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1. Introduction
Since 2019, a new illness named coronavirus disease 19 

(COVID-19) has been established to be caused by an enve-
loped RNA virus that belongs to coronaviridae family; the 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. The disease has been characterized by different 
ranges of respiratory symptoms from mild to severe. CO-
VID-19 pandemic with its huge number of morbidities and 
mortalities resulted in a worldwide health problem within 
a very short period. Similar to other RNA viruses, SARS-
CoV-2 RNA genome underwent continuous mutation that 
impacted disease pathogenicity. The genome codes for 
a number of structural and non-structural proteins [2,3]. 
One of the genes is the S gene; a highly mutated gene that 
codes for SARS-CoV-2 Spike protein with a total length 
of 1237 amino acids (aa). It consists of a signal peptide 
located at the N-terminus (1-13 aa), the S1 subunit (14-
685 aa) responsible for binding to angiotensin-converting 
enzyme 2 receptor (ACE2), and the S2 subunit (686-1273 
aa) responsible for membrane fusion. The S1 subunit is 

composed of two domains; the N-terminal (NTD) (14-305 
aa) and the receptor-binding (RBD) (319-541). Regions 
that build up the S2 subunit include the fusion peptide (FP) 
(788-806), heptapeptide repeat sequence 1 and 2 (HR1 and 
HR2) (912-984aa and 1163-1213aa length, respectively), 
transmembrane domain (TM) (1213-1237aa) and cyto-
plasmic domain (CM) (1237-1273 aa) [4,5]. Clinically, 
altered S protein has been reported to greatly affect virus 
pathogenicity, host immunity, antiviral therapy and vac-
cine efficacy [6,7]. In 2020, the World Health Organiza-
tion (WHO) established a classification for SARS-CoV-2 
into variants of interests (VOIs) and variants of concerns 
(VOCs) [8]. Two of the VOCs relatively received much 
attention; the Delta (B.1.617.2 lineage) and the Omicron 
(B.1.1.529 lineage). The Delta variant arose during the 
third wave in India in October 2020. This variant showed 
increased resistance to neutralizing antibodies and relati-
vely increased expression of the S glycoprotein and im-
proved binding with the ACE2 receptor [9]. On the other 
hand, the Omicron variant originated from South Africa 
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in late 2021. It rapidly replaced the delta variant during 
the fourth wave of SARS-CoV-2 infection [10, 11]. It has 
been characterized by excellent binding to ACE2 receptors 
and better transmission rates, but relatively lower rates 
of hospitalization and death compared to Delta variant 
[12,13]. Considering the genetic evolution and classifica-
tion, three subclades of the Delta variant were identified 
(21A, 21I and 21J) and multiple Omicron subclades (21K, 
21L, 21M, 22A-F and 23A-F) [14]. As the Delta lineage 
B.1.617.2 diversified, a dynamic classification into subli-
neages using AY.X was established generating 129 subli-
neages (AY.1-AY.133) and multiple Omicron B.1.1.529 
sublineages designated as BA.X and recently XBB accor-
ding to PANGO (Phylogenetic Assignment of Named Glo-
bal Outbreak) dynamic nomenclature system [15]. Nearly 
16.1 million SARS-CoV-2 genome sequences are readily 
available in EpiCoV database from GISAID (Global Ini-
tiative on Sharing All Influenza Data) [16]. Actually, it is 
significant to address the molecular and epidemiological 
features of this virus because of its highly mutated feature 
especially the S gene, and its clinical consequences. This 
study was conducted to characterize the S gene of a num-
ber of SARS-CoV-2 isolates through NGS sequencing and 
analysis in order to highlight mutation profile and identify 
possible clades, lineages and sublineages distributed in 
Erbil City/Kurdistan Region of Iraq during the pandemic. 
In addition, the possible genetic relatedness of each iden-
tified sequence to local and international sequences was 
investigated.

2. Materials and methods
2.1. Sample collection

Nasopharyngeal and throat swab specimens were ob-
tained from hospitalized and non-hospitalized patients 
having signs and symptoms of COVID-19 from Erbil Pu-
blic Health Laboratory or admitted to the three COVID-
19-specific hospitals; Al Emarati, West Erbil Emergency 
and Lalav Hospitals in Erbil/Kurdistan Region of Iraq 
between the 15th of October 2021 and the 5th of January 
2022. Specimens were collected in vials containing special 
viral transport medium (VTM) and transported to the lab. 
according to special guidelines distributed by the WHO.

2.2. RNA extraction and qRT-PCR 
In the laboratory, SARS-CoV-2 detection was carried 

out using SARS-CoV-2 nucleic acid detection and extrac-
tion kit (Zybio/China); both RNA extraction and qRT-
PCR-based virus detection system were integrated into 
a single kit. Following confirmation of the SARS-CoV-2 
positivity, 20 RNA extracts (Ct value lower than 25) were 
selected for next-generation sequencing (NGS) because of 
the cost-effectiveness of this procedure as the study has 
not been funded by any company or organization.

2.3. Next-generation sequencing
As NGS was not available in Iraq at the time of the 

study, samples were sent to the Intergen Genetic Diagnosis 
and          Research Center in Ankara/Turkey on dry ice. There, 
all the 20 RNA extracts were re-checked for RNA integrity. 
Using a standard protocol of Ipsogen RT kit (Qiagen/Ger-
many), RNA extracts were reverse-transcribed to cDNA 
and stored at -20oC until processing. Primer Designer V.2.0 
(Scientific & Educational Software) was used to create spe-
cific primers to amplify SARS-CoV-2 S gene. Then, the 

cDNAs ran in a 2% agarose gel and the obtained DNA 
bands were purified using NucleoFast® 96 PCR clean-
up kit (Macherey-Nagel GmbH/Germany) and quantified 
using Nanodrop 1000 micro-volume spectrophotometer 
(Thermo Inc./USA). Later, NGS and analysis were carried 
out in which samples were first prepared for NGS using 
Nextera XT sample preparation kit (Illumina Inc./USA), 
then the sequencing process was carried out using MiSeq 
(Illumina Inc/ USA) according to protocols fixed in the kit. 

2.4. Bioinformatics analysis
The sequencing reads were aligned and assembled 

using the WIV04 reference sequence from Wuhan and 
the BBMap alignment algorithm. Meanwhile, the pro-
cess of variant calling and mutation detection against the 
reference genome were executed utilizing the Genome 
Analysis Toolkit (GATK). Furthermore, the annotation 
of the assembled sequences conducted using SnpEff. 
Prior to approval, quality control measures were ap-
plied to all sequence readings. For further analysis, we 
chose sequences that had a genome sequencing cove-
rage of over 99% and a gap length of less than 40 base 
pairs. Finally, only 12 S gene sequences successfully 
passed quality control measures and were submitted la-
ter to the GISAID database. The GISAID database pro-
vided sequence accession numbers to all the 12 genome 
sequences; EPI_ISL_18139226, PI_ISL_18139227, EPI_
ISL_18142862, EPI_ISL_18142863, EPI_ISL_18142864, 
EPI_ISL_18142865, EPI_ISL_18142866, EPI_
ISL_18142867, EPI_ISL_18142868, EPI_ISL_18142869, 
EPI_ISL_18142870, EPI_ISL_18142871

In the present study, the AudacityInstant (v5.1.0) pro-
gram was utilized, a specialized tool designed for doing 
comprehensive searches across the GISAID EpiCoV data-
base. The use of such tool served a crucial role by effec-
tively finding closely associated sequences in collected in 
nearly similar dates offering essential metadata for each 
recorded sequence. The metadata given encompassed es-
sential details, including clade, lineage, location, variant, 
and collection date.

2.5. Lineage and phylogenetic analysis 
The developmental origins of the 12 SARS-CoV-2 S 

gene sequences were studied. Lineage identification was 
performed using Pangolin system (v3.1.14). Moreover, 
clades were determined using the Nextclade sequence 
analysis and the GISAID database tools. In addition, an at-
tempt to find out the most closely related sequence to each 
sequence under study was done including sequences from 
the neighboring countries (Turkey, Saudi Arabia, Jordan, 
Iran, Kuwait and Syria) and a phylogenetic tree was gene-
rated using the Neighbor-Joining method as implemented 
in Molecular Evolutionary Genetics Analysis (MEGA) 
version 11.

3. Results
Twelve nasopharyngeal and throat swab samples col-

lected from COVID-19 patients in Erbil City/Kurdistan 
Region of Iraq between the 15th of October 2021 and the 
5th of January 2022 were subjected to primary identifica-
tion of SARS-CoV-2 using qRT-PCR followed by the S 
gene sequencing using NGS method. Following bioinfor-
matics analysis with the aid of EpiCoV database/GISAID 
and alignment of the obtained sequences with a reference 



85

Molecular and evolutionary study of SARS-CoV-2.                                                                                                                                                                        Cell. Mol. Biol. 2024, 70(10): 83-90

L229L and F543F were specific to S1. The same observa-
tion was correct for sublineage AY.33 (S2, S3, S5-8 and 
S10) in which ten mutations shared among the sequences 

sequence from Wuhan (WIV04), it was observed that ten 
of the sequences were Delta (B.1.617.2) variant and two 
were Omicron (B.1.1.529). 

3.1. PANGO lineage distribution of the sequences and 
related genomes

All the Delta variant S gene sequences in this study 
were from the B.1.617.2 PANGO lineage which was fur-
ther diversified into three sublineages; sublineage AY.33 
was the most predominant lineage (7 out of 10), subli-
neage AY.4 (2 out of 10) and a single AY.36. Both Omi-
cron variants were found to be from B.1.1.529 lineage and 
BA.1.1 sublineage. 

On the whole, among the 16.1 million SARS-CoV-2 
genomes in the EpiCoV database, 868 unique genomes 
were related or closely related to the Delta and 124 to the 
Omicron sequences with distances ranging from 0 to 3 and 
a match quality of 0.95 or higher. Generally, the related 
sequences to the Delta variants were mostly collected in 
Germany, USA, Denmark, UK, Iraq, Turkey and several 
other countries between the 21st of July 2021 and the 15th 
of December 2021, whereas the related sequences to the 
Omicron variants were mostly collected in UK, USA, Ger-
many, Thailand, Japan, UAE and several other countries 
between the 21st of December 2021 and the 15th of March 
2022 (Figure 1).

When the geographical distribution of the related ge-
nomes to each Delta sublineage was considered separately, 
new facts were observed (Figure 2). The most frequent 
related genomes for both AY.4 sublineages were mostly 
collected from the USA and the UK with proportions ran-
ging from 46.6 to 52.5%. As mentioned earlier, AY.33 
was the most frequent sublineage among the sequenced 
samples, but there was a great variation in the countries 
where the related genomes were identified. For instance, 
the most related genomes to AY.33 from sequence 2 (S2) 
were mostly identified in USA (46.6%) followed by the 
UK and Sweden. Exceptionally, the most related genomes 
to AY.33 from S3 were mostly isolated from Iraq (65.3%), 
specifically, the Kurdistan region of Iraq (as mentioned 
by EpiCoV database) followed by Estonia and Turkey. 
Moreover, the source of the related genomes to AY.33 
from samples 5-8 were nearly similar as they were mostly 
identified in Denmark, Germany, Netherland and Turkey. 
Sweden was the main source of the related genomes to 
AY.33 from S10 with a proportion of 76%! Finally, the 
related genomes to the only AY.36 sublineage (S4) in this 
study were identified from many other countries at nearly 
similar rates such as the UK, Sweden, the USA, Germany, 
Denmark and Brazil. 

3.2. Mutations in Delta sublineages 
Figure 3A represents all mutations identified in Delta 

sublineages in this study following alignment with Wuhan 
(WIV04) wild-type SARS-CoV-2. Generally, different mu-
tation classes have been observed in SARS-CoV-2 Delta 
sublineages including nonsynonymous single nucleotide 
variations (SNV), synonymous SNVs and a non-frame-
shift deletion. Surprisingly, the same sublineages showed 
variation in mutation type and number. For example, 
despite that samples 1 and 9 (S1 and S9) that belong to 
sublineage AY.4 shared 9 mutations namely; T19R, T95I, 
G142D, 156-158del, L452R, T478K, D614G, P681R and 
D950N, but N657N was found only in S9, whereas D80Y, 

Fig. 1. General characteristics of the related genomes to the identified 
sequences in this study including the most frequent countries and col-
lection date for each of Delta (A&B) and Omicron (C&D) variants. 
The related genomes are shown colored by distance to the nearest 
sequence.

Fig. 3. A general representation of the identified mutations in the 
spike glycoprotein of SARS-CoV-2 sequences. (A) Delta variant; (B) 
Omicron variant. NTD: N-terminal domain; RBD: receptor-binding 
domain; HR1: heptad repeat 1; HR2: heptad repeat 2; TM: transmem-
brane domain; CT: cytoplasmic tail.

Fig. 2. Geographical distribution of the related genomes to each subli-
neage identified in this study. S denoted for sequence number (S1-12); 
AY.4, AY.33 and AY.36 are Delta sublineages; BA.1.1 is the Omicron 
sublineage.
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namely; T19R, T29A, G142D, 156-158del, T250I, L452R, 
T478K, D614G, P681R and D950N. However, S gene 
sequences from S2 and S10 express three additional but 
different SNVs (D294D, T345T and E1195A in S2 and 
L176F, Q613H and N658H in S10), meanwhile, sequences 
from S3, S5 and 6 had an extra SNV (G181V, T302T 
and A783T, respectively). The mutation set of the single 
AY.36 sublineage (S4) composed of T19R, T95I, G142D, 
156-158del, L452R, T478K, D614G, P681R, D950N and 
V1104L.

3.3. Mutations in Omicron sublineage
SARS-CoV-2 S gene sequences 11 and 12 were identi-

fied as Omicron BA.1.1 sublineage and were identical. Ac-
tually, the Omicron variant was known with its large and 
unusual number of mutations. Thirty-three mutations were 
identified in both sequences following alignment with Wu-
han (WIV04) wild type SARS-CoV-2 namely; A67V, 68-
70-del, T95I, 142-145del and 211-212del, 214inseEPR, 
G339D, R346K, S371P, S371F, S373P, S375F, K417N, 
N440K, G446S, S477N, E484A, Q493R, G496S, Q498R, 
N501Y, Y505H, T547K, H655Y, N679K, P681H, N764K, 
D796Y, N856K, Q954H, N969K, L981F and D1146D (Fi-
gure 3B). On the whole, mutations were mostly localized 
in the RBD (Figure 3B).

3.4. Phylogenetic analysis of SARS-CoV-2 Sequences
Phylogenetic analysis of the studied sequences showed 

that all the Delta (B.1.617.2) variant sequences belonged 
to the 21J Nextstrain Delta subclade and both sequences 
of Omicron variant (B.1.1.529) were from 21K Nexts-
train Omicron subclade (Figure 4A). Yet, phylogeny of 
the genome sequences to the nearest sequence was also 
performed in which the branching indicates the evolutio-
nary differences (distances) among the related sequences 
(Figure 4B). Generally, Delta sequences were variable in 
their origin. Only one sequence (S2) was shown to be clo-
sely related to a sequence from Iraq whereas all the other 
sequences were found to group with sequences from other 
countries such as Sweden, Finland and the USA. Among 
the neighboring countries, sequences from Turkey and 
Saudi Arabia showed close proximity. The same phy-
logeny showed a great evolutionary distance between the 
isolated sequences and the Wuhan (WIV04) SARS-CoV-2 
wild type. On the other hand, both Omicron sequences 
were almost grouped with sequences from the USA.

4. Discussion
In this study, molecular characterization of 12 SARS-

CoV-2 sequences through S gene sequencing and analy-
sis using a number of bioinformatics tools and EpiCoV/
GISAID database. Nasopharyngeal and throat swab speci-
mens were collected in Erbil City/Kurdistan Region of Iraq 
from the 15th of October 2021 and the 5th of January 2022. 
The results showed that among the studied sequences, 10 
identified as Delta (B.1.617.2 lineage) and two as Omicron 
(B.1.1.529 lineage) variants; it seems that it was the period 
of transition from Delta to Omicron variant in Erbil City 
during the study period. Infection with Delta and Omicron 
variants and their sublineages expanded rapidly in large 
number of countries across the globe via international 
travelling in spite of the restricted instructions forced by 
most of the countries [17]. As it was evident in the results 
(Figures 1 and 2), 11 out of the 12 studied sequences 

were closely related to sequences from different European 
countries and the USA indicating numerous external vi-
ral introducing sources during the study period. A single 
sequence (sublineage AY.33 from Sequence 3) could be 
regarded as the domestic sequence as 65.3% of the related 
genomes were recorded in Iraq and the Kurdistan Region.

Dynamic classification of Delta B.1.617.2 lineage into 
sublineages was established within the PANGO classifi-
cation system using “AY.X” [15]. Sublineages were cha-
racterized by occurrence of specific mutations and distinct 
geographical distribution and infection properties [18]. 
Among Delta sequences, 7 out of 10 belonged to AY.33 
sublineage. This sublineage appeared in June 2021 and 
increased in prevalence worldwide, comprising the main 
sublineage being recorded in the Kurdistan Region of 
Iraq, Denmark, Germany, Sweden, the Netherland and 
Turkey until the end of December 2021 [19]. Another 
sublineage; AY.4, was detected among Delta sequences. 
This sublineage was highly recorded in July and August 
2021 (nearly 40% of all Delta sequences in EpiCoV data-
base), however, a relatively lower rate (10.9%) was repor-
ted by Yadouleton et al. (2021) [20], highlighting the fact 
that SARS-CoV-2 infection is challenging to fit within a 

Fig. 4. Nextstrain phylogenetic analysis of the studied sequences. (A) 
PANGO lineages of both Delta and Omicron variants; (B) Relation to 
the closest sequence in EpiCoV/GISAID database.
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specific regulation. The prevalence rate of AY.4 obviously 
declined (2.5%) by the end of the year. Yet, a single Delta 
AY.36 sublineage was identified in our study in which the 
related genomes were reported in the UK, Sweden, the 
USA, Germany, Denmark and Brazil. Globally, AY.36 was 
a rare sublineage identified only in 11 countries in very 
low rates (less than 5% of all Delta sequences in GISAID). 
In a noteworthy, Ozer et al. (2022) reported 85% preva-
lence rate of this sublineage in their study in Oyo state/
Nigeria [21]. 

Numerous sublineages of Omicron B.1.1.529 lineage 
evolved and were readily recorded in EpiCoV database. 
Both identified sequences of the Omicron variants in the 
present study belonged to BA.1.1 sublineage. The BA.1 
and BA.1.1 were the first and the most prevalent subli-
neages globally at the beginning of the fifth wave of CO-
VID-19, but were quickly replaced by the BA.2 sublineage 
in March 2022 [22,23]. 

S gene mutations were identified following align-
ment with the reference sequence. On the whole, Delta 
sublineages were variable in their mutation profiles., but 
carried the unique set of mutations; L452R, T478K, and 
P681R reported by the WHO as signature mutations of 
Delta variant [8]. L452R and T478K are located in the 
RBD and found to enhance the interaction with the ACE2 
receptor, virus replication, transmission and immune 
escape [24,25]. P681R generated as proline replaced by 
arginine at position 681 near S1/S2 cleavage site. This 
nonsynonymous mutation was found to greatly enhance 
virus replication and transmissibility [26] and partially 
decrease neutralizing antibody binding affinity as well 
[27]. Yet, all Delta sublineages shared some additional 
nonsynonymous mutations including T19R, T95I, G142D, 
D614G and D950N, in addition to 156-158 deletion. The 
same mutation set was also reported by Ghareeb and Ab-
dulaziz (2023) [28]. NTD is a target site for neutralizing 
Antibodies (Abs) such as 4A8. It was observed that T19R 
and G142D mutations interfere with Ab binding, whereas 
156-158 deletion contributes to the vaccine-escape abili-
ties of the virus by changing the NTD structure [29,30]. 
T95I originated in Eta (B.1.525) and Iota (B.1.526) VOIs 
and structural analysis revealed that this mutation might 
alter the sidechain conformation to weaken the interac-
tion with antibodies [31]. Interestingly, the asparagine-to-
glycine substitution at amino acid position 614 (D614G) 
was found in all SARS-CoV-2 sequences in this study, 
including Omicron variant. This mutation was one of the 
most critical mutations that appeared in Alpha variant 
and conserved in other VOCs and VOIs, but the detection 
rate was variable. Globally, around 80% of SARS-CoV-2 
sequences were found to possess this mutation. Studies 
revealed that this mutation dramatically boosts replication 
potential of the virus thereby increasing the transmission 
rate [32,33] without any link, however, with severe cli-
nical outcomes [34]. Within the same group mentioned 
above is D950N. it is located near S1/S2 cleavage site and 
enhanced virus replication and transmissibility as P681R, 
however, P681R in particular, inflicted more advantages to 
the virus as it enhanced S1/S2 cleavage more efficiently. 
D950N was also linked to decreased binding potential of 
neutralizing antibodies [35]. Considering every sublineage 
separately, new facts are disclosed. For instance, all the 
AY.33 genomes carried two additional mutations; T29A 
and T250I, in the NTD, both mutations were specified to 

sublineage AY.33 by Mazouri et al. (2022). The substitu-
tion of threonine to alanine at position 29 and to isoleucine 
at positions 250 in the NTD resulted in a change in the 
secondary structure of the spike protein which might have 
functional consequences [36]. Moreover, sequence-speci-
fic mutations were also observed within this sublineage. 
One of the significant mutations in this group was G181V 
in the NTD which was specifically found in Sequence 3; 
the sequence was dominant in Iraq including Kurdistan 
Region at that time and was detected in less than 50% of 
the related genomes globally. G181V significantly affec-
ted ACE2 binding thereby increasing the infectivity [37]. 
In the RBD, little is about its impact of a rare mutation 
Q613H, however, given its proximity to D614G, it was 
suggested to enhance virus transmissibility along with the 
latter mutation [38]. Conversely, mutations like A783T 
and E1195A were only observed in sequences 6 and 2, res-
pectively, but nothing is known about their role in virus 
pathogenesis. Interestingly, both AY.4 sequences showed 
nearly similar mutation pictures, except for D80Y muta-
tion which was found only in one sequence and it was 
recorded in fewer than 50% of the related genomes in Epi-
CoV database. Scarce studies mentioned the role of this 
mutation, but Li et al. (2023) stated its role in increasing 
the infectivity of SARS-CoV-2 [39]. The single genome 
identified as AY.36 Delta sublineage appeared with single-
specific mutation in the C-terminus of the S2 subunit; 
V1104L. the same mutation was fixed in AY.20, AY.22 and 
AY.31 Delta sublineages as well, but the functional role of 
this mutation has not been established yet [21]. Gathering 
all the previous facts together, one can conclude that va-
riation in these nonsynonymous mutations in Delta subli-
neages is the basis of first, variation in the clinical picture 
of COVID-19 from mild to severe, and second, the high 
morbidity and mortality rates associated with infection 
with Delta variant.

Yet, both sequences of Omicron BA.1.1 sublineage car-
ried the same number (33 mutations) and set of mutations 
in the S gene, in which 16 mutations located in the RBD 
namely; G339D, R346K, S371P, S371F, S373P, S375F, 
K417N, N440K, G446S, S477N, T478K, E484A, Q493R, 
G496S, N501Y, and Y505H. Remarkably, prior studies 
documented each of the aforementioned alterations and 
were found to increase spike protein-ACE2 binding poten-
tial thereby enhancing virus infectivity and transmissibi-
lity. However, they differ in their binding affinity, for ins-
tance, Q493R and N501Y had the highest binding affinity 
to ACE2 whereas N440K and E484A conferred the lowest 
binding affinity [25,26,40]. K417N was documented pre-
viously as the signature mutation of BA.1.1 sublineage 
[23]. The triple mutation set; K417N, E484A and N501Y, 
was found to be significantly related to immunological 
escapes and evasion from neutralizing antibodies [41]. In 
addition, mutations in the NTD included A67V, 68-70-del, 
T95I, 142-145del, 211-212del, 214inseEPR were found to 
be less advantageous for the virus as reported by Kumar et 
al. (2022) in their extensive analysis of the spike protein of 
different Omicron sublineages and found that in contrast 
to the RBD, mutations in the NTD resulted in a negative 
electrostatic potential indicating that Omicron variant 
bound less efficiently to ACE2; a possible interpretation 
for Omicron’s decreased severity and hospitalization [40]. 
It's still unclear how the Omicron sublineages appeared 
with this unusual number of mutations in the spike pro-
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tein. Since this variation was originally identified in im-
munocompromised patients in South Africa, there was less 
selection pressure on the virus, and the extended time of 
infection may have contributed to such a significant evo-
lution [42,43].

In this study, the phylogenetic analysis indicated that 
all the Delta variant sequences belonged to 21J Nextstrain 
Delta subclade and both sequences of Omicron variant 
were from 21K Nextstrain Omicron subclade (Figure 4A). 
On the whole, Delta variant comprised 3 subclades; 21A, 
21I and 21J, in which subclade 21J was the most prevalent 
clade which dominated until the end of the COVID-19 
third wave [44,45]. By the end of 2021, Omicron variant 
emerged and the first clade; 21K, was named. This clade 
comprised BA.1 and its sublineages; the most prevalent 
Omicron sublineage [46]. The phylogenetic analysis, in ad-
dition, revealed that the closest sequence to our sequences 
(except for sequence 2 which matched sequences from 
Iraq) were from Sweden, Finland, the USA, Saudi Arabia 
and Turkey, indicating that these countries might be the 
basic sources of the SARS-CoV-2 found in Erbil during 
the study period. 

In conclusion, it seems that the study period was the 
period of transition from the third to the fourth wave of 
COVID-19 in Erbil City because both Delta and Omicron 
variants were identified among the sequences. AY.33 was 
the prevalent Delta sublineage that included a domestic 
sequence. BA.1.1 sublineage of Omicron was the first 
sublineage identified in the study area. Variations in the 
identified sublineages and their related genomes from Epi-
CoV/GISAID database were greatly attributed to the main 
role of public transport in virus transmission. The rapi-
dly mutated genome of the virus, especially the S gene, 
interprets variable mutation patterns that greatly impact 
virus transmission, infectivity, and immune and vaccine 
escape abilities. Comprehending the temporal patterns of 
mutation and molecular characterization of SARS-CoV-2 
would be beneficial for clinical purposes, public health 
planning, and control strategy development. Similar stu-
dies are continuously needed to understand the molecular 
characteristics of the virus and surveillance of the circula-
ting strains locally and globally.
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