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During the last two decades, humanity has been plagued by 3 coronavirus diseases, although the
human coronaviruses were discovered over 50 years ago. The latest coronavirus disease discovered
in 2019 (COVID-19) is caused by human Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). A question arises: what could be the reason for such activation of coronaviruses in
recent years? To answer this question, at least, it is necessary to clarify (1) the history and origin of
these viruses, and (2) molecular mechanisms how they very easily and rapidly enter into host cells
and cause multifaceted serious disorders. In this study, we compared the structural proteins E, M
and N from SARS-CoV-2, SARS, bat and pangolin CoVs. The most striking fact firstly discovered
in this study is that the relative proportion of the synonymous substitution rates in M and N pro-
teins of the SARS-CoV-2 and pangolin CoV are significantly higher than the corresponding charac-
teristics for other CoVs studied. This finding puts several intriguing questions on the emergence
and the duration of divergence of the SARS-CoV-2.
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INTRODUCTION

Coronaviruses (CoVs), enveloped RNA virus-
es, cause diseases of wide range in mammals and
birds (Fehr and Perlman, 2015; Rabi et al., 2020).
In 2002-2003, the highly pathogenic Severe Acute
Respiratory Syndrome coronavirus, SARS-CoV,
was discovered in China. Later (2012), the Middle
Eastern Respiratory Syndrome  Coronavirus
(MERS-CoV) emerged in Kingdom of Saudi Ara-
bia. At last, in December 2019, a new and extreme-
ly dangerous disease, COVID-19, associated with
the most known pathogenic SARS coronavirus,
SARS-CoV-2, was fixed in China (Shi and Hu,
2020). To date (November 19, 2020), there have
been about 56,000,000 confirmed cases of
COVID-19, including over 1,344,000 deaths
(https://www.who.int/emergencies/diseases/novel-
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coronavirus-2019). Thus, during last two decades,
the humanity has been plagued by 3 coronavirus
diseases, although the human coronaviruses were
discovered over 50 years ago (Mclintosh et al.,
1967; Mclintosh, 1974). Therefore, a natural ques-
tion arises: what could be the reason for such acti-
vation of coronaviruses in recent years? To answer
this question, it is necessary to determine the ap-
proximate date and origin of the virus in the human
body. Moreover, if we understand the events that
led to the emergence of human coronaviruses, we
can also predict and prevent new pandemics.

Bats are currently considered as one of the po-
tential natural reservoirs of various viruses, in-
cluding SARS-CoV and MERS-CoV (for a re-
view see: Cui et al., 2019). Indeed, studies indi-
cate that many coronaviruses are capable of inter-
species transmission (Tang et al., 2015). In partic-
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ular, some bat coronaviruses and SARS-CoV can
use the same receptor to enter cells (Hu et al.,
2015; Menachery et al., 2015). However, recent
findings indicate that SARS-CoV-2-like CoVs
might originate from pangolin species (Lopes et
al., 2020; Malaiyan et al., 2020; Tang et al., 2020;
Zhang et al., 2020).

Coronaviruses have a positive-sense RNA ge-
nome of ~30 kb, with a 5'-cap and a 3’ poly (A)-
tail structure. This structure allows RNA to serve
as a direct mRNA for synthesis of the viral poly-
peptides (Fehr and Perlman, 2015; Hu et al.,
2015). In particular, the SARS-CoV-2 genome
(29,880 bp) encodes four main structural, spike
(S), membrane (M), envelope (E), and nucleocap-
sid  (N) proteins, and nonstructural (3-
chymotrypsin like protease, papain-like protease,
and RNA-dependent RNA polymerase) proteins
(for review see: Huang et al., 2020).

The SARS-CoV-2 entrance into the host cell is
initiated by interactions between the ~150 kDa S
protein and its receptor, the angiotensin-
converting enzyme 2 (ACE2). This protein is
composed of the N-terminal S1 (13-685 aa) and
the C-terminal S2 (686-1270 aa) subunits gained
by a cleavage of the primary S protein by a host
cell furin-like protease. The host ACE2 is recog-
nized and bound by the S1 subunit, while the S2
is required mainly for a fusion of viral and host
cell membranes. Thus, protein S appears to be an
important determinant of CoV pathogenesis and
resistance to infection in the body.

The small (~8-12 kDa) and probably trans-
membrane E protein is found in small quantities
within the virion. Although the E proteins have
been found to vary greatly in different CoV
groups, they share a common architecture. In con-
trast to other structural proteins, recombinant vi-
ruses lacking the E protein are not always lethal.
The E protein is mostly involved in assembly and
release of the virus, but is also required for patho-
genesis (Fehr and Perlman, 2015; (Bianchi et al.,
2020; for a review see: Satarker et al., 2020).

The N protein (~49.5 kDa) is an important anti-
gen for CoV, which participates in RNA package
and virus particle release (Zeng et al., 2020). N
protein is second most abundant viral protein, and
is expressed during the early stages of infection. It
is composed of two separate domains, an N-
terminal domain (NTD) and a C-terminal domain

(CTD), both of which are capable of binding RNA
in vitro. However, the optimal RNA binding func-
tion of the N protein is supposed to be required for
both domains. This protein helps to enter the host
cell and interact with cellular processes after the
virus fusion. (Huang et al., 2004; V’kovski et al.,
2019). The SARS-CoV-2 and SARS-Cov N pro-
tein sequence shows about 90% similarity (Gra-
linski and Menachery, 2020). N protein of SARS-
CoV promotes the activation of cyclooxygenase-2
(COX-2) and causes inflammation in the lungs
(YYan et al., 2006). It also participates in the inhibi-
tion of a phosphorylation of the B23 protein, which
is involved in the development of the cell cycle
(Zeng et al., 2008), as well as in inhibition of the
viral proteins degradation (Wang et al., 2010).
Moreover, N protein restricts immune responses in
the body against the viral infections via inhibition
of the type I interferon (Lu et al., 2011).

The M protein (~25-30 kDa) is the most abun-
dant structural protein in the virion (Alsaadi and
Jones, 2019). It contains 3 transmembrane do-
mains and is required for the shaping and budding
processes of CoVs (Bianchi, et al., 2020). Most M
proteins do not contain a signal sequence, alt-
hough they are co-translationally inserted in the
endoplasmic reticulum membrane (Fehr and
Perlman, 2015). Structural analysis of the M pro-
tein indicates its existence in two, long and com-
pact, forms. This protein inhibits the Nuclear Fac-
tor kappa-light-chain-enhancer of activated B
cells through interactions with | Kappa B Kinase
and reduces levels of Cyclooxygenase 2, thus en-
hancing the proliferation of the viral pathogen
(Fang et al., 2007). At last, the protein is known to
be involved in the activation of beta-interferons
(Satarker et al., 2020).

However, we are too far from understanding
molecular mechanisms determining their host
range and pathogenesis rate, supposed harmful
side effects in the host organisms. In this sense, a
comparative exploration of SARS-CoV-2, SARS-
CoV and other related coronavirus genomes from
human, bat and other species seems to be one of
most efficient ways in understanding genetic ba-
ses of the CoV problem. In particular, the whole-
genome sequencing and analysis data on SARS-
CoV-2 from different populations are recently
emerging (Munnink et al., 2020; Meredith et al.,
2020).
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In this study, the E, M and N proteins from
SARS-CoV-2, SARS-Cov, bat CoV and pangolin
CoV are compared. Below, we present and dis-
cuss results of these studies.

MATERIALS AND METHODS

For analysis, both CDS and protein sequences
of the E, M and N proteins from the human, pango-
lin and bat CoVs, including SARS-CoV-2 (Gen-
Bank accession MN997409.1), SARS-CoV E
(NC_004718.3), the pangolin CoV (MT040335.1), 9
strains of the bat CoVs (strain 273/2005: GenBank
accession: ABG47063.1; 279/2005: ABG47072.1;
Italy/206679-3/2010: AZF86133.1; Italy/206645-
41/2011: AZF86121.1; Italy/3398-19/2015:
AZF86127.1; Rm1/2004: ABD75325.1; Rp3/2004:
AAZ67055.1; HKU9: YP_001039974.1; Vs-CoV-
1: BBJ36014.1) were used.

A comparison of CDS and protein sequences
was done by BLAST tool (Altschul et al., 1997).
A multiple alignment of CDS and protein se-
quences, as well as the construction of the phylo-
genetic trees was performed by the Clustal Omega
tool (Sievers and Higgins, 2014; Sievers and Hig-
gins, 2018).

To investigate the statistical characteristics of
variations, such as identities, synonymous and

nonsynonymous substitutions, as well as inser-
tions/deletions (Indels), as a new tool, MUTAN-2
was developed by I. Shahmuradov (unpublished).
An output of the pairwise alignment of protein
sequences by the Clustal Omega (in the FASTA
format) and corresponding query CDS sequences
serve as a source (input) data for this tool.

RESULTS AND DISCUSSION

Initially, using the BLAST and Clustal Ome-
ga tools, we compared E, M and N protein se-
qguences from the human SARS-CoV-2 and
SARS-CoV, as well the pangolin CoV and 9
strains of the bat CoV (see: Materials and Meth-
ods). Results of these comparisons are illustrated
in Table 1, 2 and 3, as well as in Fig. 1, 2 and 3.
Proteins E and M, as well as human and pangolin
CoV proteins show significant (88% or higher)
similarity.

However, only 4 (out of 9) strains (273/2005,
279/2005: Rm1/2004 and Rp3/2004) of bat CoV
were found to have significant (88% or higher)
similarity to the corresponding human and pango-
lin CoV proteins. The same results were obtained
for S proteins (a paper on comparative studies of
the CoV S-proteins was recently submitted else-
where).

Table 1. Percent identity matrix for the E proteins from the human SARS-CoV and SARS-CoV-2, pangolin CoV

and 9 strains of the bat CoV

1 2 3 4 5 6 7 8 9 10 11 12
1. Bat (ltaly-1) 100.0 70.67 16.00 20.00 16.67 16.67 1644 1644 1781 1781 1781
2. Bat (Italy-3) 100.0 70.67 16.00 20.00 16.67 16.67 1644 1644 1781 1781 1781
3. Bat (Italy-2) 70.67 70.67 18.67 22,67 1528 1528 15.07 1507 1644 1644 16.44
4. Bat (HKU9) 16.00 16.00 18.67 2025 2568 25.68 26.67 26.67 26.67 26.67 26.67
5. Bat (Vs) 20.00 20.00 22.67 20.25 40.00 40.00 40.79 40.79 40.79 40.79 40.79
6. CoV-2 16.67 16.67 1528 25.68 40.00 100.0 96.00 96.00 94.67 94.67 94.67
7. Pangolin 16.67 16.67 1528 25.68 40.00 | 100.0 96.00 96.00 94.67 94.67 94.67
8. SARS 16.44 1644 1507 26.67 40.79 | 96.00 96.00 100.0 98.68 98.68 96.05
9. Bat (Rp3) 16.44 1644 1507 26.67 40.79 | 96.00 96.00 100.0 98.68 98.68 96.05
10.Bat (279) 1781 1781 16.44 26.67 40.79 | 9467 9467 98.68 98.68 100.0  96.05
11.Bat (Rm1) 17.81 17.81 16.44 26.67 40.79 | 9467 94.67 98.68 98.68 100.0 96.05
12.Bat (273) 1781 1781 1644 26.67 40.79 | 9467 9467 96.05 96.05 96.05 96.05

Hereinafter, the following abbreviations are used: “Italy-1” for the Italy/206679-3/2010, “Italy-2" for the Italy/206645-41/2011,
“Italy-3” for the Italy/3398-19/2015, “Vs” for the Vs-CoV-1, “Rm1”, “Rp3” for the Rp3/2004, “273” for the 273/2005 and
“279” for the 279/2005. A group of CoVs with the significant similarity of E-proteins are highlighted in grey. Here, as well as in
Table 2 and 3, the SARS-Cov-2 and pangolin CoV similarity is marked in pink, similarity between SARS CoV and 4 bat CoVs

(strains Rp3, 279, Rm1 and 273) is highlighted in red.
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Table 2. Percent identity matrix for the M proteins from the human SARS-CoV, pangolin CoV and 9
strains of the bat CoV

1 2 3 4 5 6 7 8 9 10 11 12

1. Bat (Italy-1) 100.0 88.11 28.05 27.60 29.55 2955 29.09 29.09 29.09 3122 32.72
2. Bat (Italy-3) 100.0 88.11 28.05 27.60 2955 2955 29.09 29.09 29.09 3122 3272
3. Bat (Italy-2) 88.11 88.11 29.09 2955 3045 3045 3045 30.00 30.00 3196 3594
4. CoV-2 28.05 28.05 29.09 98.20 9050 90.50 89.59 89.14 89.59 38.91 4037
5. Pangolin 2760 27.60 29.55 @ 98.20 90.95 9095 90.50 89.59 90.05 3891 39.91
6. Bat (279) 2955 2955 3045 | 90.50 90.95 100.0 9729 95.93 97.29 40.45 40.83
7. Bat (Rm1) 29.55 2955 3045  90.50 90.95 100.0 9729 9593 97.29 4045 40.83
8. SARS 29.09 29.09 3045 | 89.59 9050 97.29 97.29 97.74 9729 4091 41.28
9. Bat (273) 29.09 2909 30.00 @ 89.14 8959 95.93 95.93 97.74 98.64 4091 40.83
10. Bat (Rp3) 29.09 2909 30.00 | 89.59 90.05 97.29 97.29 97.29 98.64 4091 40.83
11. Bat (HKU9) 3122 3122 3196 3891 3891 4045 4045 4091 4091 40091 41.28
12. Bat (Vs) 3272 3272 3594 4037 3991 4083 40.83 41.28 40.83 40.83 41.28

A group of CoVs with the significant similarity of M-proteins are highlighted in grey.

Table 3. Percent identity matrix for the N protein from the human SARS-CoV, pangolin CoV and 9
strains of the bat CoV

1 2 3 4 5 6 7 8 9 10 11 12
1. Bat (Italy-1) 98.38 64.11 2369 2796 27.90 2727 2727 2759 2759 2727 27.90
2. Bat (ltaly-3) 98.38 64.11 2397 2766 2759 26.65 26.65 27.27 2727 2696 27.59
3. Bat (ltaly-2) 64.11 64.11 2507 2997 3037 2914 2945 3006 2945 2945 29.75
4. Bat (HKU9) 23.69 2397 25.07 39.11 4430 4492 4492 4470 4481 43.04 43.77
5. Bat (Vs) 2796 2766 2997 39.11 4785 4848 4848 4823 4835 48.73 48.98
6. Bat (273) 2790 2759 3037 4430 47.85 95.71 96.19 96.44 96.67 88.78 88.97
7. Bat (279) 2727 26.65 29.14 4492 4848 @ 95.71 99.52 97.14 9738 8876 89.18
8. Bat (Rml) 2727 26.65 29.45 4492 4848 @ 96.19 99.52 97.62 97.62 89.00 89.42
9. SARS 2759 2727 30.06 44.70 4823 @ 9644 97.14 97.62 98.10 89.74 89.93
10. Bat (Rp3) 2759 2727 2945 4481 4835 @ 96.67 9738 97.62 98.10 89.26  89.93
11. CoV-2 2727 2696 29.45 43.04 4873 88.78 88.76 89.00 89.74 89.26 93.76
12. Pangolin 2790 2759 29.75 4377 48.98 8897 89.18 8942 89.93 89.93 93.76

A group of CoVs with the significant similarity of N-proteins are highlighted in grey.
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Fig. 1. A phylogenetic tree constructed for on the basis of comparison of E-proteins
from 12 CoVs of different species/strains.
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Fig. 2. A phylogenetic tree constructed for on the basis of comparison of M-proteins
from 12 CoVs of different species/strains.
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Fig. 3. Phylogenetic tree based on comparison of E-proteins from 12 CoVs of different species/strains.

These findings indicate that at least in bats, vari-
ous sub-classes of CoVs exist. The different CoV
strains in bat have probably been diverged for a long
time. Moreover, a significant difference for the simi-
larity level of E, M and N proteins from 4 bat CoV
strains is not observed. Taking into account these
two facts, for further comparative studies on E, M
and N proteins only the following CoVs were se-
lected: SARS-CoV-2, SARS-CoV, pangolin CoV
and strain Rp3 of the bat CoV.

First, in each group (E, M and N) of the 4 se-
lected coronaviruses, the proteins were aligned
using the Clustal Omega tool. Then, the results of
these alignments were analyzed by the MUTAN-2
program. Results of the analysis are summarized
in Table 4.
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The first remarkable result of these studies is
that pangolin CoV is mostly closer to the human
SARs-CoV-2 in terms of the inter-species similar-
ity of the E, M and N proteins. Thus, while the
similarity between E, M and N proteins from
SARS-CoV-2 and pangolin virus is about 100%,
98% and 93%, respectively, these figures for
comparisons of SARS-CoV-2 vs SARS-CoV and
SARS-CoV-2 vs bat CoV are 96%, 89% and 89%,
respectively. The same picture was observed in
the inter-species comparison of S proteins (data
not shown). It should be noted that this result is
fully consistent with the results of studies recently
reported (Lopes et al., 2020; Malaiyan et al.,
2020; Zhang et al., 2020).
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Compared to proteins M and N, Protein E from
human SARS-CoV-2 and SARS-CoV, pangolin
CoV, and four strains of bat CoV are almost con-
served, although there are also bat CoV strains

with significant differences (60-85%; see Table

1). These observations may indicate that while the
E proteins are important for the CoV envelope
forming, they are not involved in a definition of
the host range and pathogenesis of CoVs.

Table 4. The similarity details of the CDS and amino acid sequences of the E, M and N proteins from SARS-
COV-2, SARS-CaoV, pangolin CoV and bat CoV

Conservation level:
CoV-2 vs Pangolin CoV

Conservation level:
CoV-2 vs SARS CoV

Conservation level:
CoV-2 vs Bat CoV

E protein:

Identities (amino acids)
Identical codons (CDS)
Synonymous substitutions (CDS)

Non-synonymous substitutions (CDS)
Indels (amino acids)

75 (out of 75), 100.0%
70 (out of 75), 93.33%
5 (out of 5), 100.0%

0

0

72 (75), 96.0%
65 (75), 86.67%
7 (10), 70.0%

3 (10), 30.0%
1(75), 1.33%

72 (75), 96.0%
66/ (75), 88.0%
6 (9), 66.67%
3(9), 33.33%
1(75), 1.33%

M protein:

Identities (amino acids)
Identical codons (CDS)
Synonymous substitutions (CDS)

Non-synonymous substitutions (CDS)

Indels (CDS)

218 (222), 98.2%
169 (222), 76.13%
49 (53), 92.45%

4 (53), 7.55%

0 (193)

198 (222), 89.19%
141 (222), 63.51%
57 (80), 71.25%
23 (80), 28.75%
1(222), 0.45%

198 (222), 89.19%
3 (193), 1.55%

59 (82), 71.95%
23 (82), 28.05%
1(222), 0.45%

N protein:

Identities (amino acids)
Identical codons (CDS)
Synonymous substitutions (CDS)

Non-synonymous substitutions (CDS)

Indels (CDS)

391 (419), 93.32%
325 (419), 77.57%
66 (92), 71.74%
26 (92), 28.26%

2 (419), 0.48%

376 (419), 89.74%
295 (419), 70.41%
81 (124), 65.32%
43 (124), 34.68%
3 (419), 0.72%

374 (419), 89.26%
291 (419), 69.45%
83 (128), 64.84%
45 (128), 35.16%
2 (419), 0.48%

!Most significant variations in the amino acid and codon compositions are marked in grey.

100 ~
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Idt
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M protein

Non-Syn Idt

M Sars-Cov-2 vs Pangolin CoV

W SARS-CoV-2 vs SARS CoV

W SARS CoV-2 vs Bat CoV

Syn Non-Syn

N protein

Fig. 4. Graphical representation of differences in identities, synonymous substitutions and nonsynonymous substitu-
tions within M and N proteins between the human SARS-CoV-2 and SARS-CoV, the pangolin CoV and the bat
CoV, strain Rp3. Idt — identities, Syn — synonymous mutations, Non-Syn — non-synonymous mutations.
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However, the most interesting result was ob-
tained in the comparative studies of the synony-
mous and non-synonymous substitutions rates in M
and N proteins. Thus, out of 53 substitutions in M
proteins from the SARS-CoV-2 and pangolin CoV,
49 changes (92.45%) were due to the synonymous
substitutions. For the SARS-CoV-2 vs ARS-CoV
and SARS-CoV vs bat CoV comparisons, this rate
was significantly lower: 71.25% (57 out of 80) and
71.95% (59 out of 82), respectively. For N pro-
teins, these characteristics were 71.74% (66/92),
65.32% (81/124) and 64.84% (83/128, respectively
(Fig. 4; see also Table 4). In particular, these find-
ings suggest that a significant role in almost identi-
ty (98.2% similarity) of M proteins in the SARS-
CoV-2 and the pangolin CoV belong to the synon-
ymous substitutions. Taking into account these
findings and our current knowledge of the key role
of M proteins in integration of CoV into the host
cell, as well as our recent results on conservation of
S proteins in human, pangolin and bat CoVs (un-
published), we suppose that the SARS-CoV and
SARS-CoV-2 have some bat CoV and pangolin
CoV origin, respectively (Fig. 5).

SARS-
CoVv

A
\ 4
P - =
fE((:::\TISOI' g:\t, ”‘
A A
\ 4 \ <4
10; - O
)'( }'(

\‘A4 ‘A( ‘A4

Pangolin intermediate SARS-

CoV CoV (?) CoV-2

Figure 5. A hypothetical path of evolutionary events
resulted in the SARS-CoV-2 and SARS-CoV from a
precursor CoV of the unknown origin.

Menachery and colleagues (2015) studied the
disease potential for SARS-like virus, SHC014-
CoV, from populations of Chinese horseshoe bats.
To do this, they developed a chimeric virus and
injected it into the mouse backbone. The experi-
mental results showed that the chimeric virus is
able to efficiently (i) use orthologues of the SARS
receptor for ACE2), (ii) replicate in primary cells
of the human respiratory tract, and (iii) achieve in
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vitro titers close to epidemic strains of SARS-
CoV. In addition, it has been demonstrated in vivo
that a recombinant virus can replicate in the lungs
of mice with significant pathogenesis using a
novel spike protein. These results suggest that
full-length recombinant viruses could potentially
appear in humans.

It should be noted that our suggestion on the
pangolin origin of the SARS-CoV-2 is fully con-
sistent with the results of studies recently reported
(Lopes et al., 2020; Malaiyan et al., 2020; Tang et
al., 2020; Zhang et al., 2020). But, we understand
that the available facts do not preclude a definitive
answer to these questions.

CONCLUDING REMARKS

The question on the direct origin of the high-
ly pathogenic SARS-CoV-2 still remains to be
answered, although the pangolin origin of this
virus seems to be most attractive hypothesis.
Moreover, an existence of unknown intermediate
organisms in transfer of this virus to humans can-
not be excluded.

The question of whether there was human in-
tervention in creation of this virus also remains
open. Of course, we are not saying that any mali-
cious people have exposed humanity to a terrible
disease like COVID-19 through this coronavirus.
However, the possibility of creating a new form
of coronavirus to test a scientific idea in a labora-
tory and then infecting humans as a result of
someone's usual negligence, cannot be ruled out.
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Comparative studies of E, M and N structural proteins of SARS-CoV, SARS-CoV-2, pangolin CoV and bat CoV

SARS-CoV, SARS-CoV-2, kalazin va yarasamin CoV viruslarinin E, M va N struktur
ziilallarimin miiqayisali tadqiqi

K.Q. Qasimv?, T.A. Somadova?, F.K. Abbasova?, 1.9. Sahmuradov'*"
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Son iyirmi il arzinds basoariyyat 3 koronavirus xastaliyine diicar olmusdur, halbuki insan koronaviruslar
50 il avval askar edilmisdir. 2019-cu ilds kasf olunan son koronavirus xastsliyina (COVID-19) insanin
siddatli kaskin tonoffiis sindromu koronavirusu-2 (SARS-CoV-2) sobob olur. Sual dogur: son illords koro-
naviruslarin bu ciir aktivlosmasinin sababi na ola bilar? Bu suala cavab vermak {igiin, heg olmasa, (1) bu
viruslarin tarixini vo monsayini vo (2) ¢ox asanligla va siiratlo sahib hiiceyrolorino daxil olaraq ¢oxsaxali
ciddi pozgunluglar tératmasinin molekulyar mexanizmlori aydinlasdirmaq lazimdir. Bu isdo SARS-CoV-
2, SARS, yarasa va kalozin CoV viruslarinin E, M vo N struktur ziilallar1 miigayise olunmusdur. Ilk dofo
bu todgigatlarda askar olunan, an teacciiblii fakt SARS-CoV-2 va kaloz CoV-unun M va N ziilallarindaki
sinonim avazlomolarin nisbi paymin digar koronaviruslarala miiqayisada ohomiyyatli doracads yiiksok ol-
masidir. Bu fakt SARS-CoV-2-nin yaranmasi va divergensiya dovrii ilo bagl yeni suallar dogurur.

Agar sozlar: Koronavirus, COVID-19, E ziilali, M ziilali, N ziilali, Kalaz, yarasa, SARS-CoV-2-nin man-
sayi, sinonimik mutasiyalar, sinonimik olmayan mutasiyalar

CpaBHMTe/IbHbIE HCC/IEI0BAHMS CTPYKTYPHBbIX G6esikoB E, M u N SARS-CoV, SARS-CoV-2,
CoV naHrojuHa u JjieTy4eid MbIIIHA

K.I'. l'aceimoB?, T.A. Camanosal, ®.K. Abacosa?, U.A. lllaxmypanos "
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B Teuenne mocnenHuX ABYX NECSATUIETHH YEJIOBEYECTBO CTPaJaeT OT 3 KOPOHABUPYCHBIX 3a00JIeBaHUH,
XOTsI KOPOHABHPYCHI YeloBeKka OblIM OOHapyxeHbl Oonee 50 ner Haszan. IlocnenHee KOpOHaBHPYCHOE
3ab0oneBanue, ooHapyxenHoe B 2019 rogy (COVID-19), BbI3BaHO KOPOHABUPYCOM 2 TSHKEJIOTO OCTPOTO
pecnupaTopHoro cunapoma uenoBeka (SARS-CoV-2). Bo3HukaeT Bompoc: B 4eM MOXKET ObITh IMPUYMHA
TAaKOM aKTHBAaLMM KOPOHABHPYCOB B IocjenHue roapl? UToObl OTBETHTH HA 3TOT BOIPOC, MO KpailHen
Mepe, HeoOXO0MUMO BBISICHUTH (1) MCTOPHIO M MPOUCXOXKICHHE ITUX BUPYCOB, (2) M3y4HTh MOJIEKYIISP-
HBIE MEXaHU3MBI KX OYEHB JIETKOT'O U OBICTPOTO MPOHUKHOBEHHS B KIIETKH-X035€Ba, BIEKYIIETO 32 COOOH
MHOTOTpaHHbIE Cephe3HbIe HApyIIEeHUA. B 3TOM Mccie10BaHuu Mbl CPaBHWIIN CTPYKTYypHbIEe 0enku E, M u
N u3 BupycoB SARS-CoV-2, SARS, CoV neryunx mpimeil u nmanronuHoB. Hanbonee nmopasutenbHbIN
(akT, BepBble OOHAPYKEHHBIA B 3TOM HCCIIEAOBAaHUM, 3aKJIIOYAETCA B TOM, YTO OTHOCHTENBHAs IO
CUHOHUMUYHEIX cKopoctel 3ameH B M u N 6enkax SARS-CoV-2, u CoV nmaHronuHa 3HaYUTEIHHO BHIIIIE,
9YeM COOTBETCTBYIOLIME XaPAKTEPUCTUKU AJsl APYrHX m3ydeHHBIX CoV. DTO (akT CTaBUT HECKOJBKO
WHTPUTYIONIUX BOIIPOCOB O BO3HUKHOBEHUH U TPOJIOJDKUTENBHOCTH auBeprennnn SARS-CoV-2.

Knrouesvie cnosa: Kopownasupyc, COVID-19, E-berox, M-benox, N-bernok, awep, remyuas Muliub,
npoucxozicoenue SARS-COV-2, cunonumuunvie Mymayuu, HeCUHOHUMUYHbBLE MYMAYUU
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