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Abstract
Nations across the world are currently suffering from various mutations of the Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2). The ability to infect via respiratory routes such as coughs and
sneezes and high mutation rate due to its single strand positive-sense RNA nature makes it very
challenging to effectively contain, diagnose, and vaccinate. Moreover, current diagnostic guidelines insist
PCR detection for SARS-CoV-2 be done as individual trials for sorting out one mutated variant at a time.
To improve the overall diagnosis process and further enhance the e�ciency of PCR tests, 4 distinct color
emitting probes were used to simultaneously match Delta variant, Omicron variant, positive and negative
controls. Ampli�ed signals of individual and merged primers sets were able to successfully detect both
Delta and Omicron variants. Additional validation of PCR trials and RNA extracts of SARS-CoV-2 patients
further showed the effectiveness of the implemented method. The improved method will further
compress the current detection protocol and further bene�t diagnosing the ongoing pandemic.

Introduction
Among the infamous contagious viruses, coronavirus has arisen as one of the most concerned public
health crises worldwide. Coronaviruses, or Coronaviridae are an accumulation of enveloped, positive-
strand RNA viruses which not only infects humans, but also a wide selection of amphibians, birds, and
mammals. Within the coronavirus family, two subtypes were already widespread across various nations.
Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV-1) and Middle East Respiratory Syndrome-
related Coronavirus (MERS-CoV). While both viruses were reported in a worldwide scale, cases and deaths
were relatively small compared to other contagious viruses such as the in�uenza virus 1, estimating less
than 10,000 of both cases and deaths 2,3. However, a subtype derived from SARS-CoV-1 have emerged as
a major epidemic later known as SARS-CoV-2 or Coronavirus Disease 2019 (COVID-2019). Unlike its
predecessors, SARS-CoV-2 is known to be highly contagious due to its transmission via respiratory
droplets from coughs and sneezes which has an infect radius about 1.8 meters 4–6. The ability of
transfecting through respiratory methods are not the only advantage. As it is a single strand positive-
sense RNA virus, it is able to immediately translate through the host cell DNA compared to negative-sense
RNA viruses 7. Also compared to DNA polymerases, viral RNA polymerases do not have the proofreading
ability resulting in a drastically high mutation rate 8,9. This can arguably be the sole reason why
developing effective vaccines against SARS-CoV-2 is a challenge 9. While most mutations observed in
genomes from SARS-CoV-2 are considered either neutral or harmless, mutated regions regarding the
spike protein which enables the virus to attach to the surface receptors of host cell membranes are
monitored with high attention 10. Not only the spike protein mutation is critical for the virus to
successfully dock, but also in the process of linking to host cell receptors, fusion between virus and cell
membranes occur which further stimulates the overall mutation of the original strand 11–13. From the
initial outbreak of SARS-CoV-2 virus, 5 major variants are responsible for more than 143 million infections
and over three million deaths worldwide 14; B.1.1.7 (Variant Alpha), B.1.351 (Beta variant), P.1 (Gamma
variant), B.1.617.2 (Delta variant) and the recently discovered B.1.1.529 (Omicron variant). While the
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Alpha, Beta and Gamma variants had a severe impact in the global population, the infection and
mortality rates were severely decreased thanks to e�cient identi�cation vaccination efforts. The more
recently occurred Delta and Omicron variants are still a major concern due to mutations of spike proteins
such as T478K, P681R L452R, transforming it to a much more contagious state 15,16. To make matters
worse, the Omicron variant is reported to have twice more mutations in gene regions effecting spike
proteins 17.

The rapid mutations of these recent variants not only hinder making successful vaccines, but also delay
the process of identi�cation using methods targeting SNPs and gene mutations. One of the modern
procedures of deciding SARS-CoV-2 is by selection of primer sets for speci�cally targeted genes such as
RdRp 18. However, as more variants, especially Delta and Omicron emerged, the overall selection process
has lengthened. Besides the mandatory PCR tests for identifying the common regions such as RdRP,
additional ampli�cation of variant speci�c targets was needed to be individually monitored. This process
gradually led to prolonged selection of the overall identi�cation. This study presents an enhanced method
of simultaneously targeting Delta and Omicron speci�c regions while also targeting the common SARS-
CoV-2 region RdRP. The compressed method will prove to be more e�cient in �nding the current
rampageous SARS-CoV-2 variants.

Results
Selection of variant speci�c gene mutations

Apart from the universal SARS-CoV-2 target RdRP, various reports regarding variant speci�c regions have
been identi�ed. Regions distinctly mutated in the Delta variant are the T19R, L452R and P681R region 16.
The mutation percentage of each gene speci�c to the variant were estimated around 98.3, 97.1, and 99.2
% (Table 1). One of the Omicron speci�cally mutated genes are known to be T547K, D796Y and Q954H
19. The percentage was also very high ranging from 94 to 98 %. These distinct features indicate if primers
can pinpoint at least two mutations of any variant, it would designate the patient to be diagnosed as
Gamma or Omicron variant SARS-CoV-2. Alongside selecting the genes, SNP regions of each target were
selected for optimal primer assembling (Sup Fig 1). To enhance the e�ciency of the overall SARS-CoV-2
detection process, four distinct colored �uorophores were used to effectively distinguish PCR
ampli�cation between SARS-CoV-2, Delta and Omicron variant, and negative control. To decrease false
negative results, each �uorophores consisted of probes matching to three point mutations of each
variant. To con�rm whether two speci�c regions of each variant could represent a positive match,
correlation analysis was done for mutation of three genes T19R, L452R and P681R in Delta variants,
T547K, D796Y and Q954H in Omicron variants. Results showed a 99.58% correlation of three variants co-
existing in Delta variants, and 99.48% in omicron variants (Table 2). This validates when the two of three
mutated regions of each variant were matched, it would indicate a positive diagnose of the patient as
Delta or Omicron SARS-CoV-2.

Optimization of the PCR procedure
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Once the primer targets were set, multiple PCR tests were performed for optimal ampli�cation. All PCR
tests were evaluated using standard plasmid DNAs containing inserts corresponding target regions.
Ampli�cation of RdRp and Negative control was initially con�rmed to rule out possible interference. As
suspected, all SARS-CoV-2 variants tested showed high ampli�ed signals of RdRp and no signals of
negative controls (Fig 1). PCR trials of Delta and Omicron variants were also performed. For each variant,
every primer/probe set was tested with the SARS-CoV-2 positive and negative controls to ensure every
ampli�ed signal was detected over the PCR threshold. As a result, ampli�cation signals of T19R, L452R,
P681R within the Delta variant and T547K, D796Y, Q954H within the Omicron variant was detected above
the PCR threshold (Fig 1). After the validation of each target, three targets altogether of each variant were
tested. The detection signal was as strong as the positive control RdRp and was easily distinguishable to
be selected as a match. Finally, to con�rm the variants were only ampli�ed in a SNP mutated primer,
wildtype standard plasmid of each target was tested. As a result, each primer sets for the Delta and
Omicron variants did not amplify using the wildtype plasmid DNA as a template, proving no interference
of non-speci�c template annealing. 

Validation using RNA samples of SARS-CoV-2 patients

Once the optimization was done, further validation was done using donated RNA extraction of SARS-CoV-
2 patients. Each RNA samples were tested with primer/probe targets of T19R, L452R, P681R within the
Delta variant and T547K, D796Y, Q954H within the Omicron variant. When comparing the ampli�ed data
with the plasmid DNA, individual target signals were in par with the RdRp positive control (Fig 2). When
all three primer sets were tested in a single PCR, ampli�ed signals of Delta and Omicron variants were far
above the positive control. To further test the ampli�cation speci�city, su�cient amount of Covid RNA
was included in each PCR validation. When the input was increased to 5 x 107 RNA of both variants,
ampli�ed signals surpassed RdRp positive control (Fig 2C). The results would mean actual patient PCR
trials will be more easily diagnosed. 

Discussion
The SARS-CoV-2 pandemic is a concurring global public threat, infecting millions and potentially
triggering permanent damage in the respiratory system. While research is continuously done to effectively
repress, diagnose, and cure the virus, more and more samples of patients potentially infected of SARS-
CoV-2 are needed to be immediately tested. Despite of the ever-increasing amount of patient samples and
mutated variants, current diagnostic protocols are still required to be performed one variant at a time.
This overall time-consuming process can be solved by distinguishing the recent variants simultaneously
in one PCR test. The methods mentioned above will serve as an e�cient improvement and further bene�t
on diagnosing Delta and Omicron variants. Furthermore, by con�rming positive matches of at least two
mutated regions of Delta and Omicron variants, false negative results will be decreased further declining
the risk of unsuspected outbreaks.
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The concurring mutation of SARS-CoV-2 were followed by variant speci�c SNPs reported in various
institutions. As the research itself is crucial for tackling the imminent treat, the actual patient infected
with SARS-CoV-2 will seem irrelevant. The thing that is the most relevant to the individual will be the
outcome of the SARS-CoV-2 PCR trial. The method proposed above will be more bene�cial to diagnose
the Delta and Omicron variants of SARS-CoV-2 due to the combined ampli�cation of each three targets.
Further tests on the PCR revealed while individual primer targets were ampli�ed with high sensitivity,
merged primers tended to express enhanced speci�city as the combined primers ampli�ed with a
synergistic manner. The overall process will effectively guide patients and medical personnel to diagnose
the current disease.

Despite numerous efforts worldwide in attempts to successfully contain, distinguish, cure, and restore the
ever-spreading coronavirus, it is for certain the termination of the disease will be challenging. As with the
previous variations, novel mutations of SARS-CoV-2 may emerge as a major variant, demanding the
health care institution additional methods of diagnosis. This will inevitably lengthen the whole process,
which will further decelerate the current selection. Combining multiple variant targets in one detection kit
will be required to catch up with the SARS-CoV-2 mutation. The suggested method may bene�t future
studies associating multiple target diagnosis.

Materials And Methods
Primer design

Each primer was designed to match speci�c point mutations of Delta and Omicron variants. For example,
Primer/probe sets targeting the Delta variant were designed to match three distinct variant mutations
T19R, L452R and P681R. Likewise, primers targeting the Omicron variant were designed to match three
distinct variant mutations T547K, D796Y and Q954H. Within the mutated variant, multiple subtypes
indicated the same point mutation among the three regions (Sup. Fig 1). Primer/probe sets were then
optimized to align in high temperatures to block unwanted non-speci�c matches. For each targeted point
mutation, primers/probes were set at 7 pmol (Sup. Table 1). Positive control RdRp primers and probe
were set at 6 pmol.

PCR protocol

Each PCR was performed using the OneStep Multiplex qRT-PCR kit (DiaStar™). The overall platform was
designed based on the STexS PCR for accurate mutation detection 20. The master mixture volume was
set to 15 μl and the total volume to 20 μl. Reverse transcription was done at 50°C for 2 mins. Initial PCR
denaturation was done at 95°C for 5 mins. Denaturation was done at 95°C for 5 secs followed by
annealing, extension and detection at 60°C for 3 secs. The process of denaturing to detection was
continued for 45 cycles.

SARS-CoV-2 patient samples
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RNA extracts from swabbed patients were obtained from the National Culture Collection for Pathogens
institute (NCCP) of South Korea (http:// nccp.kdca.go.kr). Sample no. 43408 and no. 43410 were used as
standard templates for the Omicron and Delta variant. All samples are publicly accessible and does not
require approval from the ethics committee or the institutional review board. All experiments were
performed in accordance with the Korean Research Institute of Bioscience and Biotechnology (KRIBB)
relevant guidelines and regulations.
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Figures

Tables
Table 1

Mutation occurrence of target genes among various variants of SARS-
CoV-2

VOC Target Gene (%)

T19R L452R P681R T547K D796Y Q954H

Omicron 0.1 0.5 0.1 93.9 96.9 97.8

Delta 98.3 97.1 99.2 0.1 0.1 ND

Alpha ND 0.1 0.1 0.1 0.1 ND

Beta 0.1 0.1 0.1 0.1 0.1 ND

Gamma 0.1 0.1 0.4 0.1 0.1 ND

Table 2
Point mutation correlation of Delta and Omicron variants

VOC Omicron Variants (10,394)

T547K & D796Y
& Q954H

T547K &
D796Y

T547K &
Q954H

D796Y &
Q954H

T547K D796Y Q954H

Omicron 10,340 (99.48%) 7 (0,07%) 27 (0.26%) 20 (0.19%) 0 0 0

VOC Delta Variants (11,354)

T19R & L452R
& P681R

T19R &
L452R

T19R &
P681R

T547K &
P681R

T19R L452R P681R

Delta 11,306 (99.58%) 13
(0.11%)

9 (0.08) 26 (0.23%) 0 0 0



Page 9/10

Figure 1

PCR test of primer/probe set validation of Delta and Omicron variants

PCR validation of SARS-CoV-2 variant Delta (a) and Omicron (b). 4 distinct colored dyes representing the
Delta variant (Blue), Omicron variant (Red), positive control (Cyan), negative control (Grey) is used to
optimize and validate whether the designed primers matched to the mutated regions of each variant.
Wildtype mixtures within PCRs are consisted of primers not mutated from the original SARS-CoV-2.
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Figure 2

PCR test using RNA samples of patients with Delta and Omicron variants.

PCR analysis of RNA extractions of patients diagnosed as Delta (a) and Omicron (b) variants.  Methods
used in the validation was equal to the PCRs using plasmid DNA. Each validation was done with RNA
copies from 5 x102 to 5 x104. Increased amounts of RNA were set to 5 x107 for further ampli�cation (c).
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