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A B S T R A C T

Iran was among countries which was hard hit at the early stage of the coronavirus disease 2019 (COVID-19)
pandemic and dealt with the second wave of the pandemic in May and June 2020; however, there are a very
limited number of complete genome sequences of acute respiratory syndrome coronavirus 2 (SARS-CoV-2) from
Iran. In this study, complete genome sequences of the virus in the samples obtained from three patients in Alborz
province in May and June 2020 were generated and analyzed using bioinformatic methods. The sequenced ge-
nomes were positioned in a cluster with B.4 lineage along with the sequences from other countries namely, United
Arab Emirates and Oman. There were seven single nucleotide variations (SNVs) in common in all samples and
only one of the sequenced genomes showed the D614G amino acid substitution. Three SNVs, 1397 G > A, 28688T
> C, 29742 G > T, which had already been reported in February, were found with high frequency in all the
sequenced genomes in this study, implying that viral diversity reflected in the early stages of viral transmission in
Iran were established in the second wave. Considering the importance of molecular epidemiology in response to
ongoing pandemic, there is an urgent need for more complete genome sequencing and comprehensive analyses to
gain insight into the transmission, adaptation and evolution of the virus in Iran.
1. Introduction

The World Health Organization (WHO) declared the coronavirus
disease 2019 (COVID-19) as a global pandemic on March 11, 2020 [1].
Iran was among the first countries where it was hardly hit at the early
stage of the pandemic [2]. The first COVID-19 case in Iran was confirmed
on 19 February 2020, in Qom, a city in central Iran, resulting in death
[3]. The virus spread rapidly and the country soon ranked third in the
world with the highest number of reported COVID-19 cases after China,
and Italy, up to March 16, 2020 [4]. The epidemic curve of the disease
reached a peak in Iran and then started to decrease sharply following
restrictive measures and lockdown applied by the authorities. When such
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measures were relaxed from early in May, the shape of the curve became
bimodal because of a sharp increase in the number of COVID-19 cases
peaking again at the beginning of June [5].

The epidemiological data will provide necessary information for de-
cision making if combined with real time whole genome sequencing data
[6]. The genomic data related to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in the global initiative on sharing all influ-
enza data (GSAID) (https://www.gisaid.org) have been growing
dramatically since the first sequence of SARS-CoV-2 was deposited in
January 2020 [7]. While there are over 2,370,000 complete genome
sequences of SARS-CoV-2 in GSAID as of July 20, 2021, the number of
complete genome sequences from Iran is less than 400 sequences, which
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clearly shows the necessity of much more complete genome sequencing
of the virus in the country.

This study aims to address the above-mentioned issue and report
complete genome sequencing of the three SARS-CoV-2 samples obtained
from three patients in Alborz province during the second wave of COVID-
19 in May and June 2020. Alborz province is adjacent to Tehran province
wherein the capital and the largest city in the country is located and there
are large number of people travel between these provinces every day
(Figure 1). Alborz province is the among provinces with the highest
population density in Iran and the high incidence rate of COVID-19 [8].
The samples from the second wave of COVID-19 were used because it is
more likely to see common or distinct features among the sequences in an
outbreak. In addition to obtaining knowledge of circulating lineages and
their relationships to each other and other sequences in Iran and the
world, the variant analysis in this study helps to identify important
mutations in the generated genome sequences and to compare them with
those in other studies.

2. Material and methods

2.1. Collection of samples

This study was approved by the Research Ethics Committee of Alborz
University of Medical Sciences (ID Number IR.ABZUMS.REC.1399.169).
This study also complies with all regulations and confirmation that
informed consent was obtained. Three RNA samples were used in this
study. Two samples (AK-SARS-27 and AK-SARS-48) were originated from
throat swabs of 57 and 25 year-old men who have attended Alborz
province local health center in Chahar-Bagh on 15 June 2020 because of
the clinical presentations of the COVID-19 disease and were confirmed as
SARS-CoV-2 positive by RT-PCR assay. The third sample (AK-SARS-A7)
was originated from a throat swab of a 43 year-old man, who attended
Imam Ali Hospital in Karaj, the capital of Alborz province, on 13 May
2020, tested positive by RT-PCR assay and passaged four times in the
Vero cell lines in the Razi Vaccine and Serum Research Institute.
Figure 1. Map of Iran with hig
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2.2. Whole genome sequencing

The viral RNAwas subjected to RT-PCR using OneStep Ahead RT-PCR
kit (Qiagen, Hilden, Germany) and 26 primer pairs covering the entire
genome of SARS-CoV-2 which have been previously described [9]. PCR
amplicons of each sample pooled together and purified using High Pure
PCR Product Purification kit (Roche, Mannheim, Germany). Library was
constructed using TruSeq Nano DNA Kit and the sequencing was per-
formed on an Illumina NovaSeq6000 using the 150 bp paired-end
sequencing protocol. Library preparation and sequencing were carried
out at Macrogen, INC, (Seoul, South Korea).

2.3. Assembly

Sequence raw data were subjected to quality control using FastQC
(https://www.bioinformatics.babraham.ac.uk/projects/fastqc). Adapter
sequences of the reads and bases with a score of less than Q30 were
trimmed and any reads shorter than 40 nt removed using Trimmomatic
v0.36 [10]. The high-quality paired-end reads were mapped to the
reference Wuhan-Hu-1 sequence (GenBank accession number
NC_045512.2) using the Burrows-Wheeler Aligner (BWA) package
v0.7.17–4 with MEM algorithm and –M –R options [11]. The aligned
sequences were converted to a fastq files using the Samtofastq tool
available in Picard tools (http://broadinstitute.github.io/picard). The
tool FLASH [12] was used to stitch the paired-end reads since about
one-half of the reads overlap the read generated from the opposite end of
the same DNA fragment. The resulting stitched sequences together with
the remaining paired-end reads were used as input data for the SPAdes
assembler v3.13.0 [13], resulting in three single, positive-stranded RNAs.

2.4. Phylogenetic analysis

The sequence data related to Iran and the countries more likely
affecting Iran were downloaded from the GSAID with following filters:
complete genomes, high coverage and the collection dates between
hlighted Alborz province.

https://www.bioinformatics.babraham.ac.uk/projects/fastqc
http://broadinstitute.github.io/picard


Figure 2. Phylogenetic analysis of 125 complete genome sequences of SARS-CoV-2 obtained from isolates in this study and others from GSAID. The turquoise color
shows the cluster formed by the three genome sequences of this study (red tips) along with other isolates. Scale bar shows the number of nucleotide substitutions
per site.

A. Kaffashi et al. Heliyon 7 (2021) e08027
1/12/2019 and 1/7/2020 [Armenia 3, Bahrain 35, China 853, Iran 64,
Iraq 28, Kuwait 8, Oman 302, Pakistan 39, Qatar 392, Saudi Arabia 736,
Turkey 350, United Arab Emirates (UAE) 1355]. A 3 percent of the
sequence data was subsampled using a program in the BBMap suite (https
://sourceforge.net/projects/bbmap) and the assembled sequences in this
study and the reference genome (NC_045512.2) were then added to it to
build a dataset of 125 sequences. Multiple sequence alignments on the
3

dataset was performed using MAFFT v7.471 [14] and phylogenetic tree
was built by running IQ-Tree using the ultrafast method with 1000 rep-
licates and with the ModelFinder [15], visualized and annotated using
FigTree v1.4.4 (http://tree.bio.ed.ac.uk/software/figtree). Lineages
were assigned using Phylogenetic Assignment of Named Global Outbreak
LINeages (Pangolin) COVID-19 Lineage Assigner at https://pangolin.
cog-uk.io on the basis of previously described methodology [16].

https://sourceforge.net/projects/bbmap
https://sourceforge.net/projects/bbmap
http://tree.bio.ed.ac.uk/software/figtree
https://pangolin.cog-uk.io
https://pangolin.cog-uk.io


Table 1. Number of SNVs, frequencies (>%1) and depth of the sequenced
genomes.

Total number of
SNVs

Number of SNVs with
frequency �1%

Average depth
(range) x

AK-SARS-
27

48 18 26945
(2502–47383)

AK-SARS-
48

634 45 41307 (57–75665)

AK-SARS-
A7

78 32 34720.82
(1820–74782)
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2.5. Variant analysis

The PCR duplicates of the mapped reads (described above) were
flagged with Samblaster v0.1.24 [17]. The resultant SAM file was then
converted to a BAM file, sorted and indexed using the SAMtools package
v1.10 [18]. The BAM file was visualized with Integrative Genomics
Viewer (IGV) [19] and its quality was checked. The VCF file containing
variants were generated using both FreeBayes v1.3.2 [20]and Lofreq
v2.1.5 [21] and reference sequence and were annotated using SnpEff
v4.5covid19 [22] available in the Galaxy web platform [23] at useg
alaxy.org.

3. Results

3.1. Whole-genome sequencing and assembly

As a result of whole-genome sequencing of samples AK-SARS-27, AK-
SARS-48 and AK-SARS-A7, total numbers of 14,260,854, 22,944,020 and
23,134,292 2 � 151 paired-end reads were generated, respectively. The
de novo genome assembly of the aligned reads to the reference genome
resulted in three single, positive-stranded RNAs of 29,850 bp, 29,843 bp
and 29,828 bp with the mean coverage depths of 32331.2x, 53492.5x
and 52873.8x, for the samples AK-SARS-27, AK-SARS-48 and AK-SARS-
A7, respectively.

3.2. Phylogenetic analysis

Maximum likelihood phylogenetic analysis showed that the se-
quences in this study form a distinct cluster with other Iranian sequences
(EPI_ISL_2692885, EPI_ISL_437512, EPI_ISL_594185) and other se-
quences from UAE (EPI_ISL_698182, EPI_ISL_435139, EPI_ISL_469279)
and Oman (EPI_ISL_457706) (Figure 2). The cluster (turquoise color in
Figure 2) belonged to B.4 lineage according to Pangolin COVID-19
lineage assigner and to O clade in GISAID and it is likely seeded by the
Chinese sequence (EPI_ISL_454908). The genome sequences AK-SARS-48
of this study and EPI_ISL_698182 from UAE in the cluster have become
descendant lineages B.4.8 and B.4.7, respectively.

3.3. Variant analysis

Total number of single nucleotide variations (SNVs) in the samples
AK-SARS-27, AK-SARS-48 and AK-SARS-A7 were 48, 78 and 634,
Table 2. The SNVs in common in all samples compared to reference genome (GenBa

Nucleotide position in reference Codon in Reference Amino acid in referenc

1397 GTA Valine

11083 TTG Leucine

13129 GGA Glycine

20446 AAA Lysine

28688 TTG Leucine

29742 NA NA

29844 NA NA
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respectively, and the depth and frequency of SNVs for each sample were
different (Table 1).

Seven same SNVs, positioned in ORF1ab, N gene and 30-untranslated
regions of the genome were found in all samples. Two SNVs (1397 G > A
and 11083 G > T) of four in ORFab corresponded to a missense change
with high frequency. The remaining two SNVs, (13129A > G) and
(20446A > T) in ORFab result in a synonymous change and a stop codon
with very low frequency, respectively. There was only one SNV (28688T
> C) in the N gene which corresponded to a synonymous change in amino
acid with 100% frequency. In the 30-untranslated region, there were two
SNVs 29742 and 29844 with average frequency of 100% and 1%
(Table 2).

The SNVs in the spike region of all samples had high frequency. The
sample AK-SARS-27 had only one SNV (23403A > G) which corre-
sponded to the missense change D614G. Sample AK-SARS-48 had 4
SNVs. One of them (23525C > T) leads to a missense and the rest
(22042T > C, 22708 G > T, 25318C > A) result in synonymous changes.
There were 3 SNVs in the Sample AK-SARS-A7. One SNV (22042T > C)
was the same as one in AK-SARS-48 and two of them (22350A > V and
23997C > G) corresponded to missense changes. The latter SNVs had
lower frequency of 0.83 and 0.51, respectively, in comparison with the
frequency of 100% seen in other SNVs in the spike region (Table 3).

4. Discussion

The genome sequences of this study were positioned in a cluster
which all belonged to O clade in GSAID. It has been reported the SARS-
CoV-2 isolates of O clade are substantial in Iran, Srilanka and Malaysia
[24]. The cluster included genome sequences from B4 lineage and its
descendant lineages B.4.7 and B.4.8. According to PANGO lineages
website (https://cov-lineages.org/index.html), B.4 is described as an
Iranian lineage which has global exports and B.4.7 as UAE and Africa
lineage. B.4 lineage has been reported to be dominant lineage in Iran
from start of pandemic to the end of June [25]. This is consistent with our
findings since the samples in this study were collected in May and June.
One of the sequences in this study had the descendant B.4.8 lineage
which shows that the viruses in lineage B.4 might have undergone
further evolution. B.4.8 lineage has also occasional international ap-
pearances in other countries such as the United Kingdom, Canada,
Portugal and Denmark (PANGO lineages website). Overall, it may not be
possible to deduce the origin of transmission because of lack of access to
more complete genome sequences from Iran and absence of travel history
of all the sequences in the cluster.

This study attempted to address genetic diversity of the sequenced
genomes in a sub-consensus level as quasispecies within infected patients.
The SNVs like other studies [26, 27]were scattered in theORF1ab, S andN
genes of SARS-CoV2 in all samples. The genetic diversity in the sample
AK-SARS-48 was much higher than other samples. Apart from recurrent
sequence biases, hypermutability and artifacts [27] in the sequenced ge-
nomes, other epidemiological variables may play a role in the sequence
diversity [26]. The increase in genetic diversity has already been associ-
ated with the age and viral load [28, 29]. The reported Ct value of the
sample 48 was 2 logs higher than sample 27 (17 vs 19), however, the as-
sociation between age and genetic diversity was not seen in this study.
nk accession number NC_045512.2).

e Alternative codon Alternative Amino acid Genome location

ATA Isoleucine NSP2

TTT Phenylalanine NSP6

GGG Glycine NSP10

TAA stop NSP15

CTG Leucine N

NA NA 30-UTR

NA NA 30-UTR

http://usegalaxy.org
http://usegalaxy.org
https://cov-lineages.org/index.html


Table 3. The SNVs in the spike region of the genome of the samples.

Sample
ID

Nucleotide
position in
reference

Codon in
Reference

Amino acid
in
reference

Alternative
codon

Alternative
Amino acid

AK-
SARS-
27

23403 GAT Asparatic
acid

GGT Glycine

AK-
SARS-
48

22042 TAT Tyrosine TAC Tyrosine

AK-
SARS-
48

22708 GTG Valine GTT Valine

AK-
SARS-
48

23525 CAT Histidine TAT Tyrosine

AK-
SARS-
48

25318 TTC Serine TTA Serine

AK-
SARS-
A7

22042 TAT Tyrosine TAC Tyrosine

AK-
SARS-
A7

22350 GCA Alanine GTA Valine

AK-
SARS-
A7

23997 CCA Proline CGA Arginine
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Seven SNVs have been shared in all samples. It has already been re-
ported that viral genomes of all patients who returned to Australia, New
Zealand and Canada from Iran in February 2020 form a distinct mono-
phyletic group defined by the three SNVs (1397 G > A, 28688T > C,
29742 G> T) [30]. The fact that these SNVs with high frequency were in
common in the sequenced genomes in this study, demonstrates that viral
diversity reflected in the early stages of viral transmission in Iran were
established next four month. However, this trend may not have
continued, as one study in India has reported that the mutational prob-
ability of 11083 G > T which was high in the beginning, decreased to
zero in August and September 2020, suggesting that this mutation was
not selected in the virus population for further propagation because of
lesser efficiency in infection or fitness disadvantage [31].

Only one of the sequenced genomes had the SNV 23403A > G which
results in D614G amino acid substitution, but it was not accompanied by
three other mutations which are always co-occurring in the same
genome. Mutation D614G which causes a change in spike region outside
of its receptor binding domain became the most predominant form in
pandemic fromMay 2020 globally. There are reports that this mutation is
associated with higher infectivity and viral load in the upper respiratory
tract [32], but this was not supported by other studies [33]. The small
size of SARS-CoV-2 genome sequences from Iran hinders the robust
analysis of D614G and other mutations at a national level. However, the
available data from limited sequences from Iran in GSAID shows that
frequency of mutation D614G increased from 1 (AK-SARS-27 in this
study) in June 2020 to 16 sequences in March 2021 (data checked on
March 14, 2021).

This study provided the phylogenetic and variant analyses of three
complete genome sequences in Alborz province in Iran. One potential
limitation is the low number of generated sequences; however, this study
will contribute to our understanding of transmission, adaptation and
evolution of the virus where the sufficient data is not available. There is
an urgent need for more complete genome sequencing of SARS-CoV-2 in
Iran and more comprehensive analyses in response to ongoing pandemic.

5. Conclusions

The results of this study revealed that the lineage B.4, as a previously
reported dominant lineage in Iran, is still present during the second wave
5

of COVID-19 in Alborz province and might have undergone further
evolution as a descendant B.4.8 lineage. The diversity reported in the
early stages of viral transmission became established in the second wave
as three mutations in the viral genomes of COVID-19 patients who had
travel history to Iran in February 2020was also found in the viral genome
sequences in this study. The mutation D614G which became the most
predominant form in pandemic from May 2020 globally was only found
in one of the genome sequences of this study.
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