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Abstract: the systematic approach of classification of species of living organisms in terms and concepts of phy-
logenetics is presented. The possibility of using information technologies to create a graphic image of a living
organism based on the genome has been established. Procedures for analyzing evolutionary processes in terms
of cladistics have been created. A source of NCBI genomes was used to create computer formation procedures.
The metric display space of the symbol of different organisms. The formal definition of the species in terms of
metric space is co-defined using the individual metric of the nucleotide set.
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ARHOmMayuA: npeocmasien CUCMeMHbLE NOOX00 KAACCUPUKAYUY BUOOE IHCUBBIX OP2AHUZMOE 8 MEPMUHAX U NO-
HAMUAX UIO2eHeMUKY. YCmanoenena 603MoACHOCIb UCNONb3068AHUA UHPOPMAYUOHHBIX MEXHON02UN CO30AHU
epaghuueckozo obpasa dcusoeo opeanusma Ha ocHose zeroma. Co30anvl Npoyeoypvl AHANU3A IEOTIOYUOHHBIX
npoyeccos 8 mepmunax xkiaoucmuxu. Hcnonvzosan ucmournux NCBI eenomos, ona cozoanus komnvromepHuix
npoyeoyp PopmMuposarus Mempuueckoeo RPOCMPAHCIEA OMOOPANCEHUS PAPUUECKo20 00pa3a pasiuyHbIX
opeanuzmos. Co30ano ghopmanvroe onpedenerue eu0a 8 MEPMUHAX MEMPUYECKO20 NPOCPAHCIMEA C UCHOTb30-
8aHueM UHOUBUOYATbHOU MEMPUKU HAOOPA HYKIEOMUOO8.
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Understanding of natural processes of Nature is formed on the basis of observations and systematization of
knowledge. The creation of a large number of information sources of knowledge about living organisms on the
Internet contributes to the development of phylogenetic research. Information technology, placed on the field of
phylogenetics, introduced new knowledge about the evolution and peculiarities of the structure of different living
organisms.

The presence of a large variety of living organisms in Nature initializes the creation of a scientific concept for
the systematization of species, implemented by means of mathematics, providing the possibility of a formalized
comparison of different organisms. The most progressive work on the systematization of species was prepared at
the beginning of the 18th century by K. Linnaeus, who created the general principles of the systemic description
of organisms [1]. The system of description of living organisms was based on the categories of genus and spe-
cies of the organism. The modern system of description of living organisms is represented by five kingdoms

(Fig. 1).
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Fig. 1. Kingdoms of living organisms

Living Nature, with a wide variety of organisms, provides the opportunity to construct logical schemes of
true judgments about the presence of a system of mutual communication in the evolution of different organisms.
The relevance of this problem to phylogenetics is obvious. This thesis is strengthened in numerous scientific
works declaring the presence in the distant past of the only ancestor of all organisms.

A systematic approach to full-scale research allows for the wide application of expert estimates of the simi-
larity/similarity of living organisms. Biological taxonomy uses many methods for creating expert assessments,
which are the basis for building a system or the organic world of Nature. The basic concepts of biological sys-
tematics are believed to be the presence of a hierarchical structure (scheme) of living Priroda, in which homoge-
neous groups are distinguished - taxa and ranks.

The modern classification of living organisms reproduces that hierarchical scheme, in which the upper and
lower level of the hierarchy (rank) is distinguished: kingdom, type, class, order, family, genus and species. Using
expert assessments, it is believed that any particular organism has a kinship at all levels of the hierarchical sys-
tem.

This is a traditional judgment scheme based on a morphometric method of describing organisms. The mor-
phological similarity of organisms as a species is recognized as the main argument in the creation of a taxonomi-
cal scheme.

The term - species is correlated with a group of closely related, by morphological features, organisms. In the
general understanding of this term, the concept of the combination of several organisms with common morpho-
logical features is invested, and most importantly, propagating within the isolated group. These simple concepts
created the basis for the formation of the concept of the natural evolution of living material forms [2]. Following
these ideas, we note that the theory of evolution proposed by C. Darwin (Charles Robert Darwin) well comple-
ments the theory of classification of living organisms of C. Linnaeus (Carolus Linnaeus). In this conceptual the-
sis, the evolution and modification of living forms of matter is recognized by the phenomenon of Nature, which
is realized by the genotype.

Understanding the substance of this problem, instrumental research methods are actively involved. In particu-
lar, methods of genetic research. By the middle of the twentieth century, an evolutionary concept was formed for
all organisms, the basis of which was genetics. Possessing the material of instrumentally obtained data on the
genotype of a large number of organisms, it becomes possible to operate with information concepts and defini-
tions. A new qualitative description of the evolution of species is created in terms of the scientific discipline of
cariology, using the concepts of the nucleosome and nucleotides.

The established scientific postulates on evolution are well consistent with the theory of E. Major [3] in which
three axioms are identified as the basis:

1. species created by Nature based on guanine (G), thymine (T), cytosine (C) and amine (A);

2. species are represented by individual individuals;

3. populations of one species are reproductively isolated

The isolation of the thesis of four nucleotides determining the uniqueness of a living organism as a species is
the basis for genetics [4]. This basic concept for genetics initializes the launch of information technologies for
the extraction of new knowledge on the field of humerous experimental materials of phylogenetics. In the theory
of genetics, these nucleotides occupy a leading position that determines the individual information program of
the development of the body, and therefore a place in the taxonomic scheme.

On this basis, key judgments are formulated that all species are represented by populations that have a com-
mon genetic program historically formed in the process of evolution. In this understanding, the definition of the



species of an organism is created on the representation of a group, as a population within which reproduction
processes are actually reproduced, and isolated from other groups.

In the historical process of evolution of the group, a natural modification of the set of nucleotides occurs,
which appears to be a non-empty set of X (x, y). We fix this aspect of judgment in terms of mathematics. A set
of elements of the same origin is called a metric space if the metric pi (X, y) is entered, for which three condi-
tions [5] are valid:

1. p(xy)20; 2). p(x,y)=0 if x=y; 3). p(x.y)= p(y.X) o))

In such a case, the metric space is positioned by a pair (X, p) where X is not an empty set of nucleotides.

In terms of biological informatics, this clearly indicates the possibility of unique positioning of sets of nucle-
otides in metric space. Add to this concept.

In terms of a mathematical topology that generalizes the properties of a metric space, two figures, or in other
words, two spaces, are called homeomorphic if there is a mutual unambiguously continuously mapping one
shape to another. In this formulation, the concept of space and some geometric figure are logically combined.
Speaking of space, it was implicit that there was some metric related to a geometric figure whose position could
be considered in a system of two or three coordinates. The reverse statement is also true: space is compared with
a certain way - a figure and, of course, with an area bounded by this figure. Some geometric figures have home-
omorphism.

In mathematics, the concept of a topological space is a generalization of a metric space in which geometric
images are placed. Topological spaces are naturally formed in the process of analyzing numerous indicators of
processes and objects. So, for example, this procedure, implemented according to the numerical indicators of the
set of nucleotides, forms a graphic image - a figure.

Moving to the discussion of the geometric image formed in metric space, the idea is clearly manifested not
only visualization of the image, but also the possibility of comparing several images obtained on different nucle-
0Somes.

Let's build a geometric image of space, which has numerous elements that form a set. Let X = Rm be a non-
empty set, where m is the dimension of the arithmetic space, the elements of which are represented by quantita-
tive indicators of the nucleotide set: A, T, G, C. This rule, created in terms of mathematics, applies to all species
of organisms.

In this case, for any two elements of the set X there is always a non-negative number, which is a metric (p).
For metric p, the following relations are performed:

X=R, VATGCEX (2)

p1(AT) =|A-T|=(A-T)?;
p2(4,6) =|A—-Gl =y (A-T)*;
p3(4,0) =1A-Cl=y([A—-0)?; ©)
pa(T,G) =T = G| = (T = )
ps(T,0) = T = C| = (T - O)%
ps(G,C) =1G = Cl = (G - O)%

and

Enter axiomatic rules:

1. any nucleosome is created on the basis of four nucleotides, the numerical indicators of which, named in the
prescribed order, identify the coordinates of elements in the metric space (2);

2. the metric in the four nucleotide basis is created as a paired combination of element coordinates;

3. a paired combination of four nucleotide coordinates forms a sweep track of six events (3);

4, track of scanning events on a plane forms a nucleosome image.

Taking these positions as a basis, we will create an image of a biological species on a taxonomic scheme
[1,4]. The taxonomic scheme is represented by three levels: 1). root (first level - base), 2). node (the second level
is the place of the first addition of the number of species); 3). leaves (the third level is the place of multiple addi-
tion of species). In the modern taxonomic scheme, there is a clear selection of the positioning levels of living
organisms, but there is no symbol of organisms.

By means of mathematical analysis, we create a formal criterion for the equivalence of images. We use the
NCBI information resource, which contains sets of genomes of organisms [6]. Genome - an array of nucleotides
of a particular organism: A; T; G; C. The genome array is co-written in FASTA format [6] and represents text
with an alphabet of four nucleotides. The text string contains up to 80 characters. Consider the genome array as
text. Put two arrays for comparison. Let's highlight the first row of the array M1 - a vector in the form:

Qi1 = 494 97; 9¢; q¢ (4)



Where g'm is the total value of the selected nucleotide in the array line; the upper index (i) is the row number
of the array; subscript (M) is a nucleotide from the set [A, T, G, C]. The vector of the second and subsequent
rows (i) of the My array is defined as:

R =qh;qk; qt; gt where1<i<N (5)
We define the scalar product of vectors in the form:
LT «Ri, = Fi,, wherel<i<N (6)
By analogy, we create the vector Wz, S'v for the array M,
Witz = 44415 485 q¢ @)
and
Sh2 = q4:q%; q6; ¢ where L<i<N ®)
We define the scalar product of vectors in the form:
Wi, «Si, = Hi, wherel<i<N 9)

We state that the scalar product of vectors is a number. A numerical set created from a series of scalar prod-
ucts of vectors is a set of numbers {Fj;, }, {Wy, }. Such a numerical set characterizes a series of amplitude val-
ues of events created sequentially in each array.

It is obvious that a series of events presented by a track of M array can be correlated to a track of events of
M array. We will compare the tracks in metric space with the metric p:

. 2 (10)
Pp = (Fl\lzll _H£42)
Then we have:
1. tautology - arrays are equivalent and compared objects are identical if the condition is met:
. . (11)
po= |(Fiy —Hipp)’ =0; 1<i<N
2. objects are different if the condition is met:

. . (12)
pp= |(Fin —Hip) #0, 1<i<N

The formalized criteria (11) and (12) provide the necessary and sufficient conditions for matching nucleotide
arrays, and hence images of living organisms.

We illustrate the possibility of building an organism image from the kingdom of viruses (Vira). A typical
modern classification of viruses is created on the identification of nucleic acids that form the genome. On this
basis, RNA viruses and DNA viruses are isolated. Refer to NCBI information source [3].

Let us choose the typical virus Abaca Bunchy top - pathogenic plant virus of the family Nanoviridae [7].

List item and number of species in NCBI source: Viruses (21045); Monodnaviria (2077); Shotokuvirae
(1572); Cressdnaviricota (1048); Arfiviricetes (333); Mulpavirales (13); Nanoviridae (13); Babuvirus (3); Abaca
bunchy top virus (1). The considered type of virus occupies the first position in the list (root), and therefore is
represented in a single instance (figure in parentheses). Consider the dataset for the Abaca bunchy top virus (Ta-
ble 1).

Table 1. Genomes data at two Abaca bunchy top virus levels

Virus.
Kingdom: . S Number of virus METRICS:
Viruses; Anal}/sieéiwwrus LevelLlir;tvlew instances in the {p1; p2; p3; p4; p5; p6}
Subgroup: subgroup / evaluated by expression (3)/
Nanoviridae
Abaca Bunchy top | A\b2ca Bunchy L 1 205; 504; 938; 231; 643; 434
top / root /
Cardamom
Babuvirus bushy dwarf 2 3 885; 690; 1377; 372; 641; 808
virus

e  For Abaca Bunchy top and Cardamom bushy dwarf virus indicator pp# 0
Create images of viruses (Fig. 2).



We note: two different organisms of viruses, which are closely related, have similarities/similarities of visual

images.

Consider another virus, from the source of NCBI: Abutilon mosaic Brazil virus, a pathogenic plant virus of
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Fig. 2. Abaca Bunchy Top and Cardamom bushy dwarf virus images

the Geminiviridae family [7].

List item and number of views in NCBI source: Viruses (21044); Monodnaviria (2077); Shotokuvirae
(1572); Cressdnaviricota (1048); Repensiviricetes (714); Geplafuvirales (714); Geminiviridae (563); Begomovi-
ral (485); Abutilon mosaic Brazil virus (1). We create a set of indicators for the Abutilon mosaic Brazil virus

(Table 2).
Table 2. Genomes data at two levels of Abutilon mosaic Brazil virus
Virus.
Kingdom: S Number of METRICS:
Viruses; vﬁS:'_y\Z/?fW LevelLlir;tvlew virus instances {p1; p2; p3; p4; p5; p6}
Subgroup: in the subgroup [ evaluated by expression (3)/
Geminiviridae
Abutilon mosaic Abqtllon mo- 1 1 154; 45; 198; 181; 352; 171
Brazil saic Brazil / root /
Sweet potato
Begomovirus mosaic Vvirus - 2 563 108; 68; 149; 176; 257; 81
Brasilial

e  For Abutilon mosaic Brazil and Sweet potato mosaic-Brasilial indicator pp# 0

Create images of viruses (Fig. 3).
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Fig. 3. Abutilon Brazil and Sweet potato mosaic virus images - Brasilial




We note: two different organisms of viruses, which are closely related, have similarities/similarities of visual
images.

Modern biological taxonomy, traditionally using many information sources, seeks to create a practical system
for classifying living organisms. Mathematical phylogenetics, which implements the principles of systemic anal-
ysis of genotype data, allows you to create the basis for a final judgment on the similarity and evolutionary de-
velopment of different species of organisms. In the materials of the work, this thesis is illustrated by the example
of the synthesis of images in two different families of viruses.

The obtained results of synthesis of images of different origin of viruses demonstrate the presence of differ-
ences. The manifestation of visual similarity among viruses of the same family is well consistent with the gen-
eral hypothesis of C. Linnaeus about the similarity of related species. It is meant that they are located on the
same evolutionary branch and neighboring levels. Extending these ideas, it should be noted that the similarity of
images is only partially manifested. And this also corresponds to the general hypothesis of forming a taxonomic
scheme. The further away from the "root species,” the less similarity of images will be observed. At levels re-
mote from the root, a large number of isolated branches with different types of viruses should be expected. In the
basis of the selected viruses, this number of viruses is several thousand individuals. However, in this case, it is
possible to conduct a computer mathematical analysis of the similarity of images of various types of viruses. It is
natural to believe that such an analysis will require the use of information technology and the results will be
identified by experts. Having the instrumental ability to calculate the compactness of a group of identical indi-
viduals makes it possible to enter a formalized definition of the form as the main unit of the taxonomic scheme.

Biological species is a collection of individuals with nucleotide sets, the quantitative indicators of which are
reproduced in metric space by a series of images with close metric values.

In metrological terms, such an understanding of the biological species can be considered as a development of
the main idea of C. Linnaeus about systematization of living organisms. Declaration of this thesis initializes sev-
eral projects on digital identification of objects taxonomic scheme. It should be recognized that the generation of
an event change track, positioned as an image of an object (virus), is a typical method of constructing a geomet-
ric image in a metric space. The creation of a computer image of any species of organisms contributes to the
development of phylogenetics.

Thus, using mathematical methods for analyzing a set of nucleotides placed in the public domain of NCBI,
the materials of the work present information technology for creating a compact image of a large array of data -
the genotype of any living organism.
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