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Abstract

Background: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) upsurge sprang up in Wuhan, China, in late
December 2019.

Objectives: Due to the exceptionally high mutation frequency, comparative genomics of viruses isolated throughout time and in
various geographical locations are crucial. To better understand how SARS-CoV-2 heterogeneity has changed around the globe,
this research was conducted.

Methods: Nucleotide and protein sequences of SARS-Col -2, SARS-Col”, and bat SARS-like Col” were extracted from the
NCBI Virus database. The Wuhan SARS-Col -2 variant was used as a reference. Molecular Evolutionary Genetics Study per-
formed the phylogenetic analysis, while the Genome Detective Coronavirus Typing Tool performed the mutational analysis.
Results: The evolutionary research has revealed that bats are the primary host for coronavirus evolution and the origin of the
formation of SARS-Col” and SARS-Col-2. Numerous mutations have been discovered in the spike, envelope, and nucleocapsid
protein.

Conclusions: The current research findings may have an implication that facilitates the development of prospective immuniza-
tion candidates/small pharmacological compounds targeting COVID-19.
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Introduction countries throughout the world, ultimately erupting into a

Today, the entire world is facing a new global public
health crisis. In December 2019, an upsurge sprang up
in Wuhan, China, where a multitudinous of patients were
suffering from a bizarre agglomeration of respiratory
afflictions '. The International Committee on Taxono-
my of Viruses (ICTV) cleped the virus as Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-Col”-2)
on February 11", 2020, and the ailment effectuated by
SARS-CoV-2 was cleped as COVID-19 by the World
Health Organization (WHO) *°. The SARS-Col -2 vitus,
which first appeared in Wuhan, progressively propagated
throughout China and to other developed and developing
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global pandemic, as proclaimed by WHO on March 11%,
2020 **. The pandemic has inflicted a myriad of people.
As stated by Worldometer, an evaluation of 201, 064, 392
coronavirus cases, 4, 271, 371 demises, and 181, 054, 513
recovered have been reported (accessed on August 5%,
2021) 5.

Among all other nations, Pakistan has also been inflicted
by the Wuhan virus. On February 26th, 2020, the Min-
istry of Health, Government of Pakistan, promulgated
the first case of COVID-19 in Karachi. Another case was
announced by the Federal Ministry of Health in Islam-
abad on the same day °. As of 5th August 2021, there
were 105, 3660 confirmed cases of which 23, 635 have
died, 952, 616 have recovered, and 4050 are critical. The
SARS-CoV-2 has greatly affected the Sindh province and
is positioned at number 01 in proportion to the quota
of COVID cases (with 392, 433 cases as of 5th August
2021) 7. Presently, Pakistan is enduring a fourth wave of
COVID-19 endangered by the delta variant (B.1.617.2)
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also avowed as the Indian variant ®. The newly discovered
variants of COVID-19, that is, South Africa and Brazilian
variants, have been identified in Karachi during the third
wave of COVID-19°. In another report, researchers from
Karachi disclosed that 70% of COVID-19 infirmities
throughout Pakistan were attributed to the UK variant
. However, based on new findings and data, researchers
from the National Institute of Health, Islamabad, have
claimed that 50% of COVID-19 manifestations in Pa-
kistan are now attributed to the Delta (Indian) variant '

Genomics and Proteomics of COVID-19 have been
delineated in relevant studies. Genomic studies have im-
parted that the structure of SARS-Col”-2 is made up of
single-strand ribonucleic acid (ssRNA), comprising of four
structural proteins, namely, Spike protein (S), an Enve-
lope protein (E), Membrane protein (M), and Nucleo-
capsid (N) protein. In line with evolutionary studies, it
portrays that it exhibits 96.2% homogenous to bat coro-
naviruses and 79.5% (<50% sequence identity) with
SARS-Col” and MERS-Col” 2P, SARS-Col7-2 utilizes a
distinct protein known as S-protein to bind specifically to
the Angiotensin-Converting Enzyme 2 (ACE 2) of the
host cell '*. Asides from spike protein, SARS-CoV-2 also
embodies additional structural proteins such as E-pro-
tein and N-protein. E-protein is crucial for viral genome
packaging and the synthesis of ion channels (IC), which
are vital for virus-host contact and are frequently asso-
ciated with pathogenicity '>'. In contrast, the N-protein
serves a variety of roles in the Col” virus replication. For
example, in S4RS-Col”, the N-protein has been shown to
adhere to viral RNA and assemble it into 7ibonucleoprotein

(RNP) complexes. "'

Due to the extremely high mutation frequencies, SARS-
Col7-2 is naturally prone to mutations, ensuing in ge-
nomic diversity ’. Because of the virus's fast evolution,
generating vaccines and therapeutics may be problematic;
consequently, comparative genomics of viruses isolated
throughout time and in different regional areas is essential.
A comparative study of the genomes of distinct SAARS-
Col’-2, SARS-Col”, and bat SARS-lke Col” strains isolat-
ed would enable the identification and evaluation of the
variable and preserved genomic regions moreover, this
scientific understanding can help create efficacious vac-
cines and molecular epidemiological tracking. Thus, this
research was implemented to investigate the evolution of
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SARS-Col7-2 heterogeneity in other countries worldwide
afflicted with COVID-19.

Methods

Ethical Approval

Ethical approval was attained by the Dean, Faculty of
Science of COMSATS University Islamabad, Main Cam-
pus, Islamabad, Pakistan. This comparative genomic re-
search was effectuated in August 2021 at the Department
of Biosciences. This research entails no patient or animal
models and was implemented by computational tools/
software.

Sequence Retrieval

Nucleotide sequences of SARS-Col”-2 from Paki-
stan (Accession # MT240479.1), India (Accession #
MZ558086.1), UK (Accession # MZ376737.1), South
Africa (Accession # MZ202314.1), and Brazil (Accession
# MZ397163.1) were retrieved from the NCBI Virus da-
tabase. Likewise, the nucleotide sequences of SAARS-Col”
(Accession # NC_004718.3), and bat SARS-/ke Col”
(Accession # MG772934.1) were also retrieved from the
NCBI Virus database (https://www.ncbinlm.nih.gov/
labs/virus/vssi/#/virus?SeqType_s=Nucleotide&Vi-
rusLineage_ss=S5ARS-Col7-2,%20taxid:2697049).Corre-
spondingly, in synchrony to nucleotide sequences, pro-
tein sequences of S, E, and N-proteins of SARS-Col -2
variants, SARS-Col”, and bat SARS-/lke Col” were also
retrieved from the NCBI Virus database. SARS-Col -2
from Wuhan, China, was used as a reference (Accession
# NC_045512.2).

Phylogenetic Analysis

Molecular evolutionary genetics analysis (MEGA) 11 ver-
sion 11.0.10 software was exploited to generate and vi-
sualize the phylogenetic tree. A maximum likelihood ap-
proach with a bootstrap of 1000 replicates was employed
for determining the best interfacing tree. The substitution
model was computed to find the best DNA substitution
model for the phylogenetic analysis.

Mutational Analysis and Impact on Protein Stability
Genome detective Coronavirus typing tool (Version
1.17), which enables rapid identification and depiction
of novel COVID genomes, executed mutational analysis.
This tool allows for the input of up to 2000 sequences
and completes the probe within seconds. This typing tool
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has been approved for classifying novel SARS-Col”-2
among COVID species. We employed this typing method
to detect mutation in the genome of SARS-Col”-2 vari-
ants S, E, and N in comparison to Wuhan (China) S.ARS-
Col7-2. Finally, we utilized an in-house software built in
Perl and Python, MUpro server to forecast the impact of
mutation on protein stability on SAARS-Col-2 S, E, and
N-protein.

Results

Evolutionary analysis

A phylogenetic probe was performed to determine vari-
ation among the genomes of SAARS-Col -2, SARS-Col”,
and bat SARS-/ike Col”. MEGA 11 version 11.0.10 soft-
ware was exploited for generating a phylogenetic tree. A
maximum likelihood statistical method with a bootstrap
of 1000 replicates was utilized to discern the best inter-
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facing tree. The substitution model was computed, and
the General Time Reversible + proportion of Invariant
sites (GTR+I) model was found to be the best substitu-
tion model for the evolutionary analysis.

Our evolutionary research is evident that all the S.ARS-
Col7-2 variants form a clade that is all closely related to
each other and to bat SARS-/&e Col”, which successively
is related to SARS-Col”. This analysis reveals that only
bat SARS-/ke Col”has a very close evolutionary relation-
ship with $A4RS-Col”-2 encountering an independent bi-
furcation from bat S/4ARS-/ike Col”. The branch length of
SARS-Col” portrays that it has diverged very early from
bat SARS-like CoV. This evolutionary analysis strongly
concurs with the fact that bats are the primary host for
coronavirus evolution (Figure 1). The bootstrap values
(100%) as depicted in Figure 1 robustly support this anal-
ysis.

CHINA REF SEQ SARS-CoV 2 NC 045512.2
PAKISTAN SARS-CoV 2 MT240479.1
INDIA SARS-CoV 2 MZ558086.1
SOUTHAFRICA SARS-CoV 2 MZ202314.1
UK SARS-CoV 2 MZ376737.1

BRAZIL SARS-CoV 2 MZ397163.1

Bat SARS-like CoV MG772934.1

SARS-CoV NC 001718.3

Figure 1: Phylogenetic Tree displaying an evolutionary variation of SARS-Col -2, SARS-Col”, and bat SARS-/ike Col” complete
(nucleotide) genome. The evolutionary history was inferred by using the Maximum Likelihood method and General Time Reversible
model *". The tree with the highest log likelihood (-72607.67) is shown. The percentage of trees in which the associated taxa clustered
together is shown next to the branches. The rate variation model allowed for some sites to be evolutionarily invariable ([+1], 46.45%
sites). The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. All positions with less than
95% site coverage were eliminated, i.e., fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed at any position

(partial deletion option). Evolutionary analyses were conducted in MEGAT11 .

Comparative Genomics

Multalin online tool * and Nucleotide BLAST (BLASTN)
were used for comparative genomics, employing the
SARS-Col7-2 variant from Wuhan as a reference (Figure
2-4). The results of BLASTN have disclosed that all the
SARS-CoV-2 §, E, and N-genomes exhibit 99% homog-
enous with Wuhan (China) SARS-Col -2 excluding the
E-genomes of SARS-Col”-2 (Pakistan, UK, Brazil, and
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India) and N-genome of SARS-Col -2 (Pakistan) which
displays 100% similarity. In addition, SARS-Col” S, E,
and N-genome display's a 78%, 94%, and 89% analogous
with Wuhan (China) SARS-Col7-2 whereas bat SAARS-/ike
Col” S, E, and N-genome displays 83%, 99%, and 91%
homogenous (Supplementary Table 1-3). These results
also authenticate the evolutionary variation among the
genomes of SARS-Col -2, SARS-Col”, and bat SARS-
like Col” as delineated in Figure 1.
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CHINA VNLTTRTQLPPAYTNSEFTRGVYYPDKVFRSSVLHSTQDLFLPEES

PAKISTAN FVEFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTODLEFLPEES
SOUTHAFRICA |[SISVENRVANNIAV CVNRTTRTOQLPPAYTNSEFTRGVYYPDKVFRSSVLHSTODLEFLPEES
BRAZIL FVFLVLLPLVS LTQLPE}\YTNSFTRGVYYPDKVFRSSVLHSTQDLFLPFFS
UK FVFLVLLPLVS TOLPPAYTNSETRGVYYPDKVEFRSSVLHSTODLELPEES)

INDIA FVFLVLLPLVSS

CHINA INVTWEHATHVSGTNGTKREDNPVLPENDGVYFASTEKSNITRGWIFGTTLDSKTQSLL IV]
PAKISTAN INVTWEHATHVSGTNGTKREDNPVLPENDGVYFASTEKSNI TRGWIFGTTLDSKTQSLL IV]
SOUTHAFRICA |NAARUVEN:VNEEAYS STNGTKRFENPVLPFNDGVYFASTEKSNI IRGWIFGTTLDSKTQSLLIV|
BRAZIL NVTWEHATHV NGTKREDNPVLPENDGVYFASTEKSNI IRGWIFGTTLDSKTQSLL IV
UK NGTKREFDNPVLPENDGVYFASTEKSNIIRGWIFGTTLDSKTQOSLL IV
INDIA

CHINA INNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQOPELMDLE
PAKISTAN INNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPELMDLE
SIOISUN LN NSNS NN A TNVV IKVCEFQFCNDPEF LGVYYHKNNKSWMESEFRVY SSANNCTEFEYVSQPEFLMDLE,
BRAZIL NNATNVVIKVCEFQFCNEPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLE
UK INNATNVVIKVCEFQFCNDPEFLGVYEIsGNNKSWMESEFRVY SSANNCTFEYVSOPELMDLE
INDIA INNATNVVIKVCEFQFCNDPE LAY YHKNNKSWMESEFRVYSSANNCTFEYVSQPELMDLE

CHINA GKOGNEFKNLREFVEFKNIDGYFKIYSKHTPINLVRDLPOGFSALEPLVDLPIGINITREQT
PAKISTAN GKOGNEFKNLREFVEFKNIDGYFKIYSKHTPINLVRDLPOGFSALEPLVDLPIGINITREQT
SOUTHAFRICA GKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRELPQGFSALEPLVDLPIGINITRFQ—
BRAZIL GKQGNFKNLEEFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQT
UK GKOGNEFKNLREFVEFKNIDGYFKIYSKHTPINLVRDLPOGFSALEPLVDLPIGINITREQT
INDIA GKOGNEFKNLREFVFKNIDGYFKIYSKHTPINLVRDLPOGFSALEPLVDLPIGINITREQT

CHINA LLALHRSYLTPGDS WTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCALDPLSETK
PAKISTAN LLALHRSYLTPGDS WTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCALDPLSETK
SIOIUNR N NGl [ HRSYT. TPGDSSSGWTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCALDPLSETK
BRAZIL LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCALDPLSETK
UK LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOQPRTFLLKYNENGTITDAVDCALDPLSETK]
INDIA LLALHRSYLTPGDSSSGWTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCALDPLSETK

CHINA CTLKSEFTVEKGIYQTSNERVQPTESIVRFPNITNLCPEFGEVEFNATRFASVYAWNRKRI SN
PAKISTAN CTLKSEFTVEKGIYQTSNERVQPTESIVRFPNITNLCPEFGEVEFNATRFASVYAWNRKRI SN
SIOIS NN NN C T [ KSFTVEKGIYQTSNEFRVOPTESIVREFPNITNLCPFGEVENATREASVYAWNRKRI SN
BRAZIL CTLKSEFTVEKGIYQTSNERVQPTESIVRFPNITNLCPFGEVEFNATRFASVYAWNRKRI SN
UK CTLKSEFTVEKGIYQTSNERVQPTESIVRFPNITNLCPEFGEVENATREFASVYAWNRKRI SN
INDIA CTLKSEFTVEKGIYQTSNEFRVQPTESTIVRFPNITNLCPFGEVEFNATRFASVYAWNRKRI SN

Figure 2: Multiple Sequence Alignment of SARS-CoV-2, SARS-CoV, and bat SARS-like CoV Spike Protein.
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CHINA CVADYSVLYNSASFSTFKCYGVSPTKLNDLCETNVYADSEFVIRGDEVRQIAPGQTGKIAD

PAKISTAN CVADY SVLYNSASFSTFKCYGVSPTKLNDLCETNVYADSEFVIRGDEVRQIAPGOQTGKIAD
SOUTHAFRICA [GAVENBRNGSAVARSNESY NI INSH NN (OGN 4EAVASHZH N AN\ IDI NG N NAVA F2NDIST AVAIN €I DI AV O NN N L EIONNE [\ IW:ND)
BRAZIL CVADY SVLYNSASFSTFKCYGVSPTKLNDLCEFTNVYADSEFVIRGDEVRQIAPGQOTGEYTAD
UK CVADY SVLYNSASFSTFKCYGVSPTKLNDLCETNVYADSEFVIRGDEVRQIAPGOQTGKIAD

INDIA CVADYSVLYNSASFSTFKCYGVSPTKLNDLCETNVYADSEFVIRGDEVROQIAPGOQTGKIAD

CHINA YNYKLPDDEFTGCVIAWNSNNLDSKVGGNYNYLYRLEFRKSNLKPFERDISTEIYQOAGSTPC|
PAKISTAN YNYKLPDDETGCVIAWNSNNLDSKVGGNYNYLYRLEFRKSNLKPFERDISTEIYQOAGSTPC|
SIGISHR: NN SNOW Y N Y KL PDDETGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTETIYQAGSTPC
BRAZIL YNYKLPDDEFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPC|
UK YNYKLPDDETGCVIAWNSNNLDSKVGGNYNYLYRLEFRKSNLKPFERDISTEIYQOAGSTPC|
INDIA YNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYINMYRLFRKSNLKPFERDISTEIYQAGSINPC|

CHINA NGVEGFNCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
PAKISTAN NGVEGEFNCYFPLOSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
IO NN LN SN G VNG FNCYEFPLOSYGFOQPTMGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
BRAZIL NGVISGFNCYFPLOSYGFQPTMGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN
NGVEGEFNCYFPLOSYGFQPTHMGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN

UK

INDIA NGVEGFNCYFPLOSYGFQPTNIGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVN|
CHINA EFNFNGLTGTGVLTESNKKEFLPFQOFGRDIADTTDAVRDPOQTLEILDITPCSEFGGVSVITP
PAKISTAN EFNFNGLTGTGVLTESNKKEFLPFQOFGRDIADTTDAVRDPOQTLEILDITPCSEGGVSVITP)
SIS NN NSNS W ' N NG LTGTGVLTESNKKELPFQQFGRDIADTTDAVRDPOTLETILDITPCSEGGVSVITP
BRAZIL FNFNGLTGTGVLTESNKKEFLPFOOFGRDIADTTDAVRDPOTLEILDITPCSEGGVSVITP
UK FNFNGLTGTGVLTESNKKFLPFQQFGRDIEDTTDAVRDPQTLEILDITPCSFGGVSVITP
INDIA FNFNGLTGTGVLTESNKKFLPFOOFGRDIADTTDAVRDPOTLEILDITPCSEFGGVSVITP
CHINA GTNTSNQVAVLYQINVNCTEVPVAIHADOLTPTWRVYSTGSNVEFQTRAGCLIGAEHVNNSY)|
PAKISTAN GTNTSNQOQVAVLYQIVNCTEVPVAIHADOLTPTWRVYSTGSNVEFOQTRAGCLIGAEHVNNSY|

SIGIS NN NN G TN T SNOVAVLYOQGVNCTEVPVATHADQLTPTWRVYSTGSNVEQTRAGCLIGAEHVNNSY
GTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEEVNNSY

BRAZIL

UK GTNTSNQVAVLYQGVNCTEVPVAIHADOQLTPTWRVYSTGSNVEQTRAGCLIGAEHVNNSY]
INDIA GTNTSNOQVAVLYQGVNCTEVPVATHADOQLTPTWRVYSTGSNVEFQTRAGCLIGAEHVNNSY|
CHINA ECDIPIGAGICASYQTOTNSPRRARSVASQSITAYTMSLGAENSVAYSNNSTATPTNETTI
PAKISTAN ECDIPIGAGICASYQTOTNSPRRARSVASQSTITAYTMSLGAENSVAYSNNSTIATPTNETTI
SOUTHAFRICA ECDIPIGAGICASYQTHTNSPWRARSVASQSIIAYTMSLGEENSVAYSNNSIAIPTNFTI
BRAZIL ECDIPIGAGICASYQTOTNSPRRARSVASQSITAYTMSLGAENSVAYSNNSTATPTNETI
UK ECDIPIGAGICASYQTQTNSHRRARSVASQSIIAYTMSLGAENSVAYSNNSIAIPENFTI
INDIA ECDIPIGAGICASYQTQOTNSERIRRARSVASQSTITAYTMSLGAENSVAYSNNSTIATPTNETTI

Figure 2: continued
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CHINA SVITEILPVSMTKTSVDCTMYICGDSTECSNLLLOYGSEFCTQLNRALTGIAVEQDKNTOQE

PAKISTAN SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLOYGSFCTQLNRALTGIAVEQDKNTQE
SIGIBNNE NSO W S\ T TE T LPVSMTKTSVDCTMY ICGDSTECSNLLLOYGSEFCTQLNRALTGIAVEQDKNTQE
BRAZIL SVITTEILPVSMTKTSVDCTMYICGDSTECSNLLLOYGSFCTOQLNRALTGIAVEQDKNTOQE
UK SVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLOQYGSFCTQLNRALTGIAVEQDKNTQE
INDIA SVITEILPVSMTKTSVDCTMYTICGDSTECSNLLLOYGSFCTOQLNRALTGIAVEQDKNTQE
CHINA FAQVKOQIYKTPPIKDEFGGEFNFSQILPDPSKPSKRSEFIEDLLENKVTLADAGE IKQYGDC|
PAKISTAN FAQVKOIYKTPPIKDEFGGEFNFSQILPDPSKPSKRSEFIEDLLENKVTLADAGE IKQYGDC
SIOIBNRE NSO W [ AOVKO I YKTPPTIKDEGGENFSOILPDPSKPSKRSEFIEDLLENKVTLADAGE IKQYGDC
BRAZIL FAQVKOQIYKTPPIKDEFGGEFNFSQILPDPSKPSKRSEFIEDLLENKVTLADAGE IKQYGDC|
UK FAQVKQIYKTPPIKDFGGEFNFSQILPDPSKPSKRSFIEDLLEFNKVTLADAGE IKQYGDC|
INDIA FAQVKQIYKTPPIKDEFGGENFSQILPDPSKPSKRSEFIEDLLEFNKVTLADAGE IKQYGDC|
CHINA LGDIAARDLICAQKEFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTEFGAGAALOTI PEFAM
PAKISTAN LGDIAARDLICAQKEFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPEFAM
SIOIUNNNNSENO N | GD [ AARDL I CAQKEFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTEFGAGAALOTIPEAM
BRAZIL LGDIAARDLICAQKEFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTEFGAGAALQIPEFAM
UK LGDIAARDLICAQKEFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTEFGAGAALQIPEFAM
INDIA LGDIAARDLICAQKEFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTEFGAGAALQI PFAM
CHINA OMAYRFNGIGVTONVLYENQKLTANQFNSATIGKIQDSLSSTASALGKLODVVNONAQATLN]
PAKTISTAN OMAYRENGIGVTONVLYENQKLIANQFNSATGKIQODSLSSTASALGKLODVVNONAQATLN]
SIGIUEN NN SR OMAYREFNGIGVTONVLYENOKLTIANQFNSATGKIQODSLSSTASALGKLODVVNQONAQATN
BRAZIL OMAYRENGIGVTONVLYENQKLIANQENSAIGKIQODSLSSTASALGKLODVVNQNAQALN]
UK OMAYREFNGIGVTONVLYENQKLTIANQFNSATIGKIQDSLSSTASALGKLODVVNONAQALN]
INDIA

CHINA

PAKISTAN

SOUTHAFRICA

BRAZIL TLVKOLSSNEFGAISSVLNDILSRLDKVEAEVQIDRLITGRLOSLOTYVTOQOLIRAAETIRA
UK TLVKOQLSSNEFGAISSVLNDI LERLDK\]EAEVQ IDRLITGRLOSLOTYVTQOLIRAAETIRA
INDIA

CHINA SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNEFTTAPA
PAKISTAN SANLAATKMSECVLGQSKRVDFCGKGYHLMSEFPOSAPHGVVEFLHVTYVPAQEKNETTAPA
SN NSRS AN L AATKMSECVLGOSKRVDFCGKGYHLMSEFPOSAPHGVVEFLHVTYVPAQEKNETTAPA
BRAZIL SANLAAEKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEKNFTTAP A
UK SANLAATKMSECVLGQSKRVDFCGKGYHLMSFPOSAPHGVVFEFLHVTYVPAQEKNEFTTAPA
INDIA SANLAATKMSECVLGQSKRVDEFCGKGYHLMSEFPOSAPHGVVEFLHVTYVPAQEKNETTAPA

Figure 2: continued
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CHINA ICHDGKAHFPREGVEVSNGTHWEVTOQRNFYEPQITITTDNTEFVSGNCDVVIGIVNNTVYDP)

PAKISTAN ICHDGKAHFPREGVEVSNGTHWEVTQRNFYEPQITTTDNT FVSGNCDVVIGIVNNTVYDP
RIOIVANSN NG | CHDGKAHFPREGVEVSNGTHWEVTORNEYEPQITTTDNTEFVSGNCDVVIGIVNNTVYDP
BRAZTL ICHDGKAHFPREGVEVSNGTHWEVTORNFYEPQTITTTDNTFVSGNCDVVIGIVNNTVYDP
UK ICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTHNTFVSGNCDVVIGIVNNTVYDP
INDIA ICHDGKAHFPREGVEVSNGTHWEVTORNEFYEPQITTTDNTFVSGNCDVVIGIVNNTVYDP

CHINA LOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDIL
PAKISTAN LOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNEVAKNLNESLIDIL
SIOJUNN-PN NS O PE L DSFKEELDKY FKNHT SPDVDLGDISGINASVVNIQKEIDRINEVAKNLNESLIDI,
BRAZIL LQPELDSFKEELDKYFKNHTSPDVDLGDISGINASEVNIQKEIDRLNEVAKNLNESLIDL
UK LOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKETIDRLNEVAKNLNESTLIDI,

INDIA LOPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKETDRLNEVAKNLNESTLI DI,

CHINA OELGKYEQYTKWPWY IWLGF IAGLTIATVMVTIMLCCMTSCC
PAKTISTAN OELGKYEQYTKWPWY IWLGF IAGLTIATVMVTIMLCCMTS
SIOIUNN-P NN O O [ GKYEQY TKWPWY IWLGF IAGLIAIVMVTIMLCCMTS
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Figure 2: continued

CHINA YSFVSEETGTLIVNSVLLFLAFVVFLLVTLATLTALRLCAYCCNIVNVSLVKPSEFYVYS
PAKISTAN YSFVSEETGTLIVNSVLLELAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSEYVYS
INDIA YSFVSEETGTLIVNSVLLEFLAFVVFLLVTLATLTALRLCAYCCNIVNVSLVKPSEYVYS
UK YSFVSEETGTLIVNSVLLEFLAFVVFLLVTLATLTALRLCAYCCNIVNVSLVKPSEYVYS
BRAZIL YSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSEYVYS
SOV RO Y SV SEETGTLIVNSVLLE LAFVVELLVTLAILTALRLCAYCCNIVNVSLVKPSEYVYS

........ T0.....
CHINA RVKNLNSSRVPDLLV|
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SOUTHAFRICA IRNMNIBNSIINYT BINRY

Figure 3: Multiple Sequence Alignment of SARS-CoV-2, SARS-CoV, and bat SARS-like CoV Envelope Protein.
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Figure 4: Multiple Sequence Alignment of SARS-CoV-2, SARS-CoV, and bat SARS-like CoV Nucleocapsid Protein.

Mutational Analysis

Mutational analysis was implemented by Genome De-
tective Coronavirus Typing Tool (Version 1.17) and vali-
dated by Multalin online tool®. This tool has unearthed
mutations eventuating in S, E, and Nprotein of SARS-
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Col7-2 variants. We found out that SARS-Col -2 (India)
has undergone 7 mutations, SARS- Col7-2 (UK) has un-
dergone 9 mutations, SARS-Col”-2 (South Africa) has
undergone 11 mutations, and SARS- Col”-2 (Brazil) has
undergone 12 mutations, respectively. We have not wit-
nessed any mutations in the S-protein of SARS-Col -2
(Pakistan) (Table 1, Figure 2).
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Table 1: Mutation in Spike protein of SARS-CoV-2 strains from diverse geographical regions.

Protein

Origin

No. of Mutation

Mutation

Pakistan

0

India

G142D (21987G>A)

VI43F (21989G>T)

LA52R (22917T>G)

T478K (22995C>A)

D614G (23403A>G)

POSIR (23604C>G)

DI50N (24410G>A)

UK

H69_V70del
(21766_21771del ACATGT)

Y144del (21992_21994deITAT)

N501Y (23063A>T)

A570D (23271C>A)

D614G (23403A>G)

P681H (23604C>A)

T7161 (23709C>T)

S982A (24506T>G)

D1118H (24914G>C)

South Aftica

1

LISF (21614C>T)

D80A (21801A>C)

D215G (22206A>G)

1.242_1.244del
(22286_22294delCTTGCTTTA)

K417N (22813G>T)

F484K (23012G>A)

N501Y (23063A>T)

D614G (23403A>G)

Q677H (23593G>T)

R682W (23606C>T)

AT01V (23664C>T)

Brazil

12

L18F (21614C>T)

T20N (21621C>A)

P26S (21638C>T)

D138Y (21974G>T)

R1908 (22132G>T)

K417T (22812A>C)

F484K (23012G>A)

N501Y (23063A>T)

D614G (23403A>G)

H655Y (23525C>T)

T10271 (24642C>T)

VI176F (25088G>T)
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Further, we have also observed one amino acid mu- SARS-Col -2 (Pakistan, India, UK, and Brazil) as well in
tation of Proline (P) to Leucine (L) at the 71* locus in  the N-protein of SARS-Col-2 (Pakistan) but have noted
the E-protein of SAARS-Col”-2 (South Africa). However, several mutations in the N-protein of SARS-Col”-2 (In-
we have not witnessed any mutation in the E-protein of  dia, UK, South Africa, and Brazil) (Table 2).

Table 2: Mutation in Envelope and Nucleocapsid protein of SARS-CoV-2
strains from various geographical locations.

Protein | Origin No. of Mutation Mutation
South Africa 1 P71L (26456C>T)
E Pakistan, India, UK, and Brazil 0 -
Pakistan 0 -
D63G (288461A>G)
L139F (28690G>T)
India 5 R203M (28881G>T)
D377Y (29402G>T)
R385K (29427G>A)
N D3L (28280G>C
UK 28281A>T 28282T>A)
4 R203K (28881G>A
28882G>A)
G204R (28883G>C)
S235F (28977C>T)
South Africa 1 T2051 (28887C>T)
PSOR (28512C>G)
Brazil 4 R203K (28881G>A
28882G>A)
G204R (28883G>C)
D288N (29135G>A)
Impact on Protein Stability seems that the consequence of protein mutation dimin-

We have distinguished the repercussion of these mu- ishes the stability of the protein structure as demonstrat-
tations on the protein stability by the MUpro server. It ed as negative (-) AAG (Table 3).
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Table 3: Repercussion of Mutation on Protein Stability.

Protein Name | Mutation Origin Stability Effect (MUpro)
G142D Decrease Stability
(AAG = -1.6291959)
S V143F India Decrease Stability
(AAG = -1.0725209)
L452R Decrease Stability
(AAG = -0.4547574)
T478K Decrease Stability
(AAG = -0.3452853)
D614G Decrease Stability
(AAG = -0.93148242)
P681R Decrease Stability
(AAG = -1.390031)
D950N Decrease Stability
(AAG = -0.61717494)
N501Y Decrease Stability
(AAG = -1.7152495)
A570D Decrease Stability
(AAG = -1.8979773)
D614G Decrease Stability
UK (AAG = -0.93148242)
P681H Decrease Stability
(AAG = -1.158464)
T7161 Decrease Stability
(AAG = -1.7281241)
S982A Decrease Stability
(AAG = -1.2467257)
D1118H Dectrease Stability
(AAG = -0.90371524)
L18F Decrease Stability
South Africa | (AAG = -0.61079093)
D80A Decrease Stability
(AAG = -0.85116553)
D215G Decrease Stability
(AAG = -0.88640755)
K417N Decrease Stability
(AAG = -1.3481028)
E484K Decrease Stability
(AAG = -0.0090422293)
N501Y Decrease Stability
(AAG = -1.7152495)
Do614G Decrease Stability
(AAG = -0.93148242)
QG677H Decrease Stability
(AAG = -0.80644929)
R682W Decrease Stability
(AAG = -0.62478789)
AT01V Decrease Stability
(AAG = -1.5740659)
L18F Decrease Stability
(AAG = -0.61079093)
T20N Brazil Decrease Stability
(AAG = -1.1205078)
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P26S Decrease Stability
(AAG = -0.39125189)
D138Y Decrease Stability
(AAG = -1.01235)
R190S Decrease Stability
(AAG = -0.76374131)
K417T Decrease Stability
(AAG = -1.2705224)
E484K Decrease Stability
(AAG = -0.0090422293)
N501Y Decrease Stability
(AAG = -1.7152495)
Do614G Decrease Stability
(AAG = -0.93148242)
H655Y Decrease Stability
(AAG = -0.8723021)
T10271 Decrease Stability
(AAG = -2.6637480)
V1176F Decrease Stability
(AAG = -1.49823063)
E P71L South Africa | Decrease Stability
(AAG =-1.9631091)
D63G Decrease Stability
N India (AAG = -0.44971754)
L139F Decrease Stability
(AAG = -0.61518665)
R203M Decrease Stability
(AAG = -1.3051696)
D377Y Decrease Stability
(AAG = -1.277213)
R385K Decrease Stability
(AAG = -0.44097048)
D3L Decrease Stability
(AAG =-1.53012)
R203K Decrease Stability
UK (AAG = -0.73977168)
G204R Decrease Stability
(AAG = -1.7379677)
S235F Decrease Stability
(AAG = -1.8826398)
T2051 South Africa | Decrease Stability
(AAG = -1.9524886)
P8OR Decrease Stability
(AAG = -1.6718409)
R203K Decrease Stability
Brazil (AAG = -0.73977168)
G204R Decrease Stability
(AAG = -1.7379677)
D288N Decrease Stability
(AAG = -0.39236791)
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Discussion

In this study, we have examined SARS-Col”-2 genomes
from Pakistan, India, the UK, South Africa, and Brazil,
SARS-Col”, and bat SARS-like Col” to Wuhan (China)
SARS-Col7-2. Evolutionary research has revealed that all
the SARS-Col7-2 variants form a clade that is all closely
related to each other and to bat SARS-/Zke Col”, which
successively is related to SAARS-Col”. This analysis reveals
that only bat S.4RS-/ke Col” has a very close evolutionary
relationship with SAARS-Col7-2 encountering an indepen-
dent bifurcation from bat S.ARS-/ke Col”. The branch
length of SARS-Col” portrays that it has diverged very
early from bat S.ARS-/ike Col”. This evolutionary analysis
strongly concurs with the fact that bats are the primary
host for coronavirus evolution and the genesis of S.ARS-
Col” and SARS-Col -2, prompting scientists worldwide
to ponder bats as a natural reservoir. (Figure 1). Our evo-
lutionary analysis also concurs with other prior studies
?I=> moreovet, is authenticated by BLASTN.

Coronaviruses (CoVs) have the longest genomes (26.4 to
31.7 kb) of any well-known RNA virus *****. The enot-
mous genome size makes it flexible in acclimatizing and
manipulating genes *°
in RNA viruses is rather substantial, henceforth enhanc-
ing virulence and thus is responsible for the development

of speciation . The high frequency of recombination

. The frequency of recombination

within the viral genome at various locations is perhaps
one of the causes whereby SARS-Col-2 is accountable
for both the variation in deaths and medical manifesta-
tions . The viral genome of SARS-Col7-2 encodes four
prime structural proteins: the S-protein, the N-protein,
the M-protein, and an E-protein, which are all critical for

the production of a functionally mature virion *=".

The S-protein RBD is the domain that precisely combines
with ACE 2 to induce viral ingress into the host cell 38—
42. An assessment of the polypeptides of the S-protein
of five SARS-Col-2 variants discovered polymorphisms
in India, the UK, South Africa, and Brazil except for Pa-
kistan at numerous nucleotide and amino acid positions
(Table 1). The prognostication of protein stability em-
ploying theoretical or experimental techniques has been
a significant topic of research for some years *. Previ-
ous research suggests that a single point mutation at RBD
is responsible for altering the epitope organization and,
hence impairing RBD binding to ACE 2 **. A modifica-
tion in this area of the S-protein may impair RBD adher-
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ence towards its receptors, consequently impacting viral
penetration into the host genome.

E-protein is crucial for viral genome packaging and the
synthesis of ion channels (IC), which are vital for vi-
rus-host contact and are frequently associated with patho-
genicity ?1¢ We have observed one amino acid muta-
tion of Proline (P) to Leucine (L) at the 71* locus in the
E-protein of SARS-Col”-2 (South Africa). We have not
witnessed any mutation in the E-protein of SARS-Col -2
(Pakistan, India, UK, and Brazil) (Table 2). E-proteins
are polypeptides with approximately 100 residues that
are miniature components of virions but are extensively
synthesized within infected cells **. They exhibit a small
hydrophilic N-terminus, one or more putative terminal
transmembrane (TM) domains, and a less hydrophobic
C-terminal tail (15). Previously, it was demonstrated that
SNPs within the TMD domain of the E-protein impaired
IC function and resulted in reduced viral virulence *.
Henceforth, E is a viable antiviral therapeutic target and

immunization candidate against %>V,

The N-protein serves a variety of roles in the Col” virus
replication '"'®. For example, in SARS-Col”, the N-pro-
tein has been shown to adhere to viral RN.A and assem-
ble it into RINP complexes. The packed RINPs particles
are found on the viral membrane's internal face, generat-
ing a distinct layer from the envelope proteins M, E, and
S. Moreover, the association between N and the C-termi-
nus of the M-protein may facilitate RNP localization >
Numerous mutations at the nucleotide and amino acid
positions in the N-protein of SARS-Col”-2 have been
discerned (Table 3). Prior studies have shown that Car-
boxyl-Terminal Domain (CTD) is essential for oligom-
erization >,

It was also discovered that the S-profein was the most
mutated of all the structural proteins investigated in this
study. Among these variants, the most prominent are
D614G, N501Y, E484K, K417N, K417T, and L452R.
L452R mutation was discovered in the Indian SARS-
Col7-2 variant, also referred to as delta variant (B.1.617.2),
whereas conjunction of D614G and N501Y mutations
was discovered in the UK SARS-Col”-2 variant, also
recognized as alpha variant (B.1.1.7). In South African
SARS-Col-2 variants, a combination of E484K, K417N,
N501Y, and D614G was seen, widely known as beta vari-
ant (B.1.351), while a blend of K417T, E484K, N501Y,
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and D614G was discerned in the Brazilian SARS-Col -2
variant, commonly known as the gamma variant (P.1) >
Our results concur with CDC ™. It is envisaged that the
significant number of mutations found in structural pro-
teins, particularly S-protein, will have an impact on the
development of a vaccine/inhibitor against COVID-19.

To sum up, nucleotide and protein sequences of SARS-
Col7-2 from Pakistan, India, the UK, South Aftica, and
Brazil, SARS-Col”, and bat SARS-/ke Col” were evaluat-
ed and compared with Wuhan (China) SAARS-Col-2. In-
vestigators uncovered variants in structural proteins that
were unique to each nation (S-protein, E-protein, and
N-protein). Furthermore, the MUpro server investiga-
tion indicated that mutations impair protein stability and
impede inhibitor adhesion. The current research findings
might facilitate the development of prospective immu-
nization candidates/small pharmacological compounds
targeting COVID-19.

Acknowledgments

I would like to thank COMSATS University Islamabad
for providing me with an excellent academic environ-
ment, teachers, and resources to carry out my research.
Also, I want to extend my sincere gratitude to my super-
visor Dr. Anwar Ullah for his kind support and guidance.

Conflict of interest

There was no funding associated with this study. The
authors declare that the research was performed in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

References

1. Huang Y, Yang C, Xu X feng, Xu W, Liu S wen.
Structural and functional properties of SARS-CoV-2
spike protein: potential antivirus drug development for
COVID-19. Acta Pharmacol Sin. 2020;41(9):1141-9.

2. WHO. Coronavirus Disease [Internet|. Available from:
https:/ /www.who.int/emergencies/diseases/novel-coro-
navirus-2019

3. Nurlela N, Awaluddin F, Batubara I, Wahyudi ST. Com-
putational study of kaurene diterpenoids for antivirals
against SARS-CoV-2. | Appl Pharm Sci. 2022;12(8):112—
29.

4. Jain M, Anand A, Shah A. Exploring the Potential Role
of Theaflavin-3,3"-Digallate in Inhibiting Various Stages

397

of SARS-CoV-2 Life Cycle: An In-Silico Approach. Chen
Africa. 2022;5(4):883-98.

5. Wortldometer. COVID LIVE UPDATE |[Internet].
Wortldometer. 2021. Available from: https://www.worl-
dometers.info/coronavirus/

6. Waris A, Atta UK, Ali M, Asmat A, Baset A. COVID-19
outbreak: current scenario of Pakistan. New Microbes New
Infect. 2020;35:1-6 PubMed .

7. Government of Pakistan. National Command and Op-
eration Center [Internet]. Gop. 2021. p. 1. Available from:
https://ncoc.gov.pk/

8. DAWN NEWS. Clear signs 4th Covid wave is starting,
warns Asad Umar - Pakistan - DAWN [Internet]. Avail-
able from: https://www.dawn.com/news/1634076

9. GEO NEWS. COVID-19_ Pakistan confirms presence
of South African, Brazilian variants [Internet]. Available
from: https://www.geo.tv/latest/348183-covid-19-paki-
stan-confirms-presence-of-south-african-brazilian-vari-
ants

10. THE EXPRESS TRIBUNE. “UK variant accounts
for 70% of Covid cases in Pakistan” [Internet|. Available
from: https://tribune.com.pk/story/2298965/uk-vari-
ant-accounts-for-70-of-covid-cases-in-pakistan-resear-
cher

11. ARAB NEWS. Delta variant accounts for 50% new
Pakistani COVID-19 cases — National Institute of
Health [Internet]. Available from: https://www.arab-
news.pk/node/1891751/pakistan

12. Umar HI, Josiah SS, Saliu TP, Jimoh TO, Ajayi A,
Danjuma JB. In-silico analysis of the inhibition of the
SARS-CoV-2 main protease by some active compounds
from selected African plants. | Taibah Univ Med Sci.
2021;16(2):162-76.

13. Ahmed-Abakur EH, Ullah MF, Elssaig EH, Alnour
TMS. In-silico genomic landscape characterization and
evolution of SARS-CoV-2 wvariants isolated in India
shows significant drift with high frequency of mutations.
Sand; | Biol Sci. 2022;29(5):3494-501.

14. Turonova B, Sikora M, Schiirmann C, Hagen WJH,
Welsch S, Blanc FEC, et al. In situ structural analysis of
SARS-CoV-2 spike reveals flexibility mediated by three
hinges. Science (80-). 2020;370(6513):203-8.

15. Jalily PH, Jalily Hasani H, Fedida D. In Silico Evalua-
tion of Hexamethylene Amiloride Derivatives as Poten-
tial Luminal Inhibitors of SARS-CoV-2 E Protein. In? |
Mol Sci. 2022;23(18).

16. Schoeman D, Fielding BC. Coronavirus envelope pro-
tein: Current knowledge. I7ro/ J. 2019;16(1):1-22.

African Health Sciences, Vol 23 Issue 3, September, 2023



17. McBride R, van Zyl M, Fielding BC. The coronavi-
rus nucleocapsid is a multifunctional protein. [Zruses.
2014;6(8):2991-3018.

18. URAS ME. In silico comparative analysis of SARS-
CoV-2 Nucleocapsid (N) protein using bioinformatics
tools. Front Life Sci Relat Technol. 2021;2(1):1-9.

19. Denison MR, Graham RL, Donaldson EF, Ecketle
LD, Baric RS. Coronaviruses: An RNA proofreading ma-
chine regulates replication fidelity and diversity. Vol. 8,
RNA Biology. 2011.

20. Florence Corpet. Multalin Interface Page [Internet].
Multiple sequence alignment with hierarchical clustering;
Nucleic Acids Res.; 1988. Available from: http://multalin.
toulouse.inra.fr/multalin/

21. Baruah C, Devi P, Sharma DK. Sequence Analysis
and Structure Prediction of SARS-CoV-2 Accessory Pro-
teins 9b and ORF14: Evolutionary Analysis Indicates
Close Relatedness to Bat Coronavirus. Biomed Res Int.
2020;2020.

22. Rehman HA, Ramzan F, Basharat Z, Shakeel M,
Khan MUG, Khan IA. Comprehensive comparative
genomic and microsatellite analysis of SARS, MERS,
BAT-SARS, and COVID-19 coronaviruses. | Med 17irol.
2021;93(7):4382-91.

23. Cui J, Han N, Streicker D, Li G, Tang X, Shi Z, et
al. Evolutionary relationships between bat coronaviruses
and their hosts. Ewerg Infect Dis. 2007;13(10):1526-32.
24. D. Vijaykrishna, G.J.D. Smith, ]X.Zhang, ]S.M.
Peiris, H. Chen and YG. Evolutionary Insights into
the Ecology of Coronaviruses. A Soc Microbiol 1/irol.
2007;81(8):4012-20.

25. PZ,XLY,XGW,BH, LZ, W Z. A pneumonia out-
break associated with anew coronavirus of probable bat
origin. Nature. 2020;579(7798):270-3.

26. Khan MI, Khan ZA, Baig MH, Ahmad I, Farouk
AEA, Song YG, et al. Comparative genome analysis of
novel coronavirus (SARS-CoV-2) from different geo-
graphical locations and the effect of mutations on major
target proteins: An in-silico insight. PLoS One. 2020;15(9
September):1-15.

27. Woo PCY, Lau SKP, Lam CSE, Lai KKY, Huang Y,
Lee P, et al. Comparative Analysis of Complete Genome
Sequences of Three Avian Coronaviruses Reveals a Nov-
el Group 3c Coronavirus. | Izrol. 2009;83(2):908—17.

28. Mihindukulasuriya KA, Wu G, St. Leger ], Nordhau-
sen RW, Wang D. Identification of a Novel Coronavirus

African Health Sciences, Vol 23 Issue 3, September, 2023

from a Beluga Whale by Using a Panviral Microarray. |
Virol. 2008;82(10):5084-8.

29. Duffy S. Why are RNA virus mutation rates so damn
high? PLoS Biol. 2018;16(8):1-6.

30. Angeletti S, Benvenuto D, Bianchi M, Giovanet-
ti M, Pascarella S, Ciccozzi M. COVID-2019: The role
of the nsp2 and nsp3 in its pathogenesis. | Med 17irol.
2020;92(6):584-8.

31. Schoeman D, Fielding BC. Coronavirus envelope pro-
tein: Current knowledge. Vol. 16, 1zrology Journal. 2019.
1-122 p.

32. Masters PS. The Molecular Biology of Coronaviruses.
Ady Virns Res. 2006;65(06):193-292.

33. Mortola E, Roy P. Efficient assembly and release of
SARS coronavirus-like particles by a heterologous ex-
pression system. FEBS' Lezt. 2004;576(1-2):174-8.

34. Wang C, Zheng X, Gai W, Zhao Y, Wang H, Wang H,
et al. MERS-CoV virus-like particles produced in insect
cells induce specific humoural and cellular imminity in
rhesus macaques. Oncotarget. 2017;8(8):12686—94.

35. Mithilesh S, Raghunandan D, Suresh PK. In-Silico
Identification of Natural Compounds from Traditional
Medicine as Potential Drug Leads against SARS-CoV-2
Through Virtual Screening, Proc Nat/ Acad Sci India Sect
B - Biol S¢i. 2022;92(1):81-7.

36. Low ZY, Zabidi NZ, Yip AJW, Puniyamurti A,
Chow VTK, Lal SK. SARS-CoV-2 Non-Structural Pro-
teins and Their Roles in Host Immune Evasion. IZruses.
2022;14(9):1-27.

37. Junior NN, Santos IA, Meireles BA, Nicolau MSP,
Lapa IR, Aguiar RS, et al. In silico evaluation of lapachol
derivatives binding to the Nsp9 of SARS-CoV-2. | Biomol
Struct Dyn. 2022;40(13):5917-31.

38.Dul,HeY, ZhouY, Liu S, Zheng BJ, Jiang S. The spike
protein of SARS-CoV - A target for vaccine and thera-
peutic development. Naz Rev Microbiol. 2009;7(3):226-306.
39. Kuhn JH, Li W, Choe H, Farzan M. Angiotensin-con-
verting enzyme 2: A functional receptor for SARS coro-
navirus. Ce/l Mol Life Sci. 2004;61(21):2738—43.

40. Tai W, He L, Zhang X, Pu ], Voronin D, Jiang S, et al.
Characterization of the receptor-binding domain (RBD)
of 2019 novel coronavirus: implication for development
of RBD protein as a viral attachment inhibitor and vac-
cine. Ce/l Mol Immunol. 2020;17(6):613-20.

41. Kumar S, Thambiraja TS, Karuppanan K, Subrama-
niam G. Omicron and Delta variant of SARS-CoV-2: A

398



comparative computational study of spike protein. | Med
Virol. 2022;94(4):1641-9.

42. Math RK, Mudennavar N, Javaregowda PK, Savanur
A. In Silico Comparative Analysis of the Function-
al, Structural, and Evolutionary Properties of SARS-
CoV-2 Variant Spike Proteins. JMIR Bioinforma Biotechnol.
2022;3(1): €37391.

43. Wang L, Veenstra DL, Radmer RJ, Kollman PA. Can
one predict protein stability? An attempt to do so for res-
idue 133 of T4 lysozyme using a combination of free en-
ergy derivatives, PROFEC, and free energy perturbation
methods [Internet]. Vol. 32, Proteins: Structure, Function
and Genetics. 1998. p. 438-58. Available from: https://
pubmed.ncbi.nlm.nih.gov/9726415/

44. Babcock GJ, Esshaki DJ, Thomas WD, Ambrosino
DM. Amino Acids 270 to 510 of the Severe Acute Respi-
ratory Syndrome Coronavirus Spike Protein Are Required
for Interaction with Receptor. | 177rol. 2004;78(9):4552—
60.

45. Prabakaran P, Gan ], Feng Y, Zhu Z, Choudhry V, Xiao
X, et al. Structure of severe acute respiratory syndrome
coronavirus receptor-binding domain complexed with
neutralizing antibody. | Bio/ Chem. 2006;281(23):15829—
30.

46. Ruch TR, Machamer CE. The coronavirus E protein:
Assembly and beyond. I7ruses. 2012;4(3):363—82.

47. Nieto-Torres JL, DeDiego ML, Alvarez E, Jiménez-
Guardefio JM, Regla-Nava JA, Llorente M, et al. Sub-
cellular location and topology of severe acute respira-
tory syndrome coronavirus envelope protein. [77rology.
2011;415(2):69-82.

48. Mandala VS, McKay MJ, Shcherbakov AA, Dregni AJ,
Kolocouris A, Hong M. Structure and drug binding of the
SARS-CoV-2 envelope protein transmembrane domain
in lipid bilayers. Naz Struct Mol Biol. 2020;27(12):1202-8.
49. Nieto-Torres JL, DeDiego ML, Verdia-Baguena C,
Jimenez-Guardefio JM, Regla-Nava JA, Fernandez-Del-
gado R, et al. Severe Acute Respiratory Syndrome
Coronavirus Envelope Protein Ion Channel Activity

399

Promotes Virus Fitness and Pathogenesis. PLoS Pathog.
2014;10(5):1-16.

50. Chang CK, Hou MH, Chang CF, Hsiao CD, Huang
TH. The SARS coronavirus nucleocapsid protein - Forms
and functions. Antiviral Res. 2014;103(1):39-50.

51. Cortés-Sarabia K, Luna-Pineda VM, Rodriguez-Ruiz
HA, Leyva-Vazquez MA, Hernandez-Sotelo D, Bel-
tran-Anaya FO, et al. Utility of in silico-identified-pep-
tides in spike-S1 domain and nucleocapsid of SARS-
CoV-2 for antibody detection in COVID-19 patients and
antibody production. Su Rep. 2022;12(1):15057.

52. Lo YS, Lin SY, Wang SM, Wang CT, Chiu YL, Huang
TH, et al. Oligomerization of the carboxyl terminal do-
main of the human coronavirus 229F nucleocapsid pro-
tein. FEBS Lezt. 2013;587(2):120-7.

53. Idowu KA, Onyenaka C, Olaleye OA. A computation-
al evaluation of structural stability of omicron and delta
mutations of SARS-CoV-2 spike proteins and human
ACE-2 interactions. Informatics Med unlocked [Internet].
2022; 33:101074. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/36092780%0Ahttp://www.pubmed-
central.nih.gov/articlerender.fcgirartid=PMC9450468
54. Sun C, Xie C, Bu GL, Zhong LY, Zeng MS. Molecular
characteristics, immune evasion, and impact of SARS-
CoV-2 variants. Signal Transduct Target Ther. 2022;7(1):1—
72.

55. Fidan O, Mujwar S, Kciuk M. Discovery of adapalene
and dihydrotachysterol as antiviral agents for the Omi-
cron variant of SARS-CoV-2 through computational
drug repurposing. Mo/ Divers. 2022;

56. Centers for Disease Control and Prevention. SARS-
CoV-2 Variant Classifications and Definitions [Internet].
Cdc. 2021. Available from: https://www.cdc.gov/coro-
navirus/2019-ncov/variants/variant-info.html

57. Nei M and Kumar S. Molecular Evolution and Phylo-
genetics. Oxford Univ Press New York. 2000,

58. Tamura K Stecher G, Kumar S. MEGAT11: Molecular
Evolutionary Genetics Analysis Version 11. Mo/ Bio/ Evol.
2021;38(7):3022-7.

African Health Sciences, Vol 23 Issue 3, September, 2023



