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ARTICLE INFO ABSTRACT

Keywords: High-resolution melting (HRM) analysis was conducted to discriminate between SARS-CoV-2 Omicron variant
SAR.S'COV'z BA.1 (B.1.1.529.1) and subvariant BA.2 (B.1.1.529.2). We performed two-step PCR consisting of the first PCR
Omicron and the second nested PCR to prepare the amplicon for HRM analysis, which detected G339D, N440K, G446S and
g};u'i/[ analysis D796Y variations in the SARS-CoV-2 spike protein. The melting temperatures (Tms) of the amplicons from the
Subvariant cDNA of the Omicron variant BA.1 and subvariant BA.2 receptor binding domain (RBD) in spike protein were the

same: 75.2 °C (G339D variation) and 73.4 °C (D796Y variation). These Tms were distinct from those of SARS-
CoV-2 isolate Wuhan-Hu-1, and were specific to the Omicron variant. In HRM analyses that detected the
N440K and G446S variations, the Tms of amplicons from the cDNA of the Omicron variant BA.1 and subvariant
BA.2 RBDs were 73.0 °C (N440K and G446S variations) and 73.5 °C (G446S variation). This difference indicates
that the SARS-CoV-2 Omicron variants BA.1 and BA.2 can be clearly discriminated. Our study demonstrates the

usefulness of HRM analysis after two-step PCR for the discrimination of SARS-CoV-2 variants.

1. Introduction

At the end of 2019, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) emerged in China, and caused an outbreak of viral
pneumonia. This novel coronavirus disease, also known as coronavirus
disease 2019 (COVID-19), has spread rapidly all over the world and has
led to a pandemic [1,2]. Mutations in the wild type SARS-CoV-2 (isolate
Wuhan-Hu-1) genome have occurred frequently and have increased
rapidly, such as those resulting in Lineage B.1.1.7 (Alpha variant),
Lineage B.1.617.2 (Delta variant), and Lineage B.1.1.529 (Omicron
variant). Lineage B.1.1.529.1 (Omicron BA.1 variant) has been catego-
rized as a variant of concern (VOC) by the World Health Organization
(WHO) due to its higher transmissibility and infectivity, and Lineage
B.1.1.529.2 (‘stealth’ Omicron BA.2 variant), a subvariant of the Omi-
cron variant, has recently been detected worldwide. The WHO requested
that countries continue to be vigilant, to monitor and report sequences,
and to conduct independent and comparative analyses of the different
Omicron sublineages [3].

Post-PCR high-resolution melting (HRM) analysis is a highly sensi-
tive molecular biology method based on the melting temperature (Tm)

of amplified double-stranded DNA [4]. Several HRM analyses were
previously performed to identify mutations in the SARS-CoV-2 spike
protein gene, including in the receptor binding domain (RBD) in spike
protein [5-9]. These reports showed that HRM analysis can distinguish
between the Tms of the PCR products obtained from the SARS-CoV-2
genome. Furthermore, we previously detected Omicron BA.1-specific
G339D (nucleotide mutation: G1016A) and D796Y (nucleotide muta-
tion: G2368T) variations in the SARS-CoV-2 spike protein by post-PCR
HRM analysis [10].

The Omicron BA.1 variant has been replaced by the ‘stealth’ Omi-
cron BA.2 subvariant (B.1.1.529.2) worldwide [3]. The Omicron BA.2
subvariant as well as the Omicron BA.1 variant possesses many muta-
tions in the spike protein gene related to infectivity and vaccination
breakthrough cases [11]. Recently, Aoki et al. reported a pilot study to
discriminate SARS-CoV-2 BA.1 and BA.2 variants using a
high-resolution melting analysis by pre-print [12]. They focused on
Omicron BA.1-specific G446S and S477-N/T478K and Omicron
BA.2-specific R408S variations and S477N/T478K variations. But, their
derivative HRM curves had slightly shoulder shape affecting an acquired
Tm in those melting peak plots [12]. Therefore, we focused on the
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Omicron BA.1- and BA.2-specific N440K variation (nucleotide mutation:
T1320G) and the Omicron BA.1-specific G446S variation (nucleotide
mutation: G1336A) to distinguish the BA.2 subvariant from the Omicron
BA.1 variant. In this study, the combination of PCR and post-nested PCR
HRM analysis was carried out to discriminate these two variations by
using primer sets in our previous study [10]. In this study, the combi-
nation of PCR and post-nested PCR HRM analysis was used to discrim-
inate these two variations.

Here, we report an effective and sensitive method for distinguishing
between the Omicron BA.1 variant and the BA.2 subvariant. This
method is more efficient in detecting mutations than the time-
consuming sequencing-based detection method. This report also pro-
vides a rapid experimental protocol that can detect new SARS-CoV-2
variants, including the ‘Omicron recombinant variant’ XE.

2. Materials and methods

2.1. cDNA synthesis of wt SARS-CoV-2 RBD and SARS-CoV-2 RBD
variants

The wild-type SARS-CoV-2 (Isolate Wuhan-Hu-1) RNA genome was
purchased from VIRCELL S.L. Complementary DNA fragment synthesis
of the RBD (NCBI NC_045512.2 nt 22,487-24040: 1554 base) in wt
SARS-CoV-2 spike protein was performed as described previously [10].

The RBD sequences of the Delta (B.1.617.2), Omicron BA.1
(B.1.1.529.1) and Omicron BA.2 (B.1.1.529.2) variants were obtained
from NCBI (https://www.ncbi.nlm.nih.gov/sars-cov-2/). Complemen-
tary DNA fragments of these RBDs were prepared by site-directed
mutagenesis of the synthesized cDNA of the wt SARS-CoV-2 RBD using
the primer overlap extension method [13]. The cDNA fragments (1554
bp) of the RBD variants were purified and their sequences were
confirmed by agarose gel electrophoresis, gel extraction and DNA
sequencing, as described previously [10].

2.2. The first PCR amplification of the cDNA of the SARS-CoV-2 RBD

The first PCR was performed as described previously [10]. Each re-
action mixture (25 pL) contained 0.25 nM forward and reverse primers
(Fig. 1 and Supplementary Table 1), 1 pL of the abovementioned RBD
cDNA (1 pg/mL), and PrimeSTAR HS DNA Polymerase (Takara Bio). The
PCR amplification consisted of an initial denaturation for 5 s at 98 °C,
followed by 40 cycles of denaturation for 10 s at 98 °C, annealing for 5 s
at 57 °C and extension for 20 s at 72 °C. The final extension step was
carried out at 72 °C for 5 min. After PCR amplification, the reaction
mixture was diluted 100,000-fold with sterilized water and used as a
template for the subsequent post-nested PCR HRM analysis.

2.3. The second amplification step by nested real-time PCR

MeltDoctor HRM Master Mix (Thermo Fisher Scientific) was
employed for nested real-time PCR and the subsequent HRM analysis
according to the manufacturer’s instructions. Primer pairs are shown in
Fig. 1 and Supplementary Table 1. The primer pairs were designed to
detect Omicron BA.1 and BA.2 variant-specific G339D (nucleotide mu-
tation: G1016A), N440K (nucleotide mutation: T1320G), D796Y
(nucleotide mutation: G2368T) and Omicron BA.2 variant-specific
G446S (nucleotide mutation: G1336A) variations. Each reaction
mixture (20 pL) contained 1 pL of the first step PCR 100,000-fold dilu-
tion mixture, 300 nmol/L of each primer, and 1 x MeltDoctor HRM
Master Mix. The nested real-time PCR and the subsequent HRM analyses
were conducted on a QuantStudio 5 real-time PCR system (Thermo
Fisher Scientific). The nested PCR amplification was performed under
the following conditions: 10 min at 95 °C; 40 cycles of 10 s at 95 °C and
30 s at 60 °C. The fluorescence of the reporter dye was monitored for an
extension step at 60 °C.
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2.4. Post-nested PCR HRM analysis

After amplification by nested real-time PCR, HRM analysis of the
amplicon was carried out with denaturation at 95 °C for 10 s, cooling at
60 °C for 60 s and melting curve generation from 60 °C to 95 °C in
0.025 °C/s increments. HRM curves were prepared, and Tm values were
calculated based on the derivative HRM curves by High Resolution Melt
Software v.3.2 (Applied Biosystem). The sequences of all amplicons
were confirmed by DNA sequencing after HRM analysis.

3. Results

3.1. Amplification by nested real-time PCR for the wt SARS-CoV-2 RBD
and SARS-CoV-2 RBD variants

In the second nested real-time PCR step, amplification was confirmed
by the fluorescence signal of reporter dye, as shown in Supplementary
Fig. 1. All amplification plots showed similar profiles in which the values
of delta Rn were saturated at 1.0 x 10°.

3.2. HRM analysis of the amplicon by nested real-time PCR for wt SARS-
CoV-2 RBD and SARS-CoV-2 RBD variants

Post-nested PCR HRM analyses of the wt SARS-CoV-2 RBD and SARS-
CoV-2 RBD variants were performed in triplicate. Figs. 2 and 3 show
representative normalized HRM curves and derivative HRM curves for
amplicons of the second step nested PCR respectively.

The normalized HRM curves for amplicons of the Omicron BA.1
variant and BA.2 subvariant exhibited significant differences from the
other curves (wt and Delta variant) in the G1016A and G2368T mutation
analysis (Fig. 2A and C). The HRM curve for the amplicon of Omicron
BA.1 had a similar profile to that of wt SARS-CoV-2 Wuhan-Hu-1 in the
detection of the mutations T1320G and G1336A. In contrast, the
normalized HRM curve for the amplicon of Omicron BA.2 showed a
profile similar to that of the Delta variant (Fig. 2B).

3.3. Tm analyses after nested real-time PCR for wt SARS-CoV-2 RBD and
SARS-CoV-2 variant RBDs

Tms were acquired by the derivative HRM curves (Fig. 3), as shown
in Table 1. The Tms of the amplicon obtained from the Omicron BA.1
variant were 75.2 and 73.4 °C, the same as those from the Omicron BA.2
variant, in HRM analyses designed to identify the G339D and D796Y
variations (G1016A and G2368T mutations), as shown in Table 1. The
Tms of these two Omicron variants were distinct from those (75.6-75.7
and 73.9 °C) of wt SARS-CoV-2 Wuhan-Hu-1 and the Delta variant.

In HRM analyses designed to target the N440K and G446S variations
(T1320G and G1336A mutations), the Tm (73.0 °C) obtained from the
Omicron BA.1 variant was close to that (72.9 °C) of wt SARS-CoV-2
Wuhan-Hu-1, while the Tm (73.5 °C) of the Omicron BA.2 variant was
close to that (73.4 °C) of the Delta variant (Fig. 3B and Table 1).

4. Discussion

We used the same primer pair (Supplementary Table 1) as our pre-
vious report [10] to confirm the efficacy of a second nested PCR for the
detection of all mutations (G1016A, T1320G, G1336A and G2368T) in
this study. All Rn values of the amplification plot obtained in the second
nested real-time PCR were saturated at 1.0 x 10° (Supplementary
Fig. 1). This saturation of Rn values and the profiles of the amplification
plots clearly show that the amplicons from the nested PCR were derived
from SARS-CoV-2 genes. We then analysed the amplified products ob-
tained from the first PCR and the second nested real-time PCR by
agarose gel electrophoresis. All amplicons from the second nested
real-time PCR appeared as a single band on the agarose gel (Supple-
mentary Fig. 2, e.g., target G1016A mutation). This convergence to a
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gaaaaaggaatctatcaaacttctaactttagagtccaaccaacagaatctattgttaga
gaaaaaggaatctatcaaacttctaactttagagtccaaccaacagaatctattgttaga
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tttcctaatattacaaacttgtgcccttttggtgaagtttttaacgccaccagatttgea
tttcctaatattacaaacttgtgcccttttgﬂtgaagtttttaacgccaccagatttgca
tttcctaatattacaaacttgtgcccttttgﬂtgaagtttttaacgccaccagatttgca
1048 1078
tctgtttatgcttggaacaggaagagaatcagcaactgtgttgctgattattctgtccta
tctgtttatgcttggaacaggaagagaatcagcaactgtgttgctgattattctgtccta
tctgtttatgcttggaacaggaagagaatcagcaactgtgttgectgattattctgtecta
tctgtttatgcttggaacaggaagagaatcagcaactgtgttgctgattattctgtcecta

1225 1239

caaatcgctccaggii iR aaE N ot tataaattaccagatgat
caaatcgctccagggcaaactggaaagattgctgattataattataaattaccagatgat
caaatcgctccagggcaaactqgaaaﬂattgctgattataattataaattaccagatgat
caaatcgﬂtccagggcaaactggaaaﬂattgctgattataattataaattaccagatgat

1290 1320 1336
tttacaggctgcgttatagcttggaattctaacaatcttgattctaaggttggtggtaat
tttacaggctgcgttatagecttggaattctaacaatcttgattctaaggttggtggtaat
tttacaggctgcgttatagcttggaattctaacaaﬁcttgattctaaggttﬂgtggtaat
tttacaggctgcgttatagcttggaattctaacaaﬁcttgattctaaqgttggtggtaat
1335 1370
tataattacctgtatagattgtttaggaagtctaatctcaaaccttttgagagagatatt
tataattaccﬁgtatagattgtttaggaaqtctaatctcaaaccttttgagagagatatt
tataattacctgtatagattgtttaggaagtctaatctcaaaccttttgagagagatatt
tataattacctgtatagattgtttaggaagtctaatctcaaaccttttgagagagatatt
1417

tcaactgaaatctatcaggccggtagcacaccttgtaatggtgttgaaggttttaattgt
tcaactgaaatctatcaggccggtagcaEaccttgtaatggtgttgaaggttttaattgt
tcaactgaaatctatcaggccggtaflcaflaccttgtaatggtgttofaggttttaattgt
tcaactgaaatctatcaggccggtaflcaflaccttgtaatggtgttoffaggttttaattgt

2307 2334
o e e P cccaagaagtttttgcacaagtcaaacaaatt
ggaatagctgttgaacaagacaaaaacacccaagaagtttttgcacaagtcaaacaaatt
ggaatagctgttgaacaagacaaaaacacccaagaagtttttgcacaagtcaaacaaatt
ggaatagctgttgaacaagacaaaaacacccaagaagtttttgcacaagtcaaacaaatt

2368

tacaaaacaccaccaattaaagattttggtggttttaatttttcacaaatattaccagat
tacaaaacaccaccaattaaagattttggtggttttaatttttcacaaatattaccagat
tacaaaacaccaccaattaaaﬁattttggtggttttaatttttcacaaatattaccagat
tacaaaacaccaccaattaaaﬁattttggtggttttaatttttcacaaatattaccaqat

2428 2445 2478
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ccatcaaaaccaagcaagaggtcatttattgaagatctacttttcaacaaagtg
ccatcaaaaccaagcaagaggtcatttattgaagatctacttttcaacaaagtyg
ccatcaaaaccaagcaagaggtcatttattgaagatctacttttcaacaaagtyg

Fig. 1. Comparisons of the SARS-CoV-2 Wuhan-Hu-1 isolate, Delta variant, Omicron variant BA.1 and Omicron subvariant BA.2 sequences.

(A) Sequence position at SARS-CoV-2 Isolate Wuhan-Hu-1: nt925 - nt1104. (B) Sequence position at SARS-CoV-2 Isolate Wuhan-Hu-1: nt1225 — nt1464. (C) Sequence
position at SARS-CoV-2 Isolate Wuhan-Hu-1: nt2307 — nt2478. Nucleotide numbers are positioned at spike protein gene in SARS-CoV-2 isolate Wuhan-Hu-1 genome
(NC_045512.2).

Shading indicates the sequence of the primer used for amplification in the first PCR step, and plain and italic letters indicate the sequences of the forward and reverse
primers, respectively. The underline indicates the sequence of the primer for the second nested real-time PCR, and plain and italic letters indicate the sequences of the
forward and reverse primers, respectively. The targeted mutations in the HRM analysis are shown in capital letters. All amplicons from the second nested real-time
PCR step were obtained from the product of the first PCR amplification against cDNA (nt 925-2478) of wt SARS-CoV-2 RBD and SARS-CoV-2 RBD variants. Amplicons
obtained from the second amplification by nested real-time PCR were 115 bp (nt956 — nt1070), 105 bp (nt1290 — nt1394) and 115 bp (nt2334 — nt2448).
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Fig. 2. Normalized HRM curves for amplicons of the SARS-CoV-2 Wuhan-Hu-1
isolate RBD and SARS-CoV-2 variant RBDs.

(A) Normalized HRM curves of amplicons from the second nested PCR ampli-
fication with the primer pair “Second G339D forward” and “Second G339D
reverse” to detect the G1016A mutation.

(B) Normalized HRM curves of amplicons from the second nested PCR ampli-
fication with the primer pair “Second N440K and G4468S forward” and “Second
N440K and G446S reverse” to detect the T1320G and G1336A mutations.

(C) Normalized HRM curves of amplicons from the second nested PCR ampli-
fication with the primer pair “Second D796Y forward” and “Second D796Y
reverse” to detect the G2368T mutation.

Black dotted lines indicate HRM curves for amplicons from the cDNA of SARS-
CoV-2 Wuhan-Hu-1 isolate RBD. Grey broken lines indicate HRM curves for
amplicons from the cDNA of SARS-CoV-2 Delta variant RBD. Grey solid lines
indicate HRM curves for amplicons from the cDNA of SARS-CoV-2 Omicron
BA.1 variant RBD. Black solid lines indicate HRM curves for amplicons of SARS-
CoV-2 Omicron BA.2 subvariant RBD. HRM analyses were performed three
times, the mean Tm was calculated. A representative curve is shown in
this figure.

single band demonstrated the efficacy of the second nested PCR and
corresponds with the Rn saturation on the amplification plot. In addi-
tion, the HRM curves for the detection of the mutation T1335G showed
significant differences between Delta variant and wt SARS-CoV-2
Wuhan-Hu-1 (Figs. 2B and 3B.). These differences were consistent
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Fig. 3. Derivative HRM curves for amplicons of SARS-CoV-2 Wuhan-Hu-1
isolate RBD and SARS-CoV-2 variant RBDs.

(A) Derivative HRM curves of amplicons from the second nested PCR amplifi-
cation with the primer pair “Second G339D forward” and “Second G339D
reverse” to detect the G1016A mutation.

(B) Derivative HRM curves of amplicons from the second nested PCR amplifi-
cation with the primer pair “Second N440K and G446S forward” and “Second
N440K and G446S reverse” to detect the T1320G and G1336A mutations.

(C) Derivative HRM curves of amplicons from the second nested PCR amplifi-
cation with the primer pair “Second D796Y forward” and “Second D796Y
reverse” to detect the G2368T mutation.

Black dotted lines indicate HRM curves for amplicons of the SARS-CoV-2
Wuhan-Hu-1 isolate RBD. Grey broken lines indicate HRM curves for ampli-
cons of SARS-CoV-2 Delta variant RBD. Grey solid lines indicate HRM curves for
amplicons of the SARS-CoV-2 Omicron BA.1 variant RBD. Black solid lines
indicate HRM curves for amplicons of the SARS-CoV-2 Omicron BA.2 sub-
variant RBD. HRM analyses were performed three times, the mean Tm was
calculated. A representative curve is shown in this figure.

with the results reported by Aoki et al. and our group [10,14]. Collec-
tively, these results demonstrate the efficacy of the post-nested PCR
HRM analysis in this study.

The HRM curves of Omicron BA.2 variants did not show significant
differences from those of the Omicron BA.1 variant in the detection of
the G339D (mutation G1016A) and D796Y (mutation G2368T)
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Table 1
Tms of nested PCR amplicons of the SARS-CoV-2 RBD isolate Wuhan-Hu-1 and
SARS-CoV-2 RBD variants.

Target Mean Tmof Mean Tmof  Mean Tm of Mean Tm of
variation the Wuhan- the Delta the Omicron the Omicron
(Nucleotide Hu-1 RBD variant BA.1 variant BA.2 variant
mutation) Q) RBD (°C) RBD (°C) RBD (°C)
G339D 75.6 75.7 75.2 75.2
(G1016A)
N440K, G446S 72.9 73.4 73.0 73.5
(T1320G,
G1336A)
D796Y 73.9 73.9 73.4 73.4
(G2368T)

Tms were calculated from the derivative HRM curves (Fig. 3A, B and C). HRM
analyses were performed three times, the mean Tm was calculated.

variations (Fig. 2A and C). As shown in Table 1, the Tms of the amplicons
from the Omicron BA.1 and BA.2 variants were 75.2 and 73.4 °C. These
Tms were lower than those of wt SARS-CoV-2 Wuhan-Hu-1 and the Delta
variant (75.6-75.7 and 73.9 °C), as shown in Table 1. Therefore, a
decrease in the Tm of the amplicon in the detection of the G1016A and
G2368T mutations compared to the Tm of wt SARS-CoV-2 Wuhan-Hu-1
means that the amplicon derives from the Omicron BA.1 or BA.2 variant.

In the detection of the N440K and G446S variations (mutations
T1320G and G1336A), the HRM curve of the amplicon of the Omicron
BA.2 variant was considerably different from that of the Omicron BA.1
variant (Fig. 2B). As shown in Table 1, The Tms obtained from the
amplicons of the Omicron BA.1 and BA.2 variants were 73.0 and 73.5 °C.
In contrast, there were no significant differences between the Tm
(73.0 °C) of the amplicon from Omicron BA.1 and that (72.9 °C) of wt
SARS-CoV-2 Wuhan-Hu-1 because the positive effect of the T1320G
mutation on the Tm of the amplicon counteracted the negative effect of
the G1336A mutation on the Tm of the amplicon, as reported previously
[10]. Since the amplicons from the Omicron BA.2 and Delta variants are
the same length (105 bp) and the same kind of mutation (T1335G and
T1320G) was present in their amplicon (Fig. 1 and Supplementary
Table 1), the Tm (73.5 °C) of the amplicon of Omicron BA.2 was close to
that (73.4 °C) of the Delta variant. Taken together, these results indicate
that HRM analysis for the detection of the N440K and G446S variations
(mutations T1320G and G2368A) can be used to distinguish between the
Omicron BA.1 variant and BA.2 subvariant.

In a previous study, we showed that the HRM curves and Tms ob-
tained from an Omicron variant-positive specimen by using the same
primer pairs were consistent with those of the cDNA amplicon of Omi-
cron variant RBD [10]. In this study, the amplicon obtained by nested
real-time PCR shows saturated Rn values on the amplification plot
(Supplementary Fig. 1), and the saturation of the Rn value means that
the amplicon obtained by nested PCR is derived from the SARS-CoV-2
gene. Given this consistency, this study indicates that post-PCR HRM
analyses in the detection of G1016A, G1336A, T1320G and G2368T
mutations can identify SARS-CoV-2 Omicron variants from
SARS-CoV-2-positive specimen and that the HRM analysis can be
applied to discriminate between the Omicron BA.1 variant and BA.2
subvariant.

Here, we report the discrimination between the SARS-CoV-2 Omi-
cron BA.1 and BA.2 variants by HRM analysis of nested PCR amplicons.
This method can be applied to discriminate various virus variations by
designing an adequate oligonucleotide primer, and could be adapted to
screen SARS-CoV-2 variants.
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