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Abstract

Background: Next-generation sequencing (NGS) can monitor the transmission of COVID-19 and viral alterations. Objectives:
To provide information about testing techniques and infection control measures, as well as to direct the development of vaccines
and treatments for the Corona virus. Methods: Six Iraqi SARS-CoV-2 strains were investigated using whole-genome sequencing
using the next-generation sequencing method. The sequencing was carried out with an Illumina MiSeq system, and phylogenetic
analysis was carried out for all Iraqi sequences retrieved from GISAID. Results: The analysis of the isolates from this study
showed that all the sequences from the most recent wave, which happened in the summer of 2022, were primarily clustered in the
20A clades and the 21K, 21L (Omicron) clade, as determined by the GISAID and Nextclade systems. On the other hand, the
PANGO system revealed that six sequences were of the BA.1 lineage in Irag, while four were of the BA.2 lineage. We found that
throughout the country's subsequent pandemic waves, SARS-CoV-2 clades and their lineages exhibited circulation patterns and
dominance. Conclusions: NGS continues to supply vital COVID-19 evidence to academics, vaccine and medication makers, and
public health regulators.
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INTRODUCTION single-stranded RNA genome. Four genera, a, B, v,

and J, can be distinguished based on the serotype and
The members of the Coronaviridae are known to genomic features [5-7]. Since then, 216 countries and
infect a wide variety of hosts, causing various territories have contracted the disease. The WHO
diseases and symptoms, such as SARS, COVID-19, proclaimed COVID-19 to be a pandemic on January
and MERS. CoV was discovered during the 1960s; it 30, 2020 [8,9]. With a single-stranded positive-sense
caused the COVID-19 pandemic and has caused RNA genome between 26 and 35 kb, SARS-CoV-2
widespread disease, fatalities, and disruptions to daily codes for about 27 proteins, some of which share
life [1,2]. A group of closely related viruses known as similarities with proteins with established activities.
CoVs can infect people's respiratory systems and In contrast, others are uncertain, unidentified, or
cause minor symptoms that can lead to death [3, 4]. A presumptive [10,11]. There are fourteen open reading
coronavirus is an encapsulated virus with a positive frames in the genome of SARS-CoV-2. These frames
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code for sixteen nonstructural proteins (nspl-16),
four structural proteins (spike (S), envelope (E),
membrane (M), and nucleocapsid (N), and nine
accessory proteins. The angiotensin-converting
enzyme 2 (ACEZ2), a cellular receptor for protein S,
has a role in all of these viral proteins and helps
enhance the entry of SARS-CoV-2 into host cells. In
addition, the transmembrane proteases serine 2 and
cathepsin L can only let SARS-CoV-2 into cells at
the plasma membrane surface and endosomal
compartments [12]. Whole-genome sequencing
(WGS) has been essential in providing insights into
several newly discovered viral epidemics, including
Zika, Ebola, Usutu, and yellow fever viruses [13].
The detection of viral presence and the
comprehension of the SARS-CoV-2 virus's
epidemiology are also frequently accomplished using
next-generation gene sequencing (NGS) techniques.
Nevertheless, despite the accuracy and dependability
of NGS systems, their practical applicability is
sometimes constrained by the additional expenses
and skills required [14]. Following the initial
COVID-19 epidemic, extensive worldwide next-
generation sequencing (NGS)-based initiatives were
launched to investigate the genetic insights of SARS-
CoV2, due in great part to the efficacious function of
WGS during many outbreaks. The first SARS-CoV2
whole-genome sequencing was released on January
5, 2020. Several nations contributed the full genome
sequence of SARS-CoV2 to the Global Initiative on
Sharing All Influenza Data (GISAID) database after
the virus's initial full genome sequencing [15,16].
Because COVID-19-positive patients from Iraq are
different from those from its neighboring countries, a
full WGS-based analysis is needed to rule out the
major differences linked to the country's SARS-CoV2
strains and find out if similar mutations are present in
other countries with similar prevalence patterns. This
study aims to evaluate the NGS technologies for
diagnosing, surveilling, and surveying SARS-CoV-2.
The classification of isolates into separate clades,
variations, and lineages was accomplished with the
assistance of three well-established global platforms:
GISAID, Nextstrain, and PANGO. As a result, we
sequenced and described SARS-CoV2's whole
genome. Phylogenetic analysis was conducted in
addition to WGS to compare the genomes of the
current SARS-CoV2 strain with the available
genomes. This study aims to provide information
regarding diagnosis, infection control measures, and
guidance for the development of vaccines and
treatments for the Corona virus.

METHODS
Study design and samples collection

In this study, we collected 50 samples of
nasopharynx (NP) swabs and oropharynx (OP) from
patients suspected of having COVID-19, based on
clinical symptoms reported by doctors. Patients’
samples were collected from Imam Hassan Al-
Mujtaba Teaching Hospital in Karbala, Irag, and the
Central Public Health Laboratory (CPHL) from June
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2022 to August 2022. Specimens were then directly
inserted into a viral transport medium (VTM) and
samples were classified into main groups according
to gender, as shown in Table 1.

Table 1: Distribution of patients according to infection and
gender

Gender Positive Negative p-value
Male 35.65+16.14 34.6+12.96
Female 32.96+9.14 36.63+15.58 0.752
Total 34.51+13.58 35.39+13.88
p-value 0.771

Values were expressed as mean+SD.

Detection of COVID-19

RNA was isolated from samples obtained from
nasopharyngeal swabs as well as oropharyngeal (OP)
swabs using the AddPrep Viral Nucleic Acid
Extraction Kit (Addbio, South Korea). The QubitTM
RNA Broad Range (BR) assay kit (Catalogue
Number Q10211) was utilized to perform
quantification, which was the method of quality
control (QC) for the extracted RNA.

PCR Amplification

RNA was extracted and analyzed by using a real-time
reverse transcriptase polymerase chain reaction (rRT-
PCR) assay to confirm infection [17,18]. Polymerase
chain reaction (PCR) in real-time: The reaction
consisted of 20 pL of RNA and 10 pL of 2 pL
reaction buffer, which was supplied with the
Coronavirus COVID-19 Nucleic Acid Detection Kit
(Fluorescence RT-PCR Method, AeHealth, UK). The
reverse transcription process involved thermal
cycling at 50 °C for 10 minutes, followed by 95 °C
for 3 minutes, and then 40 cycles of 95 °C for 10
seconds and 55 °C for 30 seconds. The laboratories
that participated in the study utilized Bio-Rad, USA.
The whole genome sequencing was conducted on
samples from six diverse Iragi locales using the NGS
technique. These specimens had threshold (Ct) values
ranging from 15 to 17 and were assessed using
samples from six different regions in Iraqg.

NGS library preparation
sequencing

and whole-genome

The PCR product was normalized to a concentration
of 0.2 ng/L. The AmpliSeq Library PLUS kit for
Illumina was utilized to prepare the paired-end
sequencing library, which involved the
implementation of the following primary procedures:
The process involves several steps: 1) DNA
quantification and dilution; 2) target amplification; 3)
partial amplicon digestion; 4) index ligation; 5)
library cleaning; and 6) Equilzer workflow. The
pooled library was subsequently prepared for paired-
end sequencing utilizing the MiSeq (Illumina)
platform, employing a sequencing reagent cartridge
known as the MiSeq Reagent Micro Kit v2, with a
total of 300 cycles (Cat. No. MS-103-1002).
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NGS bioinformatics analysis

Paired-end NGS data were analyzed using publicly
available bioinformatics software. The FastQC
program (version 0.11.8) assisted in examining the
read quality of FASTQ files in the first step of the
process [19]. By using the Trimmomatic tool, version
0.39 [20], it was possible to get rid of low-quality
base calls (Q < 30) and index adapter sequences from
both ends of sequenced reads. Using the default
settings for the Burrows-Wheeler Aligner (BWA,
version 0.7.17), the reads that had been filtered were
aligned with the Wuhan reference genome (GenBank
accession number: NC_045512) [21]. This was
accomplished by using the default settings. For the
viral genome alignment, the reference sequence of
SARS-CoV2 (accession number: NC_045512) was
utilized as a control [22]. The National Genomics
Data Centre (NGDC) of China was utilized in order
to carry out the processes of genome annotation and
variant calling [23] (Figure 1).
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Figure 2: The map of gene annotation where the exact site
of mutation appeared.

Erroneous data may be brought to the forefront
during the mapping process due to the presence of
duplicated reads. For this reason, Sambamba (version
0.68), which is utilized to remove duplicated reads,.
By utilizing mapping information like the start
location and CIGAR string, we can identify and
differentiate duplicate reads. The search for genetic
variation was carried out using the bulk sequence
data that was produced. A copy of the reference

genome is kept on the National Centre for
Biotechnology  Information ~ (NCBI)  website
(https://www.ncbi.nlm.nih.gov/).  Following  the

elimination of duplicates using Sambamba and the
identification of variations using SAMTools,
information regarding each variant was acquired, and
it was categorized according to chromosomes or
scaffolds.

Phylogenetic analysis

SARS-CoV2 genomes were acquired from available
sources using FASTQ files retrieved from the
GISAID and NCBI databases. The phylodynamic
approach of Augur Nextstrain was employed to
cluster a collective of 85 genomes of SARS-CoV2,
which encompasses the present sequenced genome
(accession number: MW242667) [24]. The alignment
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of the sequences was performed using MAFFT [25]
using the Wuhan reference genome (accession
number: NC _045512.2). We generated the
phylogenetic tree using the 1Q-TREE software [26].
We used the software FigTree v1.4.4 [27] to visualize
the phylogenetic tree. The Codon Tree pipeline
produces phylogenetic trees of bacteria. The
proposed methodology involves utilizing the amino
acid and nucleotide sequences obtained from a
predetermined set of global protein families
(PGFams). We randomly select these programs to
construct an alignment. We then generate a tree
structure by identifying the variations within the
selected sequences. This tutorial's focus is on the
Codon Trees pipeline. For each of the selected genes
from the PGFams, both the protein (amino acid) and
gene (nucleotide) sequences are utilized. MUSCLE is
employed for the alignment of protein sequences,
while the Codon_align function in BioPython is
utilized for the alignment of nucleotide-coding gene
sequences. A PHYLIP-formatted file was utilized to
record a concatenated alignment of proteins and
nucleotides. Subsequently, a partition file for RaxML
was prepared, which included a description of the
alignment of the proteins as well as the positions of
the first, second, and third codons. The support
values are derived by the utilization of 100 iterations
of the "rapid" bootstrapping feature in RaxML. The
generated Newick file can be accessed for viewing
purposes. Additionally, we recommend that
researchers download the file and utilize FigTree to
build an image of publication quality.

Statistical analysis

We used the Statistics Package for Social Science
(SPSS), version 25 for Windows software, and the
Microsoft package (Excel and Word) (IBM, Armonk,
NY, USA) for statistical analysis. The data are
normally distributed and shown as the mean *
standard deviation (SD). The Pearson correlation
coefficients (p-value) were used to find the chi-
square between variables and to see how statistically
significant the difference between the groups was. A
p-value of less than 0.05 was considered significant.
We analyzed the study's results to align them with its
objectives and presented them under the following
headings: We used the Statistics Package for Social
Science (SPSS), version 25 for Windows software,
and the Microsoft package (Excel and Word) (IBM,
Armonk, NY, USA) for statistical analysis. The data
are normally distributed and shown as the mean *
standard deviation (SD). The Pearson correlation
coefficients (p-value) were used to find the chi-
square between variables and to see how statistically
significant the difference between the groups was. A
p-value of less than 0.05 was considered significant.

RESULTS

The present study reveals six complete genomes of
SARS-CoV-2. These genomes were collected from
people who tested positive for COVID-19 using real-
time polymerase chain reaction (RT-PCR). These
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individuals were obtained from Al-Imam Hassan Al-
Mujtaba Teaching Hospital in Karbala, Iraq, and the
Central Public Health Laboratory (CPHL) in
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Baghdad, Iraqg. samples were classified into main
groups according to gender, as shown in Table 2.

Table 2: Distribution of six strains SARS-CoV-2 by their Next-Generation Sequencing (NGS) according to the Wuhan reference
sequences (NC045512); shows the set of mutations if the type of mutation insertion or deletion

Samples name Clade Pango lineage WHO name VT ETE Non-ACGTN Ns (missing) CO\(/;Or;ige
K1 20A B.1.36 - 17 1 9760 67.2
K2 21K BA.1 Omicron 40 4 5208 825
K3 21L BA.2 Omicron 24 10 17850 40.1
K4 21L BA.2 Omicron 47 3 6130 79.5
K5 21L BA.2 Omicron 49 2 4634 84.5
K6 21L BA.2 Omicron 24 6 18282 38.8

The investigation of the whole genome sequence and
the resulting variable amino-acid composition using
the genome detective web server
(https://www.genomedetective.com) was conducted
on the Iragi SARS-CoV-2 retrieved whole genome
sequences aligned with the Wuhan reference
sequences (NCO045512); the obtained results are
displayed in Table 2. It gives a full picture of the
genetic sequences that were looked at, showing their
evolutionary connections (clade inference) and
different traits like mutations, ambiguities, gaps,
insertions, frameshifts, and premature stop codons. It
can be valuable for understanding the genetic
variation and potential functional implications of the
analyzed sequences. In the context of phylogenetic
trees, divergence refers to the evolutionary distance
or amount of time that has passed since two or more
species shared a common ancestor (K4, K5, K6),
which have a similar divergence of 73. Genetic
differences, like the number of mutations or changes
in sequences, unite them in a cluster, allowing us to
infer the relationships and evolutionary history
among species. K2 exhibited a divergence of 62
points. According to the phylogenetic tree in Figure
6, the SARS-CoV-2 strains of this study (K1-K6)
have diverged from a common ancestor. Divergence
in this context refers to the accumulation of genetic
mutations in the viral genome over time. These
mutations occur as the virus replicates and spreads
through human populations. The more mutations that
accumulate in a strain, the more genetically distinct it
becomes from the original strain that caused the
COVID-19 pandemic. We align the mutations with
the regions that lack data. Figure 2 displays the
missing data, highlighted in gray. Missing data could
be quickly checked out, as it’s distributed on the
genome, clustering in one area or many small missing
segments.

15000 20000

10000

5000
Figure 2: Distributed on the genome the clustering in one
area.
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Table 2 clearly demonstrates that all these clades
carry the 21L BA2 Omicron clade, further confirming
their genetic similarity. Figure 3 illustrates the
clustering of clades 4, 5, and 6, and Table 2 suggests
that these clades lack any private mutations, which, if
present, would have separated them. Table 2 clearly
demonstrates that all those clades carry the 21L 1L
BA2 omicron clade, further confirming their Simi
branch and butene tic consistency.

Figure 3: The clades 4, 5, and 6 clustered together.

The whole-genome mutations are illustrated in
Figures 3, 4, 5, and 6. Strain K3 also carried the clade
(21L) BA2 Omicron and was located on the same
branch, but it separated from the rest of the
phylogenetic tree due to the presence of a private
mutation, as shown in Figure 4 B and C.

Table 2 shows that K2 belongs to a different
branch than the previous ones, indicating a different
genetic constituency and referring to it as clade 21K.
K1 is referred to as 20A B.1.36. In the context of
phylogenetic trees, divergence refers to the
evolutionary distance or time elapsed since two or
more species (K4, K5, K6) shared a common
ancestor, with a similar divergence of 73. Genetic
differences, such as the number of mutations or
changes in sequences, unite them in a cluster,
allowing us to infer the relationships and
evolutionary history among species.
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Figure 4: The 20A clade and the whole genome sequence mutations. The k1 sample shows 1 labeled mutation, indicative of
sequence quality problems, potentially a contamination with 21B (A); the k2 sample refers to the 21K clade and the whole
genome sequence mutations (B); the k3 sample refers to the 21L clade and the whole genome sequence mutations (C); the k4
sample refers to the 21L clade and the whole genome sequence mutations (D); the k5 sample refers to the 21L clade and the
whole genome sequence mutations (E); the k6 sample refers to the 21L clade and the whole genome sequence mutations (F).
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Figure 5: Nodes in a phylogenetic tree represent common
ancestors of the species or groups and all the strains in
figure 9 tree refer to the same ancestor, which is Omicron.
The branching pattern of the tree represents the
evolutionary relationships among these species, with each
node representing a point in time when a common ancestor
existed.

According to the phylogenetic tree (Figure 6), the
SARS-CoV-2 strains of this study (K1-K6) have
diverged from a common ancestor. Divergence in this
context refers to the accumulation of genetic changes
(mutations) in the viral genome over time. These
mutations occur as the virus replicates and spreads
through human populations. The more mutations that
accumulate in a strain, the more genetically distinct it
becomes from the original strain that caused the
COVID-19 pandemic.
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Figure 6: Shows correlation between divergence and node
type.

Figure 7 shows that six study samples were chosen
for phylogenetic analysis, and all six samples (K1,
K2, K3, K4, K5, and K6) were included within the
global clades funded at the time of the study.
Researchers have highlighted the study samples in
red.

Figure 7: The phylogenetic tree that is based on the
distribution of clades within the world.
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When we compared the isolates with each other in
terms of genetic variation, as shown in Figure 8, it
became evident that there were differences. The
presence of three distinct branches, which divided the
isolates into three genetic groups divergent in terms
of mutation types and placed the strains within three
different clusters, clearly demonstrated the variations
among them. The phylogenetic tree was constructed
based on sequence data in GISAID data using the
next strain server (Next Clade Tool). The gray color
represents the GISAID clades, while the orange circle
represents the Iragi SARS-CoV-2 variants.

Figure 8: Phylogenetic SARS-CoV-2 variant analysis
according to correlation between divergence of clades.

DISCUSSION

The World Health Organization's coronavirus
dashboard indicates that the Omicron subvariant
(BA.2) is associated with the most recent COVID-19
wave that occurred in lraq in 2022. The current
investigation found all three full genomes of SARS-
CoV-2 were obtained from patients with RT-PCR-
positive COVID-19, originating from Krbalaa, Al-
Muthana, Misan, and Baghdad provinces in Irag. In
Table 2, the majority of samples belong to omicron
BA.1 and BA.2. The number of mutations ranges
from 17 to 49, and the sample coverage ranges from
38.8% to 84.5%. Therefore, the unusual mutations
discovered in these samples could be crucial for
creating antiviral vaccines or treatments that work.
The evolutionary characteristics of this virus are
significant because they add to our understanding of
viral changes and help identify the best location to
target with a vaccination or antiviral medication. To
determine the clades and lineages of our findings, we
uploaded our sequences to the GISAID database. A20
appeared in sample K1, and when the infected person
was investigated, it was found that he was traveling
to Australia [28]. Based on the current findings, it is
thought that SARS-CoV-2 strains have been
repeatedly brought into Iraqg, particularly by foreign
visitors. The most well-recognized worldwide
lineage, B.1, has been further split into more than 70
sub-lineages. According to our findings, the regular
arrival of foreign tourists in lIraq helped the SARS-
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CoV-2 spread, causing different clades to move
around over time. Governmental actions, such as
limiting meetings indoors and outdoors, may break
up and disrupt community transmission chains.
However, the fact that foreign tourists often bring
diseases has also changed how diseases are spread.
More epidemiological and genomic surveillance is
required to obtain an accurate assessment of SARS-
CoV-2 diversity. We compared the SARSCoV-2
sequences we had with the reference genome (NC
045512.2) to find genomic variations. The results of
this investigation revealed several changes in the S-
gene, followed by ORFlab, N-gene, and M-gene in
the Omicron VOC of SARS-CoV-2 sequences. The
genes with the lowest number of mutations were
ORF3a, E-gene, ORF6, ORF7b, and ORF9b. The S-
gene with the most mutations codes for a structural
protein that helps the virus attach to host cell
receptors and is very important in deciding the types
of cells that can be infected. The variant analysis
revealed that the spike glycoprotein included a
D614G mutation in each of our instances. The
D614G variant of SARS-CoV-2 appears to be the
most common virus circulating in Irag. Up to August
2021, 97.83 percent of all spike sequencing samples
across 198 nations will have the D614G mutation
[29]. Certain studies propose that positive selection
accounts for the worldwide domain of D614G based
on sequence distribution and phylogenetic tree
analysis, whereas a founder effect accounts for the
European domain [30]. Research indicates that
individuals with the D614G mutation have greater
respiratory tract viral loads than SARS-CoV-2
patients without the mutation [31]. Individuals with
the D614G mutation who were infected with SARS-
CoV-2 often experienced moderate COVID-19
symptoms, but those without the mutation only
experienced mild symptoms [32]. So, this change
may make SARS-CoV-2 more contagious by
improving the RBD's ability to bind to human ACE2
and decreasing the contacts between S1 and S2. [33].
There were 549 mutations and 53 distinct variations
found in 47 isolates, according to one investigation.
Like our findings, that study discovered that the most
common mutation in spike glycoprotein is D614G
[34].

Conclusion

The SARS-CoV-2 isolates obtained from Iraqi
COVID-19 patients came from several geographic
locations associated with the BA.1 and BA.2 pango
lineages. These strains differ from the original
hCoV19/Wuhan/NC 045512.2/2019 strain in several
ways, including the presence of multiple mutations in
the nonstructural proteins and spike protein. Patients
from Iraq had a genome sequence that resembled the
global SARS-CoV-2 genome. Nonetheless, we might
presume that Australia, Europe, Iran, India, and the
United States are the origins of SARS-CoV-2 in Irag.
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