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Abstract:

Global spreading happened for a novel coronavirus called SARS-CoV-2 that
emerged in 2019. The viral genetic diversity studies help us to comprehend the
virus’s transmission, pathogenesis, and epidemiology. The main aim of this study is
to improve the dataset of Iragi SARS-CoV-2 mutation, monitor virus spread and
evolution, and identify possible mutation patterns. As seen from this study, all the
sequenced positive samples had mutations in variable regions of N gene. It was
discovered in 23 local isolates that 18 were Omicron associated with moderate
infections, accounting for 61.1%. The remaining isolates comprised three Alpha and
two Beta variants, all associated with severe infection, caused mutation leading to
alteration of amino acids and nuclear proteins including transition transversion
deletion etc. In addition, there is an altered coiled structure presented by the Alpha
variant. The phylogenetic tree demonstrates higher similarity with other local
isolates and very little diversity between references and worldwide isolates. In
conclusion, the analysis of the N gene variable region brings important data on
mutations that are useful for detecting variants and developing new detection assays
against coronavirus-causing COVID-19 disease, referred to as SARs-Cov2. These
findings may contribute to improved treatment options for people suffering from
COVID-19 and vaccine development.
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Introduction

The COVID-19 virus, initially found in Wuhan City, Hubei Province, China, in December
2019, has gone global [1]. SARS-COV-2 was the causative agent identified using laboratory
diagnosis and by sequencing the genome with the help of next-generation sequencing
(NGS)[2]. Within the Betacoronavirus genus, SARS-CoV-2 is part of the Sarbecovirus
subgenus and one of the largest RNA viral genomes in the Coronaviridae family. It is an
enveloped, non-segmented positive sense RNA virus with a genome about 30 kb long [3].
The initial whole-genome sequencing of SARS-CoV-2 isolates from affected patients within
China showed high sequence identity amongst each other and RaTG13 bat Coronavirus strain
[4]. Several investigations have been conducted on geographic distribution analysis and
genetic diversity of SARS-CoV-2 using whole-genome sequencing (WGS) and categorizing
strains by the Center for Disease Control CDC [5]. Such mutations shown by the presence of
RNA viruses have various implications for diagnosis approaches, therapeutic strategies, and
vaccine performance [6]. This particular study intends to analyze mutations in the N gene
variable regions for previously sequenced coronavirus isolates that tested positive. Various
mutations, such as transversion, transition, and deletion, were observed in local isolates.
Transitions include changing two-ring purines (A, G) or one-ring pyrimidines (C, T), while
transversions involve substituting purine with pyrimidine bases, leading to the exchange of
one-ring and two-ring structures. Nucleocapsid has been shown to be crucial in viral
diagnostics and the development of new vaccines [7]. It upholds the viral envelope within the
structure of the viral genome and plays a vital role in viral budding, assembly, and the
response of host cells during infection [8]. Besides, N gene is highly conserved across CoVs,
having lower mutation rates compared with S-protein, which is more stable. Furthermore, N-
protein serves as a significant target for the response of T-cells, thereby making it a probable
candidate against newer strains of COVID-19 in next-generation vaccine studies. The
nucleocapsid is a significant viral gene/protein concerning diagnostics (nucleic acid and
antigen detection) and new vaccine design. Its function is to keep the genome structure inside
the envelope and plays a significant role in viral budding, assembly, and the cellular response
of the host to infection with the virus [9]. The main aim is to improve the dataset of Iraqi
SARS-CoV-2 mutation, monitor virus spread and evolution, and identify possible mutation
patterns. It is essential to understand the genetic diversity of the virus within Iraq for public
health intervention efforts, and it can help formulate more effective therapies and preventive
approaches specifically for the Iraqi population. Progressive research is required to
distinguish more objectives of vaccines that are relatively resistant to genetic variety.

Materials and Methods
Study population

The study involved 30 patients with COVID-19 disease (moderate and severe) at Baghdad
Teaching Hospital. The College of Sciences’ Research Ethics Committee at the University
of Baghdad, Iraq, approved the study protocol (Ref. No.: CSEC/0922/0084). The patients
were swabbed nasally after a period of between four to five days at the hospital. Viral RNA
was extracted using QIAamp Mini kit-Viral RNA. Real-time reverse transcriptase
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polymerase chain reaction (rRT-PCR) identified SARS-CoV-2 by employing a commercial
kit (AccuPower® SARS-CoV-2 Multiplex RT-PCR Kit, Bioneer, Korea) as per the
manufacturer’s protocol for amplification and positivity determination. Additionally, chest
CT scans were obtained alongside other clinical information to confirm the diagnosis. The
presence of SARS-CoV-2 variants was investigated by examining mutations in gene spike (S-
gene) using AccuPower® SARS-CoV-2 Variants ID RT-PCR Kit (Bioneer, Korea), which
identified Beta, Alpha, Gamma, and wild type variants based on specific mutations in the kit.
The identification of the Omicron variant involved employing the TagPath COVID-19 PCR
test (TagPath COVID-19 CE-IVD RT-PCR Kit, Thermo Fisher, Germany). Infections were
described as SGTF (S Gene Target Failure Assay) when a patient’s TaqPath COVID-19 PCR
test was positive, and the ORF1ab or nucleocapsid gene targets had a cycle threshold of 36 or
lower with non-detectable S gene [10]. There are two groups of patients, severe and moderate
(31 and 68). WHO Interim Guidance recognized Criteria: 1- moderate (patient infected with
pneumonia and without severe pneumonia) 2- severe (pulse oxygen saturation (SpO2) < 93%
or the rate of respiration > 30 breaths/min, severe respiratory distress).

SARS-CoV-2 N gene Detection

Positive samples in fast rRT-PCR for SARS-CoV-2 were selected for testing in
conventional one-step RT-PCR, and subsequences were tested for sequencing. N gene
conserved region amplification product size accounted for approximately 889 base pairs,
using specific primers that included forward primer-5’ -ATG
TCTGATAATGGACCCCAAA3Z and reverse primer
5'CAGTTCCTTGTCTGATTAGTTCC3". This product was used for detection and
sequencing as directed by this study through Amplifx software with reference to
NC 045512.2. For preparing RNA template amplification solution through conventional RT-
PCR SuperScript TM III Platinum TM one-step RT-PCR kit from Invitrogen USA was
applied .The reaction mixture (25 pl) after optimization contained 12.5 pl of reaction buffer
(5x), 0.5 pl of SuperScript TM III RT/Platinum TM Taq mix, 0.8 pul of each primer (mention
the concentration), and 0.4 pl of nuclease-free, and 10 pl of RNA template, the amplification
program comprised an incubation at 50 °C for 30 minutes to synthesize cDNA and then
denaturation at 94°C for 3 minutes.
The cycling stage involved incubation at 94 °C for fifteen seconds, annealing at forty-five
degrees Celsius for half a minute, and extension at seventy-two degrees Celsius for thirty
seconds. Lastly, there was an extension step that took place at seventy two degrees Celsius,
lasting seven minutes.

Gel electrophoresis

Improved RT-PCR results were isolated through electrophoresis on a 1.5% agarose gel
using TBE buffer (1X). The staining with 4% ethidium bromide dye solution revealed
specific primer target bands, as well as ladder bands (100 bp). In every case, both positive
and negative controls were implemented. Accurate results were identified by the lack of
false-positive results in the negative control tests and by the positive control sample showing
positive results when viewed under UV light at 350 nm.

Sequencing of coronavirus samples

The sequencing of human coronaviruses was done using the conventional RT-PCR product
(23 samples) and the forward primer for the N gene product (889 bp) on the genetic analyzer
(Applied Biosystems) at Macrogen Company, USA. The Basic Local Alignment Search Tool
(BLAST) program online was utilized for homology search, employing blastx and blastn
algorithms found on the National Center for Biotechnology Information (NCBI) website at
(http://www.ncbi.nlm.nih.gov). The phylogenetic tree for classifying the SARS-CoV-2
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species was built by utilizing the neighbor-joining method with 1000-bootstrap in MEGA
version 11.0 software.

A significance level of 90 was applied as a bootstrap value to demonstrate the importance
of the clusters. The findings were cross-referenced with the GenBank database using the
ExPASY-translate tool for amino acid sequence and motifs and with blastx; the CDS regions
identified in blastn were also compared with ORF-Finder
(https://www.ncbi.nlm.nih.gov/orffinder). The quality of the nucleotide sequence analysis
was evaluated using Snap gene software.

Results
The result in Figure 1 showed the amplification of a coding region of SARS-CoV-2
positive samples with an amplicon's size of 889 bp.

2000 bp

1000 bp

500 bp

100 bp

Figure 1: The amplification of N gene for SARS-CoV-2 positive isolates. The amplicon's
size was about 889 bp. The amplicons were run on agarose gel 1.5% and visualized with
Transilluminator, M: Marker 100 bp, C: negative control. The dye used was Ethidium
bromide (EtBr), and the electrophoresis ran at 75V for 50 min.

Regarding the mutations ascertained, SARS-CoV-2 N gene sequence analysis results
showed three variants, including Alpha, Beta, and Omicron, with 3, 2, and 18 local isolates,
respectively. Figure 2 demonstrates that Omicron variant 11/18 (61.1%) was associated with
moderate infections, while the remaining isolates Alpha and Beta variants 100% with severe
infection.
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Figure 2: Variants of SARS-CoV-2 stratified N gene mutations and infection severity; p:
Chi-Square test probability.

Identify mutations of SARS-CoV-2 local isolates stratified reference strains

To identify the viral genome and detect the virus , the nucleic acid of the PCR products
was sequenced to check their specificity. To determine the genetic relatedness of isolates,
nucleic acid sequencing for selected genomic regions of coronavirus was used. In this study,
23 local isolates were analyzed and compared with the reference strains available in the
GenBank database in NCBI. Alignment Search Tool (BLAST), available at the NCBI, was
used. The results of the alignment of amino acids were compared with data obtained from
GenBank published ExPASY -translate tool and the output of blastx which are available at the
NCBI. Sequence using alignment of amino acid sequences of reference strains, established to
ensure the alignment of conserved amino acid motifs. The open reading frame was
determined within the sequence region by the ORF finder at NCBI.

SARS-CoV-2 positive sequenced isolates in this study showed some variations in
mutations in the N genes variable regions. Local isolates showed many types of mutation,
which were transition, transversion, and deletion in the flank sense, as summarized in Table
1. Three strains called Alpha, two Beta, and the other Omicron have been discovered locally.
The Alpha isolate exhibited 3 transversions (missense mutations) and 3 transitional
mutations, whereas the Beta isolate displayed 1 transition (missense mutations), and the other
Omicron isolate exhibited 3 transitions (missense mutation) and 3 deletions (Table 1).
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Table 1: Type of Mutations, Location, and Amino acid change in sense translated region of
Nucleocapsid N gene in Iraqi isolates of Severe acute respiratory syndrome coronavirus 2
Stratified to NCBI Reference Sequence: NC 045512.2

Isolate/ location of Nucleotide No. of 5 5 . Predicted Type of
- codon/locati Amino acid change q
Variants gene bank change on effect mutation
GA 28280
CT GAT > CTT D3L Asparagine > Leucine | Missense Transversion
CT 28754 CTC >AGC L201S Leucine > Serine Missense Transversion
Alpha 1, 2, AG CCT >TCT P202S Proline > Serine Missense Transition
3 C28757T AGG > AAG Q203K Glutamine > Lysine Missense Transition
G28761 A | GGA>AGA G204R Glycine > Arginine Missense Transition
G 28763 A ACT>TCT T206S Threonine > Serine Missense Transversion
A 28769 T
Beta 1, 2 C 28887 T ACT > ATT T2051 Threonine > Isoleucine | Missense Transition
C28311T CCC>CTC P13L Proline > Leucine Missense Transition
G 28370 A GAA>A E31Del Glycine > Del Deletion Frameshift
Omicron 1 C 28367 A CGC>A R32Del Arginine > Del Deletion Frameshift
to 18 A 28364 A AGT > A S33Del Serine > Del Deletion Frameshift
G28761 A | AGG>AAG R203K Arginine > lysine Missense Transition
G28763 A | GGA>AGA G204R Glycine > Arginine Missense Transition

RaptorX software was used (http:reptox.uchicago.eDu/predict) for drawing the protein
structure (helixes and coils) and for protein conformational changes detection of three
different samples and reference of SARS-CoV-2 taken from NCBI. Furthermore, the Alpha
variant is modified in a coiled structure. There was a lack of similarity in the reference with
Alpha local strain conformation of protein, as shown in Figure 3.

Referenoe MO 045512.2 Aldpha variant, FP266977

Beta variant, PP2OG0GE Crmicron variant, PP266964

Figure 3: Protein prediction of partial N gene SARS-CoV-2 variants comparing with
reference strain by RaptorX tool.
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The Phylogenetic trees of SARS-CoV-2 isolates for N genes

As we can see in the phylogenetic tree below (Figure 4), there are three variants in the
phylogenetic tree below Omicron, Beta, and Alpha. The similarity between these three
isolates and references with a few variants can be observed.

Reference NC 045512.2
A Local isolate SARS-CoV-2 Omicron varient PP266964
o3 M Localisolate SARS-CoV-2 Omicron varient PP266965
SARS-CoV-2lran: Tehran OQ152122.1
SARS-CoV-2 Iraq PP045319.1
7| SARS-CoV-2 South Africa OP863021.1
SARS-CoV-2 Germany 0Y244307 .1
SARS-CoV-2 Jordan PP119490.1

Local isolate SARS-CoV-2 Beta varient PP266962
SARS-CoV-2JordanPP046356.1
SARS-CoV-2IragMT940507 .1
SARS-CoV-2Iran MW737421.1

Local isolate SARS-CoV-2 Beta varient PP266963
SARS-CoV-2 IranMT380726.1
76| | SARS-CoV-2 Kenya OM738231.1
SARS-CoV-2 Italy OU470764.1
SARS-CoV2 England OX932606.1
SARS-CoV-2FloridaOK294007 .1
SARS-CoV-2IragMZ366458.1
® Localisolate SARS-CoV-2 Alpha varient PP266977
SARS-CoV-2 USA OL701555.1
SARS-CoV-2 Michigan OL893777 .1
® Local isolate SARS-CoV-2 Alpha varient PP266978
® Localisolate SARS-CoV-2 Alpha varient PP266979

~

[ — |

0,050
Figure 4: Evolutionary relationships of local isolates of SARS-CoV-2 as demonstrated as a
phylogenetic tree. The Neighbor-Joining method was used to infer the evolutionary history.
MEGA®6 was used to conduct the evolutionary analyses.

Discussion

Research of genetic sequencing has found numerous mutations, mainly consisting of
insertion/deletions and single nucleotide polymorphisms (SNPs), that are typically benign or
slightly damaging. Yet, a minor portion of mutations has the potential to alter the virus'
fitness and assist in its acclimation [11]. These removals or alterations may impact the
polarity of the peptides, resulting in modifications to the function and structure of viral
proteins associated with infectivity, pathogenicity, antigenicity, and transmissibility.

The sequences testing positive for coronavirus in the study showed different mutations in
the variable regions of N gene [12]. Various mutations, such as transversion, transition, and
deletion, were observed in local isolates and are listed in Table 1. There were three
occurrences of transversion mutations and seven occurrences of transition mutations in total
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isolates. Furthermore, ten missense mutations were induced by both transition and
transversion, along with three deletions.

A transition mutation involves swapping similar types of nucleotides, while a transversion
mutation swaps different classes of nucleotides. In terms of protein synthesis, a missense
mutation results in a single amino acid substitution in the resulting protein, while a nonsense
mutation causes a premature stop in the protein-building process, leading to a potentially non-
functional protein [13]. Transitions include changing two-ring purines (A, G) or one-ring
pyrimidines (C, T), while transversions involve substituting purine with pyrimidine bases,
leading to the exchange of one-ring and two-ring structures [13]. Transition mutations occur
more often than transversions because of molecular processes ("wobble"), leading to a lower
chance of amino acid changes and the potential to remain as "silent substitutions" in
populations as single nucleotide polymorphisms. Additionally, transitions are less prone to
elimination by natural selection since they frequently result in synonymous substitutions that
encode the same amino acid sequence as the original DNA [14]. Three Alpha strains, two
Beta, and the other Omicron have been discovered locally. The Alpha isolate exhibited 3
transversions (missense mutations) and 3 transitional mutations, whereas the Beta isolate
displayed 1 transition (missense mutations), and the other isolate, Omicron, exhibited 3
transitions (missense mutation) and 3 deletions (Table 1). During genome replication, the
RNA viruses have minor fidelity for RNA-dependent RNA polymerase, and the activity of
proofreading was lacking; therefore, the presence of new variants (genotypes or serotypes)
was missed through a particular set of probes or oligonucleotide primers [15]. There are high
mutation rates in RNA viruses because of the vicinal 2' hydroxyl group of the sugar moiety.
Also, when the virus enters the cell, RNA genomes face numerous cytoplasmic and enzymes
of nucleoplasmic that may splice, degrade, and modify them, and in the absence of
proofreading activity, RNA viruses could produce new variants that might go undetected.
Nonetheless, the coronavirus family of viruses is recognized for possessing a proofreading
function linked to the exoribonuclease (ExoN) domain found in nsp14 [16].

The variant of Alpha (B.1.1.7) 1is related to a 55% (95% CI 39-72%) larger danger of
death compared to the original SARS-CoV2 virus; the Alpha variant had major virulence and
transmittance, the studies show that the Alpha variant had resistance to neutralization by
monoclonal antibodies aiming the NTD supersite.

In replication dynamics in cultured human airway epithelial cells. The Beta shows reduced
fitness compared to the Alpha variant. The ability of replicative for Beta was reduced
compared to that of the Alpha or progenitor variant when observed in hamster models; as a
result, it is important to make key differences, as the variants Alpha and Beta might possess
the improved ability to bind to the ACE2 receptor, though the Alpha may replicate more than
Beta after the cell infection. Data comparing SARS-CoV-2 WT with the Delta, Beta Alpha,
and Omicron variants in a transgenic mouse model showed a trend of attenuation in the
emerging

variants, with Omicron being the least severe. This same investigation showed that the
Omicron display reduced virus replication in animal cells and humans when compared with
the WT wviral strain. Infections with Omicron in humans might lead to fewer severe lung
symptoms compared to infections with other variants, though it is significant to highlight that
studies in cell lines and animals may not accurately reflect the condition of human lungs [17].

In both South Africa and the US, the case fatality rate for the Omicron was half compared
with other variants. A mathematical model produced to measure the case fatality rate and

722


https://www.mun.ca/biology/scarr/Gr10-27_2fold.html

Maeh and Fadhil Iraqi Journal of Science, 2026, Vol. 67, No. 2, pp: 715-726

transmissibility of the Omicrn in South Africa showed that the transmissibility rate was
higher, and the infection fatality was reduced by 78.7% compared to other variants [18].
Additionally, Gribble ef al. have demonstrated through experiments that nsp14-ExoN could
play a crucial role in RNA recombination events during viral replication, leading to the
creation of genetic variants. We investigate important mutations seen in viral proteins that are
relevant for diagnostics, treatment, and vaccine advancement [8].

N Protein Nucleocapsid mutation (D3L, G204R, T205I, E31del ,P13L, S33del,
R32del,G204R, R203K)

The outcomes of the study by Wu et al. displayed that in NS3a Q57H and G251V, S194L
and R203K/G204R in N made alterations in the protein structure and also had an effect on the
binding affinity of intraviral protein-protein interactions during release of virus and assembly.
So, these alterations might be related to the evolution of the virus and advantageous for the
virus and its virulence [19].

In-silico study showed that the N protein mutations, especially in the N-terminal domain,
changed the flexibility and structure of the protein, while the substitutions in the C-termini
are thought to impact the dimerization potential also identified mutations within several
domains of the N protein that include common ones such as G204R and R203K.However, the
mutations of N-protein on infectiousness and transmission rate remain unclear [20,21].
Variants like the variant of European 20A.EU1 with N-mutation A220V or S-mutation
A222V became dominant during the summer of 2020, and in the N gene of the Omicron
variant, there is a high number of deletions, affecting diagnostics [22,23]. These mutations
and effects on the pathogenicity of the virus require further research.

The structure of proteins

To predict the structure of the protein (coils and helixes), RaptorX software was used
(http:reptox.uchicago.eDu/predict) and for detection of the changes in protein conformational
for the references and three different samples taken from NCBI. The model structure analysis
showed changes in the protein structure for local strains compared to the references in terms
of secondary structure folding. The reference had significant dissimilarities to one of the local
strain (alpha). However, Beta and Omicron strains of the local isolates had similarities to the
references, as shown in Figure (3).

Thus, variations of the amino acid sequence and the appearance of new regions with
binding sites affected the functions of the proteins. As for the alpha variant, it was very
apparent that there were changes in the structural features of the protein, such as the coiling
of the protein. The structures and properties of many proteins of SARS-CoV-2 are still
unknown, even though these proteins are involved in the life cycle of the virus. Of these
proteins, the N protein is quite paramount in the packaging and assembly of the RNA
genotype of the virus into virus particles [24,25,26]. The N protein is an integral of the SARS
COV 2 virus [27]. Its primary role entails identifying and enveloping the virus’ RNA in a
symmetrical helical form and was a highly multifaceted factor in the coronavirus life cycle
[28]. Furthermore, N protein is responsible for mRNA transcription and replication of
viruses, cytoskeletal tissue homeostasis, and immune control. N protein has also been
demonstrated to suppress host anti-virus response and may also induce an immune response;
therefore, its detection could be considered important in diagnostics as well as a target for
vaccine development [29]. These differences affect the structure of proteins, which in turn
affect the function of the N gene.
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Phylogenetic trees of SARS-CoV-2 isolates For N gene

The phylogenetic tree shows three isolates Beta, Alpha, and Omicron. There is a clear
similarity between the reference and the three isolates. The Bootstrap value for the local
isolates compared to GenBank sequences was considerably high, and each isolate is grouped
with similar isolates. Omicron and Beta show a high degree of similarity with isolates from
various countries, including previous local isolates in Iraq, as well as those from Iran, Jordan,
South Africa, and Germany. On the other hand, Alpha is the least similar to Omicron and
Beta due to its distinct variants and mutations. These findings further support the notion that
the genotype of local isolates is present globally, and the prevalence may significantly differ
depending on location and genotype.

The study contains some limitations. First, the small sample size of the patients and
controls. Second, a lack of information sources about the variants, mutation, and vaccine in
COVID-19, as well as the reliance on specific databases.

Conclusion:

The N gene mutations showed specific associations with each variant of SARS-CoV-2,
which is essential for severity containment and maintaining the sensitivity and specificity of
diagnostic tools. There are three variants, Alpha ,Beta, and Omicron, which have the highest
infection percentages. Despite ongoing efforts, the virus persists and spreads, prompting the
need to closely monitor any genetic variations and continue research efforts to control the
disease.
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