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COVID-19 is the deadly respiratory disease of the
century caused by new type unknown origin
Coronavirus. The recent effort of the word
researchers is toward finding the origin of the virus.
The current study investigated the extent of
molecular similarity and divergence between SARS-
CoV2 and other related Coronavirus. An attempt
has been made to investigate the epidemiological
study of this new contagious virus using molecular
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have been built using a several complete amino acid
sequences of the four known structural proteins, S
(spike), E (envelope)y M (membrane), and N

(nucleocapsid). The result of the study revealed that

Keywords: the SARS-CoV2 is related to human SARS-CoV
SARS-CoV2, SARS-CoV, MERS-CoV, isolated from different countries very cloely,
COVID-19 and 2019-nCoV especially those strains recovered from China in

recent times, 2020. The evolutionary changes
observed in the inserted 23 amino acids in the RNA
binding domain (RBD) of the coronvirus spike
glycoprotein which cannot be detected in any other
human coronavirus. Moreover, the 2019-nCoV is
not closely related to other alpha, beta and gamma
human Coronavirus, including MERS-CoV. The
current study concluded that 2019-nCoV is more
likely believed to originated from SARS-CoV. The
probability is more vital to be originated from the
strain isolated in China in 2020, which is coincident
with the spraed of COVID-19 in the same country.
The phyloepidemiologic analyses suggested that the
coronaviruses are circulating in human hosts
evolving gradually by times in response to the
different environment stimuli facing the virus inside
the host in different geographical areas.
Furthermore, the analysis showed the flow of
transmission, and evolutionary changes of SARS-
CoV2 which may be directed from the transmission
of SARS-CoV from human to Bat and Pangolin
then jumped to human again in the crowded market
Wuhan city in China.
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1. INTRODUCTION

The enveloped Betacoronavirus possesses a single-stranded RNA with a positive polarity, and
they are hosted in the mammals [1]. Before the COVID-19 outbreaks, only four strains of
Betacoronavirus, including SARS-CoV, MERS-CoV, OC43 and HKUI1 had been reported to
infect human and cause severe pneumonia [1]. Since December 2019, another strain of
Betacoronavirus named SARS-CoV2 detected to cause severe human pneumonia named as
Coronavirus Infectious disease-2019 (COVID-19) [2, 3]. The new Coronavirus has been
reported in a wet market in Wuhan city which is located in Hubei province, Central China [4].
Since its appearance, it causes a lockdown with the infection of over 4800000 people in all
over the World and recording mortality of more than 300000 people till april 2020 and
unfortunately this record increase on the daily bases.

According to the genomic analysis of some published paper, it is suggested that Bat is the
origin of SARS-CoV2, and Pangolin is an intermediate mammal's host [5-7]. According to the
medical information, the initially infected cases were related to the seafood market in one of
China city, Wuhan c [8, 9] transmitted from animals to human [10]. Later, the human to human
transmission was reported even in peoples whom no previous contact with animals or even the
market was documented [11-13]. However, other researcher argued that the wet market in
China was not the only source of SARS-CoV2 transmission to humans [14, 15]. Because the
market closed in the very beginning of raising the COVID-19, so this makes the identification
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of the intermediate host difficult. Due to this reason, SARS-CoV2 origin and transmission are
still debatable.

Four structural proteins encoded by the genome of SARS-CoV2 which participating in
different viral processes, for instance, formation of the particle. The immunogenicity rate to T-
Lymphocyte cell is higher in the structural proteins than non-structural proteins [16]. All the
coronaviruses have these structural proteins, S (spike), E (envelope), M (membrane), and N
(nucleocapsid). [17, 18]. The spike glycoprotein composed of two domains S1 and S2, which
both enhance the efficient binding to the ACE2 (angiotensin-converting enzyme 2 receptor) in
the host cell membrane [19-21]. After the internalization of SARS-CoV2 in the endosome, a
sequence of conformational change in the spike domains lead to activation of the membrane
fusion within the endosome [21-24]. The small and integral envelop (E) protein believed to
have an essential role in the viral life cycle of the virus from assembly to envelope generation,
and pathogenesis. The E protein act as an ion-channel viroporin and can interact with the host
cell proteins and other coronavirus proteins [25]. The Membrane (M) protein composed of
three transmembrane domain that shapes of the virion, enhances membrane curvature, and
reachjes to the nucleocapsid for binding [26]. During virion assembly, the positive-strand
RNA of the virus packaged by the Nucleoprotein (ORF9a) into a helical ribonucleocapsid
(RNP) by binding of the viral genome to the membrane protein [27]. Moreover, the
nucleoprotein enhance viral replication and transcription.

In the current study, complete structural proteins of the SARS-CoV2 were retrieved from
NCBI Data Base for a reason for the analysis of the evolution and transmission of this novel
Coronavirus since it is appearance. We aimed to explore the genetic variation in the structural
proteins, infer the evolutionary flow in comparison to the previous and different isolates of the
SARS-CoV2 in different countries, and lastly, indicate the history of transmission to estimate
to find the hypothesis or real origin of the virus.

2. METHODS AND MATERIALS

The multiple sequence alignment was performed based on the amino acid using MultAlin
software [28]to show the variation in the structural proteins of SARS-CoV2 in comparison to
SARS-CoV. The start codon of each sequence of the structural protein was gained from NCBI
graphics of the following selected sequence, SARS-CoV2 [NC045512.2 (Wuhan-Hu-
ICHN/2019/First  Isolate), MT152824.1 (USA/2020), LC528233.1 (Japan/2020),
MT240479.1 (Pakistan/2020) and MN996531.1 (China/2020)]; SARS-CoV [KF514397.1
(USA/2009), AB257344.1 (Germany/2006), MKO062184.1 (USA/2018), MK062180.1
(USA/2018), AY463060.1 (China/2004), NC004718.3 (Canada/2018) and KF514422.1
(USA/2014).

Different strains of human Coronavirus were downloaded from the NCBI database
(http://www.ncbi.nlm.nih.gov) to characterize the evolution of each structural protein. The
accession numbers of the sequences were shown in figure 1, 2, 3 and 4 respectively for the
spike protein (68 sequences), Nucleocapsid protein (61 sequences), Membrane protein (61
sequences) and Envelop protein (62 protein). A typical local alignment search engine was
used to check the percentage of  similarity (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The
duplication sequences were excluded to avoid the mistake of calculating the rate of similar
amino acid sequences variations. Maximum likelihood (ML) methods were used to create a
phylogenetic tree. Generalized time-reversible plus gamma distribution and invariant sites
(+G+I) has been utilized for ML trees rebuilding using MEGAX for all protein sequences that
their accession numbers available in the figures. The MUSCLE software was used to further
confirm and building the last trees of the protein sequences were aligned with, the
phylogenetic tree was designed using TreeDyn and PhyML (www.phylogeny.fr).

3. RESULTS

1) Most SARS-CoV2 variation located in the Spike region
The multiple sequence analysis [supplementary data] of the selected sequences showed that
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most variations in the SARS-CoV2 located in the receptor-binding site in the spike region,
followed by the nucleocapsid proteins when compared to the SARS-CoV strains [Table-1].
Out of 1277 amino acids in the spike region, there were 225 amino acids substituted and
interestingly 23 amino acid which is approximately 1.8% of the total amino acids in the spike
inserted in the receptor-binding site. The SARS-CoV2 envelop consist of 76 amino acid which
only three amino acids substituted and one deleted in comparison to SARS-CoV. The
Membrane (M) protein is followed by the spike protein in the high percentage of substituted
proteins with 7.2% substitution and insertion of one amino acid. The nucleocapsid of SARS-
CoV2 composed of 422 amino acid which 25 amino acid substituted and three amino acid is
deleted. The lowest number of amino acid deletion and substitution observed in envelop of the
SARS-CoV2.

Table 1: The percentage of the substituted, inserted and deleted amino acids in the structural proteins of
SARS-CoV2 in comparison to SARS-CoV.

Structural protein No. of Amino acid  Deletion (%)  Substitution (%) Insertion (%)

Spike 1277 4 (0.3%) 225 (17.6%) 23 (1.8%)
ENVELOP 76 1(1.3%) 3(3.9%) None

MEMBRANE 222 None 16 (7.2%) 1 (0.45%)
NUCLEOCAPSID 422 3 (0.7%) 25 (5.9%) None

2) SARS-CoV2 is in close relation to SARS-CoV based on their structural proteins

The phyloepidemiologic analysis showed that most strains found in the NCBI database when
compared to different isolates of human Coronavirus are in a high percentage of similarity to
human SARS-CoV. The four structural proteins of human Coronavirus were compared
separately. In each tree, all the isolates divided into three cluster A, B and C.

The phylogenetic tree of the spike protein was analyzed 1277 amino acids of 36 different
isolate of SARS-CoV2 with 8 isolates of SARS-CoV, 9 isolates of MERS-CoV, 9 isolates of
0OC43, 4 isolates of NL63, 1 isolate of each HKU1 and 229E. All the strains are isolated in
different countries and years. As it is apparent from the tree [Figure 1], the strains divided into
three clusters A, B and C. The alpha coronaviruses (NL63 and 229E) are grouped in cluster A.
Group B is a relatively more extensive group of different beta-human Coronaviruses and
MERS-CoV. The group B is divided into two branches; one is including the MERS-CoV and
the other one gathering OC43 and HKUI. Group C consists the largest group of the tree,
including the novel SARS-CoV2 and previously isolated SARS-CoV. The human Coronavirus
in group C has a high similarity in their sequence of the spike region.
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Figure 1: Phylogenetic tree of the SARS-CoV2 (Spike protein) with other human coronaviruses.
The phylogenetic tree was buit using the maximum likelihood method . The sequences of the spike were
aligned with MUSCLE, and PhyML and TreeDyn were used to design The phylogenetic tree
(www.phylogeny.fr). The values of different support Branches are indicated in red color.

The nucleocapsid tree analyses 422 amino acids in different selected human Coronavirus. As
showed in figure 2, the tree divided into two main clades. One including group A with both
HKUI and OCA43 human coronaviruses with the similarity of 66%. The other clade also
divided into two branches, including both group B and C. Group B gathering some strains of
OCA43 with NL63 and 229E human Coronavirus. Interestingly, the close similarity between
the SARS-CoV2, SARS-CoV and MERS-CoV could be observed in group C with the
similarity of 96%. The novel coronaviruses are less closly related to MERS-CoV than SARS-

KF372823.1coronavirns_QC43/China2010

MK303625
LC315649.1_OC43/Tokyo/2016
AY391777.1_OC43/Belgium/2003
KI650297 1_MERS/KSA013
KT868877.1_MERS/KOR/2015
H013216.1_MERS/Saudi_Arabia/2015
MH822886 1_MERS England KSA/England 2018
MGA470650.1_MERS/Saudi_Arabia/2016
MG346331 1_MERS/KSA2015
MK129253 1_MERS Korea/2018
MF000459.1_MERS Jordan/2015
EX034100.1_MERS/South_Korea/2015
AB257344 1_SARS/Germany/2005
AY463060 1_SARS/China/2004
NC_0047183_SARS/Canada2003
1882058 1_MA15/USA2000
MED062184 |_SARS/USA2018
MED062180.1_SARS/USA2017
KF514397 1_SARS/USA/2009
KF314422.1_SARS/USA2010
MT020781.1_COVID-19/FIN/2020
38 MT049951 1_COVID-18/CHN/2020
IMT007544.1_COVID-19/Australia/2020
OMT027064.1_COVID-18/USA2020
IMT276598.1_COVID-19/Tsrael 20020
NC_045512.2_COVID-19/Wuhan-Fu-1CEN/2019
MT050493.1_COVID-19/IND/2020
SMI0935711_COVID-19/SWER020
MT093571_COVID-19/Sweden/2020
MT012008 1_COVID-19/IND2
MT066156.1_COVID-19/
MT016533 1 COVID-19/CHN
IMT019532.1_COVID-19/CEN/ 2019
IMT019531.1_COVID-19/CEN/2019
MT152824.1_COVID-19/USA2020
LC528233.1_COVID-19/Japan/2020
LC528232.1_COVID-19/Japan/2020
MT123291 1_COVID-19/CHN
[MT123200.1_ COVID-19/CEN/2020
MT072688 1_COVID-19/NPL2020
IMT030873.1_COVID-19/CEN/2020
MNO7T5262.1_COVID-19/HKU/2020
MN938384 1_COVID-19/HKU/2020
IMT126308.1_COVID-19/BRA/2020
MT093631.2_COVID-19/CEN/2020
MT066176 1_COVID-19/TWN/2020
MT066175.1_COVID-19/ TWN/2020
IMT044258.1_COVID19/USA/
IMN996529 1_COVID-19/CHN
IMIN9S8665 1_COVID-19/CHN/2020
IMN996531 1_COVID-19/China/2020
[MN996530 1_COVID-19/CHN/2020
[MING96527 1_COVID-19/CHINA/2020
LC529905.1 COVID-19/TPN/2020
MT240479. 1 COVID-19/Pakistan/2020
LC534419.1_COVID-19/PN/2020

CoV based on the analysis of the nucleocapsid amino acids.
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Figure 2: Phylogenetic tree analysis of the SARS-CoV2 (Nucleocapsid proteins) with other human
coronaviruses. The phylogenetic tree was buit using the maximum likelihood method . The sequences
of the spike were aligned with MUSCLE, and PhyML and TreeDyn were used to design The
phylogenetic tree (www.phylogeny.fr). The values of different support Branches are indicated in red
color.

The comparison of the 222 amino acid of the Membrane (M) showed the two major clades
among different strains of the human coronaviruses. One of the clades including group A of
both 229E and NL63 human coronaviruses. The other clade, including both group B and
group C. Group B including the OCA43 human coronaviruses strains. All the human beta
coronaviruses are gathered in group C including the novel coronavirus SARS-CoV2, SARS-
CoV and MERS-CoV. As the comparison of spike and nucleocapsid, the amino acid of the
membrane of the SARS-CoV?2 strains is with a close similarity to SARS-CoV.
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Figure 3: Phylogenetic tree of the SARS-CoV2 (Membrane protein) with other human
coronaviruses. The phylogenetic tree was buit using the maximum likelihood method . The sequences
of the spike were aligned with MUSCLE, and PhyML and TreeDyn were used to design The
phylogenetic tree (www.phylogeny.fr). The values of different support Branches are indicated in red
color.

The envelop consists of 76 amino acids and the comparison between SARS-CoV2 with the
other SARS-CoV showed the lowest variation among the novel coronaviruses. However, the
phylogenetic analysis revealed that SARS-CoV2 strains are located in one of the major clades
and belonging to group A. This group consist of both SARS-CoV2 and SARS-CoV with a
high degree of similarity (93%) in the envelope region. Moreover, this clade includes group B
too, which gathering MERS-CoV, HKU1 and OCA43 with a similarity of 77%. The other
clade includes group C, which both NL63 and 229E human Coronavirus.
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Figure 4: Phylogenetic tree of the SARS-CoV2 (Envelop protein) with other human coronaviruses.
The phylogenetic tree was buit using the maximum likelihood method . The sequences of the spike were

aligned with MUSCLE, and PhyML and TreeDyn were used to design The phylogenetic tree
(www.phylogeny.fr). The values of different support Branches are indicated in red color.

4. DISCUSSION

COVID-19 is the pandemic severe acute respiratory disease, and it causes high morbidity and
mortality rates. The origin of this novel Coronavirus is still unrecognized, so it is vital to
understand the epidemiology of the 2019-nCoV. The bioinformatics tools have been used
successfully as a powerful tool to analyze the infectious disease outbreak, transmission and
understanding the pathogen [15]. In this report, we aimed to use this tool to understand the
novel coronavirus real origin and to show the most frequent variation in the structural
proteins. Many strains of human Coronavirus used for the reason of the phyloepidemiological
analysis based on the full amino acids of the structural proteins; S (spike), E (envelope), M
(membrane), and N (nucleocapsid). of human coronaviruses in various countries and times. Our
analysis showed that most variations located in the spike region of the SARS-CoV2 when
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compared to SARS-CoV. Moreover, the phylogenetic tree revealed that all the selected strains
of the novel coronavirus are gathered together in one clade, and they are in close relation to
the SARS-CoV. According to the bioinformatics analysis, the origin of the SARS-CoV?2 is
human SARS-CoV.

As it is evident that SARS-CoV2 is an RNA virus which makes its replication machinery
inside the host cell [26] and it originates from Bat and Pangolin [7, 29]. The previous human
SARS-CoV (2003) and MERS-CoV (2012) were also originated from the Bat [30-32]. The
spillover of these viruses from Bat to human is believed to be related to the high mutation rate
in the RNA viruses which make an error in the new progeny of the viruses due to the RNA
dependent RNA polymerase that does not have the proofreading activity [26, 33].

The high similarity between SARS-CoV2 and SRAS-CoV in their structural regions give
support to our hypothesis that this novel Coronavirus is originated from the SARS-CoV. We
believed that the scenario of the transmission of the SARS-CoV2 is that a sequential of
antigenic shift and drift occurred in the SARS-CoV RNA in the Bat then transmitted to
Pangolin to give some other antigenic capability for binding to the host receptors. Then
indirect transmission occurred to human due to viral contamination of subject or
asymptomatic infected person [12].

Our analysis sequence data revealed that the high mutation rate occurred in the spike region of
SARS-CoV2 in comparison to SARS-CoV. Any evolution and mutation happen in this protein
may change the ability of the virus to attack different hosts and even with different strengths.
The virus uses the spike region for binding to the specific receptor in the host cell [34].
Therefore, the high mutation rate in this region is to enhance the entry and escaping from the
immunity of the host [35].

5. CONCLUSION

The genetic evolution of the collected data demonstrated that SARS-CoV2 most likely
originated from SARS-CoV infected Bat through sequential antigenic shift and drift in the
RNA genome. This may give a clue that human coronaviruses can evolve to new strains of the
virus, such as the 2019-nCoV by passing through different hosts and bypassing times.
However, the postulate of originating 2019-nCoV from other human coronaviruses (alpha,
beta and gamma Coronavirus) is weaker because they are less closely related to the 2019-
nCoV. This fining will help to find the possible origin of the virus, which is essential for
infection control policy.
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