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Abstract. Many articles have been presented attempting to explain the origin of the genetic code.
The codes which have the properties of genetic code but do not collide in nature are called
theoretical genic codes. The cardinality of this set is around 1084. In this paper we show a new

optimization according to simple mutation. In this pater, we present resistance of the genetic code

against simple mutation and this factor is responsible for the evolution of the genetic code.

Key-Words: - Genetic code, optimality, Heuristic methods

1 Introduction

The contemporary genetic code (CGC) is the
mapping of 64 three-letter codons to 20 amino-
acids and a stop signal. It is to be expected that the
contemporary genetic code is structure ensures
maximum resistance to mutation effects. Let
consider the genetic code as a system, for storage,
transmission, execution and regulation of the
information encoded in the genes. So it is worthy to
analyze the resistance against the effects of
mutations, which are the equivalent of noise or
errors inherent to all information systems [1-8, 11-
15].

All codes which have the properties of the
genetic code, but don’t collide in nature are called
theoretical genetic codes (TGC)[27, 30].

All 61 codons coded for 20 amino acids, there
must be degeneracy in code, and some amino acids
AA are encoded by several triplets. For example
there are two different codons: UUU and UUC,
which order for amino acid Phenylalanine. The set
of all this codons which code same amino acid is
named synonymous set. Any specific codon coded
only one amino acid. The genetic code is
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unambiguous [1-6]. A deciphering of the
information which is encoded in the DNA doesn’t
involve any overlapping. The process begins with a
specific codon and during the all reading of the
information in DNA there isn’t any punctuation
between codons. It stops when a nonsense codon is
reached. In all live nature the genetic code is a same
(universal) [7 -14].

It can be shown that different theoretical codes
built from a fixed number of triplets resist to the
effects of mutations differently, depending on the
relative positions of their codons in the 64 possible
divisions.

All previous works analyzed the optimality of
groups of triplets translated into the same amino
acid. Never has been measured correctly decoded
with probability the resistance of the whole genetic
code to the creation of non synonym mutants. The
present paper deals with the notion of resistance of
the whole genetic code to mutation effects. Here we
defined a new optimization principle and observed
a good correspondence between the contemporary
genetic code and the theoretical considerations[14 -
23].
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2 Methods

If we want to understand a real properties of the
nature and specters of life we must analyze CGC.
In the present work this problem is solved us
comparing of the CGC with set of all TGC. If the
criteria is chosen a correctly we will characterize
CGC. In the previous paper we investigate a CGC.
We describe the set of all TGC us a convex
polytope. Our polytope description gives a
possibility to analyze all TGC. This description will
give us ground to characterize more deeply the
properties of the CGC [12, 15, 16, 21-23].

Let A, C, G, and U are letters form set A ={A,
C, G, U} and let M is a set of all three letters words
over set A. The cardinality of M is 64 (4°). Also we
defined a set a ={ai, ay, ..., a3} because the number
of all amino acids are 20 and three stop codons. Let
L ={Li, Ly, ..., L2} is a partition of M with
following properties[27, 30]:

UL =M™

Our main goal is to solve and analyze the solutions
of the following general discrete optimization task:
F (K(X), parameters, ) — extremum.

L#@ i=1.23 L[, =9; i,j=1..23

with conditions K(X) eK(L),

We are looking for such a TCG that is the
minimum or maximum of the criterion of
optimality F.

We use the criteria of optimality and obtained this
TGC [16]:

20 [ 64 Pl 64 64
F(Xij) = Z[inmj (ZZ P(Xij X ik )M (a(xij )’a' (X’ ik ))J —> max

i=1 \m=1 j=1 k=1

conditions

64

23 64 64
X —{)gj,i—l,..z3j—1.,..6422>gj =64 Z}}gj >1 i:1,.202>gj =,
=

i 1 =

i—21..23}

where
pi are probability of occurrence of amino acids in
average protein,

P(Xij,X' ) - probability of replacing the codon by CGC
with codons TGC
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M(a'(xij y,a' (X" )) - mutation matrix for replacing an

amino acid encoded by a contemporary genetic code and
one of the theoretical genetic code,

Table 1. Probability of occurrence of amino acids
in average protein [16]

Amino

acids Biological spieces
AK [Archea  |Bacteria |Eukaryotes
Ala 0.0785 0.0808 ]0.0648
Arg 0.0592 0.0499 0.0524
IAsp 0.0547 0.0506 [0.0531
IAsn 0.034 0.0463  |0.0476
Cys 0.0089 0.01 0.0186
Glu 0.0779 0.0635 0.0664
Gln 0.019 0.0389  10.0428
Gly 0.0749 0.067 0.0588
His 0.017 0.0207  10.0241
[le 0.0759 0.0705 ]0.0548
Leu 0.0965 0.1052  10.0935
Lys 0.0604 0.0643  |0.063
Met 0.0249 0.0219 10.0233
IPhe 0.04 0.0457 10.042
Pro 0.0443 0.0399 0.0515
Ser 0.0593 0.0618 10.085
Thr 0.0477 0.0515 0.0557
Trp 0.0103 0.011 0.0113
Tyr 0.0368 0.0323  10.0303
Val 0.0797 0.0687 10.0609

Table 2. Theoretical genetic code obtained using
the probabilities for the appearance of Amino acid
in Archea.

First . Third
position Second position position
U C A G
Phe Ser Tyr [Cys U
Phe Ser Tyr  [Cys C
U Leu Ser Stp Stp A
Leu Ser Stp Val G
Leu IPro His IArg U
Leu IPro His  |Arg C
C Leu IPro Gln  |Arg A
Leu IPro Gln  |Arg G
Ile Thr Asn _ [Ser 9]
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A Ile Thr Asn  [Ser C
Ile Trp Lys [Met A
Leu [Thr Lys |Arg G
Val Ala Asp  |Gly U
Val Ala Asp  [Gly C
G Val Ala Glu [Gly A
[Val Ala Glu  |Gly G

Table 3. Theoretical genetic code obtained using
the probabilities for the appearance of Amino acid
in Bacteria.

First Second Third
position position position
U C A G
Phe Ser Tyr | Cys U
Phe Ser Tyr | Cys C
U Leu Ser Stp Stp A
Leu Ser Stp | Ala G
Leu Pro His | Arg U
Leu Pro His | Arg C
C Leu Pro Gln | Arg A
Leu Pro Gln | Arg G
Ile Thr Asn Ser U
Ile Thr Asn Ser C
A Ile Trp Lys | Arg A
Leu Thr Lys | Arg G
Val Ala Asp| Gly U
Val Ala Asp | Gly C
G Met Ala Glu | Gly A
Val Ala Glu | Gly G

Table 4. The number of codons of the Contemporary genetic
code (CGC) and the various theoretical genetic codes (TGC)
derived from Monte Carlo simulations

TGC

Amino acids| CGC

Archea | Bacteria | Eukaryotes

Ala
Arg

Asp
Asn
Cys
Glu
Gln
Gly
His
lle

Leu

N O (W (NN (NN NN o
N (N (W (NN NN NN o
N (N (W (NN NN NN o (o
N N (W (NN (NN NN oD

Lys
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Met 1 1 1 1
Phe 2 2 2 2
Pro 4 4 4 4
Ser 6 7 6 6
Thr 4 3 3 3
Trp 1 1 1 1
Tyr 2 2 2 2
Val 4 3 3 5
Stp 1 1 1 1
Stp 1 1 1 1
Stp 1 1 1 1
3 Results

Our model, based on the probability difference
between different types of mutations in
combination with the mutation resistance
differences of the three codon positions, allowed to
define a new optimization principle for a set of
triplets. We examined all possible theoretical codes
with fixed number of codons [4, 12, 16-23],
calculated their resistance index P(Xij’xy‘k )P' and

selected those which resist best to the effect of
mutations. The results obtained are as follows
(Tables 2 -4):

1. We obtained, for t = 1,2,.., 5, even 6, a unique
optimal sets.

2. All of the optimal sets have a exact distribution
on the code table:

- for sets with size lower than

5 synonyms have the same nucleotides in the first
and second base;

- sets of 5 or 6 codons have the same second base,
and in the first position there is only purine or
only pyrimidine.

3. All new groups of codons obtained through the
new resistance index are found among the sets of
the contemporary genetic code (without those of 5
triplets). On the other hand, it is to be noted, that all
the synonymous groups have, for a given size, the
same optimal structure (except the cases of serine
and arginine). The six codons of serine can be
considered as unity of two optimal groups with size
of 4 and 2. We suppose that the group of arginine is
not optimal since it has in the first position either
purine or pyrimidine.

4. Finally we emphasize, that the index value of
optimal set of 5 triplets is less than that of 4.
Otherwise, when a new codon to optimal set is
added, the index increases. This observation can
explain the absence of 5 triplet groups: the set is not
stable and easy transforms into smaller or larger
one [4-8, 18-36].
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When a new resistance index is placed in the
program, the results are going better. Regardless of
difference between the chosen starting coons, we
obtained the structure of the contemporary genetic
code. The optimal theoretical configurations
showed resistance indexes close to the value of the
contemporary genetic code. A theoretical code
obtained by the program is shown in Table 4. The
sets of serine and arginine are exception again.
Nevertheless, the configuration is very similar with
the contemporary genetic code which is evidence in
favour of the correctness of our considerations [12,
14, 18-23].

The literature also mentions "other" parameters that
play the role of "evolutionary pressure" for CGC. In
general, they cover all the mechanisms that encode
and maintain genetic information. For example,
CGC is obviously related to the translational
apparatus comprised of ribosomes and mRNA, the
action of which we described here schematically by
the probabilities P(Xuax',k) and the weight matrix

depending on some chemical properties of Amino
acids. All these mechanisms have probably evolved
in parallel with the evolution of the CGC during the
early stages of life formation. Our results give
reason to conclude that the relationship between the
AA and the codon that encodes it is strictly
specific, that the first two letters of the triplet
determine the type of mRNA.
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