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ABSTRACT

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genome sequencing remains essential for monitoring
viral evolution, disease progression, control strategies, vaccine design, and therapeutic development. Balochistan, the
largest province of Pakistan, shares borders with Iran and Afghanistan and experiences frequent cross-border
movement, creating a strong need to characterize circulating regional variants. In this study, a nasopharyngeal swab
from an adult male patient visiting the Public Health Laboratory, Quetta, in November 2021 was processed for whole-
genome sequencing using the Illumina NextSeq500 next-generation sequencing platform. The isolate was assigned to
the Alpha lineage and deposited under accession number OQ983908.1. Comparative analysis against the reference
genome identified 20 mutations. Ten spike-protein mutations were detected, including three deletions and seven
missense changes: H69, H70, Y144, A570D, N501Y, D614G, P681H, T7161, S982A, and D1118H. Six missense
mutations occurred in ORF1lab, including N460Y, T10011, A1708D, K1763N, 12230T, and P314L. Two mutations
were identified in the nucleocapsid protein, G204R and S235F, and two occurred in ORFS8, Q27- and Y73C.
Phylogenetic analysis clustered the isolate with sequences from the USA, Italy, and Austria. These findings expand the
epidemiological and evolutionary record of SARS-CoV-2 in Pakistan.
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1. INTRODUCTION

Since its emergence in December 2019 in Wuhan, China, SARS-CoV-2 has undergone ongoing mutation, leading to
the emergence of highly infectious genetic variants. These variants have significantly impacted the dynamics of the
SARS-CoV-2 pandemic by increasing transmissibility, developing drug resistance, and facilitating viral adaptation
(Pachetti et al., 2020). The epidemiology of COVID-19 can be better understood by examining the genomic changes
of SARS-CoV-2 strains. Extensive efforts have been made by scientists to track the variations in the virus genome,
which has played a significant role in shaping this pandemic. These studies have provided valuable insights into the
viral genetic diversity and the transmission routes across different countries (Hadfield et al., 2018). Notably, multiple
variants and subvariants of SARS-CoV-2, including Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2),
Omicron (B.1.1.529), have emerged, leading to millions of deaths and various waves of the pandemic (Saberiyan et
al., 2022).

The SARS-CoV-2 genome has a length of approximately 29.9 kb and consists of various coding regions. The ORF1a/b
region encodes sixteen non-structural proteins (NSP1 to NSP16) while the genome also includes four structural proteins
comprising spike protein (S), matrix protein (M), envelope protein (E), and nucleocapsid phosphoprotein (N) (Al-
Qaaneh et al., 2021; Yao et al., 2020). The spike protein plays a crucial role in transmission, pathogenicity, and
evolution, making it highly relevant for vaccine development. In addition, RNA-dependent RNA polymerase (RdRp;
nspl2), one of the key non-structural proteins encoded by ORFlab, is responsible for viral RNA replication and
transcription. Together with nsp7 and nsp8, it forms the core replication machinery, making it an important target for
antiviral drug development (Abdullahi et al., 2020).

The first case of COVID-19 in Pakistan was detected on February 26, 2020 (Jabeen et al., 2020). As of December
19, 2023, a total of 1,580,631 cases and 30,656 deaths have been confirmed in the country (Khurshid et al., 2023).
Genomic epidemiological data from Pakistan has revealed the prevalence of different lineages during various waves of
the pandemic. The B.1 lineage was dominant during the first wave, followed by the B.1.36 during the second wave.
The B.1.1.7 (alpha) variant emerged as the most prevalent during the third wave of COVID-19 (Hassan et al., 2025).
The Alpha variant was first reported in the United Kingdom in November 2020 and rapidly spread worldwide, including

Genetics and Molecular Research 25 (5s): 2026 1


mailto:shafi.casvab@um.uob.edu.pk
mailto:(myassin2.c@ksu.edu.sa
mailto:farhadbadshah999@gmail.com

Pakistan. By February 2021, it spread to 93 countries due to its high transmission rate, estimated from 50% to 70%
(Kirby, 2021). In Pakistan, the Alpha variant emerged at the end of December 2020 and remained dominant until July
2021. During this period, the country experienced a significant increase in cases, with 335,728 cases and 7,849 deaths
attributed to the variant (Fiaz et al., 2022). The Alpha variant accounted for 72.7% of the genomic incidence in
Pakistan (Basheer & Zahoor, 2021). The spread of the Alpha variant in Europe and the UK triggered a second wave of
the pandemic during the winter months of 2020. This resulted in millions of new cases and led to the imposition of a
second lockdown in January 2021 (Fokas & Kastis, 2021; Grint et al., 2021).

Compared to ancestral viruses with the D614G mutation, the Alpha variant has accumulated 23 mutations. Among
these, 14 are missense mutations distributed across ORFlab (A1708D, 12230T, and T10011), the S protein (A570D,
N501Y, P681H, S982A, T7161 and D1118H), ORF8 (Q27stop, Y73C and R52I), and the N protein (S235F and D3L).
Additionally, there are six silent mutations (C913T, C5986T, C14676T, C15279T, and T16176C) found in ORF1lab
and the M gene (T26801C). Furthermore, 3 deletion mutations are present: SGF 3675-3677del in ORF1lab and H69-
V70del and Y144del in the S protein (Andrew, 2020). These extensive mutational changes in the Alpha variant, mainly
in the spike protein, have been previously associated with various effects. A notable example of the impact of
mutational changes in the S protein is the D614G mutation, which was first identified in mid-2020 and rapidly spread
globally. By January 2021, over 95% of sequenced SARS-CoV-2 genomes contained this mutation. Today, the D614G
mutation is present in all major SARS-CoV-2 strains and is linked to a substantial increase in the virus’s infectivity
(Chen et al., 2022; Korber et al., 2020).

Among the mutations in the S protein, N501Y is of particular significance as it occurs in the receptor-binding domain
(RBD) that directly interacts with the human ACE2 (angiotensin-converting enzyme 2) receptor (Barnes et al., 2020).
This mutation, located at spike position 501, one of six key contact residues in the RBD, can enhance binding affinity
to hACE2, potentially increasing virus transmissibility (Leung et al., 2021; Zhao et al., 2021). Additionally, the S1/S2
furin cleavage site, not present in closely related coronaviruses, facilitates entry into respiratory epithelial cells and
enhances transmission in animal models (Peacock et al., 2020; Zhu et al., 2020).

Several reports indicate that spike protein mutations can reduce susceptibility to neutralizing antibodies in clinical
isolates (Andreano et al., 2021) and various in-vitro studies (Harvey et al., 2021). Additionally, deletions in amino
acids Y144, Y145, and V146 in the NTD region of the S1 subunit of the spike protein can disrupt interactions with
endogenous mAbs and affect cell entry (Dawood et al., 2021; Li et al., 2021).

These mutations likely have functional impacts due to their presence in highly conserved regions of the S protein. For
instance, the B.1.1.7 lineage includes mutations such as C5388A (orflab: A1708D) and T24506G (Spike: S982A),
which occur in conserved regions and may be associated with increased infectivity (Eslami et al., 2022; Jungreis et
al., 2021). The A570D mutation in the spike SD1 region may modulate the opening and closing of the RBD (Yang et
al., 2021). Another mutation, D1118H, found in the B.1.1.7 lineage, is associated with higher infectivity (McCarthy et
al., 2021). The T716 mutation in the S1/S2 region has been linked to increased transmissibility and potential immune
evasion (Lazarevic et al., 2021).

Outside the S protein, mutations in ORF1lab have been notable in the B.1.1.7 lineage. Studies have shown that the
A1708D and 12230T mutations in ORF1ab can reduce CD8+ T cell activation and potentially contribute to immune
evasion (Xiao et al., 2022). The T10011 mutation in ORFla was also observed in genomes sequenced from India,
indicating high mutation frequency. These findings suggest that while some mutations drive viral evolution, others may
enhance viral adaptation in a specific population.

Mutation patterns in SARS-CoV-2 genomes may reflect factors such as population age distribution, gender, host
immunity, and socioeconomic status (Beenish et al., 2023; Hu et al., 2024; Islam et al., 2023; Xiao et al., 2022; Xu et
al., 2025; Zhang et al., 2020). The P314L mutation in ORF1ab, located near the drug-binding region in the hydrophobic
cleft of RdRp, which is the main target of some antiviral drugs like remdesivir and favipiravir (Fiaz et al., 2022; Kumar
et al., 2020). Occurrences of highly prevalent mutations in RdRp suggest that some therapeutically resistant viral strains
are likely to emerge (Farkas et al., 2021).

The ORF8 Q27stop mutation in the B.1.1.7 lineage truncates or inactivates the ORF8 protein, potentially allowing
downstream mutations to accumulate. Early in the pandemic, several isolates with deletions leading to loss of ORFS8
expression were identified globally, including a significant cluster in Singapore with a 382 nt deletion that resulted in
both truncated Orf7b and ablated ORF8 expression. The Singaporean strain associated with milder clinical infections
and reduced post-infection inflammation eventually faded by the end of March following successful control measures
in Singapore (Basheer & Zahoor, 2021). Subsequent studies have shown that the ORFS8 deletion only modestly affects
virus replication in human primary airway cells compared to viruses without the deletion, leading to a slight replication
lag (Kirby, 2021). The stop codon at position 27 in the ORF8 protein of the B.1.1.7 lineage likely results in a loss of
function. Additionally, the Y73C mutation in ORF8 has been linked to increased infectivity and transmissibility (Farkas
etal., 2021; Li et al., 2021).

Among structural proteins, the nucleocapsid (N) protein is notably more stable and conserved. Mutations in the N
protein of the B.1.1.7 variant include G204R and S235F. The G204R mutation, also present in the P.1 variant (also
known as the Gamma variant), was first identified in the UK and Japan/Brazil. Along with R203K, G204R is one of
the most frequently observed mutations in the N protein and is associated with increased N protein and sub-genomic
RNA expression (Leary et al., 2020). The S235F mutation, located in the LKR region, alters epitope specificity,
potentially impacting antibody responses and vaccine-induced protection (Mohammad et al., 2021).

Balochistan is the largest province, with almost 44% of its landscape located in the southern part of Pakistan. It shares
two international borders with Afghanistan and Iran. There is a substantial monthly influx and outflow of tens of
thousands of people crossing the border for trade, in addition to the visit of thousands of pilgrims to Iran during
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holidays. Most of them return through the same route within a stipulated time, turning the unhealthy environment to
spread infection through their cross-border movements especially during pandemic periods. Similarly, a large
number of people also migrate to the Punjab and Sindh provinces for various reasons that may also favour viral
transportation and circulation. To assess genomic diversity and identify the emergence of new and potentially
dangerous viral strains, it is crucial to conduct surveillance of SARS-CoV-2.

This study aimed to evaluate the circulating strain in the subject population with relation to its mutational and genetic
diversity.

2. MATERIALS AND METHODS

2.1. Ethics approval

The ethical approval committee of the University of Balochistan, Pakistan, ethically approved this research study
(Approval No. UOB-CASVAB-2021-Ph.D-034). This study adhered to the Declaration of Helsinki. Informed verbal
consent was obtained from the patient involved in the study. The consent process was witnessed by Mr. Saifur Rahman,
a lab worker at the Provincial COVID Reference Lab, Quetta, and the verbal consent was documented in the patient's
file. For confidentiality, all data were anonymized during the analysis. No minors were involved in this study.

2.2. Sample collection

The nasopharyngeal swab was obtained from an adult male suspected of having COVID-19 and was quarantined in
quarantine center, Quetta, Pakistan. The collected sample was transported in viral transport medium (VTM,
Capricorn) and sent to Provincial Public Health Laboratory (PPHL) of Fatima Jinnah Institute of Chest diseases,
Quetta, Balochistan, Pakistan following international protocols for biosafety guidelines. While this study is based on
a single isolate, it provides critical early genomic surveillance data from Balochistan, a region with limited
sequencing resources. The region’s high cross-border traffic makes it essential to understand circulating strains.

2.3. Viral RNA extraction

Total RNA was extracted from the specimen using NATCH CS2 (Sansure Biotech Inc, China) fully automated
nucleic acid extraction system. This system is based on advanced magnetic bead technology (MB) and is designed to
simplify the RNA extraction process. It utilizes robotic pipetting and magnetic beads to isolate high-quality RNA
from a 500 pl sample. The NATCH CS2 system also incorporates an integrated UV lamp to minimize the risk of
sample cross-contamination and employs an advanced heating and cooling system to maintain optimal temperature
throughout the extraction process.

2.4. Viral RNA amplification and detection

The extracted RNA sample was subjected to viral amplification following the protocol provided by Sansure Biotech,
China. The SARS-CoV-2 Multiplex Nucleic Acid Diagnostic Kit (Sansure Biotech Inc, China) was utilized for the
detection of the COVID-19 virus. The kit employs multiplex real-time PCR technology to simultaneously detect three
conserved target genes of the virus (ORFlab, N, and E genes) along with an internal control gene. This approach
enhances the accuracy and sensitivity of the test, reducing the risk of false negatives or positives. Following the
preparation of the master mix, the RNA template, primers, nucleotides, and polymerase enzyme were added in the
reaction tube according to the manufacturer’s protocol. The reaction mixture was then distributed into PCR tubes and
placed in a thermal cycler machine (Bio-Rad Laboratories, Inc., USA, CFX real-time PCR detection systems). RNA
extraction and RT-qPCR were performed using the Sansure Novel Coronavirus (2019-nCoV) Nucleic Acid
Diagnostic Kit according to the manufacturer’s instructions. Quality control measures included the use of internal
extraction controls, positive and negative controls. Amplification of the internal control confirmed successful RNA
extraction and absence of PCR inhibitors. Results were interpreted based on Ct values in accordance with the
manufacturer’s recommended criteria.

2.5. Genome sequencing

Whole genome sequencing of the isolate from the indigenous clinical sample was carried out at a commercial facility
using the next-generation sequencing (NGS) platform (Illumina NextSeq500) with the KAPA stranded RNA-Seq
library preparation kit. Libraries were prepared from SARS-CoV-2 RNA. The workflow included the generation of
double-stranded cDNA using a mixture of random and poly (T) priming. Quality assessment of sequencing data was
performed using Illumina Sequencing Analysis Viewer (SAV). Demultiplexing and conversion of BCL files to
FASTQ format were conducted using Illumina CASAVA version 1.8.2 (San Diego, USA). The reads were then
mapped to the corresponding virus genome using Bowtie2 version 2.1.0 (Developed at Johns Hopkins University,
USA).

Mutational analysis and lineage identification of the sequence were performed using the online tool at
https://clades.nextstrain.org with the Wuhan-Hu-1/2019 (MN908947) sequence. Subsequently, a few sequences of
WHO-designated variants were retrieved from NCBI, along with highest homology results from NCBI Nucleotide
BLAST. For genome assembly, PRICE was used, and subsequent phylogenetic and molecular analyses of the S gene
for the WHO-designated variants were conducted using MEGA.
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3. RESULTS

3.1. Patient demographic data

A 35-year-old adult male suspected of having COVID-19 and was held in quarantine center of district Quetta,
Balochistan, Pakistan was recruited in this study. The patient exhibited flu-like signs such as dry cough, fever, bone
pain, fatigue, and asphyxia and nasopharyngeal swab samples were processed for viral genome sequence and
mutational analysis.

3.2. Mutational analysis in our SARS-CoV-2 isolate

Whole-genome sequencing revealed that the SARS-CoV-2 genome obtained in this study belonged to the Pango
B.1.1.7 (alpha) lineage. The sequence has been submitted to GenBank under accession number OQ983908.1 (SARS-
CoV-2/QTA/Human/2021) and data can be retrieved through web link
https://www.ncbi.nlm.nih.gov/nuccore/0OQ983908.1 (Figs. 1 and 2).

The analysis of the study isolate with Wuhan reference sequence identified 20 nucleotide mutations. Amino acid
residue analysis using BioEdit version 7.0 tools revealed deletion mutations in the spike glycoprotein: H69del, V70del,
and Y144del (located at positions 21992—-21994). Other characteristic substitution mutations observed in the S protein
included N501Y, A570D, D614G, P681H, T7161, S982A, and D1118H (Table 1; Figs. 3 and 4).

The spike protein exhibited the highest enrichment of mutations, with 3 deletion mutations and 7 amino acid
substitution/missense mutations. The deletion mutations (H69-, V70-, Y144-) were located in the spike N-terminal
domain. Three missense mutations (N501Y, A570D, D614G) were found in the receptor-binding domain (RBD) of the
spike protein, which are characteristic mutations of the B.1.1.7 lineage (Figs. 3 and 4). Furthermore, mutations P681H,
T7161, S982A, and D1118H were found in the S1/S2, UH (upstream helix), HR1 (heptad repeat 1), and CD (connector
domain) regions of the spike protein, respectively (Table 1).

The ORF1lab (Open Reading Frame lab) region exhibited a total of 6 missense mutations and no deletion mutations.
These mutations included N460Y, T10011, A1708D, K1763N, 12230T and P314L. The Nucleocapsid (N) and ORF8
protein had two mutations each. The N protein had two missense mutations (G204R and S235F), while ORF8 had one
missense (Y73C) and one stop-gained (Q27-) mutation.
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Fig. 1. The representative scheme of (a) Wuhan reference sequence (Accession ID: NC_045512). (b) Mutational
profile in SARS-CoV-2/QTA/Human/2021 in comparison with Wuhan strain
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Fig. 3. Phylogenetic tree of our local isolate “SARS-CoV-2/QTA/Human/2021” based on Spike gene sequence
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compared with global strains (BioEdit version 7.0).
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Fig. 4. Result for comparison with reference selection: Wuhan reference strain WIV04: 3D structural visualization of
the spike glycoprotein with amino-acid changes identified in our sequences shown as colored balls. Spike glycoprotein
(PDB: 6acj, EM 4.2 Angstrom) in complex with host cell receptor ACE2 (green ribbon). List of variations displayed in
structure (nearest residue if in loop/termini region). H69del V70del(69)Y144del(143)NS01Y AS70D D614G
P681H(674) T7161 S982A D1118H, Using Spike glycoprotein mutation surveillance of GISAID website.

Table 1. Mutation profile in SARS-CoV-2/QTA/Human/2021 in comparison with Wuhan reference sequence
(Accession ID: NC 045512).

. Nucleotide Amino Acid Mutation . . RSN
Gene Protein Mutation Mutation Type Possible functional implications
Extremely rare mutation (200~ occurrences in GISAID).
- A1643T N460Y Missense (Shapira et al., 2022).
Functional implications are unclear
) C3267T T10011 Missense Might be responsible virus evolution and adaptation (Islam et
al.,, 2023).
Might be associated with relatively high infectivity (Jungreis et
Nsp3 C5388A A1708D Missense al., 2021, Meng_ et gl., 2021; Esla_ml qt al., 2021). Decregse in
CD8+ T cell activation and a possible immune evasion (Xiao et
ORFlab
al., 2022).
- G5554T K1763N Missense Functional implications are unclear
) T6954C 12230T Missense Decr.ease in CD8+ T cell activation and a possible immune
evasion (Xiao et al., 2022).
. Might contribute to antiviral drug resistance (Kumar et al.,
RdRp C14408T P314L Missense 070, Koyama et al., 2020; Fiaz et al., 2022)
Gap; 21765- . Enhances viral infectivity and could also contribute to antibody
NTD 21770 Del HV69-70 Deletion evasion (Meng et al., 2021)
NTD Ga;2);12919‘192- Del Y144 Deletion Confers resistance to mAb (Suryadevara, 2021)
Antibody escape (Harvey et al., 2021).
RBD A23063T N501Y Missense Enhanced binding of SARS-CoV-2 spike protein to the human
ACE2 receptor (Luan et al., 2021)
RBD C23271A A570D Missense Zl)lzglh)t contribute to immune evasion of variants (Lazarevic,
Spike
P Increases virion spike density and infectivity (Zhang et al.,
. 2020). Increases viral replication in the upper respiratory tract
RBD A23403G D614G Missense - . -
and enhances the vulnerability of the virus to neutralizing
antibodies (nAbs) (Plante, 2021; Zhang, 2020).
May increase spike cleavage by furin-like proteases, this does
S1/S2 C23604A P681H Missense not significantly impact viral entry or cell-cell spread
(Lubinski et al., 2021)
S1/S2 C23709T T7161 Missense Mlght. b? assoc1ated. with 1ncr§ased transmissibility and
potential immune evasion (Lazarevic, 2021)
HR1 T24506G S982A Missense Associated with relatively high infectivity (Meng et al., 2021).
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CD (G24914C D1118H Missense Associated with relatively high infectivity (Meng et al., 2021).

Truncates and presumably inactivates ORF8 and causes further

ORF8  (C27972T Q27- Stop-gained  downstream mutations (Young et al. 2020; Gamage et al. 2020;
ORF8 Jungreis et al., 2021).
ORF8  A28111G v73C Missense Increases infectivity and transmissibility of the virus (Farkas et

al., 2021; Li et al., 2021).

G204R with R203K is associated with high-transmissibility
N G28883C G204R Missense (Wu et al., 2021) and increase in N protein and sub-genomic

RNA expression (Leary et al., 2021).

Associated with alteration of corresponding epitopes, affecting
N C28977T S235F Missense the specificity antibodies and vaccine-induced immunity

(Mohammad et al., 2021).

OREF: Open reading frame; S: Spike glycoprotein; N: Nucleocapsid phosphoprotein; RARp: RNA dependent RNA

3.3. Phylogenetic study and comparison to other variants

The complete genome sequence of the study isolate SARS-CoV-2/QTA/Human/2021, along with previously described
variants of SARS-CoV-2, was aligned and compared to the Wuhan reference sequence (Accession ID: NC 045512)
using Nextstrain tools (https://clades.nextstrain.org). The whole genome sequences of various SARS-CoV-2 variants
used in this analysis were retrieved from NCBI GenBank. Phylogenetic analysis of the complete genome sequence
revealed that the study isolate clustered with isolates from the UK (Accession ID: OW522582), USA (Accession ID:
MZ084408), Italy (Accession ID: MW711159), Japan (Accession ID: OM982657), and Germany (Accession ID:
0W998408) (Fig. 3).

The phylogeny analysis showed that our local SARS-CoV-2 genome belonged to clade 201 and was clustered closely
with strains reported from the UK (Accession ID: OW522582), USA (Accession ID: MZ084408), Italy (Accession ID:
MW711159), Japan (Accession ID: OM982657) and Germany (Accession ID: OW998408).

This phylogenetic tree (Fig. 3) indicates that the study isolate belongs to the B.1.1.7 (alpha) lineage. Sequences were
retrieved from NCBI based on WHO-designated variants. To illustrate the epidemiology of the strain, sequences from
the study isolate lineage were selected based on maximum homology from NCBI BLAST and used to construct the
phylogenetic tree.

3.4. Distribution of variants of concern over time in Pakistan

The distribution pattern of different variants of concern (VOC) of SARS-CoV-2 over time in Pakistan after analyzing
4027 genomes submitted to GISAID database from Pakistan during December 2020 to February 2023 is shown in
Fig. 5. Results clearly revealed that our sample was collected in November 2021 during the tail end of 3™ wave in
Pakistan, and was followed by Omicron during 2022-2023.
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Fig. 5. Graphical presentation of temporal dynamics of variant abundance over time in Pakistan clearly shows that our
sample was collected from tail end of 3™ wave (Source: http:// gisaid.org/hcov-19- variants statistics. Accessed on
~23.09.2024.Using excel spreadsheet).
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4. DISCUSSION

In Pakistan, the first SARS-CoV-2 whole-genome sequence (SARS-CoV-2/ Gilgitl/human/2020/PAK) was
submitted to GenBank on March 25, 2020 (Saif et al., 2021). In this study, we sequenced a SARS-CoV-2 genome
from Quetta, Balochistan that belonged to B.1.1.7 (Alpha) lineage (clade 20I). It is plausible that Alpha was
circulating in Quetta during the third wave but remained undocumented due to restricted sampling coverage,
logistical constraints, or reliance on mutation-specific RT-PCR assays instead of comprehensive genome sequencing.

Variants such as Alpha (), Beta (), Gamma (y), Delta () and Omicron (O) are classified as variants of concern (VOC)
due to their increased transmissibility and disease severity, resulting in a higher rate of hospitalizations (WHO). This
Alpha variant was the primary driver of the second wave of the pandemic in the UK and other European countries,
leading to a second lockdown in 2021-22. In Pakistan, it triggered in third wave, with a 97.9% incidence of the B.1.1.7
variant in Lahore, Pakistan. Moreover, whole-genome sequencing revealed that 87.5% (7/8) of Pakistani isolates were
identical to variants from the UK, Switzerland, and other European countries (Sarwar et al., 2021).

Previous studies conducted in Pakistan have shown that the Alpha variant was predominant during the third wave of
infections and was less abundant during the fourth wave. The genomic sequence of the Alpha variant was first submitted
to the GISAID on December 25, 2020. During the third wave of COVID-19 in Pakistan, the B.1.1.7 variant was
predominantly observed from February to June 2021, with the highest number of cases confirmed on April 17, 2021
(Sarwar et al., 2021; Umair et al., 2021). Similarly, the same variant was also reported in Turkey (Akgesme et al., 2022)
and in the United States (Bolze et al., 2022). The genomic sequences of the third wave in major cities of Pakistan
primarily consisted of the B.1.1.7 variant, which accounted for 69% of the genomes. However, it is noteworthy that in
this study, no Alpha variant was observed in Quetta, Balochistan, where our study was conducted (Shakeel et al.,
2022).

In our current study, we investigated the mutational profile in the B.1.1.7 (Alpha) variant and identified a total of 20
mutations. The spike protein had the highest number of mutations, accounting for 50% of the total mutations, followed
by the ORF1lab region, which accounted for 30% of the mutations. The ORF8 and nucleocapsid (N) proteins both
exhibited a similar proportion of mutational abundance, with each accounting for approximately 10% of the mutations.
Out of the 20 mutations, 16 were missense (non-synonymous) mutations, three were deletion mutations (two in the
spike and one in ORF8), and one was a stop-gained mutation.

In this study, we identified several mutations in the Alpha variant (B.1.1.7.), including three deletion mutations (del.
HV69-70 and Y 144) and seven missense mutations (N501Y, D614G, A570D, T716I, P681H, S982A and D1118H) in
the S protein. The RBD of the spike protein harboured three mutations (N501Y, A570D, and D614G), which are
defining mutations of B.1.1.7 lineage. Consistent with our findings, previous studies by Umair et al. (Umair et al.,
2022) and Aziz et al. (Aziz et al., 2023) reported characteristic mutations in the spike protein of the Alpha variant,
including H69-, A570D, N501Y, DI1118H, S982A, T716I, and P681H. It is noteworthy that SARS-CoV-2 has
undergone numerous substitution mutations, especially in the spike protein. According to the GISAID database, the
spike protein has more than 1229 amino acid substitutions. The characteristic mutations of the Alpha variant
(B.1.1.7.), such as Al44 (s), G204R (N), T1001I and 12230T (ORFlab), were absent in the isolate from Lahore,
Pakistan, despite showing > 90% similarity to the globally prevalent variant. Notably, the P314L mutation, located near
the drug-binding region in the cleft of RdRp, the target site for antiviral drugs, suggests the potential for the
emergence of therapeutic-resistant viral strains (Dawood et al., 2021).Understanding these substitutions in spike
amino acids across different lineages is crucial for assessing their potential impact on virulence, vaccine efficacy, and
viral transmission. Therefore, continuous monitoring and surveillance of lineages and variants are essential for the
development of effective public health strategies to control this pandemic (Guruprasad, 2022).

Particularly, the N501Y mutation has been reported to enhance viral binding to the hACE2 receptor, thereby increasing
transmissibility (Galloway et al., 2021), and enabling the virus to evade the antibodies (Starr et al., 2020).With
increased transmissibility by 43-90% (Davies et al., 2021) and approximately twice the replicative advantage
(Grabowski et al., 2021), the Alpha variant quickly surpassed the Wuhan strain by spreading rapidly to many countries
around the world.

In our local strain under study, we detected significant D614G mutation in the spike protein. Zhang et al. (2020)
demonstrated this mutation is associated with enhanced viral loads worldwide. /n-vitro studies conducted by Li et al.
(2020) using pseudo viruses showed that the D614G mutation is correlated with enhanced infectivity. Similarly, among
the spike variants, the G614 mutant exhibited the highest cell entry (Ozono et al., 2020).

We also identified the G204R and S235F mutations in the nucleocapsid (N) protein, which is crucial for RNA activities
such as replication and plays a key role in RNA binding. Another mutation, P314L, was detected and is a target of
some antiviral drugs such as favipiravir and remdesivir (Koyama et al., 2020; Kumar et al., 2020). Similarly, some
characteristic mutations that we detected in our local strain, such as T10011 (ORF1ab), G204R (N), and A144(S), were
not found in a set of 461 Alpha sequences in Pakistan (Fiaz et al., 2022).However, most of the mutations we detected
in the current strain genome, including H69-, D614G, A570D, S982A, DI1118H, T716I, and P681H in the spike
protein; P314L in RdRp; S235F in N; Q27-, Y73C in ORFS, have been reported to have a prevalence of more than 95%
globally. These findings highlight the presence of specific mutations in our local strain that may contribute to viral
infectivity, replication, and potential interactions with antiviral drugs. It is essential to continue monitoring and
analyzing the mutational landscape of SARS-CoV-2 to understand the implications for viral characteristics,
transmission, and therapeutic interventions.

Fascinatingly, our sequence exhibited some unique and rare mutations of interest, including N460Y, T1001I, and
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K1763N in the ORFlab region. The N460Y mutation is particularly rare, with approximately 200 occurrences
reported in the GISAID database. Its presence in 100% of viral reads suggests it may confer a significant fitness
advantage, despite being difficult to explain through selective pressure (Shapira et al., 2022). However, little is known
about these mutations, which warrants further investigation.

The distribution pattern of variants shows that the Alpha variant was predominantly present towards the end of the third
COVID wave in Pakistan, followed closely by the Omicron variant, which emerged as a variant of concern, as
illustrated in Fig 5. Clinically, most of the patients in the province remained asymptomatic, whereas a few presented
with fever, body ache, headache and cough. The mortality rate in the Province was low as compared to other provinces
of Pakistan. This may be attributed to limited testing facilities and poor access to health care settings in the province, as
supported by Badini et al. (Badini et al., 2021). The phylogenetic analysis of our current isolate showed clustering
with sequences originating from various countries such as the UK (Accession ID: OW522582), USA (Accession ID:
MZ084408), Italy (Accession ID: MW711159), Japan (Accession ID: OM982657), and Germany (Accession ID:
OW998408). This suggests that the viral lineage in our study has genetic similarities with strains circulating in these
countries. Furthermore, it indicates that the Alpha variant, which was primarily transmitted from different countries
including the United Kingdom, has also reached Balochistan. In a study conducted by Umair et al. (2021) in Pakistan,
two Alpha variant sequences were analyzed, and they exhibited 99.9% nucleotide similarity with the UK strain
(VOC-202012/01). The phylogenetic analysis revealed two separate lineages, one clustering with genomes from
Spain and the other with genomes from the USA. Similarly, a study from Nigeria by Olorunfemi et al. (Olorunfemi et
al., 2024) reported the circulation of four different variants, in clade 20I, with the Alpha variant being the most
predominant (33%). The current study, along with similar studies conducted in Pakistan, provides valuable insights
into the genetic diversity, evolution, and transmission patterns of SARS-CoV-2 in the country. Understanding the local
strain’s sequence information is crucial for acquisition of better insights into viral epidemiology, immunogenicity, and
pathogenicity. Overall, the study contributes valuable evidence to fill an epidemiological gap in Balochistan and
supports the need for sustained sequencing efforts to better understand viral evolution and transmission dynamics at
the provincial level.

Limitation
The primary limitation of this study was the limited number of samples analyzed within the specified geographical
area. However, the findings offer valuable baseline data for ongoing surveillance of SARS-CoV-2 in the region.

CONCLUSION

This study provides a valuable baseline for future research by exploring the molecular epidemiology and genomic
diversity of the B.1.1.7. variant. Our findings offer insights into its mutational profile of a single isolate circulating in
Quetta, Balochistan, Pakistan, with the spike protein showing the highest number of mutations, followed by ORF1ab.
Notably, we identified key mutations, including D614G in the spike protein, which is linked to increased viral loads
and enhanced infectivity. The presence of these characteristic Spike mutations suggests a high prevalence of this
variant, underscoring the need for regular monitoring to ensure preparedness for future pandemics in the region.
Phylogenetic analysis revealed clustering with sequences from various countries, indicating global transmission
dynamics. Our findings, along with similar studies in Pakistan, contribute to a better understanding of genetic diversity,
evolution, and transmission patterns of SARS-CoV-2. These findings are crucial for comprehending viral
epidemiology, immunogenicity, and pathogenicity, emphasizing the importance of continuous surveillance and
sequence analysis of local strains for future pandemic preparedness.
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