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Abstract
This study aimed to characterize the whole genome of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) 
isolated from an oropharyngeal swab specimen of a Pashtun Pakistani patient using next-generation sequencing. Upon 
comparing the SARS-CoV2 genome to the reference genome, a total of 10 genetic variants were identified. Among the 10 
genetic variants, 1 missense mutation (c.1139A > G, p.Lys292Glu) in the Open Reading Frame 1ab (ORF1ab) positioned at 
112 in the non-structural protein 2 (NSP2) was found to be unique. Phylogenetic analysis (n = 84) revealed that the current 
SARS-CoV2 genome was closely clustered with 8 Pakistani strains belonging to Punjab, Federal Capital, Azad Jammu and 
Kashmir (AJK), and Khyber Pakhtunkhwa (KP). In addition, the current SARS-CoV2 genome was very similar to the genome 
of SARS-CoV2 reported from Guam, Taiwan, India, the USA, and France. Overall, this study reports a slight mismatch in 
the SARS-CoV2 genome, indicating the presence of a single unique missense mutation. However, phylogenetic analysis 
revealed that the current SARS-CoV2 genome was closely clustered with 8 other Pakistani strains.

Introduction

Coronavirus infects a variety of hosts, including bats, 
snakes, birds, mice, wild animals, and humans [1–3]. Severe 
Acute Respiratory Syndrome (SARS) coronavirus (SARS-
CoV) occurred in late 2002 in Guangdong, China. SARS-
CoV has infected 8098 people worldwide, killing a total of 
774 individuals. After SARS-CoV infection, another SARS 
virus called Middle East Respiratory Syndrome (MERS) 
emerged in Saudi Arabia in 2012. MERS-CoV caused 2494 
infections and killed 858 people [3]. At the end of 2019, 
another coronavirus with the usual symptoms of pneumonia 
appeared in Wuhan, China. This virus is called SARS-CoV2 
and the COVID19 term is used to refer to infected cases. To 
date, 199 million people worldwide have been infected with 
SARS-CoV2 and 4.24 million have expired. SARS-CoV2 is 
the 7th member of coronavirus (CoV) family Coronaviridae, 
which is known to cause serious infections in various hosts, 
such as birds, mammals, and humans [4, 5]. In humans, 
the six coronaviruses are known to cause different infec-
tions with different symptoms. Symptoms range from mild 
cold-like symptoms often caused by alpha (229E, NL63) 
and beta coronaviruses (OC43, HKU1) to severe respira-
tory illnesses caused by SARS-CoV and the MERS-CoV [6]. 
These viruses are usually known for having larger genetic 
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material (RNA; 26–32 kilobases in length), composed of 
an enveloped positive-sense single-stranded RNA. Elec-
tron microscope observations of these RNA viruses show a 
crown-shaped spherical sequence arrangement commonly 
referred to as coronaviruses.

Whole-genome sequencing (WGS) played an important 
role in the understanding of various emerging viruses out-
breaks, such as Zika, Ebola, Usutu, and Yellow fever viral 
infections [6]. Owing to the powerful role of WGS during 
various outbreaks, large-scale next-generation sequencing 
(NGS)-based efforts were initiated globally to explore the 
genomic insights of SARS-CoV2 following the first out-
break of COVID19. On January 5, 2020, the first whole-
genome sequence of SARS-CoV2 was published. Follow-
ing the first complete genome sequencing of SARS-CoV2, 
several countries submitted the complete genome sequence 
of SARS-CoV2 to the Global Initiative on Sharing All Influ-
enza Data (GISAID) database [7, 8]. Pakistan submitted its 
first coronavirus whole-genome sequence (SARS-CoV2/
Gilgit1/human/2020/PAK; accession number: MT240479) 
to the GenBank on March 25, 2020. Following the first WGS 
of SARS-CoV2 from Pakistan, several WGS-based attempts 
were made and the sequencing data were submitted to the 
GenBank (SARS-CoV2/Manga1/human/2020/PAK; acces-
sion number: MT262993) [9]. The initial two sequenced 
strains of Pakistani coronavirus (accession numbers: 
MT240479 and MT262993) exhibited 99.98% and 100% 
sequence similarity to the Chinese SARS-CoV2 isolate [9]. 
During the COVID19 pandemic, the mortality pattern of 
SARS-CoV2 in Pakistan was found to be considerably dif-
ferent from the rest of the world. For instance, the neighbor-
ing country of Pakistan, such as India, has so far been ranked 
the second largest in the world with the highest number of 
COVID-19-positive cases after the USA [10]. The variation 
in COVID-19-positive cases in Pakistan from its neighbor-
ing countries warrants extensive WGS-based investigation 
in order to rule out the key variants associated with Pakistani 
SARS-CoV2 strains and determine if such mutations exist 
in other countries with similar prevalence patterns. There-
fore, we sequenced and characterized the complete genome 
of SARS-CoV2 isolated from a patient of Pashtun ethnic-
ity in the Khyber Pakhtunkhwa (KP) region of Pakistan. In 
addition to WGS, phylogenetic analysis also performed to 
compare the current SARS-CoV2 strain genome with the 
publicly available genomes.

Materials and Methods

Extraction of RNA and Quality Control

An oropharyngeal swab specimen was collected from a 
symptomatic patient registered at Rehman Medical Institute 

(RMI) in Peshawar in June 2020 by following World Health 
Organization (WHO) guidelines [11]. Viral RNA was 
extracted from the swab specimen using the QIAsymphony 
SP/AS instruments as per the manufacturer’s instructions 
(QIAGEN). SARS-CoV2 was quantified using Rotor-Gene 
Q real-time PCR and a Novel Coronavirus Nucleic Acid 
Diagnostic Kit (Sansure Biotech, Inc. China). Quality con-
trol (QC) of the extracted RNA was performed by quantifi-
cation using the Qubit™ RNA Broad Range (BR) assay kit 
(Cat. No. Q10211).

Primer Designing and PCR Amplification

Extracted RNA was subjected to cDNA synthesis using 
RevertAid First Strand cDNA Synthesis Kit (Cat. No. 
K1622) following the manufacturer’s guidelines (Thermo 
Fisher Scientific). Using Primer3 software (v 0.4.0) [12] 
seven sets of primers were designed to cover the genome of 
SARS-CoV2 (GenBank accession number: NC_045512). In 
addition, two sets of overlapping primers were also designed 
for PCR troubleshooting (Supplementary Table S1). Then, 
according to the recommended guidelines, PCR (Bio-Rad) 
was performed using the Phusion Flash High-Fidelity PCR 
Master Mix (Cat. No. F548S, Thermo Fisher Scientific). 
The PCR conditions were optimized as follows: (i) initial 
denaturation (95 °C for 10 s), (ii) 35 cycles of denaturation 
(95 °C for 3 s), and (iii) a final extension (72 °C for 4 min) 
were kept similar for all sets of primers while the annealing 
temperature and extension time were different for each set of 
primers (Supplementary Table S1). After amplification, the 
PCR products were run on an agarose gel and then quanti-
fied using the Qubit dsDNA High Sensitivity (HS) Assay Kit 
(Cat. No. Q32851; Invitrogen).

NGS Library Preparation and Whole‑Genome 
Sequencing

The quantified PCR product was normalized to 0.2 ng/μL. 
The paired-end sequencing library was prepared using the 
Illumina Nextera XT DNA Library Preparation Kit (Cat. No. 
FC131-1096) by incorporating the following main steps: (i) 
tagmentation (enzymatic fragmentation and tagging of the 
dsDNA), (ii) PCR amplification, (iii) PCR clean up, (iv) 
bead-based normalization of NGS library, and (v) library 
pooling. The pooled library was then loaded onto the MiSeq 
(Illumina) for paired-end sequencing using sequencing rea-
gent cartridge, MiSeq Reagent Micro Kit v2, 300-cycles 
(Cat. No. MS-103-1002).

NGS Bioinformatics Analysis

Paired-end NGS data were analyzed using publicly avail-
able bioinformatics softwares. Firstly, the read quality of 



Genomic Characterization of SARS‑CoV2 from Peshawar Pakistan Using Next‑Generation…

1 3

Page 3 of 7 48

FASTQ files was checked using the FastQC tool (v0.11.8) 
[13]. The Trimmomatic tool (v0.39) was used to remove 
low-quality base calls (Q < 30) and index adapter sequences 
from both ends of sequenced reads [14]. The filtered reads 
were aligned with the Wuhan reference genome (GenBank 
accession number: NC_045512) using the default settings 
for the Burrows–Wheeler Aligner (BWA, v0.7.17) [15]. 
The reference sequence of SARS-CoV2 (accession num-
ber: NC_045512) was used as a control for the viral genome 
alignment [16]. Genome annotation and variant calling were 
performed using China’s National Genomics Data Center 
(NGDC) [17]. The identified variants were cross-validated 
and analyzed using Genome Detective Coronavirus Typing 
tool [18] and BioEdit [19].

Phylogenetic Analysis

FASTQ files of various publicly available SARS-CoV2 
genomes were retrieved from the GISAID and NCBI data-
bases. A total of 85 SARS-CoV2 genomes including the 
current sequenced genome (accession number: MW242667) 
were clustered using Augur Nextstrain’s phylodynamic pipe-
line (Supplementary Material) [20]. The sequences were 
then aligned against Wuhan reference genome (accession 
number: NC_045512.2) using MAFFT [21]. Phylogenetic 
tree was constructed using IQ-TREE [22]. The phylogenetic 
tree was then visualized using FigTree v1.4.4 [23].

Results and Discussion

The whole genome of SARS-CoV2 isolated from a patient 
belonging to KP region of Pakistan was sequenced using 
NGS. A total of 166,007 reads (22,292,523 bases) were 
aligned against the reference genome (accession number: 
NC_045512). Sequence Statistics of the sequenced reads 
are listed in Supplementary Table S2. The SARS-CoV2-
sequenced genome revealed the presence of 10 genomic 
variants encoding various genes, such as open reading 
frame 1ab (ORF1ab), spike glycoprotein (S), ORF8, nucle-
ocapsid (N), and ORF10 genes. The 10 identified variants 
consist of 8 missense and 2 synonymous mutations. Out of 
total 10 variants, the following 5 mutations were identified 
in the ORF1ab region: 1139A > G (codons AAG to GAG, 
missense mutation), 2144G > T (codons GTC to TTC, mis-
sense mutation), 11083G > T (codons TTG to TTT, mis-
sense mutation), 13730C > T (codons: GCT to GTT, mis-
sense mutation), and 6312 C > A (codons ACA to AAA, 
missense mutation). A single mutation was identified in S 
gene 23929 C > T (codons TAC to TAT, synonymous muta-
tion). Similarly, a single genomic variant was detected in 
the ORF8 gene at 28253 genomic location (C > T, codons 
TTC > TTT, synonymous mutation). Similarly, out of 10 

mutations, 1139A > G, p.Lys292Glu (position 112 of NSP2 
protein) was identified as a unique genetic variant. The NSP2 
protein of SARS-CoV2 contains 61 amino acids, which are 
different from SARS-CoV [24]. In coronavirus infection, 
double-membrane vesicles filled with replication–transcrip-
tion complexes (RTCs) are formed in the infected cells and 
the NSP2 protein is essential for the RTC formation [25]. 
Other variants identified in this study are also detected in 
the SARS-CoV2 genome isolated different countries around 
the world (Table 1). The higher number of variants identified 
in SARS-CoV2 replicase polyproteins at different positions 
are supported by a previous study indicating that replicase 
polyprotein of 13 SARS-CoV2 isolates from different coun-
tries harbored mutations at different locations of different 
amino acids [26]. The various missense mutations in the 
SARS-CoV2 replicase polyprotein detected in this study is 
consistent with previous studies. For instance, a missense 
mutation in the replicase polyprotein at position 3606 (L to 
F) was reported in a previous study [27]. Mutations in rep-
licase polyprotein (ORF 1 ab) are associated with different 
mechanisms of SARS-CoV2 [28]. The low mortality rate of 
Pakistan can be attributed to its diverse climatic conditions. 
A recent study compared the death rates of SARS-CoV2 
in various countries (n = 45) of the world according to the 
country-specific climatic condition. They found that temper-
ate countries such as Italy, Spain, the Netherlands, France, 
and England exhibited higher mortality rates compared to 
countries with a diverse climate, such as Brazil, Australia, 
and Pakistan [29].

Based on phylogenetic analysis, the SARS-CoV2 
genome sequenced in the current study formed clus-
ters with isolates from Guam (accession numbers: 
MT459985.1, MT459986.1, and MT459987.1), Taiwan 
(accession numbers: MT517436.1 and MT517437.1), 
India (accession numbers: MT477885.1, MT457403.1, 
and MT415322.1), the USA (accession numbers: 
MT499206.1, and MT344946.1), France (accession 
number: MT470111.1), and 8 other Pakistani strains 
including, Punjab (accession numbers: MW422100.1), 
Federal Capital (accession numbers: MW422012.1, 
MW422082.1, MW422089.1, MW422099.1, and 
MW421988.1), Azad Jammu and Kashmir (AJK; acces-
sion number: MW422086.1), and KP (accession num-
bers: MW422088.1) (Fig.  1). Details of all annotated 
SARS-CoV2 genomic sequences from Pakistan and other 
countries used for phylogenetic analysis are listed in Sup-
plementary Material. The close association between the 
current SARS-CoV2 genome and local Pakistani strains 
is inconsistent with a recent study suggesting differences 
between the local Pakistani strains [30]. The close associa-
tion of local SARS-CoV2 strains can be attributed to the 
“Smart lockdown” in Pakistan, during which no restric-
tions were imposed on traveling within the country. In 
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addition, the current SARS-CoV2 genome was very simi-
lar to the genome of SARS-CoV2 reported from Guam, 
Taiwan, the USA, India, and France. The close cluster-
ing of current-sequenced SARS-CoV2 genome with the 
genome of SARS-CoV2 reported from Guam, Taiwan, 
the USA, India, and France is in agreement with the 
recent study [31]. Sequenced in the first wave, the current 
SARS-CoV2 genome close clustering with the genomes of 
SARS-CoV2 of various countries can be attributed to flex-
ible international travel. International travel has been con-
sidered as one of the potential risk factors for the transmis-
sion and circulation of different variants of SARS-CoV2 in 
Pakistan [31–34]. The initial-sequenced local SARS-CoV2 
genomes (accession numbers: MT240479 and MT262993) 
are closely related to the Chinese SARS-CoV2 isolates [9], 
while the currently sequenced SARS-CoV2 isolate differs 
from that of the Chinese isolates (Fig. 1). This implies 
that the current-sequenced SARS-CoV2 genome evolved 
and acquired genetic variants from the Wuhan reference 
genome (accession number: NC_045512).

In conclusion, using NGS, this study has revealed new 
information about the SARS-CoV2 genome and compre-
hensively characterized the full sequence of SARS-CoV2. 
A missense mutation (1139A > G) detected in the NSP2 
protein of SARS-CoV2 in this study is a novel genetic vari-
ant. Furthermore, the identification of a novel variant in 
the SARS-CoV2 genome collected in Peshawar, Pakistan 
confirmed previous findings that SARS-CoV2 is not similar 
around the world. Therefore, there is a need for SARS-CoV2 
genome sequencing in all regions of the world. The region-
specific sequencing and reporting of the identified variant 
will greatly contribute to the development of vaccines and 
diagnostic kits. Furthermore, it has also been concluded 
that the SARS-CoV2 diagnostic kit developed in one part 
of the world may misdiagnose patients in another part. In 
conclusion, genome sequencing of local SARS-CoV2 strains 
could provide crucial information for improving diagnostic, 
prognostic, and therapeutic interventions. Overall, this study 
reports a minor deviation in the SARS-CoV2 genome show-
ing the presence of 1 unique missense mutation. However, 
phylogenetic analysis revealed that the current SARS-CoV2 
genome was closely clustered with 8 other Pakistani strains.

Table 1  List of mutations detected in the genome of SARS-CoV2 
from other geographic regions besides Pakistan

Genomic position Mutation Region Simple ID

orf1ab 2144 (G > T) England EPI_ISL_425449
Australia EPI_ISL_427753

11083 (G > T) Australia EPI_ISL_419793
13730 (C > T) Saudi Arabia EPI_ISL_416432

Australia EPI_ISL_419761
USA EPI_ISL_434297
England EPI_ISL_433944
India EPI_ISL_437438
Brunei EPI_ISL_435674

6312 (C > A) Saudi Arabia EPI_ISL_416432
Australia EPI_ISL_419761
USA EPI_ISL_434297
India EPI_ISL_437438
Brunei EPI_ISL_435674

S gene 23929(C > T) Saudi Arabia EPI_ISL_416432
Iceland EPI_ISL_417752
Australia EPI_ISL_419761
USA EPI_ISL_434297
India EPI_ISL_437438
Brunei EPI_ISL_435674

ORF8 28253 (C > T) India EPI_ISL_436456
Denmark EPI_ISL_437041
England EPI_ISL_453633
Switzerland EPI_ISL_476097
Netherlands EPI_ISL_461144
England EPI_ISL_461916
USA EPI_ISL_414483
Wales EPI_ISL_418137
France EPI_ISL_420064

N 28311 (C > T) Australia EPI_ISL_419728
Saudi Arabia EPI_ISL_416432
USA EPI_ISL_434297
India EPI_ISL_437438

28887 (C > T) Beijing EPI_ISL_430722
Singapore EPI_ISL_435687
Wales EPI_ISL_432250
USA EPI_ISL_454682
England EPI_ISL_452867
Australia EPI_ISL_419961

ORF10 protein 29645 (G > T) DRC* EPI_ISL_437343
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Fig. 1  A phylogenetic tree of 
85 genomes obtained from 
GISAID and sequenced in the 
current study. The selected 
genomes were clustered using 
Augur, the Nextstrain phyloge-
netic pipeline. The SARS-CoV2 
genome (accession number: 
MW242667) sequenced in the 
current study is highlighted in 
red
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