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Coronaviruses are RNA viruses that can infect humans and animals. The most
famous representatives of the genus Betacoronavirus are SARS-CoV, MERS-CoV and the
new 2019-nCoV. Today, the task of detecting a new coronavirus is urgent. We carried
out a bioinformatics analysis of the available in the literature and recommended by
the WHO and the governments of some country’s primer sets for real-time RT-PCR
detection. Based on mutational variability of the genome of the closely related SARS-CoV
virus, a map of conservative and variable regions was constructed. Two sets of primers
were selected that will show themselves in the most efficient way, since they anneal not
only to the conservative areas of 2019-nCoV, but also to conservative areas of SARS-CoV
genome, therefore, possible mutational variation in the genome of the new coronavirus
will not affect the results of the diagnosis of the disease.
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Introduction

On 31% December 2019, the World Health Organization
(WHO) announced for the first-time information about several
unexplained cases of pneumonia of unknown etiology in Wuhan,
Hubei province, China [1]. On 7 January 2020, the genome of
a new infectious agent was isolated and on 12 January 2020
WHO assigned the name of the new coronavirus as 2019 novel
coronavirus (2019-nCoV). Coronaviruses are RNA viruses that
damage the respiratory, hepatic, enteric and neurological systems.
Coronaviruses belong to the order Nidovirales, Coronaviridae family,
Coronavirinae subfamily. The Coronavirinae subfamily includes four
genera: Alphacoronavirus, Betacoronavirus, Gammacoronavirus and
Deltacoronavirus. 2019-nCoV is a single-stranded RNA virus and
belongs to the family Coronaviridae, genera Betacoronavirus. The
most studied representatives of Betacoronavirus genera are SARS-
CoV, MERS-CoV and new 2019-nCoV. SARS-CoV was the causative

agent of the acute respiratory syndrome in human population

in 2002/2003. The natural reservoir of SARS-CoV are bats and
intermediate hosts are camels and Himalayan civet. The SARS-CoV
epidemic affected 37 countries, the number of registered cases
amounted more than 8,000 and 774 were fatal (mortality rate
about 10%) [2]. In 2012, another coronavirus, MERS (MERS-CoV)
caused the epidemic of the Middle East respiratory syndrome. The
natural reservoir of MERS-CoV are camels. 2494 cases of MERS-
CoV were registered since 2012 and 858 were fatal (mortality rate
about 37%) [2].

The most cases are geographically associated with the Arabian
Peninsula (82% of cases are reported in Saudi Arabia). Coronavirus
2019-nCoV is suspected to be a recombinant virus between bat
coronavirus and a coronavirus with unknown origin. The 2019-
nCoV genetic sequence is similar to the SARS-CoV sequence about
70% and to the MERS-CoV sequence about 35%. On 2 February
2020 2019-nCoV was detected in 14557 cases globally. Among
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them 14411 cases in China, 304 were fatal. 2019-nCoV was
detected in 23 countries [3]. The purpose of this study is to compare
published primer sets and primer sets recommended by WHO and
ministries of health of different countries in order to select the most
specific ones, which can distinguish SARS-CoV and 2019-nCoV. We
conducted a comparative analysis of the genomic sequences of the
2019-nCoV relative to the SARS-CoV with further identification of
the conserved and variable regions of the 2019-nCoV. We reviewed
literature data to find the most effective 2019-nCoV detection
method in the biological samples of the patients with the symptoms

of the virus infection. Based on the data obtained, 22 sets of primers
were selected for further analysis, including those recommended by
WHO and ministries of health of different countries (sequences and
information about primer sets are in the Table 1 of the supplement).
They were chosen to detect regions of the 2019-nCoV virus genome
by real-time RT-PCR: 1,2 sets of primers [4], 3,4 sets of primers
[5], 5 sets of primers [2], 6,7,8,9 sets of primers [6], 10,11 sets of
primers (recommended by WHO) [7], 12,13,14 sets of primers [8],
15-21 sets of primers [9], 22 set of primers [10].

Table 1: Information about analyzed primer sets.

AR Forward Primer Reverse Primer Amplicon Annealing
set Probe sequence . Comment
sequence sequence length region
number
5'-FAM-
5'-CCCTGTGGGTT 5'-ACGATTGTGC CCGTCTGCGGTATGT
1 TTACACTTAA-3' ATCAGCTGA-3' GGAAAGGTTATGG-BHQ1- 119 13341-13460
3
5'-GGGGAACTTCT 5'-CAGACATTTT 5'-FAM-TTGCTGCT
2 CCTGCTAGAA-3' GCTCTCAAGCTG-3' GCTTGACAGATT-tamra-3’ 9 28880-28979
5'-CAAGTGGGGTAAG 5'-ACTTAGGATA
3 GCTAGACTTT-3' ATCCCAACCCAT-3' ’ 34 14960-15304
5'-CCTACTAAATTAAAT 5'-CAAGCTATAA
4 GATCTCTGCTTTACT-3' CGCAGCCTGTA-3' ) 158 22711-22869
5 5"-TCAGAATGCCAA 5'-AAAGGTCCA 5'-CY5-CTAGTTACACTAG ) No product
TCTCCCCAAC-3' CCCGATACATTGA-3' CCATCCTTACTGC-BHQ1-3' p
5'-FAM-ACC CCG CAT
5'-GACCCCAAAAT 5-TCTGGTTACTGCC
6 CAGCGAAAT.3’ AGTTGAATCTG.3 TAC GTT TGG T'GG ACC- 72 28286-28358
BHQ1-3
5'-FAM-ACAATTTGC
5'-TTACAAACATT 5'-GCGCGACAT
7 GGCCGCAAA3’ TCCGAAGAA-S’ CCCCAGCGCTTCAG- 67 29163-29230
BHQ1-3
5'-FAM-AYCACATTGG
5-GGGAGCCTTG 5-TGTAGCACGA
8 AATACACCAAAA-3' TTGCAGCATTG.3' CACCCGCAAT’CCTG- 72 28680-28752
BHQ1-3
9 5-AGATTTGGACC 5'-GAGCGGCTGT > Ai‘él\égTTCCTTGGCAGCCCGT_ G ) No product
TGCGAGCG-3’ CTCCACAAGT-3’ . p
BHQ-1-3
10 5" TGGGGYTTT 5'-AACRCGCTTAA > '%ﬁiﬁi&ﬁf\f“ 132 1877718909 | Recommended by
ACRGGTAACCT-3’ CAAAGCACTC-3’ , WHO
TAMRA-3
5'-FAM-GCAAATT
5".TAATCAGACAA 5'-CGAAGGTGT Recommended by
11 GGAACTGATTA.3' GACTTCCATG.3" GTGCAATTTGC'GG- 110 29144-29254 WHO
TAMRA-1-3
5'-CACATTGGC 5'-GAGGAACGAG 5'-FAM-ACTTCCTCAAGGA
12 ACCCGCAATC-3’ AAGAGGCTTG-3’ ACAACATTGCCA-BHQ1-3’ 128 28705-28833
5'-FAM-CAGGTGGAACCTC
5'-GTGARATGGTC 5'CARATGTTAAASA | CACGAGATGCBHQ-1-3
13 ATGTGTGGCGG-3’ CACTATTAGCATA-3’ 5'-FAM-CCAGGTGGWACRT 100 15430-15530
CATCMGGTGATGC-
BHQ-1-3’
5'-ACAGGTACGTTAA 5'-ATATTGCAGC 5'-FAM-ACACTAGCCATCC
14 TAGTTAATAGCGT-3’ AGTACGCACACA-3’ TTACTGCGCTTCG-BHQ1-3’ 13 26268-26381
5 -TTCGGATGC 5'-CTTTACCAGCA
15 TCGAACTGCACC CGTGCTAGAAGG-3’ ) 413 483-896
5'-CTCGAACTG 5'-CAGAAGTTGT
16 CACCTCATGG-3’ TATCGACATAG C-3’ ) 346 491-837
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17 CATCITATGG GAGTGTATGECS : 322 501-823

18| CAMGACTCACTTES | AAATTCCITIONG.S : 547 | 24353-24900
19 Crrerteeacs AGACAGCTTCAS : 493 | 2436324856
20 SxngGcAciTc?Gc.g-T CST,'TC?:AC&AGCGA_ § - 483 24635-24848
21| T Cchcoacs CTAGGTCAACS | GoATTGGCATGGABHQ | 158 | 291229282
2| C CCTcacar GITCICCATES | GCAGTAACCABHGL- 57| 28319-28376

One of the important tasks was to identify the sets of primers
that allow the most reliable detection of 2019-nCoV RNA, the
genome of which can contain highly variable regions due to
frequently occurring mutations. The task is proposed to be solved
based on already available data on sequencing of the 2019-
nCoV genome contained in the NCBI database. An analysis of the
variability of the SARS-CoV genome, which is the genetically closest
to the new coronavirus, can help to predict the positions of the most
variable regions in the 2019-nCoV genome. At this moment, the
NCBI database contains twenty 2019-nCoV nucleotide sequences,
among which ten are the complete genome. Multiple alignment of
these six sequences was performed by the Muscle program, and
it allows to create a consensus sequence of the entire genome as

orflab

a whole. For the 14 remaining sequences, the local alignment
on the genome and construction of a more accurate 2019-nCoV
consensus sequence were performed with Biopython library
facilities. According to the results of a search of the annealing sites
in the 2019-nCoVconsensus sequence for the 22 different sets of
primers the most applicable were 1, 2, 6-8, 10-22 (including those
recommended by WHO-10, 11) sets. Each primer from these sets
has a completely complementary annealing site. The primers of the
3 and 4 sets contain no more than 2 nucleotide substitutions and
amplify the product with a length of 344 and 158 nucleotide pairs,
respectively. A schematic representation of the sites of annealing of
primer sets is shown in Figure 1. For sets 5, 9, adequate annealing
sites were not found.

orf7b

orf7a orfg
S orf3a E Morfé N orfl0

Set1l: 13341 13460

Set3: 14960 15304
Set13: 15430 15530

Set17: 483 896

Set 16: 491 837
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Set 10 Set 4

18777 18909 22711 22869 Set18: 24353 24900

26268 26381 Set2: 28880 28979
Set 14 Set6: 28286 28358
Set7: 29163 29230
Set8: 2868028752
Set11: 29144 29254
Set12: 2870528833
Set21: 29124 29282
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Set20: 24365 24848

Figure 1: Schematic representation of the sites of annealing primer sets.

The consensus sequence of the SARS-CoV genome was
constructed on the base of the alignment by Muscle program
of the 272 complete genomes contained in the NCBI database. A
search for primer annealing sites for this sequence was performed.
The best results were obtained for 13 and 14 sets of primers.
The primers of 2, 3, 7, 8, 10-12, 22 sets contain no more than 2
nucleotide substitutions and amplify products with a length of 99,
344,67,72,132,110, 128 and 57 bp, respectively. In the case of the
1, 4-6, 9, 15-21 sets, adequate annealing sites were not found. 13
and 14 primer sets were most optimal for the detection of 2019-
nCoV genome regions and the SARS-CoV consensus sequence.
Therefore, these sets can be used for more reliable detection of
the presented coronaviruses. Based on the data obtained, the 1, 4,

6, 15-21 sets can be used for differential detection of 2019-nCoV,
because no annealing sites in the SARS-CoV genome were found for
these primers.

In the case of the analysis of the consensus sequence, the most
variable regions in the SARS-CoV genome were revealed. One region
from 21489 to 23837 nucleotide pairs corresponds to the first half
of the S gene, the other region from 27922 to 28294 nucleotides
corresponds to the ORF8 gene. The new 2019-nCoV coronavirus
contains the S gene, which, probably, like the similar gene in SARS-
CoV, can be highly variable from the 5’end. Therefore, the design of
primers to other potentially more conservative parts of the genome
may be more reliable.
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Conclusion

Based on a comparative analysis of the 2019-nCoV and SARS-

CoV genomic sequences, potential variable regions of the 2019-

nCoV virus genome were identified. Based on the data obtained,

it can be assumed that despite the potential mutational variation

in the 2019-nCoV virus genome, the most optimal are 13 and 14

primer sets, since they anneal to conserved regions of the genome

of the closely related SARS-CoV virus. Based on the analysis, we

identified primer sets that can be used for screening diagnostics,

and to confirm the diagnosis.
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