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SARS-CoV-2 has become one of the unprecedented global health challenge for human population.
Genomic signature studies of SARS-CoV-2 reveals relation between geographical location of the isolates
and genetic diversity. The present work is an in silico, cross sectional study aimed to determine the
genetic heterogeneity of SARS-CoV-2 variants isolated in Saudi Arabia compared to the first isolated
strain NC_045512 (reference sequence). Each sequence was aligned against the reference sequence using
local alignment search tool (NCBI) Nucleotide-BLAST. A total of 58 SARS-CoV-2 genomes were isolated in
KSA and retrieved from NCBI. Our study shows that KSA variants demonstrated homology ranging
between 99.96 and 99.98 % compared to the reference strain. There are 89 nucleotide changes that have
been identified among the KSA variants; the most common nucleotide change was C: T accounting for
50.6% (45/89). These nucleotides changes resulted in 53.9% (48/89) missense mutations and 42.7%
(38/89) silent mutations; while the majority of mutations- 48.3% (43/89) occurred in ORF1ab gene. All
structural genes displayed mutations; N gene harbored 16.9% (15/89) mutations, S gene displayed
15.7% (14/89) mutations, M gene exhibited 2.2% (2/89) mutations and E gene showed only 1 mutation
which was silent. The most frequently changed nucleotide was C3037T (silent mutation) and A23403G
(D614G), each of which occurred in 57 variants out of 58 followed by C14408T (P4715L) and C241T
(50UTR) which were found in 56 and 55 variants respectively. The Phylogenetic trees showed that
SARS-CoV-2 variants isolated in Saudi Arabia clustered together closely.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

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

The global pandemic declared on March 11, 2020 as ‘‘COVID-
19”, the disease caused by the SARS-CoV-2 has become one of
the unprecedented global health challenge for human population
in the recorded history; disturbing the life of billions of people
and claiming more than 2.5 million human lives within a year
worldwide (Ashour et al., 2020; Seoane 2021). Coronaviruses
(CoVs) are enveloped viruses with a single-stranded (positive-
sense) ~30 kb RNA genome, typically accommodating six open
reading frames (ORFs). Taxonomically classified into four genera;
alpha, beta, gamma, and delta CoVs and as evidence suggest only
alpha-CoVs and beta-CoVs have the ability to infect humans
(Masters, 2006). Beta-CoV genus in recent years has embodied
highly pathogenic human CoVs including SARS-CoV, MERS-CoV
and currently the SARS-CoV-2, which are associated with high
mortality (Ashour et al., 2020; Fehr and Perlman, 2015).

The viral genome of SARS-CoV-2 varies from 29.8 kb to 29.9 kb
and the genome structure shares the specific gene characteristics
that are common to known coronaviruses (Wang et al., 2020).
The 50 end accommodates more than two-third of the genome con-
taining 50UTR (265 nt) and orf1ab (21290 nt) that encodes orf1ab
polyproteins (processed into 16 non-structural proteins); while
the 30 end which is nearly one third includes 30UTR (229 nt) and
genes that encode structural proteins such as surface–S (3822
nt), envelope-E (228 nt), membrane-M (669 nt), and
nucleocapsid-N (908 nt). The SARS-CoV-2 genome also contains
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six accessory proteins, encoded by ORF3a (828 nt), ORF6 (186 nt),
ORF7a (366 nt), ORF7b (132 nt), ORF8 (193 nt) and ORF10 (117 nt)
genes (Khailany et al. 2020). A minor change in the sequences
might change the function of the constituent proteins of the
viruses, therefore studying the types of mutation (missense or
silent) is essential for understanding variation during evolution,
since the missense mutation alters the amino acid (Das et al.
2021). Determining the genomic variation of SARS-CoV-2 is key
to understand the pathogenesis, diagnosis, prevention and treat-
ment (Wang et al., 2020), as it helps in analyzing the genetic diver-
sity and pattern of community spread (Khailany et al., 2020).

The outbreak dynamics of Covid 19 varies among regions and
countries; this may be due to several factors such environment,
cultural practices and public health system that comprises testing
rate and surveillance policies (Bandoy and Weimer, 2021).
Recently several studies were conducted regionally and globally
to determine the mutations of SARS-CoV-2 (Almubaid and Al-
Mubaid, 2021; Al-Qaaneh et al., 2021). Considering the history of
MERS-CoV which was first identified in Saudi Arabia in 2012,
(WHO, 2021) the population dynamics of Saudi Arabia as center
of Islamic world and the great numbers of overseas workers, the
determination of the nucleotide changes of SARS-CoV-2 in Saudi
Arabia (KSA) may be of great interest. Therefore present study
aimed to determine the genetic variations of SARS-CoV-2 variants
isolated in Saudi Arabia compared to the first isolated strain
(Wuhan strain).
2. Method and materials:

This study is an in silico, cross sectional study; it is part of pro-
ject aimed to study the genetic variations of SARS-CoV-2 according
to the geographical location and time of isolation. The SARS-CoV-2
sequences were recovered from severe acute respiratory syndrome
coronavirus 2 data hub NCBI (https://www.ncbi.nlm.nih.gov/labs/
virus/vssi/#/virus?SeqType_s=Nucleotide&VirusLineage_ss=SARS-
CoV-2,%20taxid:2697049&Country_s=Saudi%20Arabia). The
sequence of Wuhan strain SARS-CoV-2 NC_045512 which repre-
sent the first characterized isolate (Lu et al., 2020) was used as
the reference sequence. Each sequence was aligned against the ref-
erence sequence using local alignment search tool (NCBI)
nucleotide-BLAST. The nucleotides variations were determined by
studying the pairwise alignment and the corresponding mutations
were determined using local alignment search tool (NCBI) protein
BLAST.

Evolutionary relationships: The Neighbor-Joining method was
used to determine the evolutionary relationship in the form of a
phylogenetic tree (Raghav et al., 1987). The associated taxa cluster-
ing together in the bootstrap test (500 replicates) have been
reported as percentage of replicate trees shown next to the
branches (Felsenstein, 1985). The Maximum Composite Likelihood
method was used to compute the evolutionary distances (Tamura
and Kumar, 2004) and represent units of the number of base sub-
stitutions per site. This analysis involved two sets of 29 nucleotide
sequences of SARS-2 from Saudi Arabia and the reference strain. All
ambiguous positions have been removed for each sequence pair
(pairwise deletion option). There were a total of 29,903 positions
in the final dataset. Evolutionary studies were conducted in
MEGA X software (Barry, 2013).
Fig. 1. Types and frequency of nucleotide changes.
3. Results

Fifty-eight SARS-CoV-2 genomes were isolated in KSA and
retrieved from NCBI; these variants represent all SARS-CoV-2
sequences from KSA published in NCBI until the date 02.05.2021.
KSA variants showed homology ranging between 99.96 and 99.98
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% and no identical strain is detected compared to the reference
strain NC045512. A total of 89 nucleotide changes were identified
in the KSA variants; among these, the most changed nucleotide
was C: T-50.6% (45/89) followed by G: T- 14.6% (13/89) and A:
G- 12.4% (11/89) while the less frequent nucleotide change was
G: C 1(1.1%)- Fig. 1.

The nucleotides changes resulted in 53.9% (48/89) missense
mutations and 42.7% (38/89) silent mutations. Few mutations
including 1.1% (1/89) and 2.2% (2/89) occurred in 50 UTR and 30

UTR terminal loops respectively. The majority of mutations 48.3%
(43/89) occurred in ORF1ab gene; 51.2 % (22/43) of these muta-
tions were missense. ORF3a displayed 9% (8/89) mutations, most
of them 87.5% (7/8) were missense mutations while ORF7a showed
3.4% (3/89) mutations (Table 1). All structural genes showed muta-
tions; N gene harbored 16.9% (15/89) mutations, 60% (9/15) of
them were missense mutations; S gene displayed 15.7% (14/89)
mutations, half of them 50% (7/14) were missense mutations; M
gene exhibited 2.2% (2/89) mutations, one of these 50% (1/2) was
missense mutation whereas E gene showed only one mutation
which was silent (Table 1).

Fig. 2 showed the landscape of SARS-CoV-2 variants represent-
ing amino acid changes (missense mutations). Our analysis showed
that the most frequently changed nucleotide were C3037T (silent
mutation) and A23403G (D614G) each of which occurred in 57
variants out of 58, followed by C14408T (P4715L) and C241T
(50UTR) which were found in 56 and 55 variants, respectively.
The coexistence of C241T (50UTR), C3037T (ORF1ab), C14408T
(ORF1ab) and A23403G (S gene) was observed in 55 variants. Other
changes which were frequently identified include G25563T (G57H)
and C26735T (silent) each of which occurred in 33 variants, fol-
lowed by C18877T (silent), G28881A (S202N) and G28883C
(G204R) which appeared in 32, 23 and 22 variants respectively.

The evolutionary relationship in the form of a phylogenetic tree
(Fig. 3a, Fig. 3b) showed that KSA Covid 19 variants clustered
together closely; the accession number of each sequence was cited.
Number at nodes shows percent bootstrap value above 50 sup-
ported by more than 1000 replicates. The bar shows the Jukes-
Cantor evolutionary distance.
4. Discussion

The rapid transmission and world wide spread of SARS-CoV-2
reflect its ability to adapt to different environments and conditions.
The nucleotides changes during the course of transmission drive
the genome variability and viral evolution in a way that affects
the transmission, pathogenesis, diagnosis, disease course, and
treatment outcome (Almubaid and Al-Mubaid, 2021; Al-Qaaneh
et al., 2021; Islam et al., 2020). Therefore the present study
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Table 1
Type and frequency of mutations according to gene.

Gene Missense mutations Silent mutations Total of the mutation/gene

Frequency percentage Frequency percentage

50UTR 1 (1.1%)
ORF1A/B 22 51.2 21 48.8 43 (48.3%)
S gene 7 50 7 50 14 (15.7%)
ORF3a 7 87.5 1 12.5 8 (9.0%)
E gene 0 0 1 100 1 (1.1%)
M gene 1 50 1 50 2 (2.2%)
ORF7a 2 66.7 1 33.3 3 (3.4%)
N gene 9 60.0 6 40 15 (16.9%)
30UTR 2 (2.2%)
total 48 100 38 89 (100%)

Fig. 2. The genomic landscape (ORF1 a/b, S gene, ORF3a, M gene, orf7a, orf8 and N gene) of KSA variants representing amino acid changes. (*) denotes missense mutations and
(**) denotes the corresponding amino acid.

Fig. 3a. Phylogenetic affiliation of KSA variants compared to Wuhan strain.
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Fig. 3b. Phylogenetic affiliation of KSA variants compared to Wuhan strain.
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determined the nucleotides changes in SARS-CoV-2 variants iso-
lated in KSA.

Our study showed high homology of KSA variants compared to
the reference strain and pointed 89 mutations, most of them 53.9 %
were missense. In alignment to our findings several reports from
different regions showed high homology at nucleotide level;
Wang et al. (2020) reported similarity between 99.91 and 100%,
Lu et al. (2020) displayed high level of conservation more than
99.98% homology, whereas Ceraolo and Giorgi (2020) showed
more than 99% identity. At the level of mutations Shishir et al.
2020 detected 209 mutations in 64 variants of SARS-CoV-2 isolated
in Bangladesh, Khailany et al. (2020) reported 116 mutations
among 95 SARS-CoV-2 genome while among 66 SARS-CoV-2 vari-
ants isolated in China Ahmed-Abakur and Alnour (2020) reported
143 mutations. In spite of high homology, each study pointed
few different mutations which were either specific or coexist with
other mutations. The genetic variation in SARS-CoV-2 genomes
could be due to geographical distributions and intra-host viral evo-
lution after infection (Al-Qaaneh et al., 2021; Ceraolo and Giorgi,
2020). Abduljalil and Abduljalil (2020) stated that the genomic sig-
nature studies reveal a strong relation between the time of sam-
pling, location of sample and genetic diversity. However the RNA
viruses are associated with error-prone RNA dependent RNA poly-
merases that leads to occurrence of mutations and recombination
events rather frequently (Uddin et al., 2020).

Our study showed that themost frequent base changeswere C: T
followed by G: T; as also reported in several other studies
(Almubaid and Al-Mubaid 2021; Khailany et al., 2020; Koyama
et al., 2020). The present study showed that the majority of muta-
tions occurred in ORF1ab gene, followed by N gene, S gene, and
ORF3a gene. These results are in congruence with Das et al.
(2021), who studied 469 SARS-CoV-2 genome sequences, and spec-
ified that the susceptible proteins are ORF1ab, spike, nucleocapsid,
ORF3a and ORF7a. The ORF1ab is the largest viral segment covering
2/3 of the viral genome (Koyama et al., 2020), contributing impor-
tant non-structural proteins such as polyprotein, leader protein,
3C-like proteinase, RNA-dependent RNA polymerase, helicase, 30-
to-50 exonuclease, and endoRNAse, as these proteins influence viral
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replication and host immune response (Al-Qaaneh et al., 2021).
Consequently, many reports stated that the majority of mutations
occurred in ORF1ab gene (Khailany et al., 2020; Shishir et al., 2021).

All structural genes in our study showed missense mutations
except E gene which showed only one silent mutation; N gene
showed highest mutations among the structural genes, the most
frequent mutations at positions G28881A (S202N), and G28883C
(G204R). The most frequent mutations in spike gene were
A23403G (D614G) followed by C22444T (silent). The nucleocapsid
protein form the helical structure of nucleocapsid during the
assembly and can activate immune responses (Almubaid and Al-
Mubaid 2021; Zeng et al., 2020) while the spike protein is a key
protein to initiate the attack of the virus on the cellular level
(Koyama et al., 2020). It has also been mentioned that persistent
mutation in spike protein may indicate that the virus is becoming
more effective in human to human transmission (Almubaid and Al-
Mubaid 2021), for example, D614G mutation has been reported to
enhance infectivity and transmission due to increased interaction
with ACE2 receptor present on host cells (Shishir et al., 2021;
Tiwari and Mishra, 2020). Several published papers have predicted
possible amino acid changes in the viral proteins particularly in the
S protein (Islam et al. 2020; Ahmed-Abakur and Alnour 2020;
Tiwari and Mishra, 2020).

Our study indicated that the SARS-CoV-2 variants isolated in
KSA were characterized with coexistence of C241T (UTR region),
C3037T (NSP3 gene), C14408T (NSP12) and A23403G (S gene)
nucleotide changes, they occur simultaneously in 55 variants out
of 58. Similar pattern of mutations have also been reported in Eur-
ope and the United States by Koyama et al. (2020), who investi-
gated 10022 SARS CoV-2 genomes from 68 countries. Our study
showed that the mutations at G 25563T, G28881A and G28883C
occurred in 33, 23, 22 variants out of 58; according to Shishir
et al. (2021), these mutations were found highly prevalent among
sequences from the Europe, USA and Bangladesh. This finding
might figure out the source of infection in Saudi Arabia. In align-
ment with our findings several reports showed that C3037T and
C241T changes were the two most frequent mutations (Shishir
et al., 2021), followed by C14408T, A23403G, and T28144C (L84S,
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ORF8) (Koyama et al, 2020; Raghav et al. 2020). Interestingly,
C1059T is one of most frequent mutation (Koyama et al., 2020)
but did not appear in KSA variants. These results revealed that
SARS-CoV-2 variants isolated in KSA are free from E484K, K417N,
N501Y mutations which characterized South African variant
(Prathiviraj et al., 2020) and from N501Y which characterized UK
variant (Al-Qaaneh et al., 2021; Prathiviraj et al., 2020; Al-
Qaaneh et al., 2021).

5. Conclusion

The SARS CoV-2 variants isolated in Saudi Arabia showed high
homology compared to original strain (Wuhan strain) and revealed
characterized pattern of coexisting mutations (C241T, C3037T,
C14408T and A23403G).
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