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Abstract. Based on literature analysis and own bioinformatics and virology research experience, authors propose
multistep data processing algorithms, designed for the objectives of assisting the SARS-CoV-2 epitope vaccine
production.

Epitope vaccines are expected to provoke a weaker but safer response of the vaccinated person. Methodologies
of reverse bioengineering, vaccinology and synthetic peptide manufacturing have a promising future to combat
COVID-19 brutal disease.

The significant mutational variability and evolution of the SARS-CoV-2, which is more typical for natural
animal-borne viruses, are the hurdle for the effective and robust vaccine application and therefore require
multidisciplinary research and prevention measures on the international level of cooperation.

However, we can expect that other viruses with different nature and content may be labelled as SARS-CoV-2. In
this case metagenomics is an important discipline for COVID-19 discovery.

High quality reliable virus detection is still an unresolved question for improvement and optimization.

It is of upmost importance to develop the in silico and in vitro methods for the vaccine recipient reaction
prediction and monitoring as techniques of the so-called modern personalized medicine.

Many questions can't be solved applying exclusively in silico techniques and only can be discovered in vitro and
in vivo, demanding significant time and money investments.

Future experiments also should be directed at the discovery of optimal vaccine adjuvants, vectors and epitope
ensembles, as well as the personal characteristics of citizens of a certain region. This research would require several
more years of meticulous large-scale laboratory and clinical work in various centers of biomedical institutions
worldwide.
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algorithms.
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Po6ota BukoHaHa 3a miaTpuMku binopycbkoro pecmy01ikaHChbKOTO (hOHTY
byHaaMeHTaTbHUX AOCIIKEHb Y paMKaX MPOEKTY:

M21COVID-001 «Po3poOka Ta ckpuHiHT MyKo3HOI Bakiinau rpotu COVID-19 Ha ocHOBI
BEKTOPHOI M1aT(OpMH KHIIKOBOTO a1eHoBipycy», Ne I'P 20210889 Binx 26.04.2021

AHoranis. Ha ocHOBI aHami3y JiTepaTypHUX JDKEpel Ta BIACHOTO JOCBILY JOCHIKEHb Yy ramysi
6i0iH()OpMATHKK Ta BipycCOJIOTii, aBTOPU NPONOHYIOTH OaraTroeTarHi ajJropuTMH OOpOOKHM JaHUX, L0 pO3poOJeHi 3
METOIO CHPHSIHHS BUPOOHHUITBY eniTonHol BakuuHu npoti SARS-CoV-2.

Od4iKy€eTbCs, IO CMITONMHI BAaKIWHA OyAyTh OE3NEYHIMMMH W BUKIMKATHMYTH OUIBII CIIa0Ky peaKIio
oprasizMy. Meromonorii 3BOpoTHOI OioiHKeHepii, BaKIIMHONOTIi Ta BHPOOHMIITBA CHHTETHYHHX MENTHIIB MAlOTh
BeJMKe MaitOyTHE y 60poTH0i 3 TSHKKNM 3axBoproBaHHsIM COVID-19.

3HayHa TeHeTHYHa MIHJHBICTH Ta eBoitowis Bipycy SARS-CoV-2, mo nmpuTamMaHHa TpUPOJHUM Bipycam, sKi
NOXOJSTh BiJ TBapHH, € IEPEIIKOJ00 i e()eKTUBHOIO Ta HAAiHHOIO 3aCTOCYBAaHHS BakKIWHH, a TOMY BHMarae
MYJIbTUIMCHUILTIHAPHUX JOCIIDKEHb Ta MPO(IIAKTUYHUX 3aX0/(IB HA MI>)XHAPOTHOMY PiBHI CHiBIpaLi.

OpnHak iHIII BipyCH 3 BIIMIHHOIO MPHUPOJIOI0 Ta OyJOBOIO MOXYTh OyTH mo3HaueHi sik SARS-CoV-2. Orxe,
MeTareHoMiKa € BaXIIMBOIO TUCLUUILIIHOIO 1uist BusiBieHHs COVID-19.

[MuraHHsA SKICHOTO Ta HAJIMHOTO BHSBJCHHS BIPYCIB 3aJIMINAETHCS BIAKPUTUM JUIsS BJIOCKOHAJICHHS Ta

onrumizauii.

HanzeuuaiiHo BaXximBoOIO € po3pobka MeToaiB in silico Ta in vitro st NPOTHO3yBaHHS Ta MOHITOPHHIY peakIii
peLuIieHTa BaKLHHY, SIK METOJIMK TaK 3BaHOI Cy4acHOI HepCOHAI30BaHOI MEAUIIMHH.

3acTocyBaHHA BHKIIOYHO MeETOAy in silico HeZOCTaTHBO IuIsi BHpIMIeHHS Oarathox muTaHb. Lli mpoGremu
moTpeOyIOTh 3aCTOCYBAaHHS METOIIB in Vitro Ta in vivo, [0 BUMAararoTh 3HAYHUX 3aTpaT Yacy Ta KOIITIB.
MaiibyTHi eKCepUMEHTH TaK0X MalOTh OyTH CIIPSMOBaHI Ha BUSBJICHHS ONTUMAIIBHUX aJ] I0BaHTIB, BEKTOPIB Ta
MIOEHAHE CIIITOIIB, a TAKOXK Ha iHAMBITya bHI OCOOIMBOCTI MEUIKAHIIIB MIEBHOTO perioHy. s 1iporo JoCIimKeHHS
3HAZOOUTHCS e KUTbKA POKIB peTeNbHOI i MacIITabHO1 TabopaTOpPHOI Ta KIIHIYHOI pOOOTH B Pi3HHUX LIEHTpPaX

0i0MEIMYHUX YCTAHOB II0 BCbOMY CBITY

Karouosi cioBa: SARS-CoV-2, COVID-19, emitornHa BakuuHa, MenuyHa KiOepHeTuka, OloiHdopmaruka,

TeHOMIiKa, aJTOPUTMHU.

Introduction, problem and objectives

review

The development of algorithms for
processing data from genomes of especially
dangerous viruses has already been partially
covered in scientific publications by authors
from the largest research centers of virology
and tropical infections.

Several sources present algorithms for
the analysis of genomic texts of the Zika
virus, West Nile fever, Chikungunya, Nipah,
Ebola, African swine fever, MERS (Middle
East respiratory syndrome), SARS (severe
acute respiratory syndrome), preceding the
current COVID-19 pandemic (Coronavirus
disease 2019).

Over the past six months, a large
number of articles and chapters of
monographs on the topic of algorithms for

processing genomic data for the goals of
development of a rational design of anti
SARS-CoV-2 peptide vaccine have been
appeared in print [1-13].

SARS-CoV-2 is a modern plague,
which has been Killing people worldwide
since 2019. The estimated number of related
deaths is about 5 000 000.

The exact origin of the virus is
still unknown, several hypotheses propose
deforestation and zoonoses together with
recombinant and artificial virus leakages as a
possible cause of the pandemics.

Thus, the development of effective and
safe vaccines, chemoprohylaxis and therapy is
of upmost importance today.
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Methodology

Reverse vaccinology allows to use
genome texts in order to define and select the
essential genome regions, applying the
modern  bioinformatics and  genomics
software and algorithms, for the final goals of

synthetic peptide bioengineering, vaccine
design production, testing and
practical application with an

expected protective effect and benefits for
the consumers.

Viral genome texts are produced via the
signal processing of the sequencing machines
(Mumina, lon Torrent, Oxford Nanopore
Minlon, Pacific Biosciences, etc.) and the
resultant raw data are subjected to the
multistep  bioinformatics data processing
pipeline.

The final result of the data processing
are the genome contigs with an annotation,
assigning the biologically and
pathogenetically  relevant  terms  and
definitions to the input chunks of nucleotide
or the amino acid words.

Therefore, we have to understand that
the genomics data processing way is an error
prone activity, which is highly dependent on
the input data quality, proper de novo
assembly algorithms and their options and
settings and the relevant contig annotations.

Results and discussion

Based on the 13 years of experience of
biology and relevant  bioinformatics
computations and the extensive modern
literature on the topics of the reverse
vaccinology, next generation sequencing data
processing, we have developed data
processing algorithms for the objectives of
the SARS-CoV-2 epitope compound design
(Figures 1-4).

The proposed algorithms may be
implemented applying various software and it
is realistic to  expect the variations of the
resultant epitope amino acid sequences
therefore.

Figure 4 shows how the genome contigs
can be annotated to disclose their
physiological and biological functions.

When the elements of genome texts,
representing the highly immunogenic and
simultaneously non-allergenic to the host

S3EeRES

epitopes are defined, they are further

processed incorporating solid-state peptide

synthesis for producing vaccine components.

However, the generated synthetic
proteins are not the complete vaccine
preparation and is just an artificial analogue
of the actual virus.

Further experiments are required and
expectantly will show and substantiate the
following questions, regarding the successful
compositions of the multiepitope vaccine:

1. How the synthetic peptides affect the
immune response of the mammals.
Including the human host organism, how it
compares versus the natural response of
the actual SARS-CoV-2 virus and the other
vaccines?

. How the application of the few-epitope and
multiepitope vaccines compares and may
the epitope overload provoke the excessive
immune reactions, such as the previously
described cytokine storm, anaphylaxis and
degenerating autoimmune reactions?

. How the vaccine adjuvants and vectors
change the immune response and the
disease prevention efficacy in vitro and in
vivo?

These are only a few questions to be
replied urgently.

The quality of the initial data is of
decisive  importance  for in  silico
bioinformatics analysis of genomes. Errors in
reference databases can lead to incorrect
amino acid substitutions, which will result in
the synthesis of an ineffective immunogene
that is unable to bind antigens and produce a
sufficiently strong antiviral immune response.

Conclusion

On the basis of scientific literature
data and the experience of computational
experiments, algorithms for  processing
coronavirus genomes have been developed for
the purposes and tasks of modern
immunoinformatics, vaccinomics and
virology. The algorithms can be applied and
adapted to develop epitope vaccines against
highly dangerous viruses of various origins.
To implement the developed algorithms,
various software and its elements, ensembles
and complexes can be used. Viral vaccine
development is a time and money highly
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demanding research and manufacturing
endeavor and requires serious quality control
measures and the unexpected event and
complications registration and reporting. The
benefits of wvaccination is not guaranteed
for the whole population of consumers.

\
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Figure 1. Venn diagram showing interdisciplinary
nature of the SARS-CoV-2 epitope vaccine
development

The major role of scientific efforts is to
assist the development of safe vaccines to
reduce the number of vaccine-related deaths
and severe health harms.
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Figure 2. Technical presentation of the principal
algorithm for the development of an epitope vaccine
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Figure 3. Biomedical presentation of the general
algorithm for the development of an epitope vaccine
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Figure 4. Genome annotation classification
and software

M.V. Sprindzuk, A.S. Vladyko, L.P. Titov
Data processing algorithms for the in silico
SARS-CoV-2 epitope prediction and
vaccine development

Based on literature analysis and own
bioinformatics and  virology  research
experience, authors propose multistep data
processing algorithms, designed for the
objectives of assisting the SARS-CoV-2
epitope vaccine production. Many questions
can't be solved applying exclusively in silico
techniques and only can be discovered in vitro
and in vivo, demanding significant time and
money investments.
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List of terms and definitions and

terms (with additions and changes from)
[14]:

antigenicity — the property to induce an
immune response;

antigens — inducers of the
response, modifiers of the
immunological reactivity;
genome — a complete set of genes that
determine all the properties of an organism;
genetic recombination — the process of
formation of genomes containing genetic
material from two or more parental forms;
genotype — a set of active and
inactivated genes that are the principal part
of the factors of heredity of the organism;
genetic engineering — a branch of
genetics that develops techniques for
manipulating nucleic acids and uses these
methods for genetic research and obtaining
organisms with mixed genomes;

gene pool — a set of genotypes of
individuals representing a population, a
type of microorganism and other organic
forms;

genophore — a carrier of genes;
identification of viruses — laboratory and
bioinformatics process of determining the
systematic position of an unknown virus
strain down to the type or variant;

isolates — cultures of viruses or other
microbes isolated from a specific source;
immunization - a way to artificially
create immunity;

immunity — a complex of protective and
adaptive reactions and adaptations aimed at
maintaining the constancy of the antigenic
composition of the internal environment of
the macroorganism by Kkilling and other
types of neutralization and removal of
foreign objects of antigenic nature;

humoral immunity —  immunity, the
major effectors of which is antibodies;
cellular immunity -  immunity, the
principal effector of which are sensitized

immune
body's

lymphocytes and the  lymphokines
produced by them;
acquired immunity - a form of

immunity that is acquired in the process of
individual development of the organism as
a result of contact with parasites and
substances of antigenic nature;

interferons — a class of inductive low
molecular weight alpha-helical proteins of
vertebrates, possessing antiviral and other
activities within the species to which the
producer of interferons belongs;

infection — a set of pathological,
adaptive and reparative reactions of an
organism resulting from its competitive
interaction with microbes;

pathogenicity of viruses — the species
potential ability of viruses to cause an
infectious process in their hosts;

reinfection — recurrent infection of an
organism that has suffered a disease with
the same or another variant of a certain
type of pathogen;

superinfection — infection of a patient
with the same or another variant of the
same pathogen during the course of the
disease;

transcription - the process of
transferring genetic information from the
genome to informational RNA;

translation — the process of formation of
a polypeptide chain on mRNA associated
with polyribosomes;

transfection — infection of cells by
introducing genomic and subgenomic
molecules of nucleid acids.
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