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Detection of SARS-CoV-2 using five primer sets
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Abstract: A novel coronavirus (SARS-CoV-2) outbreak, responsible for a pneumonia-associated respiratory disorder (COVID-
19), has started in early December 2019 in Wuhan, China, and has rapidly spread around the world. Rapid and accurate diagnostic
testing plays a crucial role in tackling the COVID-19 pandemic. In this study, it was aimed to compare 5 primer sets designed to amplify
different regions for the detection of SARS-CoV-2 and to perform sequence analysis. Conventional RT-PCR was carried out using
primers targeting different regions of the virus genome including ORF1ab, Envelope (E), RNA-dependent RNA polymerase (RdRp),
Spike (S) and Nucleocapsid (N) genes for the diagnosis of COVID-19. DNA sequence of ORFlab gene from each sample were
compared with the DNA sequence data of SARS-CoV-2 stored in the GenBank and ORF1ab phylogenetic tree was constructed. The
amplicon sizes of ORF1ab, S, E, N and RdRp genes were 588 bp, 440 bp, 145 bp, 323 bp and 196 bp, respectively. The SARS-CoV-2
RNA was detected from 74% of total samples from RdRp gene, 87% for N gene, 74% for S gene, 61% for E gene and 82% for ORFlab
region. The ORF1ab sequences of SARS-CoV-2 from 82 patients were had 100% identity to the sequence of Wuhan isolate and among
themselves. The phylogenetic analysis revealed that all isolates formed a cluster. The results of this study suggest that the N region is
the best for SARS-CoV-2 identification.

Keywords: Conventional RT-PCR, COVID-19, Diagnosis, E gene, N gene, ORF1ab.

SARS-CoV-2’nin bes primer seti kullanilarak belirlenmesi

Ozet: Pnomoni ile iligkili solunum bozuklugundan (COVID-19) sorumlu yeni bir koronaviriis (SARS-CoV-2) salgin1 Aralik
2019'un baginda Cin'in Wuhan sehrinde basladi ve hizla diinyaya yayildi. Hizli ve dogru teshis testleri COVID-19 salgim ile
miicadelede ¢ok 6nemli bir rol oynar. Bu ¢alismada SARS-CoV-2’nin saptanmasi igin farkli bolgelerinin amplifiye edilmesi amaciyla
tasarlanmig 5 primer setin karsilastirilmasi ve sekans analizinin yapilmasi amaglanmistir. Konvansiyonel RT-PCR, COVID-19 tanist
icin ORF1lab, Zarf (E), RNA-baglt RNA polimeraz (RdRp), Spike (S) ve Niikleokapsid (N) genleri iceren virlis genomunun farkls
bolgelerini hedefleyen primerler kullanildi ve ORFlab geninin DNA dizisi, GenBank SARS-CoV-2 DNA dizisi verileri ile
karsilastirilarak, ORF 1ab filogenetik agaci olusturuldu. ORF1ab, S, E, N ve RdRp genlerinin amplikon boyutlari, sirasiyla 588 bp, 440
bp, 145 bp, 323 bp ve 196 bp idi. Toplam 6rneklerin %74 tinde RdRp geni, %87 sinde N geni, %74’iinde S geni, %61’inde E geni ve
%82’sinde ORF1ab geni tespit edildi. 82 hastadan SARS-CoV-2'nin ORF1ab dizileri, Wuhan izolat dizisi ve kendi aralarinda %100
6zdeslige sahipti. Filogenetik analiz, tiim izolatlarin bir kiime olugturdugunu ortaya ¢ikarmustir. Bu ¢alismanin sonuglari, N bdlgesinin
SARS-CoV-2 tespiti i¢in en iyisi oldugunu gostermektedir.

Anahtar Kelimeler: COVID-19, E geni, Konvansiyonel RT-PCR, N geni, ORFlab, Tanu.

Introduction respiratory, enteric, hepatic and neurological diseases of

Coronaviridae is a family of enveloped, positive  varying severity (12, 25, 26, 29). A novel human-infecting
sense and single-stranded ribonucleic acid (RNA) viruses, ~ coronavirus  (COVID-19), named Severe Acute
with a large genome between 27-31 kilobases in size (23). ~ Respiratory Syndrome Coronavirus-2 (SARS-CoV-2),
Coronaviruses have been identified in a wide range of ~ emerged in December 2019, in Wuhan, China, and has
hosts, including birds and mammals, and can cause  spread rapidly throughout the world (32). Most of the
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patients infected with the coronavirus develop clinical
manifestations including fever, difficulty in breathing,
cough, and chest radiographs showing invasive lesions of
both lungs (5, 9). Multiple organ failures and death can be
observed in severe cases (24).

Until today, no treatments have been found for
treating SARS-CoV-2. However, several options
including antiviral drugs such as Favipirarvir, Lopinavir,
Ritonavir (3), anti-inflammatory agents such as
Baricitinib, Ruxolitinib, Fedratinib (19) and other drugs
such as chloroquine (18) have been used to improve
clinical symptoms of the infection (30, 31).

In COVID-19 Guide of Turkey Ministry of Health
(21), it is suggested to immediately start
hydroxychloroquine (HCQ) treatment on patients with a
probability of COVID-19, along with several other
antiviral drugs. Oseltamivir was used with HCQ in March
and April but was discontinued. Favipiravir or Remdesivir
has been used in cases with progressing pneumonia or
clinical signs becoming severe as an additional agent.
Also, anticoagulants agents and monoclonal antibodies
such as Tocilizumab are used in intensive-care units for
patients with COVID-19 related pathologies such as
thrombosis.

Coronavirus genome consists of 6-11 open reading
frames (ORFs) encoding 27 proteins. ORF1ab constitutes
about two-thirds of the whole genome length, encoding a
total of 16 nonstructural proteins (nsps) and remaining
one-third of the genome encodes four structural proteins
and at least six accessory proteins (11, 28). The main
structural proteins are Spike surface glycoprotein (S),
Membrane (M), Nucleocapsid protein (N), Envelope (E)
and accessory proteins (ORF3, ORF4a, ORF4b, ORF5,
and ORF8b) encoded by ORFs (4). For conducting the
PCR assays, these target proteins can be utilized for the
SARS-CoV-2 diagnosis. Currently, real-time reverse
transcription-polymerase chain reaction (RT-PCR) assay
has been developed to rapidly detect the SARS-CoV-2 and
used in clinics. RT-PCR assay, based on measuring the
amount of amplified product with various primers and
probe sets designed to the target in SARS-CoV-2 genome,
is sensitive and suitable to detect the viruses in samples of
sputum, throat swab and secretions from the upper
respiratory tract (2, 7, 13).

In this study, it was aimed to confirm the diagnosis
of COVID-19 in a hundred of samples from COVID-19
positive patients using sequence analysis and compare the
five primer sets designed to amplify of different regions of
SARS-CoV-2 for detecting the virus.

Materials and Methods
Permission to publish this study was obtained from
the by Republic of Turkey Ministry of Health, General
Directorate of Health Services (T13-27-31). The study
was approved by the ethic committee of Burdur Mehmet

Akif Ersoy University (Ethic approval Code: GO2020-
238).

Samples: Patients who were admitted to Cankir
Public Hospital with complaining of symptoms including
fever, cough, sore throat and trouble breathing were
evaluated for SARS-CoV-2 using RT-gPCR detection kit
(Biospeedy-USA Technologies Inc. COVID-19 RT-gPCR
Detection Kit v2.0, Istanbul-Turkey). Oropharyngeal and
nasopharyngeal swabs samples of one hundred of
consecutive patients (55% male; 45% female) with
confirmed SARS-CoV-2 from June 1 to July 20, 2020,
were used for all analysis in this study.

One Step RT-PCR: One step RT-PCR kit (Qiagen,
Germany) was used to amplify genes including ORFlab,
S, E, N and RNA depended on RNA Polymerase (RdRp)
using specific primers (5’-CTA GGA CCT CTT TCT
GCT CA-3’ and 5>-ACA CTC TCC TAG CAC CAT CA-
3’ for ORF1lab gene, 5’-CCC TGT TGC TAT TCA TGC
AG-3" and 5°-CCC TAT TAA ACA GCC TGC AC-3’ for
S gene, 5°-GGA AGA GAC AGG TAC GTT AA-3’ and
5’-AAG GTTTTACAAGAC TCACG-3’ for E gene, 5°-
CCT CTT CTC GTT CCT CAT CA-3’ and 5’-CCT GGT
CCCCAAAATTTCCT-3’ for N gene, and 5’-CAT CTC
ACT TGCTGG TTC CT-3” and 5°-CCT TAATAG TCC
TCA CTT CTC TC-3° for RdRp gene) designed by
Mollaei et al. (14). Conventional RT-PCR was performed
in a 20 pl reaction buffer contained 15 pl of 2 x Master
Mix and 5 pl of nucleic acid extract. Amplification was
carried out using the CFX Connect real-time system (Bio-
Rad Laboratories, Hercules, CA, USA) with the following
program: 5 min at 52°C for reverse transcription, 10 secs
at 95°C for activation of the Taq DNA polymerase, and 40
cycles of 1 s at 95°C and 30 s in 55°C. PCR amplicons
were analyzed by electrophoresis in 2% agarose gel (Bio-
Rad, USA) with a molecular size marker 100bp.

Sequencing and phylogenetic analysis: Following
the amplification of ORF1ab gene from each sample, two-
way sequencing reactions were carried out with the
primers used for PCR reactions. For DNA sequence
analysis; ABI Prism 3700 Genetic Analyzer (Thermo
Fisher Scientific, Massachusetts, USA) and BigDye
Terminator V3.1 Cycle Sequencing Kit (Applied
Biosystems, California, USA) were used with the
manufacturer's recommendation. The DNA sequence data
of samples were compared with the DNA sequences data
of SARS-CoV-2 stored in the GenBank using the Basic
Local Alignment Search Tool (BLAST version 2.0)
program. Multiple sequence alignments of ORF1ab genes
were carried out using the 588 coding nucleotide
sequences obtained from 100 SARS-CoV-2 isolates and
the sequences of isolate Wuhan-12-1-1399-458/2020
(GenBank accession number MT544308.1) by the
ClustalW2 program for determination of homology
between the studied isolates and the references isolates
from Wuhan. ORF1ab phylogenetic tree was constructed
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using the neighbor-joining method within the Molecular
Evolutionary Genetics Analysis software (MEGA, version
4.0).

Results
All SARS-CoV-2 positive patients exhibited several
clinical manifestations including cough, fever, sore throat
and difficulty in breathing. Among all patients with
SARS-CoV-2, 20 patients were hospitalized due to severe
pneumonia, and a total of 5 patients had an admission in

the intensive-care unit and no death was observed among
them. The reaction products generated by specific primers
for each gene region were separated on 2% agarose gel
and presented in Figure 2. The amplicon sizes of ORF1ab,
S, E, N and RdRp genes were 588 bp, 440 bp, 145 bp, 323
bp and 196 bp, respectively. The SARS-CoV-2 RNA was
detected from 74% of total samples from RdRp gene, 87%
for N gene, 74% for S gene, 61% for E gene and 82% for
ORF1ab region (Figure 1).

Sample No ORF 1ab gene RJARp gene N gene S gene E gene
1 v I I 1 v
2 P P P P ~N
3 P P P P P
4 ~N ~N P ~N ~N
s b P P P P
s P P P P P
7 b ol P P ~N
s P P P P P
° P N P N ~N
10 ~N N P P ~N
11 P N P P P
12 P N P P P
13 N N P N N
14 ol b o4 ol P N
1s b 3 P P ~N P
16 P P P P P
17 P P N P N
18 bl N P N ~
19 ~N P P P ~N
20 P P P P ~N
21 P P P P P
22 r o P : 3 r
23 P N P P P
24 P » ] P ~N
2s ~N ~N ~ P b o
26 P 3 P N P
27 b ~N P N ~N
28 i P P 1 P
29 ~N P P N P
30 P b 2 P P P
31 P P N P N
32 P P P P P
33 P P P P N
34 P P P P P
3s r ~N r r r
36 N P P P N
37 P P N P ~N
38 P P P P ~N
39 P N P N : 3
40 N P P N P
a1 P N P N P
42 r r b ] o] P
a3 P P P P ~N
a4 P P P P P
45 P 4 P N P
a6 P ~ P N P
47 ~N 2 P N P
as P P P P P
a0 P N b ] P P
so P 3 4 P P
s1 P N P N P
s2 ~N N ~N P r
s3 b N 3 ~N r
sa P P P P N
ss bl P P P P
se P P N P ~N
s7 P P P P P
s8 N N P P ~N
so P P P P P
6o P g P N P
61 P P P P P
62 P b 2 N P N
63 r P P P ~N
64 N P P P N
6s P N P P b 2
66 b P P P P
67 P P P P ~N
8 N P P N P
6o P N P N P
70 r r ~N P ~N
71 P P P P P
72 P N P N P
73 b P P P ~N
74 N 1 o N P
7s P P P N P
76 P » P P P
T r r r P ~N
78 P P P 3 P
70 P P N P N
s0 r r -3 P P
81 b N P P P
82 N N ~N P P
83 r 2 P r ~N
s8a P P N P N
8s P P P P P
86 P P P ~N P
87 N ~N b 4 3 N
88 P P ~N P N
80 P P P P P
%0 P b o P ~N b o
o1 P P P P ~N
o2 P P P P P
o3 N P P N P
o4 » P N P ~N
os P P P P P
%6 P P P P ~N
°7 P P P F P
o8 ~N ~N : 3 ~N ~N
o9 P P P P N

100 o ol P P r

Total P/N 82/18 74/26 87/13 74/26 61/39

Conventional RT-PCR for N (Nucleocapsid), RdRp (RNA depended RNA Polymerase), E (Spike glycoprotein), S (Surface protein)

gene, P: Positive, N: Negative.

Figure 1. Conventional RT-PCR results in different genes of SARS-CoV-2 samples.
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Figure 2. Agarose gel electrophoresis (2%) of 5 PCR products. Lane M: Size marker (100 bp); ORF1lab: 588 bp; S gene: 440 bp; E
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M ORFlab > E N RdRp P N

gene: 145 bp; N gene: 323 bp; RdRp: 196 bp, P: positive; N: Negative.

/

A SUN
CeAITCAGATC I TAATGACTITGICICTIGATGCAGATTCAACTTTGATTGGTIGATTGIGCAACTGTACA
TACAGCT AA T A A TGGEATCTCATTAT TAGTGATATGTACGACCCT AAGACT A A A A ATCTTACAAAAGCGTATGACTCTAAAGAGGGTITITIC
ACTTACATITGIGGEI T T AT ACAACA A A GCT AGCT CITGGAGEITCCGTGECTAT AR AGATAACAGAACATTICITGGAATGCTGATCITTATA
AGCTCATGECACACTTCGCATGEIGEACAGCCCGIGITACT AATCIGAATGCGTCATCATCTGAAGCATTITTAATTGGATGTAATTATCITGSE
CAAACCACGCGAAC A A A T AGATGE I TATC T CATGCATGC A A AT TACATATITTGCAGGAATACAAATCCAATTCAGITGICTICCTATTICTIITA

TTGACATGAGTARATTITIC

s

GEITGCCTACGEETACGOIGCITEICGA I TCAGAT I TAATGACTITIGICICTIGATGCAGATTCAACTITGATTGGTGATTIGIGCAACTGTACA

TACAGCTAA T A A A TGGGATCTCAT T AT TAGT GATATCT ACGACCCTAAGACT AA A A ATCTTACA AR AGCCTATGACTCTAAAGAGGGTTITITIC
ACTTACATITGIGGEI T TATACAACA A AGCT AGCTCITGCAGEITCCCTGECTAT AR AGATAACAGAACATTCITGGAATGCTGATCITTATA
AGCT AT GEEACACT TG AT GO I GCACA GO CCCIGITACT AATCIGAATGCCTCATCAT CTGAAGCATTITITAATTGGAT GTAATTATCITIGE
CAA A CCACGCCAACA A A T AGATGEI TATG T CATGCATGC AR A TTACATATTTTGGAGGAATACAAATCCAATTCAGITGICTICCTATTCITITA

TITGACATGAGTAAATTIC

Figure 3. Sequence analysis peak of ORF1ab obtained from patients.
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Figure 4. Phylogenetic relations among COVID-19 genotypes detected in patient with COVID-19. The phylogenetic tree was

constructed by the neighbor-joining method.

After the sequencing of amplicons, the sequences
were analyzed using the BLAST program. The sequence
image related to ORFlab gene was given as peaks in
Figure 3. BLAST analysis of the ORF1ab gene sequences
confirmed the identity of all 100 Turkish isolates as
SARS-CoV-2. Wuhan-12-1-1399-458/2020 (GenBank

accession number MT544308.1) was used as the reference
genome for ORFlab. The ORFlab sequences of SARS-
CoV-2 from all the patients had 100% identity to the
sequence of the Wuhan isolate and among themselves.
The phylogenetic analysis revealed that all isolates formed
a cluster (Figure 4).
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Discussion and Conclusion

The coronavirus COVID-19 has spread to 213
countries and territories around the world and two
international conveyances with 28 989 073 confirmed
cases, including 925 373 deaths, as of September 13, 2020
(27). As of 13 September 2020, the total number of
confirmed cases of COVID-19 reached to 289 635 and the
death toll has reached 6 999 in Turkey (17). The death rate
(2.42%) in Turkey is lower than most of the developed
countries in the world. Turkey has been quite effective in
reducing the viral spread due to establishing a scientific
committee, consisting of academics, at the earlier time of
COVID-19 outbreak by the Turkish Government and
effective and preventative measures taken in line with the
recommendations of the committee. Also, Turkey
successfully has kept the mortality rate very low with its a
large amount of intensive-care unit (ICU) beds, well-
qualified and trained staff in ICU, strong free-of-charge
health service and a successful treatment strategy against
COVID-19 outbreak (10).

Currently, no vaccines or specific medications is
available for preventing or treating COVID-19. However,
there are several drug options to have better treatment
outcomes either as mono or combination therapy. The
drugs being used to help manage the clinical
manifestations of COVID-19 are chloroquine and its
metabolite HCQ, azithromycin, monoclonal antibodies
such as Tocilizumab, anticoagulants such as heparin,
corticosteroids and several antiviral agents including
Lopinavir, Ritonavir (15). Medical professionals in
Turkey started wusing aggressive treatments and
medication strategies for treating COVID-19 much earlier
than Western counties. Briefly, each adult patient
confirmed with SARS-CoV-2 is initially treated with
HCQ and azithromycin. Also, Oseltamivir was used with
HCQ and was discontinued after April 2020. Favipiravir
or Remdesivir have been started to use in patients with
severe pneumonia. Tocilizumab treatment has been used
in ICU for patients with severe COVID-19 related
cytokine release syndrome. Also, anticoagulant drugs
were added to the treatment algorithm to treat the
coagulopathy observed in patients hospitalized with
COVID-19 and related to mortality as well (10, 21). The
drugs or drug combinations used in the treatment of patients
with COVID-19 in Turkey are generally recommended in
COVID-19 treatment. Therefore, the causes of Turkey's
success in COVID-19 may be its strong health care system
and to take precautions much earlier than most of the
affected countries by the COVID-19 outbreak.

The clinical signs caused by COVID-19 in patients
are not specific and cannot be used for an accurate
diagnosis. Nucleic Acid Amplification Tests (NAAT)
such as RT-PCR and Chest-computed tomography (CT)
have been used for diagnosis and screening COVID-19.

NAAT for the detection of viral nucleic acids are more
convenient, reliable and better than syndromic testing and
CT scans (1). A large number of RT-PCR kits have been
designed for detection SARS-CoV-2 genetically. Several
sets of primer and probes were designed to amplify a
number of molecular targets including RdRp gene, E gene,
S gene, ORF1ab and N gene for real-time RT PCR assays
(22). It has been reported that the RdRp and the E gene
had high analytical sensitivity for the detection of SARS-
CoV-2, whereas the N gene was slightly less sensitive (6).
One study showed that the N gene was to be performing
well for SARS-CoV-2 diagnosis (8). Another study
showed that the ORFlab, N and RdRp primers had
sensitivity, specificity and positive predictive value higher
than other primer (S gene, E gene) (14). In this study, the
primers designed by Mollaei et al. (14) were used for
diagnosis of SARS-CoV-2 RNA from the patients and the
N gene (87%) had high analytical sensitivity for detection
of SARS-CoV-2, whereas the ORF1ab gene was slightly
less sensitive (82%). Therefore, the best gene for
identifying cases of SARS-CoV-2 is the N gene, ORFlab
is the second-best option after this gene. A commercial Kit,
Bio-Speedy, used for detecting SARS-CoV-2, is carried
out by RT-qPCR targeting the virus-specific RdRp gene
region. In the present study, only 74 of the 100 samples
confirmed with the commercial kit measuring using the
RdRp gene region in the hospital could be verified by
using primers for the RdRp gene region analysis. The
reason for this difference in results may be the difference
of the primers used for the detection of the gene region and
the laboratory conditions.

Sequencing molecular methods such as next-
generation sequencing are currently impractical for
diagnosis of SARS-CoV-2 but may be used for
determination mutations and epidemiological analysis of
SARS-CoV-2 (16, 20). Epidemiologically, sequences
alignments of ORF1ab gene showed that 82 patients in our
study had 100% identity to the sequence of Wuhan isolate
and among themselves, suggesting that they might have
been infected with the virus from the infection source at
the market in Wuhan, China.

In conclusion; the conventional RT-PCR assay with
N and ORF1ab primers was the best option for detecting
for SARS-CoV-2 in patients. The ORF1ab gene sequences
of SARS-CoV-2 positive samples were 100% identical to
the Wuhan genome reference.
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