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Estimation of primer efficiency in multiplex PCR for detecting SARS-
Cov-2 variants

Abstract. In periodontology, polymerase chain reaction (PCR) has emerged as a standard diagnostic and research 
instrument. According to the findings in research, its sensitivity and specificity make it an efficient and speedy method for 
detecting, identifying, and quantifying organisms. The spike (S) gene, the envelope (E) gene, the membrane (M) protein, 
the nucleocapsids (N) gene, and the open reading frame (ORF) were used for the molecular identification of various 
variations of SARS-Cov-2 infection since they are critical components in the viral genome. Using kits approved by the 
Iraqi Ministry of Health following the spread of the covid-19 pandemic, this study sought to shed light on the significance 
of primers in the identification of various SARS-COV-2 variations involving many genes such as spike (S), envelope (E), 
membrane (M) protein, nucleocapsid (N), and ORFab1. A total of (150) clinically diagnosed patients for COVID-19 were 
screened for this study to estimate the accuracy and efficacy of primers used in detecting these genes are precise in 
diagnosing the infection in correspondence with clinical findings. The findings revealed that 18 (22.666%) of the cases had 
severe symptoms such as fever, unproductive hacking, breathlessness, muscle aches, and weariness, Whereas 42 (28%) 
of patients had lesser symptoms, and 74 (49.333%) of cases had minor signs on their own.. Results showed that all genes 
were accurate and efficient in the molecular diagnosis of the virus during the period from the beginning of March 2021 up 
to the writing of this manuscript in December 2021; the conclusion indicates that primers used in detecting these genes are 
efficient and accurate in the diagnosis of different variations of SARS-CAV-2 and there is no alteration in the viral genome 
in those genes that can disturb the result.
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Introduction

SARS-Cov-2 is a B-genus virus. Since approximately July 2021, 
four major variations of (SARS-CoV-2-) have been prevalent 
among many populations all over the world: the alpha () Variant, 
which was formerly known as the UK Variant and formally did 
refer to as B 1 1 7_, was initially discovered in England as well 
as Kent; the Beta Modified version, which was first found in En-
gland and Kent; and the Chikungunya Variant (formerly known as 
the South African Variant and formally referred to as .B.1.351.) 
The Gamma (ᴕ)Variant (previously known as the Brazil Variants 
and legally started referring to as . P. 1), and the Delta (Δ) Variant 
(previously known as the Indian Variant & officially referred to as 
. B . 1. 617 .  2 .)   1. A primer is a small collection of 18 to 24 DNA 
nucleotides that can be used in several additional investigations. 
A primer targets a particular locus in a polymerase chain reaction 
(PCR) to enable amplification and subsequent examination. This 
is done so that the locus in question can be studied further. In a 
sequencing reaction, a primer is first used to direct the reaction to 
a particular location, and then the length of the DNA molecule is 
determined 2. Multiplex PCR is a polymerase chain reaction tech-
nique used to amplify multiple DNA sequences simultaneously  

(as if performing several detach of  PCR reactions in a single 
reaction). In a thermocycler, via numerous primers and a tem-
perature-mediated DNA polymerase enzyme, this technique am-
plifies DNA in samples. All primer pairs must have their designs 
optimized so that during PCR, they can all work at the same an-
nealing temperature. Primer sets are combined in one PCR mix-
ture yielding amplicons of various sizes unique to multiple DNA 
sequences. Each primer set’s annealing temperatures must be 
tuned for optimal performance within a single reaction 3. COVID 
has wrapped infections with the single-abandoned RNA-genome 
( 26 _32 kb ) in the positive sense  4 . Human Covids (HCoVs) 
have been identified in the Covid (H-CoV-229E as well as 
NL63) and b-Covid (MERS-Co V, SARS-CoV, H-CoV-OC 43 
and H-CoV-HKU1 ) genera 5. On the other side, the ORF region 
is responsible for nonstructural coding proteins. These proteins 
include 3-RNA-dependent RNA polymerase, chymotrypsin-like 
protease, and papain-like protease. The S, E, and M regions, as 
well as the Open Reading Frame 1ab area, code for structural 
proteins; the ORF region, meanwhile, codes for structural pro-
teins 6. The SARS spike CoV-2 (S) protein comprises its two pri-
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mary components, the S 1 protein and the S 2 protein. The SARS 
virus causes an increase in the production of the CoV-2 (S) pro-
tein, which is necessary for the fusion of cell membranes and the 
recognition of receptors on target cells. The receptor-binding area 
of the S1 subunit recognizes and binds to the host receptor angio-
tensin converting enzyme2. The two-heptad repeat domain of the 
S2 subunit contributes to the fusion of viral cell membranes by 
generating a six-helical bundle. Both of these functions are carried 
out by the S2 subunit. These two domains can be found on the S1 
subunit of the protein7.

  S-proteins play a vital role in the virus replication cycle and 
may be utilized as targeted therapies 8. Even though the S protein 
of SARS-CoV-2 is involved in receptor recognition, viral attach-
ment, and host cell penetration, this protein is, for the most part, 
the same in all human coronaviruses (H-CoVs). Because of its 
vital roles, it is one of the most important targets for research in-
volving the COVID-19 vaccine and potential treatments. Usual-
ly, the S protein will be in a metastable prefusion conformation. 
However, when the virus comes into contact with the host cell, the 
S protein goes through a significant amount of structural remodel-
ing, which enables the virus to fuse with the membrane of the host 
cell; The spikes are covered in polysaccharide molecules so that 
they will not be recognized by the human immune system when 
they enter the body 9. The CoV-2 envelope (E) protein is a tiny, 
integral protein membrane  involved in many stages of the viral 
life span, including assembling, budding, envelopes creation, and 
pathogenicity. However, it is also the most mysterious. It interacts 
with other Co-V proteins and host cell proteins and its activities as 
an ion-channeling viroporin 10. E-is extensively expressed inside 
the infected cell during the replication cycle, but just a tiny per-
centage of it is integrated into the virion-envelope 11. The prepon-
derance of the protein is localized in intracellular trafficking sites 
such as the Endoplasmic Reticulum, Golgi apparatus, & ERGIC, 
in which it is involved in Co-V (assembly and budding)  12. Re-
combinant Co-Vs lacking E have much lower viral titers and are 
unable to mature, or generate propagation-incompetent progeny, 
highlighting the relevance of E in the development and maturation 
of viruses  13. The most common structural protein in coronavirus-
es is the M-glycoprotein, which spans the membrane bilayer and 
has a short NH2-terminal region outside the virus and a lengthy 
COOH terminal (cytoplasmic domain) within the virus14. The 
M-protein can make bonds with any of the other structural pro-
teins. The internal virion’s N protein-RNA complex can be kept 
stable 15. Viral attaching and entry into the host cell may be affect-
ed by mutations in the M-protein, which works with the S protein 
16. The virus’s S protein has become glycosylated, which may help 
it avoid detection by the immune system 17,18.

Nevertheless, the glycosylation of the S protein is unknown. The 
M protein’s function is similarly not well understood. The viral 
genome of SARS-CoV-2 is enclosed in nucleocapsids, a helical 
protein essential structural element covered via  the viral mem-
brane. Since infected cells produced  significant amounts of the 
SARS-CoV-2nucleocapsid protein, which improves the effective-
ness of viral-RNA transcription and replication, it is reliable in 
virus identification using PCR19. 

Patients

Hospitalized COVID-19-infected patients participated in multi-
center trial research in Baghdad, and the municipal Ethics Com-
mittees approved (University of Baghdad- College of science- 
dept. Of Biology Bioethics Committee Ref. no. CSEC/0221/0095. 

The study included (150) COVID 19 patients admitted at the pub-
lic health laboratory who were diagnosed by RT-PCR with Fever, 
lethargy, dry coughing, nasal congestion, muscle aches, rhinor-
rhea, and difficulty breathing are the most common symptoms, 
with diarrhea occurring in a minority of cases.
 
Specimen 

Oropharyngeal swabs and nasopharyngeal swabs samples were 
collected in sterile tubes. Contamination should be avoided during 
the samples’ collection, storage, and transportation.

Kit description 

Using a technology called multiplex PCR with a fluorescent 
probe, it is possible to identify SARS-Cov-2 nucleic acid. Pre-
liminary studies have shown that it can detect infection in respi-
ratory samples, such as oropharyngeal, saliva, mucus (sputum), 
and bronchoalveolar lavage fluid (BAL). Moreover, it is also 
applied to detect SARS-C0v-2 in respiratory specimens. FAM-
tagged primers and probes are being developed for the detection 
of SARS-Cov-2 (Open Reading Frame 1ab gene) SARS-Cov 2 
N-gene and a human RNase P-gene, both extracted at the same 
time as the test sample, served as an internal control to verify the 
nucleic extraction method and reagent integrity. Marking a probe 
with CY5 allows it to specifically target the human RNase P gene 
as well as the nucleocapsid gene of the SARS-CoV-2 genome (N).

Protocol 
All the reagents were thawed entirely before use, then vertex and 
spin down at 6000 rpm.

a-	 Extract RNA with a viral RNA extraction kit; positive control 
and negative control were used without extraction.

b-	 PCR tubes were prepared for reaction solution (N=negative 
control number + RNA sample number + positive control 
number) then 1.3 µl reaction solution and 1.7 µl enzyme mix-
ture were added to each tube. 20 µl of RNA sample, negative 
control, and positive control were added to the PCR tubes, 
then capped tightly and centrifuged at 6000 rpm for 10 min. 
Then transported to the PCR amplification area. PCR tubes 
were disposed of in sealed bags after reaction and were treat-
ed as medical waste.

Settings for result analysis
The 3’ end of the probe contains a quencher dye, whereas the 5’ 
end contains a reporter dye. The quencher absorbs the reporter 
dye’s fluorescence signals, making them invisible. Taq-DNA 
polymerase (5’-3’exonuclease) activity destroys probes coupled 
to amplified templates during the PCR amplification process. As a 
result, the fluorescence emissions rise with each cycle because the 
reporter dye and quencher are separated. Each optical channel in 
the PCR machine receives a real-time amplification curve, which 
is then used to compute the cycle threshold (Ct). The Ct values 
indicate the point at which the fluorescence is detectable above 
the background, and the operator uses those values to determine 
whether or not SARS-CoV-2RNA is present. Then qPCR mas-
ter mix was prepared by using (Lifotronic® SARS-C0v-2 qPCR 
PreMix kit for nucleic acid determination. Multiplex PCR with 
fluorescent probes. China’s Shanghai). The qPCR-master mix 
reaction has been made according to the kit’s instructions. This 
reaction was performed in a thermocycler (mini-Opticon RT PCR, 
BioRadCFX96/USA) under the following criteria: initial-denatur-
ation temperatures of 95°C for thirty minutes; followed by 30-cy-
cles at 95°C for thirty seconds, annealed and extension 60 °C for 
40-cycles.
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Results

Table 1. Acute, severe, and mild clinical features were observed in specific individuals

Estimation of primer efficiency in multiplex PCR for detecting SARS-Cov-2 variants 

The Statistical Analysis

The Statistical Analysis System- SAS (2012) program was used to 
detect the effect of different factors on study parameters. The Chi-
square test was used to compare the percentage (0.05 and 0.01 
probability) in this study 20.

Clinical findings 
    Fever, dry coughing, nasal congestion, muscle aches, weari-
ness, runny nose, dyspnea, and sore throat were among the clin-
ical symptoms reported by COVID-19 patients. Acute, severe, 
and mild clinical features were observed in specific individuals, 
as well as normal or reduced leukocyte levels and radiographic 
signs of pneumonia.
Results are shown in table (1).

Our findings revealed that 18 (22.666%) of the cases had symp-
toms such as fever, unproductive hacking, breathlessness, muscle 
aches, and weariness, Whereas 42 (28%) of patients had lesser 
symptoms, and 74 (49.333%) of cases had minor symptoms on 
their own. According to the F-test, the difference in clinical signs 
was important (p<0.05). 

SARS-Cov-2 infection detection via spike (S) gene by RT-PCR
   Since the kit uses a multiplex PCR technique, gene up-stream 
and down-stream ends of particular primers have been included 
using the spike (S) gene-specific primers. 

SARS-Cov-2 infection detection via envelope (E) gene by RT-
PCR

Although the kit uses a multiplex PCR technique, gene up-stream 
and down-stream ends of particular primers were incorporated us-
ing envelope (E) gene-specific primers.

Sensitivity and Specificity: 200 copies\ml no cross-reaction with 
SARS-Cov, MERS-Cov, Cov-HKU1, Cov-OC43, Cov-229E, 
Cov-NL63, and H1N1, H3N2, H5N1, H7N9, influenza-B, Pa-
ra-influenza virus (1,2,3) , Rhinovirus (A,B, C), Adenovirus 
(1,2,3,4,5,7,55), Human interstitial pneumovirus, Human metap-
neumovirus, EBV, Measles virus, Human cytomegalovirus, Rota-
virus, Norovirus  21.
Viral–cell membrane fusions are formed when SARS-CoV-2 
S-protein engages host cell receptors, allowing the virus to enter. 
CoV-2’s SARS infectivity is boosted by the S-affinity proteins for 
(ACE2). A better understanding of the virus’s invasion and pa-
thology could lead to developing antiviral medicines and tailored 
immunization programs. According to a study, the role of several 
viral proteins has not been well defined in the past. The viral life 
cycle continues despite the deletion of some viral genes, showing 
that other virus genes can recompense for this lack 22. This is also 
obvious in the varying E protein requirements for various CoV s, 
and the reason(s) for this is unclear. Deleting E-from SARS_CoV 
- 2 weakens the virus, while (MERS-CoV) virions are incapable 
of propagation 13, 23. In processes including Co-V assembly, re-
lease, and pathogenesis, Some Co-V accessories proteins seem 
to be capable of compensating for the lack of E 24,25. CoV2 E has 
been linked with numerous steps in the viral replication cycle: 
from initiation of membrane curvature and assembly to apoptosis 
or autophagy through the release of the virus from the host cell. 
Despite recent improvements in studying this protein, there is still 
much to learn about CoV-E.
The most common envelope protein of coronaviruses is a mem-
brane (M)-glycoprotein. According to in silico research, the pro-
tein of (SARS-CoV-2M) is 98% similar to bat SARS-Co-V, 98% 
identical to pangolin SARS-CoV, and 90% similar to SARS-CoV; 
however, the protein of MERS-M CoV2 is only 38% compara-
ble. WARNING: GRAPHIC CONTENT: SARS-CoV-2 M pro-
teins are 96.2 % more compared to bats (Ra TG-13) and pango-
lins (Ra TG-11) than MERS-CoV. According to Zhang et al., the 

DISCUSSION
(M) protein is a key component of SARS-COV-2 in all variants. 
SARS-Co-V-2 is an example of an enveloped virus that releas-
es its genetic material into the cell in a two-step process. First, 
they connect to specific receptors on the target cell membrane; 
second, they merge virus and cell membranes. This phase can 
occur at the cell surface or after the virus particle has been in-
ternalized by endocytic 26. The virus’s M proteins have yet to 
be fused to the host cell membrane. The M-protein might hypo-
thetically serve as a sugar transport if connected to the host cell 
membrane.ORF1ab, PP1ab and PP1a polyprotein  are encoded 
by the most significant gene, which has overlapping ORF. The 
polyprotein is broken into NSP1-16, which are non - structural 
proteins. (SARS-CoV-2) nonstructural proteins were implicated 
in virus transcription, replication, proteolytic process, control of 
host immunological responses, and suppression of host gene ex-
pression. The RNA-dependent RNA polymerase is the target of 
antiviral medicines 27.

Conclusions

SARS-Cov-2 primer sets and FAM-labeled probes have been 
developed to detect SARS-Cov-2 (Open Reading Frame 1ab 
gene). Internal control using a VIC labeled probe for SARS-Cov 
2 N-gene and human RNase P-gene extracted concurrently with 
the test sample to validate the integrity of the nucleic extraction 
technique and reagents. The findings of this study confirm that the 
studied genes are essential components of different variations of 
SARS-Cov-2 and that they have not undergone any changes or ge-
netic variation in any of them, implying that the primers used for 
the detection of these genes in the molecular diagnosis of infection 
via multiplex PCR are accurate and reliable when combined with 
the clinical findings of the patients and that the variation in differ-
ent strains of SARS-Cov-2 is based on this.
.
.
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