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Abstract

Background and Objective: Whole-genome sequencing (WGS) is currently the gold standard for genomic surveillance and monitoring
epidemiological trends in the SARS-CoV-2 variants of concern (VOCs). Although efficient, operational implementation is costly
and time-consuming. To overcome this problem, an efficient and economical technique is needed. The objective of the present study
was to perform a cost-effective, melting-curve-based analysis of the SYBR Green | gPCR method for detecting the A69-A70 mutation in
SARS-CoV-2. Materials and Methods: This study developed methods using synthetic genes as template targets. In addition, different
long GC tails were introduced into each forward DNA primer to enhance gPCR's ability to differentiate between the wild type
and the A69-A70variant. The methods were validated against SARS-CoV-2 (hCoV-19/Indonesia/JB-BGR-BRIN-011/2020). This virus sample
was identified using WGS. Results: Based on primer annealing optimisation, annealing at 66.7 °C enabled the specific recognition of each
target. The qPCR conditions were: Pre-denaturation at 95°C for 3 min, then 35 cycles for the reaction: Denaturation at 95°C for 3 sec,
annealing/extension at 66.7°C for 30 sec, followed by 1 cycle of dsDNA dissociation into ssDNA, used to analyze the melting
curve of each PCR product, starting at 65 to 95°C. Mt A69-A70 melting peaks with temperature melting are around 80.5-80.6°C, WT is
around 77.85-77.95°C. Comparing this method's result with those of the WGS result reveals similar findings. Conclusion: This approach
has been successfully developed and can be used as an alternative method for detecting the A69-A70 mutation in Alpha and Omicron
VOC screening and SARS-CoV-2 VOC surveillance.
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INTRODUCTION

The impact of the Coronavirus (COVID -19) pandemic on
health has been highly significant. WHO,  partner
organizations and global researchers (including GISAID,
Nextstrain and Pangolin) have monitored SARS-CoV-2
evolution since early January 2020. All viruses, including SARS-
CoV-2 mutate over time. Some mutations facilitate viral
adaptation. Alterations or deletions can affect the structure
and function of viral proteins, influencing pathogenicity,
infectivity, transmissibility, antigenicity and peptide polarity.
Monitoring amino acid changes with substantial impact
guides response and prevents spread. Reducing
transmission is crucial to lowering mutation rates, which
may have adverse public health consequences.

The above institutions develop the nomenclature for
SARS-CoV-2. The WHO recommends using Greek alphabet
names for variants because they are easier and more practical
for widespread use. Classifications include variant under
monitoring (VUM), variant of interest (VOI) and variant of
concern (VOQ). VOC criteria: Increased transmission and
changes in COVID-19 epidemiology, increased virulence and
clinical disease changes and increased virulence and clinical
disease changes and decrease effectiveness of diagnostics,
vaccines and disease management treatments’.

Whole Genome Sequencing (WGS) currently remains the
gold standard for genomic surveillance and variant
detection in SARS-CoV-2, playing a pivotal role in tracking
epidemiological trends. This method is efficient and robust,
but it is also costly and time-consuming. These limitations
challenge for the implementation of genome monitoring,
particularly in developing countries. Therefore, a practical
and affordable method is needed for broader application,
especially in resource-limited settings. In addition, SARS-
CoV-2 detection commonly employs TagMan real-time PCR
technology as the gold standard. However, SYBR Green | real-
time PCR-based technology offers greater cost-effectiveness
and widespread uses?3.

The Alpha variant was the first VOC to be discovered.
Alpha (B.1.1.7) carries 23 point mutations. Initially identified in
the UK, itis 50-100% more transmissible than earlier variants®.
The A69-A70 deletion site is a distinct marker of the
Alpha/B.1.1.7 lineage*> and also occurs in Omicron's. The
presence of a delta 69-70 gene deletion in the spike region
resulted in spike-gene target failure (SGTF). This was in the
real-time reverse transcriptase polymerase chain reaction
diagnosticassay of SARS-CoV-27. Additionally, other detection
technologies for Alpha variants and other VOCs have also
been reported, generally relying on TagMan real-time

490

gPCR. Zelyas et al® developed assays for Alpha (B.1.1.7),
Gamma (P.1) and Beta (B.1.351) VOCs, using TagMan Real-time
PCR technology®. Similar to the technology used by
Zelyas et al® VOC detection technology has been
developed and applied to detect the Alpha (B.1.1.7) or Beta
(B.1.351) variants, or both®'2. Further, Sater et a/. developed
Alpha variant VOC detection, focusing on A69-A70 and
A106/A107/ A108 using SYBR Green | real-time PCR®. Despite
its excellent accuracy, TagMan technology is still prohibitively
costly for numerous laboratories in developing countries to
use®. Commercial detection leveraging melt curve analysis is
available, such as the eTIB MOLBIOL VirSNiP SARS-CoV-2
Spike E484A assay (Cat. No. 53-0829-96)'2. Therefore, this
study aimed to develop and validate a cost-effective, open-
system SYBR Green | real-time PCR melting curve assay
for detecting the SARS-CoV-2 A69-A70 deletion associated
with the Alpha variant.

MATERIALS AND METHODS

Study area and duration: The study was conducted at the
Genomic and Biosafety Level 3 Laboratories of BRIN, located
in the Science and Technology Park Ir. Soekarno, Cibinong,
Indonesia, from January 2023 to March 2025.

Ethical approval: This study has clearance number
003/KE.06/SK/03/2024 issued by the Research Ethics
Committee of BRIN.

Materials: A synthetic gene for A69-A70 and its wild-type
counterpart, targeting a similar area, was used for the
detection of SARS-CoV-2. The gene was inserted into the
plasmid provided by Macrogen Korea. The plasmids were
transformed into £scherichia coli DH5a competent cells for
storage and plasmid amplification. The SARS-CoV-2 virus
(hCoV-19/Indonesia/JB-BGR-BRIN-011/2020) served as a
method validation control.

DNA primerand ssDNA design: The primers were designed to
target the spike gene containing the AH69/AV70 deletion.
The specific AH69-V70 FW-forward orientation contains
14 base GC-rich tails in the 5 area (bold nucleotide):
5'- GCGGGCAGGGCGGCCTTGGTTCCATGCTATCTCTG 3" and
6 base GC-rich tails for the forward primer of WT- AH69-V70
FW: 5'- GCGGGC CTT GGT TCC ATG CTA TACATGTCT 3'.
(The underlined nucleotide in the WT-AH69-V70 FW
indicates the location of the AH69/AV70). The reverse
primer that amplified both alleles was AH69-V70
Rev: 5- GGAAGCAAAATAAACACCAT3'. Melt curve pattern
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prediction for both targets was performed. Furthermore, a
single-stranded DNA sequence (ssDNA) probe was created for
cDNA synthesis from the RNAtemplate. The ssDNA used were:
ssDNA1-rev: 5" AAA AAT CCA GCCTCTTATTA 3’ and ssDNA 2-
rev: 5 GAAACT TTT TGT TAG ACT CA 3",

SYBR Green | gradient qPCR for annealing optimisation,
followed by total volume optimisation for the A69-A70
mutation and wild-type (WT): The PCR was performed in two
separate PCR tubes for each target. The reaction volume was
20 uL containing: 10 uL KAPPA SYBR Fast gPCR Master Mix
(#KK4600); 0.5 uL of each forward and reverse DNA primer;
8 uL MQ; and 1 uL DNA template. The real-time PCR settings
included denaturation at 95°C for 3 min, predenaturation for
3 sec, annealing optimization (60, 61.6, 65.1, 66.7 and 68°C)
and a dissociation step for the PCR product melt curve
analysis, with the temperature increasing from 65°C to 95°C.
Melting curve analysis was performed using the Bio-Rad
CFX96 onboard software. The melt curves for the wild type
(WT) are displayed in blue, the A69-A70 mutation in red
and the no-template control (NTC) in green. Amplification
was further verified by 1% agarose gel electrophoresis.
Optimization was conducted using a reduced volume of 5 uL
KAPA SYBR Fast qPCR master mix (#KK4600), for a total
reaction volume of 10 uL. Each reaction was performed in
triplicate. Additionally, the optimized detection method was
validated using the ABI Fast 7500 system to ensure
consistency. With the ABI Fast 7500, melting curve colours for
both WT and A69-A70 mutation were generated by default.

Specificity assay for SYBR Green qPCR: The specificity test
was assessed using a PCR mixture containing Fw and Rev DNA
primers for WT. A plasmid containing the A69-A70 mutation
asaDNAtemplate. In another tube, a PCR mixture containing
Fw and Rev DNA primers for the A69-A70 mutation was
tested, with a plasmid containing WT as the DNA template. All
reactions were performed in triplicate. The specificity test was
optimised at annealing temperatures of 60, 61.6, 65.1, 66.7
and 68°Ctodetermine the optimal annealing temperature for
differentiating between WT and A69-70. The optimal
temperature showed no amplification with mismatched
template DNA and primer DNA, but did amplify with correctly
matched primer DNA and DNA template targets.

Serial dilution of plasmid A69-A70 mutation for optimal
melt curve analysis: A serial dilution of the plasmid DNA was
performed starting at an initial concentration of 148 ng/uL, to
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the final concentration of 107'°, Each dilution was then
applied to a PCR tube and each dilution was repeated in
triplicate. These steps were taken to achieve an optimal
and ideal melt curve for analysis, confirmed by agarose gel
electrophoresis, which should show a single band of the
expected DNA size.

Validation of the detection of the A69-A70 mutation and
the wild type (WT) using WGS methods: The SARS-CoV-2
(hCoV-19/Indonesia/JB-BGR-BRIN-011/2020), whose genome
was sequence-verified using WGS methods, was used to
validate the method. The virus was cultured and its RNA was
extracted using a viral nucleic acid extraction kit (Geneaid
#VR300), yielding a concentration of 124.9 ng/uL. cDNA was
prepared using a ReverTra Ace® gPCR RT Master Mix with
gDNA Remover (#Toyobo FSQ-301), combined with ssDNA as
previously mentioned, which will hybridize to the target RNA.
This cDNA was subsequently used to detect the target in the
newly developed method. The amplification results were
verified by the 1% agarose gel electrophoresis. Melting curve
analysis was performed using the onboard software of the ABI
Fast 7500.

RESULTS

Design and optimisation of primers for SYBR Green | qPCR
-based detection of the SARS-CoV-2 A69-A70 mutation: This
activity aims to provide a detection method for the
A69-A70 mutation of the SARS-CoV-2 virus using a SYBR
Green | gPCR-based technique. The DNA primers were
designed based on a conserved region of the SARS-CoV-2
virus that differs from other viruses, particularly those
prevalent in the human respiratory system (Fig. 1a).
Additionally, GC-rich tails were added to both forward
primers. According to the melt curve software prediction, this
design may distinguish between the A69-A70 mutation and
its wild type. The A69-A70 mutation is predicted to melt at
82.5°C, while the wild type is predicted to melt at 80.5°C
(Fig. 1b). For virus identification, two reactions are performed
in a single run. One set of tubes detects samples containing
the A69-A70 mutation in SARS-CoV-2, while the other set
detects wild-type samples. The detection method was
developed using synthetic DNA as the target. Two synthetic
genes were used in its development: one for detecting the
A69-A70 mutation and the other for detecting the wild type.
The real-time gPCR reagents used in each tube had the same
composition, except for the forward primer DNA, which
differed between tubes.
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Fig. 1(a-b): Areafor DNA primer design of A69-A70 and Wt detection, (a) Multiple alignment for DNA Primer specificity assay and
(b) Melt curve prediction for each A69-A70 and Wt

The annealing temperature optimization using the
gradient PCRtechnique (60, 61.6,65.1,66.7 and 68°C) showed
that amplification was successful in each tube up to 66.7°C,
enabling the detection of A69-A70 and WT (Fig. 2a-d).
However, at higher temperatures, amplification did not occur
(Fig. 2e). The wild-type showed a melt curve temperature of
approximately 78°C (blue), while the A69-A70 variant
exhibited a melt curve temperature of around 80.2°C (red).
The in silico predicted melt curve temperatures for both the
wild-type and A69-A70 variant displayed a similar pattern,
with a difference of about 2°C between them. This key
difference in melt curve temperatures allows effective
differentiation between the wild-type and A69-A70 variants.
These results indicate that the DNA primer design can reliably
distinguish between the two variants based on their melt
curve profiles. Further, comparing the real-time PCR
reagent at 20 pL versus 10 uL showed similar results. To
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assess the consistency of the formulation, 10 uL of total
volume was used again at two different temperatures, 60
and 61.6°C. Comparing of the two volumes showed similar
results, indicating that a volume of 10 uL can also be used for
detection, making thisinvention more economical (Fig. 3a-d).
Therefore, further detection was performed at a 10 L total
volume.

Specificity assay of the selected SYBR Green | qPCR -based
detection of the SARS-CoV-2 A69-A70 mutation: A specificity
test was conducted to determine the optimal temperature at
which the target could be detected. Each reaction contained
a non-sample target. In the WT reaction, the A69-A70 DNA
plasmid sample was added and vice versa in the A69-A70
reaction, where the wild-type (WT) plasmid sample was
added. For this test, the gradient qPCR technique was
performed at temperatures of 60, 61.6, 65.1, 66.7 and 68°C
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conditions

(Fig. 4a-e). Based on the results, a temperature of 66.7°C
yielded no amplification in each reaction (Fig. 4d). In the
specificity assay, each reaction contained a non-target sample
that should show no amplification. If amplification occurs, it
indicates that the temperatures used to differentiate WT and
A69-A70 variants were not correct. As already mentioned
above, Fig. 2d shows that amplification occurred for each
target at 66.7°C. Based on these two results (Fig. 2d and 4d),
a temperature of 66.7°C was selected to detect and
differentiate WT and Mt A69-A70. All experiments reported
above were carried out with three replicates per test tube to
ensure the accuracy of the results. Furthermore, similar results
were obtained when switching from a Bio-Rad CFX96 toan ABI
7500 Fast, indicating high reproducibility and consistency
(Fig. 5a-d). Itis possible that these developed methods could
be applied to other real-time PCR machines.

Since the A69-A70 sample produced a non-specific DNA
band on a 1% agarose gel, the DNA concentration was
optimized. This optimisation produced a single DNA target
band, showing that the melting temperature of Mt A69-A70
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isaround 80.5-80.6°C. For WT, the DNA concentration was not
optimized since it already showed a single DNA band on
agarose with a melting temperature of around 77.85-77.95°C
(Fig. 6a-b). The data of serial dilution were not shown.

Method validation for detecting the SARS-CoV-2 clinical
sample: Further validation was performed using the
SARS-CoV-2 labelled as the hCoV-19/Indonesia/JB-BGR-BRIN-
011/2020 clinical sample, for which the complete genome
sequence had already been confirmed using WGS methods.
In addition, the position of ssDNA in the SARS-CoV-2 genome
used for cDNA synthesis is shown in Fig. 7a. The validation
showed that the recently developed method successfully
detected and identified the absence of the A69-A70 mutation.
This was performed two times in triplicate. Each one was
carried out by a different operator on a different day. This was
to confirm its reproducibility. This finding is consistent with
the WGS results, as evidenced by the amplification and melt
curve with aslightly shifted annealing temperature of the melt
curve around 78.12-78.22°C. (Fig. 7b-c).



(a)

()
1,250,000

1,000,000
750,000

500,000

ARn

250,000

0

Pak. J. Biol. 5ci, 29 (10): 489-501, 2026

GITTTACATT CAACTCAGGA CTTGTICTTA COTTTCTTIT CCAATGITAC TTGGTICCAT GCTATACATS TCTCTGGGAC CARATGOTACT AAGRGGTITIG
CRAARTGTAA GTTGAGTCCT GAACAAGAAT GGTTACAATG ARCCAAGGTA CGATATGRSID) eWChG GITACCATGA TTCTCCRAAC

ATAACCCTGT CCTACCATIT AATGATGGTS TTTATTTTGE TTCCACTGAG ARGTCTARCAJTAATARGAGS CTGGATITITJGGTACTACTT TAGATTCGAR

TRTTGGGACA GGATGGTARA TTACTACCAC AARTARRACG RAGGTGACTC TTCAGATIGT QATTATICICC GRCCTARRARRCE ATCTARGCTT

GACCCAGTCC CTACTTATIG TTAATAACGC TACTARTGTT GTTATTAAAG TCTGTGAATT MSOUSTIPr eyl 11 TTGGGTGT TTATTACCAC
CTGGGTCAGE GATGAATAAC AATTATTGCG ATGATTACAR CAATAATTIC AGACACTTAA AGTTARAACA TTACTAGGTA ARRACCCACA

ARARRCARCA AAAGTTGGAT GGARAGTGAG TTCAGRGTTIT ATICTAGTGC GAATAATIGC ACTTITGAART ATGICICTCA GCCTITTICTT ATGGACCTIG
TITTTGITGT TITCARCCTA CCTTTCACTC AAGTCTCARAA TARGATCACG CTTATTARCS TGAAMACTTA TACAGAGAGT CGGARMAGAA TACCTGGARC

ARGGARAACH GGGTARTTITC RARRATCTTA GGGAATTITGT GTTTARGART ATTGATGGTT ATTITARAAT ATATTCTAAG CRCACGCCTA TTARTTTAGT
TICCTTITGT COCATTAAAG TTTTTAGAAT COCTTARACA CARATTICTTA TAACTACCAR TARAATTTITA TATAAGATIC GTGTGCGGAT AATTARATCA

GCGTGATCTC CCTCAGGGTT TTTCGGCTTT AGAACCATTG GTAGATTITGC CAATAGGTAT TARCATCACT AGGTITCAAR CTTTACTIGC TTTACATAGR
COCACTAGAG GGAGTCCCAR RARGCCGAAR TCITGGTAAC CATCTAAACG GTTATCCATA ATTGTASTGA TCCAAAGTTT GARATGARCE AARTGTATCT

AGTTATTIGA CTCCTGOTGA TTCTTCTICA GGTTGGACAG CTGGTGCTGC AGCTTATTAT GTGGGTTATC TTCRACCTAG GACTITTCTA TTARAATATA
TCAATARRCT GAGGACCACT CCAACCTGTC GACCACGACG TCGAATAATA CACCCAATAG AAGTTGGATC CTGAARAGAT AATTTTATAT

22401

ATGARAATGG ARCCATTACA GRTGCTGTAG ACTGTGCACT TGARCCCICIC AR AGTGTACGTT GRAARTCCTIC ACT RAGGARTCTA

TACTTTITACC TTIGGTAATGT CTACGACATC TGACACGTGA AL AGTCTTTGIT TCACATGCAR CTTTAGGAAG TGACATCTTT TTCCTTAGAT

22501

TCARRCTTCT ARCTTTAGAG TCCAACCAAC AGAATCTATT GTTAGATTIC CTAATATTAC ARACTTGIGC CCTTTIGETG AAGTITTITAA CGCCACCAGA
AGTTIGAAGA TTGAARTCTC AGGTTGGITG TCTTAGATAR CAATCTAARG GATTATARTG TTTGARCACG GGARRRCCAC TTCAARAATT GOGGTGGTCT

22601

TITGCATCTG TITATGCTITG GAACRGGAAG AGAATCAGCA ACTGTGTTGC TGATTATICT GTCCTATATA ATTCCGCATC ATTTTCCACT TTTARGTGIT
ARACGTAGAL ARRTACGARC CTIGICCITC TCTITAGTICGT TGACACAALCG ACTARTARGA CAGGATATAT TAAGGLGTAG TARARGGTGA AARTICACAR

22701

ATGGAGTGTC TCCTACTARA TTARATGATC TCTGCTITAC TAATGTCTAT GCAGAITCAT TTGTAATTAG RGGTGATGAR GTCAGRCARA TCGCICCAGG
TACCTCACAG AGGATGATTT AATTITACTAG AGACGAAATG ATTACAGATA COTCTAAGTA AACATTAATC TCCACTACTIT CAGICTGITT AGCGAGGTCC

22801

GCARACTGGA ARGATTGCTG ATTATAATTA TARATTACCA GATGATTITA CAGGCTGCGT TATAGCTIGS AATTCTARCA ATCTTGATIC TARGGTIGST
CETTTGACCT TTCTARCGAC TAATATTAAT ATTTAARTGGT CTACTAARAAT GTCCGACGCA ATATCGAACC TTAAGATTIGT TAGARCTAAG ATTCCAACCA

22901

GGTARTTATA ATTACCTGTA TAGATTGITT AGGAARGTICTA ATCTCAARACC TTITTGAGAGA GATATTITCAR CTGARATCTA TCAGGCCGET AGCACACCTIT
CCATTAATAT TARTGGRCAT ATCTRACRAR CAGAT TAGAGTTTGG ARAACTCTCT CTATAAAGTT GACTTTAGAT AGTCCGGICA TCGTGTIGGAR

23001

GTARTGGTGT TGAAGGTTIT) ATCATATGGT TTCCAACCCA CTAATGGIGT TGGTTACCAR CCATACAGAG TAGTAGTACT
CATTACCACA ACTTCCAAMMITTARCARTGA AAGGARATGTN TAGTATACCA ARGGTTGGGT GATTACCACA ACCAATGGTT GGTATGTCTC ATCATCATGA

23101

TICTITIGAR CTTCTWTGIC.M‘CJ‘-GWC W% CCTAARRAGT CTACTAATIT GGTTARAARC RAATGTGTCR ATTTCAACTT CAATGGITTA
ARGARAACTT GARGATGTACTY GGATTITTCA GATGATTAAR CCAATTITITG TTTACACAGT TARAGTIGAA GITACCAAAT

23201

ACAGGCACAG GTGTTCTTAC TGAGTCTAAC AMAMAGTITC TGOCTITOCA ACAATITGHC AGAGACATTG CTGACACTAC TGATGCTIGTC COTGATCCAC
TGTCCGTETC CACAAGAATG ACTCAGATTG TITTTCAAAG ACGGAARGGT TGTTARACCG TCTICIGTAAC GACTGIGATG ACTACGACAG GCACTAGEIG

23301

AGACACTTIGA GATTCTTGAC ATTACACCAT GITCITITGG TGGTGTCAGT GTTATAACAC CAGGARCAAAR TACTTICTAAC CAGGTTGCTG TICTITATCA
TCTGTGARCT CTAAGRACTG T A C ACCACAGTCA CRATATTIGTG GTCCTITGTIIT ATGARGATTG GTCCAACGRC AAGARATAGT

23401

GGATGTTARC TGCACAGARG TCCCTGITGC TATTCATGCA GATCAACTTA CTCCTACTIG GOGTGTITAT TCTACAGGIT CTAATGTITIT TCARACACGT
CCTACRATTG ACGTGICTTC AGGGACAACS ATAAGTACGT CTAGTIGAAT GAGGATGRAC CGCACRAATA AGATGTCCAR GRATTACARAA AGTITGTGCR

23501

GCAGGCTGTT TAATAGGGGC TGARCATGTC ARCARCTCAT ATGAGTGTGA CATACCCATT GGTGCAGGTA TATGCGCTAG TTATCAGACT CAGRCTAATT
CGTCCGACAR ATTATCCCCG ACTTGTACAG TTGTTGAGTA TACTCACACT GTATGGGTARA CCRCGTCOCAT ATACGCGATC ARTAGTCTGA GTCIGATTAR
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DISCUSSION

A robust surveillance system is necessary to detect and
earlyidentify Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) variants of concern (VOCs), which have critical
public health implications. In consideration of the capacity of
VOCs to potentiate transmission, increase deaths and possibly
evade natural or vaccine-induced immune responses, it is
crucial to identify cases of Coronavirus Disease (COVID-19)
caused by VOCs. It is therefore critical to identify cases of
VOC-induced disease and monitor their prevalence. Advances
intechnology, particularly next-generation sequencing (NGS),
enable the generation of a contiguous sequence spanning the
entire viral genome. This methodology facilitates the
detection of mutations across the entire SARS-CoV-2 genome
and can provide important insight into mutations that may
affect the virus's behavior. Whole-genome sequencing
(WGS) is the gold standard for diagnosing this variant and is
currently the recommended method for confirming these
variants. However, sequencing is generally more expensive
and time-consuming than targeted detection methods.

This surveillance effort provided invaluable information
onthe spread and prevalence of SARS-CoV-2 VOC, eliminating
the need for expensive and time-consuming genomic
sequencing. A significant mutation in the S gene is a
6-nucleotide deletion at positions 207-212 (del69-70). This
mutationis presentin VOC Alpha (B.1.1.7) and Omicron'®. The
CDC suggests that S-gene target failure results can be used to
identify possible B.1.1.7 cases, but sequencing should be used
to confirm these results''. The accuracy of this approach has
already been demonstrated and the sequencing results
were entirely consistent with the RT-PCR profiles for VOC
B.1.1.7.

Several approaches to detecting VOCs have been
reported. These generally rely on TagMan real-time gPCR.
Despite its excellent accuracy, the cost of TagMan technology
is still prohibitive for many laboratories in developing
countries. However, SYBR Green | real-time PCR technology is
reported to be more cost-effective and has a wide range of
applications3. In this activity, a real-time PCR assay was
successfully developed to discriminate between WT and the
AH69/AV70 and it was validated using the WGS method. It
was found that an annealing temperature of 66.7°C was the
optimum temperature for discriminating between WT and the
AH69/AV70. Amplification and a melt curve occurred for both
WT and AH69/AV70 when compatible DNA primers and DNA
samples were used. No amplification or melt curve was
produced when incompatible DNA primers and DNA samples
were used at an annealing temperature of 66.7°C. The
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annealing temperature during PCR was one of thing that
affected the specificity of the allele differentiation study'™.
Further, the primer design and formulation used in this report
differ from those used by Abdel Sater et a/ . In this activity,
the gPCR Tm Shift genotyping method principle was
mimicked to discriminate between the wild-type (WT) and
AH69-AV70 variants. The Tm Shift genotyping method uses
two allele-specific primers, each containing one or two SNP
allelic variants. A reverse primer is used for both DNA primers
and SYBR Green | is used as a fluorescent dye' '8, This study
uses the same reverse DNA primer to detect both the
wild-type (WT) and the AH69-AV70 variants. The forward
orientation of the wild-type (WT) and AH69-AV70 variants had
unequal lengths of GC-rich tail added to each DNA primer.
Additionally, a mismatch of more than two bases was
present, particularly in the six-base nucleotide of the 3' region
of the WT and AH69-AV70 DNA primers. This mismatch is
located in the deletion area. Further, we use SYBR Green | as a
fluorescent dye. A minimum of two mismatches in the six-
base at the 3' region will prevent amplification and increase
specificity. Mismatches in the middle or five-base 5' region,
however, allow amplification' %,

Melt curve of A69-A70 mutations with a melting peak of
Tm at around 80.5-80.6°C, whereas for detecting WT, around
77.85-77.95°C. These results were verified by the
electrophoresis method on 1% agarose. The electrophoresis
results indicate the presence of a single band of the correct
size for each target DNA sample. Additional unequal GC-rich
tails for each WT and H69-V70 were referred to in Wang et
al’s, The unequal GC-rich tails produce different product
lengths and the GC content distinguishes the Tm of each
target. Adding the unequal GC tail has been proven to
increase the discrimination between WT and its mutant'®2',
Further, this method was validated using a sample that had
been identified by WGS, SARS-CoV-2 (hCoV-19/Indonesia/JB-
BGR-BRIN-011/2020). Comparing this method'’s result with
those of the WGS result reveals similar findings. This indicates
that the recently developed method is highly accurate. Based
on the WGS results, SARS-CoV-2 (hCoV-19/Indonesia/JB-BGR-
BRIN-011/2020) with the accession ID EPI_ISL_4004658
exhibits nucleotide mutations at positions C241T, C3037T,
C5184T, T9127C, C14408T, C18877T, A23403G, G25563T,
C26735T. The ssDNA probes designed in this research
successfully hybridized with the target RNA, resulting in
complementary DNA (cDNA). Both of the designed ssDNA
probes were in reverse orientation. The cDNA results were
confirmed using 1% agarose gel electrophoresis, which
showed no DNA genome contamination (data not shown).
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PCR amplification was then performed using this cDNA. In
addition, ssDNA probes have been reported to hybridise
effectively with RNA. McCalla et a/* developed a simple
method for amplifying RNA targets (SMART), which used
ssDNA probes to hybridise with the target RNA.

The Tm values obtained from the melt curve analysis
slightly differed from both the predicted values and those
obtained from amplification with synthetic DNA or cDNA.
This difference occurred because of the different salt
concentration, which contributes to the ionic strengths of
the buffer used. According to Germer and Higuchi®, the
choice of polymerase used, the salt concentration and the
annealing temperature during PCR affected the specificity of
the allele differentiation study. lonic strength increases the
melting temperature to prevent the denaturation of DNAZ,
Additionally, changing the machine from a Bio-Rad CFX96 to
an ABI 7500 Fast produced similar results. This indicates that
itisan open system with high reproducibility and consistency
that can operate on any instrument. The SYBR Green |
approach in gPCR is reported as an open-system detection
method that is compatible with any gPCR instrument.
According to Rahmasari et a/?*, SYBR Green dye principally
intercalates with any double-stranded DNA, producing a
positive signal. Although the assay described here can
accurately detect and differentiate between WT and
AH69/AV70 deletions, with high reproducibility and
repeatability, the developed methods need to be applied to
more SARS-CoV-2 samples to prove its reliability.

CONCLUSION

The development of the A69-A70 and wild-type detection
approach using a synthetic gene based on Melting Curve
Analysis of the SYBR Green | gPCR method has been
completed and validated using the SARS-CoV-2 genome
(hCoV-19/Indonesia/JB-BGR-BRIN-011/2020), which has been
confirmed and verified using WGS methods. The addition of
different GC-rich tails in the 5' region of the forward DNA
primer used to detect A69-A70 and its wild type improves the
specificity of the primers, enabling differentiation between
wild-type and mutant strains. The melting temperatures for
A69-A70and WT were observed to be around 80.5-80.6°Cand
around 77.85-77.95°C, respectively. Furthermore, the ssDNA
probes designed in this study successfully hybridised with the
target RNA, producing cDNA. These results demonstrate the
potential of this method as an alternative for A69-A70
mutation detection, particularly for Alpha and Omicron VOC
screening applications and for SARS-CoV-2 VOC surveillance.
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SIGNIFICANCE STATEMENT

This study presents a cost-effective and rapid SYBR Green
| gPCR melting-curve method for detecting the SARS-CoV-2
A69-A70 mutation. The assay successfully differentiated
mutant and wild-type targets and showed concordance with
whole-genome sequencing. This approach provides an
accessible alternative for screening Alpha and Omicron
variants and may support scalable SARS-CoV-2 genomic
surveillance, particularly in resource-limited settings.
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