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ARTICLE INFO ABSTRACT

Edited by Xavier Carette Since late 2019, when SARS-CoV-2 was reported at Wuhan, several sequence analyses have been performed and

SARS-CoV-2 genome sequences have been submitted in various databases. Moreover, the impact of these variants

Keywords: on infectivity and response to neutralizing antibodies has been assessed. In the present study, we retrieved a total

SA_RS Cov'z_ number of 176 complete and high-quality S glycoprotein sequences of Iranian SARS-COV-2 in public database of

i/f]l:etproteln the GISAID and GenBank from April 2020 up to May 2021. Then, we identified the number of variables, singleton
utation

and parsimony informative sites at both gene and protein levels and discussed the possible functional conse-
quences of important mutations on the infectivity and response to neutralizing antibodies. Phylogenetic tree was
constructed to represent the relationship between Iranian SARS-COV2 and variants of concern (VOC), variants of
interest (VOI) and reference sequence. We found that the four current VOCs — Alpha, Beta, Gamma and Delta —
are circulated in different regions in Iran. The Delta variant is notably more transmissible than other variants,
and is expected to become a dominant variant. However, some of the Delta variants in Iran carry an additional
mutation, namely E1202Q in the HR2 subdomain that might confer an advantage to viral/cell membrane fusion
process. We also observed some more common mutations such as an N-terminal domain (NTD) deletion at po-
sition 1210 and P863H in fusion peptide-heptad repeat 1 span region in Iranian SARS-COV-2. The reported
mutations in the current project have practical significance in prediction of disease spread as well as design of
vaccines and drugs.

Variants of concern (VOC)
Variants of interest (VOI)

1. Introduction

Since December 2019, when the new coronavirus (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2) was reported at
Wuhan and quickly distributed all over the planet (Yao, 2020), several
sequence analyses have been performed and SARS-CoV-2 genome se-
quences have been submitted in various databases (Cao, 2020). The
Spike glycoprotein of this virus is a trimeric protein and each monomer
comprises two functional subunits, S1 and S2 (Wang, 2020). The S1
subunit is involved in the receptor recognition and mediates attachment
to the host cell receptor, while S2 subunit participates in the fusion of
the virus with the cellular membranes (Lan, 2020). Mutations in SARS-
CoV-2 spike-glycoprotein are of great interest as they mediate infection

in human. Moreover, most of the approved vaccines are designed to
induce immune responses against this protein (Schrors, 2021). There-
fore, continuous monitoring of SARS-CoV-2 spike-glycoprotein can
provide valuable data, which can be helpful for early detection of var-
iants that require adaptations in preventive and therapeutic strategies
(Schrors, 2021; Coutard, 2020).

Li et al. have assessed the influence of a number of variants and
glycosylation site modifications on the infectivity of SARS-CoV-2 and
their influence on response to neutralizing antibodies. They reported
that S mutation D614G increases infectivity. While most of alterations in
the receptor binding domain (RBD) reduce infectivity, A475V, L452R,
V483A, and F490L variants induce resistance to some neutralizing an-
tibodies (Li, 2020). More recently, Guruprasad has analyzed S protein

Abbreviations: GISAID, global initiative on sharing all influenza data; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VOC, variant of concern; VOI,

variant of interest.
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sequences from almost all over the World and compared these sequences
with the reference sequence from Wuhan-Hu-1. He has reported that
about 80% of analyzed protein sequences contain at least one mutation.
The observed mutations have been shown to occur in 400 distinctive
mutation sites. Notably, 44 mutations have been reported in the RBD
which participate in the interplays with the ACE2 receptor causing
COVID-19 disease (Guruprasad, 2021). It is known that variation in the
epitopes of SARS-CoV-2 RBD over time might introduce novel mutations
which might challenge the development of broadly protecting anti-
bodies and vaccines against SARS-CoV-2 (Sun, 2020). These mutational
variants might also lead to escape from the pre-existing cross-reactive
CD4+ T cell responses or long-term protection from re-infection through
T cell memory (Braun, 2020). Hence, there is a necessity of constant
monitoring of the rapidly changing mutation rates in the spike protein in
SARS-CoV-2, which could have significant impact on virus infection,
transmissibility and pathogenicity in the current pandemic (Schrors,
2021).

In the present study, we have retrieved sequences of S protein of
SARS-CoV-2 viruses detected in Iran to identify notable mutations of S
protein compared to the Wuhan isolate and representative sequences of
variants of concern (VOC) and variants of interest (VOI). We also discuss
the observed S protein mutations in terms of their distribution in
different regions of Iran as well as sites and types of mutations. The
reported mutations in the current project have practical significance in
prediction of disease spread as well as development of vaccines and
drugs.

2. Materials and methods
2.1. Assortment S glycoprotein gene data and processing

Genetic variations of the S glycoprotein were identified in Iranian
SARS-CoV-2 strains through the following steps. All SARS-CoV-2 se-
quences from Iran were obtained from the global initiative on sharing all
influenza data (GISAID) and GenBank (National Center for Biotech-
nology Information, USA) submitted from April 2020 up to 24 May
2021. We also downloaded the representative sequences of S glyco-
proteins of VOC and VOI from GISAID for comparison with the S gly-
coproteins of Iranian SARS-COV-2. These sequences were subsequently
aligned to the reference SARS-CoV-2 sequence (NC_045512). This step
was accomplished using the MUSCLE program (Edgar, 2004) imple-
mented in Mega X (Kumar, 2018) for amino acid or nucleotide se-
quences. The complete genome sequence of SARS-CoV-2 Wuhan-Hu-1
strain (NC_045512.2) was considered as the reference. The sequences
that did not cover the entire S region were excluded. Furthermore, we
excluded sequences that comprised the nucleotide ambiguity (N) and
low-quality sequences. We used only one sequence for samples that have
been repeated in both GenBank and GISAID. The final dataset included
176 complete and high-quality S glycoprotein sequences that were
gathered during April 2020 until May 2021.

2.2. Identification of the S gene mutations

The complete SARS-CoV-2 S gene sequences were analyzed using the
Molecular Evolutionary Genetics Analysis software (MEGA X) (Kumar,
2018). The aligned amino acid sequences were visualized. Mutations
were recognized through comparing the sequences with the reference
SARS-CoV-2 sequence (NC_045512), which was regarded as the wild-
type. Amino acids that were translated from codons comprising
ambiguous bases (e.g. R, Y) were removed from mutation analyses.

The number of variables, singleton, and parsimony informative sites
were tabulated at both gene and protein levels. After filtering the
ambiguous data, the amino acid substitutions in S glycoprotein of all
Iranian SARS-CoV-2 samples were determined. Residues that exhibited a
mutation in at least 5 strains were considered as frequently mutated
residues.

Table 1

The results of nucleotide and protein alignment of 176 S gene of SARS-COV-2 from Iranian patients.

Parsimony

Variable site Variable site per Singleton

Number of
informative sites informative sites amino acids

per 100 bp

Parsimony

Singleton

Total Number of  Variable sites Variable sites per Synonymous Non
100 bp

Name

100 amino acids informative sites informative sites

synonymous
mutations

mutations

nucleotides

number of
samples

per 100 amino

acids

per 100 amino

acids

per 100 bp

258 20.25 16.09 6.27

1274

2.77

258

192

11.77

450

3822

Spike protein 176
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Fig. 1. Mutational profile of Iranian SARS-CoV-2 spike proteins. Commonly mutated residues, i.e. those observed in at least 5 SARS-CoV-2 isolates, specific mutations
as indicator of variants of concern (VOC) and variants of interest (VOI) are shown on the respective regions of the SARS-CoV-2 spike gene. Mutations as indicator of
VOC and VOI are depicted with reddish and orange (substitution mutations with other amino acids) circles, and the frequent uncommon mutations are depicted with
blue circles. Domain organization of spike: Signal peptide: 1-13aa; N-terminal domain (NTD): 13-305aa; Receptor binding domain (RBD): 319-541aa; Receptor
binding motif (ACE2):437-508aa; Furin cleavage sequence: 680-685aa; Fusion peptide (FP): 788-806aa; Heptad repeat region 1 (HR1): 912-964aa; Heptad repeat
region 2 (HR2): 1163-1213aa; Transmembrane domain (TMD): 1214-1237aa; Cytoplasmic domain: 1238-1273aa. (For interpretation of the references to colour in

this figure legend, the reader is referred to the web version of this article.)

2.3. Phylogenetic analysis

The acquired S gene sequences from Iranian SARS-COV-2 strains
were aligned with representative S gene of SARS-CoV-2 sequences of the
eleven recognized GISAID variants (4 VOCs and 7 VOIs) publicly
available in the GISAID database and the Wuhan reference strain,
(NC_045512) using MUSCLE multiple sequence alignment algorithms
executed in MEGAX (Edgar, 2004; Kumar, 2018). For the purpose of
simplicity, and to avoid clutter, of the 176 S gene sequences, only
distinct S gene sequences (131 sequences) along with 11 sequences of
VOC and VOI and one reference sequence were included for phyloge-
netic tree analysis. The evolutionary history was deduced by using the
Maximum Likelihood method and Tamura-Nei model (Tamura and Nei,
1993). The tree topologies were supported by 1000 bootstrap replicates.
The studied S gene of Iranian SARS-COV-2 was dispersed into many
subbranches and some sequences were clustered in closer with the
respective representative S gene of VOCs and reference sequence.

2.4. The clade classification of Iranian SARS-COV-2 strains

The viral clade distribution of Iranian SARS-COV-2 during the
pandemic time were determined according to the information about
Iranian SARS-CoV-2 complete genome sequences submitted in GISAID.
A total number of 267 whole genome sequences of Iranian SARS-COV-2
has been deposited in public database of GISAID from April 2020 up to
May 2021. However, some of these 267 SARS-COV-2 sequences had
nucleotide ambiguity (N) and low-quality sequences in S gene sequences
and some had identical S gene sequences. Thus, these sequences were
excluded from mutation and phylogenetic tree analyses; however, the
GISAID data of all of sequences were used for clades distribution analysis
of SARS-CoV-2 in Iran. Dynamics and diversity of viral clades were
identified during the pandemic time in Iran.

3. Results

We retrieved a total number of 176 complete and high-quality S
glycoprotein sequences of Iranian SARS-COV-2 submitted in public
database of the GISAID and GenBank from April 2020 up to May 2021.
Supplementary Table S1 shows the mutation sites and mutation types
detected in human SARS-CoV-2 spike proteins from different regions of

Iran. Supplementary Table S2 shows the list of accession numbers and
date of collection of SARS-COV-2 strains from Iran (176 sequences) and
representative of VOC and VOI from GISAID (11 sequences) and Wuhan-
Hu-1(NC_045512.2) as reference. The complete length of the S glyco-
protein sequences of human SARS-CoV-2 is 3822 nt, of which 450 var-
iable sites were identified in 176 S glycoprotein sequences. Of these
variable sites, 106 were parsimony informative, while 344 were
singleton mutations. The results of nucleotide and protein alignment of
SARS-CoV-2 S gene sampled from Iranian patients are shown in Table 1.

The identified mutations were distributed in different domains of
spike protein with higher numbers of mutations being detected in NTD
possibly resulting in escape from neutralizing antibodies. Fig. 1 depicts
the mutational profile of Iranian SARS-CoV-2 spike proteins.

Table 2 shows distribution of mutations (commonly mutated resi-
dues and specific mutations as indicator of VOCs and VOIs) among
different domains of S protein. This table also shows the number of
occurrences of wild type and mutant residues among the sequences of
Iranian SARS-CoV-2 spike genes.

Next, we retrieved the most important mutations in signal peptide
and N-terminal domain (NTD: 13-305aa), the number of events in Ira-
nian spike protein sequences and assessed their possible functional im-
plications based on the available reports in the literature (Table 3).

Similarly, mutations observed in RBD were assessed in terms of their
implications in infectivity and clinical responses (Table 4).

Moreover, we retrieved list of important mutations in RBD-Fusion
peptide span region (Table 5), and those within Fusion peptide
domain, Fusion Peptide- Heptad repeat 1span region, Heptad repeat 1,
Heptad repeat 1- Heptad repeat 2 span region and Heptad repeat 2
(Table 6), as well as their clinical significance.

Subsequently, we depicted the phylogenetic tree of SARS-CoV2 S
gene sequences in Iran based on spike gene (Fig. 2). In the phylogenetic
tree, the studied S gene is dispersed into many subbranches and some
sequences are clustered close with the respective representative S gene
of VOCs and reference sequence. we attempted to determine the amino
acid mutations discriminating the sequences into different clusters based
on their similarities. Amino acid mutation or combination of them had a
good discrimination ability, and clearly indicated the phylogenetic
relationship between SARS-COV-2 strains and their association with
VOCs, VOIs and the reference strain. The phylogenetic analysis clearly
clustered the possible VOC of Delta, Beta, Gamma and Alpha of Iranian
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Table 2
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Distribution of important mutations among different domains of S protein (Signal peptide, N-terminal domain (NTD), Receptor binding domain (RBD), Receptor
binding domain-Furin peptide linker; Fusion peptide (FP), Heptad repeat region 1 (HR1), HR1-HR2 linker, Heptad repeat region 2 (HR2).
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SARS-COV-2 in closer with the respective representative S gene of VOCs
used in this study.

Nine SARS-CoV-2 variants in Iran were classified as Delta variant.
These variants were reported from Yazd, Maku and Bushehr from April
2021 up to May 2021 (Table 7). Four of these nine sequences sampled
from Yazd, in addition to indicator mutations of a Delta variant, also
have a common E1202Q mutation in the HR2 subdomain, in which
glutamine replaces glutamic acid at position 1202.

A total of 11 variants in Iran carry I1210del mutation. These variants
were reported from Shiraz, Tehran, Gilan and Urmia (Table 8).

We also found a total of seven sequences in Iran carrying all or some
of specific mutations as indicator of Alpha variant. These sequences
were reported from Shiraz, Tehran and Kerman (Table 9).

Table 3
List of important mutations observed in signal peptide and N-terminal domain
(NTD: 13-305aa), events and possible functional implications among spike
protein sequences submitted in NCBI and GISAID from Iranian SARS-COV-2
strains.

Sr. Mutations Events  Possible functional implications

No

1 L5F 1 Increases the epitope binding affinity for CD8
cell (Guo and Guo, 2020)

2 T19R 9 Might disrupt the “super site” on the NTD
mediating neutralization (Liu, 2021)

3 H49Y 1 Increases the stability of spike glycoprotein (
Laha, 2020)

4 L54F 1 When coupled with D614G, increases the
stability of spike glycoprotein (Laha, 2020)

5 del HV69-70 8 Enhances viral infectivity and could also
contribute to antibody evasion (Kemp et al.,
2021)

6 D80A 1 Contributes to neutralization escape (Wibmer,
2021)

7 T95I 6 Might adversely affect the neutralization by
antibody (West et al., 2021)

8 D138Y 5 Disrupts the epitope for mAb (Dejnirattisai,
2021)

9 G142D 8 Confers resistance to mAb (Suryadevara, 2021)

10 Del Y144 7 Confers resistance to mAb (Suryadevara, 2021)

11 EFR156- 9 Immune evasion through antibody escape (

158G Chaudhari et al., 2021)

12 Del 1210 11 ND

13 D215G 1 Contributes to neutralization escape (Wibmer,
2021)

14 del LAL 1 Confers resistance to mAb (Wang, 2021)

242-244
15 R2461 1 Confers resistance to mAb (Wang, 2021)

There were also three sequences carrying D138Y + S477N + D614G
triple mutations sampled from shiraz and Tehran. the Main character-
istics of these three SARS-CoV-2 variants are shown in Table 10.

There were two sequences carrying all of specific mutations as in-
dicator of Beta variant. These sequences were reported from Hormozgan
(Table 11). The Main characteristics of these SARS-CoV-2 variants are
shown in Table 11

We found a SARS-COV-2 spike protein sequence sampled from shiraz
carrying five specific mutations as indicator of Gamma variant. Table 12

Table 4

List of important mutations observed in Receptor binding domain (RBD):
319-541aa, events and possible functional implications among spike protein
sequences submitted in NCBI and GISAID from Iranian SARS-COV-2 strains.
Mutations in Receptor binding motif (RBM): 437-508aa has been showed with
stars.

Sr. Mutations  Events  Possible functional implications

No

1 R408K 1 Attenuates monoclonal and serum antibody
neutralization (Liu et al., 2020)

2 K417N/T 2 Increases binding of the spike RBD to the ACE2 and
higher infectivity (Khan, 2021)

3 N439K* 3 Enhances binding affinity for human ACE2 and
confers resistance to numerous neutralizing
monoclonal antibodies and permits immune escape
from some polyclonal sera (Flemming, 2021)

4 L452R* 9 Evades cellular immunity and increases infectivity (
Motozono, 2021; Li, 2020)

5 S459Y* 1 Might increase binding of the spike RBD to the ACE2
(Wang, 2021)

6 N4601* 1 Could escape some monoclonal antibody (Starr,
2021)

7 S477N* 4 Fortifies the binding of the SARS-COV-2 spike with
the hACE2 receptor (Singh, 2021)

8 T478K* 9 Increases the binding of the spike RBD to the ACE2
and escape immune recognition (Di Giacomo, 2021;
Wang, 2021)

9 E484K* 2 Reduces the binding of serum polyclonal
neutralizing antibodies (Jangra, 2021; Harvey,
2021)

10 G4858* 1 Decreases the ability of the S protein to bind ACE2 (
Zhang et al., 2021)

11 N501Y* 9 Enhanced binding of SARS-CoV-2 spike protein to
the human ACE2 receptor (Luan et al., 2021)

12 H519Y 1 Replacement of histidine with proline in this

position increases resistance to human covalescent
sera neutralization (Li, 2020)
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Table 5

List of important mutations observed in RBD-Fusion peptide span region, events
and possible functional implications among spike protein sequences from Ira-
nian SARS-COV-2 strains. Mutations in Furin cleavage site: 680-685aa has been
shown with stars.

Sr. Mutations  Events  Possible functional implications

No

1 A570D 4 Might contribute to immune evasion of variants (
Lazarevic, 2021)

2 D614G 78 Increases viral replication in the upper respiratory
tract and enhances the vulnerability of the virus to
neutralization by antibodies (Plante, 2021; Zhang,
2020)

3 H655Y 3 Confers escape from human monoclonal antibodies
(Braun, 2021)

4 Q675H 1 Might confers immune escape (Grabowski, 2021)
and perhaps affects the cleavage of RRAR, a critical
step for virus entry (Zhou et al., 2020)

5 Q675R 4 Possibly influences the cleavage of RRAR, an
important step for virus entry (Zhou et al., 2020)

6 Q677H 4 Might influence cell entry due to its closeness to the
polybasic cleavage site (Zhou et al., 2020; Tomkins-
Tinch et al.)

7 P681R* 9 Confers the neutralizing antibody resistance,
enables the furin-mediated spike cleavage and
increases cell—cell fusion (Saito et al., 2021)

8 P681H* 5 May increase spike cleavage by furin-like proteases,
this does not significantly impact viral entry or
cell-cell spread (Lubinski et al., 2021)

9 A701V 1 Might decrease the neutralization capacity of
antibodies provoked by infection with preceding
variants or vaccination (Lazarevic, 2021)

10 T7161 4 Might be associated with increased transmissibility
and potential immune evasion (Lazarevic, 2021)

Table 6

List of important mutations observed in Fusion peptide domain, Fusion Peptide-
Heptad repeat 1span region, Heptad repeat 1, Heptad repeat 1- Heptad repeat 2
span region and Heptad repeat 2, events and possible functional implications
among spike protein sequences submitted in NCBI and GISAID from Iranian
SARS-COV-2 strains.

Sr. Mutations Events  Possible functional implications

No

1 D796N (FP) 1 The spike substitution mutant D796H seems
to contribute to the decreased susceptibility to
neutralizing antibodies (Kemp, 2021),
however, the possible functional implications
of the substitution mutant D796N is yet
unknown.

11 P863H (FP-HR1 10 ND

span)

12 D936Y (HR1) 1 Strongly destabilizes the post-fusion
configuration, while having a borderline
effect on the stability of the pre-fusion one (
Cavallo and Oliva, 2020)

13 D950N (HR1) 12 Viral Oligomerization Interfaces (Mishra
et al., 2021)

14 S982A (HR1- 4 This mutation expands in lineage (B.1.1.7)

HR2 span) and might be associated with relatively high

infectivity (Kemp et al., 2021).

This mutation expands in lineage (B.1.1.7)
and might be associated with relatively high
infectivity (Kemp et al., 2021).

15 D1118H (HR1- 4
HR2 span)

Gene 813 (2022) 146113

shows the main characteristics of the variant having specific mutations
of a Gamma variant in Iran.

Finally, main characteristics of the fifteen SARS-CoV-2 variants
carrying A262T mutation in Iran are shown in Table 13.

We also depicted the clades distribution of Iranian SARS-CoV-2
samples over time. Dynamics and diversity of viral clades are shown
during the pandemic time in Iran (Fig. 3). There was a total number of
267 whole genome sequencing of Iranian SARS-COV-2 in public data-
base of the GISAID from April 2020 up to May 2021.

There was an initial period between February and June 2020 when
the O clade (GISAID nomenclatures) was more prevalent in total than
other clades (Fig. 3b). The clade O then slowly declined and almost
disappeared in early November 2020, while the GISAID GH clade
peaked at ca 65% in August and September 2020 and has slowly
declined since December 2020. The GISAID GR clade peaked at ca. 40%
in October 2020 up to February 2021 and then rapidly declined. The
GISAID GRY clade slowly increased from January 2021 and almost
peaked at ca. 70% in March 2021. The clade G has been from May 2020
up to February 2021 under 20% of samples, however it peaked at ca.
50% in April 2021.

The GISAID clades are distinguished according to nucleotide variants
that produce amino acid changes in different genes. According to last
information about Iranian SARS-CoV-2 complete genome sequences
submitted in GISAID, currently more than 95% of the Iranian strains fit
to the two main branches of the G clade, i.e., GR and GH clades and the
newly introduced GRY clade. The shared characteristic feature of these
three clades is S_D614G mutation, which may increase the infectivity of
SARS-CoV-2 (Brufsky, 2020).

4. Discussion

spike (S) protein is closely implicated in the instigation of SARS-CoV-
2 infection. This protein is also the main target of neutralizing anti-
bodies; thus, it is evolving with a high speed. Besides, alterations in S
protein explain at least a number of phenotypic variations expressed by
VOC (Liu, 2021). All VOCs (B.1.1.7, B.1.351, and P.1) and three B.1.617
sublineages have exhibited mutations inside and near the ACE2-
interacting surface of S protein (Liu, 2021).

We showed that the SARS-CoV-2 S protein contains tens of mutations
in Iranian patients when compared to the initial SARS-CoV-2 sequence
from Wuhan. These mutations are distributed in different domains of
spike protein with higher numbers of mutations being detected in NTD,
possibly resulting in escape from neutralizing antibodies. L452R, T478K,
N501Y and S477N have been the most frequently detected mutations in
RDB. Notably, N501Y and S477N has also been reported as frequent
mutations in this domain in a World-wide assay (Guruprasad, 2021).
Moreover, N501Y mutation is among mutations which are located at the
boundary between the spike protein and ACE-2 receptor and can influ-
ence efficiency of vaccines and drugs targeted the interface of pro-
tein-protein interactions. In NTD, the most commonly detected
mutations have been Del 1210, EFR156-158G and T19R with the latter
possibly disrupting the “super site” on the NTD (Liu, 2021). Moreover,
EFR156-158G has a role in immune evasion through antibody escape
(Chaudhari et al., 2021). The D614G mutation as the only frequent
mutation in the spike protein detected up to now among all the conti-
nents (Guruprasad, 2021), has been the most commonly detected mu-
tation in RBD-Fusion peptide span region in Iranian samples.

Four of nine sequences sampled from Yazd, in addition to indicator
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Fig. 2. Phylogenetic analysis of SARS-CoV2 strains in Iran based on spike gene. The evolutionary history was deduced through application of the Maximum
Likelihood strategy and Tamura-Nei model (Tamura and Nei, 1993). The tree with the highest log likelihood (-10612.38) is demonstrated. The percentage of trees in
which the associated taxa clustered together is depicted near the branches. Initial tree(s) for the heuristic search were retrieved automatically through using
Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) method, and then choosing the
topology with higher log likelihood amount. The tree is drawn to scale, with branch lengths measured in the quantities of substitutions per site. This analysis involves
142 nucleotide sequences. There was a total of 3822 positions in the final dataset. Evolutionary analysis was performed in MEGA X (Kumar, 2018). Representative of
VOC and VOI from GISAID (11 sequences) were used for comparison and classification of Iranian SARS-COV-2 strains (131 different S gene sequences). Spike gene
sequence of Wuhan-Hu-1(NC_045512.2) was used as reference. Mutation names discriminating the sequences into different branches based on their similarity are
indicated on the branches and nodes. The representative VOCs and VOIs sequences are displayed with colored shapes and their names and dates of collection.



Gene 813 (2022) 146113

S. Eslami et al.

¢/a/1

1PPOTZI
eTuLIn
0202-S0

¢/9€°1'd /HD /9 Td/HD  ¢/L9€°T'd /HD ¢/9€°1'd /HD
‘Nos6a
- ‘A6VH ‘AI8TD 4T “19S2 14 ‘NPLSA ‘HLLIO

[PPOTZI DY 19a
ueqio
0202-80

[PPOTZI ‘O¥19a

zZe1rys
120210

‘TPPOTZI ‘DF19d
ueIya],
020280

‘TPPOTZI ‘DY 19
ueIya],
020T-11

¢/9¢°'T'd /HD

aried
‘[PPOTCI
‘OF19a
Emuﬂvh
020Z-11

¥14£20 LIOSN

‘TPPOTZI ‘OF19d

¢/PUON/D

¢/9UON/D ¢/9UON/D ¢/9UON/D
q1s£zd
‘LIOSN M6EYN  U14ZO N6EYN A6EYN

zeays
0c0c—<Il

‘TPPOTZI “DF19a

02021

zZexys

‘TPPOTZI ‘DY 19
Zellys

020zl

‘TPOTZI “DF19a
ZeIIYS

02021

¢/PUON/D

NLLYS ‘A8ET1A

‘TPPOTZI ‘DF19d

zeays
120210

uerre) /o8eaur|
o3ued/ape[d AIVSID

urayoxd

S Ul suopeINuW BYIQ

suoneNw

Jy1oads uouwruio)

9IS UOMRRJ
UOTIAIBP IST

#89¥ 101 "ISI 1dd

££T6S6 1S 1dd

9SSSSyC IS 1dd

£89%1017ISI 1dd

080298 "ISI 1dd

6£0298 1S 1dd

88S¥6CC 1S 1dd

98S¥6¢C ISI 1dd  68S¥62C ISI 1dd  £8S¥62T 'ISI Idd 2656 1SI 1dd

SJUBLIBA

‘URI] UT UOTIBINW [9PQTZ] SUIALIRD SJUBLIBA Z-A0D-SYVS USAS[D Y} JO SOIISLIDIORIBYD UTRIN

8 dqeL
(120Z “Te 19 [PUWIDg 1Z0Z ‘PRUS) (adedss aumdea) wo)sAs aunuruy oyl adeosy e
(1202 “P12ys) L1199 dSeasIp IYSIH @ S
(1z0z ‘Treqdure) (1707 ‘U{I2YS) UoIssIusues) Y3 e [enuajod
UBLIBA
/38eaury
o8ued
BI2d DOA BpRg epRq BpRg epRg eleq eleq eleq eRd /3perD
/TLI9Td /D DOA/TLI9'T'E /D DOA/TLI9'T'E /D DOA/TLI9'T'E/D DOA/TLI9'T'E /D DOA/ TLI9'T'E /D DOA/ TLI9'T'E /D DOA/ TLI9'T'E /D DOA/T'L19'T'E /D awsin
urajoxd
“PYIA 445214 ‘195214 sur
MIVITT 0Ozoz1d uondpEp 1 “40STIO ‘0T0T1d suonenw
LLLX ‘uopeInw | - ‘AbLSQ ‘suonenur g AYSTS ‘uonenur T6Lbd ‘uonenu | ‘A8€6T suonenw g OgOT T ‘uonenur | suoneInw 0Z0Z 14 ‘uonemu 120
-LSTd -LST1d -LST1d -LSTd -LSTd -LSTd -LSTd -LST1d
-9G T4 :SUOTA[OP ¢ -9GTH :SUONAP ¢ -9G T4 :Suondp g -9G T4 :SUOTAAP ¢ -9GTd :SUONA[AP ¢ -9GTd :SUONA[AP g -LSTd -9G T4 :SUONAIAP g -9G T4 :SUONL[Ap g JueLIRA
‘NOS6d NOS6a ‘NOS6d ‘NOS6a NOS6a NOS6a -9GTH :SUONR[Rp g NOS6a NOS6d Blp( e Jo
“4189d ‘DY19a “d189d ‘DY19a “4189d ‘DF19d “d189d ‘DY19a 41894 ‘DY19a 41894 ‘DF19a NOS6d “4189d 4189d ‘DY19d “4189d ‘DF19a JIojedrpur
N8LYL UTSHT NM8LYL MTSHT NM8LY.L dTSHT N8LYL UTSHT NM8LYL UTSHT N8LYL “dCSHT ‘DY 19d N8LYL N8LYL “dCSHT NM8LY.L dTSHT se
‘D8STY ‘dTh 1D ‘D8STY ‘ATr 1D ‘D8STY ‘dCkID  ‘D8STY ‘dChID IS6L  ‘D8STY ‘CHID IS6L  DSSTH ‘ATHID IS61L  “YTSHTD8STY IS6L  DSSTH ‘ATHID IS61L  “O8STY ‘ACHID IS6.L suopeInu
Y611 suonenw § “U6TL suonenuw g “U6TL suonenw § Y611 suoneInw 6 Y611 suoneInw 6 “U6TL suonenul 6 Y611 suonenw g “U6TL suonenul 6 “U6TL ‘suonenur 6 sypads
91Is
pzex Igaysng Pzex e\ pzex Pzex Pzex Pzex pzex uonodaRqg
12020 120210 12020 12020 1202-S0 12020 12020 12020 1202-0  UOND3RP IST

TLELTTT ISI 1dd

95209€T ISI 1dd

142422 1ST 1dA

€5209€T ISI 1dd

89¢£TTT ISI 1dd

¥S209€T ISI 1dd

69¢L2TT 1SI 1dd

TST09€T ISI 1dd

0£zLTTT 1SI 1dd

sjueLIep

‘URIJ UT JUBLIBA B}[3(] SB POLISSED SIUBLIBA Z-A0D-SYVS JUSSISWD SUIU Y} JO SONSLIDIIRIBYD UTRIN

AL CLAN



S. Eslami et al.

Table 9

Gene 813 (2022) 146113

Main characteristics of the seven emergent SARS-CoV-2 variants classified as Alpha variant in Iran.

EPI_ISL._1993554

EPIISL_1993552 EPI_ISL_2360250 EPIISL_1993555

Variants EPLISL_2294590 EPLISL_2294591 EPLISL_2294585
1st detection 01-2021 01-2021 12-2020
Detectionsite  Shiraz Shiraz Shiraz

04-2021
Tehran

04-2021
Tehran

05-2021
Kerman

04-2021
Tehran

Specific D614G, H69del, D614G, H69del, H69del, N501Y, A570D, D614G, A570D, D614G, A570D, D614G, A570D, D614G,
mutations N501Y, V70del, N501Y, V70del, P681H, V70del D1118H, H69del, D1118H, H69del, D1118H, H69del, D1118H, H69del,
as Y144del Y144del L6991, N501Y, N501Y, P681H, N501Y, P681H, N501Y, P681H,
indicator P681H, S982A, S982A, T7161, S982A, T7161, S982A, T7161,
ofa T7161, V70del, V70del, Y144del V70del, VO976F, V70del, Y144del
probable Y144del, Y144del
Alpha
variant

Other N211del, L2121 - - 1100T L6991 - -
mutations
in S protein

Clade/ G/None/? G/None/? O/None/? GRY/ B.1.1.7/VOC GRY/ B.1.1.7/VOC GRY/ B.1.1.7/VOC GRY/ B.1.1.7/VOC
lineage/ Alpha Alpha Alpha Alpha
Varian

Table 10 mutations of a Delta variant, also have a common E1202Q mutation in

Main characteristics of the three SARS-CoV-2 variants carrying D138Y + S477N
+ D614G triple mutations in Iran.

Variants EPI_ISL_862075 EPI_ISL_2466656 EPI_ISL_2294592
1st detection 11-2020 12-2020 01-2021
Detection site Tehran unknown Shiraz
Common triple D138Y, D614G, D138Y, D614G, D138Y, D614G,
mutations S477N S477N S477N
Other mutations M1771 - 1210del
in S protein
GISAID Clade/ GR/ B.1.1.413/? G/B.1/? G/None/?

Pango lineage/
Varian
Potential risks disrupt the epitope for mAb (Dejnirattisai, 2021)
reinforce the binding of the SARS-COV-2 spike with the hACE2
receptor
increases viral replication in the upper respiratory tract and
enhances the (Singh, 2021) vulnerability of the virus to
neutralization by antibodies (Plante, 2021)

Table 11
Main characteristics of the two emergent SARS-CoV-2 variants classified as Beta
variant in Iran.

Variants EPI ISL_2360255, EPI ISL_2227273.2
1st detection 04/2021
Detection site Hormozgan

specific mutations as indicator D80A, D215G, L242del, A243del, L244del,
of a probable Beta variant K417N, E484K, N501Y, D614G, A701V
Other mutations in S protein -
Clade/lineage/Varian GH/ B.1.351/ VOC Beta
Potential risks — Higher transmission (Madhi, 2021)
— Higher disease severity (Davies et al., 2021;
TWR, C.A.P., 2021)
— Escape the immune system (vaccine escape)
(Madhi, 2021; Cele, 2021)

Table 12
Main characteristics of the possible Gamma variant in Iran.

Variant EPI_ISL_2294576

1st detection 10-2020
Detection site Shiraz
Specific mutations as indicator of a probable ~ D138Y, D614G, E484K, K417T,

Gamma variant N501Y
Other mutations in S protein S477N
Clade/lineage/Variant G/None/?

Potential risks - Higher transmission
— Higher disease severity
— - Escape the immune system

(vaccine escape)

the Heptad Repeat (HR2) subdomain, in which glutamine replaces
glutamic acid at position 1202. The HR1 and HR2 domains are exposed
to interact with each other to form a six-helical bundle (6-HB), conse-
quently bringing viral and cellular membranes into close proximity to
permit lipid bilayer fusion (Xia, 2020). Therefore, mutations in HR1 and
HR2 domains might affect heterologous 6-HBs forming, thus affecting
viral/cell membrane fusion. Regarding the frequency of E1202Q muta-
tion in Delta variant sequences from Iran, it seems that this mutation
might confer an advantage to viral/cell membrane fusion process. One
out of these four Delta variant sequence also showed a deletion in the
NTD region of the spike protein at Y144. This Y144 deletion mutation is
similar to the Y144 specific deletion mutation as indicator of the Alpha
variant (Bhattarai et al., 2021), although up to the end of April 2021 this
mutation has been reported in the 86 Delta variant sequences from
different countries in GISAID Database. It has been shown that Y144
deletion contribute to immune escape and mostly confers resistance to
most NTD-directed monoclonal antibodies (mAbs) (Suryadevara, 2021).
The mutations E1202Q and Y144 deletion in combination with delta
variant specific mutations might increase the concerns raised about
these variants. The emergence of such local variants during the COVID-
19 fifth wave in Iran needs to be further investigated for their public
health impact and its possibility of becoming a new VOC. None of the
Delta variant sequences from Iran (deposited in GISAID and GenBank up
to the end of May 2021) carry the K417N mutation, an additional mu-
tation in Delta variant leading to a new Delta sub-lineage referred to as
Delta Plus (Roy and Roy, 2021).

We also observed an NTD deletion at position 1210 in eleven se-
quences (6.3% of samples) sampled from May 2020 to January 2021
from four different cities. Ten out of these eleven sequences belonged to
spike sequences carrying the mutation D614G (clade G); however, one
sequence belonged to the Glade L, having the original amino acid
aspartic acid at position 614. The NTD of the virus spike protein has
appeared as a potentially mutable structure. It has deletion-prone re-
gions that may allow the virus to escape antibody neutralization (Ven-
katakrishnan et al., 2021).

Among the sequences submitted from Iran, 4 sequences had all
specific mutations as indicator of the Alpha variant, classified ass GRY/
B.1.1.7/VOC Alpha variant in GISAID. Two out of these four sequences
each had another different mutation including I100T and L6991. Also,
there were two other sequences sampled from Shiraz in January 2021,
which had five specific mutations as indicator of the Alpha variant
(D614G, H69del, N501Y, V70del, Y144del) and were clustered along
with the Alpha variants in phylogenetic tree; however, these sequences
did not contain the other specific mutations of Alpha variant including
A570D, D1118H, L6991, P681H, S982A and T716l. Also, there was
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Table 13

Main characteristics of the fifteen SARS-CoV-2 variants carrying A262T mutation in Iran.

902Z1°1S1d4
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T1'298060MN

T'68060MN

$2E16°TSIdA

€058951S'Id4

S8¥8951SIdH

ST0T851SIdd

L6¥895TSIdd

1'2S8060MN

€8€965TSIdd

1'952SSOMN

T'SEYSSOMN

1'SSTSSOMN

1'1S8060MN

SJUDLIDA

2020-08
A262T

05-2020
A262T

04-2020
A262T

04-2020 03-2020

A262T

04-2020
A262T

03-2020
A262T

08-2020
A262T

03-2020
A262T

05-2020 04-2020 05-2020 04-2020 03-2020
A262T

1st detection 03-2020

Common

A262T

A262T

A262T

A262T A262T

A262T

specific

mutations

Other

D614G,
P412S,

N487I, N641K S758I, P863H,

V11I, T22N,
Q23H, H66L,
N74H,

Q498Y, P499T,

D467N,
Q675R

K150,

A1015, A1026,
D843G, K835N,
L8411, P863H,

S$1021P

A672P, C617R,

D843E, N487H,
P1263L T874P,

N536K,
T791P,

N487I, D614G,
D614G V6201, R328T

S459Y,

N542T,

T302A

N925Y, G932A,
D614G Q115H,
V171L, K182N,

T941P

T716P, V111,

P863H,

D287Y, D586E,

D614G R21K, V620F,

mutations

P863H,
V407L

L176F, L179P

1726F

Q675R,
V781F,
Y873N

E583A, E661K,

V987F, Y144D,

P225T, K811N,
T827A Y200N

K77N

in S protein R44K,

G652R, N603K,

D614G

D614G

D111N,
S112pP

N606Y, T602K, V289E
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another sequence sampled from Shiraz in Dec 2020 which had the
original amino acid aspartic acid at position 614 and contained four
specific mutations as indicator of the Alpha variant and was clustered
along with the Alpha variants in phylogenetic tree.

We also observed triple co-occurring mutations, namely D138Y (in
the NTD), S477N (in the RBD) with the well-established D614G muta-
tion (near the furin cleavage site) in three spike sequences from Tehran
and Shiraz sampled from Nov 2020 to Jan 2021. The mutations D138Y
and S477N are the same as those found in the NTD of VOC Gamma (P.1)
and RBD of VOI of lota, respectively. It has been shown that these two
mutations could contribute to reduced neutralization by some mAbs,
convalescent plasma, and sera from vaccines. Moreover, they have
higher binding affinity for human ACE2 (Dejnirattisai, 2021; Singh,
2021). These co-occurring mutations might increase the concerns raised
about these variants and needs to be further investigated for their public
health impact and the possibility of becoming a VOC.

We also detected two complete SARS-COV2 genome sequences
sampled from Hormozgan in Apr 2021 (with identical spike protein
sequences) carrying all the specific mutations as indicator of a Beta
variants, and classified as VOC Beta GH/501Y.V2 (B.1.351 + B.1.351.2
+ B.1.351.3) in GISAID. There are particular concerns attributed to this
variant, including increased transmission (Pearson, 2021), significantly
reduced susceptibility to the mAb treatment and reduced neutralization
by convalescent and post-vaccination sera (Madhi, 2021; Cele, 2021).
However, there are no other sequences of VOC Beta variants from Iran,
deposited in GISAID after Apr 2021 until Aug 2021.

There was another sequence sampled from Shiraz in Oct 2020 that
contained five specific mutations (D138Y, D614G, E484K, K417T,
N501Y) as indicator of the Gamma variant (GR/501Y.V3 (P.1 + P.1.x))
and was clustered along with the representative Gamma variant spike
sequence in phylogenetic tree. This sequence also had an additional
mutation S477N in RBD. The P.1 variant also has been raised particular
concerns, including increased transmissibility, possible increased risk of
hospitalization, moderate reduction in neutralizing activity of mAb and
convalescent and post-vaccination sera (US Food and Drug Adminis-
tration; Wang, 2021). However, there are no other sequences of VOC
Gamma variants from Iran, deposited in GISAID after Oct 2021 until Aug
2021.

We also found that the A262T mutation is the most frequent muta-
tion (15 sequences; 8.5% of samples) among the Iranian SARS-COV2
spike sequences sampled from Mar 2020 to Aug 2020; however, this
mutation has been disappeared after Aug 2020, probably due to the
emergence of new variants. We found the mutation A262T in both spike
sequence with the original D614 (8 out of 15) and with the well-
established D614G mutation (7 out of 15). This mutation has been
deposited in GISAID database in Mar 2020 for the first time from three
countries including Iran, USA and Australia. Currently, the A262T mu-
tation is seen in some variants from different countries with a very low
frequency (221 SARS-COV2 sequences in GISAID).

We also assessed the distribution of SARS-COV-2 clades in Iran. This
analysis determined the sequential prevalence of O, GH, GRY and G
clades, the last one being characterized by D614G variant. We also
suggested that currently more than 95% of the Iranian strains belong to
the two major branches of the G clade, i.e., GR and GH clades and the
newly introduced GRY clade. It is worth mentioning that differences in
virulence of clades might at least partially explain differences in mor-
tality rates or rate of transmission among different countries (Brufsky,
2020). Consistent with this speculation, the comprehensive sequence
analyses in each region have facilitated understanding the specific
geographic distribution of SARS-CoV-2 variants. This information has
practical significance in defining clinical and political strategies for
management of this disorder in each geographic region.

Cumulatively, we reported the detected mutations in spike protein in
Iranian SARS-CoV-2 samples. We found that the four current VOCs —
Alpha, Beta, Gamma and Delta - are circulated in Iran. The Delta variant
is notably more transmissible than other variants, and is expected to
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GISAID

frequency

2020-2021

Fig. 3. The distribution of Iranian SARS-CoV-2 clades over time.

become a dominant variant. However, some of the Delta variants in Iran
carry an additional mutation, E1202Q in the HR2 subdomain that might
confer an advantage to viral/cell membrane fusion process. The muta-
tions reported in the current study have importance in the development
of antibody, vaccine, and drugs as well as designing management stra-
tegies for this disorder.
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