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Abstract

The Furin cleavage site and fusion peptide are critical regions in the Spike
protein of SARS-CoV-2. The activation of the spike protein relies on furin
cleavage, whereas the fusion peptide is critical for merging the viral envelope with
host cell membranes. This study aims to map the mutations in the S1/S2 Furin, S2'
cleavages sites, and fusion peptide regions within Iraqi isolates, examining the
variability and conservation of these critical sites. Our study includes 14 SARS-
CoV-2 Sanger sequenced fragments coupled with data mining of the 1043 genomic
dataset of Furin/ S2' cleavage sites and fusion peptide regions extracted from whole
genome sequences, representing the entire entry of Iraq to GISAID during the
pandemic. The current analysis identifies a mutational hotspot located within the
Furin cleavage region at codon P681. The proline at this position changed to
arginine in the Delta variant and subsequent sublineages. However, this change was
displaced by P681H in Omicron variants and related newly emerging strains.
Furthermore, the combination of P681H and N679K mutations enhances the basic
nature of the site, making it a more favourable target for Furin, thereby boosting the
Spike protein activation process. The investigation emphasizes the prevalence of
D614G, H655Y, and D796Y mutations as substantial factors influencing viral
transmissibility and pathogenicity. These mutations persist in global strains,
indicating their role in the virus's evolutionary trajectory. The conservative nature of
the Furin and S2' cleavage sites underscores its critical role in viral transmissibility
and pathogenicity and adaptability in various proteases environment in the host cell.
Mutations such as A688S, S698L, A701V, and S704L, which can impact vaccine-
induced antibody sensitivity, were also detected, highlighting the ongoing challenge
of maintaining vaccine efficacy against evolving strains.

Keywords: SARS-CoV-2, Furin Cleavage Region, Fusion Peptide Region,
Genomic Surveillance, Iraqi Isolates.
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1. Introduction

SARS-CoV-2, an enveloped ssRNA virus responsible for COVID-19, has caused the
ongoing global health crisis [1]. Since first reported case in Wuhan 2019, the WHO has
declared 774,395,593 infected cases and 7,023,271 deaths globally [2]. SARS-CoV-2 virus
possesses a unique spike gene that codes for a transmembrane spike glycoprotein, spike
protein exhibits a binding affinity for the human angiotensin-converting enzyme 2 (ACE2)
receptor. ACE-2 receptor is prevalent in lung cells, especially type II alveolar cells, and is
also expressed in various other tissues of the human body. This wide expression attributes of
ACE-2 receptor suggests diverse routes for viral entry and highlights the complexity of
SARS-CoV-2 transmission and pathogenesis [3, 4]. The S protein structure is characterized
as a trimer, consisting of S1 and S2 subunits, S1 binds to the ACE-2 receptor, whereas S2
domain includes elements necessary for viral fusion process [5, 6]. The S1 subunit comprises
the N-terminal and receptor-binding domains, is linked to the S2 subunit. A specific amino
acids segment with a polybasic in nature, cleavable by host cell Furin protease, is located
between the S1 and S2 subunits [7-10]. The S1/S2 cleavage site comprises six amino acid
sequences including proline, arginine, arginine, alanine, arginine, and serine that are
abbreviated as PRRARS. This amino acid fingerprint does not present in closely related
coronaviruses; RRAR|S represents the specific sequence targeted by Furin to promote
primary cleavage, with cleavage occurring between arginine and serine. This cleavage
induces a significant conformational change that shifts the spike protein from prefusion
(closed) to a post fusion (open) state. This structural transition enables SARS-CoV-2 to fuse
with targeted cell membrane, permitting the entry of RNA and initiation of the infection. The
presence of this Furin cleavage site has been linked to the enhanced transmissibility and
pathogenicity of SARS-CoV-2, due to its ability to facilitate broader tropism and efficient
viral spread [11-13]. Upon interaction of viral receptor binding domain to the host ACE-2
receptor and subsequent protease cleavage, the S protein undergoes a conformational change
ended with releasing of viral content into the cytosol of targeted cells [14, 15]. The mutations
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affect the S2' cleavage site, located at codons 814 KR |S 816, which is positioned just before
the internal fusion peptide. The KR|S S2' cleavage site is the favourable target of host
proteases such as Transmembrane Serine Protease 2 (TMPRSS2) or the cathepsins that derive
the second cleavage events. Cleavage at S2' site is a crucial step for exposing the fusion
peptide, which is a hydrophobic region that inserted to the host cell membrane promoting
viral entry [9, 16,17]. The COVID-19 pandemic is global; there is a paucity of
comprehensive surveillance and detailed virological data in regions with limited resources.
Although of limited number of studies that pointed to diversity of circulating variants in Iraq
and their impact [18, 19]. More efforts are needed to address such gap. This study aims to
investigating the unique and common genetic variations within the S1/S2 cleavage and fusion
peptide regions in circulating viral variants in Iraq. Molecular tracking was conducted via
conventional Sanger sequencing, targeting a 767-nucleotide region encompassing the S1/S2
cleavage site and internal fusion peptide region. In addition, a total of 1043 SARS-CoV-2
genomes retrieved from the GISAID repository were analyzed to monitor mutations within
the S1/S2 and fusion peptide regions, assessing their persistence and occurrence in circulating
variants.

2. Methodology
2.1 Specimen collection

A total of 18 nasopharyngeal specimens were collected by the Iraqi Central Public Health
Laboratory/National Influenza Center from February 17 to March 5, 2022, using viral
transport media (VTM). These specimens were collected from patients across various
provinces, including Baghdad, Wassit, Basra, Diyala, Muthana, Maysan, and Diwaniyah.

2.2 RNA extraction and RT-PCR Assay

Viral RNA was extracted using the automated Bioneer ExiPrep™ 96 Lite extraction
machine (A-5250, BIONEER) with the Exiprep 96 Viral DNA/RNA kit (K-4614,
BIONEER). The RNA served as a template for the TagPath COVID-19 assay, a commercial
viral diagnostic kit by Thermo Fisher. Assays were conducted on the Applied Biosystems
7500 Fast RT-PCR system, in accordance with the recommended manufacturer procedure.

2.3 Complementary DNA synthesis

The complementary DNA (cDNA) was synthesized using Promega GoScript™ Reverse
Transcription Mix, Random Primers kit (A2800) following the manufacturer's guidelines.
The cDNA quality was evaluated using the Promega Quantus Fluorometer.

2.4 Primer Design

One set of forward and reverse primers is used to amplify the cleavage regions and fusion
peptide regions of the SARS-CoV-2 Spike gene, the used primers are part of ARTICV3
primers  pool  https://www.protocols.io/view/ncov-2019-sequencing-protocol-v3-locost-
bh42j8ye for the next generation sequencing of SARS-CoV-2. In the current study, a
combination of primers was used, consisting of the forward primer SubA 23290F from one
set and the reverse primer SubA 24057R from another set, to produce a 767-base pair
amplicon. The forward primer (5" CCGTGATCCACAGACACTTGAGAT 3') extended from
23290 to 23313 and the reverse primer (5 CCAGCATCTGCAAGTGTCACTTT 3
extended from 24035 to 24057. These primers cover the Spike S1-S2 cleavage region (from
codon 672-709), Furin cleavage site (685-686), fusion peptide (788-806), 814 KR|S 816 S2'
site and partially covers internal fusion peptide (816-833) till codon 831 (NCBI Reference
Sequence: NC _045512.2).

2.5 PCR Assay and Sanger Sequencing
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Amplification was performed using the SimpliAmp™ Thermal Cycler (Applied
Biosystem) with the following program settings: an initial denaturation at 95°C for 5 minutes;
40 amplification cycles consisting of 30 seconds of denaturation at 95°C, 30 seconds of
primer annealing at 60°C, and 30 seconds of extension at 72°C; and a final extension at 72°C
for seven minutes. Gel electrophoresis and a gel documentation system were utilized to
inspection and visualization the amplicons. The amplicons were submitted to Macrogen
Company in Korea for sequencing using the Applied Biosystems ABI3730XL machine.

2.6 Data Mining and Analysis

The resulting FASTA files were trimmed, and all low-quality base calls were removed.
The processed FASTA files were then aligned to the Wuhan parental strain using the Map to
Reference Assembly tool powered by Geneious Prime software. Annotations for the parental
strain were retrieved from the NCBI RefSeq (NCBI Reference Sequence: NC 045512.2).
Phylogenetic analysis was performed using Galaxy Pangolin (https://usegalaxy.org/) and
Nextstrain Auspice (https://auspice.us/). Protein prediction was conducted using the Phyre2
platform [20] and CoVsurver, visual representations were created with PyMOL (2.5.2). Iraqi
genomic sequences were retrieved from the Global Initiative on Sharing All Influenza Data
(GISAID) [21-23], including a total of 1043 whole genome sequences. Spike gene sequences
were extracted and annotated to determine the related region using Geneious Prime. Further
genomic investigation was performed using GISAID/CoVsurver (v1.22.06). All analyzed
sequences have been deposited in GenBank/NCBI and EpiCoV™/GISAID. The metadata for
all specimens, as well as the accession numbers for the FASTA files in NCBI GenBank and
GISAID, are provided in Supplementary File 1.

3. Results

The FASTA files were processed using Geneious Prime, which involved trimming and
filtering to ensure high-quality data, resulting in the exclusion of four files that failed to meet
the quality threshold. The trimmed files were assembled to the Wuhan-Hu-1 genome
(NC_045512.2), representing the parental strain, via map-to-reference assembly. The average
length of the trimmed files was 565 bp, and the pairwise identity for the 14 processed
sequences was 99.6%. The maximum length observed was 693 bases, with the shortest being
174 bases. A total of 13 reads covered the S1/S2 cleavage region (from codon 672 to 709),
eight covered the fusion peptide (from codon 788 to 806), and six partially covered the
internal fusion peptide (from codon 816 to 831). All variations observed in the sequences
revealed a total of 27 polymorphisms, comprising 22 Single nucleotide polymorphisms
(SNPs) transversions, four SNP transitions, and one substitution. Supplementary file 2 lists
all identified mutations, including their lengths, frequencies, and locations. Despite the
variable length of the analysed reads, two mutations occurred with 100% frequency, resulted
from substitution of aspartic acid to glycine at locus 614 (D614G) due to a transition from
alanine to guanine (GAT>GGT), and the changes of histidine with tyrosine at locus 655
(H655T) due to a transition from cytosine to thymine (CAT>TAT), as shown in Figure 1.
Additional significant mutations observed in the extended sequences included N679K,
P681H, N684K, and D796Y. Additionally, various low-frequency mutations were noted
across different loci within the studied fragments which indicated in supplementary file 2.
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Figure 1: Illustrative view of main dominant changes within the studied reads, 1: D614G, 2:
H655Y, 3: N679K/P681H, 4: K764N and 5: D796Y. Some of the low frequency changes are
also represented including the Q613R and L763F.

The lineage identification of SARS-CoV-2 was performed using Nextclade Pango/Galaxy,
which revealing that all 14 fragments belonged to the Omicron variant. These findings were
further validated by phylogenetic analysis conducted with Auspice, confirming that all
mutations were identical with those harbored by BA.1.1 in clade 21K and BQ.1.19 in clade
22E, as presented in Figure 2.
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Figure2: Phylogenetic analysis depicts the evolutionary relationships among various SARS-
CoV-2 variants. A: illustrates the phylogenetic placement of SARS-CoV-2 samples within
the Omicron variant, particularly focusing on the 21K and 22E clades, B: locations of
analysed mutations in the SARS-CoV-2 genome.
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SARS-CoV-2 Spike partial amino acid sequence containing investigated mutations has been
modelled using Phyre2 platform with 100% confidence percentage and visualized using the
PyMol as indicated in Figure 3.

\ & pr96Y

Figure 3: SARS-CoV-2 Spike partial sequence (based on c7tprc template), A: BA.1.1 green
colour indicates loops, red represent alpha helix and yellow colour indicates beta sheets, cyan
colour represents changed amino acids. B: Mutational representation complexed with ACE-2
receptor using CoVsurver, green colour indicates ACE-2 receptor, blue, red and green arrows
indicate axes, orange and blue macromolecules indicate changed amino acids. C: Mutational
visualization without ACE-2

To further investigate the durability of these mutations, an analysis was conducted using the
CoVsurver tool from GISAID. This analysis concentrated on evaluating the prevalence of
mutations in the fragments under study. The persistence analysis demonstrated that all
identified mutations continue to be present in the currently circulating SARS-CoV-2 strains
worldwide, as outlined in Table 1.
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Table 1: Dominancy of investigated key mutations in the global SARS-CoV-2 lineages and
sublineages.

Mutation
1D

Description

D614G already occurred 15823548 times within 99.28% of all global reported data among 220
D614G countries. The first viral strain with this change which collected in January 2020 in Argentina.
Notably this change persists among current circulating strains.

H655Y already occurred 8777174 times within 55.07% of all global reported data among 216
H655Y countries. The first viral strain with this change which collected in January 2020 in Thailand.

Notably this change persists among current circulating strains.

N679K already occurred 8616147 times within 54.06% of all global reported data among 218
countries. The first viral strain with this change which collected in January 2020 in the USA.
Notably this change persists among current circulating strains.

P681H already occurred 9862477 times within 61.88% of all global reported data among 215
P681H countries. The first viral strain with this change which collected in January 2020 in the Niger.
Notably this change persists among current circulating strains.

N764K already occurred 8192981 times within 51.40% of all global reported data among 214
N764K countries. The first viral strain with this change which collected in January 2020 in the USA.
Notably this change persists among current circulating strains.

N764K already occurred 8504046 times within 53.35% of all global reported data among 214
D796Y countries. The first viral strain with this change which collected in January 2020 in the USA.

Notably this change persists among current circulating strains.

N679K

Further investigation was conducted through data mining on February 11, 2024, involving,
1043 complete SARS-CoV-2 genomes from the EpiCoV™/GISAID repository. These
genomes represent the entirety of SARS-CoV-2 sequences uploaded from Iraq during the
COVID-19 pandemic, covering the period from June 6, 2020, to November 19, 2023. The
study reveals a wide spectrum of SARS-CoV-2 lineages, with lineage AY.33 emerging as the
most prevalent, accounting for 227 of the sequenced genomes. Close behind were the
B.1.617.2 lineage, with 217 instances, and the BA.1.1 lineage, with 214 occurrences. The
Alpha variant, B.1.1.7, identified in 132 cases, was previously labelled as a Variant of
Concern due to its heightened transmissibility. Other variants, such as BA.1 and AY.122,
were significantly present, with 36 and 34 sequences, respectively. Notably, B.1.428.1 was
detected in 29 genomes, while BA.2 appeared in 12. The dataset also includes lineages of
lower frequency, such as B.1.36.1, which was identified in 5 genomes, as well as several
unique lineages like B.1.1.374, B.1.351, and B.1.533. Furthermore, recently emerging
lineages like the XBB, EG.4, and FL.10, were also observed among the analysed genomic
data. This diversity highlights the genetic variability of SARS-CoV-2 in Iraq and
demonstrates the dynamic nature of the virus as it continues to evolve. The viral evolution is
represented by a plethora of a presented in the curated genomes, including the D614G, which
were dominant with 100% frequency. In the S1/S2 cleavage region, various mutations were
observed across different viral lineages and sublineages, including Q675H, T676S, Q677H,
N679K, S680T, P681H/R/L, A688S, S698L, A701V, and S704L. The S1/S2 cleavage site
remained conserved across all lineages, with three amino acid changes observed in the fusion
peptide and one in the internal fusion peptide. Hotspot regions were identified upstream and
downstream of the S1/S2 Furin cleavage region, including two changes downstream of the
S1/S2 cleavage region (T716I and N764K) and one change upstream (H655Y). Table 2 lists
all changes within the investigated Iraqi genomes.
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Table 2: Distribution of SARS-CoV-2 S1/S2 cleavage region and Fusion peptide amino acids
changes across Iraqi reported lineages and sublineages.

Location Muﬁ‘)t ton ngﬁg‘:}g‘:e Lineage Clade | Percentage
S1/S2 cleavage region Q675H CAG—CAT B.1 GH 0.38%
S1/S2 cleavage region T676S ACT—-TCT AY.122 GK 0.10%
S1/S2 cleavage region Q677H CAG—CAT B.1.617.2 GK 0.19%
XBB.2, XBB.1.9.1,
XBB.1.5.4, XBB.1.5,
XBB.1.42.1, XBB.1.37,
XBB.1.22.1,
XBB.1.16.2,
XBB.1.16.11,
XBB.1.16.1, XBB.1.16,
XBB.1, GW.5,FY.5, GRA
S1/S2 cleavage region N679K AAT—-AAG FL.4.8, FL.4,FL.2, GR ? 31.45%
FL.10, EG.4.3, CV.1,
BN.1, BA.5.2.16,
BA.5.2.1,BA.5.2,
BA.5.1.30, BA.2,
BA.1.20, BA.1.17.2,
BA.1.17, BA.1.14,
BA.1.13, BA.1.1, BA.1,
B.1.617.2, B.1.1.529
S1/S2 cleavage region S680T TCT—ACT AY.122 GK 0.48%
B.1.617.2, AY.103,
AY.33, AY.126,
S1/S2 cleavage region AY.106, AY.127,
(PPAR locus) P681R CCT—CGT AY.122, AY .43, GK 49.57%
AY.121, AY.98, AY.5,
AY.65, AY .46, B.1.533,
B.1.1, AY.122
XBB.1.16.2,
XBB.1.16.11,
XBB.1.16, FL.4.8,
XBB.1.22.1, FY .5,
XBB.1.16.1, EG.4.3,
XBB.1.42.1, XBB.1.9.1,
FL.2, GW.5, FL.10,
FL.4, XBB.1.5.4, GRA,
S1/S2 cleavage region XBB.1.5, XBB.2, GR,
(PPAR locus) P681H CCT—CAT XBB.1, BN.1, GRY, 44.01%
XBB.1.37, CV.1, 0O, GH,
BA.5.2, BA.2, GK
BA.5.2.16, BA.5.1.30,
BA.5.2.1, BA.l,
BA.1.1, BA.1.17.2,
BA.1.17, BA.1.20,
BA.1.13, BA.1.14,
B.1.1.7, B.1.1.529,
B.1.36.1,FL.5, AY.5
Sl Ségf??f(furs‘;g“’“ P6SIL | CCT—CTT B.1.617.2 GK 0.10%
S1/S2 cleavage region A688S GCT-TCT B.1.1.7 GRY 0.10%
S1/S2 cleavage region S698L TCA—-TTA B.1.617.2 GK 0.10%
. BA.1.17.2,B.1.351, GRA, o
S1/S2 cleavage region A701V GAC—-FTA B.1.17 GH 0.96%
S1/S2 cleavage region S704L TCA—-TTA XBB.1.16, B.1.1.7, GRA, 0.58%
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B.1.617.2

GRY,
GK

Fusion Peptide

P792T

CCA—ACA

B.1.617.2

GK

0.10%

Fusion Peptide

D796Y

GAT—TAT

XBB.1.16.2,
XBB.1.16.11,
XBB.1.16, FL 4.8,
XBB.1.22.1, FY .5,
XBB.1.16.1, EG.4.3,
XBB.1.42.1, XBB.1.9.1,
FL.2, GW.5, FL.10,
FL.4, XBB.1.5.4,
XBB.1.5, XBB.2,
XBB.1, BN.1,
XBB.1.37,CV.1,
BA.5.2, BA.2,
BA.5.2.16, BA.5.1.30,
BA.5.2.1,BA.l,
BA.1.1,BA.1.17.2,
BA.1.17, BA.1.20,
BA.1.13, BA.1.14,
B.1.1.7, B.1.1.529,
B.1.36.1, FL.5, AY 5,
AY.98

GRA,
GK, G

30.97%

Fusion Peptide

F800Y

TTT-TAT

AY.122

GK

0.10%

Internal Fusion Peptide

N824D

AAC—GAC

AY.122

GK

0.10%

Downstream of S1/S2
Cleavage region

T7161

ACA—ATA

XBB.1.16,B.1.1.7,
B.1.1, B.1.1.89,
B.1.617.2, AY.122,

GRA,
GRY,

GR, O,

12.37%

Downstream of S1/S2
Cleavage region

N764K

AAC—AAA

XBB.1.16.2,
XBB.1.16.11,
XBB.1.16, FL 4.8,
XBB.1.22.1, FY 5,
XBB.1.16.1, EG.4.3,
XBB.1.42.1, XBB.1.9.1,
FL.2, GW.5, FL.10,
FL.4, XBB.1.5.4,
XBB.1.5, XBB.2, BN.1.
XBB.1.37, XBB.1,
BA.5.2,BA.2,
BA.5.2.16, BA.5.1.30,
BA.5.2.1,BALl,
BA.1.1,BA.1.17.2,
BA.1.17, BA.1.13,
BA.1.20

GRA,
GR

30.58%

Upstream of S1/S2
Cleavage region

H655Y

CAT—-TAT

XBB.1.16.2,
XBB.1.16.11,
XBB.1.16, FL.4.8,
XBB.1.22.1, FY.5,
XBB.1.16.1
EG.4.3, XBB.1.42.1,
XBB.1.9.1, FL.2,
GW.5, FL.10, FL .4,
XBB.1.5.4, XBB.1.5,
XBB.2, XBB.1, BN.1,
XBB.1.37, CV.1,
BA.5.2, BA.2,
BA.5.2.16, BA.5.1.30,
BA.5.2.1, BA.1,
BA.1.1, BA.1.17.2,

GRA,
GR, G

31.38%
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BA.1.17. BA.1.13.
BA.1.20, BA.1.14,
B.1.1.529

This combined analysis of public data and processed fragments reveals a tendency toward
conserving the Furin cleavage site across different viral lineages. The high degree of
conservation at this site highlights its essential function in facilitating efficient viral infection
of host cells. However, a notable exception was observed in six genomes of the B.1.617.2
(Delta) variant, which exhibited a silent mutation at codon 682. Specifically, the nucleotide
sequence CGG (coding for arginine) was changed to CGT, which still encodes for arginine.
This silent mutation highlights the subtle genetic variability within the virus, even in regions
that are generally conserved. In addition to these findings, the study focused on the S2'
cleavage site, represented by codons 814-816 (KR |S). The S2' cleavage site did not show any
variability in the processed data. However, a rare mutation was noticed in the one Sanger-
generated read, represented by R815T. This mutation changes the charged arginine to
threonine. The R815T has been reported only 19 times on GISAID and was primarily
harbored by Omicron sublineages, including BA.1.1, BA.1, BA.2.38, BA.4, BA.5.6, and
BA.5.2, as well as Delta (B.1.617.2) and its sublineages AY.4, AY.9, and AY.122.

4. Discussion

Throughout the evolution of SARS-CoV-2, numerous mutations have been identified,
significantly contributing to the emergence of various variants. The D614G mutation stands
out for its role in enhancing viral transmissibility and is linked to distinct clinical
manifestations such as impairments in taste and olfactory functions [24, 25]. In the upstream
of S1/S2 cleavage region, the H655Y mutation, identified within all analyzed fragments, and
within 31.38% of the investigated Iraqi genomes. This mutation is one of distinguishing
features of the Omicron, which persists in subsequent sublinages, such results indicating its
impact on enhanced entry mechanism and fusogenicity, increased transmissibility and
enhanced cleavage of the S protein [26, 27]. Notably, other addressed changes include the
P681, this site has emerged as a hotspot for mutations across different lineages, with P681R
significantly enhancing Furin site cleavability in Delta variants. However, these changes were
displaced by P681H. The evolution of the virus is characterized by a strong preference for
mutations that may enhance viral fitness. In the Omicron variant and its related sublineages,
the co-occurrence of N679K and P681H near the Furin scissile bond has been observed in
analyzed sequences. Mutational pairing of P681H and N679K enhances the site's basic nature
that represents a superior site targeted by Furin [28, 29]. Tendency toward shifting the proline
arises from the fact that Furin's predilection for flexible substrates, with its catalytic site that
favors such configurations for more effective cleavage. The inherent rigidity of proline, due
to its unique cyclic structure, limits its presence at Furin cleavage sites, underscoring a
selection for mutations that confer greater structural flexibility, thereby enhancing Furin’s
access to crucial cleavage sites [30, 31]. Mutations at the SARS-CoV-2 spike protein's P681
site have been reported on GISAID database for nearly every amino acid, albeit at
significantly lower frequencies compared to P681H and P681R mutations. Notably,
mutations to methionine (P681M) and glutamic acid (P681E) at this site have not been
reported. Comprehensive genomic analysis of Iraqi viral isolates revealed the conservative
status of the polybasic motif 682RRAR|S686, this indicates continuing dependency of
SARS-CoV-2 on Furin and aligning with other reported results [28, 32]. Furthermore, the S2'
cleavage site (KR |S) show a similar conservative attitude. The conserved nature of Furin and
S2' cleavage sites coupled with their vital roles in viral entry can shed the lights on their
importance in maintaining SARS-CoV-2 infectivity and enhanced adaptability toward
different proteases environments in host cells [33]. While mutations such as A688S, S698L,
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A701V, and S704L were detected at lower frequencies in the current study, their impact on
vaccine efficacy cannot be overlooked. Particularly, the dual mutations of S698L and A701V
have been implicated in diminishing vaccine-induced antibody sensitivity [34, 35].
Meanwhile, S704L possesses a deleterious effect which reduces Omicron BA.2 Spike-
mediated infection [36], however, S704L still reported on GISAID among newer circulating
SARS-CoV-2 variants at low frequency. In the context of fusion peptide, current results
showed occurrence of 796Y among 30.97% of Iraqi genomes, specifically among Omicron
and subsequent sublineages and were prevalent in current investigated fragments, D796Y, is
situated near the beginning of the S2 subunit, just before the fusion peptide. This mutation
could potentially influence the spike proteins interaction with the TMPRSS2 enzyme. This
mutation could alter the presentation of nearby glycan epitopes, impacting the neutralization
capacity of antibodies targeting the spike protein's S1 region [37]. Furthermore, the
emergence of the T7161 mutation in recent variants like XBB.1.16, associated with enhanced
transmissibility and potential immune evasion, [38, 39], alongside the high-frequency
circulation of N764K in Omicron dissented variants, introduces new cleavage sites
recognized by SKI-1/S1P. This alteration may hinder the exposure of the internal fusion
peptide, critical for viral entry and syncytia formation. The specific expression pattern of
SKI-1/S1P, absent in lung tissue but present in the bronchus and nasopharynx, suggests a
nuanced shift in the virus's tissue targeting, driven by these mutations [40].

Conclusion

This investigation into SARS-CoV-2 spike protein mutations, particularly within Iraqi
isolates, reveals crucial adaptations and variability tendency toward boosting viral fitness.
Key mutations across different regions of the S1/S2 Furin cleavage site, specifically the hot
spot locus of P681 illuminate the selective pressures that shape viral transmissibility and
immune evasion in Iraq and around the global. Despite that, the tendency towards
maintaining cleavage sites can offer strategic point of intervention.
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