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Abstract 

The coronavirus disease 2019 (COVID-19) pandemic is unceasingly spreading across the globe, and recently a highly transmissible 
Omicron SARS-CoV-2 variant (B.1.1.529) has been discovered in South Africa and Botswana. Rapid identification of this variant is es
sential for pandemic assessment and containment. However, variant identification is mainly being performed using expensive and 
time-consuming genomic sequencing. In this study, we propose an alternative RT-qPCR approach for the detection of the Omicron 
BA.1 variant using a low-cost and rapid SYBR Green method. We have designed specific primers to confirm the deletion mutations in 
the spike (S Δ143-145) and the nucleocapsid (N Δ31-33) which are characteristics of this variant. For the evaluation, we used 120 clini
cal samples from patients with PCR-confirmed SARS-CoV-2 infections, and displaying an S-gene target failure (SGTF) when using 
TaqPath COVID-19 kit (Thermo Fisher Scientific, Waltham, USA) that included the ORF1ab, S, and N gene targets. Our results showed 
that all the 120 samples harbored S Δ143-145 and N Δ31-33, which was further confirmed by whole-genome sequencing of 10 sam
ples, thereby validating our SYBR Green-based protocol. This protocol can be easily implemented to rapidly confirm the diagnosis 
of the Omicron BA.1 variant in COVID-19 patients and prevent its spread among populations, especially in countries with high 
prevalence of SGTF profile.
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Introduction
The World Health Organization has declared the coronavirus dis
ease 2019 (COVID-19) outbreak in China a global pandemic on 
March 2020. Since then, the causative agent, severe acute respi
ratory syndrome coronavirus 2 (SARS-CoV-2), has been exten
sively investigated, with more than 16,533,571 million genomic 
sequences obtained and made freely available on the GISAID 
database on 17 February 2024. As the SARS-CoV-2 spreads over 
the globe, a natural process of random mutations and evolution 
continues [1, 2]. In some circumstances, a mutation provides an 
evolutionary advantage for the virus, resulting in the emergence 
of a novel viral lineage that outnumbers previous forms. Many 
SARS-CoV-2 variants have emerged in various regions of the 
world, and five of them, Alpha (B.1.1.7), Beta (B.1.351), Gamma 
(P.1), Delta (B.1.617.2), and, most recently, Omicron (BA.1), have 
been designated as variants of concern (VOC) due to their in
creased transmissibility, virulence, and/or ability to evade immu
nity [3–8]. Because of its unusual mutational profile and rapid 
increase in prevalence, the Omicron variant, first found in South 
Africa and Botswana in November 2021, acquired its VOC classifi
cation within days, displacing pre-existing lineages in that coun
try. Omicron has since surpassed pre-existing variants in Europe, 
the United States, and a number of other countries, causing a 
new worldwide outbreak. Omicron (BA.1) displays more than 55 
mutations in its genome, with 33 of them occurring only in the 

spike (S) protein including three deletions (Δ69-70, Δ143-145, 
Δ211) and one insertion (ins214EPE). Also, the nucleocapsid (N) 
protein contains four mutations including one deletion Δ31-33, 
and three substitutions (P13L, R203K, and G204R) [8–10].

The rapid spreading of Omicron across the globe urges the 
need to establish a rapid and low-cost diagnostic tool that could 
quickly and efficiently detect and track it in order to initiate 
response and proper policy for pandemic containment. Until 
now, sequencing is considered as the gold-standard method for 
identifying SARS-CoV-2 variants. This method is accurate but 
time-consuming and expensive. Alternatively, rapid and low-cost 
RT-qPCR detection methods were proposed recently including 
the use of a range of primers specific for mutations common to 
VOCs [11–17], or utilizing commercial kits such as TaqPath 
COVID-19 diagnostic tests (Thermo Fisher Scientific, Waltham, 
USA) that included the ORF1ab, S, and N gene targets. Some of 
the SARS-CoV-2 VOCs, Alpha (B.1.1.7) and Omicron (BA.1), gener
ate dropout of the S-gene result in TaqPath kit, with positive 
results for the other targets (ORF1ab and N genes). This feature 
has been used as an indicator or screening method to identify 
these particular variants. The failure of the S-gene target is 
caused by a deletion mutation Δ69-70 in the respective gene and 
is called the S-gene target failure (SGTF). Confirmation of 
the Omicron variant can be performed by specific RT-PCR assays 
targeting mutations that are characteristic to this variant 
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(S Δ143-145 and N Δ31-33) with mutation-matched primers or 
probes, and identification through amplification and melting 
curve analyses [18]. However, at least a subset of samples should 
be further characterized by sequencing to increase the confi
dence and reliability of the obtained results [15].

In 17 February 2024, 9,054,259 Omicron sequences have been 
shared worldwide through the GISAID, among them 8,087,133 
sequences belong to the BA.1 sub-variant (89,31%), and all har
boring the S Δ143-145 and N Δ31-33 mutations or at least one of 
them. Consequently, we report here a low-cost SYBR Green- 
based qPCR protocol for the rapid and specific detection of these 
two deletion mutations. We propose primer sets, specific to S 
Δ143-145, and N Δ31-33, that could provide a comparatively inex
pensive, simple, rapid, highly sensitive, and specific protocol al
ternative to commercial kits or can be applied as a second step to 
confirm the diagnosis when the number and proportion of SGTF 
are steadily increasing.

Materials and methods
Clinical specimens
A total of 220 clinical nasopharyngeal samples were collected 
and selected for this study from 3 to 22 December 2021. All these 
samples were previously tested for the presence of SARS-CoV-2 
at the Laboratory of Molecular Biology and Cancer Immunology 
of the Lebanese University, using the Applied BiosystemsTM 

TaqPathTM COVID-19 assay which targeted the RdRp, N, and S 
genes. 120 of these clinical samples were positive for SARS-CoV- 
2 by TaqPath kit with SGTF profile, and 100 clinical samples 
were negative for SARS-CoV-2. Fifteen clinical nasopharyngeal 
samples previously confirmed Delta variant, with Ct (cycle 
threshold) value between 21.6 and 31, were used as negative 
control. Written informed consent was provided by all 
participants.

RNA extraction and SARS-CoV-2 qRT-PCR
RNA was extracted from 200 mL of VTM from the clinical samples 
on Kingfisher flex purification system (Thermo Fisher) using 
MagMAXTM Viral/Pathogen Nucleic Acid Isolation Kit (Thermo 
fisher). Reactions were performed in a 20 mL final volume reaction 
containing 5 mL of extracted RNA. RT-qPCR was performed using 
QuantStudio 5 real-time PCR detection system (Thermo fisher) 
and TaqPath 2019-nCoV real-time PCR kit (Thermo fisher), which 
targeted the RdRp, N and S genes of SARS-CoV-2.

For the validation of Omicron variant in SARS-CoV-2 positive 
samples, total RNA was retrotranscribed into cDNA using iScript 
cDNA synthesis kit (BioRad), following the manufacturer’s rec
ommended procedures. Quantitative RT-PCR was carried out us
ing iTaq universal SYBR Green super mix (Bio Rad). Real-time 
PCR was performed using Bio Rad CFX96 Real-Time PCR Machine. 
The thermal cycling conditions used were as follows: 94�C for 
2 min, followed by 40 cycles of amplification at 94�C for 
10 seconds, and 60�C for 1 minute. The reaction was completed 
by determining the dissociation curve of all amplicons.

Primer design
Primers were designed based on the full sequence of the Wuhan 
SARS-CoV-2 genome sequence from NCBI nucleotide database 
(NC_045512) and the full sequence of B.1.1.529 (BA.1) variant 
(EPI_ISL_6640917) from GISAID EpiCoV database collected in 
November 2021 (Fig 1). Bioinformatics tools were used to design 
and verify the SARS-CoV-2 specific primers. We validated our 
PCR primers in-silico with the PCR Primer-Blast tool which allows 

to investigate the amplification targets of primers to thereby en
suring adequate specificity. The primer sets used in this study 
were synthesized and delivered by Macrogen (Republic of 
Korea) (Table 1).

Genome sequencing and lineage analysis
Ten samples displaying the Omicron variant profile by RT-PCR 
analysis were selected for genome sequencing. Samples were se
quenced using the Nanopore MinION methodology, and consen
sus sequences were generated using the bioinformatics SOP 
(https://artic.network/ncov-2019/ncov2019-bioinformatics-sop.html) 
in Nanopolish mode. Sequences obtained were deposited in 
GISAID database under the accession numbers EPI_ISL_7651286 to 
192 EPI_ISL_7651289, EPI_ISL_11327269, EPI_ISL_11327268, 
EPI_ISL_11327263, 193 EPI_ISL_11327262, EPI_ISL_11327252, and 
EPI_ISL_11327251. were collected from 3 to 6 December 2021.

Results
Surveillance data, in the Laboratory of Molecular Biology and 
Cancer Immunology at the Lebanese University, revealed the 
re-emergence of SGTF profile with a traveler coming from 
Abidjan on 3 December 2021. This sample was identified as 
Omicron BA.1 by whole-genome sequencing. Since then, the 
number and the proportion of samples with SGTF profile were 
steadily increasing and have reached, as of 10 January 2022, 
approximately 95% of positive cases among passengers coming 
to Lebanon. This dramatic increase in SGTF percentage, sus
pected as Omicron BA.1 variant, urges the need for a rapid and 
accurate diagnostic tool to detect and track this variant. In this 
study, we developed a SYBR Green-based RT-qPCR assay for the 
detection of Omicron BA.1 variant. Our design was based on the 
differences in gene sequence from the original SARS-CoV-2 se
quence (Fig. 1, Table 1).

The Omicron variants contains several specific mutations 
that could potentially serve as a good tool for timely detection. 
These include nine nucleotide deletions in the S gene Δ143-145, 
and other nine nucleotide deletions in the N gene Δ31-33. 
Accordingly, two groups of primers were designated. The first 
group (spike del 143-145, and N del 31-33) was designed to detect 
these two mutations, whereas the second group (spike WT 143- 
145 and N WT 31-33) was designed to detect variants not harbor
ing these deletions. A last primer pair (spike control) was 
designed from within the S gene in a region common to all var
iants including Omicron and was used as a control for cDNA syn
thesis and to ensure RNA integrity.

Calibration curve and limit of detection
In order to validate their accuracy and efficacy, the newly 
designed primer set underwent optimization by testing them on 
a serial 10-fold dilution of RNA template as follows: 50, 5, 0.5, 
0.05, 0.005, 0.0005, and 0.00005 ng/ml. All diluted samples were 
tested in triplicates by the gold-standard TaqMan RT-qPCR 
(TaqPath kit) and by our SYBR Green-based RT-qPCR proto
col (Table 2).

A calibration curve was generated for all the primer sets listed 
in Table 2, using the serial dilution results. Linear regression per
formed for these primer sets demonstrated strong correlation 
(Fig. 2). A limit of detection (LOD) was determined for each primer 
set and identified as 0.0005 ng/mL for the two sets (Table 2, Fig. 2), 
or with maximal Ct of 34.05 or 35.5 obtained by TaqMan when 
targeting ORF1ab and SYBR Green RT-PCR, respectively. 
According to the manufacturer, the LOD of TaqPath kit is 800 
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Figure 1. The Localization and design of the primers used. The nine nucleotides deleted in S gene and in N gene of Omicron variant are marked 
in bold.

Table 1. List of primer sets.

Target gene Primer name Primer sequence (5’-3’)

N N WT 31-33 forward GTAACCAGAATGGAGAACGCA
N N del 31-33 forward ACTGGCAGTAACCAGAATGGTG
N N reverse CGGTAGTAGCCAATTTGGTCATC
S Spike WT 143-145 forward ATGATCCATTTTTGGGTGTTTATT
S Spike del 143-145 forward GTAATGATCCATTTTTGGACCA
S Spike reverse ACACAAATTCCCTAAGATTTTTGA
S Spike control forward CAACAAAAGTTGGATGGAAAGTG
S Spike control reverse GATCACGCACTAAATTAATAGGC

Deleted nucleotides are in bold.

Table 2. Determination of the sensitivity by seven serials 10-fold dilutions. 

CT values (SYBR Green)Ct values (Taq Path kit,  
ORF1ab probe)Concentration of RNA Dilution Factor 1/10Spike del 143-145N del 31-33S control(continued)50 ng/μl19.51 ± 0.35419.43 ± 0.48919.07 

± 0.51817.73 ± 0.1545 ng/μl21.89 ± 0.61221.59 ± 0.34221.42 ± 0.48520.79 ± 0.2670.5 ng/μl24.99 ± 0.300425 ± 0.18924.65 ± 0.46124.05 ± 
0.2510.05 ng/ml28.58 ± 0.43628.69 ± 0.32528.34 ± 0.29727.89 ± 0.1530.005 ng/ul30.94 ± 0.64032.1 ± 0.42533.52 ± 0.54331.61 ± 0.0750.0005 ng/ 
ul35.56 ± 0.33835.4 ± 0.12034.32 ± 0.3334.05 ± 0.2500.00005 ng/ulNDNDNDND

Diluted samples were tested by our SYBR Green-based protocol and by TaqMan RT-qPCR (TaqPath kit). 
ND: not detected.
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copies/mL when Ct value of ORF1ab is 34 and is 1560 copies/ml 
when its Ct is 33 (Ion AmpliSeq SARS CoV 2 Research Panel 
SARS-CoV-2). So, the LOD of our protocol is between 800 and 
1560 copies/ml.

Moreover, the specificity of our primers was investigated by 
four different ways: (i) using 15 clinical positive samples for 
SARS-CoV-2 confirmed Delta variant; (ii) using 100 clinical nega
tive samples for SARS-CoV-2 by TaqPath kit; they did not 

Figure 2. Calibration curves of SYBR Green-based qPCR primers Spike del 143-145, N del 31-33, Spike control and TaqPath kit. Serially 10-fold diluted 
RNA containing the mutations S Δ143-145 and N Δ31-33 were amplified and analyzed. (a) The threshold cycle (Ct) mean values were plotted against the 
Log starting quantity (ng/μl). slope, R2 and Efficiency (E) were determined. Each dilution was assayed in triplicate.

Figure 3. The melting curves for the products amplified with the SYBR Green-based qPCR protocol in S-gene target failure samples using the primers: 
(a) Spike del 143-145; (b) N del 31-33. The melting curves in Delta samples using the primers: (c) Spike control and Spike del 143-145 or N del 31-33 
reveal specific melt peak for each primer set.
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manifest a signal when tested with such negative controls; (iii) 
using in silico prediction analyses as described in the Material and 
Methods section; and (iv) by WGS of 10 samples.

To avoid any false-positive signals resulting from nonspecific 
products or primer-dimers, a melting curve analysis was in
cluded at the end of each PCR assay to determine the specificity 
and efficiency of each RT-qPCR reaction. Accuracy of our primers 
to amplify single amplicon is represented as single peak in melt
ing curves (Fig. 3).

Clinical evaluation of spike del 143-145 and N del 31-33 
primer sets
After full optimization of the newly designed primer sets and the 
verification of their sensitivity and specificity in our qPCR assay, 
they were employed on 120 clinical samples positive for SARS- 
CoV-2, collected between 3 and 22 December 2021, and they dis
played a Ct < 30 with an SGTF profile. Our results showed that 
the spike control-gene amplicons were detected in all samples, 
providing evidence of cDNA synthesis and sample integrity pres
ervation (Supplementary Table 1, Fig. 3). Importantly, the S del 
143-145-gene amplicons were detected in all the 120 samples, in
dicating the presence of the S Δ143-145 deletion and obviously 
the absence of the amino acids 143, 144, and 145 in the spike pro
tein of these samples (Supplementary Table 1, Fig. 3a). Similar 
results were obtained for the N del 31-33-gene, and amplicons 
were also detected in all the 120 samples indicating the presence 
of the N Δ31-33 deletion and the absence of the amino acids 31, 
32, and 33 in the nucleocapsid protein of these samples 
(Supplementary Table 1, Fig. 3b). The use of S WT 143-145 and N 
WT 31-33 primers did not result in amplified product in any of 
the samples, thereby indicating that the S Δ143-145 and N Δ31-33 
deletions are located within the genomic region targeted by these 
two primer sets (Fig. 3a and b). Moreover, the S del 143-145 and N 
del 31-33 primers did not generate any amplification in the 15 
Delta samples, providing evidence of the specificity of our proto
col, whereas for the spike control primers amplicons were 
detected in Delta samples demonstrating the synthesis of 
cDNA (Fig. 3c).

The amplification results obtained with spike del 143-145 and 
N del 31-33 primers were fully concordant with S WT 143-145 
and N WT 31-33 primers, 100% of the SGTF samples harboring 
both S Δ143-145 and the N Δ 31-33 deletions (Supplementary 
Table 1).

An additional advantage of this protocol is shown in Fig. 4 
where we observe a strong correlation between the Ct values 

generated by TaqPath kit and by our primer sets. This protocol 
could be used as a comparatively inexpensive, simple, and non- 
commercial alternative to commercial kits to facilitate monitor
ing of the spread of the Omicron variants.

Furthermore, 10 of the S-negative samples were sequenced by 
WGS at the Microbial Pathogenomics Laboratory of the Lebanese 
American University and sequences obtained were deposited in 
GISAID database under the accession number EPI_ISL_7651286 to 
192 EPI_ISL_7651289, EPI_ISL_11327269, EPI_ISL_11327268, 
EPI_ISL_11327263, 193 EPI_ISL_11327262, EPI_ISL_11327252, and 
EPI_ISL_11327251. Sequence data analysis revealed that the 10 
samples belonged to the Omicron variant.

Conclusion
The protocol we described herein is faster, simpler, and more 
cost-effective than the genome sequencing-based method. The 
uniqueness of the targeted mutations (S Δ143-145 and N Δ31-33) 
renders this protocol highly accurate and amply adequate to the 
early identification of the suspected samples as Omicron BA.1 
when genome sequencing is unavailable. In conclusion, this 
mutation-specific PCR assay would allow any laboratory having 
the ability to conduct PCR assays to rapidly and reliably screen 
for Omicron variants in order to enhance surveillance capacity to 
identify cases and support decision making for interrupting 
transmission.

Supplementary data
Supplementary data are available at Biology Methods and 
Protocols online.
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