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All living organisms are endowed from birth with
the ability to perform actions of an intellectual nature
for survival, building homes, etc. For example, a
spider weaves a web with its ends attached to random
supports, bees build honeycombs. When creating
artificial intelligence systems, one should look to
living nature for algorithms and principles of
genetic inheritance of such abilities.




THE KEY DIFFERENCE BETWEEN LIVING AND NON-LIVING

The creators of quantum mechanics, P. Jordan and
E. Schrodinger, pointed out the key difference between
living bodies and inanimate ones: nanimate objects are
controlled by the average random movement of their millions
of particles and the movement of individual particles i1s not
significant for the whole object; on the contrary, in a living
organism, selected — genetic — molecules have a dictatorial
influence on the entire organism due to quantum
enhancement (see the history of “quantum biology”
[https://do1.org/10.1098/rspa.2018.0674]). In accordance with
this, to reveal the secrets and patents of living nature, it 1s
necessary to study the universal rules of DNA informatics.




This talk presents the author's results of such a searching

into the

hidden rules of the molecular-genetic coding system.

I have 1identified a holistic system of universal rules of

statistical

organization of DNA-informatics in genomes of

higher and lower organisms. These rules speak of the fractal-

dichotomous organization of the probabilities system in
genomes and lead to 1deas of fractal quantum bioinformatics.
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The main objective of the talk is to attract the attention
of the participants and potential partners to the
development of “fractal quantum bioinformatics” using
the identified algorithms and universal rules of genomic
informatics to create new — genomorphic — artificial
intelligence systems. .

It will be shown that this 1s related to the Boolean algebra
of logic, cyclic Gray codes, fractal Hilbert curves, and
universal rules of probabilities 1n genomic informatics.
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PROBABILISTIC MECHANISMS IN ORGANISMS
In biological cells, individual molecules interact
stochastically. In living bodies, everything 1s built on
stochastics. But with this stochastics in the "small regions",
macro-corporeal traits are 1nherited from parents as
determined. For example, fingerprints 1n people are
different, but the structure of the three-phalanges fingers as a
whole 1s the same. All genetics as a science began with
Mendel's discovery of statistical rules for the inheritance of
traits when crossing organisms.

¥ o — P

Gregor Johann Mendel (1822-1884)



According to Mendel's law of 1ndependent
inheritance of traits, information from the level of
DNA molecules dictates the macrostructures of living
bodies through many independent channels, despite
strong noises. For example, the colors of hair, eyes and
skin are 1nherited 1ndependently of each other.

Accordingly, each organism is a machine of
multi-channel noise-resistant coding based on the
dualism of stochastics-determinism.




The system of stochastic processes in the body has a
multilayered character, accompanied by an 1nherited
implementation of different types of cells and body parts. At
the output of this system of stochastic processes, we have
deterministic 1mages and patterns.

Our sensory systems feed information to the brain in
statistical form: our brain, containing 86 billion nerve cells and
one quadrillion interneuronal contacts, works on probabilistic
principles, since the transmission of each impulse from neuron
to neuron 1s influenced by an immense number of factors (tens
of neurotransmitters, etc.). But based on the statistical flows of
neural mmpulses 1n the brain, we receive a deterministic
holistic view of the objects of the surrounding world.

Revealing the secrets of this inherited relationship
between stochastics and determinism in the living bodies 1s a
fundamental task of science and the path to a new artificial
intelligence and the kinds of quantum computing.




It 1s not without reason that one of the founders of quantum
mechanics and the author of the first article on quantum
biology (1932), P. Jordan, asserted that the laws of living
organisms missed by science are the laws of probabi] 1ty (see
the history of “quantum biology” -
https://doi.org/10.1098/rspa.2018.0674). Quantum mechanics and
quantum 1nformation science are based on probability
formalisms. A large number of works in the world are devoted
to the study of bio-bodies as quantum-physical information

systems.

Let us now turn to my analysis of statistical regularities in
the informatics of single-stranded genomic DNAs. This
analysis has revealed universal algebraic rules for the
connection between stochastics and determinism already
at the deep level of genomic DNAs of higher and lower
organisms. All genomic DNAs I study are taken from the
publicly  available  genetic data bank  GenBank

(https://www.ncbi.nlm.nih.gov/genbank/)



https://doi.org/10.1098/rspa.2018.0674
https://www.ncbi.nlm.nih.gov/genbank/

Binary-oppositions in DNA alphabet

Genetic information in DNA 1s written 1in the form of long
texts of four molecular “letters” or nucleotides - adenine A,
cytosine C, guanine G and thymine T.

TCTGACCTGAGGAGAACTGTGCTCCGCCTTCAGAGTACCACCGAAATCTGTGCAGAGGACAACGCAGCTC
CGCCCTCGCGGTGCTCTCCGGGTCTGTGCTGAGGAGAACGCAACTCCGCCGTTGCAAAGGCGCGCCGCGC
CGGCGCAGGCGCAGAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGCGCCGCGCCGGCGCAGGCGL
AGAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGCGC



In DNA, the alphabet of 4 nucleotides T, A, C, G 1s the
carrier of a system of binary-oppositional characteristics:

-1) two of these nucleotides are purines (A and G), which have
2 rings 1n the molecule, and the other two (C and T) are
pyrimidines , containing 1 ring, which gives a
representation C =T =0, A=G =1;

- 2) two of these nucleotides are keto molecules (T and G),

and the other two (C and A) are amino molecules, which
gives a representation C =A=0,T=G = 1.



Because of this, DNA alphabets of 4 letters, 16 duplets and
64 triplets are presented 1n the form of square tables, the
columns of which are numbered with the opposition indicators
“pyrimidine or purine” (C=T=0, A=G=1), and the rows - with
the opposition indicators “amino or keto" (C=A=0, T=G=1).

In these genetic tables, rows and columns are numbered by
ordered numbers (codewords) of famous cyclic n-bit Gray
codes, by analogy to Karnaugh maps, a well-known method
for simplifying Boolean algebra expressions. Such numeration
was applied specially to search a possible communication of
the genetic code system with Boolean algebra of logic. In such
tables, all monoplets, duplets and triplets automatically occupy
a strictly individual place. Each cell in these matrices, as well
as the n-plet in 1t, 1s numbered by concatenation of the Gray
code numberings of its row and column. We conventionally
call such sguare tables as “genetic Karnaugh matrices”.



Arrangements ot 4 monoplets, 16 duplets and 64 triplets are
shown 1n the genetic Karnaugh matrices with numbering of
columns and rows according to Gray codes (the decimal
equivalents of Gray numbers are given in parentheses):

00 (0) 01 (1) 11(2) 10 (3)
CC CA AA AC
0 1 00 | 0000 (0) 0001 (1) 0011 (2) 0010 (3)
C A CT CG AG AT
0]00()| 01(1) 01 | 0100(7) | 0101 (6) 0111 (5) 0110 (4)
T G TT TG GG GT
1{103) | 11(2) 11| 1100 (8) 1101 (9) 1111 (10) 1110 (11)
TC TA GA GC
10 | 1000 (15) | 1001 (14) | 1011 (13) 1010 (12)
000 (0) 001 (1) 011 (2) 010 (3) 110 (4) 111 (5) 101 (6) 100 (7)
000 CCC CCA CAA CAC AAC AAA ACA ACC
(0) | 000000 (0) | 000001 (1) | 000011 (2) | 000010 (3) | 000110 (4) | 000111 (5) | 000101 (6) | 000100 (7)
001 CCT CcCG CAG CAT AAT AAG ACG ACT
(1) 001000 (15) | 001001 (14) | 001011 (13) | 001010 (12) J 001110 (11) | 001111 (10) | 001101 (9) | 001100 (8)
011 CTT CTG CGG CGT AGT AGG ATG ATT
(2) 011000 (16) | 011001 (17) | 011011 (18) | 011010 (19) f 011110 (20) | 011111 (21) | 011101 (22) | 011100 (23)
010 CTC CTA CGA CGC AGC AGA ATA ATC
(3) 1010000 (31) | 010001 (30) | 010011 (29) | 010010 (28) J 010110 (27) | 010111 (26) | 010101 (25) | 010100 (24)
110 TTC TTA TGA TGC GGC GGA GTA GTC
(4) 1110000 (32) | 110001 (33) | 110011 (34) | 110010 (35) § 110110 (36) | 110111 (37) | 110101 (38) | 110100 (39)
111 TTT TTG TGG TGT GGT GGG GTG GTT
(5) | 111000 (47) | 111001 (46) | 111011 (45) | 111010 (44) | 111110 (43) | 111111 (42) | 111101 (41) | 111100 (40)
101 TCT TCG TAG TAT GAT GAG GCG GCT
(6) ] 101000 (48) | 101001 (49) | 101011 (50) | 101010 (51) f 101110 (52) | 101111 (53) | 101101 (54) | 101100 (55)
100 TCC TCA TAA TAC GAC GAA GCA GCC
(7) ] 100000 (63) | 100001 (62) | 100011 (61) | 100010 (60) | 100110 (59) | 100111 (58) | 100101 (57) | 100100 (56)




How are 20 amino acids and stop-codons, encoded by
these 64 triplets, located in the matrix of 64 triplets?
The number of options for the arrangement of amino
acids with their repetitions to fill the entire (8*8)-
matrix 1s immeasurable: >>10"100 (for comparison, in
physics, the lifetime of the Universe 1s estimated at
10717 seconds). Will this arrangement be chaotic or
will 1t suddenly turn out to be naturally symmetrical?
The following Figure shows the case of the Vertebrate
Mitochondrial Genetic Code, which 1s considered to
be the most ancient and symmetrical among the
genetic code dialects.



000 (0) 001 (1) 011 (2) 010 (3) 110 (4) 111 (5) 101 (6) 100 (7)
CCC CCA CAA CAC AAC AAA ACA ACC
Pro Pro Gln, His Asn Lys Thr Thr
000 | 000000 (0) | 000001 (1) | 000011 (2) | 000010 (3) | 000110 (4) | 000111 (5) | 000101 (6) | 0OO100 (7)
((8))
CCT CCG CAG CAT AAT AAG ACG ACT
Pro Pro Gln, His, Asn Lys Thr Thr
001 | 001000 (15) | 001001 (14) | 001011 (13) | 001010 (12) | V01110 (11) | 001111 (10) | 001101 (9) | 001100 (8)
1)
CTT CTG CGG CGT AGT AGG ATG ATT
Leu Leu Arg Arg Ser Stop Met Ile
011 | 011000 (16) | 011001 (17) | 011011 (18) | 011010 (19) J 011110 (20) | 011111 (21) | 011101 (22) | 011100 (23)
2)
CTC CTA CGA CGC AGC AGA ATA ATC
Leu Leu Arg Arg Ser Stop Met Ile
010 | 010000 (31) | 010001 (30) | 010011 (29) | 010010 (28) | 010110 (27) | 010111 (26) | 010101 (25) | 010100 (24)
3
TTC TTA TGA TGC GGC GGA GTA GTC
Phe Leu drp Cys Gly Gly Yal Xal
110 | 110000 (32) | 110001 (33) | 110011 (34) | 110010 (35) | 110110 (36) | 110111 (37) | 110101 (38) | 110100 (39)
“@)
TTT TTG TGG TGT GGT GGG GTG GTT
Phe, Leu Trp Cys Gly Gly. Val Val
111 [ 111000 a7) | 111001 46) | 111011 (45) | 11101044y | 111110 43) | 111111 (42) | 111101 (41) | 111100 (40)
5)
TCT TCG TAG TAT GAT GAG GCG GCT
101 | 101000 (48) | 101001 (49) | 101011 (50) | 101010 (51) | 101110 (52) | 101111 (53) | 101101 (54) | 101100 (55)
(6)
TCC TCA TAA TAC GAC GAA GCA GCC
100 | 100000 (63) | 100001 (62) | 100011 (61) | 100010 (60) | 100110 (59) | 100111 (58) | 100101 (57) | 100100 (56)
7

It turns out that from the ocean of possibjlities, nature chose a
regular and symmetric variant of the rel?e,tltlon and.arrangement of
amino acids and stop codons 1n this matrix of 64 triplets. The
shown matrix of encoded amino acids and stop codons consists of
pairs of adjacent rows 0-1, 2-3, 4-5, 6-7, 1dentical in composition of
amino acids and stop codons, shown in color. For example, rows
0 and 1 contain the Same composition and arrangement of red
amino acids Pro, GIn, His, Asn, Lys, Thr.



000 (0) 001 (1) 011 (2) 010 3”7 110 (4) 111 (5) 101 (6) 100 (7)
ccc CCA CAA CAC AAC AAA ACA ACC
Pro Pro L . His. Asn Lys. Thr Thr
000 | 000000 (0) 000001 (1) 000011 (2) 000010 (3) 000110 (4) 000111 (5) 000101 (6) 000100 (7)
()]
CCT CcCG CAG CAT AAT AAG ACG ACT
Pro Pro Gln, His, Asn Lys Thr Thr
001 | 001000 (15) | 001001 (14) | 001011 (13) | 001010 (12) | 001110 (11) | 001111 (10) | 001101 (9) 001100 (8)
(1)
CTT CTG CGG CGT AGT AGG ATG ATT
Leu Leu Arg Arg Serx, Stop Met Ile
011 J 011000 (16) | 011001 (17) | 011011 (18) | 011010 (19) J 011110 (20) | 011111 (21) | 011101 (22) | 011100 (23)
(&)
CcTC CTA CGA CGC AGC AGA ATA ATC
Leu Leu Arg Arg Ser. Stop Met e
010 | 010000 (31) | 010001 (30) | 010011 (29) | 010010 (28) J 010110 (27) | 010111 (26) | 010101 (25) | 010100 (24)
(€]
TTC TTA TGA TGC GGC GGA GTA GTC
Phe Len Trp Y8 Gly, Gy, Yal Yal
110 | 110000 (32) | 110001 (33) | 110011 (34) | 110010 (35) [ 110110 (36) | 110111 (37) | 110101 (38) | 110100 (39)
““
TTT TTG TGG TGT GGT GGG GTG GTT
Phe Leun o, Cys Gly, Gly, Val Val
111 | 111000 (47) | 111001 (46) | 111011 (45) | 111010 (44) | 111110 (43) | 111111 (42) | 111101 (41) | 111100 (40)
(&)
TCT TCG TAG TAT GAT GAG GCG GCT
Ser. Ser. Stop Iyr Asp Gla Ala Ala
101 | 101000 (48) | 101001 (49) | 101011 (50) | 101010 (51) ] 101110 (52) | 101111 (53) | 101101 (54) | 101100 (55)
(6)
TCC TCA TAA TAC GAC GAA GCA GCC
Ser. Ser. Stop Iy ASp Glu Ala Ala
100 | 100000 (63) | 100001 (62) | 100011 (61) | 100010 (60) | 100110 (59) | 100111 (58) | 100101 (57) | 100100 (56)
(@)
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s 1n Karnaugh maps are known as minterms, while

each cell value represents the corresponding output value
of the Boolean function. The presented genetic facts show
one of the examples of a connection of the DNA n-plets
alphabets with systems of Boolean functions.



This revealed connection between genetic coding and
Boolean function systems 1s significant because when
developing artificial intelligence, a well-known academic
statement should be taken 1nto account: “without
mathematical logic, discussions about whether a machine
can think lose all ground... and the urgent problem of
creating artificial intelligence becomes meaningless”
[Yaglom I.M. Boolean Structure and its Models. M., 1980].

Below I will show the universal rules of statistical
(probabilistic) structure of single-stranded DNA 1n genomes of
higher and lower organisms that I have identified. Since
probability theory itself 1s known to be a normalized Boolean
algebra, these rules of genomic probabilities additionally
mutually connect genetic informatics with Boolean algebra.



The mmportance of Boolean algebra for biology 1s
confirmed by the fact that the physiology of active tissues 1s
based on the fundamental binary law “all or nothing”: a
nerve cell and a muscle unit give only “yes” or “no”
answers to the actions of various stimuli. They do not
respond to subthreshold stimuli, but to suprathreshold
stimul1 they respond with full amplitude. This 1s similar to
the operation of computer triggers.

Crocodiles and turtles, having hatched from their eggs,
immediately crawl towards the water with completely
coordinated movements based on the logically coordinated
activity of millions of their binary-working nerve and
muscle cells.




To detect hidden statistical rules 1n the nucleotide
sequence of any single-stranded genomic DNA, the author's
method of "hierarchies of multilayer statistics"” 1s used: such
DNA is first considered as a sequence of single nucleotides
C, A, T, G where the percentage of each of the 4 types of
nucleotides 1s calculated (%C, %A, %T, %G) . Then 1t 1s
considered as a sequence of duplets of the type CA-TT-GA-
... where the percentage of each of the 16 types of duplets 1s
calculated (%CC, %CA, %CQG, ...). Then the same genomic
sequence 1s considered as a sequence of triplets, then
tetraplets, etc. where the percentage of each of the 64 types
of triplets (% CCC, %CCA, ...), each of the 256 types of
tetraplets, etc. 1s calculated each time. Thus, the nucleotide
sequence of each genomic DNA is considered as a
multilayer system of a multitude of n-plet layers.
(I analyzed usually the cases of n =1, 2, 3, 4).



Let us demonstrate examples of the rules of
stochastic-deterministic  organization of genomic
DNASs by inserting into the genetic Karnaugh matrices
the percentages of n-plets in the n-plet layers of single-
stranded DNA of human chromosome Nel, containing
a huge sequence of approximately 250 mullion
nucleotides  (its  fragment 1S  shown).

TCTGACCTGAGGAGAACTGTGCTCCGCCTTCAGAGTACCACCGAAATCTGTGCAGAGGACAACGCAGCTC
CGCCCTCGCGGTGCTCTCCGGGTCTGTGCTGAGGAGAACGCAACTCCGCCGTTGCAAAGGCGCGCCGCGC
CGGCGCAGGCGCAGAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGCGCCGCGCCGGCGCAGGLCGL
AGAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGCGCCGCGCCGGCGCAGGCGCAGAGAGGCGCGC
CGCGCCGGCGCAGGCGCAGACACATGCTAGCGCGTCGGGGTGGAGGCGTGGCGCAGGCGCAGAGAGGCGC
GCCGCGCCGGCGCAGGCGCAGAGACACATGCTACCGCGTCCAGGGGTGGAGGCGTGGCGCAGGCGCAGAG
AGGCGCACCGCGCCGGCGCAGGCGCAGAGACACATGCTAGCGCGTCCAGGGGTGGAGGCGTGGCGCAGGC
GCAGAGACGCAAGCCTACGGGCGGGGGTTGGGGGGGCGTGTGTTGCAGGAGCAAAGTCGCACGGCGCCGG
GCTGGGGCGGGGGGAGGGTGGCGCCGTGCACGCGCAGAAACTCACGTCACGGTGGCGCGGCGCAGAGACG



Genetic Karnaugh matrices with inserted percentages of

n-plets of DNA of human chromosome No. 1

00 01 11 10
CcC CA AA AC
o 1 00 | 0.0541 0.0727 | 0.0950 0.0503 0.2722
= A 0000 0001 0011 0010
(8] 0.%%85 0‘%9110 0.4995 CT G AG AT
T G 01 ] 0.0713 0.0103 | 0.0714 0.0743 0.2273
1 0.2918 0.2087 0.5005 0100 0101 0111 0110
10 11 T TG GG GT
0.5003 | 0.4997 11 | 0.0957 0.0729 | 0.0542 0.0505 0.2732
1100 1101 1111 1110
TC TA GA GC
10] 0.0601 0.0631 0.0601 0.0440 0.2273
1000 1001 1011 1010
0.2812 0.2190 | 0.2807 0.2191
000 001 011 010 110 111 101 100
CcCC CCA CAAN CAC AANC AN ACA ACC
000 0.0138 0.0188 0.01806 0.0152 0.0145 0.0369 0.0198 0.0118 0.1495
000000 000001 000011 000010 000110 000111 000101 000100
CcCT CCG CAG CAT AAT AANG ACG ACT
001 0.0185 0.0029 0.0210 0.0179 0.0238 0.0199 0.0025 0.0162 0.1228
001000 | 001001 001011 001010 001110 001111 001101 001100
(@ CTG CGG CGT AAGT AGG ATG ATT
011 0.0201 0.0209 0.0029 0.0026 0.0161 0.0185 0.0178 0.0239 0.1228
011000 | 011001 011011 011010 011110 Oo11111 011101 011100
CcTrc CTA CGA CGC 282GC AGA ATA ATC
010 0.0176 0.0127 0.0023 0.0025 0.0144 0.0224 0.0194 0.0132 0.1045
010000 | 010001 010011 010010 010110 010111 010101 010100
TTC TTA TGA TGC GGC GGA GTA GTC
110 0.0197 0.0198 0.0195 0.0146 0.0126 0.0160 0.0112 0.0096 0.1228
110000 110001 110011 110010 110110 110111 110101 110100
TTT TTG TGG TGT GGT GGG GTG GTT
111 0.0372 0.0188 0.0190 0.0199 0.0119 0.0138 0.0153 0.0145 0.1504
111000 111001 111011 111010 111110 111111 111101 111100
TCT TCG TAG TAT GAT GAG GCG GCT
101 0.0223 0.0023 0.0128 0.0194 0.0133 0.0176 0.0025 0.0144 0.1046
101000 101001 101011 101010 101110 101111 101101 101100
TCC TCA TAA TAC GAC GAA GCA GCC
100 0.0159 0.0196 0.0199 0.0110 0.0096 0.0196 0.0146 0.0125 0.1227
100000 100001 100011 100010 100110 100111 100101 100100
0.1652 0.1159 0.1160 0.1031 0.1161 0.1646 0.1031 0.1160




At first glance, these genetic Karnaugh matrices
for genomic DNA contain a chaotic set of n-plet
percentages. However, as revealed, they are subject to
a system of rules. . . .

Some of the rules are associated with the concept
of complementary columns %and rows) 1n genetic
Karnaugh matrices: a pair of columns (rows), the
numbers of which in these matrices transform into
each other with mutual replacement 0<>1, are called
complementary. For example, columns with numbers
100 and 011 are complementary 1n this sense.



Example 1. The complementarity rule for genomic DNA:
- In each genetic n-bit Karnaugh matrix, the sums of the
probabilities of n-plets in com]fllementary columns émws) are
practically the same, although the probabilities of individual n-
plets in them are different.

SUMS OF PROBABILITIES IN
COMPLEMENTARY COLUMNS

SUMS OF PROBABILITIES IN
COMPLEMENTARY ROWS

%011 (=0.1160) =~ %100 (=0.1160);
%010 (=0.1031) = %101 (=0.1031)

1 %0 (=0.5003) = %1 (=0.4997) %0 (=0.4995) = %1 (=0.5005)
2 %00 (=0.2812) = %11 (=0.2807); %00 (=0.2722) = %11 (=0.2732);
%01 (=0.2190) = %10 (=0.2191); %01 (=0.2273) = %10 (=0.2273)

%000 (=0.1652) = %111 (=0.1646); %000 (=0.1495) = %1 11 (=0.1504);

3 %001 (=0.1159) = %110 (=0.1161); %001 (=0.1228) =~ %110 (=0.1228);

%011 (=0.1228) ~ %100 (=0.1227);
%010 (=0.1045) = %101 (=0.1046)

%0000 (=0.0982) = %1 111 (=0.0977);
%0001 (=0.0669) ~ %1110 (=0.0669);
41 %0011 (=0.0605) = %1100 (=0.0604);
%0010 (=0.0555) =~ %1101 (=0.0556);
%0110 (=0.0490) = %1001 (=0.0490);
%0111 (=0.0669) ~ %1000 (=0.0670);
%0101 (=0.0475) =~ %1010 (=0.0476);
%0100 (=0.0556) ~ %1011 (=0.0555)

%0000 (=0.0830) =~ %1111 (=0.0838);
%0001 (=0.0664) =~ %1110 (=0.0666);
%0011 (=0.0659) ~ %1100 (=0.0648);
%0010 (=0.0569) ~ %1101 (=0.0580);
%0110 (=0.0563) = %1001 (=0.0563);
%0111 (=0.0666) ~ %1000 (=0.0664);
%0101 (=0.0466) ~ %1010 (=0.0476);
%0100 (=0.0579) = %1011 (=0.0570)




Example 2. Between the n-bit Karnaugh matrix and the
(n+1)-bit Karnaugh matrix for genomic DNAs, dichotomous
connections of the total probabilities of n-plets of their
columns (and rows) are rea 1zelzd, expressed by the following

rule.

Probability dichotomy rule. For genomic DNA 1n its n-bit
Karnaugh matrix, each column (row) has such a total
probability of all 1ts n-plets, which 1s practically equal to the
sum of the total probabilities of two columns (rows) in the
(n+1)-bit Karnaugh matrix. For example, in the Karnaugh
matrix for duplets, column number 01 has a probability of
0.2190, and in the Karnaugh matrix for triplets, two columns

with numbers 010 and 011 have (?ractically the same sum of
their total probabilities 0.2191 (= 0.1160+0.1031).

~ The next slide shows fractal-like dichotomy diagrams for
this rule (I tested these rules for n = 1, 2, 3, 4, and 1n some
cases for n = 6, 7).



Dichotomous probability diagram for rows of n-bit Karnaugh
matrices (symbols 0 and 1 correspond to “amino” and “keto”
nucleotides (DNA of human chromosome No. 1 1s presented):

0 1
0.5003 0.4997
,/"’/ :\H\\,
-~ J T
00 01 11 10
012812 0.%190 0.2807 0.21_91
‘_——f—*"_7_7_7_7_7_;—-7"",_/7/7--7- ‘,——""’_7{_ - / /\ w‘-‘\“ \H\\:-:i — i
000 o011 o111 010 110 111 101 100
0.1652 0.1159 0.1160 0.1031 0.1161 0O.1646 0.1031 0.1160
0000 } 0001 | 0011 | 0010 } 011{ | 0111 | 0101 } /0100 1100 } 1101 | 1{1 } 1110 | 10J|u { 1011 | 1001 { 1000
0.0982 | 0.0669 | 0.0605 | 0.0555 | 0.0490 | 0.0669 | 0.0475 | 0.0556 | 0.0604 | 0.0556 | 0.0977 | 0.0669 | 0.0476 | 0.0555 | 0.0490 0.0670

llllllll

Dichotomous probability diagram for columns of n-bit

Karnaugh matrices (sym!
and pyrimidines):

bols 0 and 1 correspond to purines
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In genomic DNAs, there are many similar dichotomous
probability networks of n-plets. They can be represented as
multilayer fractal quantum-information networks of n-qubits
'Y >, dichotomously interconnected by the probabilities of
their computational basis states (represented by code words of
cyclic Gray codes). A change in the probability amplitudes in
one n-qubit layer causes a restructuring of all n-qubait layers of
this holistic quantum-information network.

¥>= t0[0> + w|l>, (@ + 0r*=1).
Ve
¥p>= ao[00> + agl0l> + alll> +  an10>, (oe* = oo™t aord),
P / N

Y>= aon|000>+a0o1|001>+aor| 011>+ 01010{010> 10| 110>+ orgsa| L1I>+ 0101 [ 101>+ ataro] 010>

oy S

Yo>= annn|0000>+e0o0i0001>+a00r0]0010>+000u| 011>+ ..o+ @ioro[1010>+ @sors[1011>+ woo|0100>+a01/0101>




/  Example 3. The rule of equality of the sums of
"n-plets with an attribute*:
- In genomic DNA , the percentage of each of the
nucleotides C, G, A, T is practically equal to the sum
of the percentages of all those duplets, as well as
triplets and tetraplets, 1n Wthh this (attribute)
nucleotide 1s located at a fixed position (at the first, or
second, or third, or fourth), though the number of
n-plets ‘and the probablhty values of individual n-plets
in  these sets are  significantly  different.
For example, in DNA of human chromosome
Nel, the percentage %C = 0.2085 1s practically equal
to the sum of percentages of 4 duplets having C at
their first position %CC+%CA+%CT+%CG=0.2083,
and of 4 duplets having C at their second position

% CCH%ACH%TC+%GC=0.2085. The table on the
next slide 1llustrates this. .




Table of percentages of C, G, A, T and sums X of
percentages of n-plets with these nucleotides at certain
positions 1n genetic n-bit Karnaugh matrices for the case of
DNA of the human chromosome Nel. The symbol N denotes

any of these nucl

eotides.

%C =~ 0.2085

%G =~ 0.2087

%A =~ 0.2910

%T =~ 0.2918

Y2%CN= 0.2085

2%GN = 0.2088

2%AN =~ 0.2910

2%TN =~ 0.2917

Y%NC =~ 0.2085

Y%NG =~ 0.2087

Y%NA =~ 0.2910

Y2%NT =~ 0.2918

2%CNN =~0.2084

2%GNN =~ 0.2088

2%ANN =~ 0.2910

X%TNN = 0.2917

2%NCN =~ 0.2085

2%NGN ~ 0.2088

2%NAN =~ 0.2910

2%NTN = 0.2917

Y%NNC =~ 0.2085

2X%NNG =~ 0.2087

Y2%NNA ~ 0.2910

2%NNT =~ 0.2918

2%CNNN =~ 0.2085

2%GNNN =~ 0.2088

2%ANNN =~ 0.2910

2%TNNN =~ 0.2917

2%NCNN = 0.2085

2%NGNN = 0.2087

2%NANN = 0.2910

2%NTNN = 0.2918

X%NNCN = 0.2085

2%NNGN =~ 0.2088

X%NNAN =~ 0.2910

X%NNTN =~ 0.2918

L%NNNC = 0.2085

L%NNNG = 0.2087

L%NNNA =~ 0.2910

Y%NNNT =~ 0.2918




In general, the discovered rules indicate that the
information sequences of genomic DNA are
stochastic-deterministic, 1.e. those 1n which
stochastics are strongly limited by the presence of
regular relationships between the total probabilities of
certain groups of n-plets from different n-plet layers
(1.e. from different n-qubit layers | > of fractal
quantum bioinformatics).



EUKARYOTES AND PROKARYOTES

These and other discovered rules of stochastic-

deterministic organization of information sequences in

genomic DNASs are valid for all genomic DNAs already

studied 1n our laboratory:

- 1) all 24 human chromosomes;

- 2) all chromosomes of Drosophila, mice, worm, and
many plants;

- 3) 19 genomes of bacteria and archaea;

- 4) many extremophiles living in extreme conditions, for
example, radiation with a level 1000 times higher
than that lethal to humans.




In developing of this direction, the well-known fact 1s used

that Gray codes are close}% related to the fractal Hilbert curve,

which allows you to

iscretize” any space, creating a

convenient coordinate system in it. This relates to the problem
of how genetic information recorded on one-dimensional

DNA strands determines the three-dimensional morphology of
living bodies. It 1s important that the spatial packaging of
chromatin 1n the genome turns out to correspond to the

P

Hilbert curve, which 1s 1ts polymer fractal 3D globule,

geoaggged on the cover of the journal “Science” (vol. 326, 5950,
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It should be added that Gray codes are closely related to
Walsh functions, Harmuth sequency analysis and spectral
logic, which are widely used 1n communication technology,
aerospace 1mage analysis, logical holography on Walsh
functions [Morita, Sakurai, 1973], Walsh antennas with unique
properties, dyadic clocks and many other technologies and
concepts (see [L.M. Soroko, Uspekhi Fizicheskikh Nauk,
1979, Vol. 129, Issue 10]). This relationship 1s useful for
developing new approaches to modeling hereditary
phenomena and artificial intelligence problems [Petoukhov S.,
https://do1.0rg/10.20944/preprints202402.0713.v1 |.

Q/ ) ),»- * ' | | ."'

i



https://doi.org/10.20944/preprints202402.0713.v1

/ An example of inherited abilities for conscious
actions 1s echolocation in dolphins, bats, etc. A dolphin,
due to 1ts sonar system of bio-antennas, locates a pellet
that has fallen into the water at a distance of 15 m at high
speeds; distinguishes the sizes of objects of the same
shape that differ by a few percent, their materal;
distinguishes, like a tomograph, the details of the internal
structure and the shape of objects in the water or a layer of
silt; at a distance of 3 km, 1t distinguishes the breed and
size of fish. The properties of its antenna system resemble
similar properties of digital antenna systems of modern
technology, called Intelligent Antennas.




The results of my study indicate that DNA nucleotide
sequences encode not only amino acid sequences in proteins,
but also inherited logical connections. They indicate that the

enetic coding system has two different types of code: 1) the
ong-known triplet code of amino acid sequences; 2) the n-plet
code of Boolean functions. Taking into account the genetic
Boolean code allows us to better understand the innate ability
of a butterfly to emerge from its chrysalis and begin to fly,
which 1s 1mpossible without the logical coordination of
millions o its  neurons and  muscle  units.

7/

=) ).




/

The presented 1dentification of structural links between
the genetic coding system and the algebra of logic brings
to mind the founder of mathematical logic, Jeorge Boole,
and his book “An Investigation of the Laws of Thought on
Which the Mathematical Theories of Logic and
Probability Are Based” (1854). The mathematical logic
proposed by Boole was considered useless for practice for
decades, but now computer technologies, the Internet,
variants of artificial intelligence, etc. are based on it. The
future of algebraic biology, in our opinion, 1s also




/ There are also other universal rules in the
stochastic-deterministic  organization of genomic
DNAs associated with genetic Karnaugh matrices and
Gray codes. They are beyond the scope of this time-
limited report.

The presented universal (archetypal) rules draw
attention to the fact that already at the level of
genomic DNAs, nature realizes holistic probabilistic
structures of algebraic type, largely independent of the
probabilistic components that comprise them.

In genetically 1nher1ted physmloglcal phenomena,
this phenomenon of mtegrlty corresponds, 1n
particular, to phenomena known 1n Gestalt-psychology
and Gestalt-therapy. Many 1llusions of perception are
associated with them. We believe that the formalisms
of fractal quantum bioinformatics can be used to
model these and other 1nherited biological phenomena.



Some materials of the talk are presented in my book “Algebraic
Biology, Matrix Genetics, and Genetic Intelligence” (co-
authored with Prof. Matthew He, USA, World Scientific, 2023, 616
p.) and in my articles:
https://do1.org/10.1016/1.biosystems.2024.105349;
https://www.preprints. org/manuscrlpt/ZOZSOl 0198/v1 .

They are also contained in a number of publications open for
reading on my website http://petoukhov.com/ .

Algebraic Biology,
Matrix Genetics,

and

Genetic Intelligence

P 95
. Sergey Petoukhov
Matthew He

—
" \\P World scientific


https://doi.org/10.1016/j.biosystems.2024.105349
https://www.preprints.org/manuscript/202501.0198/v1
http://petoukhov.com/

CONCLUSIONS

1) The connection between the genetic coding
system and the Boolean algebra of logic jointly with
Gray's cyclic codes has been revealed.

2) The statement on the existence of a genetic n-plet
code of Boolean functions, which 1s important for
understanding the inherited logic of interactions
between body parts, has been put forward and argued.

3) The results of the algebro-biological studies can
and should be used to develop fractal quantum
bioinformatics and artificial intelligence systems of a
genomorphic type.

Thanks for your attention!
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