progress in understanding languages of genetic messages and the 
described results on stochastic genomic rules connected with n-plets 
alphabets seem to be useful for this. 

E.Schrodinger noted: “from all, we have learned about the structure of 
living matter, we must be prepared to find it working in a manner that cannot 
be reduced to the ordinary laws of physics … because the construction is 
different from anything we have yet tested in the physical laboratory» 
[Schrodinger, 1944]. For comparison, the enzymes in biological or-
ganisms work a million times more effectively than catalysts in the 
laboratory. What makes the enzyme in the body for 1 s, a catalyst in the 
laboratory can make only for 100 thousand years. The author believes 
that such ultra-efficiency of enzymes in biological bodies is defined not 
only by laws of physics, but also by quantum-logical relations in the 
genetic system, and therefore - in line with Schrodinger - this 
ultra-efficiency cannot be reduced to the ordinary laws of physics. As far 
as the author understands, the found Gestalt rules of “dictatorial” 
DNA-texts are not derived from the known laws of physics, and therefore 
refer to the special stochastic laws of the structuring of living things that 
Schrödinger spoke about. 

Regarding the metric features of biological phenomena (in some 
connection with mentioned unitary matrices and algebras of hyper-
complex numbers), it can be noted that thoughts about metric spaces are 
spread by some authors even to mathematics as a high form of 

intellectual activity. For example, the book [Hofstadter, 1980, p. 612] 
notes that a mathematician feels that in mathematics there is a certain 
metric that unites ideas - that all mathematics is a network of results that 
are interconnected by a huge number of connections; had we been able 
to introduce this highly developed sense of mathematical closeness - the 
mental metric of a mathematician - into the program, we could create a 
primitive artificial mathematician. 

By these statements of Hofstadter, the book [Nalimov, 2015, p. 115] 
emphasizes: “In other words, artificial intelligence could be brought closer to 
mathematical thinking, if it were possible to realize the metric properties of the 
human thinking space … We are ready to go further and say that con-
sciousness itself is geometrically structured: existentially, a person is geo-
metric … In our minds, when constructing texts through which we perceive the 
World, something very similar to what happens in morphogenesis happens. 
We are ready to see in the depths of consciousness the same geometric images 
that are revealed in morphogenesis". 

In general, the presented results about the stochastic rules of genetic 
informatics give pieces of evidence in favor of the effectivity of a model 
approach to living organisms as quantum-informational algebraic-har-
monic essences on modular principles. The approach and results are 
useful for understanding the important role of a wide set of interrelated 
genetic alphabets and further developing science on code biology 
[Barbieri, 2015]. 

Acknowledgments 

Some results of this paper have been possible due to long-term 
cooperation between Russian and Hungarian Academies of Sciences 
on the theme “Non-linear models and symmetrologic analysis in 
biomechanics, bioinformatics, and the theory of self-organizing sys-
tems”, where the author was a scientific chief from the Russian Academy 
of Sciences. The author is grateful to G. Darvas, E. Fimmel, A.A. 
Koblyakov, M. He, Z.B. Hu, Yu.I. Manin, I.V. Stepanyan, V.I. Svirin, and 
G.K. Tolokonnikov for their collaboration.  

Appendix I. On the tensor product of matrices 

The tensor (or Kronecker) product of matrices, denoted by ⊗, is widely used in mathematics, theoretical physics, informatics, control theory, etc. In 
a general case, if K1 is an (m*n)-matrix and K2 is a (p*q)-matrix, then the tensor product K1⊗K2 is the (mp*nq)-block matrix:

Fig. A1. The definition of the tensor product of two matrices K1 and K2.  

The tensor product is the crucial operation to understanding the quantum mechanics of multiparticle systems and is one of basic instruments in 
quantum informatics. The following quotation speaks about the tensor product: «This construction is crucial to understanding the quantum mechanics of 
multiparticle systems» [Nielsen, Chuang, 2010, p. 71] since in line with the postulate of quantum mechanics: the state space of a composite system is the 
tensor product of the state spaces of its components. 

This operation has the following important property for square matrices: if a (n*n)-matrix K1 has eigenvalues sj (j = 1, …, n) and another (m*m)- 
matrix K2 has eigenvalues gi (i = 1, …, m), then the tensor product of these matrices K1⊗K2 has eigenvalues sj*gi [Bellman, 1960]. Figuratively 
speaking, tensor products of matrices are endowed with the property of “inheritance” of the eigenvalues of these matrices in this form. This property is 
used in the concept of multi-resonance genetics [Petoukhov, 2016] and in modeling inherited physiological structures in Mendelian genetics 
[Petoukhov, 2011; 2021a]. 

Let us return to the genetic tables of the DNA alphabets of the n-plets in Fig. 1, which were built on the basis of binary-oppositional indicators in the 
alphabet of 4 nucleotides. Using the definition of the tensor product (Fig. A1), one can check that matrices, which are generated by corresponding 
tensor powers of the matrix [C, A; T, G] of 4 nucleotides (Fig. A2), are identical to the tables of 16 doublets, 64 triplets, 256 tetraplets from Fig. 1. 

S.V. Petoukhov                                                                                                                                                                                                                                  



BioSystems 209 (2021) 104503

14

Fig. A2. Examples of generating DNA matrices of alphabets of n-plets by exponentiation of the matrix of four nucleotides [C, A; T, G] to corresponding tensor powers 
(compare with the alphabetical tables at Fig. 1). 
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Fröhlich, H., 1980. The biological effects of microwaves and related questions. Adv. 
Electron. Electron. Phys. 53, 85–152 (New York, USA: Academic Press).  
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