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Summary. - Since the emergence of the original Wuhan SARS-CoV-2 strain, several new variants
of the virus have emerged. Alpha, Beta, Gamma, Delta and the most recent Omicron variants have
been introduced during this pandemic. Several methods including, but not restricted to, allele-
specific PCR, ligation with rolling circle amplification and real-time PCR with allele-specific probes
are able to detect mutations as low as a single nucleotide polymorphism. High-resolution melting
curve analysisis another technique to assess any mutations in a nucleic acid chain. Confirmed sam-
ples with SARS-CoV-2 infection were subjected to variant identification using a de novo-designed
HRM assay. In order to select for mutations with the highest effect on Tm of the amplicon, deletion
mutations of NSP6 (Del 3675-3677), and S1 (Del 144) were chosen for HRM analysis. HRM analysis
for the amplicon of the primer set-1 (NSP6) resulted in Tm differences of -0.39°C, +0.4°C, and -0.6°C
between Alpha, Delta, and Omicron variants, respectively, in comparison to the original Wuhan
strain. Moreover, HRM analysis of the amplification performed by primer set-2 (S1) led to Tm differ-
ences of +0.32°C, -0.26°C, and +0.24°C between Alpha, Delta, and Omicron variants, respectively, in
comparison to original Wuhan strain. The test was able to specify each sample to its variant group
with more than 90 percent of confidence. The results obtained in this study demonstrate that using
a single closed-tube strategy with a HRM-equipped machine, screening new variants of the virus is
possible in a fast and reliable way.
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respiratory syndrome coronavirus 2; SNP = single nucleotide
polymorphism; Tm = melting temperature; VOC = variant of
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First detected in Wuhan, China in late 2019, corona-
virus disease 2019 (COVID-19) spread rapidly all around
the world. Severe acute respiratory virus 2 (SARS-CoV-2),
a new member of the Coronaviridae family, was intro-
duced as the causative agent of this disease. Transmis-
sion of the virus is through the respiratory route and it
infects epithelial cells of the respiratory tract. The rapid
replication rate of the virus along with its spread to the
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lower respiratory tract system are among the reasons for
poor prognosis (Cao et al., 2020).

Viral RNA-dependent RNA polymerase (RARP) genera-
tes some errors while making full-length RNA copies of
the long genome of SARS-CoV-2 (~30 kb) and thus mutant
strains appear. SARS-CoV-2 RARP has a proofreading
activity to some extent. However, because of the rapid
replication rate of the virus in the host cells and also due
to immune response selection pressures, especially in
regions exposed to antibodies, rates of mutation accumu-
lation increase (Castro et al., 2005).

Following the first cases of the infection in Wuhan,
several other variants have appeared, some of which are
variants of concern (VOC). These VOCs include Alpha
(B.1.1.7 lineage; first reported in the UK), Beta (B.1.351 line-
age; South Africa), Gamma (B.1.1.28 lineage; first reported in
Brazil), Delta (B.1.617.2 lineage; first reported in India), and
the most recent Omicron (B.1.1.529 lineage; first reported
in South Africa) (WHO, 2022). Table 1 summarizes the most
important mutations that are characteristic of each variant
(ViralZone, 2022). Although other nucleotide substitutions
may exist in different variants, detection of these muta-
tions is sufficient to specify a virus as a specific variant.

Different mutation detection methods are available
(Metzker, 2010). These methods include conventional

Maxam-Gilbert and Sanger sequencing, and Shotgun se-
quencing. Besides, high-throughput sequencing methods
such as single-molecule real-time sequencing, pyrose-
quencing, sequencing by synthesis (Illumina),and nanopo-
re sequencing, are available as well. While these methods
determine full length nucleotide chain of a sequence of
interest, mutations can also be detected in a specificloca-
tion indirectly. Allele-specific PCR, allele-specific primer
extension, ligation with rolling circle amplification, and
real-time PCRwith allele-specific probes, which are able to
detect single nucleotide polymorphisms (SNPs) are some
of theindirect mutation analysis methods that have been
developed (Slatko et al., 2018).

In addition to the above-mentioned methods, high-
resolution melting curve analysis (HRM) of the PCR prod-
uct can help identify mutationsin an array of nucleicacid
residues. The basics of this method are that any changes/
variations in the DNA sequence will result in changes in
the melting temperature (Tm) of the intended PCR pro-
duct. Any differences in Tm, including as low as just one
nucleotide substitution and/or deletion, are monitored
and demonstrated in high resolution by any real-time PCR
machine capable of performing HRM (Montgomery et al.,
2007). Deletions or substitutions of any C/G with A/T will
resultinlower Tm, while substitutions of A/T with C/G or

Table 1. World Health Organization (WHO) announced variants of concern (VOC)

Lineage Synonyms Emergence Spike mutations Other mutations
Alpha B.1.1.7 UK, Sep 2020 Del 69-70; Del 144; N501Y; A570D; D614G; ORFlab: T1001I; A1708D; 12230T; Del 3675-3677
P681H; T7161; S982A; D1118H ORFS8: R521; Q27%; Y73C; S84L
N: D3L; R203K; G204R; S235F
Beta B.1.351 South Africa, LI18F;D80A; D215G; Del 241-243; K417N; E: P71L
Aug 2020 E484K; N501Y; D614G; A701V N: T2051
ORFla: T2651; K1655N; K3353R; Del 3675-3677
ORF3a: Q57H; S171L
ORF8: S84L
Gamma B.1.1.28.1 Brazil, Jul L18F; T20N; P26S; D138Y; R190S; K417N/T; = ORFlab: S1188L; K1795Q; Del 3675-3677
2020 E484K; N501Y; D614G; H655Y; T10271; ORF3a: S253P
V1176F ORFS8: S84L; E92K
N: P8OR; R203K; G204R
Delta B.1.617.2 India, Dec T19R; G142D; E156G; Del 157-158; L452R; ORFla: A1306S; P2046L; P2287S; V2930L; T3255I;
2020 T478K; D614G; P681R; D950N T3646A
nsp3: P1469S
nspl2: P323L, G671S
nspl3: P77L
ORF3a: S26L
M: 182T
ORF7a: V82A, T1201
N: D63G, R203M, G215C; D377Y
ORF8: S84L, Del 119-120
Omicron B.1.1.529 South Africa, A67V;Del 69-70; T951; GVYY142-145D; N: P13L; Del 31-33, R203K, G204R
BA.l Dec 2021 NL211-2121 ORFlab: K856R, SL2083-20841, A2710T, T3255],

ins214EPE; G339D; S371L; S373P; S375F;
K417N; N440K; G446S; S477N; T478K; E48L4A;
Q493R; G496S; Q498R; N501Y; Y505H; TH47K;
D614G; H655Y; N679K; P681H; N764K;
D796Y; N856K; Q954H; N969K; LO81F

P3395H, Del 3674-3676, 13758V, P4715L, 15967V
E: T9I

M: D3G, Q19E, A63T

Orf9b: P10S, 27-29del

OREFS8: S84L
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insertions will cause higher Tm of the PCR product. One
of the important factors for a successful HRM analysis is
to shorten the amplification target as much as possible.
It is shown that HRM works better if the amplification
target length ranges between 65 and 300 bp. One of the
advantages of this method is that any variations in the
intended target can be analyzed in a short amount of time
without using complicated instruments or expensive
fluorescently labeled oligonucleotide probes. Even though
HRM analysis has to be confirmed by sequencing, the
method can be used for fast screening of the variationsin
a specific sequence of interest (Reed et al., 2007).

Considering the importance of surveillance of muta-
tions in SARS-CoV-2, which might be associated with
higher/lower morbidity and mortality, the aim of the
current study was to evaluate the application of HRM
analysis to screen for mutations related to different
variants of SARS-CoV-2. This can provide us with a rapid
screening method for identification of mutations in the
virus genome.

Materials and Methods

Ethical approval. This study was assessed and approved by
the Research Ethics Committee of Iran University of Medical
Sciences (ID: IR.IUMS.REC.1400.175). An informed consent was
signed by the participants in the study.

Patient samples. Sixteen naso/oropharyngeal swab samples
were taken from patients referred to the West Health Center of
Tehran, affiliated with the Iran University of Medical Sciences.
The samples were collected in the viral transport medium
(VTM) and stored at 4°C until use.

Viral RNA extraction. Viral genomic RNA extraction was
performed with a commercial viral RNA extraction kit (RNJia
Virus Kit; ROJE Technologies Corporation), according to the
manufacturer's instructions. The extracted RNA was eluted in
50 ul of elution buffer provided in the kit and stored at -20°C
for further analysis.

Real-time PCR for the detection of SARS-CoV-2. Detection of
the virus was performed with acommercial SARS-CoV-2 detec-
tion kit (COVID-19 One-Step RT-PCR; Pishtazteb Diagnostics)
based on its instructions for use. This kit detects parts of
ORFlab and N genes as viral target genes and RNase P as the
internal control. Briefly, for each reaction, 9 pl of the enzyme
mix was mixed with 1l of primer-probe mixture. Five microli-
ters of nuclease-free water and 5 pl of the extracted viral RNA
were also added to the mixture. The thermal cycling profile of
thereal-time PCR was as follows: reverse transcription at 50°C
for 20 min, initial denaturation at 95°C for 3 min, 45 cycles of
denaturation at 95°C for 10 s and annealing/extension at 55°C
for 40 s. Data acquisition was scheduled at the end of anneal-
ing/extension step for green (ORFlab), Yellow (N), and Orange

(RNase P) channels. Amplification curves with cycle threshold
(Ct) of not more than 40 were considered as true amplification
(positive).

Real-time PCR for the detection of SARS-CoV-2 variants. De-
tection of known SARS-CoV-2 variants was performed using
a commercial kit (GenovA SARS-CoV-2 OneStep RT-PCR Kit;
Bioluence), according to the manufacturer's instructions. The
kit detects viral ORFla, N, and S regions in addition to RNase
Pastheinternal control. Mutations in different variants of the
virus results in different combination of fluorescent signals
and the results are interpreted based on the kit manual (FAM
for Alpha; FAM-TEXAS Red for Beta/Gamma/Lambda; FAM-
Cyb5 for Omicron; FAM-TEXAS Red-Cy5 for Delta). Briefly, 10 ul
of the mastermix was mixed with 10 ul of the extracted RNA.
The following temperature profile was applied on the Qiagen
Rotor Gene Q machine: reverse transcription at 53°C for 15min,
initial denaturation at 95°C for 3min, 46 cycles of denaturation
at 93°C for 5 s and annealing-extension at 60°C for 25 s. Data
collection was programmed at the end of annealing-extension
step for green (FAM), yellow (HEX), orange (TEXAS Red), and
red (Cy5) channels. The Ct of less than 40 was considered as
true amplification (positive).

Primer design for HRM analysis. The most important mu-
tations of SARS-CoV-2 variants are summarized in Table 1.
Deletion mutations of NSP6 (Del 3675-3677), S1(Del 144), and S2
(Del 69-70) were chosen for HRM analysis since it was expected
that deletion mutations would have the highest effect on Tm
of the amplicon and contribute to easier identification of vari-
ants. The primers were designed using Primer-BLAST online
software. Important criteria for HRM primer design include
amplicon length between 80 to 150 bp, GC content of 40-60%,
Tm difference of less than 1°C for forward and reverse primers,
and the absence of other mutations in the amplicon region.
Selected primers were analyzed for secondary structures and
primer dimer formation using OligoAnalyser Tool (Integrated
DNA Technologies; USA). The most appropriate annealing
temperature was selected based on the performance of the
primers in a gradient PCR assay. The efficiency of the reaction
was also evaluated using serial dilutions of a known sample.
The primer sequences and the amplicon size of each primer
pair are shown in Table 2.

Complementary DNA (cDNA) synthesis. Samples of patients
with confirmed SARS-CoV-2 infection were subjected to cDNA
synthesis. Ten microliters of the extracted viral RNA were used
as the template. Sequence-specific primers were used with
acommercial cDNA synthesis kit (Superscript cDNA synthesis
kit; ThermoFisher Scientific) according to the instructions of
the manufacturer. Briefly, 4 ul of 5X RT buffer solution, 0.2 mM
dNTP mix, 0.5 ul of RNaseOUT, 0.5 ul of Moloney Murine Leu-
kemia Virus Reverse Transcriptase (M-MLV RT) enzyme, and
1 ul of nuclease-free water were mixed with 0.5 uM of forward
and reverse primers to the final volume of 20 pul and incubated
at 42°C for 30 min. Enzyme inactivation was achieved by in-
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Table 2. Primer sequences used for the high resolution melt curve analysis (HRM)

Primers Target Amplicon size Primer Sequence Start Stop Tm
Forward TGCGTATTATGACATGGTTGGA 11247 11247 58.52
Primerset-1  NSP6 118 bp
Reverse ACAGTTCTTGCTGTCATAAGGA 11364 11343 58.04
Forward AGACCCAGTCCCTACTTATTGT 21900 21921 58.61
Primerset-2  S-1 138 bp
Reverse CTCTGAACTCACTTTCCATCCA 22037 22016 58.39
Forward ACTCAGGACTTGTTCTTACCTT 21713 21734 57.35
Primer set-3  S-2 105 bp
Reverse TGGTAGGACAGGGTTATCAAAC 21817 21796 58.11

cubation of the reaction mix at 70°C for 10 min. Samples were
preserved at -20°C until further analysis.

HRM analysis. HRM analysis was performed with a pre-
amplification step using each primer pair on the Qiagen Rotor-
Gene Q5plex HRM Platform (QIAGEN GmbH, Hilden, Germany).
The reaction mixture contained HOT FIREPol EvaGreen HRM
Mix (Solis BioDyne), 0.5 uM forward and 0.5 uM reverse primers
(10 pmol), and nuclease-free water. The amplification step in-
cluded a12-min hold at 95°C for enzyme activation and 40 cycles
of 10 sdenaturation at 95°C and 15 sannealing/extension at 57°C.
Data acquisition was scheduled at the end of the annealing/
extension step for the green channel. Moreover, the HRM step
was programmed after the amplification step with the following
settings: a pre-hold step at 50°C for 90 s, HRM analysis at arange
of 70-85°C, temperature increment of 0.1°C, and a hold of 2 s/
step. Each experiment was performed at least in duplicate. For
HRM data analysis, only samples with a Ct of not more than 30
were included, because late amplifications may be an indication
of not reaching the reaction plateau and may result in affected
HRM resolution due to lower overall fluorescence. Moreover,
samples with higher Ct than rest of the group will result in Tm
shift and may affect final interpretations.

Results
Detection of SARS-CoV-2 by multiplex real-time PCR

Amultiplex real-time PCR assay was used for the detec-
tion of SARS-CoV-2 target genes (ORFlab and N) as well as

theinternal housekeeping gene (RNase P) in the samples
(data not shown).

Detection of SARS-CoV-2 variants

The selected positive samples were tested for known
SARS-CoV-2 variants using a commercial kit. The results
were interpreted based on the kit instructions. Briefly,
amplification curve on the green (FAM) channel rep-
resented the alpha variant. Amplification curves both
on the green (FAM) and orange (TEXAS Red) channels
represented either beta, gamma, or lambda variants.
Amplification curves on green (FAM), orange (TEXAS
Red), and red (Cy5) channels showed the delta variant.
Amplification curves on the green (FAM) in addition to
the red (Cy5) channels were indicative of the omicron
variant presence (Supplementary Fig.1). The results were
confirmed by Sanger sequencing at areference laboratory
(Pasteur Institute of Iran, Tehran, Iran).

High-resolution melt curve analysis

Three primer sets were designed for HRM analysis of
mutationsinthe genome of different SARS-CoV-2 variants.
Multiple sequence alignment of different amplicons is
shown in Fig. 1. Expected mutations in the amplicons of
the primer sets are summarized in Table 3.

In the first step, the function of the primer sets in dis-
tinguishing the Alpha variant from the original Wuhan
strain was evaluated (Fig. 2). The results showed that

Table 3. Expected mutations in the amplicons of 3 primer sets

Wuhan Alpha (UK) Beta Delta Omicron BA.1
Primersetl NSP6  -del3674-3676(TCTGGTTTT) -del3674-3676 (TCTGGTTTT) -A>G - del 3674-3676 (TCTGGTTTT)
-G>T

Primer set-2 S1l44 -del Y144 (TTA) None -G>A - GVYY142-145D (TGTTTATTA)
-G>T
-C>T
-A>T

Primerset-3 S69-70 -del 69-70 (ACATGT) -A>C None - del 69-70 (ACATGT)

-C>A
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Multiple sequence alignment of the selected SARS-CoV-2 variants
The amplicon sequences of the target regions for the primer set-1(a), primer set-2 (b), and primer set-3 (c) were subjected to multiple
alignment using CLC sequence viewer-7 software. (Acc. Nos. for the reference sequences in GenBank: Wuhan NC_045512; Alpha MZ344997;

Beta MW598419; Delta MZ359841; Omicron OL672836).

primer set-1 (NSP6) produced a Tm difference of 0.35°C
between the Wuhan strain and the Alpha variant. Primer
set-2 (S1) also detected a Tm difference of 0.23°C between
the Wuhan strain and the Alpha variant. However, primer
set-3 (S2) did not result in a significant difference in Tm
(0.08°C) to distinguish the Alpha variant from the Wuhan
strain. Therefore, primer set-1 and primer set-2 were se-
lected for subsequent experiments.

Then, the selected primer sets were used for the detec-
tion of the Alpha, Delta, and Omicron variants from the
original strain (Fig. 3). HRM analysis of the amplicon of
the primer set-1(NSP6) showed Tm differences of -0.39°C,
+0.4°C, and -0.6°C between Alpha, Delta, and Omicron
variants, respectively, in comparison with the original
Wuhan strain (Fig. 3a). Moreover, HRM analysis of the
amplification performed using primer set-2 (S1) showed
Tm differences of +0.32°C, -0.26°C, and +0.24°C between
Alpha, Delta, and Omicron variants, respectively, in com-
parison to original Wuhan strain (Fig. 3b). Efficiency of

thereactions was also evaluated using serial dilutions of
a known sample and it was 93% for primer set-1and 94%
for primer set-2.

The results of the present study showed that both
primer sets were able to distinguish selected viral variants
with a confidence of more than 90% (Fig. 4). Comparing
the suitability of the designed HRM assay for variant
detection with the results of Sanger sequencing revealed
that both primer sets correctly identified the variant of
14/16 (87.5%) samples.

Discussion

High-resolution melting curve analysis is a simple
method for genotyping, mutation scanning and se-
quence matching, which does not require any further
sample processing (Liew et al., 2004; Montgomery et al.,
2007). Following PCR amplification, melting curves of
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PCR products are analyzed by tracking the fluorescence
emission of a saturating double-stranded DNA binding
dye. As the temperature is raised, the fluorescence emis-
sion decreases. As low as one nucleotide pair variation
between two nucleotide arrays will cause alterations
in the melting temperature of the amplicons (Rouleau
et al., 2009; Al-Koofee et al., 2019). HRM is a closed-tube
method for fast, accurate,and high throughput mutation
screening at a lower cost than many other alternatives
(Al-Koofee et al., 2019). The results of the present study
showed that by targeting a short amplicon containing
a mutation of interest, different variants of SARS-CoV-2
canbedistinguished. Nucleotide changes inthe amplified
targets within NSP6 and Sregions induced enough diffe-
rences in Tm of theamplicons to be analyzed by HRM soft-
ware and specify each sample into its variant group with
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Application of three primer sets to distinguish between the
Wuhan strain and the Alpha variant
(a) DNA melt curves for the amplicons of three primer sets (NSP6, S1,
S2) and their normalization regions. (b) Normalized graphs of melt
curve analysis for NSP6, S1,and S2 amplicons. (c) Difference graph
representation of melt curve analysis for NSP6, S1,and S2 amplicons.

more than 90 percent of confidence. Other researchers
also used this technique for differentiating SARS-CoV-2
variants. For instance, Aoki et al. (2021) demonstrated
that HRM analysis can be used for the identification of
five mutations as known strain determinants of Global
Initiative on Sharing All Influenza Data (GISAID) clades
(L,S,V,G,GH, and GR). Their results also showed that the
RNA template (after cDNA synthesis) and saliva sam-
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Differentiation of SARS-CoV-2 variants by HRM analysis
Melt curve analyses of the amplicons are illustrated with norma-
lized graph and difference graph representations for primer set-1
(aand b) and primer set-2 (c and d).
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HRM analysis results table
The application of primer set-1(a) and primer set-2 (b) resulted in variant differentiation with a confidence of more than 90%.

ples were suitable for this analysis and did not have any
negative impacts on the test. In another study, Aoki and
colleagues successfully used this technique to screen for
L452R and T478K spike mutations in Delta variant (Aoki
et al., 2021). Diaz-Garcia et al. (2021) applied this method
for genotyping of the major SARS-CoV-2 clade at the time
of their study. They reported that a short-amplicon HRM
assay can be used to specifically detect variations in
position 417 of the receptor binding domain of the spike
protein. Earlier denaturation in the melting pattern of the
PCR product was shown in the GR clade compared to the
non-GR samples with later denaturation. (Diaz-Garcia et
al.,2021). In order to demonstrate D614G mutation in the
S gene, Gazali et al. (2021) developed a gPCR-HRM assay
using an amplicon of 172bpinlength and a Tm difference
0f0.23 °Cbetween D614 and G614 variants. They suggested
that this assay can be considered as a powerful tool for
high-throughput screening and epidemiological studies
of circulating variants (Gazali et al., 2021). Our primary
hypothesis was that deletion mutations will result in
lower Tm of the amplicon of interest and this was proved
by the melting curve analysis of the ORF PCR product.
However, in the case of primer set-2 amplicon, deletion
of TTA in Alpha variant and TGTTTATTA in Omicron va-
riant resulted in higher Tm of the PCR product, which is
associated with higher GC content of the amplicon (138 nt,
32.6% GC, Tm 87.1°C for Wuhan;135nt, 33.3% GC, Tm 87.5°C
for Alpha,138nt,30.4% GC, Tm 86.2°C for Delta, and 129 nt,
33.3% GC, Tm 87.3 for Omicron).

The emergence of new SARS-CoV-2 variants, especially
VOCs with significant differences in morbidity and/or
mortality rate, necessitates screening for known and
new variants of SARS-CoV-2. Common methods for the
detection of different variants are direct sequencing,

next-generation sequencing, fluorescent probe-based
real-time PCR assays, and so forth. However, these tech-
niquestake considerable time and effort, rely on expensive
fluorescently-labeled probes, and may not be suitable for
high-throughput screening of mutations.

The inexorable occurrence of mutations during rapid
replication of the virus is associated with the emergence
of new VOCs. Subsequent to the BA.1 subvariant of Omi-
cron, other subvariants including BA.2, BA.2.12.1, BA.2.75,
BA.4, and BA.5 have been responsible for the spread of
the ongoing pandemic. Multiple sequence alignment of
the NSP6 amplicon (primer set-1) showed that BA.1 dif-
fers only in one nucleotide (T instead of G) compared to
all other subvariants (Supplementary Fig. 2). However,
considering the absence of BA.1 DEL144 in all other sub-
variants, it seems that primer set-2 can be used more
efficiently to differentiate BA.1 from the others. Albeit
two nucleotide substitutions (A>G and T>C) would po-
tentially modify the pattern of BA.2.75 melting curves
in comparison with other subvariants (Supplementary
Fig. 2). Regarding primer set-3 (S2), although our results
revealed that it is not capable to efficiently differentiate
between Wuhan and Alpha variants, in-silico analyses
imply that,duetothe presence of DEL69-70, the test would
be able to distinguish between BA.4/5 and all BA.2s (BA.2,
BA2.12.1,BA.2.75), whichis of importance for current situa-
tion of the pandemic (Supplementary Fig. 2). Further wet
lab experiments are required to support this hypothesis.

One limitation of the present study was that each one
of the proposed primer sets was incapable to distinguish
the Beta variant of the virus, individually. Although the
Beta variant contains NSP6 del 3674-3676 (primer set-1)
similar to Alpha, and lacks S del Y144 (primer set-2) simi-
lar to Delta, simultaneous interpretation of the results
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for both primer sets is required to allocate one sample
to the category of this variant. Therefore, we decided
not to include this variant in our represented findings.
Another important limitation was the small sample size
used for method development and evaluation. However,
considering the use of Sanger-sequenced samples as
reliable representatives of each variant and the obtained
notable results, the proposed method can be considered
asapreliminary promising finding for further investiga-
tions in future.

The results obtained in this study demonstrated that
HRM, as asingle closed-tube method, makesit possible to
screen for new variants of the virus in a fast and reliable
way. However, one of the concerns regarding the applica-
tion of HRM analysis for mutation detection is that any
changesintheamplicon will resultin Tm differences. This
may confound the interpretation of the results. Therefore,
itis highly recommended that the results be confirmed by
direct sequencing as the gold standard method.

Conclusion

High-resolution melting curve analysis is a method
to provide a rapid mutation screening. Although this
strategy has been mostly used for double-stranded DNA
sequence assessment, the present study supports the
application of HRM analysis for RNA sequence mutation
screening. The latter is of importance for the detection of
different viral variants as well as drug-resistance muta-
tions in several virus families.
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Supplementary Fig. 1

Detection of SARS-CoV-2 variants by a commercial kit
(a) Amplification curve on the green (FAM) channel represented the alpha variant. (b) Amplification curves both on the green (FAM) and
orange (TEXAS Red) channels represented either beta, gamma, or lambda variants. (c) Amplification curves on green (FAM), orange (TEXAS
Red), and red (Cy5) channels showed the delta variant. (d) Amplification curves on the green (FAM) in addition to the red (Cy5) channels
were indicative of the omicron variant presence.
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NSP6 (DEL3675-3677)

BA.4-ON373214.1:11199-11307 (ORF) FGEG
BA.2-OM371884.1:11245-11353 (ORF)
BA.2.12.1-OM958567.1:11208-11316 (ORF)
BA.2.75-ON990685.1:11247-11355 (ORF)
BA.5-ON249995.1:11197-11305 (ORF)
BA.1-0OL672836.1:11190-11298 (ORF) TGEG!

BA.4-ON373214.1:11199-11307 (ORP)
BA.2-OM371884.1:11245-11353 (ORF) AGETGTAGTG
BA.2.12.1-OM958567.1:11208-11316 (ORF) AGETGTAGTG
BA.2.75-ON990685.1:11247-11355 (ORF)
BA.5-ON249995.1:11197-11305 (ORF)
BA.1-0L672836.1:11190-11298 (ORF) BCETGTAGTG 9] GABAGE A
Consensus AGCTGTAGTG_TTACTAATCC TTATGACAGC AAGAACTGT

Conservation
ox

S1 (DEL144) . . .

BA.1-0L672836.1:21828-21956 (144) HG|
BA.2-OM371884.1:21880-22017 (144)
BA.2.12.1-OM958567.1:21843-21980 (144)
BA.2.75-ON990685.1:21882-22019 (144)

BA.1-0L672836.1:21828-21956 (144) TABEGH 129
BA.2-OM371884.1:21880-22017 (144) GGA TG 138
BA.2.12.1-OM958567.1:21843-21980 (144) 138
BA.2.75-ON990685.1:21882-22019 (144) 138

BA.4-ON373214.1:21828-21965 (144) G| GG G G 138
BA.5-ON249995.1:21826-21963 (144) m @ A 138

Conse rvatlnn
o

S2 (DEL69-70)

BA.2-OM371884.1:21693-21797 (69-70)
BA.2.12.1-OM958567.1:21656-21760 (69-70)
BA.2.75-ON990685.1:21695-21799 (69-70)
BA.1-0L672836.1:21647-21745 (69-70) Ml
BA.4-ON373214.1:21647-21745 (69-70)
BA.5-ON249995.1:21645-21743 (69-70)

BA.2.12.1-OM958567.1:21656-21760 (69-70)
BA.2.75-ON990685.1:21695-21799 (69-70)
BA.1-0L672836.1:21647-21745 (69-70)
BA.4-ON373214.1:21647-21745 (69-70) BTG
BA.5-ON249995.1:21645-21743 (69-70) ATGGT| A TGTEE TAGEA 99
Consensus ATGGTACTAA GAGGTTTGAT AACCCTGTCC TACCA

Consevvauon
ox

Supplementary Fig. 2

Multiple sequence alignment of the target amplicons of primer set-1 (a), primer set-2 (b), and primer set-3 (c)



