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ABSTRACT

SARS-CoV-2 is a virus that has caused COVID-19 pandemic. This virus is a new
variant of the SARS-CoV virus and also closely related to MERS-CoV, which
caused similar acute respiratory infections. All these viruses recognize target cells
by binding to the Receptor Binding Domain (RBD) on Spike protein with
receptors. This study aimed to determine the SARS-CoV-2, MERS-CoV, and
SARS-CoV genome structure, Spike protein sequence differences, and variations of
RBD’s Receptor Binding Motif (RBM). This research was using data mining
approach. Genome sequences were downloaded from NCBI, except for Indonesian
samples were downloaded from GISAID. Genomic structures, Spike sequence, and
RBD structure were analyzed using Bioedit, followed by protein modelling using
SwissModel and PyMol applications. The result showed that the SARS-CoV-2,
MERS-CoV, and SARS-CoV genome shared the same genes yet in different
numbers and length. SARS-CoV-2 Spike protein sequence was quite similar to
SARS-CoV Spike protein, but very different to the Spike protein of MERS-CoV.
There were variations of RBD’s RBM structure due to the mutations occurred
among these viruses. It is suggested that these differences may increase the affinity
between SARS-CoV-2 Spike protein to its hACE2 receptor which caused SARS-
CoV-2 becomes more infective and spread wider than SARS-CoV and MERS-CoV,
in turn. This result expected to be basic information for the development of SARS-
CoV-2 introduction inhibition agent and spreading prevention.

How to cite: Fikriani, CN., Ardana, LK K.G., & Listyorini, D. (2021). The Comparison of SARS-CoV-2, SARS-CoV, and
MERS-CoV Genome and Spike Protein Variations. Jurnal Riset Biologi dan Aplikasinya, 3(1):38-44.
DOI: https://doi.org/10.26740/jrba.v3n1.p38-44.

INTRODUCTION

SARS-CoV-2 is a virus that has caused
COVID-19 pandemic (Sahu et al.,, 2020). The First
case of COVID-19 pandemic was reported in
Wuhan, China at the end of December 2019,
however cross contamination is estimated to have
occurred at the end of November or early December
2019 (Mizumoto & Chowell, 2020). On March 2,
2020 Indonesia reported two confirmed cases of
COVID-19 (Tosepu et al, 2020). SARS-CoV-2,
SARS-CoV, and MERS-CoV belong to the same
genus, namely Beta-coronavirus but differ in their
subgenus (Saha et al., 2020). All of these viruses
cause similar infections in the respiratory tract.
MERS-CoV has caused Middle East Respiratory

Syndrome (MERS) with the first case in Zarqa,
Jordan on 4 April 2012 (Zhu et al., 2020) while
SARS-CoV caused an outbreak of Severe Acute
Respiratory Syndrome (SARS) in East Asia (Wu et al,,
2020) with the first case in Foshan, China on
November 16, 2002 (Zhu et al., 2020).

SARS-CoV-2 recognizes target cells by
hydrogen bonding some amino acids with the
Angiotensin Converting Enzyme 2 (ACE2) protein
(Wan et al.,, 2020). Protein viral that are responsible
for introducing to host cells are known as Spike
protein especially in the Receptor Binding Domain
(RBD) (Xia et al., 2020). The bond between RBD
and ACE2 protein is mediated by several major
amino acids or Receptor Binding Motif (RBM)
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(Watanabe et al., 2020). SARS-CoV and MERS-
CoV also recognize target cells by binding RBD to
receptors (Hoffmann et al., 2020). MERS-CoV uses
dipeptidyl peptidase (DPP4) as the main receptor
(Zhou et al., 2020) while SARS-CoV uses ACE2
protein as one of the receptor (Devaux et al., 2020).
The binding of viral proteins to host cells is very
important in the search for an agent to prevent
infection. A comparative understanding of SARS-
CoV-2, SARS-CoV, and MERS-CoV genome
structure, Spike protein sequence
Receptor Binding Motif of Receptor Binding
Domain variations revealed in this research were
expected to provide an overview of the molecular
background which leads to the development of
spreading
Furthermore, it also expected that this result would
be able to become a source of scientific basic
information in the development of candidates for
the prevention of virus introduction into host cells
and treatment of COVID-19.

differences,

currently  unpredicted behavior.

MATERIALS AND METHODS

The samples in this study were genomic
structures and Spike protein sequences from SARS-
CoV-2, MERS-CoV, and SARS-CoV viruses, which
were obtained through data mining process from
NCBI (https://www.ncbi.nlm.nih.gov) and GISAID
(https://www.gisaid.org/) available from March
2020 to June 2020.

This research was initiated by downloading
genome sequences of SARS-CoV-2, MERS-CoV,
and SARS-CoV viruses from NCBI, then analyzing
the structure of its structure. To find out the
differences of Spike protein sequences, the entire
sequence of Spike gene was downloaded in Fasta
(fas) format from NCBI, except of samples from
Indonesia were obtained from GISAID. Open
Reading Frame (ORF) was identified using NCBI
ORF-Finder. To determine its differences, Spike
protein sequences from all samples were aligned
using Bioedit. Multiple alignments of RBD
fragments were carried out to identify the RBM
differences among those three viruses. Protein
modelling was carried out using a modeling
application in the SwissModel
(https://swissmodel.expasy.org) to determine the
possible changes occurred.

In order to further analysis of the differences in
its protein structures due to the mutation found, the
superimposition alignment process was carried out
using PyMOL application. The conserved domain

was marked and the conformation variations were
marked in different color.

RESULT AND DISCUSSION

The Comparison of SARS-CoV-2, SARS-CoV,
and MERS-CoV Genome

SARS-CoV-2, SARS-CoV, and MERS-CoV
genome consisted of 11, 18, and 10 structural and
functional genes, which spans for 29.9 kbp, 29.8
kbp, and 30.1 kbp in length, respectively. Each gene
encodes structural proteins or functional ones.
Structural genes including Membrane (M), Envelope
(E), Nucleocapsid (N), and Spike (S), while functional
ones consist of several ORFs which encodes various
proteins including some polymerase enzymes for
genome replications (ORFla and ORF1ab) and
accessories proteins (ORF3s up to ORF10). Looking
more carefully on the number and type of genes
bears by each virus, we found that all three are
bearing some different ORF' genes. ORFIa and
ORF1ab found in SARS-CoV-2, SARS-CoV, and
MERS-CoV, while ORF6, ORF7a, and ORF7b are
shared only by SARS but not MERS corona viruses.
ORF3, ORF4a, ORF4b, and ORF5 are exclusively
found in MERS but not SARS corona virus, while
ORF3b, ORF8a, ORF9a, and ORI'9b are exclusively
found in SARS-CoV, while ORF3a, ORFS, and
ORF10 are exclusively found in SARS-CoV-2
(Figure 1). Considering its length and total number
of genes, it unveiled that SARS-CoV-2 & SARS-
CoV bear additional gene/s with smaller size
compared to MERS-CoV. It is suggested that genes
length do not significantly affect its function.

SARS-CoV-2, SARS-CoV, and MERS-CoV
share the same structural genes in different length.
S, M, N, E genes respectively spend 8822 bp, 669
bp, 1260 bp, 228 bp length in SARS-CoV-2; 4068
bp, 660 bp, 1243 bp, 249 bp in MERS-CoV; and
3768 bp, 666 bp, 1269 bp, 231 bp in SARS-CoV. A
slight difference in its length seems also not to
affect the proteins encoded. All three demonstrate a
tull normal physical structure with intact functions.
Furthermore, focusing on Spike protein which plays
important role on host recognition, we suggest that
246 bp deletion (82 amino acid shorter) compared to
SARS-CoV Spike protein may affect significantly on
its protein structure and its function in turn, since
protein structure is important in virus shape and
morphogenesis (Xu et al., 2020). Some mutations in
SARS-CoV-2 Spike gene have been suggested to be
the culprit of this virus different spreading behavior
(Hartenian et al., 2020). It is supported with the fact
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that spreading rate of SARS-CoV-2 is higher than
SARS-CoV and MERS-CoV (Zhu et al, 2020).
SARS-CoV spread across 220 countries, SARS-CoV
only spread in 4 countries, and MERS-CoV spread
in 27 countries (WHO, 2020). Indonesian National
Health Ministry (2020) reported that SARS-CoV-2
was spread across all provinces in Indonesia.

Variation of Spike Protein Sequence

In this study we collected 12 samples available
from Asian, European, and American countries
representatives during the data mining time-line of
this research. As much as 4 Spike RNA sequences
of SARS-CoV-2, MERS-CoV, and SARS-CoV were
downloaded. The accession numbers and protein
identity numbers were recorded as of its availability
in order to trace back once it was required (Table
1).

The differences of SARS-CoV-2, MERS-CoV,
and SARS-CoV Spike protein sequences from each
country were identified using multiple alignments
which revealed that from 12 samples there were
only 2 amino acid differences in SARS-CoV-2
(Table 2), while SARS-CoV and MERS-CoV bear 4
(Table 8) and 5 (Table 4) differences, respectively.
From this finding and the fact of the wider area of
SARS-CoV-2 spreading compared to SARS-CoV
and MERS-CoV, it suggested that the number of
mutations could not be a sole reason for its ability
to spread, and other factors should be considered,
including its receptor in the target cells or
organisms. There was no available data on both
SARS-CoV and MERS-CoV
However, learning from the collected samples,

from Indonesia.

&

China variant of SARS-CoV bears more mutation
than those of other 3 samples. Meanwhile it is more
random mutation in MERS-CoV regarding the area
(Table 3 and 4). Yet, since the available data until
the end of the research due was very limited, it is
not possible to claim any clear conclusion on the
mutation rate or its tendency. A phylogenetic
approach and additional data are required to
understand better for this case. Multiple alignment
of all samples indicated that Spike protein of SARS-
CoV-2 has a high similarity to the SARS-CoV while
both SARS-CoV-2 and SARS-CoV showing a
significant difference to MERS-CoV. SARS-CoV-2
Spike protein of Indonesian samples bear two
different amino acid compared to China (Wuhan),
France, and USA (Table 2), while SARS- CoV Spike
protein is known to have 4 different amino acids
(Table 38) and MERS-CoV are 5 different amino
acids (Table 4).

Sequence differences by means of any types of
mutation or as a natural variation may change the
amino acid sequences, which in turn gives rise to a
functional divergence of its encoded protein
(Hulswit et al., 2016), virulence (Sicari et al., 2020)
and pathogenesis of the virus (Mousavizadeh &
Ghasemi, 2020; Abdullahi et al, 2020). Spike
protein of corona viruses plays role as an
intermediary for the introduction of the virus with
its receptors on the host cell (Xia et al., 2020); it
facilitates the fusion of the host cell as the first step
of infection (Chakraborty & Bhattacharjya, 2020).
During the infection process, conformation is
induced when the virus enters the endosome of the
host cell (Bai & Warshel, 2020).
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Figure 1. Genome Structure A. SARS-CoV-2, B. SARS-CoV, and C. MERS-CoV
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No. Virus Data Origin  Sample Origin ANCICITEIS::I‘D Protein id
1 SARS-CoV-2 NCBI Wuhan, China NC_045512.2 YP_009724390.1
2 SARS-CoV-2  GISAID Jakarta, Indonesia EPI-ISL-437192 -

3 SARS-CoV-2 NCBI USA FJ882945.1 ACZ72085.1
4 SARS-CoV-2 NCBI France MT470142.1 QJT72590.1
5 MERS-CoV NCBI Seoul, South Korea KX034100.1 ANC28711.1
6 MERS-CoV  NCBI Thailand KT225476.2 ALO51904.1
7  MERS-CoV  NCBI Florida, USA KJ829365.1 AHZ64549.1
8 MERS-CoV NCBI France
9  SARS-CoV NCBI Beijing, China AY864805.1 AAY60780.1
10 SARS-CoV NCBI Hong Kong GU5538638.1 ADC35483.1
11  SARS-CoV NCBI Tennessee, USA FJ882945.1 ACZ72085.1
12  SARS-CoV NCBI Italy AY328977.2 AAP72986.1
Table 2. SARS-CoV-2 Spike (S) Protein Mutations
No. Country Amino Acid Position
572 822
1. Wuhan, China T L
2. France T L
3. Jakarta, Indonesia I F
4. USA T L
Table 3. SARS-CoV Spike (S) Protein Mutations
Amino Acid Position
No. Country
77 244 436 863
1. Beijing, China D T Y T
2. Hongkong G I Y I
3. Tennessee, USA G I H T
4. Italy G I Y T
Table 4 MERS-CoV Spike (S) Protein Mutations
Amino Acid Position
No. Country
683 829 833 914 1193
L. Seoul, South Korea S S Q Q A
2. Thailand S A Q Q A
3. Tennessee, USA F S R Q A
4 France S S 9 H S

Note: L = Leusine, F = Phenylalanine, D = Aspartic acid, G =

Glycine, T = Threonine, [ =

Isoleucine, Y = Tyrosine, H = Histidine, S = Serine, A = Alanine, Q =
Glutamine, and R = Arginine.

Table 5. Receptor Binding Motif Variations

No. SARS-CoV-2 SARS-CoV MERS-CoV
1. Asparagine (N439) Arginine (R) Proline (P)
2. Leucine (L455) Tyrosine (Y) Asparagine (N)
3. Phenylalanine (F486) Leucine (L) Serine (S)
4. Glutamine (Q493) Asparagine (N) Glutamic Acid (E)
5. Glutamine (Q498) Tyrosine (Y) Leucine (L)
6. Asparagine (N501) Threonine (T) Serine (S)

The high similarity of Spike protein sequence

unveliled

understanding of the introduction behavior of both
SARS-CoV-2 and SARS-CoV which both bind to

n

this

research may

lead

ACE2 as the main receptor (Wan et al., 2020). It
may also clarify the difference among SARS-CoV-2
and SARS-CoV in one side and MERS-CoV in other
side which binds to dipeptidyl peptidase-4 (DPP4)
as its main receptor (Zhou et al., 2020).

to the
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We also unveiled the variations in the Receptor
Binding Motif, especially in its Receptor Binding
Domain (RBD). RBD in Spike protein has an
important role in determining affinity of the viral
binding to introduce into the host cell (De Wit et
al.,, 2016). Receptor Binding Motif in RBD SARS-
CoV-2 facilitates the binding to hACE2 (Walls et
al., 2020). This variation already been reported to
increase the affinity level of SARS-CoV-2 Spike
protein to hACE2 which to be higher than its
counterpart in SARS-CoV (Shang et al, 2020).
Based on that fact it has been believed to be the
reason why SARS-CoV-2 has become more infective
than SARS-CoV (Awasthi & Sarkar, 2020). That
behaviour suggested to be the result of amino acid
(Table 5; Figure 2)

residues  differences

SARS-CoV-2 Wuhan-Hu
SARS-CoV-2 INA-Hu
SARS-CoV-2 France-Hu
SARS-CoV Canada-Hu
SARS-CoV Germany-Hu
SARS-CoV USA-Hu
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MERS-CoV KOR-Hu
MERS-CoV UAE-Hu
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Phenylalanine (F486) in SARS-CoV-2 interacts
with M82, .79, and Y83 residues of ACE2 while
Leucine in SARS-CoV interacts with M82 and L79
residues of ACE2 residues (Gussow et al., 2020).
Meanwhile Glutamine (Q493) in SARS-CoV-2
exhibits a good Van der Waals value resulting to
the higher affinity than Asparagine in SARS-CoV
(Figure 3). Taken together,
variations suggested to be the cause of higher
spread rate of SARS-CoV-2 compared to SARS-CoV
and MERS-CoV (Zhu et al., 2020). Further analysis
on the binding affinity between Spike protein and

those revealed

its receptors is being done currently. We expect to
get better understanding on this virus behavior and

find clue in controlling its  spreading.
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Figure 2. The Difference of Receptor Binding Motif between SARS-CoV-2, SARS-CoV, and MERS-CoV
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Figure 3. A. Receptor Binding Domain on Spike Protein, B & C Receptor Binding Motif on
Receptor Binding Domain area (Yellow=Asparagine-Arginine, Dark Blue=Leucine-Tyrosine,
Orange=Phenylalanine-Leusine, Green=Glutamine-Asparagine, Red=Glutamine- Tyrosine, and
Blue=Asparagine-Threonine)

Figure 4 Receptor Binding Motif: Blue = SARS-CoV-2 and Green = SARS-CoV
A. Asparagine-Arginine, B. Leusin-Tyrosine, C. Phenylalanine-Leusine
D. Glutamine-Asparagine, E. Glutamine- Tyrosine, and F. Asparagine-Threonine

CONCLUSION

This study revealed that SARS-CoV-2,
MERS-CoV, and SARS-CoV genome has the same
types of genes with different length, numbers, and
sequences. The Spike protein sequence of SARS-
CoV-2 was quite similar to the Spike protein of
SARS-CoV, yet very different from the Spike
protein of MERS-CoV. Among SARS-CoV-2,
MERS-CoV, and SARS-CoV we also revealed the
RBM variations of Spike’s RBD. We conclude that
those variations may cause the different behavior
in its introduction process, which leads to the
wider spreading of SARS-CoV-2. Current study is
working to unveil the binding behavior of this
virus.
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