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Introduction

Now the symbiotic relationships between animals
and plants from one side and microorganisms from the
other are becoming increasingly evident. These
relationships are formed not only between bacteria and
protists, but between hosts and viruses as well. The
awareness of the symbiotic relationships between the host
organisms and viruses has emerged only lately, before
viruses were regarded as parasites only. The reasons for
such view on the role of viruses is that the symbiotic
relationships are hidden and parasitic are evident. But as
relationships between humans and viruses were being
studied, the scientists have realized that the parasitic
relationships leading to the development of pathologies are
rather an exception, not a rule in the viral — host
relationships. In the majority of cases, cooperative
relationships are established between them [1].

The integration of the viral genomes into the
genomes of the hosts, included the RNA viruses genomes,
takes place with the unexpected high frequency [2]. During
the studies of the vertebral genomes, the representatives of
a number of RNA and DNA viruses were found, including
the Ebola virus, filoviruses, bornaviruses, circoviruses,
hepadnaviruses and parvoviruses [3-7]. In course of
evolution, the exogenous retroviruses, by integrating into
the genome, were transformed into one of the fractions of
the mobile elements called endogenous retroviruses
(ERV). RNA viruses integrate into the genome with the
help of retroviral reverse transcriptase. Sometimes, the
integration is accompanied by recombination with other
viral sequences [8]. The integration of DNA viruses into
the genome can take place during the reparation of the
DNA double strand breaks with the help of the non-
homologous ends connection mechanism [9].

Endogenous viruses change the genome both
actively and passively. For instance, ERV retroviruses
facilitate passive changes by homologous recombination
that promotes the appearance of duplications, deletions or
karyotype changes [10].

Endogenous retroviruses can actively change the
genome with the help of the cis-regulatory elements they
contain, that rewiring the regulatory networks. Besides
regulatory networks building and rewiring, the viruses
participate in acquisition of new genes by the genome of
the host. This happens because of the cooption of the viral
genes by the host genome, through the horizontal gene
transfer, integration of the retrocopies of the genes into the
host cellular genome and gene duplications. In the first part
of the present review the processes of cooption by the host
genome of the genes of viral descent.

DOI: 10.5281/zenodo.2547443

Retroviral gene cooption

The genes of endogenous retroviruses can be
coopted by the genome of the host organism and used by
the host for its own purposes. One of the well-know
examples of such cooption is the syncytin genes.

The first syncytin that was found in humans —
syncitin-1 originated from the capsid protein gene that was
coded by the env gene of the defective endogenous virus
HERVW [11]. Syncitin promotes the merging of
trophoblasts, which leads to the formation of
syncitiotrophoblasts. Some syncitins, but not all, possess
immune suppressive properties, suppressing immune
response towards the fetus [12]. Besides the placenta
arising syncytin—1 also participates in formation of
multinuclear osteoclasts [13]. According to the latest data,
the murine syncytin participates in the myocytes fusion
[14].

Syncitin— 2 also causes the cellular fusion and
originated from the env gene of the endogenous HERV-
FRD retrovirus [15].

In humans, syncitin-1 causes the cellular fusion
through interaction with the Na*-dependent transporter of
the neutral amino acids of the second type - hASCT2 [16].
Syncitin — 2 forms the receptor of MFSD?2 that supposedly
transports carbohydrates [17].

One more placenta-specific protein has originated
from the env gene of the HERVF retrovirus - supressin.
The protein suppresses the cell fusion by interacting with
the hASCT?2 receptor and prevents the syncitin-1 binding
with the transport channel [18].

Two syncytin genes, syncytin—A and syncytin-B
were found in mice. Both are expressed in placenta and
cause the trophoblast fusion.

Besides humans and mice, syncytin-like genes
were found in squirrel-like rodents, lagomorphs, guinea
pigs, ruminants, predators, and other animals [19].
Expression of syncytin was found even in opossums that
belong to the marsupial animals [20]. The most interesting
aspects consist in the fact that all syncytin genes developed
as a result of independent invasion of different exogenous
retroviruses into the germ cells genomes. Therefore, in
course of mammalian evolution, independent invasion of
retroviruses and “taming” of the syncytin genes was taking
place.

No precursor syncytin genes that would be present
in the common ancestor of the placental mammals were
found up to date. It leads the scientists to an idea that either
the common ancestor did not have the syncitine genes, or
such genes were present, but were replaced in different
lineages by different retroviral genes.

Besides syncytins, a number of other genes that
originated from the env gene of the HERV virus are
expressed in the human genome in normal conditions.
System search in the human genome led to the discovery
of 18 genes that code Env proteins [21].

One of the gene that codes for the Env-like protein
HEMO [human endogenous MER34 (medium-reiteration-
frequency-family-34)], is one of the most ancient full-sized
env gene identified in the human genome. The HEMO
protein is released into the human blood by shedding. The
HEMO protein is actively expressed in blood stem cells, as
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well as in placenta that leads to the increase in the protein
concentration in pregnant women. The HEMO gene
expression in embryogenesis starts on the 8-cell embryo
stage and continues in the next stages of embryogenesis.
HEMO can be a cytokine or a hormone [22]

Many eukaryotic retroelements have long
terminal repeats (LTR) but do not contain the capsid gene
env. Those are so-called viral retrotransposons that are
most likely descended from the retroviruses that integrated
into the genome [23, 24]. Retroviruses are able to
translocate between cells, whereas LTR retrotransposons
are not. This difference is due to the presence of the capsid
gene env that is required for the invasion of the cell by the
retrovirus. The loss or the acquisition of the env gene leads
to the evolutionary switch between the LTR
retrotransposons and retroviruses.

For instance, the LTR retrotransposon Gypsy, by
capturing the gene coding for the capsid protein of the
baculovirus, acquires the ability to form viral particles and
becomes an infectious retrovirus [23].

The retroviral Gag protein consists of at least three
functionally different domains: matrix domain that is
involved in the attachment of the virus to the cellular
plasma membrane; capsid domain that determines the
protein-protein interactions in the viral particles formation;
and nucleocapsid domain that contains a zinc finger-type
motif that can interact specifically with the nucleic acids.
Zinc finger-type motif promotes the attachment of the Gag
protein to the RNA genome of the virus.

There are at least 85 genes in the human genome
that form three families - Mart, Pnma and SCAN have
originated from the Ty3/gypsy family of LTR
retrotransposons that code for the capsid gag proteins.
Many of these genes are conservative in the genomes of
other mammals [19].

The Mart family (‘Mammalian  Retro
Transposon’) of the placental mammals consist of the 11
genes and originated from the retrotransposon Sushi that
belongs to the Ty3/Gypsy retrotransposon family [25].

Most of the genes of the family are located on the
mammalian X chromosome. Two autosomal Mart genes
Pegl0 (Mart2) and Pegll/Rtl1 (Martl) undergo genome
imprinting and are expressed from the paternal allele [26].

Among the 11 murine Mart genes, 8 are expressed
in placenta [27]. At least three genes are required for the
placenta development. Mice knocked-out in the
Pegl10/Mart2 gene, have serious placental defects and die
at the embryonic development stage [28]. A deletion in the
Mart7 genes disrupts the placental cells differentiation in
mice [29]. In humans, overexpression of the Pegl11/Martl,
caused by paternal disomy, leads to the development of an
overly big placenta [30]. Maternal disomy of the 12
chromosome leads to the placental hypoplasia [31].

Both PeglO/Mart2 and Pegll/Martl are
expressed not only in placenta, but also in the other
embryonic tissues, as well as in the cells of the grown
organism, including the brain [25]. Some of the genes
codes for the ancestral proteins that contain the zinc finger-
like motif, which points to the likely interaction of such
proteins with DNA. The Peg10/Mart2 protein, most likely,
is a transcription factor and regulates the transcription of
the gene that codes the main myelin protein [32]. The
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destruction of the Mart4 gene causes the disruption of the
cognition, memory and behavior processes in mice [33].

The next mammalian gene family, Ma/Pnma (for
paraneoplastic Ma antigens) also originated from the
Gypsy/Ty3 retrotransposons and consists of the 15 genes
in the human genome. The murine genome contains 12
representatives if this family [19]. Most of them, as well as
the Mart family genes, are localized in the X chromosome.
The Ma/Pnma family genes influence the cellular
proliferation, apoptosis and cancer development.

The SCAN domain of the protein is similar to the
C-end domain of the capsid protein of the human immune
deficiency virus [34], as well as the Gag protein of the
Gmrl-like LTR retrotransposons that belong to the
Ty3/gypsy retrotransposon family [35]. The protein family
that contains the SCAN domain originated from the capsid
protein of the Ty3/gypsy retrotransposons of the
vertebrates.

The SCAN family is formed by transcription
factors together with genes that code for proteins that
contain zinc finger (ZF) amino acid motif [36]. In the
mammalian genome, the SCAN domain consists of the 84
amino acid residues and is located on the N end of the ZF
proteins. Genes that code for the SCAN proteins usually
form small clusters that consist of 2-7 genes.

SCAN domains can often be found near the
KRAB domain that contains the so-called Krippel-
associated box. The proteins that compose the KRAB
domain suppress the expression of the exogenous and
endogenous retroviruses. Usually genes that code for the
KRAB domain also code for the ZF domains that recognize
the DNA sequences. Therefore, the ZF domains recognize
DNA domains specifically, including the integrated
retroviruses, and KRAB domains promote the attachment
of the protein complexes that epigenetically modify the
chromatin, that in turn lead to the suppression of the locus.
SCAN-KRAB-ZF genes suppress transcription [37].

Usually, SCAN, KRAB and ZF domains are
located in a described above order and usually are coded
by separate exons. But there are multiple SCAN-ZF genes
that lack a KRAB domain.

According to the modern data, there is the
following scenario of the emergence of the SCAN domain
in the vertebrate’s genome [35]. In course of the emergence
of higher vertebrates (reptiles, birds, mammals) the gene
coding capsid sequences of the Gmrl-I-like retroelement
inserts upstream the gene coding two domains: KRAB
domain and domain for the transcription factor containing
the ZF motif.

After inserted sequence transcription splicing has
allowed for a host ESCAN domain formation that
transformed into a SCAN domain after N domain deletion.
It was followed by amplification of the new gene. The
genome of the Anolis lizard contains a lot of ZF genes with
the ESCAN or SCAN domain [35].

50 human genes coding ZF proteins contain
SCAN domain. The SCAN domain participated in the
protein-protein interactions as it can form either multimers
composed of homodimers or selectively interact with other
proteins, forming multiheterodimers.

The ability of the SCAN domain to participate in
the protein-protein interactions was transferred from the
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precursor gene that coded for the capsid protein that has
multimerized in vivo and formed the core structure of the
retroelement capsid. Inside the viral particle the capsid
protein interacts with the nucleocapsid protein that
contains the zinc finger motif and interacts with RNA.

The merging of the SCAN gene with the gene of
the KRAB-ZF family could lead to the formation of a gene
coding protein that can interact with the retrovirus due to
the interaction between SCAN domain and capsid proteins,
as well as the nucleocapsid proteins. This way, the
organisms that contained a new gene obtained the ability to
control the life cycle of the virus before its insertion in the
genome by the cellular factors.

Indeed, the proteins that contain KRAB can
repress the transcription of the retroviral genes that are
located in the episome [38]. Moreover, the KRAB domain
inhibits the integration of the HIV-1 virus into the genome
[39]. Consequently, the proteins containing the KRAB
domain can attach themselves to the viruses before their
insertion in the cellular genome.

Possibly the mergence of the SCAN domain with
the KRAB-ZF gene has allowed the proteins coded by the
KRAB-ZF gene to attach to the Gmrl-like
retrotransposons and possibly to other retroviruses and
retrotransposons before their integration into the genome.
But this means that the integration of the viruses into the
genome can be controlled by the transcription factors of the
cell.

One of the predictions of this hypothesis is the
ability of the SCAN-ZF proteins to bond with the LTR
retro element of the cell genome, especially with those that
contain the Gmrl-like sequences. Indeed, at least 5 proteins
that are coded by the SCAN-ZF genes of the Anolis lizard
bond with different sites of the Gmr1-like retro elements of
the genome. This way, the SCAN domain can play a role
in the transcription silencing of the Gmrl-like
retrotransposines in the Anolis lizard genome.

But multiple SCAN-ZF proteins of the Anolis
lizard do not bond with the Gmrl-like retrotransposons;
moreover, SCAN-ZF proteins can not interact with the
Gmrl-like retro elements in the mammalian genomes
because the latter are lost by the genomes in the early stages
of evolution of mammals. It is possible that the SCAN
domain interacts with the RNA molecules or the retro
copies of other retroviruses inserted into the genome of the
cell. But it has not been shown yet.

The protein can interact with the DNA of the cell
with the help of the ZF domain. That is why the proteins
that contain SCAN and ZF domain are functioning as
transcription factors and bond with DNA in the genomes
of amniotes. The transcription factors that contain SCAN
and ZF domain participate in hemopoesis (MZF1), regulate
the pluripotency of embryonic stem cells (ZNF20688),
control the lipid metabolism (ZNF202), regulate the
biosynthesis of cholesterol on the hippocampus (NRIF),
chondrogenesis (ZNF449), as well as the behavior of the
muscle stem cells, body temperature, maternal behavior
and fat deposition (PW1/Peg3) [36].

At least three human genes code for the SCAN
domain, but do not contain the tandem located sequences
that code for ZF domains. It is interesting that two of the
three genes contain N-terminal SCAN exon and C-terminal
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exon descended from the transposase of DNA transposons
(Charlie in SCAND3 and PiggyBac in PGDB1) [35].
Moreover, the SCAND3 gene also possesses an additional
exon descended from the retroviral integrase gene. The fact
that both genes are conservative among placental mammals
indicates the functionality of the coded proteins.

Based on the fact that two proteins gain an ability
to specifically bond with DNA sequences upon addition of
the SCAN domain, and the same domain makes the
proteins transposase and integrase to be able to form
double DNA strand breaks, one can make an intriguing
hypothesis — these proteins could facilitate locus-specific
rebuilding of the genome.

The gene that codes for the activity-regulated
cytoskeleton-associated protein (Arc) is expressed in
neurons only. The mammalian Arc gene descended from
the gag gene of the Gypsy-26-1_DR retrotransposon at the
point of divergence between mammals and amphibians
[41]. The genes coding for Arc in flies and terrestrial
mammals have emerged independently, but both have
descended from the Gypsy-26-1_DR retrotransposon.

Arc gene belongs to the immediate-early genes
and is a key mediator of the synaptic plasticity. The
neuronal activity regulates the transcription and translation
of the Arc gene.

The Arc protein participates in the destruction of
the unnecessary dendrites in the lesser used synapses
between neurons and in the decrease of the glutamate
AMPA-receptors quantity on the nerve cell membranes.
The Arc protein is absolutely irreplaceable component of
the long-term memory and learning. The activity of the Arc
gene in the mammalian nerve cells is necessary for the
long-term information storage. The disruption on the gene
expression is observed in a number of neurological
disorders.

Arc proteins interact with each other and form
virus-like particles that contain the mRNA of Arc gene
[41]. After formation, the viral-like particles are encloses
into membrane vesicles that are secreted from the neuron
and fuse with other neurons. The more active the neuron is,
the more membrane vesicles that contain Arc capsid are
produced by the nerve cell. In the post-synaptic neurons the
Arc mRNA molecules are translated.

It is interesting that in absence of mRNA no
capsids from Arc molecules are formed. Experiments in
bacteria have shown that the formation of the capsid does
not require specific, Arc-coding mRNA. Moreover, it is not
even necessary that it should be a ribonucleic acid. Capsids
can form around other mMRNA molecules or even single-
strand DNA.

A question arises — why do capsids contain the
Arc mRNA specifically? It can be supposed that it happens
due to the high concentration of Arc mRNA in the area of
the capsid formation, which increases the possibility of it
being included into the capsid. But this is a hypothesis
only. It may be proposed that there is a specific interaction
between the capsid proteins and the gene mRNA, which
makes the inclusion of Arc mRNA preferable.

Therefore, the descendants of retroviruses form
virus-like particles in the neurons and participate in the
memory formation in mammals. It is possible that Arc
protein is a representative of a certain protein class that
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facilitates the target transfer of specific RNA from cell to
cell.

Indeed, the virus-like particles are formed not
only in the brain. Gag protein of the endogenous retrovirus
HERVK is expressed in the human blastocysts pluripotent
cells [42]. Gag protein forms virus-like particles in the
blastocysts.

One more gene - Sirh1l, descended from gag, is
conservative in placental mammals and is expressed at a
high level in the brain [43]. The deletion of the murine
Sirh11 gene leads to changes in their behaviour which is
possibly caused by the decrease in the level of extracellular
noradrenaline in the prefrontal cortex [43]. In this way
Sirh11 plays a role in the signal transfer, similar to Arc.

The genes of the Ens-1/Erni family descended
from retroviral gag sequences are expressed specifically in
the embryonic stem cells and in course of the early
embryogenesis in chickens [43]. Proteins coded by the
Ens-1/Erni genes participate in the formation of the neural
plate in chicken in course of embryonic development
through the control of Sox2 transcription factor expression
[44].

Retroviral gene Pol codes for a protein that
performs the reverse synthesis on the DNA on the RNA
template. This protein also has RNAase activity that
degrades RNA in the RNA/DNA heteroduplex, as well as
integrase activity. The polypeptide that is synthesized on
the Pol gene also contains an aspartylprotease domain that
cleaves the Pol precursor polypeptide with formation of the
mature proteins.

In Homo sapiens, two genes, DDI1 and NIX1
code for products similar to aspartylproteases of LTR
retroelements [45]. Both proteins are related to the yeast
protein Ddilp and have homologs in o- and vy-
proteobacteria [45]. In mice, NIX1 is expressed only in
specific neurons of central nerve system. NIX1 connects
the ligand-activated and constitutively active nuclear
receptors and suppress the gene transcription [46].

In the vertebral genomes only two genes related to
the retroviral integrase were found: Gin-1 and Gin-2 [47,
48]. Gin-2 gene was found in bony fishes, amphibians,
birds and reptiles. This gene was lost on placental
mammals, however. Practically nothing is known about
these genes functions besides the fact that the pattern of
expression on the zebrafish embryos allows to suppose that
this protein is required for gastrulation [47]. The sources of
those genes are not retroviruses, but the DNA transposon
Gin. The Gin transposons have recruited the LTR
retroviruses integrase and used it as a transposase [48].

Retroviruses integrated into the genome can be
expressed, and the genes coded by them can be used by the
cell for its own purposes. Hypomethylation of DNA and
the transcription factor OCT4 activates the expression of
the HERVK endogenous retroviruses on the early stages of
embryonic development [42]. HERVK is being transcribed
starting from the 8 cell stage of embryogenesis and the
expressions stops at the stage of embryonic stem cells
development. Both HERVK transcription and translation
of open reading frames of the virus are activated, as well as
the formation of viral particles consisting of Gag proteins.

Proteins synthesized on HERVK influence a
number of cellular processes. Rec protein that is coded by

DOI: 10.5281/zenodo.2547443

10

one of the HERVK genes binds directly with cellular RNA.
No specific RNA sequence for interaction with Rec protein
was found. Most likely, the region of the RNA-protein
interaction has a specific secondary structure. The
interaction of Rec with LTR element of HERVK virus is
based on the same principle — it is enabled by the secondary
structure of RNA.

In the embryonic cells, Rec interacts with
approximately 1600 mRNA molecules [42]. The Rec
attachment to viral RNA leads to the exit RNA from the
nucleus and subsequent translation. In a similar way
cellular mMRNA molecules bonded to the Rec interact with
ribosomes more effectively. So Rec modulates the
expression of a number of genes on the early stages of
embryonic development.

It is supposed that the fine-tuning of the cellular
programs carried out by the viral proteins determines the
species specific and even individual characteristics of the
early embryonic development. This happens because
genomes of humans and primates have different HERVK
retroviruses [49]. Moreover, human genomes also differ in
the HERVK dissemination and content. In other words,
HERVK elements not only form genetic polymorphism
between primates, but are also responsible for
polymorphism inside the species [49, 50].

Nonretroviral gene co-optation

Host genomes can co-opt not only retroviral
genes, but also genes of other DNA and RNA viruses. In
the case when viruses integrated into the germ cells
genomes, viral genes get inherited and can be fixed in
population.

In the animal genomes endogenous viral elements
(EVE) were found that originated from such DNA-
containing viruses as hepadnaviruses and herpesvirus 6
(HHV-6) [51, 52]. EVE herpesvirus element was found in
human genome [42].

In genomes of different eukaryotes, including
animals, sequences were found that originated from genes
coding for the Rep protein that initiates replication in
heminiviruses, nanoviruses, and circoviruses [53]. Some of
the sequences are conservative and are expressed. Rep
proteins have domains that bond to DNA, as well as
endonuclease and nucleoside triphosphatase domains that
are necessary for viral replication. Endogenous elements
that code for Rep-like proteins can catalyze their own one-
strand excision and insertion into the new genomic
positions, behaving like mobile elements that able to
reproduce in the genome in the same fashion as helitrones
[54]. Most likely, helitrons that are descended from the
one-strand DNA viruses and contain Rep proteins are
related to the one-strand DNA viruses’ proteins [53].

Genomes of different mammals, including
elephants, have EVE elements that descended from the
adeno associated DNA virus and contain full open reading
frame of rep gene.

The rep gene of adeno-associated viruses codes
for the proteins Rep78, Rep68, Rep52 and Rep40. Big Rep
proteins Rep78 and Rep68 bond to the DNA specifically
and have an endonuclease and helicase activity. They
control replication, integration and transcription of the
virus. Small Rep proteins have a nucleoside triphosphatase
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and helicase activity and are necessary for the virus
packaging.

Rep proteins control and direct the viral life cycle.
All viral promoters are unter the control of Rep proteins.
Besides that, Rep proteins control promoters of the cellular
genome both by bonding specifically to the cis-elements of
DNA and through bonding to other proteins [55].

In South American rodent degu and elephants
mMRNA of the adenovirus rep gene is specifically expressed
in liver [56]. Cooptation of the adenovirus gene and the
specific expression in liver emerged in those two species
independently [56]. Most likely, Rep proteins, as they are
transcription factors, re-formatted the regulatory programs
in the liver cells in these animals.

Hepatitis C virus is an RNA virus and belongs to
the flavivirus family. There are EVE elements that have
descended from the hepatitis C virus ancestors are present
in the animal genoms, but no sequences related to the
human HCV virus were found in the human genome. But
the DNA, complementary to the RNA matrix of the virus
(kDNA) was found in the infected patients [57]. EVE
elements of hepatitis C virus were found in the genomes of
rabbits and hares, which points to the possibility of
integration of viral KDNA into the genome with the help of
reverse transcriptase of the retrotransposones [58].

Endogenous bornavirus elements (EBL) emerged
as a result of insertion of the bornavirus RNA, most likely
MRNA, into the host cell genome. Most likely it happened
with the help of the retrotransposase LINE1 of mobile
elements [59, 60]. Integration of bornaviruses into the
genomes of many species took place independently. EBL
elements were found both in vertebrates and invertebrates
[59, 60]. There were seven EBL elements found in the
animal genome that code for the nucleoprotein N, matrix
protein M, glycoprotein G and RNA-dependent RNA
polymerase L. The corresponding EBL elements are
labeled as EBLN, EBLM, EBLG u EBLL [61].

Endogenous bornavirus-like element L (EBLL)
was found in the genomes of a number of eukaryotes.
EBLL gene descended from the L gene of bornavirus and,
respectively, codes for the RNA-dependent RNA
polymerase (RdRp). In the genome of bats of the Eptesicus
spp., the eEBLL-1 gene is actively transcribed. But it is not
proven that the gene codes for functionally active RNA-
dependent RNA polymerase [62].

EBL elements at present are single elements
found in the human genomes that are descended from non
—retroviral RNA viruses [52]. Some EBL elements contain
open reading frame, which signifies the possibility of
coding for proteins.

Endogenous  bornavirus-like  nucleoprotein
element (EBLN) inserted into the human ancestor genome
around 83.3 million years ago. At present, 7 EBLN
elements were found in the human genome [63]. Based on
its nucleotide sequence, the human EBLN1 gene coincides
in 58% with N gene of bornavirus that codes for a
nucleoprotein and codes for a protein that consists of 366
amino acids. Whether the protein is expressed is not yet
known. But it is known for certain that this gene is
translated into an mRNA [64]. At the same time in
Afroteria, a special group of placental mammals evolved in
Africa 83.3 million years ago, EBLN codes for a protein
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that can bond with the granular endoplasmic reticulum
[65].

In the human body, EBLN1 is necessary for the
prevention of endogenous DNA damage accumulation and
for reparation of the exogenously induced DNA breaks
[64]. The disruption of the cell cycle in the cells EBLN1-
knocked out cells, possibly, is the consequence of the
accumulation of the DNA damage, microtubules
organization defects and the centrosomes disengagement.

Suppression of expression of EBLN1 in human
oligodendroglia at 80% causes an G2/M arrest of the cell
cycle and promotes the transition of cells into apoptosis
[66]. The study of the gene expression profile has shown
that the expression of 1067 genes is increased and
expression of 2004 is decreased as a result of EBLN1
silencing in the oligodendrocytes.

Conclusion

In conclusion, it should be noted that viruses
became a source of genes that code for a number of proteins
that perform significant functions in the cell. Co-optation
of the retroviral genes played a key role in course of
evolution, especially in emergence of some aromorphoses.
As was mentioned earlier, the genes of syncytin and Mart
family are necessary for placenta formation. Arc gene is
crucial for formation of memory.

In the process of evolution, viruses formed genes
of transcription factors that control the activity of
regulatory networks. In this way, viruses could format and
re-format the regulatory networks not only by changing the
cis-regulatory elements but also by participating in
evolution of trans-regulatory proteins.

Besides formation of significant evolutional
innovations, co-optation of the retroviral genes is the
source of the evolutionary changes in different taxonomic
groups and promoted intra-species diversification in
vertebrates [49, 50].

Therefore, viruses could be regarded not only as
parasitic selfish elements of the genome, but also as an
instrument with the help of which the cell genomes acquire
new genes.
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THE GENERATION OF CODING SEQUENCES OF
CELLULAR GENOME THROUGH COOPTION OF
VIRAL GENES

Popov N. N., Sklyar N.I., Kolotova T. Yu., Davydenko
M. B., Voronkina I. A.

This review attempts to summarize the available data
concerning the influence of viruses on the generation of
the cellular genome coding genes content.

For a long time endogenous retroviruses have been
considered as selfish elements of the organism genome.
But now there is growing evidence that endogenous
retroviruses are more than genome junk and can serve as
source for new coding sequences allowing organism
evolution. Many genes derived from retroviruses have
been identified in eukaryote through comparative
genomics and functional analyses. In particular, genes
derived from gag structural protein and envelope (env)
genes, as well as from the integrase-coding and protease-
coding sequences, have been identified in humans and
other vertebrates. It has been proved that a number of
these genes fulfill essential functions for the development
and survival of their host. One of the best known co-opted
retroviral genes encoded syncytin plays a key role in the
placenta development. It is interesting that during
mammalian evolution retroviral envelope genes have been
domesticated several times independently to generate
syncytin. The activity-regulated cytoskeletal protein Arc
is important for cognitive functions and memory
formation. Arc was one of over 100 human proteins that
have been ‘‘domesticated’’ from the retrotransposon
remains of ancient viruses. A number of genes that code
the transcription factors have emerged as a result of
“taming” the viral genes by the host organism. Now
growing evidence reveals that not only retroviruses but
other RNA viruses are reverse-transcribed and integrated
into the genome of infected cells. It has been recently
demonstrated that all Homo sapiens bornavirus like
nucleoproteins (EBLN) are expressed in at least one tissue
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and consequently may have function.The co-option of the
viral sequences not only can lead to the major
evolutionary innovations, but also is able to create
interspecies polymorphism.What it has been described
here is probably only the tip of the iceberg, and future
genome analyses will certainly uncover new virus-derived
genes.

Keywords: endogenous retroviruses, Ty3/gypsy
retrotransposon family, bornaviruses, adeno associated
virus, SCAN domain, arc gene, syncytin.
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