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In-silico studies on SARS-CoV-2 genome are considered important to identify the significant pattern of
variations and its possible effects on the structural and functional characteristics of the virus. The current
study determined such genetic variations and their possible impact among SARS-CoV-2 variants isolated
in India. A total of 546 SARS-CoV-2 genomic sequences (India) were retrieved from the gene bank (NCBI)
and subjected to alignment against the Wuhan variant (NC_045512.2), the corresponding amino acid
changes were analyzed using NCBI Protein-BLAST. These 546 variants revealed 841 mutations; most of
these were non-synonymous 464/841 (55.1%), there was no identical variant compared to the original
strain. All genes; coding and non-coding showed nucleotide changes, most of the structural genes showed
frequent nonsynonymous mutations. The most affected genes were ORF1a/b followed by the S gene
which showed 515/841 (61.2%) and 120/841 (14.3%) mutations, respectively. The most frequent non-
synonymous mutation 486/546 (89.01%) occurred in the S gene (structural gene) at position 23,403
where A changed to G leading to the replacement of aspartic acid by glycine in position (D614G).
Interestingly, four variants also showed deletion. The variants MT800923 and MT800925 showed 12 con-
secutive nucleotide deletion in position 21982–21993 resulting in 4 consecutive amino acid deletions
that were leucine, glycine, valine, and tyrosine in positions 141, 142, 143, and 144 respectively. The pre-
sent study exhibited a higher mutations rate per variant compared to other studies carried out in India.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Since the last recorded exceptionally virulent ‘‘Spanish Flu”
pandemic (1918–20) which infected approximately five hundred
million people resulting in fifty million deaths across the world
(Kilbourne, 2006), the recent ‘‘COVID-19” pandemic of SARS-CoV-
2 has appeared as an enormous burden and a global health chal-
lenge. In an unprecedented scale in the recorded history, the pan-
demic has left billions of people seeking to healthcare facilities or
economically and socially affected, with more than 2.5 million
human lives lost worldwide within a year (Ashour et al., 2020;
Seoane 2021). The causative agents responsible for these pan-
demics and several other epidemics are coronaviruses, which are
structurally enveloped with a single-stranded � 30 kb RNA gen-
ome (positive-sense), that predominantly accommodates six ORFs
(Open Reading Frames); and present influenza-like symptoms and
show crown-like appearance with the presence of glycoprotein
spikes on its envelope (Fehr and Perlman 2015, Di Gennaro et al
2020). The species comprises a large group of viruses that has
the ability to infect a broad range of hosts, including humans, ani-
mals, and avians (Masters 2006). These include four genera- alpha,
beta, gamma, and delta coronaviruses (CoVs) and as reported in
epidemiological and etiological shreds of evidence, only alpha-
CoVs and beta-CoVs possess the potential to infect humans
(Masters 2006). Most of the highly pathogenic human CoVs such
as SARS-CoV, MERS-CoV, and the current SARS-CoV-2 are Beta-
CoVs, which are highly transmissible and associated with high
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mortality rates (Ashour et al., 2020, Fehr and Perlman 2015). It is
understood that due to the natural selection within the host, these
viruses are transmitted from one animal to another and often
undergo transmission from animal to humans ‘‘zoonotic transmis-
sion”. Moreover, it could end up with human-to-human transmis-
sion due to further natural selection expressed through high rates
of genomic instability in the viral RNA. As the novel variants
emerge, these compete for dominance, thus resulting in multiple
waves of infections (Kirby 2021). SARS-CoV-2 spread estimation
from the published literature shows that the basic reproduction
number (R0) extends from 2.2 to 5.7 (population-dependent)
which is higher than seasonal influenza, and indicates a substantial
potential for human-to-human transmission within a community
(Sanche et al. 2020). The clinical features of COVID-19 and risk fac-
tors are highly variable, thus making the severity of the disease dif-
fer from asymptomatic infections to mild symptoms, extending to
severe lethal forms, which are associated with severe acute pneu-
monia, accompanied by respiratory distress, leading to death
(Uddin et al. 2020).

The studies on genome analysis show that SARS-CoV-2 shares
about 79.5% identity with SARS-CoV and nearly 96% with bat
SARS-like CoVs (Zhu et al. 2019). The SARS-CoV-2 viral genome size
is 29.8 kb � 29.9 kb and the genome landscape expresses specific
genes that are universally present in all known coronaviruses
(Wang et al. 2020). The genomic landscape has more than two-
thirds of the length at the 50 end that houses 50UTR (265 nucleo-
tides) and orf1ab (21290 nucleotides) which encode poly-
proteins that are processed into 16 non-structural proteins.
Whereas the 30 end which is one-third of the genome, shelters
30UTR (229 nucleotides), and genes that encode important struc-
tural proteins like surface (S) gene (3822 nucleotides), envelope
(E) gene (228 nucleotides), membrane (M) gene (669 nucleotides),
and nucleocapsid (N) gene (908 nucleotides). There are also six
accessory proteins, encoded by the SARS-CoV-2 genome, including
ORF3a (828 nucleotides), ORF6 (186 nucleotides), ORF7a (366
nucleotides), ORF7b (132 nucleotides), ORF8 (193 nucleotides),
and ORF10 (117 nucleotides) genes (Khailany et al. 2020).

Among all the organisms, the viruses exhibit one of the highest
mutation rates and RNA viruses are known to mutate more fre-
quently than DNA viruses due to the error-prone RNA polymerase
(Sanjuan and Domingo-Calap 2016). The genomic instability has
given rise to genetic variations that have been shown to demon-
strate a strong association between time, place, rate of infection,
and mortality with the accumulation of genetic diversity (Wang
et al 2020). The emergence of new variants possesses a high risk
to the success of containment strategies, and thus studies on the
genomic variation of SARS-CoV-2 are significant for identifying
alterations that are critical for pathogenesis, disease course, pre-
vention, and treatment. In the present study, we intended to char-
acterize genetic variability of the viral population with the analysis
of 546 genomic sequences of SARS-CoV-2 strains from India
(March 2020-September 2020) which were retrieved from the
National Center for Biotechnology Information (USA). The study
assumes significance as it covers all the variants during the first
wave till the peak was observed in September-2020 and has the
potential to highlight the continuous evolution of the heterogene-
ity in the viral genome which might be a contributory factor to a
more hostile second wave of the viral pandemic in India.
2. Material and methods

This research is an in silico, a cross-sectional study covering the
NCBI published SARS COVID-19 complete genome sequences dur-
ing the 1st peak of infection in India within March-September
2020. The study is part of a project based on the objective to ana-
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lyze the genetic variations of SARS-CoV-2 and the heterogeneity of
the evolving viruses according to the geographical location (pro-
vince) and isolation timeline. All the SARS-CoV-2 sequences pub-
lished from India during the study period were retrieved from
NCBI Covid-19 Resource Repository (https://www.ncbi.nlm.
nih.gov/genbank/sars-cov-2-seqs/). A total of 554 sequences were
enrolled in the study; 8 were excluded due to incomplete genome
and/or fragmented sequence. The rest of the sequences were
aligned with the first characterized isolate, the Wuhan strain from
China (Reference sequence Accession number NC_045512.2) (Lu
et al. 2020).

Nucleotides mutation and gene variation from Wuhan standard
reference were reported after studying the pairwise alignment
against the reference sequence using the Basic Local Alignment
Search Tool (BLASTn)-NCBI Nucleotide-BLAST, and the correspond-
ing amino acid changes in protein were analyzed using Basic Local
Alignment Search Tool (BLASTp)-NCBI Protein-BLAST.

Evolutionary relationships: The phylogenetic tree was obtained
using the Neighbor-Joining method to understand the evolutionary
relationship between the reference strain and the evolving variants
of SARS-CoV-2 (Saitou and Nei, 1987). The clustered taxa are clo-
sely associated in the bootstrap test (500 replicates), and these
have been reported as a percentage of replicate trees displayed
next to the branches (Felsenstein 1985). The evolutionary dis-
tances were estimated by the Maximum Composite Likelihood
method (Tamura et al. 2004) and show the number of base substi-
tutions/site units. This analysis involved a set of SARS-CoV-2 vari-
ants reported in India’s early months of the first pandemic wave.
All the enigmatic positions were disregarded with a pairwise dele-
tion option for each sequence pair. A total of 29,903 positions were
present in the final dataset. MEGA X software for Evolutionary
analyses was utilized to achieve the phylogenetic relationship.
Two phylogenetic trees were built; timeline (collection date) phy-
logenetic trees where one SARS-CoV-2 isolate per month was ran-
domly selected (no isolate reported for February and October 2020
in NCBI whereas April /May 2021 reported partial genomic
sequence) and provincial (Geo location) phylogenetic trees, one
SARS-CoV-2 isolate per province was randomly selected (Most
genomic sequences were submitted from Gujarat whereas other
provinces have either no or least representation in the NCBI).
3. Results

A total of 570 SARS - CO V- 2 sequences isolated in India were
retrieved from the NCBI gene bank. Twenty-Four sequences were
excluded from the study due to incompletion or fragmentation of
the sequences. The remaining 546 were subjected to alignment
against the Wuhan variant (NC_045512.2), the Indian variants
showed homology of 99.90 to 99.99 %, there was no identical vari-
ant compared to the original strain.

The 546 sequences of SARS- CoV- 2 variants revealed 841 muta-
tions; most of them 464/841 (55.1%) were non-synonymous (mis-
sense point mutation), the most affected genes were ORF1a/b
followed by the S gene which demonstrated 515/841 (61.2%) and
120/841(14.3%) mutations respectively, whereas the ORF7b was
the least affected gene as it displayed only 4/841(0.48%) mutations
(Table 1). Non-synonymous mutations occurred more frequently in
ORF1a/b- 294/515 (57.1%); the NSP3, NSP14, NSP10, and NSP13
were most affected regions in which they showed 175(24.07%),
147(20.22%), 107(14.72%), 88(12.1%) mutations respectively while
NSP 7, NSP9 and NSP5 had fewer mutations (Table 2).

All genes (coding and non-coding) showed nucleotide changes,
the notable observation is that most of the structural genes
showed frequent nonsynonymous mutations i.e. nonsynonymous
mutation, except the E gene which showed only 5 mutations with
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Table 1
Type and frequency of mutations among SARS- CoV- 2 variants isolated in India.

50UTR ORF 1a/b S gene ORF3a E gene M gene ORF6 ORF7a ORF7b ORF8 N gene ORF 10 30 UTR None coding region Total

synonymous 220 48 14 3 13 4 7 2 4 22 1 338
nonsynonymous mutation 294 70 32 2 7 2 3 2 8 43 1 464
Frameshift mutation 1 2 3
Silent in the 50UTR 12 12
Silent in the 30 UTR 20 20
None coding region 4 4
Total 12 515 120 46 5 20 6 10 4 12 65 2 20 4 841

Table 2
Non-synonymous mutations among ORF1a/b gene of SARS- CoV- 2 variants isolated
in India.

Gene name Gene location Mutation

Frequency Percentage %

NSP1 266–805 12 1.66
NSP2 806–2719 52 7.15
NSP3 2720–8554 175 24.07
NSP4 8555–10054 39 5.36
Nsp5 10055–10972 11 1.51
NSP6 10973–11842 22 3.03
NSP7 11843–12091 1 0.14
NSP8 12092–12685 12 1.65
NSP9 12686–13024 5 0.69
NSP10 13025–16236 107 14.72
NSP11 13442–13480 – –
stem-loop 1 13476–13503 – –
stem-loop 2 13488.0.13542 – –
NSP13 16237–18039 88 12.1
NSP14 18040–19620 147 20.22
NSP15 19621–20658 26 3.58
NSP16 20695–21552 30 4.13
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2 of them as nonsynonymous mutations. The most affected gene
was the S gene, exhibiting 70/120 (58.3%) nonsynonymous muta-
tions followed by the N gene, which exhibited 65/841 (7.7%) of
total mutations, with the majority of these 43/65 (66.2%) being
nonsynonymous mutations. Additionally, 12/841 (1.43%) and
4/841 (0.48%) of the mutations occurred in 50UTR and 30UTR
respectively as fewer mutations were detected in non-coding
regions (Table 1).

The most common synonymous mutation 493/546 (90.3%)
occurred in the 50UTR region at the position C241T, followed by
several common mutations in ORF1 a/b at the positions C3037T,
C17788T, and C2836T which displayed the following frequencies-
456/546 (83.5%), 297/546 (54.4%), and 216/546 (39.6%) respec-
tively. Some other common synonymous mutations were also
observed such as in the M gene at the position C26735T and the
S gene at the position C22444T occurring as 288/546 (52.7%) and
233/546 (42.7%), respectively) Table 3). Fig. (1a & 1b) show the cor-
responding amino acid changes for non-synonymous mutations
among Indian variants of SARS - CO V- 2 (only the mutations which
occurred in more than one variant have been listed here; for a
complete list refer to the supplementary file). The most frequent
Table 3
Common mutation among SARS- CoV- 2 variants isolated in India.

N gene M gene ORF3a S gene ORF1 a/b

Mutation site C28854T C26735T G25563T- A23403G C22444T
Mutation type S194L Synonymous Q57H D614G Synonym
Frequency 220/546 288/546 299/546 486/546 233/546
Percent 40.30% 52.70% 54.80% 89.01% 42.70%
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non-synonymous mutation 486/546 (89.01%) occurred in the S
gene at position 23,403 where A changed to G leading to the
replacement of aspartic acid by glycine in position (D614G)) Table 3
and Fig. 1b). The second most dominant non-synonymous muta-
tion 465/546 (85.2%) occurred in ORF1 a/b at position 14,408
where C changed to T which changed the amino acid in RNA-
dependent RNA polymerase (RdRp/ P323L)) Table 3 and Fig. 1a).
The third common mutation- 299/546 (54.8%) occurred in ORF3a
at position 25,563 where G changed to T leading to- Q75H, fol-
lowed by a mutation in N gene at position 28,854 where C changed
to T leading to S194L) Table 3 and Fig. 1b). The mutations C241T,
A23403G, C14408T, and C3037T appeared together in 83 % of
Indian SARC-CoV-2 variants.

The common nucleotides changes were Cytosine to Thymine
(C-T) followed by Guanine to Thymine (G-T), which appeared in
330/841 (39.2%) and 181/841 (21.5%) of the variants respectively,
while the least observed nucleotide change was Cytosine to
Guanine (C-G) 5/841 (0.59%) Fig. 2.

Four variants showed frameshift mutation (deletion); variant
MT451876 which was isolated in Ahmedabad showed nucleotide
deletion in ORF1 a/b at the position 669–671 which lead to dele-
tion of Tyrosine 136. The two variants (MT800923 and
MT800925) which were isolated in Daskroi showed 12 consecutive
nucleotide deletions in position 21982–21993 resulting in 4 con-
secutive amino acid deletions that were leucine, glycine, valine,
and tyrosine in positions 141, 142, 143, and 144 respectively.
The fourth variant (MT012098) isolated in Kerala State displayed
deletion at nucleotides number 21991–21993 leading to deletion
of single amino acid tyrosine at position 144 (Table 2 and Fig. 1b).

Fig. 3a and 3b show the phylogenetic trees based on timeline
and provincial criteria. The phylogenetic trees showed that the
variants MT012098.1 and MT050491.1 were isolated in Kerala
state and represented the first isolated SARS-CoV-2 in India (both
variants isolated on January 31, 2020) clustered closely to the orig-
inal Wuhan strain. However, there was a subsequent drift in the
genomic landscape of the virus locally, leading to several genetic
variants.
4. Discussion

The ongoing spread of the disease and rapid transmission of
SARS-CoV-2 raised serious inquiries concerning the adaptation
and evolution of the viral population which are effectively
50UTR Gene

C18877T C14408T C3037T C2836T C241T
ous Synonymous P4715L Synonymous Synonymous 50UTR

297/546 465/546 456/546 216/546 493/546
54.40% 85.20% 83.50% 39.60% 90.30%



Fig. 1. a. The genomic landscape of ORF1 a/b, of Indian SARS - CO V- 2 variants representing non-synonymous mutations and deletions along with the corresponding amino
acid changes. b. The genomic landscape of S gene, ORF3a, M gene, orf7a, orf8 and N gene of Indian SARS-COV-2 variants representing non-synonymous mutations and
deletions along with the corresponding amino acid changes.

Fig. 1 (continued)
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governed by mutations, recombination, and/or deletions (Islam
et al. 2020), In-silico study on SARS-CoV-2 genomic variations is
of utmost importance to identify the significant pattern and its
3497
possible effect on the structural and functional characteristics of
the virus. Since India is one of the most affected countries by the
COVID 19 infection (Das et al. 2021), the present study determined



Fig. 2. The frequency of nucleotide changes among Indian SARS-CoV-2 variants.

Fig. 3. a. Phylogenetic affiliation of Indian SARS-CoV-2 variants compared to Wuhan strain based on provincial location. b. Phylogenetic affiliation of Indian SARS-CoV-2
variants compared to Wuhan strain based on timeline.
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the genetic variations and their possible impact among SARS-CoV-
2 variants extracted in India.

Our study showed that the Indian SARS- Co– V-2 isolates had a
homology of 99.90 to 99.99 %, with no identical variant compared
to the original Wuhan strain. The earlier publications showed high
homology and identical variants (Wang et al. 2020, Khailany et al.
2020, Lu et al. 2020, Ahmed-Abakur and Alnour 2020). The disap-
pearance of identical variants indicates that the original strain is no
longer in the pathogenicity race. The emergence of new variants
with potential pathogenicity such as delta variant (CDC 2021)
has emphasized that the SARS- Co– V-2 may develop critical muta-
3498
tions. The present study exhibited a higher mutations rate per vari-
ant 841/546 compared to other studies carried out in India. Raghav
et al., 2020 analyzed 202 SARS-CoV-2 isolates and they have
reported 247 single-nucleotide variants, Das et al., 2021 analyzed
463 genomes and stated 536 mutated positions within the coding
regions, and Khailany et al., 2020 showed 116 mutations from the
analysis of 95 genomes of SARS-CoV-2; these variations may be
attributed to sampling size and time of collection.

Our results showed that both kinds of mutations (synonymous
and non-synonymous) appeared in all the genes, the most affected
gene was ORF1a/b followed by S genes while the ORF7b was the
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least affected gene. These findings are in alignment with some
recent studies including (Shishir et al., 2021) who showed that
ORF1ab was occupied with more than 60% of mutations and rela-
tively agreed with (Tiwari and Mishra 2020), who found that the
most prevalent mutation occurred in the spike region followed
by ORF1a/b (Nsp2, Nsp3) and the N gene, while contradictory to
(Das et al., 2021), who stated that mutations in ORF7b and E pro-
teins were 100% non-synonymous and ORF3a gene was most
affected gene followed by the N gene.

Our data displayed that the non-synonymous mutations
occurred more frequently in ORF1a/b; the NSP3, NSP10, NSP13,
and NSP14 regions were the most affected regions while NSP 7
and NSP9 had very few mutations. Interestingly, these results dis-
agreed with (Almubaid and Al-Mubaid, 2021) who analyzed and
compared 1200 genomes of the SARS-CoV-2 and reported that
the ORF1a region contained mostly synonymous mutations, and
the NSP13 gene is highly conserved, they proposed utilizing the
NSP13 to produce treatments and inhibitors for SARS-CoV-2. The
discrepancy in the mutations rate, type, and site may indicate
the unique evolution of SARS-Co V-2 variants isolated in Indian.
Such genetic discrepancy in SARS-CoV-2 sequences may be owing
to location and host viral evolution in the infected patients due to
varying immune responses (Al-Qaaneh et al 2021; Islam et al
2020). Generally, RNA viruses have a great mutation rate that
might reach up to a million times within the hosts due to the lack
of appropriate proofreading activities during viral replication (Al-
Qaaneh et al. 2021; Wang et al. 2020). Specifically, 10 thousand
single nucleotide polymorphisms were identified among the
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SARS-CoV-2, with anticipated rates of mutation between
(0.0001–0.01) changes per nucleotide site per cell infection (Al-
Qaaneh et al 2021).

The present study showed that the most affected structural
gene was S followed by N and M genes, with many nonsynony-
mous mutations observed among these structural genes except
in the E gene. These findings matched with (Islam et al. 2020)
who expect possible adaptation at the nucleotides and amino
acids, providing a window of heterogeneity structure in the viral
proteins, specifically in the S protein, and disagreed with (Shishir
et al., 2021) who reported that ORF7b and E encoded envelope pro-
tein did not carry any mutation. However, the most liable proteins
were ORF1ab, Spike (S), Nucleocapsid (N), ORF3a, ORF8a, and
ORF7a whereas fewer numbers of mutations occurred in ORF10,
ORF7b, ORF6, and E proteins (Das et al. 2021). The highly frequent
non-synonymous mutations in the S gene may be one of the factors
that influenced the epidemic of the second wave in India. The spike
protein plays vital roles in attachment, fusion, entry of the virus
into the host cell and persistent mutation in this region might
show that the virus is developed to be more competent in
human-to-human transmission (Almubaid and Al-Mubaid, 2021).
Pascarella et al., 2021 studied the SARS-CoV-2B.1.617 Indian vari-
ants and reported a noticeable change of the surface electrostatic
potential of the receptor-binding domain of S protein, and pro-
posed that these changes can aid in the interaction between the
SARS-CoV-2 and the negatively charged ACE2, thus increasing the
transmission of the disease. Since the S protein is the core targeted
protein in covid-19 vaccines, mutations in this protein may reduce
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the efficiency of the vaccine (Dai and Gao, 2021). Nevertheless, N
and M proteins are responsible for inhibition of IFN production
in hosts and suppression of interferon regulatory protein 3 stimu-
lation, respectively (Alhusseini et al. 2021).

Our study showed that the most common synonymous muta-
tion occurred in the non-coding region at the position C241T, fol-
lowed by several synonymous mutations in ORF1 a/b, at the
positions C3037T and C17788T. These mutations do not affect pro-
tein function or structure but may be prevalent because they affect
human-to-human transmission or they might help the virus to
cloak itself in the host body. The most frequent nonsynonymous
mutation in our study occurred in the S gene at the position
A23403G where A changed to G leading to the replacement of
aspartic acid by glycine in position (D614G). This mutation occurs
on the S2 domain that is important for the split of S1 by TMPRSS2
enzyme to aid the fusion of the viral spike protein with the host
cell membrane and thus may enhance the spread and infectivity
of the virus (Raghav et al., 2020). Alterations in the receptor-
binding site of the viral spike protein propose that variants were
implausible to decrease binding affinity with ACE2 (Koyama et al.
2020). The second most dominant nonsynonymous mutation
occurred in ORF1 a/b at position C14408T which changed the
amino acid in RNA-dependent RNA polymerase and may influence
the replication rate of the viruses. This site is the target of anti-viral
medications favipiravir and remdesivir; the susceptibility for
changes indicates that drug-resistant variants may develop rapidly
(Koyama et al. 2020), as the mutations enable the virus to over-
come the immune system and promote drug resistance (Al-
Qaaneh et al 2021). The third commonmutation occurred in ORF3a
at position G 25563 T (Q75H) followed by a mutation in the N gene
at position C28854T (S194L). The N gene could be a potential can-
didate after the S gene for determining the role of mutation in viral
pathogenesis and assembly (Khan et al., 2020). Similar results con-
cerning the abundant nonsynonymous mutations at positions
C241T and C3037T have been reported by numerous authors
(Ahmed-Abakur and Alnour 2020, Almubaid and Al-Mubaid,
2021, Koyama et al. 2020). In alignment with our findings
Koyama et al., 2020 studied 10,022 SARS CoV-2 sequences from
different countries. They found that C3037T was the most common
synonymous mutation and C14408 > T mutation is the second
common mutation, Saha et al., 2020 observed A23403G (D614G)
in 60% of Indian isolate, Das et al, 2021 observed it in 93% out of
77 Indian variants. A23403G (D614G) was observed in West Euro-
pean states in the early stage of the disease (Korber et al. 2020) and
this finding might point towards the source of infection from
which it was introduced in India. Accordingly, Raghav et al., 2020
reported Southeast Asia and Europe as the main routes for the
introduction of the Covid 19 in India. Moreover, the present study
showed that A23403G (D614G) co-occurred with three other
mutations that were C241T, C14408T, and C3037T, a similar pat-
tern of co-existence was reported by (Korber et al., 2020), while
(Shishir et al., 2021) observed the co-existent of C14408T and
A23403G. The nonsynonymous mutation G25563T (Q75H) was
reported in Bangladesh and USA (Shishir et al., 2021). Our results
disagreed with Khailany et al., 2020 who studied the mutations
among SARS-CoV-2 collected from various locations and reported
C29095T in the N gene, T28144C in the ORF8 gene, and C8782T
in the ORF1ab gene as the most frequent mutations. This variation
might be attributed to the difference in the sample size, time of
collection, and location.

Our study showed three deletions, one in ORF1 a/b at the posi-
tions 669–671 which led to delete Tyrosine 136, and two in the S
gene wherein 12 consecutive nucleotide deletions occurred at
positions 21982–21993 resulting in 4 consecutive amino acid dele-
tion of leucine, glycine, valine, and tyrosine at the positions 141,
142, 143 and 144, respectively. The second deletion was detected
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at nucleotides number 21991–21993 leading to deletion of single
amino acid tyrosine at position 144. Numerous reports figure out
deletions in SARS-CoV-2 throughout the viral genome, often the
deletion occurred in accessory proteins and the non-structural
genes that may have a direct influence upon viral infectivity
(Islam et al. 2020). Shishir et al., 2021 reported 19 isolates that
had lost a significant part of their genome and stated that the dele-
tions were related to non-structural proteins and probably affected
definite viral properties. Islam et al., 2020 analyzed 2,492 genomes
of SARS-CoV-2 strains and concluded that viral genome deletions
are a normal phenomenon, mainly inevitably associated with the
weakening of the virus, and sometimes linked to the severity of
infection. Phan, 2020 reported three deletions in the genomes of
the SARS-CoV-2 from Australia, USA, and Japan, one deletion in
the 30 end of the genome, and two deletions were in the ORF1a/b
polyprotein. Holland et al., 2020 found 81-nucleotide deletions in
the SARS-CoV-2 AZ-ASU2923 genome that occurred in the ORF7a
gene, resulting in a 27 amino acid deletion. There is a lack of
research linking the deletions that have occurred in the entire gen-
ome of SARS-CoV-2 worldwide. Studying and linking the entire
deletions may contribute to recognizing the pathogenic dynamics
of the virus over time (Islam et al., 2020). Concerning the base
changes our study showed that C > T mutation was the most preva-
lent mutation flowed by G > T, this result is in alignment with most
of the earlier reports (Khailany et al., 2020, Almubaid and
Al-Mubaid, 2021, Koyama et al., 2020).

Provincial and timeline phylogenetic trees showed that the
variants MT012098.1 and MT050491.1 represented the first iso-
lated SARS-CoV-2 in India (both were isolated in Kerala state on
January 31, 2020) were clustered close to the original Wuhan
strain and subsequently diversified. This finding pointed to multi-
ple sources of infection in India as another study published previ-
ously considered Gujarat state as one of the main routes of disease
transmission during the first peak of disease, with Southeast Asia
and Europe as two major routes for introduction of the disease in
India, followed by local transmission (Raghav et al., 2020). How-
ever, it needs to be mentioned that one of the earlier phylogenetic
studies from different geographical locations showed that all the
variants were clustered together in a single clad as compared to
the original SARS-CoV strain (Khan et al. 2020).
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