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Summary. The subject of this paper is a digital approach to the investiga-

tion of the biochemical basis of genetic processes. The digital mechanism

of nucleic acid and protein bio-syntheses, the evolution of bioma-

cromolecules and, especially, the biochemical evolution of genetic lan-

guage have been analyzed by the application of cybernetic methods,

information theory and system theory, respectively. This paper reports

the discovery of new methods for developing the new technologies

in genetics. It is about the most advanced digital technology which is

based on program, cybernetics and informational systems and laws.

The results in the practical application of the new technology could

be useful in bioinformatics, genetics, biochemistry, medicine and other

natural sciences.
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Introduction

Scientists of new genetics and other natural sciences have

been asking the same question repeatedly: Is there a bio-

chemical language for which we can use the theory of

systems and cybernetics to describe, in a conditional and

specified way, the process of sequencing in bio-molecular

genetics, not just with biochemical but with cybernetic

and informational lawfulness?

With the goal of finding the answers to some of these

questions, we decided to conduct research into whether, in

genetics, there exists one unique mathematical array and

one mathematical lawfulness that might be valid for all

phenomena in this science. Phenomena from this science

were therefore designated with specific numeric validity,

such as number of atoms in those sequences, number of

molecules, number of atom elements, atomic numbers, etc.

We tried to discover mathematical lawfulness in sequences

of the above-mentioned phenomena, and we were suc-

cessful in doing that. We discovered that sequences of

all molecules in genetics are connected, not just accord-

ing to their biochemical characteristics, but also accord-

ing to the program lawfulness, cybernetic lawfulness, and

informational lawfulness. In creating the formula for

this science we have often encountered problems invol-

ving the following: lawfulness of groups of numbers,

analog codes and their relation, even-odd correlation of

corresponding and complementary sequences, symmetry

of sequences, and many others. A radical new vision in

science may be developed, differing from those which

only consist of ‘‘letters’’ of mathematical language in

genetics. Here we present our views about the program-

cybernetics lawfulness in genetics.

Materials and methods

A digital image where the Amino Acids Code Matrix is represented is in

the form of numbers can be created with the help of the new scientific

methods. At the first stage of our research we replaced amino acids from

the Amino Acid Code Matrix with numbers of the atoms in those amino

acids. By this means we acquired a digital image of the Amino Acids

Code Matrix. Then we mathematically analyzed those digital images of

this code matrix. After making such an analysis, we discovered the exis-

tence of digital codes in this matrix, which interconnect all amino acids

and other sequences in genetics. Below is a brief introduction to the way

we discovered those amino acid digital codes and how those codes inter-

connect all the amino acids of this matrix.

Results

The results of our research show that the processes of

sequencing the molecules are conditioned and arranged



not only with chemical and biochemical lawfulness, but

also with program, cybernetic and informational law-

fulness too. At the first stage of our research we re-

placed nucleotides from the Amino Acid Code Matrix

with numbers of the atoms in those nucleotides (see

Table 1).

ð152 þ 168Þ ¼ ð164 þ 168Þ; ð156 þ 172Þ ¼ ð160 þ 168Þ;
ð164 þ 180Þ ¼ ð168 þ 176Þ; ð168 þ 184Þ ¼ ð172 þ 180Þ;
ð640 þ 704Þ ¼ ð656 þ 688Þ;

Number of atoms in nucleotides AUGC¼ 2688;

Connection

36; 37; 39; 40 ! 36373940;

37; 38; 40; 41 ! 37384041; etc:

Example 1

ð37384041 � 36373940Þ ¼ ð38394142 � 37384041Þ
¼ 1010101;

ð40414344 � 39404243Þ ¼ ð41424445 � 40414344Þ
¼ 1010101;

ð39404243 � 37384041Þ ¼ ð40414344 � 38394142Þ
¼ 2020201; etc:

Example 2

ð41403837 � 40393736Þ ¼ ð42413938 � 41403837Þ
¼ 1010101;

ð44434140 � 43424039Þ ¼ ð45444241 � 44434140Þ
¼ 1010101;

ð43424039 � 41403837Þ ¼ ð44434140 � 42413938Þ
¼ 2020201; etc:

Example 3

152; 156; 164; 168 ! 152156164168;

156; 160; 168; 172 ! 156160168172; etc:

ð156160168172 � 152156164168Þ
¼ ð168172180184 � 164168176180Þ ¼ 4004004004;

Code 336

2688¼ð336þ336þ336þ336þ336þ336þ336þ336Þ;
In those examples, the mathematical balance in the dis-

tribution of atoms is achieved.

Formula for decoding the digital genetic code matrix

ðD1; 2; 3; n;C1; 2; 3; n;B1; 2; 3; n;A1; 2; 3; n

� A1; 2; 3; n;B1; 2; 3; n;C1; 2; 3; n;D1; 2; 3; nÞ ¼ Y;

ABCD ¼ Groups of atoms in codons UCAG

Table 1. Digital genetic code

Number of atoms
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Example 1

UUU ¼ 36 atoms; UUC ¼ 37 atoms;

UUA ¼ 39 atoms; UUG ¼ 40 atoms;

A1 ¼ 36; B1 ¼ 37; C1 ¼ 39; D1 ¼ 40;

ð40; 39; 37; 36 � 36; 37; 39; 40Þ ! Y;

Y ¼ 40 197 96;

Example 2

UCU ¼ 37 atoms; UCC ¼ 38 atoms;

UCA ¼ 40 atoms; UCG ¼ 41 atoms;

A2 ¼ 37; B2 ¼ 38; C2 ¼ 40; D2 ¼ 41;

ð41; 40; 38; 37 � 37; 38; 40; 41Þ ! Y;

Y ¼ 40 197 96;

Example 3

UAU ¼ 39 atoms; UAC ¼ 40 atoms;

UAA ¼ 42 atoms; UAG ¼ 43 atoms;

A3 ¼ 39; B3 ¼ 40; C3 ¼ 42; D3 ¼ 43;

ð43; 42; 40; 39 � 39; 40; 42; 43Þ ! Y;

Y ¼ 40 197 96; etc:

40 19796 ¼ ½7 þ ð19 þ 19 þ 19 þ � � � þ 19Þ þ 7 �

Codes 7 and 19

In the groups of all natural numbers from X to Y there are

two codes which interconnect all those numbers. Those

are codes A and B.

Formula of codes A and B

f½SAðR1; 2; 3; nÞ�B�
� ½SBðR1; 2; 3; nÞ�A� þ ðABÞg ¼ ABA;

SA; SB ¼ Groups of AB numbers in group of all

natural numbers from X to Y

R1; 2; 3; n ¼ Natural numbers from X to Y;

A ¼ 7; B ¼ 19;

Example

R ¼ 35;

f½S7ð35Þ�19� � ½S19ð35Þ�7� þ ð7�19Þg ¼ ð7�19�7Þ;

S7ð35Þ ¼ ð29 þ 30 þ 31 þ 32 þ 33 þ 34 þ 35Þ ¼ 224;

S19ð35Þ ¼ ð17 þ 18 þ 19 þ 20 þ 21 þ 22 þ 23 þ 24

þ 25 þ 26 þ 27 þ 28 þ 29 þ 30 þ 31 þ 32

þ 33 þ 34 þ 35Þ ¼ 494;

f½ð224�19Þ � ð494�7Þ� þ ð7�19Þg ¼ ð7�19�7Þ;

Determinants in digital genetic code

DET 152; 156; 164; 168 ¼ �48 ;

DET 156; 160; 168; 172 ¼ �48 ;

DET 164; 168; 176; 180 ¼ �48 ;

DET 168; 172; 180; 184 ¼ �48 ;

2688 ¼ ð48þ 48þ 48þ � � � þ 48Þ; Code 336

¼ ð48þ 48þ 48þ 48þ 48þ 48þ 48Þ; etc:

Groups of atoms

Column ¼ Rows;

Column ¼ ð640 þ 656 þ 688 þ 704Þ;
Rows ¼ ð640 þ 656 þ 688 þ 704Þ;

Diagonals

D1 ¼ ð152 þ 160 þ 176 þ 184Þ ¼ 336 ;

D2 ¼ ð168 þ 168 þ 168 þ 168Þ ¼ 336 ;

Other numbers ¼ ð156 þ 164 þ 156 þ 172 þ 164 þ 180

þ 172 þ 180Þ ¼ ð336�YÞ;

Other relations

etc.

In fact, we discovered that the mathematical balance

in the distribution of atoms in the genetic code is

achieved.

Correlation of ATGC, UCAG and amino acids

Amino Acid ¼ 384 atoms; Ac ¼ 384;

Triplets ATGC ¼ 2832 atoms; Tc ¼ 2832;

Triplets UCAG ¼ 2688 atoms; Nc ¼ 2688;

The digital language of amino acids 655



Example 1

Nc ¼ ðAc�YÞ; Y ¼ 7;

Example 2

Tc;Nc ! Ac;

2832; 2688 ! 2832 2688;

2832 2688 ¼ ð384 þ 384 þ 384 þ � � � þ 384Þ;

Groups of atoms in UCAG

Correlation

ð152 þ 184Þ ¼ 336 ;

ð156 þ 180Þ ¼ 336 ;

ð160 þ 176Þ ¼ 336 ;

ð164 þ 172Þ ¼ 336 ;

ð168 þ 168Þ ¼ 336 ;

Nc ¼ ð336 þ 336 þ 336 þ 336 þ 336 þ 336 þ 336 þ 336Þ

Digital quadrant UCAG

Groups of atoms

ð164 þ 172 þ 156 þ 180Þ ¼ 672 ¼ ð336 þ 336Þ;
ð172 þ 164 þ 156 þ 180Þ ¼ 672 ¼ ð336 þ 336Þ;
ð168 þ 168 þ 184 þ 152Þ ¼ 672 ¼ ð336 þ 336Þ;
ð168 þ 168 þ 176 þ 160Þ ¼ 672 ¼ ð336 þ 336Þ;

Diagonals:

ð164 þ 180 þ 168 þ 160Þ ¼ 672 ¼ ð336 þ 336Þ;
ð164 þ 156 þ 168 þ 184Þ ¼ 672 ¼ ð336 þ 336Þ;

Inner numbers in quadrant:

ð180 þ 156 þ 168 þ 168Þ ¼ 672 ¼ ð336 þ 336Þ;

Outer numbers in quadrant:

ð164 þ 172 þ 172 þ 164 þ 156 þ 180 þ 168 þ 168 þ 184

þ 152 þ 176 þ 160Þ ¼ ð672�YÞ ¼ ð336�YÞ; etc:

Number of atoms

Mathematical position of the nucleotides in codon

672¼ (336 þ 336)
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Digital image of UCAG and amino acids

It is obvious that the digital matrix of amino acid

code evolved from the digital matrix of the nucleotide

code.

Code 1512

In this table, in the first row, there are 12 numbers: 10, 13,

14, 16, 17, 19, 20, 22, 23, 24, 26 and 27.

In the group of numbers from 1 to 27 there are the follow-

ing numbers:

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20, 21, 22, 23, 24, 25, 26 and 27.

Correlation:

1; 2; 3; 4; 5; 6; 7; 8; 9; 10 ; 11; 12; 13 ; 14 ; 15; 16 ; 17 ; 18;

19 ; 20 ; 21; 22 ; 23 ; 24 ; 25; 26 and 27 :

Mathematical position of the nucleotides in codon

39,40,42,43! 39404243; 41,42,44,45! 41424445; etc.

Diagonal 1¼ (39404243þ 43444647þ 40414344þ 38394142)¼ 161 657 376;

Diagonal 2¼ (39404243þ 37384041þ 40414344þ 44454748)¼ 161 657 374; etc.

Groups of atoms in UCAG

Groups of the amino acids (1)

Groups of the amino acids (2)

Groups of atoms in amino acids
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Numbers highlighted are in the tables of the amino code.

Those numbers are:

10; 13; 14; 16; 17; 19; 20; 22; 23; 24; 26 and 27:

There are in total 12 of those numbers.

Unmarked numbers are not in the tables of genetic

code. Those numbers are:

1; 2; 3; 4; 5; 6; 7; 8; 9; 11; 12; 15; 18; 21 and 25:

There are in total 15 of those numbers.

Correlation of marked and unmarked numbers

15 and 15 ! 1512 ;

In the first row of the nucleotide matrix code there are

these numbers:

ð152þ 156þ 160þ 164þ 168þ 172þ 176þ 180þ 184Þ
¼ 1512 ;

152; 156; 160; 164; 168; 172; 176; 180; 184 ! 1512 ;

152156160164168172176180184 ¼ ð1512�YÞ;
Y ¼ 100; 632; 381; 060; 957; 785; 830; 807:

Therefore, the numbers of atoms in the nucleotide matrix

code are in correlation with the number of atoms in the

amino acid code.

Other rows of nucleotide code

In the second, third and fourth rows of the nucleotide code

there are following numbers:

156; 164; 168; 172; 180; 168; 168 ! ð156 þ 164

þ 168 þ 172 þ 180 þ 168 þ 168Þ þ ð1512�YÞ;
Y ¼ 103; 283; 180; 008; 055; 666:

½ð103; 283; 180; 008; 055; 666:�1512Þ þ 1176�
¼ 156; 164; 168; 172; 180; 168; 168;

Therefore, the second, third and fourth rows of the nucleo-

tide code are filled with the help of code 1512.

Mathematical correlation of groups of codons

and amino acids

Example 1

Example 2

Example 3

ð43 þ 48Þ ¼ ð47 þ 44Þ ¼ ð45 þ 46Þ þ ð47 þ 44Þ

Example 4

ð37 þ 42Þ ¼ ð41 þ 38Þ ¼ 39 þ 40Þ ¼ ð41 þ 38Þ;

First row of nucleotide code matrix

Number of atoms in codons

Number of atoms in amino acids

Number of atoms in codons

Number of atoms in amino acids

Number of atoms in codons

Number of atoms in amino acids

Number of atoms in codons
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Example 5

ð39 þ 44Þ ¼ ð43 þ 40Þ ¼ ð41 þ 42Þ ¼ ð43 þ 40Þ

Example 6

ð36 þ 41Þ ¼ ð40 þ 37Þ ¼ ð38 þ 39Þ þ ð40 þ 37Þ

Example 7

ð40 þ 45Þ ¼ ð44 þ 41Þ ¼ ð42 þ 43Þ ¼ ð44 þ 41Þ

etc.

DET 164; 172; 172; 164 ¼ �2688 ; DET 184;

152; 176; 160 ¼ þ2688 ;

DET 156; 180; 156; 180 ¼ 0 ; DET 168; 168;

168; 168 ¼ 0 ;

ð672 þ 672 þ 672 þ 672Þ ¼ 2688;

Table 2. Determinants in the digital genetic code

Number of atoms in amino acids

Number of atoms in codons

Number of atoms in amino acids

Number of atoms in codons

Number of atoms in amino acids

Number of atoms in codons

Number of atoms in amino acids
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There is a mathematical balance within all of the phenom-

ena in the digital genetic code matrix (see Table 2).

1344 ! Code 336; 1344 ¼ ð336 þ 336 þ 336 þ 336Þ;

There is a mathematical balance in the translation table

for an antecedent code in codon octads by D. Grafstein

(see Table 3).

Conclusion

It is rewarding to translate the biochemical language of

amino acids into a digital language because it may be very

useful for developing new methods for predicting pro-

tein sub-cellular localization, membrane protein type,

protein structure secondary prediction or any other protein

attributes.

This is because ever since the concept of Chou’s pseu-

do amino acid composition was proposed (Chou, 2001,

2002), there have been many efforts to try to use var-

ious digital numbers to represent the 20 native amino

acids in order to better reflect the sequence-order effects

through the vehicle of pseudo amino acid composition.

Some investigators used complexity measure factor (Xiao

et al., 2005a), some used the values derived from the

Table 3. Translation table for an antecedent code in codon octads by D. Grafstein

Codon Number

of atoms

L-amino

acid

Dimer

D-amino acid

Codon Number

of atoms

D-amino

acid

Dimer

L-amino acid

CAG 44 Gln Val GUC 41 Glu Val

CAU 40 His Val GUA 43 His Val

GUG 44 Val His CAC 41 Val His

GUU 40 Val Glu CAA 43 Val Glu

168 168

GCG 45 Ala Arg CGC 42 Ala Arg

GCU 41 Ala Arg CGA 44 Ala Arg

CGG 45 Arg Ala GCC 42 Arg Ala

CGU 41 Arg Ala GCA 44 Arg Ala

172 172

AGG 47 Arg Ser UCC 38 Arg Ser

AGU 43 Ser Ser UCA 40 Ser Ser

UCG 41 Ser Ser AGC 44 Ser Ser

UCU 37 Ser Arg AGA 46 Ser Arg

168 168

CUG 41 Leu ASP GAC 44 Leu Asp

CUU 37 Leu Glu GAA 46 Leu Glu

GAG 47 Glu Leu CUC 38 Glu Leu

GAU 43 Asp Leu CUA 40 Asp Leu

168 168

AAG 46 Lys Phe UUC 37 Lys Phe

AAU 42 Asn Leu UUA 39 Asp Leu

UUG 40 Leu Asp AAC 43 Leu Asp

UUU 36 Phe Lys AAA 45 Phe Lys

164 164

UGG 44 Trp Thr ACC 41 Trp Thr

UGU 40 Cys Thr ACA 43 Cys Thr

ACG 44 Thr Cys UGC 41 Thr Cys

ACU 40 Thr X UGA 43 Thr X

168 168

AUG 43 Met Tyr UAC 40 Met Tyr

AUU 39 Jle X UAA 42 Jle X

UAG 43 X Jle AUC 40 X Jle

UAU 39 Tyr Jle AUA 42 Tyr Jle

164 164

GGG 48 Gly Pro CCC 39 Gly Pro

GGU 44 Gly Pro CCA 41 Gly Pro

CCG 42 Pro Gly GGC 45 Pro Gly

CCU 38 Pro Gly GGA 47 Pro Gly

172 172

Total 1344 1344
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cellular automata (Xiao et al., 2005, 2006a, b), some used

hydrophobic and=or hydrophilic values (Chou, 2005;

Chou and Cai, 2005; Feng, 2001, 2002; Gao et al.,

2005; Wang et al., 2004, 2005, 2006a, b; Zhang et al.,

2006), some were through Fourier transform (Gao et al.,

2006; Liu et al., 2005), and some used the physicochem-

ical distance (Chou et al., 2000).

Now it is going to be possible to use a completely new

strategy of research in genetics. However, observation

of all these relations which are the outcome of the peri-

odic law (actually, of the law of binary coding) is neces-

sary, because it can be of great importance for decoding

conformational forms and the stereo-chemical and digital

structure of proteins.
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