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Abstract

The guthor puts jorward an atiribaiive conception of
genetic longuage It discovers existence of three

binary tub-olphabets of genetic codz according fa

three Jdnds  of Mochemical aomributes  The

“elementary” four-letter alphabet of geweric code

comprises these sub-nlphabets. From this viewpoin,

each genetic message fncludes three paraflel texis of .
binary types as in compuier coding. The author
construcis octet biperiodic table of genetic code with

intzresting meathematical pecnifarines. Thiy table of
Of genetic iriplels s simitar to o famous table of &4
hexagrmns from the Axcienr Chinese “The Book of
Changes ™ unexpectedly. Each of 64 iriplety gets lis
aaterol individual number from & il 63 according
to this attributive coitception, The parallel presence
of ensembies of the binary sub-alphabets ot diferent
Sields of informanion phvsiology &5 marked The
guthor suppotes thet ensembles of binary sub-
alphabets ploy a role of unification (unitized} base
Jor all or for mafority of biofogical languages.

Kevwords: anribute, genetic code, language,

From the information viewpoint, living
orgamisms are information essences. They live
due to receiving of the genetic information from
the ancestors, and they exist to transfer the
genetic information to their descendants. In the
biological literature it is possible quite often to
mezt the statement that living organisms are the
texts singg a molgcular level of their

organization. Just from the information-
hereditary viewpoint all living organisms are
unifizd wonderfully: all of them hawve identical
bases of system of genetic coding.

For rzalization of the genetic messages,
which encode scquences of amino acids in
proteing, all kinds of organisms utilize in their
molecules of heredity DNA {and RNA -
ribonncleic acid) the “alphabet™ comsisting of
ooly four “letters™ or nitrogenous bases:
adenine {A), cytosine {C), guanine {(3), thymine
{T) {or uracil {U7) in BNA}. Linear sequences
of these four letters on strings of molecules of
heredity {DMNA and RNA) contain the genetic
information for protein svnthesis in all living
bodies - from bacteria up to 2 whale and from
worm up to a bird and man, The given set of
four letters is usnally considered as the
elementary alphabet of a genetic code. The
modern  science does not know why the
aiphabet of genetic language has four letters (it
could have any other number of the letters in
principle} and why just these four nitregenous
bases arc chosen by nature as elements of the
gengtic  alphabet from  biflions  possible
chemical compounds.

The auwthor paid attention to the fact
that these four mitrogenous bases represent
specific poly-nuclear constructions with the
special biochemical properties. The set of
these four constructions has on itself a
substantial system of attributes for uniting and
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distinguishing of its Tetters {or, more precisely,
the set has pairs of “attribute — anti-artribute™).
This system of attributes divides the four-tettar
alphabet into varions pairs of letters, which are
cquivalent from a viewpoint of one of these
attributes or its absence: 1) €=U n A=G
(according ic attributes: “pyrimidine™ or “non-
pytimidine”, that i¢ purine); 2} A=C u G=U
{according to attributes: amino-mutating of
non-amino-mutating under action of nitrous
acid HNG; ¥ 3} C=G u A=U (according to
atiributes: three or two hydrogen bonds are
matenalized in these complementary pairs).
Let's pumber these attributes by
oumbers N=123 and let’s ascribe to sach of

four letters of code the svmbol "1" in case of
Presence at it of an attnbute under pumber "N°
and the symbaol "0y" in case of its absence. In
result we receive representation of the four-
alphabetic alphabet of a code in svstem of its
three "binary sub-alphabets to attribures * (see
Table ). The foer-letter alphabet of 2 code is
turtuled into the two-lewer alphabet on the
basis of each kind of attributes. For example, to
the first attribute we have (instead of the fouge-
letter alphabet) the alphabet from two letters 0,
and 1, which the author names as “the binary
sub-alphabet to a first attributs”.

Table 1. Theee binary sub-alphabets according to attributes

ATIRIBUTE

Gla]TUlC

one 7ing in the molecule)

1) Belonging to pyrimidine ¢lass (with

0y 0] 1, ]1

NH; in molecular ring)

2) Amino-rmutating (or special locationof [0 [ 15 | (4 | 12

X

three hydrogen bonds

3} Belonging to complementary pairwith | 1, { 0 | 05 | 1q

CT—T’U

Accordingly, the genetic text as a
sequence of four fetters of genetic language is
submitted by three parallel and wvarious
sequences of zero and unit (such binary
sequences are used at a storage and transfer of
the information in computersy. It illustrares a
following example of an initial piece of a

genetic scquence for insulin {sec Table 2).
Figuratively speaking, the genmetic TNESSAEe
appears as a bunch of pamilel texts in three
different languages, and genetic sequences have
a property of poly-languages. This property was
missed earlier from view.

Table 2. Binary sequences in a gene of insulin

Number of Sequence of “letters” in g gene of insulin

tribute

* AUGGGCAUCGUUGAACAGUG U~
MNe 1 Gl B e L0 L 0 L0 0, 1,80 1, 0, Lo
2 Ly O 0: 0 0:15 150, 1,0, 6,05 05 a1 1, 0,0.0404 ...,
M3 '03 03 13. 13 13 ].3 03 0’5 13 13 03 03 13 03 03 1'5 03 13 G; l; 03 o

Each letter of the genetic lanpuage in
view of its meaning in three binary sub-
alphabets can be expressed by a code vector in
theee-dimensional Carfesian space. It is well
known that g set of three letters of a genctic
language forms a triplet {or a codon), which
encodss one of 20 amino acids or punctuation
marks of protein synthesis. Duc to three binary
sub-alphabets, any genctic triplet can be
presented by a sat of three code veciors or by

sumerical matrix (3x3). Generally speaking,
each from these parallel information tewts,
based on chjective biochemical attribrtes, wan
provide its own subsection of protein synthesis,
It's very probable, that a process of protein
synthesis is divided to relative independent
subsegtions connected with thess sub-alphabets.
The ensemble of the binary sub-
alphabets of genetic language (additionally
represented by the author in a form of
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dichotomic tbees of attributes of Yin-Yang typc)
1§ ngw system, not iovestigated earlier in
biclogy, And the “elementany" four-letters
alphabet of a code is not 30 elementary. These
sub-alphabets allow repumbering by integers
frotn 0 up to 63 all 64 triplets, which encoda 20
amino-acids and punctuations of protein
synthesis. On this basis the aothor has
constructed a substantial octet table of genetic
code with fractal properties and with double
peniodicity — in vertcal and in horizontal
dircctions (ses Table 3) [1, 2]. Unexpectedly
this bi-periodiz table of genetic code has a close
connection with famous table of #4 hexagrams
of ancient Chinese "The Bock of Changes". The

review of a histery of attempts of other authors
0 find connection between "The Book of
Changes " and genctic code was published in |2,
Chapter 3].

More precisely, due to attributes, which
ttansforra the four-letter alphabet of penctic
languags into the binary sub-alphabets, internal
structure and weli-ordering of the set of &4
genetic triplets set are revealed Octet bi-
perindic table of codons (Table 3) demonstrates
it. All triplets are repumbered by a natural
manner and are located in tabular system wath
double - on a horizomal and vemical -
pericdicity and with sccrctive fractal struchire
(described i [2] in detail),

Table 3. The bi-periodic table of genefic friplets

m no 101 100 011 010 00L DO
= | — == | 22l = == ==
a covan | T | U | Cmem | mew | Wam | B Euw
1= [CCC | CCA | CAC | CAA | ACC | ACA | AAC | AAA
CHYN | 63 62 61 60 59 58 57 56
o= |ccu [ cCC | cAU | CAG | ACU | ACG | AAU | AAC
| 55 54 53 52 5 50 49 48
10 == | CUC [CUA | CGC | CGA | AUC | AUA | AGC | AGA
i 47 46 45 44 43 42 41 | 40
o == | UCC | UCA [ UAC | UAA | GCC | GCA | GAC | GAA
oy | 31 30|29 28 27 26 25 24
== [cou [ cug T cou | €66 | AUU | AUG | AGU | AGE
oy | 39 38 37 36 35 34 33 32
wgis= {UCU [ UCG | UAU | UAG | GCU | GCG | GAU | GAG
v § 23 2] 21 20 i3 18 17 15
oy =z |UUC | UUA | UGC | UGA | GUC | GUA | GGT | GGA
= | 15 14 13 12 11 10 S g
gw=Z |UUU | UG | UGU | UGG | GUU | GUG | GGU | GGG
| 7 6 5 4 3 2 1 0

All 84 triplets are submitted in 64 cells of this
table. Any column consists of 3 triplets
equivalent of each other from the viewpoint of
the binary sub-alphabet of the first atiribute
from Table 1. In other words, triplets of one
column arg indiscernible from each other in
refation of positions gngased in them by
pytimidings and purnes. Far example, in
second column of Table 3 (From the lefl), two
pyrividines {C or U) arc on first bwa positions
of all its triplets and one puring (A or G) is on

its third position. According to Table 1, binary
symbol 1, corresponds to pyrimidines, and
binary symbol 0y carresponds to purines, o this
connection, each column fogether with all its
eight triplets receives an individual binary-
munerical symbol from the following series of
E.ighi ﬂll'ﬁﬂ—dlgﬂ numbers: 0‘10[0[, U1ﬂ|_] 1s 01110],
01}.11:, 15010], 1[0;11, 11}.]01, 111|_1|_ (IH the
Table 2 the indexes are omitted). While
tramslating from binary in decimal pumeration
gystem, this series will be transformed 1o a
scries of integers 0, 1,2, 3, 4, 5, 6 7 In our
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Table 3, all columns with their familics of
triplets are put in descending order under thess
numbers, it is cbvious, that in a binary system it
is possible to use not only symbois of “0” and
“17, but alse, for exaple {as it was made in
Ancient Chinese “The Book of Changes™), a
symbal of broken line instead of “07 and a
symbol of unbroken line imstead of “i”
According to Chinese manner, theze Jines can
be put in vertical trigrams which should be read
from below npwards {see Table 3). Then each
from ecight tabular families of triplets will
reeeive the appropriate symbol of Anciem
Chinese trigram, given in the Table 3 with its
Chmese name.

These octer families of triplets ar
known in a history of melecular genetics duc to
the Wittmann's work [3] on fragmentation of
all set of triplets inte eipht families in
connection with property of amino-mutating of
nitrogencus bases in RNA, ic., in connection
with a second attribute from Table i. Table 3,
offered by us, represents an association of these
Wittmann's octets in a Ronily of sight tabular
columns with their ordering according to the
natural binary mumeration. K is essential, that
we construct Table 3 on the basis of real
hiochemical materzals.

Each row of the Table 3 has also the
binary tumber conpected to an attribute of
aming-mutating (an attvibute Ne2 in Table 1) in
tripicts of a line. All eight triplets of each row
are equivalent cach other from the viewpoint of
the binary sub-alphabet connected with this
second attribute of Table 1. For example, its
second row {from above) is characterized by a
symbol 131:0;, ie. all triplets of the row have
identical quantity and order of the letters with
these binary symbols 1; and (. {In Table 3 the
binary symibols are printed without indexcs, but
the symbols of rows are underlined and are
printed with italics to distmguisk them from
symbols of columns). The sequence of rows in
Tabls 3 i3 built in the decreasing order of their
natural binary numbers and this order is broken

only for two average rows, which are
rearranged by their places in counection with
biochemicat faatures of Wittmann™s octets.

In Table 3 each triplet has coordinates
from a symbel of its row and symbel of its
column. Both of these svmbols can be written
out jointly as a single whole six-digit binary
mumber (for example, let us aceept, that
coordinate three-digit sumber of a tabular row
goes in the begloning of this six-digit number,
and coordinate number of a column goes i its
end}, Then all tripkts will be renumbered with
six-digit binary numbers. At translation of these
binary nunbers inte decimal numeraton, well-
ordered series of numbers from ¢ up to 63 is
formed. Al 64 triplets in the appropriate cells
of Table 3 zre numerated by mmbers of this
serics. Tn this natural systom of erdering of
triplets, mamerical invarant exists, which
characterizes all pairs of “codon-anticodon™
(codon and anticodon refer to triplets, which are
located opposite each other in pairs of
complementary strings of molecules DNA or
RNA), This invariant is a sum of coordinate
numbers of any codon and its anticodon, and
this sum is ¢qual to 63 always. And on the
contrary, if the sum of coordinate numbers of
any two triplets in Table 3 is not equal 1o 63,
these triplets are mot a pair of “codon-
anticedon™. For example, codon CUA and its
anticodon GAU have coordinate mumbers 46
and 17 accordingly, and their sum is equal to
63. In pddition to this, each codon and its
aticodon are located in cclls, which ae
inverse-symmetrical in relation of the tabular
center,

At use for coordinates of triplets in
Table 3 not digital but Chinese trigram forms,
gach triplet receives an individual coordinate
symbol as an Ancient Chinese hexagram: a pile
of six broker and wnbroken lines, This vertical
set of six lines for any triplet has at its bottom
the coordinate trigram of tabular row of the
triplet and has on top a coordinate trigram of its
tabular cohumin, At replacement of each triples
by its coordinate hexagram, Table 3 is
transformed into the table, which coingides
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wonderfully with the historcally famous table
of 64 hexagrams from “The Book of Changes”
{Table 4) in the order of Fu-Xi. This book is a
mique  monument of world eulture and
philosophical thought, the first one in the row of
sacred books of the East (see. for example, [4]).

According to smtements of Chincse sources
during thonsands years, this ancient table i
general natural archetype. It Is very imeresting
that the biochemical system of 2 genetic code is
conneeted with this Ancient Chinese symbolical
system,

Talde 4. A square arrangement of hexagrams according to Fu-Xi's order
from “The Beok of Changes” with supplement for each hexagram
of its binary-numerical value and its equivalent in a decimal numeration

TOP=— 111 110 101 LT [N} [iYi} 061 aqq
= | == i == — = | == | ==
BOTTOML | avav | 7 Lr N | W | EAW | ReT | mow
111 111111 | 211910 | 111101 [ 111900 | 111041 [ 1311010 | 111001 | L11000
= = |== = |== = (== == =
avay | = | | =g | w | | B | it | s
Ji - 1110111 § 116410 { 110101 | 110100 | 110611 | 110010 | 110001 | 136000
- E= == = (EE == = |EE (S8
) S5t |25 | =2 (=552 | B | B | SR 224
401 1031i1 | 201110 § 101101 | 101200 | 101011 ! 101010 | 101061 | 103000
= | e, =, (e, |5 == |s8 ==
L BEA7 (BN | D=4 | SE [ S8 | SEa | B | ESy
Joo 1100111 | 100110 | LOQIO] | 100100 | L0GOLL | 100010 | 100001 100000
— S |S=g | 255 | EE NEETREEME L ==
Bi1 011111 [ 011110 | 01110t { 21100 § 011011 | 011020 | G11001 | 011000
= = = 122 |22 |= |z |== |==
| Tom | S50 | o (5 | 5507 [ | B | 220
010 010111 | (16110 | 010101 [ 010100 | D10GI1 | 010010 | 010001 | 020000
_— = == = |== == == 2 |E=
N |55 == |58 |5 |28 (EEg | 85,7 | EE 6
o [ 601111 [ 0011307 DO110 § 6G11CD | 001013 | GOID10 | G000 601600
B [SSis |SEie | S=n | E=1n | 5o |55 |25, | BEg
Jrg | o001l | 000110 | 00001 [ ODOL00 | GOGOLL | 0ODOIG | O0DOOL | DOC000
== |EE. E == |EE == |=5 sz (==
KN =7 == =-=% == =] ==2 ==) ==

The bi-periodic table 3 has interssting
mathematical properties. For one example only,
let's recollect a third attribute of Table 1,
according to which the pair of complementary
nitrogenous bases C and G has three hydropen
- bonds, and other pair of complementary bases A
and U has two hydrogen bonds. Let us replace
each triplet in Table 3 by the sum of these
numbers of its hydrogen bonds, considering
C=0G=3, A=U=2. For example, the triplct CAT
will be replaced by number 7 (=3+2+2) In
result the octet numerical matrix, submitted in
the Table 5, will be produced. All rows and all

columns of this matrix differ from each other by
sequences of their numbers, But the sums of all
hydrogen bonds in cells of each row and of each
coloma are identical cach other and are equal to
that number 60, {This number is die basis of the
universa! §0-nary cyclic system, on which many
Chinese systems were constructed; the 60-years’
Chinese calendar, 60 tune keys of tradiional
Chinese music, etc). Those numbers 6, 7, % and
9, which symbolized vounp and old Yin and
Yang in Ancient China appear in cells of the
given matrix only.
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Tahle 5. Numeric matrix of the biperiodic table from viewpoint of hydrogen bonds

JUTIHeTE T m A TR 2L
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A more profound congideration of the known
data about genglic system from the viewpaimt of
the bizary sub-alphabets and the bi-periodic
table of genetic code (in particular, on
specificity of tabular locations of 20 amino
acids and of punctuation wmarks of protein
synthesis which are encoded by &4 triplets)
reveals the whole hierarchy of binary systems
of Yin-Yang type at different levels of genetic
svstem, The bi-periodic table of genetic code is
conmected with certain dichgtomy Yin-Yang
trees of binary sub-alphabet elemcents. It gives
new opportunities for the analysis of gemetic
vhenomena on the basis of the theory of fractals
and synergetic. Symenetrological analysis of
described genetic structures in connection with
ideas of unitary syminetries i3 very imeresting
also (2].

Togsther with "binary sub-alphabets to
attributes”, the biperiodic table is used for the
profound understending of the genetic texts; for
amalysts of structural fraturcs of hierarchical
system of genetic coding; for smdy of
interrelations in svstem of 64 triplets and in
syster of 20 aming-acids coded by them; for

research of questions of biological evolution,
ete, The auther examines a task of modeling of
biclogical objects and wfermation packages by
means of the theory of structures over the
gnsembles of the bimary sub-alphabets; a
comnection of binary sub-alphabetic genetic
languages with specificity of living substance
and mathematical oyclic codes; formal structural
parallelism between the system of pairs
“sitribute - anti-attribute”™ in genetic alphabet
and a set of quarks in physics of clementary
particles. The author studies also possible
variants of using of genetic codes in organisms
for coding not amingracids but for coding of
other essences, for example, of biological
eveles.

In view of these materials, a “binary-
arributive rheory of genetic code” {or, more
briefly, “attributive theory™) is developing by
the author. This theory supposes that binary-
opposite attributes play most important role in
information aspects of genetica — a role of main
information units. In owr opinion, nitrogenous
bases A, C, G, U (T}, which are conandered as
main information units by most authors
ordinanily, play an auxiliary {accessory) role of
vehicles (bearer) for these main personages.
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This viewpoint contradicts a traditional belief of
many authors that these nitrogencus bases (or
nucleotides) are main information units in
genetic messages, According to the attributive
theory, the main attention in information genetic
probiems should be concentrated to analyze of
scquences of binary-opposite  atiributes  in
genetic messages withont habitual exclusive
attesttion to sequences of nucicotides cnly. A set
of genetic molecules, whick was the most
interesting for biochemists ordinarily and which
delermined a name “moiccular genetics™, is
absolutely another than a st of attributes,
importance of which s declared by the
attributive  theory.  Perhaps, “attributive
genetics™ will be originated in future to study a
connection between these attribates of genetic
molecules and attributes of higher levels of
biological organisms.

This initial theory gives an opportunity
for many new investigations. An interesting
example of it is investigations by He [5], who
discoversd a connection betweer attributive
description of genetic system and Fibonmzcci
mumbers, etc.

The paraliel presence of casembles of
the binary sub-alphabets at different fields of
information physiology is marked: at genetics, at
color perception in vision physiology, ete. For
example, an  ensemble of thres binary
oppositiens exists in a eolor cirele of visual
peteeption; on the basis of this parallelism, the
author offers to dencte genstic triplets by color
and to consider color variant of bi-periodic table
of triplets [2, 6).

The special atiention is given to
lingtsigtics, in which there is long ago a concept
of bivary oppositions and their enscmbles as
strectural  base of the different lingistic
languages (N.S.Trubetskoi, R.O.Facobson,
ChJL.Baily, F.Jacob, etc.). For a long time
there is an opinion, that languages of human
dialogue were formed not on ar erpty place,
and they are continuation of genetic lenguage
or, anyway, are closely connected io it
confirrnieg  the 1dea of unification of
information bases of organisms (For example
see [7, B]). The pame of the monopraph by
Baily {8] "On the Yin and Yang nature of
langmage" is characteristic in this view.

Makovskii marks in his “Linguistic
genetics” [S): “The opition about language as
about living organism, whick submitted to the
matural laws of a nature, ascends to g deep
antiquity ... Research of a nature, of character
and of reasons of isororphism between genetie
and linguistic laws is one of the most important
cagdinal problems for Yinguistics of our tme".

In 2 view of large number of such
physiclogic and linguistic materials, the author
put forward a hypothesis that ensetnbles of
binary sub-alphabets play a role of unification
{unitized) base not only for linguistic languages
but also for all or for majonity of biological
languages,
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