
A standard curve created for the nominal and omicron serial dilution 

PCR assays were plotted in Graph 2. The linear regression equations of 

each variant were used to calculate the PCR efficiency, with the 

equation, E = 10(−1/slope) to calculate the amplification factor and the 

percent PCR efficiency was calculated by % E = (E − 1) × 100.
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Materials and Methods

Primers were rehydrated and tested with the nominal gBlock (synthetic 

RNA S-gene was used as the target during reactions) using standard PCR 

procedure and gel electrophoresis. A probe was made to fit between the most 

effective forward and reverse primer pair. 

The probe was tested, and the amount of fluorescein fluorophore (FAM) 

excited was recorded through a fluorescence reporter during quantitative 

polymerase chain reaction (qPCR) on a Bio-Rad CFX Thermal in Graph 1.

After the verification of a successful probe (found in Graph 1), a five-fold 

serial dilution of the Wuhan-Hu-1 target was used for a standard curve 

analysis, wherein PCR efficiency was calculated in the results. The entire 

process was repeated for the omicron variant reference strand, OM533969.1. 

Using a synthetic omicron S-gene RNA fragment (gBlock) as the qPCR 

template, a primer located on the 69–70 AA double deletion region was used 

in order to differentiate from the nominal variant.

Conclusions 

The purpose of this project was to design a novel diagnostic assay 

with RT-qPCR to detect and differentiate the nominal and omicron 

variants. The creation of effective primer pairs allowed for the nominal 

and omicron variants for synthetic templates to be successfully 

differentiated. The nominal variant had a PCR efficiency of 98.9%, but 

the low resulting percentage of the omicron variant (58.8%) meant that 

the 69–70 AA deletion mutation region was not successful in detecting 

the omicron variant significantly. Further research to optimize the 

omicron probe can be tested to conclude whether the probe is not 

reliable or if it is an issue of other confounding variables. In order to 

create a more reliable qPCR assay that can be used to diagnose 

individuals with SARS-CoV-2 variants, the difficult process of probe 

optimization is essential.

ResultsIntroduction

The emergence of severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) omicron variant has caused a fourth wave of pandemic 

infections. Several mutations located throughout the omicron variant 

genome led to increased transmissibility and higher immunity against 

vaccines than the original virus (Karim & Karim, 2021). For the 

detection of variants, reverse transcription quantitative real-time 

polymerase chain reaction (RT-qPCR) was used, because this method 

is the gold standard for the detection of SARS-CoV-2 (Yaniv et al., 

2021). Due to the high communicable properties of SARS-CoV-2, for 

safety, synthetic ribonucleic acid (RNA) was used as template during 

the reactions. Reverse transcription occurs at the beginning of 

polymerase chain reaction (PCR), where complementary 

deoxyribonucleic acid (cDNA) is generated from RNA using a reverse 

transcriptase enzyme. The next steps of PCR were denaturation, 

annealing, and elongation of the cDNA. All steps were repeated 40 

times using a thermal cycler. Primers were selected using 

bioinformatics strategies to target the mutation located at the 69–70 

amino acid (AA) double deletion region in the omicron genome. 

Primers were used to read and attach to the intended DNA sequences 

in PCR to detect SARS-CoV-2 after amplification. The purpose of this 

project was to design a novel diagnostic assay with RT-qPCR to 

accurately detect and differentiate the nominal and omicron variants of 

SARS-CoV-2. The validity of the primers and probes were investigated 

to assess the PCR efficiency.

Materials and Methods
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Table 1 (above): Sequences for the nominal and omicron variants were compared to 

display the mutation region targeted for omicron detection and differentiation. The 

highlighted area displays the deleted tyrosine and methionine (69–70) amino acids 

which were absent in the omicron variant. 

Target Sequence 

Wuhan/Nominal Variant GGTTCCATGCTATACATGTCTCTGGGAC

Omicron Variant GGTTCCATGTTATCTCTGGGAC

Figure 1 (above): The location of the nominal variant primers and probes on the S-gene 

coding sequence (S CDS) of the NC_045512.2 reference genome. 

Graph 2 (left): A 

standard curve is a 

function of cycle 

threshold values (Ct 

values) and the DNA 

copies/mL (the log of 

DNA template 

concentration) as a 

function. The nominal 

variant (E = 1.989) had 

98.9% PCR efficiency 

and the omicron variant 

(E = 1.588) had 58.8% 

PCR efficiency.

Graph 1 (above): The probe contained fluorescein, and the amount of fluorescence excited is 

recorded after each cycle in relative fluorescence units (RFU), this shows if a significant 

amount of DNA was amplified. The logistic shape above proves that the probe is picking up 

on all the PCR runs, if the graph looked linear that meant the probe was unreliable. 

Figure 2 (above): The location of the omicron variant primers and probes on the S-gene S 

CDS of the OM533969.1 reference genome. The sequences of nucleotides were spliced 

from 21,730 to 21,798 base pairs. 
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source Severe acute respiratory syndrome coronavirus 2

S gene 

S CDS
ACUUGGUUCCAUGUUAUCUCUGGGACCAAU----------CUAACAUAAUAAGAGGCUGGAUUUUUGGUACUACUUUAGAUUCGAAGACCCAGUCCCUACUUAUUGUUAA

Omicron-FPrimer Omicron-Probe Omicron-RPrimer

1

21,700

30

21,72921,714

15

21,799

100 170

21,869

155

21,854

140125110

21,82421,809 21,839

source Severe acute respiratory syndrome coronavirus 2

S gene 

S CDS

Nominal-FPrimer

Nominal-Probe 

Nominal-RPrimer

1 20

21,73321,723

10

21,743

30 100

21,813

80

21,793

706040

21,77321,753 21,783

CCUUCCCUCAGUCAGCACCUCAUGGUGUAGUCUUCUUGCAUGUGACUUAUGUCCCUGCACAAGAAAAGAACUUCACAACUGCUCCUGCCAUUUGUCAU

24,713 21,763

50 90

21,803


