
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Gene Reports 26 (2022) 101537

Available online 2 February 2022
2452-0144/Crown Copyright © 2022 Published by Elsevier Inc. All rights reserved.

Highlight of potential impact of new viral genotypes of SARS-CoV-2 on 
vaccines and anti-viral therapeutics 

Abozar Ghorbani a,*, Samira Samarfard b, Maziar Jajarmi c, Mahboube Bagheri d, 
Thomas P. Karbanowicz g, Alireza Afsharifar a, Mohammad Hadi Eskandari e, Ali Niazi f, 
Keramatollah Izadpanah a 

a Plant Virology Research Centre, College of Agriculture, Shiraz University, Shiraz, Iran 
b Berrimah Veterinary Laboratory, Department of Primary Industry and Resources, Berrimah, NT 0828 Australia 
c Department of Pathobiology, Faculty of Veterinary Medicine, Shahid Bahonar University of Kerman, Kerman, Iran 
d Department of Food Science and Technology, Bardsir Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran 
e Department of Food Science and Technology, College of Agriculture, Shiraz University, Shiraz, Iran 
f Institute of Biotechnology, College of Agriculture, Shiraz University, Shiraz, Iran 
g Australian Red Cross Lifeblood, West Melbourne 3003, VIC Australia   

A R T I C L E  I N F O   

Edited by: Hee-Jeong Im Sampen  

Keywords: 
SARS-CoV-2 
Mutation detection 
Viral vaccines 
Antiviral drugs 
Phylogenetic analysis 
Bioinformatics 

A B S T R A C T   

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causal agent of the coronavirus disease 
(COVID-19) pandemic, has infected millions of people globally. Genetic variation and selective pressures lead to 
the accumulation of single nucleotide polymorphism (SNP) within the viral genome that may affect virulence, 
transmission rate, viral recognition and the efficacy of prophylactic and interventional measures. To address 
these concerns at the genomic level, we assessed the phylogeny and SNPs of the SARS-CoV-2 mutant population 
collected to date in Iran in relation to globally reported variants. Phylogenetic analysis of mutant strains revealed 
the occurrence of the variants known as B.1.1.7 (Alpha), B.1.525 (Eta), and B.1.617 (Delta) that appear to have 
delineated independently in Iran. SNP analysis of the Iranian sequences revealed that the mutations were pre-
dominantly positioned within the S protein-coding region, with most SNPs localizing to the S1 subunit. Seven-
teen S1-localizing SNPs occurred in the RNA binding domain that interacts with ACE2 of the host cell. 
Importantly, many of these SNPs are predicted to influence the binding of antibodies and anti-viral therapeutics, 
indicating that the adaptive host response appears to be imposing a selective pressure that is driving the evo-
lution of the virus in this closed population through enhancing virulence. The SNPs detected within these mutant 
cohorts are addressed with respect to current prophylactic measures and therapeutic interventions.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the 
etiological agent of the coronavirus disease (COVID-19) pandemic, has 
now infected more than 250 million (250,524,307) people and caused 
more than 5 million (5,059,893) deaths in one of the worst global 
pandemics of the recent century (Data accurate as of 9/11/2021: Center 
for Systems Science and Engineering (CSSE) at Johns Hopkins University 

(JHU), COVID-19 Dashboard; https://coronavirus.jhu.edu/map.html). 
More than 6 million (6,012,408) COVID-19-infected cases and about 
127, 439 cumulative death have been reported in Iran (https://covid19. 
who.int/region/emro/country/ir). Since the beginning of the pandemic, 
COVID-19-related policies have been implemented in all countries to 
restrict the spread of the virus and prevent the exhaustion of the health 
system’s resources (Greer et al., 2020). Iran’s health ministry has called 
for lockdowns and restrictions on entry to the high risks provinces 
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M, Membrane; N, Nucleocapsid; ACE2, Angiotensin-converting enzyme 2; FP, Fusion peptide; HR1, Heptad repeat 1; HR2, Heptad repeat 2; IC, Intracellular domain; 
NTD, N-terminal domain; SD1, Subdomain 1; SD2, Subdomain 2; TM, Transmembrane region; RBD, Receptor-binding domain; NAG, N-acetylglucosamine. 
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enforced by armed forces and law enforcement to limit the virus trans-
mission and during the Persian new year (March 20 to May 2) 
(Hadianfar et al., 2021). However, only a few study cases are available 
on the efficiency of Iranian public health measures for reducing the rate 
of COVID-19-infected cases and the percentage of compliance or non- 
compliance to the control measures (Ghadiri et al., 2021; Wong et al., 
2021). 

About 59% of Iran’s population (85 million) have received at least 
one vaccine dose and about 45% are fully vaccinated (Data accurate as 
of 3/11/2021: https://www.nytimes.com/2021/10/20/world/middl 
eeast/iran-covid-vaccine-fakhravac.html). 

The frequency of the viral mutations can be reduced through surging 
the rate of full vaccination and herd immunity. Therefore, countries with 
high vaccine coverage are less likely to experience the emergence of 
vaccine-resistant strains and new superspreading events (Rella et al., 
2021). 

Taxonomically, SARS-CoV-2 is a member of the Coronaviridae family, 
Orthocoronavirinae subfamily, and Betacoronavirus genus, which en-
compasses additional human pathogens including SARS-CoV and MERS- 
CoV. SARS-CoV-2 is an enveloped virus possessing a monopartite, 
positive-sense, single-stranded RNA genome consisting of 29,891 nu-
cleotides that include two untranslated regions (UTRs) at the 5′ and 3′

ends and 12 putative Open Reading Frames (ORFs) in gene order from 5′

to 3′ that encode accessory proteins, non-structural proteins (NSP) and 
structural proteins (SP) (Feng et al., 2020; Harapan et al., 2020; Shaw 
et al., 2020). The 5′ -terminus codes for ORF1a and ORF1b. The − 1 ri-
bosomal frameshift upstream of the ORF1a stop codon allows continued 
translation of the ORF1b coding region to generate a full-length ORF1ab 
polyprotein (Sola et al., 2015). The 3′-terminal ORFs of SARS-CoV-2 
genome encode SPs, including spike glycoprotein (S, ORF2), envelope 
(E, ORF4), membrane (M, ORF5) and nucleocapsid (N, ORF9a) and 
accessory proteins (3a, 6, 7a, 7b, 8, and 10) that are expressed from nine 
predicted sub-genomic RNAs (Wu et al., 2020). 

The surface glycoprotein (≈180 kDa) of SARS-CoV-2, known as S 
protein, is critical to viral attachment of ACE2 (angiotensin-converting 
enzyme 2), its cognate receptor on the surface of host cells derived from 
different vertebrate species (Jaimes et al., 2020a). The S protein of 
SARS-CoV-2 is composed of fusion peptide (FP), heptad repeat 1 (HR1), 
heptad repeat 2 (HR2), intracellular domain (IC), N-terminal domain 
(NTD), subdomain 1 (SD1), subdomain 2 (SD2), transmembrane region 
(TM), receptor-binding domain (RBD). In all coronaviruses including 
SARS-CoV-2, the S-glycoprotein is cleaved by host proteases at the S1/ 
S2 junction. This cleavage activates S protein to fuse the host membrane 
by irreversible conformational changes. The second cleavage site, S2′, 
located 130 residues from the N terminus of the S2 subunit which is 
highly conserved among coronaviruses. Cleavage at the S2′ site by host 
cell proteases is important for successful viral infection (Belouzard et al., 
2009; Gui et al., 2017; Park et al., 2016b; Walls et al., 2017). The RBD is 
a core that mediates the interaction between S protein and ACE2 (Lan 
et al., 2020; Sternberg and Naujokat, 2020). Specifically, the S protein 
N-terminal S1 subunit mediates ACE2 binding whereas the C-terminal 
S2 subunit facilitates membrane fusion (Huang et al., 2020; Wrapp et al., 
2020) to permit the transfer of the viral nucleocapsid into the target host 
cell (Belouzard et al., 2012; Lan et al., 2020). Recent computer modeling 
and structural analysis of the interaction between the SARS-CoV-2 RBD 
and ACE2 recognized the presence of residues important for ACE2 
binding. Most of these residues are highly conserved or share similar 
side chain traits with those in the SARS-CoV RBD. However, those res-
idues that mediate the SARS-CoV-2 RBD and ACE2 are experimentally 
unclear (Lan et al., 2020; Wan et al., 2020). 

On account of its reported immunogenicity and solvent-exposed 
expression on the surface of the virus, the S protein has become a 
dominant target of various immune-based interventional and prophy-
lactic strategies (Lan et al., 2020). Genetic analyses have played a sig-
nificant role in expanding our knowledge on emerging viruses as well as 
informing viral containment strategies. With respect to the COVID19 

pandemic, numerous, reoccurring mutations have been detected in the 
region coding for the S protein (van Dorp et al., 2020a). Functional 
analyses indicate that many of the mutations occurring in the S1 domain 
of the S protein alter virus transmissibility, infectivity, interaction with 
the target cells, and reactivity with neutralizing antibodies (Chatterjee, 
2020; Focosi and Maggi, 2021; Greaney et al., 2021; Li et al., 2020). This 
genomic plasticity is related to the fact that viruses with RNA-based 
genomes are more prone to mutability compared to those with DNA- 
based genomes, and therefore evolve rapidly with selective pressures 
(Lin et al., 2019)., The genomic plasticity of RNA viruses sometimes 
enables the viral particle to elude neutralizing antibodies and virus- 
specific T cells generated post-infection or after vaccination (Focosi 
et al., 2021). 

The antigenic heterogeneity caused by the high mutation rate display 
an unprecedented challenge in the production of successful vaccines as 
well as antisera and monoclonal antibody-based therapeutics (Servín- 
Blanco et al., 2016). Further attempts to confer immunity against viruses 
must therefore take ongoing antigenic variation into account, either 
through vaccine and immunotherapy solutions directed toward domi-
nant viral genotypes, or inducing antibodies that identify a wide range of 
viral strains (Hedestam et al., 2008; Ledgerwood et al., 2015). The 
emergence of SARS-CoV-2 variants with ever-increasing mutations in 
the S protein will continue to challenge vaccine and immunotherapy 
solutions (McCormick et al., 2021). Thus, knowledge of dominant var-
iants within the viral populations is essential for informing public health 
interventions. Research into the phylogeny and evolutionary process of 
the SARS-CoV-2 genotypes circulating in diverged geographical regions 
is critical in the initial stages of vaccine and immunotherapy design. 

To investigate the impact of emerging variants on current vaccine 
and immunotherapies, we focused on the detection and distribution 
pattern of single nucleotide polymorphism (SNP) within the S protein 
from whole-genome sequence levels of SARS-CoV-2 strains from a closed 
population (Iran) with a narrow immunogenetic profile. Furthermore, 
evolutionary selection pressure on the viral population and the phylo-
genetic analyses of Iranian isolates of SARS-CoV-2 were generated to 
compare with other global isolates. Based on these investigations, we 
provide a clear image of the current dynamics of the COVID19 outbreak 
in Iran and evaluate the impact of emerging variants. 

2. Materials and methods 

2.1. Sequence selection and trimming 

The RNA sequences of the whole genome and the S gene of SARS- 
CoV-2 genotypes were retrieved from the GISAID (Global Initiative on 
Sharing Avian Flu Data SOURCE). These data include 64 whole-genome 
sequences and 139 S gene sequences collected from different locations in 
Iran. In addition, 64 whole-genome sequences of various phylogenetic 
clades of other global isolates were retrieved from GISAID. SARS-CoV-2 
sequences were trimmed to remove low-quality sequences with ambig-
uous nucleotides and to obtain sequences of the same size by ClustalW 
(version 2.1) implemented using Geneious Prime 2019 software (Bio-
matters, New Zealand). SNP identification, genetic diversity, and 
phylogenetic assessments were performed using whole-genome se-
quences and S coding sequences of SARS-CoV-2. 

2.2. SNP discovery 

SARS-CoV-2 sequences were mapped to the reference genome 
(NC_045512.2) for SNP identification and variant discovery via CLC 
Genomics Workbench (version 20, QIAGEN, Venlo, The Netherlands) 
followed by default parameters to the metrics of low-frequency variant 
detection; these metrics included SNP discovery Quality filter Neigh-
borhood (radius 5), minimum central quality (20), minimum Neigh-
borhood quality (15), minimum count (2) and minimum frequency 
(2%). SNPs were annotated and filtered using track tools and the Refseq 
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to understand their impacts on the amino acid change within the ORF2. 
Protein Data Bank (PDB) was downloaded from the RCSB PDB database 
(https://www.rcsb.org) for visualization of SNPs on the 3D structure of 
S protein and further prediction of their effect on drug binding sites in 
SARS-CoV-2 genome using CLC genomic workbench and RCSB PDB 
database. 

The distribution pattern of SNPs in S gene sequences was assessed, 
and the evolutionary selection pressure based on computing the confi-
dence estimation for the non-synonymous and synonymous nucleotide 
substitution rates (dN/dS = ω) and degree of selective constraints 
imposed on S protein were determined via the bootstrap method (1000 
replicates) and Tamura-Nei model using MEGA version 7. The estimated 
Transition/Transversion bias was calculated for whole-genome and S 
gene data under the Kimura 2-parameter model using the maximum 
likelihood method. To the estimated value of the shape parameter for 
the discrete Gamma Distribution for whole-genome and S gene data 
Tamura-Nei model and Maximum Likelihood method were used in 
MEGA v.7. 

2.3. Phylogenetic assessments 

A phylogenetic tree based on the ClustalW alignment of all retrieved 
SARS-CoV-2 consensus sequences was constructed using MEGA v.7 
(Pennsylvania State University, USA). The software default was set for 
the neighbor-joining method; maximum composite likelihood- 
parameter distance matrix, bootstrap values of 1000 replicates, and a 
70% threshold score (Kumar et al., 2016). 

2.4. Evaluation of Physicochemical parameters 

Different Physico-chemical features of newly emerged viral variants 
including B.1.1.7 (Alpha), B.1.525 (Eta), and B.1.617 (Delta) were 
characterized and compared with Wuhan isolate (NC_045512) through 
subjecting S protein sequence of the viral variant to ProtParam server 
(https://web.expasy.org/protparam/) available at the ExPASy (Expert 
Protein Analysis System) bioinformatics resource portal. Various protein 
parameters including the molecular weight of the peptide, theoretical pI, 
instability index, grand average of hydropathicity, and total number of 
negatively/positively charged residues were estimated (https://web.exp 
asy.org/protparam/). 

3. Results and discussion 

3.1. The pattern of SNPs in S the gene 

Due to the rampant transmission of the virus throughout the human 
population, SARS-CoV-2 has the potential to be affected by high rates of 
recombination that might lead to new virulent derivatives of the virus. 
However, to date, there have been no recombination events in SARS 
COV-2 reported (Dearlove et al., 2020; Rausch et al., 2020). Genetic 
alteration in the genes encoding SPs such as the S protein could poten-
tially aid the virus in evasion of the host immune response and diminish 
vaccine efficacy (Korber et al., 2020b). To assess this, we focused on the 
S protein of 189 SARS-CoV-2 isolates (genomic and sub-genomic) from 
Iran annotated based on the sequences recorded in the GISAID database 
(Supplementary Table 1). Initially, we observed that the frequency of 
the SNPs increased over time but then decreased to a rate similar to that 
of early isolates (Supplementary Table 2). Some SNPs, such as those 
positioned within nucleotide 614, were repeated in the S protein of most 
analyzed genotypes, indicating fixation and the emergence of prioritized 
SNPs at the S gene-level for natural selection. The SNPs of S protein 
analyzed for Iranian SARS-CoV-2 genotypes were mostly positioned in 
the NTD and were less frequent in the RBD domain. SNPs occurring 
within the S gene could potentially affect protein structure, antigenicity, 
and host tropism. Several mutations have been detected in the NTD of S 
protein of SARS-CoV-2 genotypes from different countries/regions. For 

instance, Yuan et al. (2020) showed that five SNPs were located in 
residues of RBD, among which V483A (n = 21) in the USA and N439K (n 
= 31) in the UK were in RBM and 3 SNPs including A344S (n = 2) in 
Saudi Arabia, N354D (n = 2) in China and V367F (n = 8) in France and 
the Netherlands were in RBD (Yuan et al., 2020). 

SNP variation in SARS-CoV-2 genome and their effect on the vaccine 
and anti-viral therapeutics. 

SNP profiling revealed 112 SNPs in the S protein for Iranian isolate 
that led to an amino acid substitution (Supplementary Table 2). We 
determined a threshold of two repetitions, thus some SNPs were 
observed with low frequency. After that, we selected 36 important SNPs 
that occur in locations that putatively influence vaccines, antibody 
therapy and drugs (Table 1). Most amino acid-changing polymorphisms 
were positioned at the NTD coding region, while seventeen amino acid- 
changing polymorphisms were observed at the RBD of the S sequence 
(Table 1). The location of SNPs on the 3D structure of S protein is 
indicated in green (Fig. 1). 

Most of the 25 SNPs were located within the S1 domain, while just 8 
important SNPs were recognized in the NTD region of S1. The NTD has a 
role in the prefusion-to-postfusion transition of the virion (Chi et al., 
2020). Besides, in many coronaviruses, the NTD domain of S protein 
attaches to host sialic acid receptors, and variations in NTD of corona-
viruses have been shown to influence viral pathogenicity (Jaimes et al., 
2020b; Millet et al., 2021). Nine SNPs in the Iranian isolates were 
located in the RBM region of the S sequence encoding the ACE2 
receptor-binding domain (Table 1). Wang et al. (2021) have previously 
reported that more than half of all mutations on the RBD occurred in the 
RBM domain. These mutations may potentially strengthen the binding 
of S protein and ACE2 and impact antiviral drug and vaccine develop-
ment, thus leading to more deleterious SARS-CoV-2 genotypes (Chen 
et al., 2020a; Wang et al., 2021). 

The most prevalent SNP in Iranian isolates is D614G. This mutation 
has been also reported for the European strains of SARS-CoV-2 in the 
early stages of the pandemic and has become a principal substitution 
globally (Grubaugh et al., 2020). It has been speculated that the relative 
load of the G614 variant is higher than the parental D614 during 
infection of the upper respiratory tract. Therefore, this substitution 
seems to enhance the infectivity and transmissibility of the virus with no 
significant effect on disease severity (Korber et al., 2020b). 

Several SNPs occurring in the S protein with lower frequency were 
also identified (Supplementary Table 2). Low-frequency SNPs can 
potentiate variations in the viral genome and viral tropism; however, 
understanding their effect on S protein function requires further inves-
tigation (Millet and Whittaker, 2015; Shang et al., 2020a; Shang et al., 
2020b). Some S protein SNPs that we identified in this study were 
located within immunodominant epitopes that were previously sug-
gested as targets for vaccine development (Ghorbani et al., 2020b) 
(Supplementary Table 2). However, the impact of these SNPs on hu-
moral immunity and vaccine efficacy cannot be concluded without 
further clinical analysis. 

Most of the SNPs share a constellation of mutations that is very 
similar to that occurring in the widely circulating variants B.1.1.7 
(Alpha), B.1.525 (Eta) and B.1.617 (Delta). The accumulation of mul-
tiple mutations at these loci at the same time within a variant, especially 
in the area of interaction with the ACE2, could impact vaccines and 
immunotherapy-based treatment as well as naturally acquired immu-
nity. Variant B.1.1.7 was first detected in England (2020-09-09) and 
quickly became the most prevalent variant in the UK, soon spreading to 
other countries. This variant possesses 17, then novel, genetic changes 
and a higher reproduction rate than previously described in other var-
iants (Iacobucci, 2021). 

Several mutations of SNPs occurring in non-S ORFs could be surface- 
exposed, indicating the potential capacity to interfere with antiviral 
drugs and therapies. SNP variations of SARS-CoV-2 whole genome of 
Iranian isolates with amino acid changes were found in ORFs 1ab (30 
SNPs), 3a (4 SNPs), M (one SNP), 7b (2 SNPs), and N (9 SNPs) (Table 2). 
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Saha et al. (2021) also reported SNPs in ORFs 1ab, 3a, M, and N genes of 
566 genotypes of SARS-CoV-2 from India with the potential of amino 
acid alteration (Saha et al., 2021). When the number of SNPs was 
normalized according to ORF length, 7b, S, and N proteins showed more 
variability compared to other ORFs. N is an important protein in the 
disease cycle and based on viral gene expression analysis, exhibits a 
higher level of expression during cell infection (Ghorbani et al., 2020b). 

The study of mutations within each country can provide valuable 
information for the development of vaccines and immunotherapies and 
new insight into disease development within a given country. This is 
especially valuable to assess in countries consisting of closed pop-
ulations, as the effects of more homogeneous immunogenetic properties 
of the population can be more carefully assessed. In this study, the SNP 
variation that has been detected in the S and 1ab proteins can affect the 
drug binding site. N-acetylglucosamine (NAG), polysorbate 80, Isoleu-
cine, Glycine, and Lysine were affected by these mutations. NAG and 
Glycine are under investigation for therapeutic potential, while Lysine 
has been used prophylactically (Quantinosis.aiLLC (2021); Vargas, 
2020). Polysorbate 80 is a non-ionic surfactant and emulsifier often used 
in foods and cosmetics and is a component of many vaccines used in the 

United States, including the Janssen COVID-19 vaccine. Fig. 2 displays 
the interaction of N-acetylglucosamine (NAG) and polysorbate 80 with S 
protein in positions that were under SNP variation. NAG has been 
affected by SNPs more than other drugs. 

The SNPs in other proteins of SARS-CoV-2 genotypes recorded from 
Iran were determined and drug binding sites were investigated 
(Table 2). NAG is used in the management of numerous disease states 
including osteoarthritis, diabetes, aging skin, knee pain, and inflam-
matory bowel disease (IBD) and phase one clinical assessment of its use 
in the therapeutic intervention of COVID-19 is currently under investi-
gation (https://clinicaltrials.gov/ct2/show/NCT04706416). 

Neutralizing monoclonal antibodies and targeting the RBD on the 
SARS-CoV-2 S protein are potential options for drug development for 
treating COVID-19. Therefore, monoclonal antibodies targeting S1 block 
the viral entry to host cells (Chen et al., 2020b). In this study, we showed 
the mutation that can affect the S protein antibody binding sites 
(Table 1). The Seventeen SNP have occurred on the RBD of Iranian 
isolates which can affect the targeting of the RBD. The mutations 
K417N/T, N439K, L452R, S477N, E484K, and N501Y were reported to 
be the most dangerous for immune escape from antibody blocking 

Table 1 
Important single-nucleotide polymorphisms (SNPs) in spike sequences of Iranian human SARS-COV-2 isolates and their effect on drug binding site.  

Spike 
domain 

Reference Allele Count Frequency Amino acid 
change 

Other variants 
within codon 

Effect on drug 
binding site 

Modified positions are the same 
as the variants 

The mutation that 
influences antibody 
responses 

NTD C G 6 3.174603 Thr19Arg No 1 drug hit B.1.617 +

NTD G A 2 1.058201 Arg21Lys No No drug hits B.1.617 +

NTD TACATG − 11 5.820106 His69_Val70del Yes No drug hits B.1.1.7, B.1.525 +

NTD G T 4 2.116402 Asp80Tyr No No drug hits B.1.351 +

NTD TTA − 20 10.58201 Tyr145del No 1 drug hit B.1.1.7, B.1.525 +

NTD G C 2 1.058201 Glu156Asp Yes No drug hits B.1.617 +

NTD AG CT 2 1.058201 Arg158Leu Yes No drug hits B.1.617 +

NTD C T 4 2.116402 Ala222Val No No drug hits B.1.617 +

RBD G C 2 1.058201 Val407Leu No 1 drug hit − +

RBD G A 2 1.058201 Ala411Thr No No drug hits − +

RBD A C 3 1.587302 Lys417Thr Yes 1 drug hit B.1.351, B.1.1.28 +

RBD 
(RBM) 

C G 3 1.587302 Asn439Lys No 1 drug hit − +

RBD 
(RBM) 

T A 2 1.058201 Asn448Lys No No drug hits − +

RBD 
(RBM) 

T G 6 3.174603 Leu452Arg No 1 drug hit B.1.617, B.1.429 + B.1.427 +

RBD 
(RBM) 

G A 2 1.058201 Asp467Asn No 1 drug hit − +

RBD 
(RBM) 

G A 15 7.936508 Ser477Asn No No drug hits B.1.526 +

RBD 
(RBM) 

C A 6 3.174603 Thr478Lys No No drug hits B.1.617 +

RBD 
(RBM) 

G A 3 1.587302 Glu484Lys No No drug hits B.1.351, B.1.1.28, B.1.525 +

RBD 
(RBM) 

A T 23 12.16931 Asn501Tyr Yes 1 drug hit B.1.1.7, B.1.351, P.1 +

RBD 
(RBM) 

A C 2 1.058201 Asn501Thr Yes 1 drug hit B.1.351, B.1.1.28 +

RBD G A 2 1.058201 Arg509Lys No 11 drug hits − +

RBD C A 2 1.058201 His519Asn No 2 drug hits − +

RBD G C 2 1.058201 Ala522Pro No 3 drug hits − +

RBD T G 2 1.058201 Val534Gly Yes 2 drug hits − +

RBD AA GT 2 1.058201 Lys535Val Yes No drug hits − +

C A 16 8.465608 Ala570Asp No 1 drug hit B.1.1.7 +

A G 95 50.26455 Asp614Gly No 1 drug hit B.1.17, B.1.351, P.1, B.1.525, 
B.1.429 + B.1.427, B.1.526, 
B.1.617, B.1.1.28 

+

C T 4 2.116402 His655Tyr No 1 drug hit B.1.1.28 +

G T 3 1.587302 Gln677His No No drug hits B.1.525 +

C A 16 8.465608 Pro681His No 1 drug hit B.1.1.7 +

C G 6 3.174603 Pro681Arg No 1 drug hit B.1.617 +

C T 16 8.465608 Thr716Ile No 1 drug hit B.1.1.7 +

HR G A 8 4.232804 Asp950Asn No No drug hits B.1.617 +

HR T G 17 8.994709 Ser982Ala No No drug hits B.1.1.7 +

G C 16 8.465608 Asp1118His No No drug hits B.1.1.7 +

NTD; N-terminal domain (NTD), RBD; receptor-binding domain, RBM; receptor-binding motif, FP; fusion peptide, HR; heptad repeat1. 
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(Focosi and Maggi, 2021), mutations were discovered in our analysis 
(Table 1). Accumulation SNPs in RBD can affect antibody therapeutics 
and escape antibody binding (Greaney et al., 2021). 

3.2. Phylogeny and evolution analysis of SARS-CoV-2 genome 

Addressing specific types of mutations: for viruses in general, 
nucleotide substitutions are on average four times more common than 
insertions/deletions (Sanjuán, 2010). For SARS-CoV-2, the mutation 
rate is estimated at 8 × 10− 4 to 1.1 × 10− 3 substitutions/site/ (Duchene 
et al., 2020); This corresponds to an average pairwise nucleotide dif-
ference across any isolates of 8–10 (van Dorp et al., 2020a). The tran-
sition to transversion ratio for point mutations is considered a good 
indicator of the evolutionary pressure on a given virus, and for SARS- 
CoV-2, the genome-wide ratio is calculated at 1.88 (van Dorp et al., 
2020b). However, the transition/transversion ratio may vary in different 
genes within a viral population (Strandberg and Salter, 2004). 

Our results revealed that the transition/transversion ratio bias for the 
S encoding gene is lower than the whole genome of SARS-CoV-2 
(Table 3), indicating that the evolutionary pressure is focused on 
conserving the S protein. However, a high transition rate, in hotspot 
regions, could lead to a positive selection of S mutations associated with 
virulence properties, resistance against host immunity, and infectivity of 
the virus. Roy et al. (2020) reported that the frequency of transition 
changes in SARS-CoV-2 was higher than transversion in the pan-genome 
of the virus. They concluded that mutations related to non-structural 

protein-coding genes of SARS-CoV-2 are under negative selection, 
while mutations related to structural protein-coding genes are under 
positive selection (Roy et al., 2020). Gamma parameter for site rates was 
calculated and our data showed that gamma parameter for S protein is 
higher than the whole-viral genome; thus more positive selective pres-
sure is on S protein and this may be related to selection pressure exerted 
by the adaptive immune response (Table 3) (Gelman et al., 2020). SNPs 
of SARS-CoV-2 naturally exist in the population (Ghorbani et al., 2020a) 
or accumulate in a new variant when the virus circulates in different 
hosts (Ghorbani et al., 2021)but their frequency is related to positive 
selection by mAbs and vaccines (Gelman et al., 2020). 

A phylogenetic tree was constructed for selected SARS-CoV-2 isolates 
from Iran and compared with different clades of SARS-CoV-2 genotypes 
from other countries and isolates of new variants that were constructed 
based on the whole-genome sequences of the virus by the NJ method. 
Most Iranian isolates showed a close evolutionary relationship to other 
viral genotypes from Iran (Fig. 3). 

For phylogenetic analysis, we assessed the genomic diversity of the 
Iranian SARS-CoV-2 isolates and their phylogenetic relationship with 
other strains from various parts of the globe. Based on the evolutionary 
relationship shown in the phylogenetic NJ tree for the isolates in this 
study, most of the isolates in Iran were clustered in close clades and 
rather distally from the out-group (SARS-related coronavirus), which 
could be due to geographical separation among countries and internal 
circulation and adaptation of the virus in Iran. A small number of iso-
lates were clustered in other clades related to other regions over the 

Fig. 1. Position of SNPs on the 3D structure of SARS-CoV-2 Spike protein in Iranian isolates. SNPs have been shown in green color. A, B, and C show SNPs in a chain. 
D show SNPs in a chain that combined to other two chains. (For interpretation of the references to color in this figure legend, the reader is referred to the web version 
of this article.) 
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world including England, Wales, and Yunnan, which could be due to the 
rapid and extensive transmission of the virus from one continent to 
another or parallel mutations in the viral populations. B.1.1.7, B.1.617 
and B.1.525 variants have a close evolutionary relationship with Iranian 
isolates. This is the first reported confirmation of the presence of the 
B.1.1.7, B.1.617 and B.1.525 variants in Iran. 

3.3. Protein physicochemical parameters 

The knowledge of physicochemical properties of new SARS-CoV-2 
variants particularly at the S protein level is vital for developing the 
live attenuated and inactivated vaccines against SARS-CoV-2 and to 
properly determining the drug-targeting strategies for small-molecule 
pharmaceuticals. Here, we have calculated important physicochemical 
parameters of the S protein of new SARS-CoV-2 variants including 
B.1.1.7 (Alpha), B.1.525 (Eta) and B.1.617 (Delta) and compared the 
calculated values with those of the Refseq genotype that was reported 

from Wuhan at the beginning of COVID-19 pandemic (Table 4). The 
values for the physicochemical properties and the molecular weight of 
the (S) proteins were calculated based on the corresponding amino acid 
sequence. The physicochemical properties of the newly emerged variant 
of SARS-CoV-2 slightly differed from the original genotype because the 
main immunogenic properties of viral variants and the virus from 
Wuhan were not changed throughout ongoing evolution (Table 4). The 
grand average of the hydropathicity index for all variants shows that the 
S proteins of different variants hardly differ in their hydrophobicity. 
Since the response of viruses to disinfectants depends on whether they 
are lipophilic or hydrophilic, viruses can be categorized as lipophilic 
(enveloped) or hydrophilic (nonenveloped) and intermediate solubility 
(nonenveloped) (Block, 2001). SARS-CoV-2 and other coronaviruses 
have an envelope and are classified as lipophilic viruses (Koch, 1985). 
Srivastava et al. (2020) also found that the more lipophilic the drug, the 
better it can inhibit the SARS-CoV-2 replication within the infected 
human cells. In enveloped viruses, the viral protein and lipid 

Table 2 
Single-nucleotide polymorphisms (SNPs) in whole genome (except spike ORF) sequences of Iranian human SARS-COV-2 isolates and their effect on drug binding site.  

ORF Reference Allele Count Frequency Amino acid change Effect on putative drug-binding site (PDB drug name) 

ORF1ab G T 2 3.125 Trp161Leu – 
ORF1ab C T 16 25 Arg207Cys – 
ORF1ab G C 2 3.125 Cys316Ser – 
ORF1ab G A 36 56.25 Val378Ile – 
ORF1ab C T 6 9.375 His417Tyr – 
ORF1ab A C 2 3.125 Glu489Ala – 
ORF1ab C T 2 3.125 Ala656Val – 
ORF1ab C T 3 4.6875 Ser944Leu – 
ORF1ab T C 2 3.125 Cys1114Arg – 
ORF1ab C T 3 4.6875 Leu1507Phe – 
ORF1ab C T 2 3.125 Thr1682Ile – 
ORF1ab C T 3 4.6875 Thr1760Ile – 
ORF1ab G T 2 3.125 Arg2159Leu – 
ORF1ab C T 2 3.125 Ser2488Phe – 
ORF1ab A G 2 3.125 Asn2596Ser – 
ORF1ab G T 16 25 Met2796Ile – 
ORF1ab G T 32 50 Leu3606Phe – 
ORF1ab C A 2 3.125 His3633Asn – 
ORF1ab A G 3 4.6875 Glu3909Gly – 
ORF1ab C T 2 3.125 Thr4129Ile – 
ORF1ab G T 3 4.6875 Gly4529Cys – 
ORF1ab C T 27 42.1875 Pro4715Leu – 
ORF1ab C T 2 3.125 Leu5030Phe – 
ORF1ab C T 6 9.375 Thr5193Ile – 
ORF1ab C T 4 6.25 His5614Tyr UR7, VW4, UXG, N0E, S9S, UQS, VVD, JFM, VWD, NZG, VWJ, VWG, K34* 
ORF1ab C T 3 4.6875 Thr5675Ile VVG, STV 
ORF1ab T G 2 3.125 Phe5799Val K34 
ORF1ab C T 2 3.125 Ser5809Leu VWM, VXG, K2P 
ORF1ab C T 2 3.125 Thr6038Ile – 
ORF1ab G A 6 9.375 Gly6875Arg – 
ORF3a G T 15 23.4375 Gln57His – 
ORF3a G T 3 4.6875 Val112Phe – 
ORF3a A G 3 4.6875 Thr223Ala – 
ORF3a C T 2 3.125 Thr223Ile – 
ORFM A G 3 4.6875 Ile73Met – 
ORF7b G T 3 4.6875 Leu11Phe – 
ORF7b C T 3 4.6875 Thr40Ile – 
ORFN G T 2 3.125 Asp3Tyr – 
ORFN C A 3 4.6875 Pro13Thr – 
ORFN C T 2 3.125 Ala35Val – 
ORFN C T 6 9.375 Ser186Phe – 
ORFN C G 2 3.125 Asn192Lys – 
ORFN C T 13 20.3125 Ser194Leu – 
ORFN GGG AAC 7 10.9375 Gly204delinsLysArg – 
ORFN C T 3 4.6875 Ala220Val – 
ORFN G T 2 3.125 Met234Ile –  

* UR7: 1-(3-fluoro-4-methylphenyl)methanesulfonamide, VW4: (2S)-2-phenylpropane-1-sulfonamide, UXG: 1-(diphenylmethyl)azetidin-3-ol, N0E: N}-(4-hydrox-
yphenyl)-3-phenyl-propanamide, S9S: -[2-(4-fluorophenyl)ethyl]methanesulfonamide, UQS: N-[(2-fluorophenyl)methyl]-1H-pyrazol-4-amine, VVD: 5-(acetylamino)- 
2-fluorobenzoic acid, JFM: N-(2-phenylethyl) methanesulfonamide, VWD: (1R)-2-(methylsulfonyl)-1-phenylethan-1-ol, NZG: 3-(acetylamino)-4-fluorobenzoic acid, 
VWJ: N-(propan-2-yl)-1H-benzimidazol-2-amine, VWG: N-hydroxyquinoline-2-carboxamide, K34: 5-(1,3-thiazol-2-yl)-1H-1,2,4-triazole, VVG: N-(2-fluorophenyl) 
ethane sulfonamide, STV: -(1,3-benzodioxol-5-ylmethyl) ethane sulfonamide, VWM: (3R)-1-acetyl-3-hydroxypiperidine-3-carboxylic acid, VXG: (3S,4R)-1-acetyl-4- 
phenylpyrrolidine-3-carboxylic acid, K2P: 2-(trifluoromethoxy)benzoic acid. 
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compositions, and the host cell membrane plays a decisive role in 
infectivity (Srivastava et al., 2020; Sun and Whittaker, 2003). The S2 
subunit is composed of FP, HR1, HR2, TM domain, and cytoplasmic 
domain fusion (CT) responsible for viral fusion and entry. FP includes 
15–20 conserved amino acids of the coronaviridae family and mainly of 
hydrophobic residues, such as glycine (G) or alanine (A), which anchor 
to the target membrane when the S protein adopts the prehairpin 
conformation. FP plays an essential role in mediating membrane fusion 
by disrupting and connecting lipid bilayers of the host cell membrane 
and possible active substances against B.1.617 (Delta) variant should 
therefore be of a further lipophilic nature in order to penetrate the 
membrane of this specific genotype and inactivate the virus (Millet and 
Whittaker, 2018; Srivastava et al., 2020). However, the efficiency of a 
drug to penetrate the viral membrane is not always directly related to 
the loss of the replication functionality of the nucleic acid and its com-
plete demolition (Block, 2001). 

Although the total structural charge of SARS-CoV-2 is positive, the 
SPs of SARS-CoV-2 are carrying varied total electric charges based on 
their amino acid content. The E, M and N proteins are positive, and the 
surface spike protein S is negative. This is consistent with our findings 
for other variants of SARS-CoV-2 as shown in Table 4 (Pawłowski, 

2021). The instability index values of the S protein for all variants 
ranged from 32.58 to 33.01 which classifies S protein as stable within 
analyzed genotypes. The pI) for different viral variants ranged from 6.24 
to 6.78 which was within the range discovered for the immunogenic 
epitopes of SARS-CoV-2 S protein reported (Li et al., 2021). 

4. Conclusion 

Superspreading events in which many people are infected at once, 
typically by a single individual, have shown to contribute to the rapid 
transmission of SARS-CoV-2. The more frequent and transmissible var-
iants from the United Kingdom, South Africa and Brazil have pushed out 
other strains of SARS-CoV-2. Early introduction of new variants may 
lead to limited onward transmission. Even though the super spreading 
events can be devastating to the residents, they have limited large-scale 
impacts worldwide because they occur later and in a more isolated 
population (Lemieux et al., 2021). Since the long-term travel restrictions 
and border closures are not desirable, reducing the risk of introducing 
variants, and ensuring that those that are introduced do not effect the 
vaccine efficency, will help countries to maintain low levels of SARS- 
CoV-2 transmission. Profiling SNPs and constant monitoring of selec-
tive pressure on viral population, introduction of new variants and un-
derstanding the factors that contribute to superspreading are crucial for 
maintaining the vaccine efficacy, preventing the breakthrough in-
fections and new insights toward vaccines and anti-viral therapeutics 
(Lemieux et al., 2021; Lewis, 2021). Genomic analysis of the SARS-CoV- 
2 genotypes in Iran emphasizes the importance of superspreading events 
in shaping the course of this pandemic. Those residues of RBD of S 
protein that mostly affect the SARS-CoV-2 cell entry, are hotspots for 

Fig. 2. Location of SNPs in the binding site of N-acetylglucosamine and polysorbate 80 with spike protein of SARS-CoV-2, Iranian isolates.  

Table 3 
Transition/transversion and Gamma parameter based on whole-genome and 
spike gene sequences of Iranian isolates.  

Based on Transition/transversion (R) Gamma parameter for site rates 

Whole genome 1.33 0.05 
Spike gene 0.64 0.339  
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mutation. Detected SNPs positioned within S1 and S2 domains may 
affect the fusion and pathogenicity of the virus. We observed mutations 
in the S1 gene, similar to new variants such as B.1.1.7, B.1.617 and 
B.1.525. The analyses conducted in this study revealed that the detected 
SNPs may affect drug and antibody binding sites within the whole 
genome of the virus. Not all case clusters were the result of super- 
spreading events, as some Iranian genotypes phylogenetically 

belonged to clusters of unrelated genotype cases from neighboring 
countries. Similarities in SNP profiles seen within B.1.1.7, B.1.617 and 
B.1.525 that recently sequenced genotypes of SARS-CoV-2 from Iran 
raises the possibility that the superspreading in Iran may encompass 
varied transmission dynamics. It also suggests the role of chance in the 
trajectory of an epidemic. Our research indicates that a single intro-
duction of a new genotype of the virus had a huge effect on subsequent 

Fig. 3. The whole genome-based phylogenetic analysis of SARS-CoV-2 isolates from Iran and other countries and a candidate of new variants.  

Table 4 
Physicochemical parameters of major new SARS-CoV-2 variants B.1.1.7 (Alpha), B.1.525 (Eta) and B.1.617 (Delta).  

Parameters Molecular weight (kDa) Theoretical pI The instability index Grand average of hydropathicity Total number of negatively/positively charged residues 

Wuhan 141.178 6.24 33.01 − 0.079 110/103 
B.1.1.7 (Alpha) 140.824 6.35 32.58 − 0.075 109/103 
B.1.525 (Eta) 141.150 6.32 32.86 − 0.077 109/103 
B.1.617 (Delta) 140.986 6.78 32.81 − 0.090 108/106  
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transmission as it was amplified through superspreading in a highly 
ambulant population early within the outbreak, before public health 
precautions limiting exponential growth and subsequent superspreading 
events. 

Rapid changes in the SARS-CoV-2 population in Iran suggest that the 
likelihood of the appearance of new variants in this country is imminent 
unless the viral spread is controlled through rapid vaccination or social 
distancing measures. For example, the superspreading of D614G was of 
urgent concern; it began spreading in Europe in early February, and 
when introduced to new regions, quickly became the dominant strain. 
Whilst, for MERS-CoV, superspreading events were not associated with 
mutations in the virus sequences that drive increased transmission (Park 
et al., 2016a). 

Moreover, evidence of recombination between strains indicates 
multiple strain infections which are important implications for SARS- 
CoV-2 transmission, pathogenesis and immune interventions (Korber 
et al., 2020a). For instance, Chinese researchers found that SARS-CoV-2 
could be classified into two major local variants named L-type and S- 
type. L-type prevailed at the early stages of the outbreak in Wuhan, 
whilst the S-type was phylogenetically older than L-type and less prev-
alent at an early stage, but with a later increase in frequency in Wuhan 
(Awadasseid et al., 2021). Further insight into local variations, detection 
of variants from superspreadings, and their characteristics will benefit 
assessing risks and developing better treatment and prevention 
strategies. 

Therefore, constant monitoring of genome mutations specifically of 
local stains is essential to understand the evolution of the SARS-CoV-2 
genome under selection pressure. However, further experimental in-
vestigations are required to define the impact of the detected SNPs on 
pathogenicity and transmission of the virus for developing the appro-
priate controlling protocol, therapeutic, and vaccination strategies. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.genrep.2022.101537. 
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