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Abstract

In humans, the SARS-CoV-2 infection has achieved endemicity. This needs the creation of quick genetic monitoring
technologies to supplement existing comprehensive, albeit slower, genome sequencing-based approaches. The study's main
goal was to look into the genomic sequencing of SARS CoV-2 in order to learn more about its potential in global disease
epidemiology. SARS-CoV-2 whole genome sequencing was performed on remnant samples from nasopharyngeal and
oropharyngeal swabs taken from symptomatic patients. The produced sample was subjected to real-time PCR, and the
resulting sequences were then symmetrized to create a dataset. This data was subsequently integrated into global datasets
available on several websites, including the GISAID and ViPR. It was also intended to investigate the distribution pattern of
distinct SARS-CoV-2 strains. Epidemiological study and the method of estimating reproductive numbers were used to achieve
this goal. The findings revealed that genome sequencing is closely linked to the disease epidemiology of distinct SARS-CoV-2
strains. These strains tend to decrease with the passage of time and their distribution was disturbed geographically due to the
invention of vaccines.
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Introduction

The SARS-CoV-2 pandemic most likely began in late 2019
in China, and by January 2021, there had been over 100
million confirmed cases and over two million deaths
worldwide owing to COVID-19. The coronavirus disease of
2019 (COVID-2019) began as an outbreak in late 2019 in
Wuhan, China, and shocked the world, prompting the World
Health Organization (WHO) to designate it a worldwide
pandemic in March 2020 (Zhu et al., 2020) 4. According to
WHO figures, the number of people infected with COVID-
19 has topped 187 million, with a global mortality rate of
4.04 million recorded around July 14, 2021. If recent events
are any indication of earlier epidemics, the rapid spread of
this viral disease indicates that the antidote to this pandemic
is devising techniques to overcome and reduce the disease
rather than self-isolation (Rao et al., 2020) 2,

According to WHO figures, the number of people infected
with COVID-19 has topped 187 million, with a global
mortality rate of 4.04 million recorded around July 14,
2021. If recent events are any indication of earlier
epidemics, the rapid spread of this viral disease indicates
that the antidote to this pandemic is devising techniques to
overcome and reduce the rather than self-isolation. Vaccines
do not reduce or eliminate the virus; rather, they may
increase the immune response to a certain viral serotype that
may be ineffective against another serotype (Sariol et al.,
2014) Bl As a result, global scientists are tasked with
devising an alternate technique that directly tackles the viral
particle's function. In order to pursue this strategy, either
inhibitors of SARS-CoV-2 structural proteins and enzymes
must be produced (Zhou et al., 2020) ¥, or the viral
genome's functional integrity must be targeted with micro
RNAs (miRNAs). SARS-CoV-2 is a single-stranded
positive-sense RNA virus, according to the International

Committee on Virus Taxonomy (ICTV).

Coronavirus is a single-stranded positive-sense RNA virus
belonging to the Coronaviridae family, with a genomic size
of 26-32 kb and 14 open reading frames (ORFs) encoding
27 polyproteins (Rao et al., 2020) 2. The first ORF encodes
16 non-structural proteins (nsps), while the remaining ORFs
encode accessory and structural proteins such as the spike
(S) glycoprotein, envelope (E), membrane (M), and
nucleocapsid (N), which are the focal target proteins for
drug repurposing and therapeutics studies (Rao et al., 2021)
[10]

Andrews and Gledhill discovered a single-stranded RNA
coronavirus after screening a hepatitis virus from mice in
1951. For more than 50 years, its diseases and causes have
been identified in both animals and people. The earliest
coronaviruses to produce mild illnesses in humans, such as
common colds, were 229E and OC43 (lsaacs et al., 1951)
[321, Civet cats, camels, and bats later developed severe acute
respiratory syndrome (SARS) and Middle East respiratory
syndrome (MERS). Coronaviridae is the coronavirus family,
which is divided into two subfamilies: Coronaviridae and
Letovirinae. The initial diagnosis of pneumonia and the
unknown aetiology caused a cluster of patients in China to
be brought to hospitals in December 2019. (Vassilara et al.,
2020). On February 11, 2020, WHO named the possible
coronavirus outbreak coronavirus disease 19 (COVID-19)
after the reports confirmed it.

Before the 1960s, coronaviruses were first found and
defined, and they were thought to cause a respiratory
ailment (Khan and Mclntosh, 2005; Paules et al., 2020) -
8, SARS-CoV-2 has spread among humans, wreaking
havoc on health-care systems and economies. Given the
higher mutation rate of RNA viruses compared to DNA
viruses, it was thought that the viral genome of SARS-CoV-
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2 would evolve more quickly, allowing for better tracking of
the virus's dissemination (Grubaugh et al., 2019) 17,

The common cold, bronchiolitis, and pneumonia are all
caused by CoVs, which are a broad and diverse family of
viruses that cause a variety of respiratory, gastrointestinal,
and neurologic disorders of various severity (Weiss and
Leibowitz, 2011) 1, Human CoV are now limited to the
alpha (HCoV-229E and HCoV-NL63) and beta genera
(HCoV-0C43, HCoV-HKUL1), the latter of which includes
SARS-CoV1 and the Middle East respiratory syndrome
coronavirus (MERS-CoV). SARS-CoV2, a previously
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unknown coronavirus, was found in Wuhan (Hubei
Province, China) in December 2019 and sequenced in
January 2020 (Lu et al., 2020) (281,

Despite their species diversity, CoVs share crucial genetic
components that are required for viral replication, implying
that broad-spectrum therapeutic medicines could be
developed to combat the current pandemic and prevent
future outbreaks. The highly conserved RdRp plays a
critical function in the CoV replication cycle, accelerating
the production of fresh viral RNA, and is the goal of our
research to find novel inhibitors (Velthuis et al., 2012) (311,
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Fig 1: Life cycle of SARS CoV-2 in host cell

Modeling has been critical in understanding evolving
COVID-19 epidemiology and guiding public health
responses (Yang et al., 2020) 281, particularly with respect to
vaccines and Variants of Concern, in the ever-changing
epidemic landscape of COVID-19 (the disease caused by
severe acute respiratory syndrome coronavirus-2; SARS-
CoV-2) (VoC; viral strains hosting mutations that increase
transmissibility, change immune response, or affect disease
severity). Multiple effective vaccines have become available
in the eighteen months since COVID-19 appeared, but
outbreaks continue, in part due to poor vaccine access and
developing VoC. (Chowdhury et al., 2020) 231,

Modeling has identified important epidemiological
characteristics and helped identify when and what type of
restrictions should be applied to gain epidemic control since
the beginning of the pandemic. Models have explicitly
recorded social interactions to estimate the effects of
reopening schools, increasing the number of on-site workers

(Karatayev et al.,
travel, for example.
The cause of the ailment was unknown at first, but because
of its quick spread, it was suspected of being an infectious
agent. A viral agent belonging to the CoV group but with
completely distinct genetic traits than previous CoVs was
identified from infected individuals, according to findings
released by the US Centers for Disease Control and
Prevention (CDC) and the World Health Organization
(WHO) (Arguin et al., 2004) . The outbreak was finally
brought under control by the end of 2003. (Lau et al., 2004)
40 Given that the disease is a newly emerging pandemic
and is likely to recur, understanding suspected clinical and
laboratory  symptoms, the treatment process, its
transmission, some strategies for controlling the infection,
and essential recommendations before traveling to and from
infected areas were shown to be necessary.

Since the outbreak began, a tremendous amount of

2020) 4 and resuming international
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sequencing data has been collected, and this data is shared
on the GISAID database, which is a valuable resource for
virus surveillance. Based on spatial distribution, three
general groupings, G, V, and S, were defined from these
data. The G group has a competitive advantage due to a
substitution in the spike protein (D614G), which allowed the
G group to overpower the other viruses in less than two
months, albeit it did not entirely displace the other viruses,
which are still circulating in various parts of the world.

One theory is that the G viruses are More fit and have a
higher transmissibility rate, however this is currently being
researched. G, GR, and GH are now the three subgroups of
the G group. Another group of substitutions in regions near
to the receptor binding site, of which the S477 is especially
noteworthy (S4771/S477 N), has recently been identified at
the protein level that interacts with the ACE2 receptor, with
a probable improved capacity to attach to the receptor (Salje
et al., 2020) 42,

Looking at the overall history of the virus based on SARS-
CoV-2 genomic monitoring in France, virus sequences from
the early stages of the epidemic, March to June, show
virtually little evolution. This is due to the fact that the
receptor binding site does not tolerate many sequence
variations. Changes in these viruses occur at a rate of two to
three nucleotides each month at most. Furthermore, there
are just a few hundred single nucleotide polymorphism
(SNP) locations that can be modified, indicating that the
virus is quite stable and thus not comparable to influenza
(Cauchemez et al., 2020) 1431,

As of August 11, GISAID has more than 52,600 full and
high-coverage genomes. Systematically tracking alterations
in SARS-CoV-2 genomes is crucial because it enables for
national and worldwide surveillance of the molecular
epidemiology of circulating viral sequences. The nucleotide
variation landscape of a large group of internationally
generated SARS-CoV-2 genomes was studied and important
mutation events were identified. As a result of this research,
we were able to create a first-generation genetic classifier,
or 'barcode,' that defined the major clades of the virus that
were circulating up to May 28, 2020. This barcode, in
particular, made it possible to trace the spatial distribution
and prevalence of these viral clades across time. While most
non-synonymous mutations appear to have little effect on
protein function or stability, we did find indications of
changes in the spike protein that could modify SARS-CoV-
2-human host interactions.

The spike (S) protein, the envelope (E) protein, the
membrane (M) protein, and the nucleocapsid (N) protein are
the four key structural proteins in SARS-CoV-2 (Chen et
al., 2020). Furthermore, there are 16 non-structural proteins
(NSPs) that could be used in medication development. S
protein is made up of two parts: S1 and S2. The receptor-
binding domain (RBD) of S protein is involved in viral
entrance and binding to the host receptor protein ACE2,
while S2 is involved in viral fusion (Hatmal et al., 2020) (5],
The M and E proteins play a key role in viral assembly. N
protein is an RNA-binding multivalent protein that is
required for viral replication and genome packaging.
Because mutations in structural and non-structural proteins
are so important in virulence and virus propagation, they
should be taken into account while developing treatments
and vaccines (Premkumar et al., 2020) ¢, SARS-CoV-2
contains major genetic alterations that are completely
unknown to the human innate immune system
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(Tomaszewski et al., 2020) 1. On comparing the
epidemiology and pathobiology of SARS-CoV-2 with
SARS and MERS, Ganesh et al. collated findings that can
be used while treatments are being developed (Ganesh
2021) 481,

AIMS

In humans, the SARS-CoV-2 infection has achieved
endemicity. This needs the development of quick genetic
monitoring  technologies to  supplement  existing
comprehensive, genome-based approaches. Peptide research
has transformed the discovery of new treatments for a
variety of infectious diseases. The continued possibility of a
COVID-19 pandemic necessitates the development of
potential therapeutic alternatives. Due to the possibility of
repeated infection by existing strains or pandemic outbreaks
by novel mutant strains, intensive and fruitful research is
being conducted to produce broad spectrum vaccines and
treatment alternatives for corona viruses. Specific aim of the
research was to study the genome sequencing of SARS
CoV-2 and to study the insights of the role played by
variants in disease epidemiology all over the world.

Materials and Methods

1. SARS-CoV-2 sample collection and preparation
SARS-CoV-2 whole genome sequencing was performed on
remnant samples from nasopharyngeal and oropharyngeal
swabs taken from symptomatic patients. The primary swab
sample or extracted RNA were included in these samples.
Prior to RNA extraction, the swab samples were heat
inactivated in a water bath at 60 oC for 30 minutes in a
biosafety level 3 facility. The Viral NA/gDNA Kit on the
Chemagic 360 system (Perkin Elmer, Hamburg, Germany),
the automated Chemagic 360 equipment (Perkin Elmer,
Hamburg, Germany), or the Qiagen Viral RNA Mini Kit
were used to extract RNA (QIAGEN, California, USA).

2. Real Time PCR (RT-PCR)

The TagPath COVID-19 CE-IVD RT-PCR Kit (Life
Technologies, Carlsbad, CA) was used to detect the SARS-
CoV-2 virus by PCR, according to the manufacturer's
instructions. The assays target genomic sections of the
SARS-CoV-2 genome (ORFlab, S protein, and N protein).
A Quant Studio 7 Flex Real-Time PCR apparatus was used
for RT-PCR (Life Technologies, Carlshad, CA). Using auto-
analysis settings, cycle thresholds (Ct) were evaluated, with
the threshold lines occurring inside the exponential phase of
the fluorescence curves and above any background signal. A
Ct value for RNAse P (an endogenous internal amplification
control) and/or the target gene in each reaction is required to
accept the results a Ct value for RNAse P (i.e. an
endogenous internal amplification control) and/or the target
gene in each reaction was confirmed, with undetermined Ct
values in the no template control.

3. Hlumina Mi-Seq sequencing

This sequencing platform incorporated PCR products for
samples that yielded enough material. To generate uniquely
indexed paired end libraries of genomic DNA, Illuminal
TruSeql Nano DNA Library Prep kits were used according
to the manufacturer's methodology. The fragments were
examined using the Lab Chip GX Touc, and the libraries
were quantified using the Qubit dsDNA high-sensitivity
assay on the Qubit 4.0 instrument (Life Technologies)
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(Perkin Elmer, Hamburg, Germany). The sequencing
libraries were pooled and denatured with 0.2 N sodium
acetate after being normalized to 4 nM. 1 percent PhiX was
added to the 12 pM sample libraries (PhiX Control v3
adapter-ligated library used as a control). Libraries
consisting of 12 samples each were loaded onto a 500-cycle
MiSeq Nano Reagent Kit v2 nano v2 Miseq reagent kit and
run on the lllumina MiSeq instrument (Illumina, San Diego,
CA, USA).

4. Preparing world datasets

On June 30, 2020, the entire SARS-CoV2 genome
sequences were downloaded from the GISAID website, and
any sequences with lengthy internal gaps or ambiguities
(>30bps) were eliminated. There were 46,612 sequences in
the final collection. To construct separate collections of
samples, the following processing was done on these
sequences: Collecting Next strain sequences from
subsamples: The Next strain team (subsamples the massive
viral dataset into smaller collections of sequences covering
different geographical locations to make the phylogenetic
tree easier to visualize. There are approximately 5000
sequences in the most recent version (October 2020). We
took a sub-sample of this list and got roughly 250
sequences.

5. Phylogenomic analysis

On July 14, 2021, 1427 coronavirus genomes, including 329
SARS, 35 SARS-CoV-2, 61 HCoV-NL63, 521 MERS, 52
HCoV-HKUL1,170 HCoV 0OC43, 97 bovine coronaviruses,
and 61 mouse hepatitis viruses, were retrieved from the
Virus Pathogen Database and Analysis Resource (ViPR).
MAFFT (version 7.407) (Katoh and Standley 2013)
software was used to align the sequences, and trimAL
(version 1.4.1) (Capella- Gutiérrez et al., 2009) was used to
trim them. The full genomes were phylogenetically analysed
using FastTree (version 2.1.10) software with default
parameters, and phylogenetic tree visualisation was done
using iTOL (version 5) software. GISAID was used to
obtain 21,789 full SARS-CoV2 genomes (Shu, 2020).

6. Protein structure analysis

The Protein Data Bank provided experimentally determined
protein structures (PDB). To create protein structural
homology models, researchers utilised Swiss Model (Arnold
et al. 2006), | Tasser (Yang et al. 2014) B¢, Raptor X, and
an in-house modelling workflow. The transmembrane
regions were predicted using Phobius. Raptor X was also
utilised for secondary structure prediction and visualisation.

7. Epidemiological analysis and reproductive number
estimation

The effective reproduction number (R) was calculated using
the observed epidemic growth rate r as well as two
hypothesised R relationships previously published in the
literature. The current investigation utilised the relationship
R = (1+r/b) given in Imperial College London's COVID-19
report 13, where a = m2/s2 and b = m/s2, m the serial
interval (SID) mean and the SID standard deviation, and m
the serial interval (SID) standard deviation. With m = 4.7
and s = 2.9, the SID distribution utilised was that calculated
by (Nishiura et al., 2020). The Flaxman et al. approach was
given to this method (Flaxman et al., 2020), (ii) The
relationship R = (1+r/sigma) (1+r/delta) was used, with
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1/sigma representing the infectious period and 1/delta
representing the incubation period, as described by Wallinga
and Lipsitch (2007), which is based on an SEIR modelling
framework and expects both periods to be exponentially
distributed. Exponential distributions were employed, with a
mean incubation time of 5.1 days and an infection time of 4
days. The Wallinga et al. technique was named after this
method. Maximum likelihood estimation in R (function
optim) was used to calculate the epidemic growth rate r,
which was calculated by fitting the exponential growth
model AOert to the reported time series of cases and deaths
(independently), where t is time, AQ is the number of reports
att =0, and r is the growth rate. Deaths and cases that were
reported on a daily basis were utilised. The data for deaths
was collected from 27 March to 17 July, and the data for
cases was collected from 5 March to 12 July.

Results

The SARS-CoV-2 genome is most closely linked to SARS-
related coronaviruses (SARS-CoV-2) from horseshoe bats,
with 96 percent similarity to RaTG13, 93 percent similarity
to RmYNO2, and 88 percent similarity to bat-SL-CoVZC45
and bat-SL-CoVZXC21, as well as SARS-CoV-2 from
pangolins. We looked at the temporal occurrences of SARS-
CoV-2 genomes throughout the early phases of the
pandemic and the global spread of SARS-CoV-2 across
human populations, which helped us identify multiple viral
clades with shared SNPs. Real-time PCR, phylogenomic
analysis, and protein analysis revealed that the newly found
SARS CoV-2 variants were deadly and resulted in a large
number of deaths throughout the world.

1. Clinical data

Fever 43/61 (70%), cough 14/61 (23%), asthma 9/61
(14.7%), myalgia or tiredness 30/61 (49%), nasal congestion
16/61 (26%), sputum production 4/61 (5.7%), and dyspnea
14/61 (14%) were the most common clinical symptoms in
COVID-19 patients (23 percent). Headache or dizziness
3/61 (5%), diarrhea 3/61 (5%), nausea and vomiting 4/61
are all minor symptoms (5.7 percent). All of the patients
were able to recover without any problems.

2. Data availability

The nucleotide and amino acid percentage differences
across SARS-CoV-2 cases are 0.4 percent and 0.25 percent,
respectively, according to an analysis of all SARS-CoV-2
genome sequences in positive patients from around the
world. The samples from all across the globe were given the
prefix "hCoV-19/CUNCI-HGC" and the sample numbers
were appended to it. They were sent to GISAID and
GenBank. In addition, GISAID has been used to store all
sequences. Supplementary S1 contains a list of all sequences
in all databases, as well as their IDs. SARS-CoV2 genome
genes and mutations. Based on the reference Wuhan 1
sequence NC 045512.2, all obtained sequences were aligned
and trimmed.

3. Genome Sequencing

All sequences were cut to 29698 bp, and the global strains
revealed a total of 204 mutations. We discovered that the
ORF1ab polyprotein was responsible for more than half of
the variants (64 percent). The ORF6 and E protein
sequences have the least number of variants (0.5 percent)
(Table 1). There were 131 mutations in ORF1ab, followed
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by 30 mutations in S, 23 mutations in N, 6 mutations in
ORF3a, 6 mutations in ORF7a, 4 mutations in ORF8, 2
mutations in M, 1 mutation in E, and 1 mutation in ORF®6.
ORF1ab is split into 16 non-structural proteins after being
transcribed as a multi-protein (NSPs). NSP3 contains 34
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ORFlab protein variants, including 20 missense, 13
synonymous, and one frameshift. ¢.2772C > T (p.
Phe924Phe) was found in 57 of the 61 samples, followed by
€.5019C > T (p. Asnl673Asn) in 6/61 samples, and
€.2772delC (p. Tyr925fs) in 3/61 samples of the NSP3.
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Fig 2: Genomic Sequence of SARS CoV-2

4. Worldwide Frequency of Variants:

Figure (A) depicts the distribution and variance of various
variations throughout the genome. Because of its vastness,
it's no surprise that the ORF section has the majority of the
variegations (148). We compared this pattern of distribution
across a variety of datasets from throughout the world. This
contrast is shown in Figure (B). The relative frequencies
among the genes in the same dataset are also shown in the
graph. Figure 3(b) shows that from June to October 2020,

the number of variants worldwide grew by a maximum of
24%, which is not proportionate to the doubling of
deposited sequences. In addition, the world's relative
frequencies in June did not differ from those in October (P-
value > 0.05; Chi-square test). This means that particular
genes aren't under any more stress than others. In June and
October, there was no significant difference in the Relative
Frequencies columns between the Egyptian and global
populations (P value > 0.05; Chi square).
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Fig 3: Worldwide frequency and genomic sequencing of SARS CoV-2

5. Epidemiological Data

The epidemiological data of global COVID-19 cases has
been considerably disclosed thanks to genome sequencing
of novel SARS CoV-2 variants. COVID-19 is impacting
221 nations and territories, according to the WHO. The
overall number of cases reported worldwide is 219,332,901,
the total population lost to death is 4,545,878 people, and
the total number of recovered patients is 196,119,311.
(WHO, September 2, 2021).

Discussion

The goal of this study was to look at the genomic sequences
of several strains of SARS CoV-2 from all around the
world. This sequence data showed the disease's
epidemiology and gave researchers a better understanding of
the link between sequencing patterns and epidemiology.
This study identified five significant variations (G614, S84,
V251, 1378, and D392) of completely sequenced SARS-
CoV-2 genomes in the GISAID database, which will be
available until July 28, 2021. The distribution of variations
across different geographical regions was shown by
clustering these genomes. This trend differs from those of
other epidemic coronaviruses, such as MERS-CoV, which
have different geographic areas (Kim et al. 2016).

For example, clade G614, which was discovered on January
28, is currently prevalent in sampled genomes all around the
world, and its proportion is rising from Europe to North
America, Oceania, and finally Asia. This pattern indicates
effective viral transmission by frequent transcontinental

travel during a time when international travel restrictions
were infrequent, allowing the virus to spread to numerous
distant sites in a short amount of time. This finding
emphasises the significance of limiting foreign travel and
establishing limitations early in pandemics, as well as
enforcing social distance, to keep viruses from spreading
globally.

In different regions of the world, we've seen a varied
distribution of the primary variations (Figure 3.2). The
majority of viral genomes that haven't been attributed to a
major variation have been discovered in Asia, with
discovery dates in January and February, around the onset
of the pandemic in China. The study's findings indicated
that the global spread of viral strains has been decreasing
over time.

Conclusions

This work establishes a baseline for SARS CoV-2 genome
sequencing and elucidates the importance of this data in
revealing the epidemiological characteristics of various
strains throughout the world. It will be beneficial for
tracking changes in SARS-CoV-2 circulating variants in
different geographical locations over time. The
epidemiological data will be utilized to develop efficient
disease control methods across the world.
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