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An introduction to MERS-CoVs

■ In the 21st century, a new disease of the coronavirus family, called Covid19 or SARS-
Cov2, brock out.

■ This coronavirus is very similar to its ancestors such as SARS-CoV and MERS-CoV.

■ SARS-CoV in China in November 2003.

■ SARS-CoV infected 8096 people and killed 774 patients due to this infection.

■ Approximately eight years later in 2012, a new coronavirus, MERS-CoV, surfaced in 
Saudi Arabia.

■ A total of 2494 definite cases of this disease were reported, of which 858 died.
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An introduction to MERS-CoVs

■ Saudi Arabia has led in the number of infection, with 2102 confirmed cases and 780 
death.

■ has a large RNA genome, of approximately 30 kb.

■ RNA genome including the 5’ and 3’ UTR, which encodes 3 broad protein classes.

■ The structural proteins include

■ The 2 main polyprotein

Spike protein (S)

Nucleocapsid protein (N)

Envelope protein (E)

Membrane protein (M)

pp1ab

pp1a
Encoded by ORF1ab
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An introduction to MERS-CoVs

■ MERS-CoV encodes accessory proteins including ORF3,ORF4a, ORF4b, and ORF5.

■ Accessory proteins influence viral replication, pathogenesis, and disease outcomes.

■ The entry of MERS-CoV into human cells is facilitated by a S protein that binds to 
DPP4 protein.

■ Dromedary camels are the primary source of the transmission of MERS-CoV o humans.
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Material and methods 

 Patients and samples

patients (n=8) presented with severe upper and lower respiratory tract infections.

samples were obtained

the supernatants were carefully separated from the clinical samples by centrifugation at 

2000 rpm for 10 min and stored at -80℃ until processing.

Sputum 

Nasopharyngeal swab

Endotracheal aspirate 

Bronchial lavage

9



Material and methods 

 RNA extraction and cDNA preparation 

Viral RNA was extracted from 1 mL of the stored samples.

The sample were processed in multiple aliquot at 200μL/turn.

Passed through a single column to obtain a high concentration of RNA.

The RNA was eluted in 60 μL of water and stored at -80℃.

The RNA extracted was revers transcribed into cDNA.

 Screening for MERS-CoV was performed using the coronavirus MERS-CoV RT-PCR 
kit, targeting the upE

ORF1a
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Material and methods 

 Complete genome sequencing 

Viral cDNA was subjected to Ampliseq library preparation.

■ A total of 33,108 amplicons with an average length of 200bp were included in the 2 
primer pools.

Each library was assigned a distinct barcode and purified.
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Material and methods 

 Gap-filling PCR and Sanger sequencing : 

Fourteen bidirectional primer pairs were designed for MERS-CoV genome gaps.

Gap-filling PCR was performed, and amplicons were sequenced by Sanger sequencing.

 MERS-CoV genome annotation assembly:

The next-generation sequencing (NGS) and Sanger sequencing data were preprocessed.
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Material and methods 

 Phylogenetic analysis of MERS-CoV

the complete genome sequences of MERS-CoVs obtained from the clinical isolates.

were aligned with the MERS-CoV sequences available in GenBank.

Homologous BLAST searches were carried out for each strain to determine the most 

closely related sequences.

 Generate a composite phylogenetic tree

randomly removed the sequences to create a dataset proportional. 

phylogenetic analyses of ORF1a, ORF1ab and S gene segments were performed to 

determine whether any of these sequences exhibited recombination within different lineages
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Material and methods 

 Analysis of genomic variations

the nucleotide and amino acid sequences of each protein 8 MERS-CoV isolates were 

aligned with the corresponding human MERS-CoV and camel MERS-CoV protein 

sequences via multiple alignment in MEGA software. 

Amino acid changes were calculated using BioEdit with reference to Saudi isolate 

JX869059.
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Material and methods 

 Recombination analysis 

a bootscan analysis was performed using Simplot version 3.5.1. 

Individual sequences from this study were aligned with reference MERS-CoV sequence 

representing different clades.

the analysis was conducted using a sliding window of 200 nucleotides, a 20-bp step size

and 100 bootstrap replicates through gap-stripped alignment and neighbour-joining 

analysis.
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Results 

 Baseline clinical characteristics of  patient : 

■ The mean age of the patients was 57 years

■ Most of the patients had a history of hypertension, and 4 of the 8 had diabetes.

■ All these patients were admitted to the ICU and 4 of the patients died.   

6 males 

2 females
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Results

 Table1 

■ Patient clinical details.
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Results

 Phylogenetic analysis

■ Seven of these isolates were assembled with lineage B3.

■ One strain belonged to the lineage B4 sequences

■ All the studied isolates were closely related to pervious strain from Riyadh isolated
during 2015-2017.

■ Two of the 2019 strains and one 2017 strain specifically exhibited longer branch lengths
due to a large number of substitutions.

■ The only lineage B4 strain (MH013216) appeared in the complete genome tree together
with a recombinant strain from Jeddah isolated from a camel.
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Results

■ Simplot program confirmed that MH013216 is a complex recombinant strain with
contributions from multiple lineage of MERS-CoV.

■ The close similarity of MH013216 with B4 sequences was mainly located between
nucleotides 16500 and 24000.

■ The assembly of the strain within B2 occurred because of similar nucleotides at certain
sites within lineages and Exclusive B2-like arrangement between nucleotides 12000 and
12500.
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A near-complete

phylogenetic

analysis of

MERS-CoV

genomes. This

maximum

likelihood tree

was estimated

from

sequences>30000

nt in length,

including those of

six newly

sequenced isolates

from Saudi

Arabia, using

RAxML.
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Results

 Mutational analysis:

■ The majority of these mutations were found in ORF1ab

■ Amino acid substitution of nsp3 were observed 

nsp3 (n=17)PLpro

nsp4 and 6 

nsp14 (n=6)Exon

nsp12 (n=9)RdRp

nsp13 (n=6)Hel
41

nsp16

nsp1 and nsp2

G981S

K1255R

P1099R

V1375I

M2119I

5/8 isolates

4/8 isolates

V5551A

V6030F

5/8 

isolates
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 Table2 
non-synonymous genomic variation in study isolates as compared to global sequences 
excluding the lineage-specific genomic variations.
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Results

■ The S protein is a heavily glycosylated type1 transmembrane protein.

■ S protein consist of 2 subunits

■ N proteins are essential for the packaging of viral RNA into viable virus-like particles.

Receptor-binding subunit S1

Membrane fusion subunit  S2

T424I, in 2/8 isolates

S459T, in 1/8 isolates

W553R (overlapping RBD/RBM), 

in 2/8 isolates

S950T in the fusion peptide

C1313S in the transmembrane region

Q1009L in hepatad repeat region1
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Results

■ The characteristic substitutions includes

■ Other CTD amino acid substitution

■ The substitutions in the linker region(LKR)

■ N arm of the N protein included

■ The C-tail of the N protein also contained a single amino acid substitution, S391I.   

V178A (NTD) 6/8 isolates

A300V (CTD) all studied isolates

L293F 2/8 isolates

V263A, R292P, W293C 1 isolate each

G198S, in 2/8 isolates

D242E, in 1 isolate

S11F, in 2/8 isolates

P7L and G28V in 1 isolate each

25



Results

■ MERS-CoV encodes 5 unique accessory proteins : ORF3, ORF4a, ORF4b, ORF5 and 8b.

■ 2 amino acid substitution in ORF3

■ ORF4a, 4b and M proteins have recently been found to antagonize type1 INF production

■ 4 of the studied isolates exhibited the ORF4a substitution E102Q.

■ The substitutions observed in ORF4b   

G85D/P86F in 3/8 isolates

V62F, in 2/8 isolates

Encoding a protein of unknown 

function

H73N

V51I

I147L, and H243Q

A218S
in 2/8 isolates

in 1 isolate each

26



Results

■ Two of the isolates exhibited an amino acid substitution in the M protein (T127I)

■ One isolate exhibited a mutation in ORF5 (I98M)
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Discussion 

■ genomic variation in the crucial regions of MERS-Cov

■ Identified a genomic recombinant isolate exhibiting characteristic substitutions 
representing almost all the group A and B MERS-CoV strains.

■ The longer branch lengths of these strains from the common node of their closest 
relatives in the phylogenetic tree were notable.

■ One possible explanation for the longer branch length observed is the large number of 
substitutions found in these isolates.

Replication/transcription complex (RTC)

ORF4b

Surface protein S

Nucleocapsid protein N

ORF4a
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Discussion 

■ The recombination frequency in coronaviruses is quite high.

■ Recombination is known to occur due to the exchange of functional motifs or even
entire genes.

■ The occurrence of recombination in association with host switching in many
coronaviruses.

■ The MH013216 strain showed complex genomic recombination, including a major
portion of the genome resembling strains of lineage 4.

■ This strain was assembled within lineage 2 of the group B MERS-CoV strains in the
subgenomic phylogenetic analysis of ORF1a.
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Discussion 

■ The MERS-CoV 30kb genome encodes

Structural proteins

Accessory proteins

Two ORFs ORF1a

ORF1b

Are translated

nsp

RTCs

form

The synthesis of genomic 

RNA(gRNA) a subgenomic

messenger RNA(sgmRNA) 

occurs at RTCs.
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Discussion 

■ Amino acid substitutions in the nsp proteins as well as the N protein are therefore crucial
in the CoV life cycle.

■ nsp3 is the main RTC component that interacts with the N proteins.

■ The direct interaction of the N protein with RTCs is considered critical, as impairment of
this interaction greatly reduces CoV replication and progeny production.

■ Most of the adaptive events in MERS-CoV in human and camels are now thought to
occur through nsp3 via its de-ubiquitination and de-esterification activity to inhibit the
INF response.

■ MERS-CoV ORF4a suppresses IFN production by binding to dsRNA.

31



Discussion 

■ MERS-CoV4b gene product is reportedly associated with the evasion of host cell IFN
defence mechanisms.

■ Spike protein is highly exposed to the virus surface and is the first line of contact in
virus infection and the host immune response.

■ The heptad repeat region (HR1) has recently been reported to be a major selection target
among MERS-CoVs for their interspecies jump and spread to humans.

■ One of the studied isolates presented the HR1 substitution Q1009L.

■ A nearby amino acid substitution, T1015N, has been implicated in an increased MERS-
CoV infection efficiency in vitro.
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Discussion 

■ there is some evidence that bats might be the ancestral reservoir host for MERS-COV.

■ Direct contact with dromedary camels or camel products has been reported in only 55%
of primary MERS-CoV cases.
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Conclusion 

■ The results of this study lead to the recommendation that the complete genome
sequencing of all new cases of MERS-CoV to monitor virus evolution.

■ A clear understanding of the recombination events involved in MERS-CoV evolution
would aid in developing effective tools for controlling new human coronavirus
infections worldwide.
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Suggestions 

■ Diagnosis of these mutations can help us diagnose the severity of the disease and 
subsequently the patient’s treatment for new species of  coronavirus. 
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