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ABSTRACT
Article Info: EETEIN T I WAt So far, extensive research has been conducted on the Severe Acute Respiratory
16 Jul 2022 : Syndrome Coronavirus 2 (SARS-CoV-2) virus and its disease in different regions of the world. The
29 Jul 2022 aim of these studies is to present practical findings and suggestions about more familiarity with the
01 Aug 2022 characteristics of this virus, including its structural and genetic characteristics, origin of genesis, evolution,

genomic changes, biological cycle and pathological function, that can be used to adopt efficient strategies
in controlling and treating the pandemic.

In order to perform genomic analysis, the complete sequence of the desired
coronaviruses with accession numbers obtained from GenBank or GISAID was stored from databases
such as NCBI and BV-BRC, and then the sequences were aligned with Workbench CLC Main software.
In the next step, the phylogenetic tree was drawn by Neighbor-Joining method with 1000 repetitions
(bootstrap) by MEGA X software and FigTree version 1.4.4 was used to display the tree more clearly.

All ethical principles in writing this article have been observed according to the
instructions of the National Ethics Committee and the COPE regulations.

S In the current study, mutations and the effect they may have on transmissibility, pathogenicity and
vaccine effectiveness, molecular features, epidemiology and the place of emergence of coronaviruses,
focusing on variant of concern (VOC) including alpha (B.1.1.7), beta (B.1.351), gamma (P.1), delta
(B.1.617.2) and omicron (B.1.1.529) are presented.

The occurrence of mutations and continuous evolution have led to the rapid and

Keywords: simultaneous emergence of different variants, each of these changes can contribute to the escape of
COVID-19, Neutral- therapeutic methods such as neutralizing antibodies (Nab) and convalescent plasma, as well as reducing
izing Antibodies, Pan- : the effectiveness of vaccines. Therefore, increasing monitoring for documentation, understanding the
demic, SARS-CoV-2, spread of different lineages and more detailed study of these mutations in identifying variants and
Vaccine Efficacy, i effectively dealing with them is of great importance.
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Introduction

xtensive research on the SARS-CoV-2

virus and its related disease has been con-

ducted with the aim of more familiarity

with structural and genetic characteris-

tics, origin, evolution, genomic changes,
and pathological function. Despite many efforts to com-
bat COVID-19, the disease is still not fully controllable,
and at any moment, the emergence of a potential variant
with new mutations can weaken vaccines and herd im-
munity through vaccinations to combat the virus [1]. In
this study, while presenting general information about
the origin and evolution of coronaviruses, informa-
tion related to mutations and their possible effect on
transmissibility, the severity of pathogenicity, interac-
tion with the host and vaccine effectiveness, molecular
characteristics, epidemiology, and the location of the
emergence of coronaviruses with the centrality of the
five variants of concern alpha (B.1.1.7), beta (B.1.351),
gamma (P.1), delta (B.1.617.2) and omicron (B.1.1.529)
are presented to be used to better understand and choose
effective diagnostic and therapeutic solutions.

Materials and Methods

In this systematic review, we tried to use the informa-
tion available in articles, databases, and various servers,
such as World Health Organization (WHO), CDC, NCBI,
GISAID, ViPR, GitHub, Nextstrain, Pango lineages,
and other genomic data sources according to the latest
updates on coronaviruses, especially the new types of
SARS-CoV-2 [4]. For genomic analysis, first, the com-
plete genome sequence of the coronaviruses HCoV-229E
(NC002645.1), HCoV-NL63 (NC005831.2), HCoV-
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HKU1 (NC006577.2), HCoV-OC43 (NC006213.1),
SARS-CoV BJ01 (AY278488.2), SARS-CoV Tor2
(AY274119.3), Bat-SL CoVZC45 (MG772933.1),
Bat-SL  CoVZXC21 (MG772934.1), Bat-CoV
RaTG13 (MN996532.2), MERS-CoV (NC019843.3),
SARS-CoV-2 Wuhan-Hu-1 (NC045512.2) and 5 vari-
ants of concern B.1.1.7 (MW633953.1), B.1.351
(MW598413.1), P.1 (MW642250.1), B.1.617.2
(MZ009823.1) and B.1.1.529 (OL672836.1) with ac-
cession numbers obtained from GenBank or GISAID,
were retrieved and saved from databases, such as NCBI
and ViPR in FASTA format. Sequence alignment was
performed by Workbench CLC Main software (Bioin-
formatics, CA, USA) and then the phylogenetic tree was
drawn by the Neighbour-Join method with 1000 repeti-
tions (bootstrap) by MEGA X software. To display the
tree more clearly, FigTree v1.4.4 was assisted. The ge-
nomic sequence of Wuhan-Hu-1 was also considered a
reference variant to study genetic diversity.

Results

The two phenomena of mutation and recombination in
coronaviruses have led to the emergence of new vari-
ants with the interspecies transmission, adaptability to
new hosts, high prevalence, and greater virulence sever-
ity [11]. More up-to-date variants have a large number
of mutations in their spike gene, many of them in the
RBD and NTD, which play a key role in ACE-2 bind-
ing and antibody recognition. S:D614G is associated
with viral loads in the upper respiratory tract and the age
of patients. S:N501Y plays a role in the effective con-
nection between spike and ACE2 receptor. S:H69- and
S:V70- will announce the negative results of the S as-
say in TaqPath tests, which can be a useful proxy for
disease prevalence known as the S gene target failure
phenomenon or SGTF. S:N679K and S:P681H near the

Table 1. Common (thickened) and specific mutations in spike protein sequences of five variants of concern, namely Alpha (B.1.1.7),
Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2), and Omicron (B.1.1.529).

voc Mutations
B.1.1.7 S:D614G, S:N501Y, S:P681H, S:Y144-, S:H69-, S:V70-, S:A570D, S:T716l, S:S982A, S:D1118H
B.1.351 S:D614G, S:N501Y, S:E484K, S:K417N, S:A701V, S:L18F, S:D80A, S:D215G, S:L241-, S:L242-, S:A243-
P1 S:D614G, S:N501Y, S:E484K, S:K417T, S:H655Y, S:L18F, S:P26S, S:T20N, S:D138Y, S:R190S, S:T1027I, S:V1176F
B.1.617.2 S:D614G, S:P681R, S:T478K, S:L4A52R, S:D950N, S:T19R, S:E156-, S:F157-, S:R158G
S:D614G, S:N501Y, S:E484A, S:P681H, S:K417N, S:H655Y, S:H69-, S:V70-, S:Y144-, S:T478K, S:T95I, S:N764K, S:Q493R,
B.1.1.529 S:D796Y, S:N679K, S:Y505H, S:Q498R, S:Q954H, S:S477N, S:N440K, S:S375F, S:S373P, S:S371L, S:G339D, S:Y145D,

S:G142-, S:A67V, S:N969K, S:V143-, S:N211-, S:L212I, S:G446S, S:G496S, S:T547K, S:N856K, S:L981F
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Figure 1. Phylogenetic tree drawn based on the complete genome sequence of SARS-CoV-2 Wuhan-Hu-1 and 5 VOC variants

compared to the genomes of other coronaviruses. As can be seen, the Bat-CoV RaTG13 variant is phylogenetically the closest to

the SARS-CoV-2 variants, which indicates the close evolutionary relationship of 2019-nCoV with species derived from the bat host.

furin cleavage site facilitate spike cleavage into two S1
and S2 domains and thus increase fusion and viral infec-
tion [25]. Also, S:K417N and S:E484A are associated
with immune escape. Using amino acid interaction net-
works (AAI), the effect of mutations can be investigated
and the ability and extent of different variants to escape
against antibodies can be shown [63]. mRNA-1273
(Moderna), BNT162b2 (Pfizer-BioNTech), and Ad26.
COV2.S (Janssen) are three highly effective vaccines
against the epidemic, although booster vaccination is
more effective against delta and omicron variants [65].
Nevertheless, it should be admitted that unexpected mu-
tations and the emergence of new types have made plan-
ning and certainty in decisions almost impossible.

Discussion

Currently, COVID-19 is the most important public
health challenge worldwide. Extensive studies based

on structural, genomic, and functional comparisons
between SARS-CoV-2 and other similar coronaviruses
and variants of this new virus have been carried out to
reveal the origin of emergence, behavior, and spread
pattern of the virus to obtain important information
[62]. The occurrence of mutations and continuous evo-
lution has led to the rapid and simultaneous emergence
of different variants, each of these changes can contrib-
ute to the escape of therapeutic methods, such as neu-
tralizing antibodies (Nab) and convalescent plasma, as
well as reducing the effectiveness of vaccines. Detailed
analysis of the similarities and differences of viruses re-
ported in different regions of the world using sequenc-
ing, determination of amino acid interaction networks
(AAI), as well as the examination of their biological
cycle and pathological function, can be of great help in
adopting more accurate strategies with higher efficiency
in recognition, control, and treatment of such emerging
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diseases [63]. Therefore, regular and accurate study of
the genetic diversity of the virus in any country or geo-
graphical region can provide valuable information that
these changes will somehow correspond to the virulent
power and the rate of virus spread. These data are also
useful for vaccine production and the prescription of ap-
propriate drugs. As a result, all countries should cooper-
ate with the World Health Organization to prevent the
spread of such variants, so that they monitor genetic and
antigenic changes in the global virus population and at
the same time conduct experiments to clarify the pheno-
typic effects of mutations. On the other hand, effective
vaccines that target important new strains, such as XBB
and BQ.1 should be provided, at least technically, and
platforms should be prepared for updating vaccines.
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