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Abstract

The third pandemic of coronavirus infection, cal@é®VID-19 disease, began recently in
China. The newly discovered coronavirus, entitlddRS-CoV-2, is the seventh member of
the human coronaviruses. The main pathogenesis ABRRSSCoV-2 infection is severe
pneumonia, RNAaemia, accompanied by glass turhidityd acute cardiac injury. It
possesses a single-stranded positive-sense RNAmgemdich is 60-140 nm in diameter,
and has a size of 26 to 32 kbyiral pathogenesis is accomplished with spike gbyotein
through the employment of a membrane-bound amirtajzese, called the ACE2, as its
primary cell receptor. It has been confirmed thatious factors such as different national
rules for quarantine and various races or genetakdrounds might influence the mortality
and infection rate of COVID-19 in the geographieas. In addition to various known and
unknown factors and host genetic susceptibilitytations and genetic variabilities of the
virus itself have a critical impact on variablenatial features of COVID-19. Although the
SARS-CoV-2 genome is more stable than SARS-CoV BRE-CoV, it has a relatively high
dynamic mutation rate with respect to other RNAuse@s. It's noteworthy that, some
mutations can be founder mutations and show spegébgraphic patterns. Undoubtedly,
these mutations can drive viral genetic variahiliznd because of genotype-phenotype
correlation, resulting in a virus with more/lowes/decrease in natural pathogenic fithess or
on the other scenario, facilitating their rapidig@nic shifting to escape the host immunity
and also inventing a drug resistance virus, so edimg it to a more infectious or deadly
virus. Overall, the detection of all mutations IMESS-CoV-2 and their relations with
pathological changes is nearly impossible, mostlg o asymptomatic subjects. In this
review paper, the reported mutations of the SARS-2cand related variations in virus
structure and pathogenicity in different geograplaiceas and genotypes are widely
investigated. Many studies need to be repeatedhier segions/locations for other people to
confirm the findings. Such studies could benefitigra-specific therapy, according to

genotyping patterns of SARS-CoV-2 distribution.
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COVID-19 Disease

The COVID-19 disease first started spreading im@land then in almost every region of the
globe. As more cases were confirmed, many countva@tdwide announced restrictions for
transportation and implemented quarantine [1]. iRgsl revealed that not only people with
the disease who had a range of symptoms couldntiaitise virus, but even those who did
not develop symptoms were carriers of the virus [l2some instances, people infected with
the virus while not experiencing any symptoms of \II19 or even showing mild
symptoms of the disease. On the other hand, sigttealisease may change from mild and
moderate to acute (critical) and become severesssdating special care for the patient with
the development of the acute respiratory distregsdrome (ARDS) syndrome and
accumulation of fluids in the lungs [2-7]. Accordirto epidemiological researches, the
clinical outcomes (ranging from asymptotic to dé¢atte heavily influenced by factors such
as age, demographic characteristics, clinical @arality, and other potential unknown
parameters [8-10]. Additionally, a healthy dietégognized as another substantial factor in
preventing the development of the severe form ef disease by boosting the immune
system. [11]. The presence of some underlying deseée.g., diabetes) in a person is another
factor affecting the increased probability of COVID development and the incidence of a
severe condition of the disease (Figure 1) [12]th&tsame time, the virus can cause bacterial
pneumonia infections [13]. To ensure the presedtleeovirus in the body, polymerase chain
reaction (PCR) molecular testing is done. The atbennique is computed tomography of the
chest. Additionally, the number of white blood seglicreatine phosphokinase (CPK),
erythrocyte sedimentation rate (ESR), c-reactivagin (CRP), and lactate dehydrogenase D
(LDHD) is measured in the blood [2, 14].

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)

SARS-CoV-2 belongs to a large family of viruses\nas coronaviruses. Coronaviruses are
the largest group of viruses belonging to the Niddes containing Coronaviridae families,
Roniviridae, and Arteriviridae. Coronaviridae isfamily of positive-sense single-stranded
enveloped RNA viruses, with a genome between 263h#ilobases in length. This viral
group consists of four different genera, namélpha, Beta, Gamma, and Delta, and
encompasses various human and animal coronavifiSgsHuman coronavirus was first
identified in the mid-1960sSeven human coronaviruses have so far been idshtifiat
belong to theAlpha andBeta genera; as depicted in Figure 2, geAlgha, including (human
coronavirus NL63 (HCoV-NL63) and human coronavi@®OE (HCoV-229E)) and genus
Beta, including (human coronavirus OC43 (HCoV-OC4Buman coronavirus HKU1
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(HCoV-HKU1), severe acute respiratory syndrome pawirus (SARS-CoV), Middle East
respiratory syndrome coronavirus (MERS-CoV) andanir SARS-CoV-2) [16]. They bring
about a wide range of diseases, including the cameotd and respiratory diseases with mild
and acute symptoms.

To date, five coronaviruses belonging to beta-cavons lineage have been detected in
association with acute pneumonia in humans (Fig)r¢l7]. SARS-CoV-2 is the third
coronavirus after MERS and SARS-CoV. [18, 19].

Bats have been reported to be an essential hostofoe coronaviruses. Examples include
SARS-CoV, a virus with acute respiratory symptorhat tspread through China, killing
hundreds of people in 2003-2004. After that, MERB/Qvas reported in the middle east in
2012; both bat-originated viruses caused the iiiecnd death of many people [17, 20]. In
2020, a new disease with a growing global prevaemas named COVID-19 by the World
Health Organization. The COVID-19 pandemic hasmdgeemerged and then rapidly spread
in more than 200 countries worldwide so far. Acaagdto the World Health Organization,
39.8 M global cases of COVID-19 were confirmed ortdber 18 with a mortality rate of
3.4%.

The Biology of SARS-CoV-2

Structural and non-structural proteins in the vigemome are encoded in the open reading
frame (ORF) sequences (Figure 3). Almost 14 ORFelimeen sequenced in the SARS-CoV-
2 genome so far [21]. Molecular analysis of the mewonavirus indicated that it possesses a
single-stranded positive-sense RNA genome, whigBi#e varies between 29.8 kb and 29.9
kb, being 60-140 nm in diameter. Its genome is atm30% homologous with SARS-CoV,
and nearly 96% of its genes are shared with thecbainavirus (Bat-CoV) [22]. Each of
these ORFs is responsible for coding 17 proteingh Istructural and non-structural, that
drive various processes during the entire lifehef virus from its survival to virulence power
[23, 24]. The genome starts withBTR, which consists of a variable number (betwéemd
11) of ORFs, including ORFlab, ORF3, ORF6, ORFORF 8, and ORF10. SARS-CQV 2
has eight accessory proteins (3a, 3b, p6, 7a, Fb9B, and orfl4), encoded by ORF3a,
ORF6, ORF7a, ORF7b, and ORF8 genes, respectivegselgenes contain vital information
for virus replication, that has been preservedubhosuccessive generations [15].
Non-structural proteins

During the virus transformation phase, the firstravis the expression of orflab and orfla
gene segments to produce two large polyproteinsedapplab and ppla. These two

polyproteins are then cleaved into 16 Nsps, inclgdiispl to Nsp10 and Nspl2 to Nspl16 by
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the action of two protease enzymes as part of eatiose polypeptides named papain-like
proteases (PLpro) [25]. These Nsps participate anynviral processes; for example, the
Nsp3 is the largest component among other constguthat forms the replication and
transcription complex of coronaviruses, which isagage by the PL proteinase would result
in the promotion of cytokine expression and suppogs of the host's innate immune
response. 3CLPro protease as another Nsp haseamtiaksole in RNA replication. Many of
the Nsps encoded in ORFlab, including Nsp5, Nspigi the RNA-dependent RNA
polymerase (RdRp, Napl2), are responsible for #szrably of the replicas-transcriptase
complex in double-membrane vesicles (DMVs) [16]hé&treplicas consist of proteins that
facilitate viral replication and block the intrieshost immune system by controlling the
cellular machinery. Nsp8 and Nspl2 are two monamBdRps that are involved in the
process of SARS-CoV-2 replication. Nsp8 replicates virus genome through interacting
with ORF6 accessory protein and Nsp9 replicas protgy binding to RNA. In contrast to
Nspl2, Nsp8 has primase capacity that makes itleeedf any primers to initiate the viral
replication process. In addition to these polymesashe SARS-CoV-2 has a unique
multimeric RNA polymerase composed of Nsp7 and Nsyg8ch is responsible for both the
initiation and elongation of the newly synthesizedyment of the viral genome [16, 23].
Structural proteins

The 3 end of the SARS-CoV-2 genome consists of fourcstinal protein-encoding genes,
which include spike (S), membrane (M), envelope @8d nucleocapsid (N). From entering
the host cells to virus particle formation, variousal processes are dependent on these
proteins (Figure 4) [21, 25, 26].

Sprotein

The spike or S glycoprotein is a transmembraneeprdhat resides on the outer surface of
the virus, with nearly 150 kDa molecular weight ttidetermines the host range and
pathogenicity of the virus by its contribution twal entry through mediating the attachment
of the virus particle to the plasma membrane ofrtbst cell. The S protein of SARS-CoV-1
and SARS-CoV-2 forms homo-trimers protruding in theal surface that facilitates viral
entry into the host cells via interacting with astgnsin-converting enzyme 2 (ACEZ2) that is
their main receptor expressed in lower respirattrgct cells. However, in some
circumstances, they might use CD209L as an altematceptor. In contrast, MERS-CoV

uses dipeptidyl peptidase 4 (DPP4) as the primacgptor. These viruses spread between
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different cell types with the help of this mechamighat suppresses virus-neutralizing
antibody responses [16, 21, 25].

M protein

Membrane or M protein determines the shape of itus envelope. It can function as a small
transmembrane protein through binding to all otstenctural proteins. The M protein also
contributes to the packaging of the viral RNA geramto a helical ribonucleocapsid during
virion formation [16].

N protein

The Nucleocapsid or N protein is the structuralstibment of SARS-CoV-2 that is bound to
the RNA genome of the virus. This protein takes pavarious processes related to the viral
genome, including the replication cycle of virusdsal genome signaling, and the host cells’
response to viral infections [22, 25].

E protein

The structural evidence shows that the N-amino iteahrof the envelope or E protein is a
short hydrophilic sequence consisting of 7-12 amawads. It is followed by a large
hydrophobic middle segment with 25 amino acids km@s the transmembrane domain and
possesses a long hydrophilic C-terminus which dones the most of the protein. E protein
is involved in the production and maturation preessof the virus through interacting with
the host cell membrane protein [22].

The M echanism of SARS-CoV-2 Infection

The presence of S protein in the process of pattesie of SARS-CoV-2 is critical. Spike
protein uses a membrane-bound aminopeptidase call#P as the primary cell receptor
that binds to dipeptidyl peptidase-4 on the vird3]] ACE2 is widely expressed in the
various organs, including the heart, lungs, gastestinal tract, and kidneys [27]. Signal
transmission through ACE2 is disrupted when seugyecardial damage and dysfunction in
the lungs and other organs such as the kidneyh@ad are induced when the virus attaches
to the ACE2 receptor [28]. Besides, the determamatf target cell specificity is influenced
by the S glycoprotein interaction with cellular eptors. The location of the receptor binding
domain (RBD) in S1 domain of S protein is deterrdibg the structure of each virus, which
can be variable. The RBD regions are located ateNninal or C1 Terminal of S1. SARS-
CoV-2 uses some peptidases as their cellular recemlthough their entry occurs even in
the absence of secondary enzymes [25, 27].

After fastening to the receptor, the virus entdrs host cell cytosol by transmembrane

protease serine 2 (TMPRSS2) or other proteases asudtrin, and fuses the viral and cell
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membranes. SARS-CoV-2 spike glycoprotein contairtteti-like site. The furin detection
location is crucial for detection by pyrolysis artus, in viral infection of the virus. This
glycoprotein is broken down by furin proteinaseoim subunit S1 and S2 like a host cell.
Infection begins with the interaction of S1, conilag RBD, with the host receptor ACE2,
into the cell membrane. The S2 domain is a viraldn protein and is involved in a mixture
of virion glands. Immediately after the virus emnira to the cell, the S glycoprotein is cleaved
by the CTSL cathepsin to kill the S2 fusion peptigled then forms endocytosis and low-pH
endosomes, hence activating the fusion of membnaiths the endosomes. At the junction
between the virus membrane and the cell membraieindle is formed that is likely to
release the virus genome into the cytoplasm. Thewing step in the infection cycle is the
translation of replica genes from the RNA viruseTiwo polymer proteins ppla and ppl ab
are encoded by two large proteins, ORF repla ampdbreA sliding sequence (5'-
UUUAAAC-3’) and a pseudoknot RNA help express these proteading to a deformation
of the repla reading form in the ORF replb. Usydhg ribosome opens the pseudoknot
structure and continues the translation processitiehcounters a pause or reach the end of
11 repetitions in the codon. But sometimes, thesdme is stopped by the pseudoknot,
which prevents stretching and staying in the slippgequence, and stops the nucleotide
reading frame with a backward shift that resultsthe translation of pplab. After the
translation process, viral RNA is synthesized, amdl replication complexes are collected.
The set of viral replications by the transcriptipmocess results in cytopathic effects such as
abnormalities in the vascular complexes. In therkiveam region of the ridiculous proteins,
subgenomic RNAs act as mRNAs for the structurakgest the virus [29].

The next step is the binding and translating thstafctural glycoproteins of virus, including
S, M and E to ER. These proteins are secreted th@oER-Golgi intermediate chamber
(ERGIC). Here, the viral genomes that encode siratproteins are encapsulated by the N-
germ protein in the ERGIC membrane and become maiurses. Protein-protein interaction
is mainly mediated by M glycoprotein, which is respible for collecting CoVs. M protein,
expressed with E protein, is involved in the fonoatof virus-like particles (VLPs) as well
as in the formation of coatings for CoVs. While Napprotein causing the formation of
VLPs, a combination of genomes encoded in ERGIGeoés virus growth. In the ERGIC
chamber, S glycoprotein interacts with M glycopnot@ue to being essential for its synthesis.
Because M protein is abundant compared to E prolkéiprotein interaction can be a major
source of motivation to mask puberty. Glycoprotenges the host secretion pathway and

releases the accumulation of the virus in the hids. M protein attaches to the nucleocapsid
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located at the C-terminus of endo domain M andagyniral assembly completion. After
assembly, the viruses are transmitted by vesiddhld host cell membrane and are released
by exocytosis. By being transported to the celfasig, the S protein combines cell fusion
between infected and healthy cells, resulting large multinucleated cell that spreads the
virus in the host and provides the conditions far tletection of specific antibodies against
the virus (Figure 5) [29].

The SARS-CoV-2 Mutations and Related Alterationsin The Virus

The pace of mutation in SARS-CoV-2 as an RNA visipossibly10~* replacement of bp
for every year. Besides, variations may appeanéncburse of each genome replication cycle
[30]. Single-nucleotide polymorphism (SNPs) is &bl for the comparison of DNA
sequences. It can be used for evolutionary invasbigs, being useful in identifying
mutations in the coronavirus genome, where manwatnaums may occur by cause of an RdRp
in the process of genome replication [31, 32]. €abland Figure 6 summarize the reported

mutations in various parts of SARS-CoV-2 over #& imonths.

Table 1. Some reported mutations in various pdr&,S-CoV-2

AMINO ACID MUTATION

VIRUSGENOME REGIONS MUTATION SITE CHANGE TYPE REF.
1 33
NSP2 (NT181...818) 241C>T NA* NA Eg 46];’ '
514T>C NA Synonymous  [33]
1059C>T Tl Missense [33]
1397 -l Missense [33, 35]
2662C>T NA NA [24]
2891 NA NA [35]
3036 NA Synonymous  [35]
3037C>T NA Synonymous 2146] 33,
[24, 33,
8782C>T/IY NA S
ORFI1AB (NT266..21,555) | & 02T/ ynonymous - ag 36
11083G>T NA NA [24, 33,
35]
14408C>T PsL Missense [315?’ 33-
14805C>T NA Synonymous [33]
17373C>T NA NA [24]
17746 P-L Missense [33, 35]
17857 Y Missense [35]
18060C>T NA Synonymous [24, 33,




35]
21707C>T NA NA [24]
. [16, 33,
S(NT21,563...25,384) 23403A>G D—-G Missense 35]
24034C>T/Y NA NA [24]
26143 G-V Missense [33, 35]
ORF3A(NT25,393...26,220) 26144G>T G-V Missense [24]
M (NT26,523...27,191) 26729T>C/Y NA NA [24]
27046C>T M Missense [33]
>
ORF8 (NT27,894...28,259) 28077G>CIS NA NA [1[24] 24
28144T1>C l>S and G-R Missense 35, 36]
28881G>A NA NA [33, 35]
28882G>A NA NA [16, 33]
N (NT28,274...29,533) 28883G>C NA NA (16, 33]
29095C>T NA Synonymous [33, 36]

In a study done by Yin, 558 COVID-19 strains wereeistigated to calculate the frequencies
of mutations. The first regular SNP mutation in theis genome was in nsp2 (241 C>T),
which is a critical genomic location. It has beéscdvered that the nsp2 mutation (241 C>T)
has emerged with three other critical mutationduiiag, (3037 C>T), (14408 C>T), and
(23403 A>G), that bring about mutations at the amacid level of RNA primase, and S
protein. The mutations as mentioned earlier (24T,C4408 C>T, and 23403 A>G) are
located in proteins which are essential for thdicapon of RNA (241C>T, 14408 C>T), and
the spike protein (23403A >G) since it attacheseteptors. This paper recognized that these
four mentioned-mutations are common in the SARS-QoFuropean isolates genomes,
where the severity of the infection is mostly maneense than in the other geographical
regions. The second amplest SNP mutation in thiateso was (28144 T>C), which has
appeared at nsp8, where the amino acid is charigedt¢ Ser), and the third one (26144
G>T) was in nsp3. The nsp3 collaborates with twbeptproteins called nonstructural
protein-4 and 6, to bring about DMVs, which are ptemes of the membrane that assist in
replicating and assembling RNA. The most commonatiut (23403 A>G) was positioned
in the S protein sequence. This mutation in D6128&103 A>G) was placed in the supposed
S1-S2 junction part, which splits the spike pratéinalysis of the results demonstrated that
nsp8, which is an RNA primase, had the greatestbeuraf mutations (28881 G>A, 28144
T>C, 28882 G>A and 28883 G>C) in comparison to rér@aining proteins. Mutations in

RNA polymerase or RNA primase might increase figelind present obstruction to the



usage of nucleotide analogs that are mutagengtrams from the US, three mutations in the
sequences of nsp8 (28881 G>A, 28882 G>A, and 28383) have been discovered [16].
ORF1lab gene, which has the most length in the ORMEse virus genome and is split into
viral non-structural proteins (nspl to nspl6), wegsorted as a gene with a high number of
missense mutations [23, 37].

After analyzing around 48,000 SARS-CoV-2 genomeusiages and comparing them with
the reference sequence, researchers demonstraedhtre reside at least three clades
according to geological and genomic relevance. dlade common in Europe obtains the
p.614(Asp to Gly) mutation associated with the Stgin along with (14408 C>T), (241
C>T), and (3037 C>T). The other significant mutatiwas in the N protein (p.RG203KR)
[34].

Based on a study that analyzed 220 genome sequérmasCOVID-19 patients, the
scientists appraised the disposition of the virugations within four geographic regions by
standardizing the number of genomes containingk@ylimutation in each region. The
appearance of mutations in nucleotide location$638382, 11083, 28144, and 26143 has
been confirmed. Besides, mutations were found isitjpms 1397, 2891, 14408, 17746,
17857, 18060, 23403, 28881, existing in sequent&@Rd--1ab (1397, 2891, 14408, 17746,
17857, and 18060), S (23403) and N (28881). thiteatsnutations (locations 3036, 8782,
and 18060) were observed among the twelve most @ymames, considering that one
mutation (location 11083) was not in the sequeric@RF. Also, mutations in these locations
cause amino acids to change in this order: 1397 tov/ke), 14408 (Pro to Leu), 17746 (Pro
to Leu), 17857 (Cys to Tyr), 23403 (Asp to Gly)128 (Gly to Val), 28144 (L to Ser). One
mutation (location 28881) causes the substituticdh @amino acids, particularly 28881 (Arg to
Lys) and (Gly to Arg) [38].

According to a paper that has analyzed the SARS-Zayenomes, 10 out of the 48
sequences merely had lost their base pairs attdhieasid the end. However, 80 alternatives
contained mutations including, 43 missenses, 2lorsymous, three deletions, and 13
noncoding deletion types. The most frequent alteres (13 specimens) were in ORF-1ab
(8782 C>T) and ORF-8 (28144 T>C), and after thatNi (29095 C>T) (5 specimens).
Mutations in locations (8782 C>T) and (28144T >@revobserved at the same time. Also,
(29095 C>T) is detected in both of them. The twaatians (8782 C>T) and (29095 C>T)
were synonymous ones; nonetheless, (28144 T>Cilteasd amino acid in the ORF8 region
(p. L84S). Out of the 43 missense alternativesprd€s were observed in ORF-1ab. All three

deletion mutations found in this study, are in-feaomes and were observed in nspl, which is
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in ORFlab. All of the noncoding deletion mutationere detected in 3'-UTR or 5-UTR
positions, and researchers suggest that they dsigraficantly influence the functions of the
virus. Through various alignments with other SAR&2 ORF8 regions, they have found
out that L84, which is engaged in (28144 T>C) (4&8 is not conserved [36]. Khailany et
al. have confirmed these results in their sepaestearch [23].

Wang et al. also analyzed 95 SARS-CoV-2 genomeesems. They compared the isolates
with the reference sequence and depicted thatotiaé Homology was 99.99%, whereas 15
isolates were identical with the reference one.oAthe homology of the ORF-1a in the
genome was 99.99%, whereas the homology in commewiith the bulk of other parts being
100% while no alteration in regions of E, ORF-6¢ &®RF-7b, was found. The results show
that by comparing the amino acids of the sequenicexyverall homology was 99.99%, while
the homology between the bulk of the isolates dividual parts was 100%. Mutations which
occurred in more than three variants were obselmegbarticular nucleotide positions
including, ORF-1ab (2662, 8782, 11083, 17373, 1808021707, 24034), ORF3A (26144),
M (26729), ORF8 (28077, 28144) and N (28854, 2908B®)ably, the highest mutation rate
was detected in ORF8 (28144) which was about 3®(2 of 95), where C took the place
of T. Likewise, the mutation rate of position OR&b1(8782) was about 29% (28 out of 95),
where mostly T took the place of C. Mutations inimmnacid sequences appearing in more
than three strains were p.3606(Leu to Phe), p.49®1Tyr), p.860(Val to GIn), p.251(Gly to
Val), p.62(Val to Leu), p.84(Leu to Ser), p.194($erLeu). Besides, six deletion mutations
were observed in 5 of the sequences. These mutdédrto 4 various shortened variations in
the sequence of amino acids. Moreover, two moretide-type mutations were observed in
3'-UTR or 5'-UTR of the genome, respectively [24].

Yu et al. stated that 120 substitution locationsen@bserved in 8 coding regions of the viral
genomes, encompassing 79 transitions (66%) and rddsversions (34%). The 120
substitution locations were engaged in 119 codomstaining 79 nonsynonymous (66%) and
40 synonymous (34%) mutations. Forty nonsynonymoudations (51%) altered the
biochemical characteristics of the original amiralg, and thus are probably engaged in the
adjustment of the virus [39].

Multiple sequence alignment of 86 patient-isolag&dins of the SARS-CoV-2 disclosed 93
mutations including 42 missense mutations in vpadteins except for the E protein, 29
missense mutations in the ORF1ab protein, andtiBeoh in the S protein [40].

In another paper, ten viral genomes derived otih@NCBI database were analyzed through

sequence alignment. They did not see any divergertbe amino acid arrangement of N and
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M proteins. Two alternatives in terms of amino al@del, in spike protein, were detected.
According to the reference sequence, the authotki®fstudy suggested two SNP subtypes
named "L" and "S". Two likely "L" and "S" mutationgthin the sequences of ORFlab and
ORF8 were discovered. One mutation was found thragluating the sequence alignment
of E protein, in which the mutation "His" was ddtst from a South Korean genome in
contrast with "Leu" from alternative nine onestie alignment. In the course of studying the
spike protein, one mutation of "Trp" was found isauth Korean genome in contrast with
"Ser" from the alternative nine ones. Also, one atiah of "Arg" from an Australian
sequence was observed considering "Ser" from altigenine ones [22].

Holland et al. discovered that one of the viralgees had an 81 nucleotide in-frame deletion
in the ORF-7a sequence, leading to a loss of 2haracids [41]. Comparable deletion
mutations in the virus genomes has appeared, edlyaa the ORF-8 sequence, which may
likely lessen the fitness of the SARS-CoV-2 [42].43

By computational tools, [44] established a refeeegenome sequence of SARS-CoV-2, and
revealed 80 mutated bases at 47 locations. Begsltesnost significant SNP mutation in the
S protein was found to be A>G.

The SARS-CoV-2 Mutationsand Its Related Variabilitiesin Clinical Manifestations

It is confirmed that the different mortality andfention rate of COVID-19 in geographic
areas might be influenced by various factors suchdifierent national rules for quarantine
and movement restrictions, and also different ramethe genetic backgrounds of people
[38]; in particular, SNP array data analyzing rdedahat a specific haplotype of TMPRSS2
gene in a European population which results in gydegion of TMPRSS2 gene expression
(as a crucial enzyme for SARS-CoV-2 entry into Huest cell) in an androgen-dependent
manner, showed association with disease severilyalian population [45]. Moreover, viral
mutations over time are regarded as the contrigutitors in transmission and severity of
the COVID-19 infection [38]. Whereas the SARS-Co\géhome is more stable than SARS-
CoV or MERS-CoV, it has a relatively high dynamiatation rate comparable to other RNA
viruses [46]. It's noteworthy that, some mutati@asm be as founder mutations and show
specific geographic patterns. For example, the @6bdutation in S protein is a founder
mutation in Europe (appearance fron{' February 2020) [47]. Undoubtedly, these mutations
can drive viral genetic variability, and becausegehotype-phenotype correlation, resulting
in a virus with more/lower/no decrease in naturaihpgenic fithess or on the other hand,
facilitating their rapid antigenic shifting in ondéo escape the host immunity and also

creating a drug resistance virus, hence conveitiig a more infectious or deadly virus
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(Table 2) [47-49]. Issa et al. discovered 51 didtimon-synonymous amino-acid substitutions
in the ORF3a proteins by analyzing 2,782 SARS-Coskguenced isolates. The functional
domains of the ORF3a protein are related to pathoig and virulence [50].

Table 2. Correlation of SARS-CoV-2 mutations witithpgenicity.

L ocation/Sour ce SARS-CoV-2 Genome Variation Associated Phenotypic Changes Ref.
p.614(Asp to Gly)n S (Missense) Higher fatality rate [51]

p.367(Val to Phe) in RBD of S (Missense)
p.436(Trp to Argin RBD of S (Missense)
p.364(Asp to Tyrjn RBD of S (Missense)

Higher infectivity (higher affinit
g y (hig y (52]

to human ACE2 receptors)

p.614(Asp to Gly) in S (Missense) Higher infectivity [52]
p.475(Ala to Val) in RBD of S (Missense)

p.452(Leu to Arg) in RBD of S (Missense) Resistant to multiple neutralizing[sz]
p.483(Val to Ala) in RBD of S (Missense) antibodies

p.490(Phe to Leu) in RBD of S (Missense)
p.408(Arg to lle) in RBD of S (Missense)
Various Genome  p.455(Leu to Tyr) in RBD of S (Missense)
Sequences  Database p.486(Phe to Leu) in RBD of S (Missense)
(Such  As  Gisaid p.493(GIn to Asn) in RBD of S (Missense)
Database) Analyzing  p.498(GIn to Tyr) in RBD of S (Missense) Reducing stability of spike
p.501(Asn to Thr) in RBD of S (Missense) proteins
p.930(Ala to Val)in heptad repeat 1 (HR1
domain of S (Missense)
p.936(Asp to Tyr)in heptad repeat 1 (HRI1

domain of S (Missense)

p.3691 in NSP6 Reducing the stability of the (54]
p.9659 in ORF-10 proteins structures
8782C>T in ORF-1ab (Synonymous Mutation) Potential Effects Or
28144T>C in ORF-8 (Missense) Transmission and Severity ¢ [23]
29095C>T in N (Synonymous Mutation) COVID-19
Singapore Elimination Of ORF8 (Deletion Of 382nt) AttenuatBtenotype [43]
During Passaging o ) )
15-30nt Deletion in S1/S2 Junction Region Attenuated Phenotype [49]

Virusin Vero-E6 Cells
23403A>G in S (Missense)

China 23902A>C in S (Missense) Strengthen Phenotype [47]
23607A>A in S (Missense)
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22303T>G and 22301A>C in S (Missense)
27775T>C, 27776T>G, And 27777G>A in S
(Missense)

22205G>C in S (Missense)

Eleven SARS-CoV-2 Chinese patient-isolated virahagee sequences were analyzed
through ultra-deep sequencing regarding the muistio the genome. Then researchers
evaluated their infectivity in the Vero-E6 cells 8Bycle threshold values (Ct) to quantify the
viral load throughin-vitro assays that resulted in identification of a tahIB3 mutations.
They recognized that these viral isolates dematestra to 270-fold differences in viral load
and cytopathogenic effects (CPE) during spreadingprey Vero-E6 cells [55]. After
researching 12,343 SARS-CoV-2 genome patient-solaequences worldwide, Toyoshima
et al. found 131 mutations with frequencies of mtiran 10%. After multiple-regression
analysis, they discovered that the frequency ofif{Asp to Gly) in spike protein, and
P4715L in ORFlab had depicted positive correlatioits the fatality rate of the virus (r =
0.45, P = 0.070; r = 0.49, P = 0.047, respectivaley also found out that several epitopes
which include locations of the two mentioned-mwuas are likely to attach to HLA
molecules [51].

To clarify the effect of a mutation on virus fitsesrao et al. infected Vero-E6 cells (high
similarity of its ACE2 or virus gate protein to hamone) by employing 11 patient-derived
SARS-CoV-2 isolates. They showed that mutationRBD of S protein, as one of the most
variable segments of SARS-CoV-2, has influenced phéhogenicity of SARS-CoV-2.
According to the mentioned study, S-D614G has aifstgntly positive effect on viral
replication [47]. Following Yao et al. study, anetlresearch showed that S protein is highly
mutated, and some of its mutations such as D614Gpogentially increase virus infection
activity and also the severity of disease [48]. Guely showed that a 15-30nt deletion in the
S1/S2 junction region which happened during pasgagirus in Vero-E6 cells, reduced the
infection rate of theSARS-CoV-2. S1/S2 junctioniogegis cleaved during virus entry to the
cell by TMPRSS2 and therefore, deletion mutationthis region can attenuate the infection
rate of the virus. So far, the pre-mentioned detein the S1/S2 junction region has not been
detected in isolated sequences from COVID-19 ptigi9].

Interestingly, it was suggested that mutationshef $1/S2 junction region could potentially
increase vaccine development [49]. In another stitdyas reported that 8782 C>T in ORF1-
ab (synonymous mutation), 28144 T>C in ORF-8 (nmiseg 29095 C>T in the N gene
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(synonymous mutation) are the most common mutatiin§™ April 2020 and may have
some effects on transmission and severity of COVY#Din most area. Notably, genomic
sequences analysis showed that the transition & T is considered the most common
nucleotide variation, leading to significantly heghfrequencies of synonymous mutation and
missense mutations rather than deletion and inseomes [23].

After bio-informatic analysis of 351 genome sequsnof the SARS-CoV-2 patients,
researchers detected two mutations in the recelattes, involving nsp6 and adjacent regions
of the ORF10 (at AA locations: 3691 and 9659). Aties applying a Maximum Likelihood
tree implies that both of the mentioned-mutaticedurce the stability of the structures of the
proteins [54].

Causative agents of the virus genome mutationsareus, including fidelity of RdRp (as a
main replication/transcription enzyme of the viruspst enzymes, effects of physical and
chemical mutagens, and genetic recombination [88, By analyzing genomic sequences
from the GISAID database derived from COVID-19 eats, it was reported that viruses with
a missense (P to L) mutation in position 14408 dRPR have a higher number of mutations
compared to viruses without the mutation in RAR®).[Also, after RARp 14408nt mutation
occurrence (from I8 February 2020), the pattern of other variations een changed, and
new versions have been introduced to the virus menin Europe. However, similar
mutation pattern in North America was not observethe SARS-CoV-2 genome sequences
isolated from infected people, which had RdRp 14O&wutation. As though, the
simultaneous occurrence of RARp 14408nt mutatidh wsp3 3036nt, S protein 23403nt,
and nucleocapsid phosphoprotein 28881nt in Europlevath nsp13 (helicase) 17746nt and
17857nt, and nspl14 (ExoN) 18060nt in North Amehad happened [38].

Therefore, the co-appearance of the other mutatratts RARp 14408nt mutation is also
geographically distinct. Despite the possible dffe€ RdRp 14408nt mutation in the
occurrence of the aforementioned mutations, otmkmown factors have also influenced
them. The frequency of RdRp 14408nt in Europe gniBtantly higher than in North
American and Asia. Detected virus genome variafrom European and North American
patients (mainly Europe) showed a higher numben #hsia during the viral spread out of
China, and as a result, the infection has a higtatality rate out of the China [38].

Despite the reported effect of some virus genomtanans on the severity of COVID-19, so
far, the researchers found less evidence of theosegb modification by the identified

mutations (such as D614G in virus S protein) orvihgs's transmissibility [56].
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Throughin-silico methods, researchers identified the most damagungtions in two of the
functional domains of the viral S protein, inclugliRBD (p.408 (Arg to lle), p.455 (Leu to
Tyr), p.486 (Phe to Leu), p.493 (GIn to Asn), p.488 to Tyr), and p.501 (Asn to Thr)) and
heptad repeat 1 (HR1) domain (p.930 (Ala to Val®3p (Asp to Tyr)) [53]. Another study
investigated the S protein mutations and theirdgmlal importance by analyzing 80 SARS-
CoV-2 variants and 26 mutant ones. They discovérativariants with p.614 (Asp to Gly)
mutation were quite more infectious and most of vhaants with a mutation in the RBD
domain were less infectious. Sequences containdhgbp(Ala to Val), p.452 (Leu to Arg),
p.483 (Val to Ala), and p.490 (Phe to Leu) showedistance to several neutralizing
antibodies [52].

Conclusion

In addition to various known and unknown factord &ost genetic susceptibility, mutations
and genetic variabilities of the virus itself haveritical impact on variable clinical features
of COVID-19 infection. Overall, at this time, deten of all the appeared mutations in
SARS-CoV-2 and their relation with pathological rgas is nearly impossible, mainly
because of asymptomatic subjects. Notably, the pymmatic situation in some affected
persons with the mentioned disease could be daédnuated occurred mutations in SARS-
CoV-2, which needs to be clarified in future stwdiEurthermore, to confirm the results of
the findings, many studies need to be repeatedharaegions/locations for other people.
Such studies could favor patient-specific therdqyyrevealing genotyping patterns of SARS-
CoV-2 distribution.
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Figure Captions

Figure 1: Possible influencing factors on variable sympt@ma severity of COVID-19.
Figure 2: Classification and outbreaks of coronaviruses imé society.

Figure 3: The genomic organization of SARS-CoV-2. ORFlalthaslargest gene, encodes
the pplab protein that contains 15 Nsps (nspl-napiinspl2-nspl6). It is located at the 5'
end of the genome. The 3' terminus of the SARS-Qayenome contains four structural
genes, which encode four essential structural p&teenvelope (E), spike protein (S),
nucleocapsid protein (N), membrane (M) and a gen®NA-dependent RNA polymerase.
Figure 4: Schematic structure of SARS-CoV-2 with the minirsed of structural proteins.
Figure 5. The mechanism of coronavirus infection and spr€axonaviruses bind to ACE-2
receptors on the surface of the target cell via thigike proteins. Next, the ACE2 receptor
will be cleaved by the TMPRSS2 that results in dogvation of the spike protein through
which the virus enters the cell.

Figure 6: Linear positions of the reported mutations in vasigegions of the SARS-CoV-2

genome.
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Highlights:
1. The severity rate of COVID-19 isinfluenced by virus mutations and genetic variabilities.
2. SARS-CoV-2 genome presents high dynamic mutation rate in comparison to other RNA
viruses.
3. Because of genotype-phenotype correlation, virus mutations result in various
pathogenicity and infectivity.

4. Effective treatment of COVID-19 disease is based on the detection of the SARS-CoV-2
mutation patterns.
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