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Purpose: Omicron (B.1.1.529) is one of the highly mutated variants of concern of SARS-CoV-2. Lineages of Omicron bear 
a remarkable degree of mutations leading to enhanced pathogenicity and upward transmission trajectory. Mutating Omicron lineages 
may trigger a fresh COVID-19 wave at any time in any region. We aimed at the whole-genome sequencing of SARS-CoV-2 to 
determine variants/subvariants and significant mutations which can foster virus evolution, monitoring of disease spread, and outbreak 
management.
Methods: We used Illumina-NovaSeq 6000 for SARS-CoV-2 genome sequencing, MEGA 10.2 and nextstrain tools for phylogeny; 
CD-HIT program (version 4.8.1) and MUSCLE program for clustering and alignment. At the same time, UCSF Chimera was 
employed for protein visualization.
Results: Predominant Omicron pango lineages in Al-Baha were BA.5.2/B22 (n=4, 57%), and other lineages were BA.2.12/21L (n=1, 
14.28%), BV.1/22B (n=1, 14.28%) and BA.5.2.18/22B (n=1, 14.28%). 22B nextstrain clade was predominant, while only one lineage 
showed 21L. BA.5.2/22B, BA.5.2/22B harbored a maximum of n=24 mutations in the spike region. Twelve crucial RBD mutations: 
D405N, R408S, K417N, N440K, L452R, S477N, T478K, E484A, F486V, Q498R, N501Y, and Y505H were identified except the 
lineage BA.5.2/22B in which F486V mutation was not observed. Critical deletions S106 in membrane protein NSP6, E31in 
nucleocapsid, and L24 in spike region were observed in all the lineages. Furthermore, we identified common mutations of Omicron 
variants of SARS-CoV-2 in therapeutic hot spot spike region: T19I, D405N, R408S, K417N, N440K, L452R, S477N, T478K, E484A, 
F486V, Q498R, N501Y, Y505H, D614G, A653V, H655Y, N679K, P681H, N764K, D796Y, Q954H, N969K, D1146D, L452R, F486V, 
N679K and D796Y. The effect of RBD-targeted mutations on neutralizing (NAbs) binding was considerable.
Conclusion: The outcome of this first report on SARS-CoV-2 variants identification and mutation in the Al-Baha region could be 
used to lay down the policies to manage and impede the regional outbreak of COVID-19 effectively.
Keywords: omicron, SARS-CoV-2, nextstrain clade, phylogeny, mutation, spike, RBD

Introduction
SARS-CoV-2 is the most lethal virus among all human coronavirus (HCoV) and is responsible for causing severe 
respiratory tract infections.1,2 It was first reported in Wuhan, China, at the end of December 200193–5 and found to be 
highly transmissible (Basic reproduction number ranging from 0.9 to 6.53).4,6 The genome of SARS-CoV-2 is plus (+) 
sense single-stranded (ss) RNA of size approximately 30 kb that encodes 16 non-structural proteins (nsp1-nsp16), the 
open reading frames (ORFs) accessory proteins 3a, 6, 7a, 7b, 8, 10. It also encodes four structural proteins viz., the spike 
protein (S) that forms trimeric structure, matrix/membrane-protein (M), nucleocapsid-protein (N), and an envelope- 
protein (E) most likely forms ion channel.7–9 The SARS-CoV-2 exudes spherical morphology and unsegmented RNA 
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genome, with 30 poly-A tail and 50 cap-structure.10 Error-prone replication is exhibited by RNA-dependent-RNA 
polymerase enzyme of RNA viruses which results in an increased mutation rate.11 Though, a high mutation rate 
(nucleotide-nt substitution per-site/cell infection) is shown by ssRNA viruses, however, in the case of SARS-CoV-2, 
fixed mutations in the genome have been observed which suggests that SARS-CoV-2 changes slowly (estimated mutation 
rate/site × year = 1.12×10−3 nt−1 year−1) as compared to other ssRNA viruses.12,13

Adaptation of SARS-CoV-2 in the population and its global transmission has led to the accumulation of a large 
number of mutations, especially in spike protein; consequently, various dominant variants and lineages have been formed 
in year years.14 Lineage switching, generation of SARS-CoV-2 variants, and their continued global spread have aroused 
serious health concerns.15 The World Health Organization (WHO) has given nomenclature to these variants as variants of 
interest (VOI) and variants of concern (VOC).16 Major VOCs which had overwhelmed countries around the world 
encompass; alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta (B1.617.2).17

A highly transmissible variant of SARS-CoV-2 designated as Omicron was first reported in Botswana (in early 
November) and in South Africa dated 24-Nov-2021.18 Omicron showed many mutations (n=32), especially in spike 
protein alone as compared to mutation (n=16) in the tremendously infectious delta variant. The emergence of the 
Omicron variant (B.1.1.529) led to another fresh wave of the COVID-19 pandemic. This new variant was considered to 
be the most mutated SARS-CoV-2 variant.18,19 VOC are lethal variants capable of bringing about detrimental alterations 
in COVID-19 epidemiological parameters. A few variants, especially VOCs have raised grave epidemiological 
concern.20 Compared to the early-mutants or wild-type (WT) strains, these newly emerged SARS-CoV-2 variants have 
triggered successive COVID-19 waves with varying epidemiological features.21,22 Wild-type (WT) strain was potentially 
fatal among aged people with comorbid conditions; however, recent pre-clinical, clinical, and epidemiological data 
suggest that a vast number of emerged variants, VOCs in particular, are capable of breaching epidemiological barriers 
and have the potential to cause considerable fatality across the various demographic groups in different geographical 
locations including Al-Baha, Kingdom of Saudi Arabia.21–24 The evolution of VOCs impacts increased human-to-human 
transmissibility, virulence, pathogenesis, clinical manifestations, and debilitated effectiveness of the public health-safety 
and social measures.17 It could also influence diagnostic and therapeutic countermeasures at a greater length that compels 
the viral evolution research group to focus on SARS-CoV-2 variants, phenotypic characteristics, and their significant 
impacts on various countermeasures. The latest recovered Omicron variants were found to have a large number of 
mutations (>50 mutations on the entire genome and 32 mutations in the most crucial viral spike protein alone)25,26 which 
renders them higher infectivity (10-folds) and milder clinical manifestations26 as compared to the original virus (WT- 
strain). This variant has got higher potential to spread faster27 and evade the host-immune responses as a result of the 
accumulation of a vast number of mutations in the spike region.26

Since the classification of variants and most of the vaccine production strategies has been based on the mutations 
accumulated in the gene encoding spike protein,28 therefore, analyses of the SARS-CoV-2 genome sequence, 
especially the sequence of the spike region to characterize viral lineages and variants gain the paramount 
importance.29 Identification of SARS-CoV-2 variants/subvariants become crucial as many studies have demonstrated 
the dependency of the magnitude of neutralizing efficacy of vaccine-induced immunoglobulins on a wide range of 
SARS-CoV-2 variants/subvariants, especially Omicron.30,31 Many studies have explained the potential of new SARS- 
CoV-2 variants in scaping the immune response generated by earlier infection and/or the first dose of vaccination31–33 

which necessitate the continuous tracking of the mutations in hot spot genomic region to reformulate the vaccine and 
therapeutic candidate.

Although, over three years of the COVID-19 pandemic a huge number of variants have been observed and sequenced 
worldwide,15 however, to the best of our knowledge, there is no record of SARS-CoV-2 genome sequencing in the Al- 
Baha region of Saudi Arabia available. The current study was aimed mainly at accomplishing whole-genome sequencing 
(WGS) and analyses of regional variants of SARS-CoV-2 from a phylogenetic viewpoint to characterize lineages, sub- 
lineages, and mutation variants. The sequence analyses enabled us to comprehend novel genomic variations that are 
significant indicators of vaccine development and viral evolution. The outcome of the present study could be useful in 
multivalent vaccine formulation and effective outbreak management.
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Materials and Methods
Ethical Approval
The present study was commenced after receiving approval from the Ethical Committee of Scientific Research (ECSR) 
(Application number: 43121258) at Al-Baha University, Al-Baha, Kingdom of Saudi Arabia. As per the policy of ECSR, 
at Al-Baha University, approval is issued only to a research proposal that follows the guidelines of the Declaration of 
Helsinki. The study was accomplished according to the guidelines of the Declaration of Helsinki. Informed consent of all 
the participants was obtained and the identity of the participants was well protected.

Collection and Processing of Clinical Specimens
Nasopharyngeal (NP) swabs (n=42) collected from the patients suspected of COVID-19 infection were received from 
several hospitals and healthcare providers of the region and processed for diagnosis at the Regional Laboratory and 
Central Blood Bank, Al-Baha, Kingdom of Saudi Arabia. Viral nucleic acid (RNA) extraction from decontaminated 
COVID-19-positive NP swabs was carried out using the QIAamp Viral RNA Mini Kit (Qiagen, Maryland, USA) and 
following the manufacturer’s recommended protocol. Viral detection was carried out by Real-time Reverse Transcriptase 
Polymerase Chain reaction (RT-qPCR).34

SARS-CoV-2 Whole Genome Sequencing Workflow
Out of a total of 42 clinical specimens processed for viral detection, only 7 COVID-19-positive samples confirmed by 
RT-qPCR were further processed for accomplishing SARS-CoV-2 whole-genome sequencing.

Complementary DNA (cDNA) Synthesis
cDNA was generated from extracted viral nucleic acid (RNA) from 7 COVID-19-positive NP swabs by Reverse 
Transcriptase (RT) with random hexamers.

Target Amplification
The SARS-CoV-2 viral genome available in the sample was then PCR amplified using a set of primers to get overlapping 
segments of the entire genome and by employing two separate PCR reactions, which later on pooled together.

Library Preparation
The amplified, pooled fragments were further fragmented (On-Bead Tagmentation) and amplicons were tagged with 
adapter sequences. A second round of PCR amplification was performed on the adapter-tagged amplicons by applying 
a PCR master mix and unique index adapters. Following amplification, indexed libraries were pooled together and 
cleaned with the application of purification beads. Pooled purified libraries were quantified using fluorescent dye.

Execution of High-Throughput Sequencing
Pooled purified libraries were clustered onto a flow cell to perform whole-genome next-generation sequencing (NGS) 
applying sequencing by synthesis (SBS) chemistry using Illumina-NovaSeq 6000 Sequencing System (NovaSeq Xp S4 
flow cell workflow). Sequencing of all the samples and generation of consensus sequences in FASTA format using 
Illumina DRAGEN™ COVIDSeq Test Pipeline was accomplished at BandrGen, Laboratory Madina, KSA. All the 
sequences were submitted to NCBI Sequence Read Archive (SRA) under Bio-project accession number PRJNA947168 
(SAMN33843589, SAMN33843590, SAMN33843591, SAMN33843592, SAMN33843593, SAMN33843594, and 
SAMN33843595).

Data Analysis
Raw sequence data of all the samples were processed for quality check and report generation using PipeCoV (FastQC 
v0.11.9). The high-quality data were mapped to the Wuhan reference genome sequence (NC_045512.2) by applying 
Bowtie2 v2.3.5.1.35 Alignment of the reads was executed by applying Samtools and Bowtie2.35 All the mapped reads 
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were assembled de novo using assembler SPAdes v3.15.0.36 The final consensus sequence obtained was annotated by 
Prokka v1.14.5.37 Pangolin v2.3.8 was employed to identify the lineages of SARS-CoV-2.38

Phylogenetic and Nextstrain Clade Analyses
A phylogenetic analysis based on spike sequence was undertaken by applying Molecular Evolutionary Genetics Analysis 
version 10.2 (MEGA 10.2 software) to determine the similarities and dissimilarities between seven SARS-CoV-2 genome 
sequences from the Al-Baha region and other genome sequences. The maximum likelihood method at bootstrap value 
1000 was used. Nextstrain clade identification tools were used to construct a time-scaled phylogenetic tree based on 
genome sequences. The location and frequency of mutations were determined by employing clustering and alignment 
methods. CD-HIT program (version 4.8.1) was employed for clustering the sequences, while multiple sequence align-
ment was accomplished by the MUSCLE program.39,40 UCSF Chimera was employed for modeling and protein 
visualization.41

Results
COVID-19 pandemic waves are still being reported from different parts of the world due to emerging new variants of 
SARS-CoV-2 that exhibit high contagiousness as compared to the wild-type strain. Out of 42 Nasopharyngeal swabs 
processed, seven (S1, S2, S5, S6, S7, S8, S9) COVID-19-positive clinical specimens were successfully processed for 
whole-genome sequencing, and the sequence was analyzed to understand the phylogenetic relations and detection of 
mutations especially in spike region which is the critical component of the viral gene and play a significant role in disease 
initiation and transmission. The sequence of clinical specimen S2 showed maximum similarity (88.68%) with the 
reference genome sequence (NC_045512.2), while that of clinical specimen S7 exhibited minimum similarity 
(72.91%) (Table 1).

Phylogenetic trees built based on spike sequences retrieved from all seven clinical samples unraveled the close 
relatedness of all the n=7 sequences with the previously sequenced omicron variants of SARS-COV-2 (Figure 1). 
Sequences S5 and S8 were found to be the most closely related to each other. S2 and S1 were distantly related to the 
other five sequences (Figure 1). The highest number of mutations detected in the spike region of SARS-CoV-2 was n=24 
in the sequences obtained from clinical specimens S1 and S2, while the minimum number of spike mutations (n=19) was 
observed in that of clinical specimen S9 (Table 1). Lineage analysis of the sequences retrieved from S1, S2, S8, and S9 
was found to share the same Pango lineage (designated as S1/BA.5.2, S2/BA.5.2, S8/BA.5.2, and S9/BA.5.2). Three 
other lineages determined by analyzing the sequences from S5, S6, and S7 were BA.2.12, BV.1 and BA.5.2.18, 
respectively (designated as S5/BA.2.12, S6/BV.1 and S7/BA.5.2.18) (Table 1).

Mutations and their locations in all the significant genomic regions of SARS-C0V-2, such as envelope (E), 
transmembrane protein (NSP4 and NSP6), membrane (M), and spike (S) were determined. Mutations in other genomic 
regions SARS-C0V-2, for instance, leader protein (NSP1), non-Structural protein-2 (NSP2), predicted phosphoesterase 

Table 1 Details of the Lineages and Quantum of Mutations in Spike Region of the 
SARS-CoV-2

Sample % Similarity with Reference Lineage No of Mutation in Spike

S1 87.02 BA.5.2 24

S2 88.68 BA.5.2 24

S5 78.41 BA.2.12 23

S6 73.213 BV.1 21

S7 72.91 BA.5.2.18 23

S8 78.44 BA.5.2 23

S9 73.42 BA.5.2 19
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and protein-like-proteinase (NSP3), 3C-like proteinase (NSP5), non-structural protein (NSP8), ssRNA-binding protein 
(NSP9), RNA-dependent RNA polymerase (NSP12b), helicase (NSP13), 3’-to-5’ exonuclease (NSP14), endoRNAse 
(NSP15), ORF3a protein (ORF3a), ORF7a protein (ORF7a), ORF7b protein (ORF7b) and nucleocapsid protein (N) were 
also identified. Various mutations in these genomic regions, their locations, and annotations have been tabulated in 
Table 2 and Table 3. All seven sequences were compared to understand the variation of mutations across all the identified 
pango lineages. S5/BA.2.12 and S8/BA.5.2 showed high genetic relatedness, while S2/BA.5.2 was divergent from the 
other six lineages (Figure 1). The rectangular evolutionary tree exhibited the clustering of all seven lineages together with 
one Chinese omicron variant (Figure 1). S5/BA.2.12 was identified as 21L, whereas S1/BA.5.2, S2/BA.5.2, S8/BA.5.2, 
S9/BA.5.2, S6/BV.1, and S7/BA.5.2.18 were determined to be 22B nextstrain clades (Figure 2b).

Figure 1 Phylogenetic tree constructed based on spike sequences retrieved from all the samples by applying Molecular Evolutionary Genetics Analysis version 10.2 (MEGA 10.2 
software). Maximum likelihood method at bootstrap value 1000 was used.

Table 2 Tabulation of Mutations in an Envelope, Transmembrane Protein, Membrane, and Spike 
Genomic Regions of SARS-C0V-2

Sample 1 (S1) Sample 2 (S2)

GR(P) Annotation V VC GR(P) Annotation V VC

E Envelope T9I SNP E Envelope T9I SNP

NSP4 T-protein C88C SSNP NSP4 T-protein V290V SSNP

NSP4 T-protein T327I SNP NSP4 T-protein T327I SNP

NSP4 T-protein T492I SNP NSP4 T-protein T492I SNP

NSP6 T-protein S106 Deletion NSP6 T-protein S106 Deletion

M Membrane D3N SNP M Membrane D3N SNP

M Membrane Q19E SNP M Membrane Q19E SNP

M Membrane A63T SNP M Membrane A63T SNP

M Membrane D163D SSNP M Membrane D163D SSNP

S Spike T19I SNP S Spike T19I SNP

S Spike L24 Deletion S Spike L24 Deletion

(Continued)
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Table 2 (Continued). 

Sample 1 (S1) Sample 2 (S2)

GR(P) Annotation V VC GR(P) Annotation V VC

S Spike D405N SNP S Spike V47 Deletion

S Spike R408S SNP S Spike D405N SNP

S Spike K417N SNP S Spike R408S SNP

S Spike N440K SNP S Spike K417N SNP

S Spike L452R SNP S Spike N440K SNP

S Spike S477N SNP S Spike L452R SNP

S Spike T478K SNP S Spike S477N SNP

S Spike E484A SNP S Spike T478K SNP

S Spike F486V SNP S Spike E484A SNP

S Spike Q498R SNP S Spike F486V SNP

S Spike N501Y SNP S Spike Q498R SNP

S Spike Y505H SNP S Spike N501Y SNP

S Spike D614G SNP S Spike Y505H SNP

S Spike A653V SNP S Spike A653V SNP

S Spike H655Y SNP S Spike H655Y SNP

S Spike N679K SNP S Spike N679K SNP

S Spike P681H SNP S Spike P681H SNP

S Spike N764K SNP S Spike N764K SNP

S Spike D796Y SNP S Spike D796Y SNP

S Spike Q954H SNP S Spike Q954H SNP

S Spike N969K SNP S Spike N969K SNP

S Spike D1146D SSNP S Spike D1146D SSNP

Sample 5 (S5) Sample 6 (S6)

GR(P) Annotation V VC GR(P) Annotation V VC

E Envelope T9I SNP E Envelope T9I SNP

NSP4 T-protein C88C SSNP NSP4 T-protein F39L SNP

NSP4 T-protein V290V SSNP NSP4 T-protein T327I SNP

NSP4 T-protein T327I SNP NSP4 T-protein T492I SNP

NSP4 T-protein T492I SNP NSP6 T-protein S106 Deletion

NSP6 T-protein S106 Deletion M Membrane D3N SNP

M Membrane Q19E SNP M Membrane Q19E SNP

M Membrane A63T SNP M Membrane A63T SNP

(Continued)
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Table 2 (Continued). 

Sample 5 (S5) Sample 6 (S6)

GR(P) Annotation V VC GR(P) Annotation V VC

M Membrane F112F SSNP M Membrane D163D SSNP

S Spike T19I SNP S Spike T19I SNP

S Spike L24 Deletion S Spike L24 Deletion

S Spike G142D SNP S Spike D405N SNP

S Spike V213G SNP S Spike R408S SNP

S Spike D405N SNP S Spike K417N SNP

S Spike R408S SNP S Spike N440K SNP

S Spike K417N SNP S Spike L452R SNP

S Spike N440K SNP S Spike S477N SNP

S Spike S477N SNP S Spike T478K SNP

S Spike T478K SNP S Spike E484A SNP

S Spike E484A SNP S Spike F486V SNP

S Spike Q493R SNP S Spike Q498R SNP

S Spike Q498R SNP S Spike N501Y SNP

S Spike N501Y SNP S Spike Y505H SNP

S Spike Y505H SNP S Spike H655Y SNP

S Spike H655Y SNP S Spike N679K SNP

S Spike N679K SNP S Spike P681H SNP

S Spike P681H SNP S Spike N764K SNP

S Spike S704L SNP S Spike D796Y SNP

S Spike N764K SNP S Spike Q954H SNP

S Spike D796Y SNP S Spike N969K SNP

S Spike Q954H SNP – – – –

S Spike N969K SNP – – – –

Sample 7 (S7) Sample 8 (S8)

GR(P) Annotation V VC GR(P) Annotation V VC

E Envelope T9I SNP E Envelope T9I SNP

NSP4 T-protein T327I SNP NSP4 T-protein T327I SNP

NSP4 T-protein T492I SNP NSP4 T-protein T492I SNP

NSP6 T-protein S106 Deletion NSP6 T-protein S106 Deletion

M Membrane A63T SNP M Membrane D3N SNP

M Membrane D163D SSNP M Membrane Q19E SNP

(Continued)
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Table 2 (Continued). 

Sample 7 (S7) Sample 8 (S8)

GR(P) Annotation V VC GR(P) Annotation V VC

S Spike L5F SNP M Membrane A63T SNP

S Spike T19I SNP M Membrane D163D SSNP

S Spike L24 Deletion S Spike NA NA

S Spike D405N SNP S Spike T19I SNP

S Spike R408S SNP S Spike L24 Deletion

S Spike K417N SNP S Spike G142D SNP

S Spike N440K SNP S Spike V213G SNP

S Spike K444R SNP S Spike D405N SNP

S Spike L452R SNP S Spike R408S SNP

S Spike S477N SNP S Spike K417N SNP

S Spike T478K SNP S Spike N440K SNP

S Spike E484A SNP S Spike NA NA

S Spike F486V SNP S Spike L452R SNP

S Spike Q498R SNP S Spike S477N SNP

S Spike N501Y SNP S Spike T478K SNP

S Spike Y505H SNP S Spike E484A SNP

S Spike H655Y SNP S Spike F486V SNP

S Spike N679K SNP S Spike Q498R SNP

S Spike P681H SNP S Spike N501Y SNP

S Spike N764K SNP S Spike Y505H SNP

S Spike D796Y SNP S Spike H655Y SNP

S Spike Q954H SNP S Spike N679K SNP

S Spike N969K SNP S Spike P681H SNP

– – – – S Spike N764K SNP

– – – – S Spike D796Y SNP

– – – – S Spike Q954H SNP

– – – – S Spike N969K SNP

Sample 9 (S9)

GR(P) Annotation V VC

E Envelope T9I SNP

NSP4 Transmembrane protein V290V Silent SNP

NSP4 Transmembrane protein T327I SNP

NSP4 Transmembrane protein T492I SNP

(Continued)
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Most Omicron mutations remain situated on RBD/spike that could effectively alter the epitopes (binding site) to 
various immunoglobulins. A trimer structural model of the spike protein of SASRS-CoV-2 was created to demonstrate 
most of the mutations and their locations in the genomic region using sequences obtained from S2 clinical samples 
(Figure 3).

Any insertion sequence in the spike region of SARS-CoV-2 was not found in any of the identified omicron lineages, 
namely, S1/BA.5.2, S2/BA.5.2, S8/BA.5.2, S9/BA.5.2, S5/BA.2.12, S6/BV.1 and S7/BA.5.2.18. However, many crucial 
deletions were identified in spike and transmembrane proteins. A deletion S106 in transmembrane protein (NSP6) was 
identified in all the identified pango lineages. A deletion L24 in the spike region was also observed in all these lineages; 
however, one unique deletion (V47) in lineage BA.5.2 of the S2 sample (S2/BA.5.2) was observed (Table 2). E31 
deletion in nucleocapsid protein was exhibited by all these omicron lineages (Table 3).

Table 2 (Continued). 

Sample 9 (S9)

GR(P) Annotation V VC

NSP6 Transmembrane protein S106 Deletion

M Membrane D3N SNP

M Membrane Q19E SNP

M Membrane A63T SNP

S Spike T19I SNP

S Spike L24 deletion

S Spike D405N SNP

S Spike R408S SNP

S Spike K417N SNP

S Spike N440K SNP

S Spike S477N SNP

S Spike T478K SNP

S Spike E484A SNP

S Spike F486V SNP

S Spike Q498R SNP

S Spike N501Y SNP

S Spike Y505H SNP

S Spike H655Y SNP

S Spike N679K SNP

S Spike P681H SNP

S Spike N764K SNP

S Spike Q954H SNP

S Spike N969K SNP

Abbreviations: T-protein, Transmembrane protein; GR (P), Genomic region (Proteins); V, variants; VC, variant’s class; SNP, Single 
nucleotide polymorphism; SSNP, Silent single nucleotide polymorphism.
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Table 3 Tabulation of Mutations in Genomic Regions Other Than an Envelope, Transmembrane Protein, Membr, Ane and Spike of 
SARS-C0V-2

Sample 1 (S1) Sample 2 (S2)

GR(P) Annotation V VC GR(P) Annotation V VC

NSP1 Leader protein S135R SNP NSP1 Leader protein S135R SNP

NSP2 Non-Structural protein 2 L274L SSNP NSP2 Non-Structural protein 2 L274L SSNP

NSP3 PP, PL-proteinase T24I SNP NSP3 PP, PL-proteinase T24I SNP

NSP3 PP, PL-proteinase F106F SSNP NSP3 PP, PL-proteinase F106F SSNP

NSP3 PP, PL-proteinase A534A SSNP NSP3 PP, PL-proteinase A534A SSNP

NSP3 PP, PL-proteinase L1791L SSNP NSP3 PP, PL-proteinase L1791L SSNP

NSP5 3C-like proteinase D48D SSNP NSP5 3C-like proteinase D48D SSNP

NSP5 3C-like proteinase R131R SSNP NSP5 3C-like proteinase R131R SSNP

NSP5 3C-like proteinase P132H SNP NSP5 3C-like proteinase P132H SNP

NSP8 Non-Structural Protein 8 E23E SSNP NSP8 Non-Structural Protein 8 E23E SSNP

NSP8 Non-Structural Protein 8 Q73Q SSNP NSP8 Non-Structural Protein 8 Q73Q SSNP

NSP9 ssRNA-binding protein I65I SSNP NSP9 ssRNA-binding protein I65I SSNP

NSP12b RdRp, PrFs P314L SNP NSP12b RdRp, PrFs P314L SNP

NSP12b RdRp, PrFs L749L SSNP NSP12b RdRp, PrFs L749L SSNP

NSP13 Helicase T127N SNP NSP13 Helicase T127N SNP

NSP13 Helicase R392C SNP NSP13 Helicase R392C SNP

NSP14 3’-to-5’ exonuclease I42V SNP NSP14 3’-to-5’ exonuclease I42V SNP

NSP15 endoRNAse T112 SNP NSP15 endoRNAse T112 SNP

ORF3a ORF3a protein ORF3a ORF3a protein

ORF3a ORF3a protein T64T SSNP ORF3a ORF3a protein T64T SSNP

ORF3a ORF3a protein T223I SNP ORF3a ORF3a protein T223I SNP

ORF7a ORF7a protein Y40 SSNP ORF7a ORF7a protein Y40 SSNP

ORF7b ORF7b protein L17L SSNP ORF7b ORF7b protein L17L SSNP

N Nucleocapsid protein P13L SNP N Nucleocapsid protein P13L SNP

N Nucleocapsid protein G19G SSNP N Nucleocapsid protein G19G SSNP

N Nucleocapsid protein E31 Deletion N Nucleocapsid protein E31 Deletion

N Nucleocapsid protein RG203KR SNP N Nucleocapsid protein RG203KR SNP

N Nucleocapsid protein S413R SNP N Nucleocapsid protein S413R SNP

Sample 5 (S5) Sample 6 (S6)

GR(P) Annotation V VC GR(P) Annotation V VC

NSP1 Leader protein S135R SNP NSP1 Leader protein S135R SNP

NSP3 PP, PL-proteinase T24I SNP NSP2 Non-Structural protein 2 L274L SSNP

(Continued)
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Table 3 (Continued). 

Sample 5 (S5) Sample 6 (S6)

GR(P) Annotation V VC GR(P) Annotation V VC

NSP3 PP, PL-proteinase F106F SSNP NSP3 PP, PL-proteinase T24I SNP

NSP3 PP, PL-proteinase A534A SSNP NSP3 PP, PL-proteinase F106F SSNP

NSP3 PP, PL-proteinase Y828Y SSNP NSP5 3C-like proteinase D48D SSNP

NSP3 PP, PL-proteinase K977K SSNP NSP5 3C-like proteinase R131R SSNP

NSP5 3C-like proteinase D48D SSNP NSP5 3C-like proteinase P132H SNP

NSP5 3C-like proteinase R131R SSNP NSP8 Non-Structural Protein 8 Q7373 SSNP

NSP5 3C-like proteinase P132H SNP NSP9 ssRNA-binding protein I65I SSNP

NSP9 ssRNA-binding protein I65I SSNP NSP12b RdRp, PrFs P314L SNP

NSP12b RdRp, PrFs P314L SNP NSP13 Helicase R392C SNP

NSP13 Helicase R392C SNP ORF3a ORF3a protein T223I SNP

NSP15 endoRNAse T112 SNP ORF7a ORF7a protein Y40 SSNP

ORF3a ORF3a protein F8F SSNP ORF7b ORF7b protein L17L SSNP

ORF3a ORF3a protein N Nucleocapsid protein P13L SNP

ORF3a ORF3a protein T223I SNP N Nucleocapsid protein G19G SSNP

ORF6 ORF6 protein M19M SSNP N Nucleocapsid protein E31 Deletion

ORF7b ORF7b protein L17L SSNP N Nucleocapsid protein RG203KR SNP

N Nucleocapsid protein P13L SNP N Nucleocapsid protein S413R SNP

N Nucleocapsid protein E31 Deletion – – – –

N Nucleocapsid protein RG203KR SNP – – – –

N Nucleocapsid protein S413R SNP – – – –

Sample 7 (S7) Sample 8 (S8)

GR(P) Annotation V VC GR(P) Annotation V VC

NSP1 Leader protein S135R SNP NSP1 Leader protein S135R SNP

NSP2 Non-Structural protein 2 L274L SSNP NSP2 Non-Structural protein 2 L274L SSNP

NSP3 PP, PL-proteinase T24I SNP NSP3 PP, PL-proteinase T24I SNP

NSP3 PP, PL-proteinase F106F SSNP NSP3 PP, PL-proteinase F106F SSNP

NSP5 3C-like proteinase D48D SSNP NSP3 PP, PL-proteinase A534A SSNP

NSP5 3C-like proteinase R131R SSNP NSP5 3C-like proteinase D48D SSNP

NSP5 3C-like proteinase P132H SNP NSP5 3C-like proteinase R131R SSNP

NSP8 Non-Structural Protein 8 Q7373 SSNP NSP5 3C-like proteinase P132H SNP

NSP9 ssRNA-binding protein I65I SSNP NSP8 Non-Structural Protein 8 Q7373 SSNP

NSP12b RdRp, PrFs P314L SNP NSP9 ssRNA-binding protein I65I SSNP

(Continued)
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Table 3 (Continued). 

Sample 7 (S7) Sample 8 (S8)

GR(P) Annotation V VC GR(P) Annotation V VC

NSP13 Helicase R392C SNP NSP12b RdRp, PrFs P314L SNP

ORF3a ORF3a protein T223I SNP NSP13 Helicase R392C SNP

ORF7a ORF7a protein Y40 SSNP NSP15 endoRNAse T112 SNP

ORF7b ORF7b protein L17L SSNP ORF3a ORF3a protein T223I SNP

N Nucleocapsid protein P13L SNP ORF7a ORF7a protein Y40 SSNP

N Nucleocapsid protein G19G SSNP ORF7b ORF7b protein L17L SSNP

N Nucleocapsid protein E31 Deletion N Nucleocapsid protein P13L SNP

N Nucleocapsid protein RG203KR SNP N Nucleocapsid protein G19G SSNP

N Nucleocapsid protein S413R SNP N Nucleocapsid protein E31 Deletion

– – – – N Nucleocapsid protein RG203KR SNP

– – – – N Nucleocapsid protein S413R SNP

Sample 9 (S9)

NSP1 Leader protein S135R SNP

NSP3 PP, PL-proteinase T24I SNP

NSP3 PP, PL-proteinase F106F SSNP

NSP3 PP, PL-proteinase L1791L SSNP

NSP5 3C-like proteinase D48D SSNP

NSP5 3C-like proteinase R131R SSNP

NSP5 3C-like proteinase P132H SNP

NSP8 Non-Structural Protein 8 Q7373 SSNP

NSP9 ssRNA-binding protein I65I SSNP

NSP12b RdRp, PrFs P314L SNP

NSP13 Helicase R392C SNP

ORF3a ORF3a protein T64T SSNP

ORF3a ORF3a protein T223I SNP

ORF7a ORF7a protein Y40 SSNP

ORF7b ORF7b protein L17L SSNP

N Nucleocapsid protein P13L SNP

N Nucleocapsid protein G19G SSNP

N Nucleocapsid protein E31 Deletion

N Nucleocapsid protein RG203KR SNP

N Nucleocapsid protein S413R SNP

Abbreviations: PP, Predicted phosphoesterase; PL-proteinase; Protein-like-proteinase; RdRp; RNA dependent RNA polymerase; PrFs, Postribosomal frameshift; GR (P), 
Genomic region (Proteins); V, variants; VC, variant’s class; SNP, Single nucleotide polymorphism; SSNP, Silent single nucleotide polymorphism.
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D614G mutation was observed in the spike of only S1/BA.5.2 lineage. A653V and D1146D mutations in spikes were 
observed in both S1/BA.5.2 and S2/BA.5.2. L5F mutation in the spike was found in only S7/BA.5.2.18. In contrast, spike 
Q493 mutation was observed only in S5/BA.2.12. Spike mutations V123G and G142D were commonly observed in S5/ 
BA.2.12 and S8/BA.5.2 Pango lineages. Various other common spike mutations were observed across all the seven 
identified lineages such as T19I, L24, D405N, R408S, K417N, N440K, L452R, S477N, T478K, E484A, F486V, Q498R, 
N501Y, Y505H, D614G, A653V, H655Y, N679K, P681H, N764K, D796Y, Q954H, N969K and D1146D except L452R 
in S9/BA.5.2 and S2/BA.5.2, F486V in S2/BA.5.2, N679K in S9/BA.5.2 and S6/BV.1, D796Y in S9/BA.5.2 (Table 2, 
Figure 2a and Figure 3). Omicron is the variant of SARS-CoV-2 having 37 mutations in total, 15, and 11 mutation sites 
remains located on the receptor-binding domain (RBD) and N-terminal domain (NTD), respectively, while the other 11 
are located around the furin cleavage site as well as on the S2 subunit of the SARS-CoV-2 spike. RBD with 15 mutation 
sites of Spike glycoproteins of the Omicron variant is the most crucial region and plays a key role to mediate the entry of 
the virus into host cells. Therefore, glycoprotein especially RBD has been considered as the target for therapeutic 
designing and vaccine development.

Mutation sites in the RBD region of S1/BA.5.2, S2/BA.5.2, S8/BA.5.2, S9/BA.5.2, S5/BA.2.12, S6/BV.1 and S7/ 
BA.5.2.18 pango lineages were characterized. Total number of 12 mutations in RBD region: D405N, R408S, K417N, 
N440K, L452R, S477N, T478K, E484A, F486V, Q498R, N501Y and Y505H were identified in all the lineages except 
the lineage S2/BA.5.2 in which F486V mutation was not observed. All the mutations and their locations in the spike 
region of SARS-CoV-2 have been depicted by a ribbon diagram (Figure 3). Mutations and their locations have also been 
identified in other genomic regions of all the variants that have been tabulated in Table 3. Mutation T112I in endoRNAse 
(NSP15) was identified only in S1/BA.5.2, S2/BA.5.2, S8/BA.5.2, S5/BA.2.12 Pango lineage. M19M mutation was 
observed in ORF6 protein (ORF6) of only S5/BA.2.12 Pango lineage. I42V in 3’-to-5’ exonuclease (NSP14), T127N in 

Figure 2 Nextstrian time-scaled phylogeny showing evolutionary relationships of 7 omicron lineages of SARS-CoV-2 viruses: (a) depicting spike mutations clade wise, (b) 
shows nextstrain clade of all the seven omicron variants identified in this study.
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Helicase (NSP13), and L749L in RdRp, PrFs (NSP12b) were identified only in S1/BA.5.2 and S2/BA.5.2 Pango lineage 
(Table 3).

Comparative analysis of physiochemical properties (hydrophobicity and net charge) of wild and mutant RBD of the 
spike protein of SARS-CoV-2 was evaluated to understand the functional feature (impact of specific mutation). The effect 
of hydrophobicity and net charge on protein plays a vital role in deterring protein–protein interactions. Hydrophobicity 
and net charge of 12-targeted RBD mutations in the spike protein of wild type and mutants were compared and found to 
be considerably altered (Table 4).

RBD interactions with distinct classes of human-neutralizing antibodies (NAbs) were evaluated to understand the 
effect of RBD substitutions (n=12 targeted RBD mutations) in the identified pango lineages on binding of NAbs such as 
Class 1(C102 Fab), Class 2 (C002 Fab), Class 3 (C135 Fab), Class 4 (CR3022) and human anti-SARS-CoV-2 spike-NTD 
Ab (4A8 Fab) (Figure 4). C102 Fab gains access to RBD epitope only in up RBD conformation that could be affected by 

Figure 3 Side view of omicron’s trimeric spike protein showing mutations and their location in the spike region of SARS-CoV-2. Most frequent mutations in the spike (red 
color). A high frequency of mutations was detected in RBD and NTD of S1 subunits.

Table 4 Comparative Hydrophobicity and Net Charge of the Wild and Mutated Residues 
of RBD of S Protein Have Been Represented

Mutation Hydrophobicity  
(Wild Type)

Hydrophobicity 
(Mutant)

Net Charge 
(Wild Type)

Net Charge 
(Mutant)

D405N −3.5 −3.5 −1.333 −0.602

R408S −4.5 −0.8 0.186 −0.776

K417N −3.9 −3.5 0.156 −0.602

(Continued)
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potential mutations K417N, R408S, and F486V (Figure 4). C002 Fab gains access to RBD epitope up/down RBD 
conformations that could be potentially altered by L452R, K417N, and E484A RBD targeted mutations (Figure 4). C135 
Fab is the most significant class 3 neutralizing Ab that overlaps with the ACE-2 binding site and gains access to RBD 
epitope in up/down RBD conformations that could be affected by the N440K and Q498R RBD mutations. In contrast, 
CR3022 does not overlap with ACE-2 binding site but gain access of RBD epitope only in up RBD conformation that 
could be impacted by R408S, N440K and D405N RBD substitutions (Figure 4). 4A8 Fab does not interfere directly with 
the interaction between RBD and ACE-2 receptor; however, it has a very high neutralizing ability, which could be altered 
by T19I mutations and L24 deletion in spike regions of SARS-CoV-2 (Figures 3 and 4).

Table 4 (Continued). 

Mutation Hydrophobicity  
(Wild Type)

Hydrophobicity 
(Mutant)

Net Charge 
(Wild Type)

Net Charge 
(Mutant)

N440K −3.5 −3.9 −0.602 0.156

L452R 3.8 −4.5 −0.465 0.186

S477N −0.8 −3.5 −0.776 −0.602

T478K −0.7 −3.9 −0.706 0.156

E484A −3.5 1.8 −1.618 −0.398

F486V 2.8 4.2 −0.733 −0.477

Q498R −3.5 −4.5 −0.824 0.186

N501Y −3.5 −1.3 −0.602 −0.79

Y505H −1.3 −3.2 −0.79 −0.586

Figure 4 The model represents the interaction of RBD-specific classes of human neutralizing antibodies with RBD and NTD of the spike protein of SARS-CoV-2 and the 
depiction of the effect of RBD substitutions on binding to up, up/down conformation RBD. Mutation sites have been shown in red-colored spheres.
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Discussion
The emergence of most of the variants and sub-variants of SARS-CoV-2 due to mutations in spike and non-spike regions42 

has rendered the ongoing pandemic. The Omicron variant dominated the COVID-19 pandemic trajectory with 37 mutations 
as last fall.43 COVID-19 waves are still being reported from various regions of the world and therefore, it is imperative to 
undertake genome sequencing at extreme lengths in different geographical regions to gain insights into mutations and 
lineages of SARS-CoV-2 to develop policies to monitor and curb the regional SARS-CoV-2 outbreaks in real-time. 
Omicron sub-variants (BA.5.2 and BF.7) were identified based on analysis of sequence retrieved from COVID-19- 
positive specimens in the most recent (late 2022) outbreak in China.44

Phylogeny, Evolutionary Relationship and Pango Lineage Diversity of SARS-CoV-2 in 
Al-Baha Region
All seven sequences were Omicron variants of SARS-CoV-2 according to the spike sequence-based phylogeny (Figure 1). The 
Omicron variant (B.1.1.529) was first identified in Botswana and designated as a variant of concern (VOC).45,46 Omicron is the 
most mutated variants of the SARS-CoV-2 showing remarkable degree of mutation, as compared to the other variants of SARS- 
CoV-2: Alpha variant (B.1.1.7), Beta variant (B.1.351), Gamma variant (P.1), Delta variant (B.1.617.2), Mu variant (B.1.621), 
Epsilon variant (B.1.427 and B.1.429), and Lambda variant (C.37).18,47 Each variant including Omicron has a diverse set of 
mutations that render varying degrees of transmissibility, immune evasion capability, and pathogenicity.47 Although transmission 
dynamics, evolutionary link, and diversity of SARS-CoV-2 were studied by sequencing various genomes of SARS-CoV-2 
retrieved from NP swabs collected from patients of four metropolitan cities of Saudi Arabia: Riyadh, Madina, Jeddah, and 
Makkah,48 however, any identified specific variant of SARS-CoV-2 was not reported in the study. In an in silico genomic analysis 
of n=1270 Saudi Arabian genomes, n=30 Omicron variants of SARS-CoV-2 were reported.49

There are no previous reports of sequencing SARS-CoV-2 genomes to monitor circulating variants in the Al-Baha 
region. Being a highly transmissible circulating Omicron variant of SARS-CoV-2, it poses a potential public health threat 
in the region. Lineage analysis of the sequences retrieved from S1, S2, S8, and S9 unraveled that they had shared the 
same Pango lineage BA.5.2, BA.5.2, BA.5.2 and BA.5.2 (designated as S1/BA.5.2, S2/BA.5.2, S8/BA.5.2, S9/BA.5.2). 
Three other lineages determined by analyzing the sequences retrieved from S5, S6 and S7 were BA.2.12, BV.1 and 
BA.5.2.18, respectively (designated as S5/BA.2.12, S6/BV.1 and S7/BA.5.2.18) (Table 1). At first, there were three sister 
lineages of Omicron sub-variants: BA.1, BA.2, and BA.3. BA.1 brought about the fourth wave in South Africa but the 
BA.2 lineage turned out to be comparatively more lethal during a wave of Omicron.50,51 Two more predominant Omicron 
lineages BA.4 and BA.5 were later identified which were genetically distinct from other lineages.51,52

The most predominant Omicron sub-variant identified was BA.5.2 (n=4, 57%) which has been documented in Table 1. It 
was designated as Omicron/VOC that shows comparatively high replicative kinetics.53,54 BA.1, BA.2, and BA.3 sister 
lineages exhibited considerable resistance to neutralizing potential (artificial active and natural active immunity) of serum.51 

Leu452 amino acid substitution renders high infectiousness to omicron sub-variants: BA.2.12.1, BA.2.13, BA.4, and BA.5 as 
compared to BA.2.55 BA.2.12 also designated as B.1.1.529.2.12 and BA.2.12.1 or B.1.1.529.2.12.1 were identified in 
New York, USA, as sub-variants of BA.2, which showed a considerable multiplicative advantage over parent BA.2 and thus, 
acquired rising infection trajectory.56 For viral entry, the dependency of BA.2 on TMPRSS2 is lesser as compared to BA.1, 
which enables it to replicate with high efficiency. Lineage B.V formerly BA.5.2.17 first originated in July 2022 and spread in 
the USA, Germany, and Denmark in particular, while BA.5.2.18 defined by mutation K444R on RF1b that emerged in 
Nov 2021 and caused infection in USA, Russia, UK, and Scandinavia (Cov-Lineages) (GitHub - cov-lineages/pango- 
designation: Repository for suggesting new lineages that should be added to the current scheme) that implies an exogenous 
source of the variants in Al-Baha region. Mourier et al48 reported circulating nextstrain clades in different cities of KSA: 19A 
in Makkah, 19B in Madinah, 20A in Jeddah, 20B in Riyadh, and 20C in the Eastern region. However, time-scaled nextstrain 
clades identified in our study were S5/BA.2.12/21L, S1/BA.5.2/22B, S2/BA.5.2/22B, S8/BA.5.2/22B, S9/BA.5.2/22B, S6/ 
BV.1/22B and S7/BA.5.2.18/22B, (Figure 1 and Figure 2b) gives insights about the continuous emergence of variants across 
Saudi Arabia. Thus, necessitating the regular monitoring of the variants to curb the regional outbreak.
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Mutations and Their Impact on the Pathogenesis of Omicron Sub-Variants of SARS-CoV-2
S1/BA.5.2/22B, S2/BA.5.2/22B harbored a maximum of n=24 mutations in the spike region, while S9/BA.5.2/22B variant 
carried (n=19) spike mutations (Table 1) with 12 crucial RBD mutations. Although, to date, 37 mutations in the spike region of 
the Omicron variant (15 on RBD, 11 on NTD, 11 on furin cleavage site, and on S2 subunit) have been reported.57 Spike 
glycoprotein is the most crucial region and plays a key role in mediating the entry of viruses into host cells. Therefore, 
glycoprotein spike especially RBD has been considered as the target for therapeutic designing and vaccine development.58 

Furthermore, Omicron variants bear the most remarkable number of novel mutations among all other variants of SARS-CoV-2 
leading to the genuine concern over immune evasion and vaccine failure.59 The slightly enhanced affinity of RBD with the 
hACE2 receptor in the case of Omicron as compared to the prototype has been reported by Cui et al.60

The biological role of spike or RBD mutations, mechanisms leading to increased transmissibility, and immune escape in 
highly mutating Omicron variant needs to be addressed as an imperative for the management of Omicron outbreak. Analysis 
of sequences unraveled the mutations and their locations in all the significant genomic regions of SARS-C0V-2, such as E, 
NSP4, NSP6, MS, NSP1, NSP2, NSP3, NSP5, NSP8, NSP9, NSP12b, NSP13, NSP14, NSP15, ORF3a, ORF7a, ORF7b and 
N (Tables 2, 3 and Figure 3). Most Omicron mutations remain situated on the spike that could effectively alter the epitopes 
(binding site) to various immunoglobulins. In our study, no insertion sequence was determined in any of the identified 
lineages. However, deletions S106 in NSP6, E31in N, and L24 in the spike region were also observed in all these lineages. 
Deletions S106 along with other two amino acid deletions (L105 and G107) in NSP6 have been reported in most of the 
omicron variants61 that are situated polar region of a transmembrane protein, therefore the absence of the amino acid may 
influence the protein interaction and interfere with autophagy.62 Deletion E31 in nucleocapsid region impact the detection of 
Omicron during molecular diagnosis as N is one of the diagnostic molecular targets.63 Omicron variants harbor various other 
deletions including L24 in the spike region, which may alter infectivity.64 In addition to that, one unique deletion (V47) in the 
spike in lineage S2/BA.5.2 was identified. Total number of 12 mutations in RBD region: D405N, R408S, K417N, N440K, 
L452R, S477N, T478K, E484A, F486V, Q498R, N501Y and Y505H were identified in all the lineages except the lineage S2/ 
BA.5.2 in which F486V mutation was not observed. N440K, Q498R, N501Y, T478K, and S477N mutations aggrandize the 
binding interaction of spike to ACE2 receptor.65 K417N, E484A, N440K, S477N, T478K and N501Y mutations of RBD have 
been reported to be associated with decreased binding of RBD-specific nAbs.

Spike mutations may alter the significant structural epitopes, which are targets for therapeutic mAbs in clinical 
applications. Apart from Omicron variants, all other previously identified VOCs harbored the key substitutions: K417N, 
S477N, E484K, and N501Y associated with receptor binding and immune evasion.55 We determined various other common 
mutations: T19I, D405N, R408S, K417N, N440K, L452R, S477N, T478K, E484A, F486V, Q498R, N501Y, Y505H, 
D614G, A653V, H655Y, N679K, P681H, N764K, D796Y, Q954H, N969K, D1146D, L452R, F486V, N679K and D796Y. 
D614G mutation was observed in the spike of only S1/BA.5.2 lineage. D614G is a point mutation, which fosters higher 
transmissibility and pathogenicity as compared to the original SARS-CoV-2 strain.66 Huang et al described the association 
of D614G mutation with COVID-19 severity and infectivity using machine learning mole.67 Most of the mutations in the 
Omicron variants/subvariants remains accumulated in the spike region which is the principal target for vaccines in use: 
Pfizer-BioNTech, Janssen, AstraZeneca, and Moderna.68 And therefore, mutations in the spike region bring about 
a decrease in the efficacy of the current vaccines leading to a higher probability of reinfection in immunized individuals. 
Tian et al26 reported a higher ACE2 receptor binding affinity of N501Y in comparison to the wild-type. Wise et al69 reported 
the possible resistance to the vaccine due to E484K substitution. L452R substitution first identified in Denmark was 
associated with enhanced infectivity and poor antibody neutralization.70 Substitution E484Q enhanced the ACE2 receptor 
affinity.71 S477G/N mutation (S477G and S477N) was found engaged in enhancing the hACE2 receptor binding.72 The 
effect of hydrophobicity and net charge on protein plays a vital role in deterring protein–protein interactions.

Hydrophobicity and net charge of 12-targeted RBD mutations in the spike protein of wild type and mutants were compared 
and found to be considerably altered (Table 4). Class 1 (C102 Fab) gains access to RBD epitope only in up RBD conformation that 
could be affected by potential mutations K417N, R408S, and F486V (Figure 4).73 C002 Fab gains access to RBD epitope up/ 
down RBD conformations that could be potentially altered by L452R, K417N, and E484A RBD targeted mutations (Figure 4). 
C135 Fab is the most significant class 3 neutralizing Ab that overlaps with the ACE-2 binding site and gains access to RBD 
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epitope in up/down RBD conformations that could be affected by the N440K and Q498R RBD mutations, while CR3022 does not 
overlap with ACE-2 binding site but gain access of RBD epitope only in up RBD conformation that could be impacted by R408S, 
N440K and D405N RBD substitutions (Figure 3).58 4A8 Fab does not interfere directly with the interaction between RBD and 
ACE-2 receptor; however, it has a very high neutralizing ability, which could be altered by T19I mutations and L24 deletion in 
spike regions of SARS-CoV-2 (Figures 3 and 4). Detailed structural analysis of RBD and its interactions with neutralizing 
antibodies along with RBD mutations in Omicron variants could be insightful about the clinical use of RBD-targeting 
immunoglobulins and immune response against Omicron variants of SARS-CoV-2. These findings highlight the need to identify 
emerging variants/subvariants to address the reduced efficacy/effectiveness of vaccines against them.74 Given the potential impact 
of mutations in the genomic region of SARS-CoV-2 variants on the vaccine and therapeutic options,31,32 whole-genome SARS- 
CoV-2 sequencing, mutation tracking, and identification of emerging variants could be part of mitigating strategies such as 
vaccine formulation (multivalent), delivery mechanism and modulation of the vaccine according to potential mutations.30

Conclusion
A remarkable number of mutations especially in the spike/RBD region of Omicron variants fosters the significant alteration in 
key biological functions and pathogenicity of Omicron variants of SARS-CoV-2. In this study, following genome sequence 
analyses, phylogeny, and time-scaled nextstrain clade analysis, we identified four circulating BA.5.2/22B Omicron variants. In 
addition to that, BA.2.12/21L, BV.1/22B, and BA.5.2.18/22B circulating variants were also identified in the Al-Baha region of 
the Kingdom of Saudi Arabia which is indicative of the continuous emergence of Omicron variants in the region that might 
trigger fresh regional SARS-CoV-2 waves. Furthermore, all the critical mutations in the RBD of spikes, such as D405N, R408S, 
K417N, N440K, L452R, S477N, T478K, E484A, F486V, Q498R, N501Y, and Y505H were identified together with detection of 
various other common Omicron mutations, which are associated with enhanced transmissibility, infectivity, and pathogenicity of 
Omicron variants. We have also demonstrated the RBD targeted mutations, their locations in the trimeric spike region of SARS- 
CoV-2, and their possible effect on binding of NAbs such as Class 1(C102 Fab), Class 2 (C002 Fab), Class 3 (C135 Fab), Class 4 
(CR3022) and human anti-SARS-CoV-2 spike-NTD Ab to get the insight into immune protection against Omicron variants. It is 
imperative to note that Omicron variants even with lesser virulence could pose a potential health threat, especially in case of 
immunosuppression and co-morbidities as they bear a significant number of spike/RBD mutations and deletions, which are 
associated with increased transmissibility and infectivity. Impact of identified potential mutations on disease transmissibility, 
immune escape and severity in vivo is recommended to be carried out to gain further insight into it. To the best of our knowledge, 
SARS-CoV-2 variants identification and mutation analyses have been undertaken for the first time in the Al-Baha region. 
Moreover, the outcome of our study would be used to lay down the policies by health authorities to effectively manage and 
impede the regional outbreak of COVID-19.
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