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ABSTRACT

Background and Objective. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as the causative agent of
COVID-19 has significantly challenged the public health landscape in late 2019. After almost 3 years of the first ever
SARS-CoV-2 case, the World Health Organization (WHO) declared the end of this global health emergency in May
2023. Although, despite the subsequent drop of COVID-19 cases, the SARS-CoV-2 infection still exhibited multiple
waves of infection, primarily attributed to the appearance of new variants. Five of these variants have been classified
as Variants of Concern (VOC): Alpha, Beta, Gamma, Delta, and the most recent, Omicron. Therefore, the development
of methods for the timely and accurate detection of viral variants remains fundamental, ensuring an ongoing and
effective response to the disease. This study aims to evaluate the feasibility of the application of an in-house approach
in genomic surveillance for the detection of SARS-CoV-2 variants using in silico designed primers.

Methods. The primers used for the study were particularly designed based on conserved regions of certain genes in the
virus, targeting distinct mutations found in known variants of SARS-CoV-2. Viral RNA extracts from nasopharyngeal
samples (n=14) were subjected to quantitative and qualitative tests (Nanodrop and AGE). Selected samples were
then analyzed by RT-PCR and amplicons were submitted for sequencing. Sequence alignment analysis was carried
out to identify the prevailing COVID-19 variant present in the sample population.

Results. The study findings demonstrated that the
in-house method was able to successfully amplify
conserved sequences (spike, envelope, membrane,
ORF1ab) and enabled identification of the circulating
SARS-CoV-2 variant among the samples. Majority of
the samples were identified as Omicron variant. Three
out of four designed primers effectively bound into
the conserved sequence of target genes present in the
sample, revealing the specific SARS-CoV-2 variant. The
detected mutations characterized for Omicron found
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in the identified lineages included K417N, S477N,
and P681H which were also identified as mutations
of interest. Furthermore, identification of the B.1.448
lineage which was not classified in any known variant
also provided the potential of the developed in-house
method in detecting unknown variants of COVID-19.

Conclusion. Among the five VOCs, Omicron is the most
prevalent and dominant variant. The in-house direct
PCR product sequencing surveillance (DPPSS) method
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provided an alternative platform for SAR-CoV-2 variant
analysis which is accessible and affordable than the
conventional diagnostic surveillance methods and the
whole genome sequencing. Further evaluation and
improvements on the oligonucleotide primers may offer
significant contri-bution to the development of a specific
and direct PCR-based detection of new emerging
COVID-19 variants.

Keywords: SARS-CoV-2, Polymerase Chain Reaction (PCR),
oligonucleotide primers, genomic surveillance, Omicron
variant, B.1.448 lineage

INTRODUCTION

'The global public health landscape has been significantly
challenged by the COVID-19 pandemic, since its causative
agent, the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was first identified in December 2019.' As
of August 2023, recorded cases worldwide have surpassed
760 million, with over 6.9 million reported deaths.? However,
it is widely acknowledged that the actual figures are likely
higher. In the Philippines, COVID-19 initially ranked as
the third leading cause of death in 2021 but subsequently
dropped to the eleventh position in 2022.3 Despite the World
Health Organization's (WHO) declaration of the end of the
global health emergency related to COVID-19 in May 2023,
the imperative for sustained monitoring and surveillance
persists.* This is particularly crucial due to the persistent risk
of new variants emerging, potentially leading to renewed
spikes in cases and fatalities. Therefore, the development
of methods for the timely and accurate detection of viral
variants remains fundamental, ensuring an ongoing and
effective response to the disease.

COVID-19 has exhibited multiple waves of infection,
primarily attributed to the appearance of new variants.’ Five
of these variants have been classified as Variants of Concern
(VOCQ): Alpha, Beta, Gamma, Delta, and the most recent,
Omicron.® Each variant carries a distinct set of mutations in
the viral genome, impacting pathogenicity, transmissibility,
and morbidity.” Particularly, the Omicron variant has sparked
global concern due to heightened transmissibility and
increased resistance to vaccine-induced immunity.®

The SARS-CoV-2 proteome comprises four structural
proteins: Spike (S) glycoprotein, Envelope (E) glycoprotein,
Nucleocapsid (N) protein, and Membrane (M) glycoprotein.’
Mutations primarily occur in the receptor binding domain
within the spike glycoprotein, influencing the virus's
behavior.'® Notably, these genetic variations pose challenges to
the efficacy of existing RT-PCR kits in detecting COVID-19
variants.""? For example, mutations in annealing sites can
impede primer attachment, reducing PCR test specificity
and leading to false-negative results.”® To address these
challenges, strategic measures are recommended including
conducting tests during the optimal time frame of viral

replication and designing primers and probes that target
conserved sequences in the genome.™

Evaluating the epidemiological characteristics of novel
variants remains a formidable task. In the Philippines, VOCs
are detected via whole genome sequencing; however, only a
small number of samples can be processed at a time due to
constraints in resources and equipment. As an alternative to
whole genome sequencing, this study aims to develop PCR
primers specifically designed to detect SARS-CoV-2 variants
for use in genomic surveillance. A direct PCR product
sequencing surveillance (DPPSS) method could serve as a
sustainable and cost-effective approach for monitoring the
frequency and spread of SARS-CoV-2 variants, as well as
provide real-time information about genetic diversity and
evolution of viruses. For these reasons, development of new
genomic surveillance methods proves to be an invaluable
asset in real-time monitoring and characterization of SARS-
CoV-2 variants, contributing to the overall effective manage-
ment of COVID-19. The present study aims to evaluate
the effectiveness of the developed in-house approach, the
DPPSS method in the detection of SARS-CoV-2 variants.

MATERIALS AND METHODS

Study Design

This is a descriptive study which aims to use a PCR-
based method to determine the frequency of SARS-CoV-2
variants among SARS-CoV-2 positive nasopharyngeal
/ oropharyngeal specimens. The data obtained from this
preliminary study will be used as a starting point for the
validation of the primers in variant detection using larger
sample size.

Primer Designing Process

Genomic data of SARS-CoV-2 wild type and variants
were retrieved from NCBI GenBank and GISAID
EpiCOvIM databases. SARS-CoV-2 Wuhan-Hul
(NC_045512.2), a Wuhan isolate, was used as the reference
genome. To design primers, NCBI Primer-BLAST was
utilized and candidate primers sets from the ORF1ab, S, E,
and M genes were obtained. In order to check whether the
gene-specific primer sets are able to target the conserved
regions and amplify the variant mutations, complete genome
of SARS-CoV-2 genetic variants were aligned with selected
nucleotide sequences (ORF1ab, S, E and M genes) from the
reference genome using Clustal W codon-by-codon available
in MEGA version X. The primer sets designed and used in
this study were listed in Table 1. Primer synthesis was out-
sourced to a commercial service provider (Macrogen, Korea).

Sample Processing and Selection

Viral RNA samples (n=30) were extracted and
purified from archived, inactivated SARS-CoV-2 positive
nasopharyngeal swab specimens (UPMREB Code 2021-139-
01) using PureLink™ Viral RNA/DNA Mini Kit following
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the manufacturer’s instruction. The purified RNA isolates
were then quantified using a Thermo Scientific NanoDrop®
Spectrophotometer. The isolates with the highest purity, or
the highest concentration, or a combination of both, were
subjected to verification using Agarose Gel Electrophoresis
(AGE). The inclusion of the Nanodrop and AGE analyses
before subjecting the samples to the RT-PCR analysis is
considered to be part of the quality assurance of the developed
DPPSS method to ensure that RNA isolates are indeed
present in the samples before the execution of sequence
amplification. Among the initial 30 samples, only 14 samples
were selected to be further analyzed.

Agarose Gel Electrophoresis

Qualitative analysis of the RNA isolates and DNA
amplicons were carried out using Agarose Gel Electro-
phoresis (AGE) analysis. A 1% agarose gel was prepared
using 1X Tris-acetate buffer (TAE) as diluent. The gel
electrophoresis machine was set at 100 volts for the entire

analysis.
RT-PCR Analysis

Using the in silico designed primers tabulated in Table
1, fourteen (14) selected samples listed in Table 2 were
subjected to PCR using a QITAGEN OneStep RT-PCR Kit,
following the manufacturer’s instruction. Optimization was
performed using a touchdown PCR protocol with annealing
temperatures ranging from 55°C to 58°C to determine
optimum annealing temperature of the primers.

After the samples were amplified, DNA amplicons
were further subjected to qualitative evaluation using AGE
analysis to assess if the designed primers were able to
successfully amplify conserved regions in the virus. Then

Table 1. In-silico Developed Oligonucleotide Primers

Genomic Variant Surveillance of SARS-CoV-2

the PCR products that matched the theoretical molecular
weights and amplicon size were sent to Macrogen, Korea
for product sequencing.

Sequence Analysis

Sequenced results were analyzed via BLAST (NCBI).
'The length used for the sequence alignment was derived based
on the quality of the chromatogram profile of each sample
both forward and reverse as a result of the product sequencing.
'The sequences were then aligned with existing SARS-CoV-2
sequences that were already available in the NCBI database,
and their lineages were obtained. Finally, these lineages were
used to identify the specific variants of the samples using the
Pango classification. Overview of the overall methodology
was summarized in Figure 1.

Primers in-silico designing

:

Viral RNA and extraction and purification

v

Qualitative and quantitative analyses
of RNA isolates (AGE & Nanodrop)

!

RT-PCR analysis and optimization of primers

{

DNA amplicons confirmation via AGE

{

Sequence analysis

Figure 1. Overview of the methodology.

Table 2. Summary of SARS-CoV-2 Positive Specimens

'I(';;fr;lzt Primer Name B oy B ;rzc;d(ltj)ct) Sample Primer Name Sample Code
2 P SARS-CoV-2_Var_O P.O
ORFlab SARS-CoV-2_Var_O1 Forward primer O1 818 A SARS-CoV-2 Var S1 A S1
ACCAATGTGCTATGAGGCCC B -7 B_Sl
Reverse primer O1 —
CATCACCCAACTAGCAGGCA D D_s1
s SARS-CoV-2_Var_S1 Forward primer 51 1362 w w1
CAAATCGCTCCAGGGCAAAC F SARS-CoV-2_Var_S2 F_S2
Reverse primer 51 I 152
GTGGCAAAACAGTAAGGCCG AP AP_S2
S SARS-CoV-2_Var_S2 Forward primer S2 655 AU AU _S2
GTCCTTCCCTCAGTCAGCAC AX AX_S2
Reverse primer S2 Py
ACTCCTTTGAGCACTGGCT K SARS-CoV-2_Var_EM K_EM
EM SARS-CoV-2_Var_EM Forward primer EM1 658 N N_EM
CGATTGTGTGCGTACTGCTG BL BL_EM
Reverse primer EM1 BQ BQ_EM
AGGTCCTTGATGTCACAGCG
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RESULTS

Qualitative and Quantitative Analysis

From October to December 2023, SARS-CoV positive
samples were tested for SARS-CoV-2 variants using a direct
PCR product sequencing surveillance (DPPSS) method.
Viral RNA extraction was done in these samples followed by
NanoDrop quantification using Thermo Scientific NanoDrop
Spectrophotometer. The ratio of absorbance at 260nm and
280nm was used to assess the purity of RNA. A ratio of ~2.0
was accepted as “pure” RNA, but 1.8-2.1 was considered
acceptable. In NanoDrop quantification of the samples, the
A260/A280 ratio ranged from 1.74-1.97 (Table 3). As can
be seen from Table 3, only 14 viral RNA samples from the

Table 3. NanoDrop Quantification of Samples (Pre-PCR)

initially 30 samples were reported and selected to be further
analyzed. Since, other samples were not pure enough and had
little to no RNA concentration determined via Nanodrop
analysis. Among these samples, the determined concentration
of the RNA isolates ranged from 8.7 ng/UI to 54.2 ng/UL
'This qualitative analysis was carried out as part of the quality
assurance of the developed in-house method.

The 14 RNA isolates that passed both qualitative and
quantitative analyses (Nanodrop and AGE analyses) were
then subjected to RT-PCR process using the optimized
touchdown method (Table 4), with a corresponding primer
used for amplification for each sample. The chosen optimized
annealing temperature used in the study was 58°C since the
designed primers were mostly high in GC content. Thus,

Table 4. Optimized RT-PCR Profile

Sér::(lae RNA c&nc/c:;;:ratlon Abs 260 Abs 280 260/280 Process Temperature (°C) Time (minutes)

8 Reverse transcription 50 30
P01 54.2 1.356 0.749 1.81 Initial denaturation 95 15
A_S1 54.2 1.356 0.749 1.81 Denaturation 94 1
B_S1 28.0 0700  0.376 1.86 Annealing 55 1
D_s1 106 0265 0151 175 Elongation _ 72 — !
W_s1 10.1 0253 0128 197 : epeat process
Fs2 542 1356 0749 181 Denaturation 24 !

Annealing 58 1
1.52 10.6 0.265 0.151 1.75 Elongation 72 1
AP_S2 11.3 0283 0156 182 Repeat process 20X
AU_S2 8.7 0.216 0.124 1.74 Final elongation 79 10
AX_S2 24.1 0602  0.330 1.82 Cooling 4 o
K_EM 54.2 1.356 0.749 1.81 Cool down
N_EM 10.6 0.265 0.151 1.75
BL_EM 8.7 0.216 0.124 1.74
BQ_EM 24.1 0.602 0.330 1.82
DNA quantification via Agarose Gel Electrophoresis (Post-PCR)
Orf1ab S1 S2 EM
P A B_ D wi |_AP AU AX K N BL _BQ

15001517

1000
800
600

400

00

Figure 2. DNA confirmation via Agarose Gel Electrophoresis (AGE) (Post PCR).
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a higher temperature for primer annealing was used as the
optimal annealing temperature.’

Before sending the samples to Macrogen for sequencing,
each DNA amplicon was subjected to AGE analysis together
with a molecular marker to qualitatively evaluate if the
designed primers successfully amplified the RNA isolates
using the touchdown method. AGE post-PCR showed
presence of DNA fragments in primers SM1, SM2, EM,
and O (Figure 2). As can be seen in Figure 2, primer O was
successful in amplifying the corresponding ORFlab gene
present in sample P. On the other hand, samples A, B, D, and
W1, were successfully amplified using the SM1 primer, which
primarily targets the S1 subunit of the S protein. Primer
SM2, on the other hand, effectively amplified S2 subunit
present in sample F, I, AP, AU and AX. Finally, samples K,
N, BL, and BQ_were amplified using the EM primer, which
specifically targets the E and M genes present in the samples.
Furthermore, differences in the migration of samples using
the same primer could be attributed to the differences in the
concentration of each sample since concentration loading
was not standardized in each sample to qualitatively evaluate
whether the primers will be able to amplify samples regard-
less of its concentration. These results suggested that the
designed primers were able to effectively amplify conserved
regions of a certain target gene present in the RNA isolated
regardless of its concentration and purity.

Genomic Sequence Surveillance Evaluation
Validation of the developed genomic surveillance method
for the identification of the frequency and dominance of

specific SARS-CoV-2 variant was carried out through the

Table 5. SARS-CoV-2 Positive Specimens

Genomic Variant Surveillance of SARS-CoV-2

application of the four in silico-designed oligonucleotide
primers namely: O1, S1, S2, and EM, where each primer
corresponds to a certain target gene significant in the viral
life cycle.

ORFlab gene was used to evaluate the ability of
designed primer (O1) to interact with the viral replication
process of SARS-CoV-2. On the other hand, three of the
in silico-designed oligonucleotide primers targeting various
structural proteins’ genes such as: spike (S) protein, envelope
(E), and membrane (M) protein were utilized to determine
its potential therapeutic activity by the application of the
developed genomic surveillance method through touchdown
polymerase chain reaction (PCR).

Results revealed that three of the in silico-designed
oligonucleotide primers (S1, S2, and EM) successfully
amplified sequence of interest leading to the classification
of the SARS-CoV-2 variant dominating in the samples
as Omicron (Table 5). From the results, 10 out of the 14
samples were further classified as Omicron variant. Among
its subvariants, BA and its sub-lineage was the most dominant
among the samples. This Omicron subvariant has been known
to escalate and dominate the variant distribution in early
2023, based on the latest COVID-19 bio-surveillance report
of the Department of Health (DOH) of the Republic of the
Philippines.’* Among the samples, P_O, A_S1, F_S2, and
AP_S2 exhibited no significant similarity that can be used
for its lineage identification. These results may be attributed
to the low-quality profile obtained from the sequencing
results of each sample as can be seen in the Supplementary
Materials. On the other hand, various lineages were also

obtained from the samples (e.g., XB, XBC, FL, and FY),

Table 6. Characteristic Mutation

Sgr::ele Si::;?ﬁ € CSX;E;‘) Variant E Value Blast Score (% Identity)
P_On N/A N/A N/A N/A N/A ORFla T265I1
A_S1° N/A N/A N/A N/A N/A ORF1b P314L
B_S1° 270 BA.2.68F Omicron 6.79575e-121 96.2% S D614G
D_S1° 1,248 BA.2.9F Omicron 0 94.0% ORF3a Q57H
W_S1b 1,179 BA.2.9F Omicron 0 95.0% M A2V
F_S2° N/A N/A N/A N/A N/A ORF8 S84L
1.52 380 XBC.1.37 Omicron 0 99.7% N S183Y

452 BA.2.3.1R Omicron 2.40983e-162 99.7%
AP_S2° N/A N/A N/A N/A N/A
AU_S2° 598 B.1.448 Unidentified 4.84745e-56 83.0%
AX_S2b 472 XBB.1.19F Omicron 0 99.8%
K_EMP 455 CH.1.1.22F Omicron 0 99.1%
N_EM? 401 FL.1.5.1F Omicron 0 99.8%
BL_EM? 350 FY.3.1F Omicron 8.34825e-176 98.9%
BQ_EM® 899 XBB.1.5.80F Omicron 0 99.8%

9No significant similarity found in both forward and reverse primers.
®No significant similarity found in reverse primer.

F - forward, R - reverse
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where majority of which were the dominating Omicron
subvariants during second and third quarter of 2023.%
Notably, most of the samples were able to have a
significant blast identity score (NLT 83%), and an E value of
NMT 1.0, which is considered as a good hit for homology
match. Since for nucleic acid-based search, the suggested
threshold for the E value is <1le-6, and a sequence % identity
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classified as Omicron variants.”

Another distinguished finding was also observed in
sample AU_S2. As presented in Table 5, AU_S2 sample
matched with a certain sequence lineage (B.1.448), with
an 83% blast score, and based on lineage report, it has been
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Figure 3.1. Mutation profile alignment (A) ORF1a gene, (B) ORF1b gene, and (C) S-Protein gene.

*Every last row corresponds to Omicron variant.
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identified that the B.1.448 lineage did not correspond to any
of the five existing VOC (e.g., Alpha Beta, Delta, Gamma,
Onmicron).'® From this notable finding, it can be a plausible
implication that the designed in silico oligonucleotide
targeting S2 gene of the S-protein, was able to target
specific mutated sequences that were already identified as

a characteristic of the mutation profile of B.1.448 lineage
(Table 6).%

Genomic Variant Surveillance of SARS-CoV-2

As a lineage of interest, B.1.448 was further assessed to
determine distinct mutations characterized in the lineage and
in other VOC (Figures 3.1 and 3.2). It can be depicted from
B and C of Figure 3.1, mutations P314L and D614G were
both present in B.1.448, and in other VOC except Omicron.

Mutational Profile Characterizing Omicron Variant
Among other variants, it is noteworthy that the Omicron
variant has a peculiar mutation profile characterized by
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Table 7. Distinct Mutations Observed in Identified Lineages at a Specific Target Gene as a Characteristic of Omicron Variant

S Protein
ng‘igg-i9 S1 Subunit S2 Subunit e
S135R T842I  G339D N440K G446S S477N E484A Q498R Y505H N679K  N764K D796Y Q954H N969K

BA.2.68 v v v v v v v v v v v v v v v v
BA4 v v v v v v v v v v v v v v v v
XBC.1.3 v v v v v v v v v v v v v

BA.2.3.1 v v v v v v v v v v v v v v v v
XBB.1.19 v v v v v v v v v v v v v v v v
CH.1.1.22 v v v v v v v v v v v v v v v
FL.1.5.1 v v v v v v v v v v v v v v v v
FY.3.1 v v v v v v v v v v v v v v v v
XBB.1.5.80 v v v v v v v v v v v v v v v v

* Unavailable data were left blank.

high number of mutations, including 16 deletion and 3
insertions, in contrast to other VOC where most of these
mutations are found in the spike protein's receptor-binding
domain (RBD).?* These mutations of concern play a vital
role in viral infection and have a potential impact in its
transmissibility and immune evasion capabilities of the
virus.?** Thus, most of developed COVID-19 vaccines target
key mutations found at the S-protein of the virus. Another
key characterization of Omicron variant among other VOC,
it is characterized by 39 mutations in its S-protein, where 15
of these are located within the RBD, while the remaining
mutations localize at the S1/S2 junction and the S2 domain
as shown in Figure 4.20%!

In the present study, it can be depicted in Figures 5.1
to 5.3 the characteristic mutation profile of each lineage
identified per sample. Evident from Figure 5.2 (C1 to C3),
lineages BA.2.68, BA.2.9, BA.2.3.1, CH.1.1.22, XBC.1.3,
XBB.1.19, FL.1.5.1, FY.3.1, and XBB.1.5.80, exhibited
mutations at H655Y,N679K, P681H, and Q498R, which is a

distinct characteristic that is associated to Omicron variant.?’
Mutation in G444S was also observed in the following
lineages: CH.1.1.22, XBC.1.3, XBB.1.19, FL.1.5.1, FY.3.1,,
while lineages BA.2.68, BA.2.9, and BA.2.3.1, displayed
mutation at G339D. Among all mutations, D614G was
observed in all lineages, while nine out of 10 determined
lineages displayed the presences of various mutations of
interest, including K417N, S477N, and P681H. The said
mutations were considered as mutation of interest as it has
been also identified to be present in other VOCs.'®?! Thus,
concluding that the identified lineages per sample were
categorized as Omicron variant. Summarized in Table 7
the distinct amino acid mutations observed in the identified
lineage at a specific target gene. The reported mutations in the
table were known to be distinct key mutations for Omicron
variant.” Particularly S477N, E484A, and Q498R were
key mutations commonly observed at the receptor binding

domain (RDB) of the S1 subunit of the spiked protein of

the virus.?%?!
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DISCUSSION
Polyproteins as Target Genes

SARS-CoV-2_Var_0O1

SARS-CoV-2 as the causative agent of COVID-19, is a
positive-sense single stranded RNA virus [(+) ssRNA virus],
with a genome like that of other Coronaviridae consisting of
one large open-reading frame (ORF) encoding two over-
lapping polyproteins (ORF1a and ORF1ab). ORF1ab gene
encodes two major polyproteins (pp) i.e., ppla and pplab
of the replicase polyprotein, in which replicase polyprotein
(RPP) plays a vital role in SARS-CoV-2 pathogenesis. RPP
is composed of three domains: the macro domain, papain-
like protease (PLPRO) and the main protease (Mpro). Mpro
serves as a key component of the ORFlab gene which is
responsible for the processing of polyprotein necessary for
virus assembly during viral replication.” The 2020 study of
Nagqvi et al., also suggested that targeting the ORF1ab gene
can potentially disrupt the replication and transcription
processes of the virus, thus inhibiting its ability to replicate
and spread.” This is also supported by the study of Thomas
in 2020, reiterating that targeting the ORFlab gene may
also aid in preventing the development of drug resistance,
as ORFlab gene is a conserved region of the whole
SARS-CoV-2 viral genome.* Thus, the designing of oligo-
nucleotide primer targeting the ORF1lab gene serves as an
initial step in the development of a more specific and selective

therapeutics against SARS-CoV-2.
Structural Proteins as Target Genes

SARS-CoV-2_Var S1 & S2

SARS-CoV-2 has a highly glycosylated spike (S) protein
that primarily belongs to the trimeric class I viral fusion
glycoprotein.?? This structural protein found on the surface
of the SARS-CoV-2 virus is responsible for facilitating viral
entry into host cell, by its initial attachment to the host
cell membrane by interacting with the ACE2 receptor.®
S protein is composed of three subunits: S1, S2, and S2’.
Both studies of Shamsi et al., and Naqvi et al., suggests
that the S1 and S2 domains of S protein are responsible
for receptor binding and membrane fusion.?** Where the
process of viral infection is initiated through the binding and
attachment of the virus to the human ACE2 receptor with
the S1 domain of S protein.?>*

On the other hand, S2 domain functions as the fusion
protein, which facilitates the fusion between the virions and
the host cell membrane.?** Fusion process causes the S2
domain to undergo three different conformational changes
namely: pre-fusion native state, hairpin intermediate state,
and post fusion hairpin state.?* This alteration in the S
protein conformation attributed to the S2 domain fusion
activity can be directly linked to various variations in the

mechanism of pathogenesis among different COVID
viruses such as SARS-CoV-2.

SARS-CoV-2_Var EM

Aside from Spike protein, SARS-CoV-2 contains two
important structural proteins, the envelope (E) protein, and
the membrane (M) protein. Both the E and M proteins have
vital roles in viral assembly and structure.” Study of Naqvi
et al., in 2020 elaborated the role of E protein as a viroporin,
which forms protein-lipid pores involved in ion transport.?
'This ion channel activity of E protein promotes virus fitness
and pathogenesis.”® Thus, making E protein a potential
therapeutic target can further inhibits viral assembly and
reduce viral infectivity.?*?

The M protein is the most abundant envelope glyco-
protein of SARS-CoV-2.2* Although, various studies
haven’t completely understood the role of M protein in viral
lifecycle, the study of Thomas in 2020, hypothesized that
M protein plays a crucial role in stabilizing other structural
protein including, nucleocapsid (N) protein, and promoting
the completion of viral assembly by stabilizing the N
protein-RNA complex inside the virion as part of the RNA
packaging process.* Inhibition of M protein function makes
it a potential therapeutic target, as it could also prevent viral
replication and assembly.?

Omicron Variant Prevalence

As the Omicron variant continuously evolves, different
and new subvariants are being discovered. The 2021 study of
Shamsi et al., mentioned that the receptor-binding domain
(RBD) within the S protein is the most unpredictable feature
of SARS-CoV-2 with maximum variation in the receptor-
binding motif.** This linked the findings of the study of
Zhang et al. in 2021, which concluded that the S protein
of the Omicron variant undergone multiple mutations; this
includes 12 mutations in the RDB region, where half of
these mutations are located around the N501 position at the
C-terminus.®

Various studies also suggest that the rampant increase
of COVID-19 cases in the latter days of 2021 is attributed
to the emergence of the new SARS-CoV-2 variant namely,
Omicron.®?* The uncontrolled viral evolution of the Omicron
variant is attributed to its highly mutated nature. These several
mutations have been found to be associated with its highly
mutated S protein.”® The large number of genetic changes
in Omicron variant compared to previous variants, made
Omicron a variant of concern (VOC) in late 2021.%

Moreover, the 2022 study of Poudel et al., emphasized
that the high number of mutations in the structural protein,
specifically S protein of Omicron variant makes it a potential
target of neutralizing antibodies, as it's also plays a crucial role
in viral entry into the host cells.? This claim is also supported
by the study of VanBlargan et al. in 2022, which highlighted

the importance of targeting the highly conserved residues of
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S protein of the SARS-CoV-2 to prevent resistance to the
future variants with highly mutated spike sequences.?’

Two studies of Chakraborty et al. in 2022 identified some
of the key mutations that can be observed in the S-protein
of Omicron variant, including S371L, D614G, E484A,
N501Y, Q493K, K417N, S477N, Y505H, and G496S.228
Among the said mutations, in the present study it has been
justified and validated the existence of various mutations in
the identified lineages. Aside from these mutations located
at the structural protein region of the genome, Omicron
variant also poses large number of mutations localized in
its non-structural regions, including ORFla and ORF1b.*
Additionally, some of the key mutations observed in the RBD
region are G339D, G446S, and Q498R mutations which
results in the increase of molecular flexibility of S-protein.?
On the other hand, common mutations including D614G,
H655Y, N679K, P681H are detected in the S1/S2 junctions
in which these mutations are commonly observed in other

variants of COVID-19.2°

B.1.448 lineage

Unlike other identified lineages from our sample, B.1.448
lineage is found to be unidentified in terms of its COVID-19
variant classification. This lineage has been reported to be
found at the Montefiore Health Systems (MHS) in the United
States during the early wave of the pandemic.?’ As reported
in the 2021 study of Fels et al., the B.1.448 represented the
larger sub-lineage of B.1, which is also found to be the parent
lineage of the identified variants of concern such as Omicron
and Alpha.?’ This lineage first arises at Bronx, New York
City, which was tagged as the early epicenter of COVID-19
pandemic in the United States of America (USA). Despite
the efforts of the team of Fels in categorizing B.1.448 and
their findings about the characteristics of its single nucleotide
polymorphism (SNPs), which has 332 other genomes sharing
lineage, B.1.448 in present time is still not categorized under
specific known variant of COVID-19.? And these may be
due to the low number of sequences submitted that matched
the said lineage.

Various studies focused on the descendants of B lineage
since these were known to be the most predominant among
SARS-CoV-2 virus. From the 2024 study of Tiwary, the
genetic diversity of the B lineage and its sublineages,
including B.1.448, show an increasing trend in genetic
diversity overtime, suggesting that the B lineage is evolving
rapidly. In which key feature of B.1 lineage is at the positive
selection observed at the binding site 501, which leads to the
N501Y mutation, which is a mutation of concern located
at the S-protein of the genome.*® Despite of not exhibiting
N501Y mutation, B.1.448 lineage still exhibit mutations at
the S-protein and other regions of the viral genome that
significantly influence its transmissibility, since S-protein of
the viral genome is primarily involved in receptor recognition,
viral attachment, and entry of the virus to the host cells.

Genomic Variant Surveillance of SARS-CoV-2

CONCLUSION

From the results obtained, it has been identified that
among the five VOCs, Omicron is the most prevalent and
dominant variant within the sample population where various
determined lineages per sample displayed the existence
of key mutations distinct for the Omicron variant. These
characteristic mutation profiles were justified to be observed in
Omicron variant as these contribute mainly to the extremely
high mutation nature of Omicron which can be associated
and located primarily in its S-protein, particularly in the
RBD region, and S1/S2 junction. Thus, the classification
of different lineages of the said variant proves its highly
mutated genome, as well as the feasibility of the application
of the novel genomic surveillance method and application of
the in silico-designed oligonucleotide primers in targeting
conserved sequences in the viral genome. The ability of the
primers to identify known and unknown variants was also
proven provided by the identification of the B.1.448 lineage,
which was broadly detected and reported at Bronx, New
York City, the early epicenter of COVID-19 in the USA.
The said lineage is known to be unidentified in terms of its
variant classification due to its broadly shared genome like
that to other lineages. Overall, the developed DPPSS method
successfully amplified the genomic sequence of interest and
effectively provided valuable information about the frequency
and dominance of specific SARS-CoV-2 variants among
samples. Further evaluation and sequence alteration of the
oligonucleotide primers may offer significant contribution to
the development of a specific and selective direct PCR-based
detection of new emerging COVID-19 variants. It is also
recommended that a validation study utilizing the DPPSS
method using a larger sample size be conducted. Additional
potential further study that can be made in our preliminary
study, is the comparison of the developed method with an
existing SARS-CoV-2 variant detection method. With
this, robustness of the designed primers may be verified and
validated altogether with the application of a larger sample
size and additional in silico analyses comparison of the
designed primers.
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