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Abstract

Middle East respiratory syndrome (MERS) is caused by MERS-CoV. To explore the conservation of non-coding 5’-UTR of

MERS-CoV and its implication in epidermiology, 5’-UTRs from 252 human MERS-CoV and 207 camel and dromedary camel

MERS-CoV were analyzed. We identified two conserved pyrimidine nucleotides that flank identical UAAU element in the loop

of stem loop 2 of MERS-CoV 5’-UTR. These conserved pyrimidine nucleotides can be used as a novel genetic signature to

re-genotype MERS-CoV into 3 types, i.e. U—-U, C—-U, and C—-C type viruses. Human MERS-CoV displays a genetic drift

from U—-U, C—-U, to C—-C during period of 2012-2019. Camel virus only displayed a genetic drift from U—-U to C—-U,

particularly in a delayed way when compared with human virus. The discrepancy in genetic drift suggests that camel may not

necessarily be the natural reservior for human infection.
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Summary

Middle East respiratory syndrome (MERS) is caused by MERS-CoV. To explore the conservation of non-
coding 5’-UTR of MERS-CoV and its implication in epidermiology, 5’-UTRs from 252 human MERS-CoV
and 207 camel and dromedary camel MERS-CoV were analyzed. We identified two conserved pyrimidine
nucleotides that flank identical UAAU element in the loop of stem loop 2 of MERS-CoV 5’-UTR. These
conserved pyrimidine nucleotides can be used as a novel genetic signature to re-genotype MERS-CoV into 3
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types, i.e. U—-U, C—-U, and C—-C type viruses. Human MERS-CoV displays a genetic drift from U—-U,
C—-U, to C—-C during period of 2012-2019. Camel virus only displayed a genetic drift from U—-U to
C—-U, particularly in a delayed way when compared with human virus. The discrepancy in genetic drift
suggests that camel may not necessarily be the natural reservior for human infection.

Key words: MERS-CoV; Genetic drift; Pyrimidine; Saudi Arabia; 5’-UTR

Introduction

Middle East respiratory syndrome (MERS) was first reported in Saudi Arabia in 2012 (1). By the end of
November 2019, a total of 2494 laboratory-confirmed cases of MERS were reported globally, which include
858 associated deaths (case–fatality rate is 34.4%) (2). 84.2% of these cases were from Saudi Arabia (2102
cases, including 780 related deaths). 27 countries have been affected by MERS (2). The causative pathogen
of MERS is MERS-related coronavirus (MERS-CoV) that infect humans and camels (3). Like Severe acute
respiratory syndrome coronavirus-1 and -2 (SARS-CoV-1 and SARS-CoV-2) that caused outbreak of SARS
in April 2003 and ongoing pandemic of coronavirus disease 2019 (COVID-19) in 2020, respectively, MERS-
CoV is also a member of the genus β-coronavirus (4). MRES-CoV enters host cell by binding to cellular
receptor dipeptidyl peptidase 4 (DPP4, also known as CD26) (5). The genome of MERS-CoV is a positive-
sense, single-stranded RNA with the length of over 30,000 nucleotides (nt), which contains 10 predicted open
reading frames (ORFs) flanked by untranslated regions at 5’- and 3’-ends of viral genome (named 5’-UTR and
3’-UTR, respectively). MERS-CoV encodes 2 replicase polyproteins (pp1a and pp1b), 4 structural proteins
including envelope (E), membrane (M), nucleocapsid (N), and spike glycoprotein (S), and 4 non-structural
proteins (6). Coding sequences of MERS-CoV, in particular those for RNA polymerase, N and S proteins
have been well analyzed in phylogenetic analysis (7, 8) and used as targets in molecular diagnostic assay
(9, 10). Non-coding sequence in the 5’- and 3’-UTR was less studied. Herein, the secondary structure and
sequence conservation of 5’-UTR were focused in this report. We found two conserved pyrimidine nucleotides
in the loop region of 5’-UTR stem loop 2 and explored its potential implication as a novel genetic signature
in epidemiology.

Materials and Methods

Analysis of sequence and secondary structure conservation of MERS-CoV 5’-UTR.

GenBank at NCBI is the NIH genetic sequence database that has compiled complete MERS-CoV genomes.
252 complete viral genomes were isolated from humans in 11 countries including Saudi Arabia, United
Arab Emirates, Jodan, Quatar, Oman, Egypt, United Kingdom, USA, South Korea, Thailand, and China.
74 complete genomes were isolated from camels in Saudi Arabia and 132 from dromedary camels in
United Arab Emirates. The initial alignment of sequence was performed using EMBL-EBI Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/). The most complete sequence for 5’-UTR were further ana-
lyzed using LocARNA program (11, 12)(http://rna.informatik.uni-freiburg.de/ ) to determine the conserva-
tion of both sequence and secondary structure of viral RNA. LocARNA performs simultaneous alignment
and folding of multiple RNAs. It implements the state-of-the-art light-weight alignment algorithm with
ensemble-based sparsification to improve the accuracy of analysis.

Real-time tracking of prevalence of MERS-CoV from 2012-2019

Sequence analysis reveals 2 conserved pyrimidine nucleotides in the loop of stem loop 2 of MERS-CoV 5’-
UTR. According to this newly identified genetic signature, MERS-CoV can be re-genotyped into 3 types,
U—-U, C—-U, and C—-C types. The prevalence of each virus type during 2012 to 2019 was determined
by plotting the numbers of case reported in NCBI GenBank. The genetic drift between human and camel
viruses was compared.

Results

Conserved pyrimidine nucleotides indicate a genetic drift of human MERS-CoV from 2012 to
2019

2
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The conservation of both sequence and secondary structure of 5’-UTR from 252 human MERS-CoV reported
from 2012-2019 was evaluated by using LocARNA program (11, 12). 5’-UTR contains 287 nucleotides in
length (according to NCBI Reference Sequence: NC 019843.3) and forms 5 conserved stem loop regions
(SL1-5). We found 2 conserved pyrimidine nucleotides in the longest stem loop region-2 (SL2) of MERS-
CoV 5’-UTR (Figure 1). These two conserved pyrimidine nucleotides flank 4 consecutive nucleotides UAAU
in the loop of SL2 (Figure 1). According to the conserved pyrimidine nucleotides, human MERS-CoV can
be re-genotyped into 3 types, i.e. UUAAUU, CUAAUU, and CUAAUC (referred to as U—-U, C—-U, and
C—-C types, respectively). In human population, MERS-CoV displays a U to C genetic drift over 8 years
period from 2012 to 2019 in Saudi Arabia (Figure 2A) and in a global scale (Figure 2B). The first detected
MERS-CoV is U—-U type virus that persisted from April 2012 until June 2015. C—-U type virus then
emerged in 2013 and persisted until 2016. C—-C type virus emerged in April 2015 and then soon became
dominant in Saudi Arabia until 2019. Only this type virus was detected after October 2016.

Genetic drift in camel and dromedary camel MERS-CoV was delayed

By far, most of MERS-CoV outbreak occurred in Saudi Arabia and almost all human infections were linked
directly or indirectly to Arabian Peninsula. Camels and dromedary camels are supposed to be sources of
human zoonotic infection of MERS-CoV since the serum of camels contain specific antibodies against MERS-
CoV spike protein (13, 14). We also analyzed 74 complete genome sequences of camel MERS-CoV and 132
dromedary camel MERS-CoV in Saudi Arabia and United Arab Emirates, respectively. Both countries are
located in Arabian Peninsula. Only U—-U type virus was detected in 2013 in Saudi Arabia (Figure 2C)
or in 2014 in United Arab Emirates (Figure 2D). C—-U type virus then emerged and became dominant
in Saudi Arabia in 2014. One year later, this type virus emerged in United Arab Emirates. While the
camel MERS-CoV displayed a genetic drift from U—-U to C—-U, the timeframe between human and camel
viruses is not in consistence. Noticeably, in 2015, almost 43% of human MERS-CoVs were C—-C type virus
in Saudi Arabia, but this type virus was never ever detected in camels in Saudi Arabia (Figure 2C) or United
Arab Emirates (Figure 2D) at the same period. In contrast to SARS-CoV-1 and -2, direct human-to-human
transmission of MERS-CoV seems to be limited (10). While the main known exposures to MERS-CoV are
health care-associated infections or contact with camels (Drosten et al. 2015), the source of infection for
most primary human cases are still not known (Fanoy et al. 2014). Camels are believed to be the natural
reservoir for human infection (13, 14). However, this notion may not be supported by the results shown
here. While we can not exclude the species-cross transmission between human and camels, the results in
this report suggest that human infection may have independent unknown source of infection.

Discussion

The phylogenetic analysis shows that camel and human MERS-CoVs are clustered together. The human-
camel MERS-CoV cluster is further divided into two clades, i.e. clade A and clade B. The earliest cases
of MERS including EMC/2012 and Jordan-N3/2012 belong to clade A clusters, and all other cases from
2012-2015 are in clade B (7, 8). Being distinct from phylogenetic analysis, which is biasedly based on the
coding sequence, characterization of conserved pyrimidine nucleotide in the non-coding 5’-UTR of MERS-
CoV may represent another possible mechanism in virus adaptive evolution since the conserved nucleotide
sequence and structure of 5’-UTR directly interact with the host cellular factors during virus replication to
regulate transcription, translation, and genomic RNA synthesis. A total of 10 complete genomes of MERS-
CoV were reported in 2012 and classified into 2 clades (clade A and clade B) in phylogenetic analysis (7).
However, all of them are the U—-U type virus according to the conserved pyrimidine nucleotide in 5’-UTR.
Thus, the conserved pyrimidine nucleotides in 5’-UTR can serve as a novel genetic signature in evolution of
MERS-CoV.

There are no specifically effective therapeutics and vaccines for MERS. In general, surveillance for MERS-
CoV in humans and camels in affected countries is still a priority for infection control. In addition to the
coding sequence, the variations in non-coding region, particularly in the conserved stem-loop region of 5’-
UTR can offer novel implication in epidemiology. Its importance needs an attention without contempt in
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both tracing the chain of infection transmission and algorithm of phylogenetic analysis.
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Figure 1. Sequence and secondary structure of stem-loop 2 in 5’-UTR of MERS-CoV. The conserved pyrim-
idine nucleotides are in red. Numbers indicating nucleotide position are according to a MERS-CoV strain
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Figure 2. Prevalence of U—-U, C—-U, and C—-C types of MERS-CoV during 2012-2019 in percentage.
Numbers on the top of each column indicate the total numbers of complete genome that are available in
NCBI database and included in each column. hMERS-CoV, human MERS-CoV; cMERS-CoV, camel or
dromedary camel MERS-CoV.
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