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Abstract

The article explores the fundamental role of viruses as generators of genetic variability and driving
force of macroevolutionary processes in the biosphere. Molecular biological strategies of virus replication
are analyzed within the paradigm of the Baltimore classification, which considers the genome type as
a determinant of transcriptional logic and adaptive potential of viral lineages. Attention is focused on
enzymatic replication systems — RNA-dependent RNA polymerase (RARp) and reverse transcriptase (RT),
devoid of an error correction mechanism. It is proven that the high frequency of incorporation of non-
complementary nucleotides and structural variability due to template changes lead to the formation of
quasispecies — highly dynamic populations of genetically related subvariants, which ensure evolutionary
plasticity and survival of the virus under selective pressure.

The molecular mechanisms of viral genome integration into host cell chromosomes as a basic pathway
of horizontal gene transfer are outlined. Obligate integration of retroviruses mediated by viral integrases
with co-optation of cellular proteins for chromatin navigation are considered, as well as the mechanisms of
lysogeny of temperate bacteriophages, which determine the genetic plasticity of prokaryotes and their
acquisition of new phenotypic traits (in particular, pathogenicity and stress resistance). The phenomenon of
the formation of endogenous viral elements (EVE) because of ancient integrations into eukaryotic germline
cells, which became a substrate for the emergence of new regulatory sequences, is described.

Hypotheses of the origin of viruses are synthesized. The concept of polyphyletic origin is asserted,
according to which different viral classes evolved independently from distinct predecessors (plasmids,
retrotransposons) through horizontal gene transfer, gene loss, and recombination, which makes it impossible
to identify a single common ancestor.

The central aspect of the work is the analysis of the consequences of viral-cellular coevolution through
the mechanism of molecular exaptation — co-optation of viral genes by host organisms to perform new
biological functions. The molecular basis of the formation of morphophysiological structures and immune
mechanisms based on integrated viral sequences is presented. Examples are detailed: fusogenic activity of
retroviral syncytin proteins during placentation; the origin of the neuronal gene Arc, which provides
intercellular communication and synaptic plasticity, from a retrotransposon; the transposon origin of RAG-
recombinase enzymes responsible for somatic recombination of gene segments in the vertebrate adaptive
immune system; the evolution of the CRISPR-Cas adaptive immune system of bacteria from casposons, the
role of endogenous retroviruses in maintaining the pluripotency of embryonic stem cells (HERV-H) and the
functioning of their LTR regions as transcriptional enhancers (MER41). It is argued that viruses are
a critical architectural element in the formation of genomes and the evolutionary complexity of cellular
biological systems.

Keywords: Baltimore classification, virus replication, quasispecies, horizontal gene transfer, endogenous
retroviruses, coevolution, molecular exaptation, origin of viruses, endogenous viral elements, gene
co-optation.
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Introduction

Despite the debatable status of viruses as living
organisms in classical biology, in the context of
evolutionary studies they are considered full
participants in the global exchange of genetic
material [1]. Morphological, ecological or
pathogenetic criteria have traditionally been used to
systematize this diversity. However, in the context
of studying replicative strategies and origin, the
classification proposed by D. Baltimore is of key
importance. The Baltimore classification structures
viruses by the type of nucleic acid of the genome
and the mechanism of synthesis of template RNA.
Each group uses a different molecular strategy for
transferring information from the viral genome to
the cellular translation apparatus. Class I — double-
stranded DNA viruses. The genome is represented
by a double-stranded DNA molecule. mRNA
synthesis occurs on the viral DNA matrix using
cellular or viral DNA-dependent RNA polymerase.
Class II —single-stranded DNA viruses. The genome
contains a single-stranded DNA molecule. Before
transcription begins, cellular DNA polymerases
synthesize a complementary strand. The formed
double-stranded DNA serves as a template for
mRNA synthesis. Class III — double-stranded RNA
viruses. The genome consists of double-stranded
RNA. mRNA synthesis is conducted exclusively by
the viral RNA-dependent RNA polymerase. This
enzyme is structurally part of the virion and is
transported into the cell during infection. Class IV —
positive-sense  single-stranded RNA  viruses
(hereinafter +ssRNA). The genome is represented
by the +ssRNA strand. Viral RNA has the polarity of
cellular mRNA and is directly translated by the host
ribosomes. The primary translation product is the
viral RNA-dependent RNA polymerase, which is
necessary for further genome replication. Class V —
negative-sense  single-stranded RNA  viruses
(hereinafter -ssRNA). The genome contains the
-ssRNA chain. This molecule is not capable of direct
translation. Synthesis of complementary mRNA
catalyzed by viral RNA-dependent RNA
polymerase, which is delivered to the cell in
a complex with the viral genome. Class VI — single-
stranded RNA viruses with reverse transcription.
The genome consists of +ssRNA. Viral reverse
transcriptase synthesizes double-stranded DNA on
the viral RNA template. The synthesized DNA is
integrated into the host cell chromosome in the form
of a provirus. Transcription of mRNA from the
provirus is conducted by cellular RNA polymerases.
Class VII — double-stranded DNA viruses with
reverse transcription. The genome is formed
partially by double-stranded DNA. After penetration

into the cell, the genome is repaired by cellular
enzymes to a full-fledged double-stranded episomes.
Cellular RNA polymerase synthesizes pregenomic
RNA. It simultaneously functions as mRNA and
a template for the synthesis of new viral DNA
genomes by viral reverse transcriptase [2,3].

Each class is an isolated evolutionary strategy
for overcoming cellular barriers. Genome type
rigidly determines the molecular logic of
transcription and replication, which determines the
adaptive potential of a particular viral lineage.

1. Molecular mechanisms of generating
genetic variability

The high rates of evolution and adaptation of
viruses to new environmental conditions or host
immune responses are due to the unique structural
organization of their genomes and the specificity
of their enzymatic replication systems. RNA-
dependent RNA polymerase (RdRp) and reverse
transcriptase (RT) play a significant role in the
generation of genetic diversity of RNA-containing
viruses and retroviruses.

In +ssRNA and -ssRNA viruses, replication is
mediated by a virus-specific enzyme, RNA-
dependent RNA polymerase (RdRp). A fundamental
evolutionary feature of RdRp is the lack (with
rare exceptions, such as coronaviruses) of
3'-5' exonuclease activity, i.e., an error correction
mechanism [4,5]. This leads to a high frequency of
incorporation of non-complementary nucleotides
during the synthesis of new RNA strands. To
compensate for the low fidelity of copying and to
optimize the overall replication cycle, +ssRNA
viruses have evolved the ability to compartmentalize
replication in virus-induced organelles (ROs).
The formation of membrane structures such as
spherules (Flaviviridae), double-membrane vesicles
(Coronaviridae) or tubules (Bunyamwera) serves
a dual evolutionary function: local concentration of
viral polymerases, helicases and template RNA and
spatial isolation of double-stranded replication
intermediates. Since the emergence of double-
stranded RNA in the cytoplasm is identified by
cellular sensors of innate immunity (e.g., RIG-I) as
a foreign molecule, and its membrane isolation is
necessary to prevent premature triggering of the
immune response. a similar strategy of hiding
genetic material is also inherent in large DNA
viruses that form cytoplasmic virus factories [6].

In turn, in non-segmented -ssRNA viruses, the
genome of which is represented by a single
continuous RNA molecule instead of separate
fragments, adaptation to rapid evolution is realized
through  the  mechanism of  competitive
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encapsidation. The synthesized antigen (+ chain) is
instantly covered with the nucleocapsid protein N
directly  during synthesis. During normal
transcription, the polymerase stops at specific
regions of the genome to form individual mRNAs.
The binding of the N protein to the newly synthesized
RNA physically hides these termination signals
from the enzyme. Blocking the signals forces the
polymerase to work in a high-processivity mode —
the enzyme does not detach from the template and
continuously synthesizes a single full-length
genome, maintaining the basic level of mutation
generation [7]. Retroviruses of the Retroviridae
family use a different strategy for generating genetic
diversity, based on RT activity. In addition to the
fact that RT also lacks a repair mechanism and
generates point mutations, the algorithm for
converting sSRNA to dsDNA itself provirus is
a source of structural variability. The process of
reverse transcription requires a complex mechanism
of template changes, the so-called “jumping”. RT
initiates synthesis from a tRNA primer at the primer
binding site (PBS), reaches the 5'-end, after which
the viral RNA region is degraded RNase H. RT then
“jumps” to the 3'-end of the template to continue

Exit

RNA virus

Replication

elongation and form long terminal repeats (LTRs).
When a cell is co-infected with two different strains
of retrovirus, RT can jump between two different
genomic RNA molecules. This is the primary
molecular mechanism ofhomologous recombination
in retroviruses, leading to the instantaneous
emergence of new genetic variants [8,9].

The consequence of the error-prone enzymes
(RdRp and RT) combined with rapid replication
cycles is the impossibility of fixing a single wild-
type genome. Instead, quasispecies are formed —
populations of genetically related mutant variants
of the virus within a single host [10]. The
evolutionary advantage of quasispecies lies in the
transition from individual to collective fitness.
Mutant variants in a population are capable of
complementation. Even lethal or defective
genotypes can be maintained in the pool by proteins
synthesized by other full-fledged virions in the
same cell. The presence of a wide range of
subvariants of the viral genome in the composition
of a quasispecies provides evolutionary plasticity,
allowing the population to instantly adapt to
changes in tropism, the action of antiviral drugs, or
pressure from the host immune system [11].

Viruses with different mutations

Natural selection

within the organism

Fig. 1. Scheme of the formation of quasispecies
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2. Integration mechanisms and horizontal
gene transfer

The ability of viruses to integrate their genetic
material into the chromosomes of host cells is one
of the main mechanisms of horizontal gene transfer
in the biosphere. Depending on the class of viruses,
this process may be an obligate step.

For retroviruses, integration of proviral DNA
into the host genome is a prerequisite for productive
infection. After reverse transcription is completed,
a preintegration complex is formed, the key enzyme
of which is viral integrase. It conducts 3'-processing
of the terminal regions of viral DNA, cleaving two
nucleotides from the 3'-ends of both strands to
create reactive sticky ends [12,13].

An important evolutionary feature of retroviral
integration is its non-randomness: viruses co-opt
cellular proteins to navigate chromatin. The
integrase of human immunodeficiency virus uses
the host factor LEDGF/p75 to direct the provirus to
active transcriptional domains, while the murine
leukemia virus interacts with BET proteins.
Integrase catalyzes a strand transfer reaction, joining
the 3'-ends of viral DNA to the 5'-ends of host DNA,
after which cellular repair systems fill in single-
stranded gaps [12,14].

In prokaryotes, the key agents of horizontal gene
transfer are temperate bacteriophages, capable of
switching between lytic and lysogenic pathways.
The choice of strategy is tightly regulated: the high
stability of the viral protein CII activates the
synthesis of the repressor CI, which blocks lytic
genes and converts the phage into a prophage state.
Physical integration of the phage genome into the
bacterial chromosome is provided by the viral
integrase with the obligatory participation of the
bacterial factors IHF and Fis. In the prophage state,
the viral DNA replicates passively together with the
host genome. Integrated prophages contain genes
that change the phenotype of the bacteria [15-18].
Direct evidence is the acquisition of pathogenicity
by Corynebacterium diphtheriae and Vibrio
cholerae, which produce diphtheria and cholera
toxins exclusively through the expression of genes
within integrated prophages. The balance between
integration and excision provides the bacteria with
dynamic genetic plasticity [19-22].

Unlike retroviruses and temperate phages,
eukaryotic ssDNA viruses (Parvoviridae) usually
do not encode their own integrases and replicate
episomally. However, molecular genetic studies
have recorded numerous traces of their ancient
integration in eukaryotic genomes — endogenous
viral elements (EVEs). These sequences were
formed as a result of the integration of viral genomes

into germline cells with subsequent vertical
inheritance. Their presence became the evolutionary
material for the emergence of new regulatory
sequences and changes in the chromatin architecture
in the host genome [23,24].

Endogenous parvovirus elements have been
identified in vertebrate genomes — integrated
sequences of the rep and cap genes of ancient
parvoviruses, the integration of which occurred
approximately more than 30 million years ago [25].

A modern example of the ability of ssDNA
viruses to integrate into the genome is adeno-
associated virus (AAV), which demonstrates
a unique mechanism of site-specific integration into
the 44AVS1 locus on human chromosome 19 [26].
The process is initiated by the viral Rep protein,
which recognizes the RBS (Rep binding site) and
makes a single-strand break, forming a covalent
bond with the host DNA and releasing the 3'-OH
group. This free end serves as a primer for cellular
polymerases, which copy the viral genome by
template switching [27].

Integration of viral genes into host genomes
provides evolutionary innovations. Sequences that
originally served the infectious cycle of the virus
acquire new functions in eukaryotic organisms.
They become the basis for the formation of new
tissues, transcriptional networks, and immune
systems. a list of key features of multicellular
organisms that arose as a result of horizontal transfer
of viral genes is given in Table 1.

3. Evolution of viruses and theories of their
origin

The origin of viruses is still a matter of debate.
The three main theories of viral origin — the virus
world theory, the gene escape theory, and the cellular
regression theory — cannot fully explain the origin
of the virosphere, as viruses exhibit a huge diversity
of both replicative and morphological, infectious,
and adaptive strategies.

Therefore, it is impossible to trace their single
common ancestor. Accordingly, the theory of the
polyphyletic origin of viruses arises, that is, the
absence of a single common ancestor, analogous to
LUCELLA, the last universal common ancestor, in
cellular organisms [43,44]. The diverse groups of
viruses most likely arose from different ancestors.
ssDNA viruses probably arose several times
independently as chimeras: the replication proteins
were obtained from plasmids, the capsid proteins from
RNA viruses. RNA viruses, Baltimore classes 3-5,
are descended from a common ancestor that had
an RdRp, but horizontal gene transfer, frequent
gene loss or recombination events have divided
them into distinct groups. Reverse transcription
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Table 1
Key features of multicellular organisms that arose as a result of horizontal transfer of viral genes
Feature (property) Biological function of the trait Gene or regu!atory ele.m ent that Virus — gene donor Source
provides a trait
Placentation in mammals Fusion of trophoblast cells to form immune syncytin-1, syncytin-2 Endogenous retroviruses HERV-W, [28]
tolerance to the embryo HERV-FRD (env)
Placentation in skink-like lizards | Fusogenic activity in the placenta of viviparous syncytin-Mab1 (Mab-Envli) Endogenous retrovirus (env) [29]
(Mabuya) lizards
Formation of the myelin sheath | Activation of myelin basic protein (MBP) gene RNLTR12-int (non-coding RNA) Endogenized gammaretrovirus [30]
in vertebrates transcription through binding to SOX10 factor
Synaptic plasticity and memory | Transport of mMRNA between neurons in Are Ty3/ gypsy (gag) family retrotransposon [31]
in tetrapods extracellular vesicles (capsid-like structures)
Adaptive immunity of jawed Catalysis of V(D)J recombination to generate RAGI, RAG2 DNA transposon superfamilies 7ransib [32,33]
vertebrates antibody and T-cell receptor variability (transposase)
Pluripotency of primate Recruitment of coactivator complexes, LTR sequences and long non-coding | Endogenous retrovirus HERV-H [34]
embryonic stem cells prevention of premature cell differentiation RNAs
Adaptation to a starchy diet in Providing novel tissue-specific promoter for AMYI (regulatory region) Retroviral element HERV-E [35]
hominids enzyme overexpression in salivary glands
Immune regulation in humans Regulation of immune response genes through Regulatory area near AIM2 Endogenized gammaretrovirus MER41 [36]
STAT1/IRF1-dependent pathways (enhancer
activity)
Antiviral protection of human Physical blocking of the cellular receptor ASCT2 | Suppressyn (SUPYN) Endogenous retrovirus HERVH4S [37]
cells to prevent infection by exogenous retroviruses
Development of the feto- Trophoblast cell proliferation and differentiation, | PEG10, PEG11/RTLI Endogenized gammaretroviruses [38]
placental complex vascular development, transplantation tolerance
Regulation of development and | Ensuring normal morphogenesis and NIToEVE14 Endogenized toti-like virus (TOEVE) [39]
fertility in insects reproductive function of grasshoppers
(Nilaparvata lugens)
Genomic stability in humans Involvement in cell cycle regulation and EBLN-1, EBLN-2 Endogenized bornavirus [40]
microtubule formation
Resistance to retroviral Blocking the infectious cycle of murine leukemia | FvI Endogenous retrovirus of the ERV-L family [41]
infections in mice virus (MLV) at the post-cell entry stage (gag)
Immunosuppression by parasitic | Delivery of immunosuppressive genes into the Genes of structural proteins of virus- | Polydnaviruses (derived from nudiviruses) [42]

braconid wasps (Braconidae)

caterpillar body to protect the laid parasitoid eggs

like particles
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viruses, Baltimore classes 6—7, have a common
origin from retrotransposons [45]. All three mecha-
nisms have likely occurred in the evolution of
diverse groups of viruses.

4. Coevolution of viruses and their hosts

Since viruses are obligatory intracellular
parasites and require a cell to carry out their genome,
their rate and direction of evolution are directly
dependent on the evolution of the host. The evolution
of other organisms under the influence of positive
selection for resistance to viruses forces them to
adapt to infections. As a result, there is a so-called
“arms race” between the virus and the host.

Although it is generally accepted that 8% of the
human genome is exclusively composed of classical
endogenous retroviruses, the total proportion of
mobile genetic elements of viral origin is as high as
45% [46]. Ancient integration of retroviruses has
provided the molecular basis for the formation of
key morphological structures in vertebrates. For
example, in placental mammals, syncytin proteins
are encoded by the env genes of endogenous
retroviruses. HERV-W and HERV-FRD. These viral
proteins provide fusogenic activity — the fusion of
trophoblast cells with the formation of
syncytiotrophoblast and also form the immune
tolerance of the mother’s body to the embryo. The
formation of the myelin sheath of nerve fibers in
vertebrates depends on the endogenous retroviral
element RNLTR12-int. This sequence is transcribed
into a non-coding RNA, which binds to the
transcription factor SOX10 and specifically triggers
the expression of myelin basic protein (MBP) in
oligodendrocytes [30,47].

Viral and subviral elements determine the
functioning of higher nervous activity through
mechanisms of intercellular communication. The
Arc gene, important for synaptic plasticity, long-term
memory formation and neurocognitive processes in
tetrapods, evolved from a retrotransposon of the
Ty3/gypsy family. The Arc protein has retained the
ability to oligomerize, inherent in viral Gag proteins,
and forms structures homologous to viral capsids.
These capsid-like complexes capture their own
mRNA Arc, transported to synaptic terminals and are
released into the extracellular space as part of
extracellular vesicles. Uptake of these vesicles by
neighboring neurons provides horizontal transfer of
genetic information, which locally modifies synaptic
plasticity without involving the nuclear apparatus of
the recipient cell [31].

The adaptive immunity system of jawed
vertebrates is based on molecular mechanisms
borrowed from mobile genetic elements. The

process of V(D)J recombination, which generates
antibody and T-cell receptor variability, is catalyzed
by the proteins RAG1 and RAG2. These enzymes
are derived from the DNA transposase transposon
superfamilies Transib. Evolutionary transformation
has transformed the “cut and paste” mechanism
characteristic of autonomous transposons into
a regulated process of somatic recombination of
gene segments. Instead of mobilizing its own
genome, the co-opted RAG transposase specifically
recognizes recombination  signal  sequences
(Recombination Signal Sequences — RSS) on host
chromosomes, creating double-stranded DNA
breaks required for the assembly of unique antigen-
recognition receptors [33].

In primates, transcripts of the endogenous
retrovirus HERV-H constitute a significant fraction
of the total RNA pool in embryonic stem cells and
are obligatory for the maintenance of a pluripotency
state. HERV-H long terminal repeats contain
binding sites for key pluripotency factors (OCT4,
SOX2, NANOG) and act as enhancers. Long
noncoding RNAs transcribed from HERV-H loci
serve as molecular scaffolds that recruit coactivator
complexes to specific regions of the genome,
preventing premature cell differentiation [34].

In the hominid lineage, adaptation to a high-
starch diet was accompanied by amplification of the
salivary amylase (AMY1) gene. Integration of the
HERV-E retroviral element near the ancestral AMY1
gene provided a novel tissue — specific promoter
that initiated overexpression of the enzyme directly
in the salivary glands, whereas the original gene
was expressed predominantly in the pancreas. The
presence of multiple homologous retroviral
sequences at this locus triggered unequal crossing
over during meiosis, which ensured an increase in
the number of copies of the AMYI gene in the
human genome [35].

In bacteria, particularly Escherichia coli, the
presence of integrated prophages critically affects
viability and stress resistance. For example, the
deletion of nine cryptic prophages from the
genome E. coli K-12 leads to increased sensitivity
of the bacterium to oxidative stress and the action
of quinolone antibiotics. At the molecular level,
this protection is provided by specific phage
genes: Kil protein, encoded by prophage Rac,
during cellular stress, binds to the bacterial
protein FtsZ and inhibits its polymerization,
thereby blocking cell division and giving the
bacteria time to repair damaged DNA. In the
process of coevolution, a number of protective
mechanisms of viral origin have been formed.
The phenomenon of superinfection exclusion is
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that the already integrated virus expresses surface
or cytoplasmic proteins that physically block host
cell receptors or prevent translocation genome of
secondary viruses [48,49].

CRISPR-Cas system, which provides adaptive
immunity of bacteria against phages, arose through
the co-optation of casposons — self-synthesizing
DNA transposons. The main adaptation enzyme
Casl, which cuts and integrates new viral spacers
into the CRISPR locus, is an evolutionary descendant
of the casposon transposase, which has lost the
ability to move autonomously, but has retained
endonuclease activity for the directed incorporation
of foreign DNA fragments [50].

Conclusions

Viral replication generates fundamental genetic
variability in the biosphere. The constant
accumulation of viral mutations leads to the formation
of quasispecies. Quasispecies ensure continuous
adaptation of the virus to the host’s selective pressure.
The mechanisms of integration of viral genomes into
the genomes of other organisms provide global
horizontal gene transfer. The coevolution of viruses
and hosts is realized through molecular exaptation.
Viral elements are the structural basis for the
emergence of complex aromorphoses. The molecular
logic of viral replication directly determines the
macroevolutionary complexity of cellular organisms.
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MOJIEKYJISIPHI CTPATEI'Ti BIPYCHOI PEIIJIIKAIIT
TA IXHIH BIIJIUB HA EBOJIIOLIIO TEHOMIB KJIITUHHUX OPTAHI3MIB

VY crarTi nochipKeHo GyHIaMEeHTaIbHY POJIb BIpyCiB sIK TeHepaToOpiB FTeHETHYHOT MIHJIMBOCTI Ta PYIIIAHOT
CHJTH MaKpOEBOTIOLIHHKX TIporieciB y Oiocdepi. [IpoananizoBaHO MOJIEKYIIPHO-010JIOTIUHI cTpaTerii peruti-
KaIlil BipyciB y MeKax nmapaJurMu baaTuMopcebkoi kiacugikarii, sska po3nisiaae THII TCHOMY SIK JCTEPMIHAHTY
TPAHCKPHITIIHHOT JIOTIKH Ta aJaNTalliifHOTo MOTEHIIaTy BIpyCHUX JIiHIH. YBary c()oKycoBaHO Ha ()epMeHTa-
TUBHUX cucTemax perntikanii — PHK-3anexwniii PHK-monimepasi (RdRp) Ta 3BopotHiii Tpanckpunrasi (RT),
1030aBJICHUX MEXaHi3My KOPEKIIii TOMIJIOK. JIOBE/IEHO, 110 BUCOKA YaCTOTa IHKOPIIOPAIlii HEKOMILIEMEHTap-
HUX HYKJICOTHIB Ta CTPYKTYpPHA MIHJMBICTh YHACTIJOK 3MIHH MaTpPHUIb MPU3BOIATH JO (OPMYBaHHS
KBa3iBU/IB — BHCOKOJMHAMIUHUX TOMYJSIIA TEHETHYHO CIOPITHEHUX CyOBapiaHTIB, SKi 3a0e3IeuyroTh
CBOJIFOLIHY TUIACTUYHICTD T4 BUKUBAHHSI BIPYCY B yMOBAX CEJIEKTUBHOIO THUCKY.
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OxkpeciieHO MOJIEKYJISIpHI MEXaHI3MH IHTerpallii BipyCHOT0 FeHOMY B XpOMOCOMH KJIITHH-Xa3siB K 0a30-
BHH IIJISIX TOPU30HTAIILHOTO MTEpEeHEeCEeHHs TeHiB. Po3IIsiHYTO 00iraTHy iHTerpariiro peTpoBipyciB, orocepe-
KOBaHY BIPYCHHMH IHTETpa3aMK 3 KOONTAIIEF0 KJIITHHHUX OUIKIB JUTS HABITaIlil [0 XPOMaTHHY, & TAKOK MeXa-
HI3MH JII30TeHiT MOMipHHUX OakTepiodaris, sKi 3yMOBIFOIOTh TCHETUYHY IIACTHYHICTh MPOKAPIOTIB 1 HAOYTTS
HUMH HOBUX ()CHOTHIIOBHX O3HAaK (30KpeMa MaTOreHHOCTI Ta CTIHKOCTI J0 crpeciB). OnucaHo (eHOMEH
YTBOPEHHSI €HIOreHHUX BipycHUX esieMeHTiB (EVE) yHaciiiok ctapojaBHIX iHTErpalliid y KIIITHHHU 3apOIKO-
BOI JIiHIT €yKapiOTiB, 110 CTalli CyOCTPATOM JUIsl BAHUKHEHHS HOBUX PETYJISITOPHUX MOCITIIOBHOCTEH.

Y3arajbHEHO TINOTEe3W MOXO/UKEHHS BipyciB. CTBEP/DKYEThCS KOHIICIIIIS TIOTI(IIETHIHOTO TOXOIKECH-
Hs, 3T1JIHO 3 SIKOYO Pi3HI BIPYCHI KJIaCH €BOJTFOLIIOHYBAIHM HE3aJISKHO BiJl BI/IMIHHUX ITOTICPETHUKIB (TTa3Mi/,
PETPOTPAHCIIO30HIB) YHACTIIOK TOPU30HTAILHOTO TIEPEHECEHHs ITeHIB, BTpaTH TEHIB Ta PEKOMOIHAIIIM,
0 YHEMOXKIIUBITIOE 17ICHTHU(DIKAIIIIO €IMHOTO CIUILHOTO TPEJIKA.

LleHTpaabHUM acteKTOM pOOOTH € aHalli3 HACNIJKIB BIPYyCHO-KIIITHHHOI KOEBOIIOIT Yepe3 MeXaHi3M
MOJIEKYJISIPHOT €K3aITallii — KOOMTAaIlil BIpyCHUX IeHIB OpraHi3MaMHu-Xa3sssIMH JJTsl BAKOHAHHSI HOBHX 01010~
rivaux ¢yHknid. HaBeneno monekynsapHy 6a3y GpopMmyBaHHS MOP(PO(Di3i0M0TiyHUX CTPYKTYP Ta IMYHHHX
MEXaHI3MIB Ha OCHOBI IHTEIPOBAaHUX BIPYCHHX TOCHITOBHOCTEH. JleTanizoBaHo mpukiamu: (y30reHHa
AKTHUBHICTh PETPOBIPYCHUX OUIKIB CHHIIUTHHIB Y MPOIIEC TUTALCHTAIIIT; TOXOKSHHST HEHPOHAIBLHOTO reHa
Are, mo 3a0e3neuye MDKKIITHHHY KOMYHIKAIFO Ta CHHANTHYHY TUTACTHYHICTh, BiJ PETPOTPAHCIIO30HA;
TPaHCIO30HHE NOXO/PKEHHS pepMeHTiB RAG-pekoMOiHa3u, BiIMOBIIAIBHHUX 3a COMATHYHY PEKOMOIHAIIIO
TeHHHX CETMEHTIB y CHCTEMI aJ[allTHBHOTO IMYHITETY XpEOSTHHX; €BOJIOLIISI aJalTHBHOT IMyHHOT CUCTEMHU
6akrepiit CRISPR-Cas Bij kacrmo30HiB; poJib €HAOTCHHUX PETPOBIPYCIB Y MiATPUMAHHI TUTFOPUIIOTEHTHOCTI
eMOpioHaJIbHUX CTOBOYpOBHX KIIiTHH (HERV-H) Ta dyHkuionyBaHHs iXHiX LTR-IIISHOK SIK TpaHCKPHITITIK-
HUX eHxaHcepiB (MER41). OOrpyHTOBaHO, IO BipyCH € KPUTUIHUM apXiTEKTYPHAM €JIEMEHTOM y (hopmy-
BaHHI FT€HOMIB Ta €BOJIIOLIHHOMY YCKJIaTHEHHI KJIITHHHUX O10J0TTUHUX CHCTEM.

Kurouosi cioBa: bantumopcbka kiacudikaiiis, perutikaliisi BipyciB, KBa3iBUIH, TOPU30OHTAIBHE Mepe-
HECCHHS TEHIB, CHJOTCHHI PETPOBIPYCH, KOEBOMIOLIs, MOJICKYISpHA €K3amTallisi, MMOXO)KEHHS BipyCiB,
€HJIOTCHHI BIPYCHI €JIEMEHTH, KOOTTAIlisl TeHIB.
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