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Abstract—Tick-borne encephalitis virus (TBEV) is a causative
agent an extremely dangerous infectious disease, often character-
ized by damage to the central nervous system, which sometimes
leads to serious health problems, such as disability and even
death. Currently, there is no global organized platform that could
help researchers to study the virus, understand its evolution
and localization, conduct a variety of modern mathematical
and phylogenetic analyzes, automatically draw conclusions and
visualize them for interpretation and decision making. Such a
system could lead, as a result, to more effective actions for
predicting the virus evolution. In this paper, we propose an online
platform called TBEV analyzer which serves as an analytical tool
in two directions - fundamental research on the virus evolution
and the solution of practical problems related to public health.
The platform has been developed specifically for virologists,
molecular epidemiologists, evolutionists and other researchers
who work with tick-borne encephalitis virus. The platform has
two major benefits: first, it allows the user to concentrate on
the result of analysis without concerning about computational
aspects, and second, with reproducibility of system, it provides
unique results associated with specific target query.

Index Terms—tick-borne encephalitis, TBEYV, clusteron struc-
ture, phylogenetic tree, online platform, alignment, evolution

I. INTRODUCTION

Tick-borne encephalitis virus (TBEV) is a causative agent, a
severe vector-borne neuroinfection, which causes encephalitis,
paralysis, and death. The annual number of infected cases
by TBEV is up to 14 000 in which fatality rate ranging
from 0.03% to 20-35% depending on location [1], [2]. The
TBEV genome is a positive single-stranded RNA molecule,
approximately 11,000 bases in length, which encodes three
structural (capsid, C; membrane, M, that is expressed as
precursor prM; envelope, E) and seven non-structural proteins
[3].

The main carrier of infection are ticks of the genus Ixodes
persulcatus and Ixodes ricinus. Usually, the reservoirs of the
virus are warm-blooded animals and birds [4]. The spread
of TBEV is territorially considered to the north of Eurasia
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including the countries of Europe, Kazakhstan, Mongolia,
Russian Federation, Japan and the north of China [5].

Generally, there are 3 well-known subtypes of the virus -
European (TBEV-Eu), Siberian (TBEV-Sib), and Far-Eastern
(TBEV-FE), which belong to the genus Flavivirus of the family
Flaviviridae [6]. The name of the TBEV subtype is related
to its geographical distribution. It is observed that climate
changes, as well as the progress of human civilization, have
impacts on tick’s drift to other regions which may cause
emerging new types of the virus [7].

An increase in the diversity of strains and their unusual
localization in non-endemic regions requires constant moni-
toring and the pathogenicity assessment of new strains. Many
characteristics of TBEV are poorly understood, but it is already
clear that differences between virus subtypes play a role in its
pathogenicity [8]. This emphasizes the importance of pattern
identification which plays a crucial role in the prediction of
the virus evolution direction and its potential threat.

Monitoring the population and studying the dynamics of the
virus evolution is a key factor in predicting its distribution and
evaluating the direction of evolution. In addition to developing
laboratory methods for the detection and genotyping of TBEV
[9], it is necessary to design and develop bioinformatics plat-
forms for processing data obtained using laboratory analysis,
as well as monitoring of the virus epidemiology. An example
of such a system is Nextflu [10], which is designed and
specified for the influenza virus. Among the various biological
information and analytical systems, there are several systems
for ticks. Ruzhnikov et al [11] presented a modern system
that is created to assess the current state and predict the
future distribution of invertebrate vectors of human vector-
borne diseases. Another example is suggested by Molodorov
et al [12], which is based on a domain ontology and specified
for tick-borne disease. Among the well-known resources, it
should be mentioned the entomologic platform VectorMap
(vectormap.si.edu), which provides information about statistics
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on the distribution of various types of ticks around the world.

Despite the aforementioned previous works and their good
promising, there is no specific platform for phylogenetic
analysis, tracking evolution and monitoring the epidemiology
of TBEV. The platform proposed in this article, which is
mainly based on the analysis of genetic sequence, is unique
with respect to the methodology and considered purpose. The
uniqueness of the developed platform stems from applying
“clusteron approach” that functions as the analysis core. The
rest of this section is devoted to the basics of the proposed
platform.

Recently, “clusteron approach” has been developed [13],
[14], which enables a researcher to determine the query strain
subtype, phylogenetic lineage, and clusteron. The approach
gives a direct meaningful description and illustration which
includes the evolutionary history of TBEV. A clusteron is a
group of TBEV strains with identical amino acid sequences
of the E glycoprotein fragment, as a rule phylogeographically
close, and having a certain type of territorial distribution [13].
Generally, clusterons (a term derived from cluster and clone)
are clonal groups or the smallest systematic units of TBEV.
Isolation of clusterons within the subtypes and phylogenetic
lineages of the virus provides a clusteron graph structure which
is illustrated in Fig.1. Obviously, the structure gives an overall
picture of virus evolution and the relationship between strains
which is necessary for the major of virus evolution research.
As an example of clusteron structure application, through the
structure analysis, it has been determined that the emergence
of the European subtype of TBEV from the Siberian subtype
occurred as a result of the host-jump phenomenon, i.e. changes
by the virus of the arthropod host - tick ILpersulcatus to
Lricinus.

In addition to the fundamental aspect, the clusteron ap-
proach is of great practical importance, since it serves as a
tool for studying and monitoring the genetic structure of virus
populations not only at the global scale but also at the regional
and local levels. Each clusteron has its own unique profile, a
genetic signature, which had been formed in certain historical
and environmental conditions. For a more elaborate description
of the clusteron approach and its concepts, the reader could
refer to [13], [14].

Any change in the clusteron profile (the appearance of a new
or disappearance of an already known clusteron, a change in
clusteron size) may indicate the existence of certain processes
that affect the genetic structure of the viral population. Under-
standing these processes is a priority for short-term forecasting
of evolution behavior, as well as predicting the emergence of
new epidemiologically important variants of the virus.

The essence of monitoring any viral population is a system
for collecting, recording, storing and analyzing a small num-
ber of key indicators, taken periodically which characterize
the population. Previous studies have shown the informative
content of such a system [15]. The clusteron approach can
be successfully used for real-time monitoring of the genetic
structure of viral populations.

Despite all its advantages, the clusteron approach is not yet
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widely used due to its difficulties related to the order and con-
figuration of its algorithms. Furthermore, to constantly update
the cluster structure, the emerging strains of virus submitted in
GenBank must be manually subjected to multistage analysis
of the clusteron approach.

By reporting research results, scientists document the steps
they followed in which they obtain the results so that others
can verify and produce similar results for comparison. Such
results are called reproducible [16]. The clusteron approach
uses fairly well-known methods of bioinformatics, such as
alignment, phylogenetic tree, and phylogenetic network con-
struction. Since there are different algorithms and programs
for the same analysis, for example, phylogenetic tree con-
struction, the reproducibility of the clusteron approach is still
questionable. Therefore, the goal of this project is focused on
creating a standard, unified and interactive platform for ana-
lyzing and monitoring the virus population which would allow
online updating of the TBEV cluster structure, combined with
metadata such as strain location and isolation time, it would
become an indispensable tool for studying the virus evolution.
The platform can be accessed through tbev.magemagix.com.

Fig. 1.
virus [14].

The representation of clusteron structure of tick-borne encephalitis

II. METHODOLOGY

Specifically, the proposed platform has been developed
for virologists, molecular epidemiologists, evolutionists, and
researchers of other specialties, who works on TBEV. It
facilitates the application of clusteron approach and allows
the researcher to concentrate only on the results of analysis
obtained through the platform.

The platform requires applying a sequence of phylogenetic
and mathematical methods, each of which needs a specific
setting and configuration. There are some concerns related to
the difficulties and complexity of the clusteron approach. As
an example, it is known the topology of the phylogenetic tree
structure is sensitive to the genetic distance method as well as
the algorithm of tree construction from the genetic distance
matrix. Since the obtained result from clusteron approach
strongly depends on the type of its algorithms, in order to
preserve the reproducibility of the platform, the main goal of
the project is automatically set the necessary setting to obtain
desired results.
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Analytical platforms usually consist of three sections: data
preparation and preprocessing, applying analytical methods,
and finally the representation of the results, which can include
visualization. The general scheme of the clusteron approach
is illustrated in Fig.2.
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Fig. 2. The overall schema of the developed platform.

To implement this project, FLASK framework [17], which is
used for creating web applications in the Python programming
language, has been integrated with a developed visualiza-
tion module called PhyloCat which is written in Javascript
programming language. Details of the proposed platform are
explained in the next sections.

A. Data preparation

As previously mentioned, the concept of a clusteron ba-
sically is determined by a fragment of amino acid sequence
glycoprotein E, which consists of 151 amino acid residues
(position 104 - 254 aa) and is encoded by 454 nucleotides
(position 309 - 762 nt) part of the viral genome (gene E).

This fragment has been chosen as platform input for a
number of reasons:

« Firstly, it contains both conservative and variable regions.

o Secondly, it includes unique amino acid substitutions at

positions 175, 206 and 234, on the basis of which TBEV
subtypes and phylogenetic lineages are distinguished.
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e Thirdly, in GenBank, about 90% of the viral genome
sequences include this fragment, which allows working
with the maximum amount of data.

o Fourthly, the fragment length is a compromise between
sufficient information content and the possibility of its
amplification, which allows studying the maximum num-
ber of virus samples obtained per season from natural
foci of TBEYV, almost in real-time mode.

o Finally, the results of phylogenetic analysis, carried out
using the selected fragment of the virus genome, are quite
comparable in their informativeness with those of with
complete genome sequences.

The mentioned fragment of the nucleotide sequence was
determined and taken from the work [14] for all currently
existing clusterons, which are called prototypes in the rest of
this paper.

In order to simplify using the platform, a python algorithm
was developed that automatically determines the location of
the target fragment in the amino acid sequence of query strain
through alignment with prototypes. Since the length of this
fragment is conserved, if after alignment it becomes clear that
contains deletion or insertion of nucleotide, the system refuses
to continue further actions on the query.

To perform alignment and create a file in the FASTA format
which contains fragments of prototypes, as well as the ex-
tracted fragment of the query strain, the well-known Biopython
[18] and MUSCLE [19] packages, are applied. Biopython is a
freely available python tool that aims to provide libraries for
computational molecular biology and bioinformatics. MUItiple
Sequence Comparison by Log- Expectation (MUSCLE) is
a computer program of multiple alignment which can be
applied to both nucleotide and protein sequences. MUSCLE
was chosen for this project due to the high accuracy and speed
of computation.

B. Phylogenetic Analysis

The majority of evolution researches deal with phylogenetic
analysis. In our case, the phylogenetic analysis consists of two
stages, which are carried out by the widely-used and well-
known PHYLIP package [20], [21] explained as followings:

1) Genetic Distance Calculation: Since the fragments in
the obtained FASTA format file from the previous section
are closed together in terms of genetic distance, Kimura 72-
parameter” model [22] is applied to calculate the genetic
distance between strains of the file. The output is represented
in a matrix-like shape in which the genetic distance between
any pair strains of FASTA file is provided.

2) Tree construction algorithm: There are various methods
for constructing a phylogenetic tree from a distance matrix.
Due to the high computation speed and simplicity of the task,
the Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) [23] was chosen for this part of the platform.
UPGMA is a hierarchical clustering method which assigns the
local topological relationship based on decreasing similarity
that later is used to build the dendrogram. Despite conven-
tional tree construction methods, UPGMA algorithm assumes
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a constant substitution rate, over time and phylogenetic lin-
eages (known as the molecular clock hypothesis) [24]. One
prominent advantage of this method is its high computation
speed which allows working with large trees. By applying
PHYLIP package, a rooted UPGMA tree is built and saved
into a Newick format file which will further be visualized.

C. Results and Visualization

As can be seen in Fig.l, the main challenge here is
to declare the belonging of query strain to the clusteron
structure in three different levels: subtype, phylogenetic lin-
eage, and clusteron. Currently, there are four known TVEB’s
subtype [14]: European (TBEV-Eu), Siberian (TBEV-Sib),
Baikalian (TBEV-Bkl), and Far-Eastern (TBEV-FE). More-
over, the Siberian subtype consists of four different phylo-
genetic lineages: Baltic (TBEV-Sib-Balt), Asian (TBEV-Sib-
Asia), South-Siberian (TBEV-Sib-S.-Sib), and East-Siberian
(TBEV-Sib-E.-Sib). The belonging of a given strain to a
known clusteron is declared by constructing a nucleotide-based
phylogenetic tree and verified through applying amino acid
sequence alignment of their E gene fragment (see Fig.3).

Report Details @)

Strain Name:
Strain

Collection Date:
2019-10-10

Location:
Unknown

Sequence:
TCACTGCGGGCTGTTTGGAAAAGGCAGCATTGTGACCTGCGTCAAGGCGGCTTGTGAGG
CAAAGAAGAAGGCCACTGGACATGTGTATGATGCCAACAGAATCGTGTACACAGTCAAG
GTTGAGCCACACACGGGGGACTATGTTGCCGCCAATGAAACCCATAGTGGGAGGAAGAC
GGCATCCTTCACGGTCTCCTCAGAAAAAACCATTTTGAACATGGGGGACTATGGAGATG
TGTCCTTGTTGTGCAGAGTCGCCAGTGGCGTTGACTTGGCTCAGACTGTCATTCTTGAG
CTTGACAAGACTCTGGAACACCTTCCGACGGCCTGGCAGGTCCATCGTGACTGGTTCAA
TGATCTGGCCCTGCCGTGGAGGCACGAAGGAGCGCAACACTGGAACAATGCTGAGCGAC
TGGTTGAATTTGGAGCTCCGCATGCCGTGAAAATGGACGTG

Results:
The query strain belongs to:
— |Siberian subtype
— |Baltic phylogenetic lineage
— 35S clusteron.

Download aligned FASTA file Download tree file

Fig. 3. The elementary report of result for a query strain.

In order to visualize the obtained phylogenetic tree on the
web page, PhyloCat package was employed. PhyloCat is a
Javascript package, developed by authors of this paper, that
parses and converts the Newick file into a table data type which
can simply be used to infer and determine the ownership and
properties of the query strain in the tree. Additionally, Phylo-
Cat is also able to visualize the phylogenetic tree, highlight
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the query strain path to the root, customize the subtype clade
appearance, and annotate them. A typical visualization of the
phylogenetic tree by PhyloCat is illustrated in Fig.4.
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Fig. 4. The visualization of the phylogenetic tree by PhyloCat.

To facilitate the representation of alignment results, a
Javascript module has been developed which visualizes the
result in a table form and customizes the nucleotide base color
(see Fig.5). The table also includes pair alignment score which
serves as a similarity measure. Each table row represents a
strain and rows are arranged in decreasing alignment score.

The visualization of the phylogenetic tree is configured so
that the topmost branch belongs to the query strain. In order
to conveniently identify the subtype or phylogenetic lineage
closest to the given strain, subtrees associated with the sub-
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Alighment Table

10 FY sc3

Fig. 5. The representation of alignment results.

types and lineages are uniquely colored. All clusterons name,
phylogenetic lineages, and subtypes are separated in space and
highlighted with the same color as their corresponding subtree
(see Fig.4).

The conclusions obtained from the phylogenetic tree are
necessary for the elementary assessment in which determines
the belonging of the test strain to a multiscale clusteron
structure. As mentioned, belonging of the query to a clusteron
must satisfy two conditions:

« the query and clusteron must be sister taxa,

o they have similar amino acid fragment signature after

alignment

In a special case, where the query strain does not belong to
any known clusteron, the system informs the user and saves the
information of the query in the server, since the emergence of
new similar strains may lead to the formation of new clusteron.

However, the presented platform is the first stage of our
project, which is planned to be expanded in the future due to
the additional features described in the next section.

III. FUTURE WORKS

Generally speaking, the main task of this project is not
only to determine the clusteron membership but to build and
supplement the clusteron structure in order to find out the
evolutionary history of the virus and also to understand which
factors have an impact on the evolutionary dynamics of the
virus. Therefore, a phylogenetic network can be applied as in
[14], which describes the evolutionary history of TBEV in de-
tail taking into account the clusteron structure. Consequently,
the next step of the project can be the development of a
method for building, customizing and visualizing a specialized
phylogenetic network for TBEV by combining the advantages
of both Fluxus (Fluxus-engineering.com) and PHYLOViZ
[25] platforms which can well describe and characterize the
clusteron structures.

The prevalence of TBEV strains is usually localized by ge-
ographical area. The detection of drift strains in new territories
is an important task of virology and epidemiology. Therefore,
one of the platform capabilities should be visualizing the
collection location of query strain as well as known clusterons
on the geographical map such as Google or Yandex map (see
Fig.6).
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Fig. 6. The visualization of TBEV strains associated with clusterons on
Google map [14].

Researchers, who work on TBEYV, usually upload genomic
data to the GenBank database [26]. Manually monitoring of
the GenBank is labor-intensive and time-consuming. Thus,
for the convenience of using the platform, an interface will
be added which allows the user to extract the nucleotide
sequence of GenBank strain using its ID in order to analyze
it through the platform. The interface will also provide the
ability to automatically update the cluster structure in real-time
by monitoring TBEV sequences recently added to GenBank.
It is remarkable that by submitting more TBEV samples, the
overall picture of TBEV evolution becomes more and more
clear.

Typically, antigens, which are located on the surface of
the virus, contain important amino acid positions that play a
crucial role in binding. Studying the amino acid substitutions
in the structure of protein E and their relation to the clusteron
structure can be facilitated by visualizing them on the surface
of protein 3D model, e.g. PDB [27] file, which also helps the
researcher better understand the biological role of mutations.
Thus, it is planned to consider such visualization which high-
lights the amino acid signatures for each clusteron. A possible
way to improve the quality of cognitive visualization is by
employing a virtual reality environment. Accordingly, the 3D
visualization of protein will be further equipped with a virtual
reality environment by Viewlang platform (viewlang.ru).

Besides the aforementioned capabilities, the user’s requested
analysis also will be considered for future development.

IV. CONCLUSIONS

The implementation of the automatic analytical platforms
for the genetic database has been gaining more and more
interest in the last decade. With the accumulation of genetic
sequence database and the development of technology, it
becomes necessary to create specialized platforms that will
allow researchers to automatically apply a required analysis
and draw conclusions. Thus, the researcher can significantly
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increase the efficiency of his work and concentrate his atten-
tion only on the obtained results.

In applying bioinformatics methods for processing genetic
data, it is necessary to consider the reproducibility of the
results, especially when the work relates to the study of
evolution. Therefore, it is very important to consider this factor
before developing analytical platforms.

This article introduces the project of creating a global
unified interactive platform for monitoring and visualizing
tick-borne encephalitis virus populations based on the recently
developed clusteron approach. Clusteron approach addresses
several factors such as subtype, phylogenetic lineage, and
clusteron through which the strain can be characterized. In
general, it can be said that the proposed platform will provide
unique capabilities and a variety of analyzes for studying
the evolution and behavior of TBEV which can especially
be employed by virologists, molecular epidemiologists, and
evolutionists. The main goal is performing the analysis and
obtaining the results with minimal human effort. To further
enhance the platform’s practical significance, it is planned to
add other capabilities such as visualization of results on a
geographical map, such as Google and Yandex map, applying
the phylogenetic network and considering an interface with
GenBank.

It is expected that with the increase in the use of the
presented platform, evolutionary information of TBEV will
be continuously supplemented which updates the clusteron
structure, as well as yields the extension and enhancement of
analyzes for a better understanding of TBEV evolution. This
also will lead to a comprehensive representation of the virus
distribution on the geographical map.
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