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Today, the emerging of the new coronavirus 2019nCoV possesses
a global health problem and little is known about its origin. In the
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coronavirus-2019 have been created using a number of available
complete protein sequences of envelope (E), membrane (M),
nucleocapsid (N) and spike (S) proteins. The phylogenetic trees

analysis illustrated that 2019nCoV in all four proteins are very
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L anteater) and Bat-SARS-like-coronavirses because all of them
Sulaimani city, are clustered in the same clade. Whereas, the 2019nCoV is less
gg;/ SIDC(l)sl ) closely related to coronavirses isolated from Rousettus bat (fruit

Bat-like- coronavirus,

Pangolin.

bat) and MERS coronaviruses isolated from camel because they
are gathered in the same clade only in two of the four studied
proteins, nucleocapsid (N) and spike (S). In the conclusion, the
new 2019nCoV is more likely to be originated from Bat-SARS-
like-coronaviruses or/and coronavirus isolated from Pangolin
after adaptation and evolution in the human hosts. Because of the
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number of infected cases to date indicates a very quick human-to-
human transmission. Thus, necessitates a very rapid active
surveillance using accurate method to find the original host
where the 2019nCoV emerged. This will help in further
understanding and creating a better approach to control the
spread of SARS-CoV-2 outbreak.

Copyright © 2020 Kurdistan Journal of Applied Research.
All rights reserved.

1. INTRODUCTION

In the end of December 2019, a respiratory disease (COVID-19) cases caused by a newly
emerging coronavirus occurred in Wuhan, China. At the beginning, this coronavirus was named
by World Health Organization (WHO) as the 2019- novel coronavirus (2019-nCoV) on 12
January 2020. WHO officially identified the disease as coronavirus disease 2019 (COVID-19)
and the International Committee proposed the name to the virus as SARS-CoV-2, both issued
on 11 February 2020. Coronaviridae family is a large group of viruses containing single,
positive stranded RNA which is present in a number of host species. Previously, it was known
as a causative agent for common cold and sometimes diarrhoea in humans [1,2]. A new severe
acute respiratory syndrome coronavirus [SARS CoV] has been discovered and it was known as
a cause of the SARS outbreak [1,2]. Recently, a number of severe respiratory infection in
humans has been identified in Wuhan city of China, this was due to the emerge a novel
coronavirus (2019-nCoV) as a causative agent for severe pneumonia in humans. From
December 2019, many infected cases of pneumonia of unknown origin associated with
permanence at the Wuhan market in China have been revealed [3,4]. 2019-nCoV belongs to the
Orthocoronavirinae subfamily and it is different from MERS-CoV and SARS-CoV. [5]. Till
now, atotal of 1773,084 people is recorded to be infected with pneumonia globally with 111,652
mortality [6,7]. Animal to human transmission of the 2019-nCoV is contributed the epidemic
outbreak, In China. A large number of patients found that they have had visited local fresh fish
and wild animal markets at Wuhan in November. Recently after that, evident information has
been collected for the zoonotic and human to human transmission of the virus [7,8]. It is shown
previously that SARS virus transmission was really related with air droplet of infected patients
among intensive care staff [9]. In case of COVID-19 in China, the increased mortality risk is
probably due to the failure in the health care system, which indicates the public health
interventions enhancement, involving social distance and restrictions of movement [10].

It has been shown that COVID-19 infects all age groups in various geographical areas [11] and
the transmission can be occurred through direct and indirect way [12]. The patients have a
different response to the infection, which starts from asymptomatic to severe pneumonia and
similar condition was seen in MERS outbreaks in the Middle East [13].

According to the recent study through a phylogenetic network analysis of 160 complete genome
sequence of the 2019-nCoV which is done by England and German researchers, there are three
central variants of the 2019-nCoV are identified until today. The phylogenetic tree was relied
on amino acid sequences of the virus and different mutations and changes of amino acids have
been discovered. According to these mutations, the variants are named as A, B, and C. In which,
the researchers believed that variants B and C are originated from variant A. These variants are
noticed to be found in different countries. In Europe, East Asia and America, variants A and C
are significantly spread. While, type B causes more outbreaks in East Asia [14]. Therefore, it is
important to build a phylogenetic tree of the 2019nCoV in all regions to indicate the types of
the variants.

As the early stage of infection control, the proper diagnosis technique and isolation of the
infected people are considered as the hallmarks for the control and management of the disease.
The current research aims to identify the phylogenetic estimation of the 2019nCoV and its
evolutionary rate to more understand the real origin of the virus. Also, phylogenetic analysis is
an important outcome to understand the progression of infection, antiviral discovery, and
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development of vaccine. Therefore, in this investigation, the phylogenetic trees for animal
coronaviruses with the novel coronavirus-2019 have been created using a number of available
complete protein sequences of envelope (E), membrane (M), nucleocapsid (N) and spike (S)
proteins.

2. METHODS AND MATERIALS

The number of available complete protein sequences of coronaviruses, envelope (E) (56 amino
acid sequences, membrane (M) (55 amino acid sequences), and 54 protein sequences for each
nucleocapsid (N) and spike (S) proteins of the novel coronavirus and animal coronaviruses
isolated from different animal hosts were studied. All the sequences have been downloaded
from and GenBank (http://www.ncbi.nlm.nih.gov/genbank/). A basic local alignment search
tool has been used for similarity percentage identification
(https://blast.ncbi.nlm.nih.gov/Blast.cgi); the datasets were excluded from eventual duplicated
and very similar amino acid sequences. BioEdit program v7.0.5. has been used for editing the
dataset of the above complete protein sequences [15]. Maximum likelihood (ML) methods were
employed for the analyses because they allow for testing different phylogenetic hypotheses by
calculating the probability of a given model of evolution generating the observed data and by
comparing the probabilities of nested models by the likelihood ratio test. Generalized time
reversible plus gamma distribution and invariant sites (+G+l) were used for ML trees
reconstruction using MEGAX [16,17]. All the accession numbers of isolates are presented in
the figures. For further confirmation and obtaining the final trees the protein domain sequences
were aligned with MUSCLE, the phylogenetic tree was created with PhyML and TreeDyn
(www.phylogeny.fr). Also, the branch support values were considered.

3. RESULTS

To understand the origin of the 2019nCoV, the 56 available complete protein sequences of
animals and human coronaviruses were analysed through ML phylogenetic tree. As its shown
in (Figures 1-4), coronaviruses isolated from animals and all the 2019-nCoV are located in three
different clusters A, B and C.

Spike Protein

All animal and human coronaviruses used in this study are placed into three different group of
clusters (A, B and C). In group A, all coronaviruses belong to different species of bats are seen
clustered together. Group B has a larger group of different animals and bats. In this group,
coronavirus; avian Infectious Bronchitis Viruses (IBV), infecting poultry are located together
into one clade. Porcine coronaviruses isolated in different countries are gathered into one clade
next to the feline coronaviruses. Both porcine and feline coronaviruses are neighbored by
coronaviruses isolated from different species of bat (Figure 1). In addition, all feline and porcine
coronaviruses clade is located next to the clade of sea mammals, including whale and bottlenose
dolphin.

Interestingly, most of coronaviruses isolated from bat such as Bat_ SARS_like_coronaviruses
(MG772934.1 _Bat SARS-like coronavirus_isolate bat-SL-CoVZXC21/CHN, DQ022305.2
Bat SARS coronavirus HKU3-1/HK/CHN/2005 and  KY417146.1  Bat SARS-like
coronavirus-isolate-Rs4231/CHN/2016) and  Pangolin  coronaviruses  (MT040333.1
Pangolin/China/2020) are located in cluster C (Figure 1). In the same cluster, coronavirus of
Rousettus  bat  (NC 030886.1  Rousettus  bat/Beijing/CHN/2018,  KU762337.1
Rousettus_bat//CHN/2016 and MG762674.1 Rousettus_bat/ HKU9/Jinghong/CHN/2009) and
MERS isolated from camel (KJ713299.1 MERS-CAMEL/ Saudi Arabia/ 2014) can be observed
which is located in subclades of the same cluster.

While all avian Infectious Bronchitis Viruses (IBV) (MK644086.1, MF508703.1, JF732903.1,
KX272465.1, MG233398.1, MH779856.1, GU393337.1, KR902510.1, AJ311317.1,
NC 001451.1, FJ888351.1 and KT203557.1) and coronaviruses isolated from pigs
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(LC063846.1, LC063847.1, KX580958.1, KR078300.1, MK409659.1, KT021232.1 and
KF761675.1) are located in cluster B in two different clades which is located far from the
2019nCoV in the phylogenetic tree (Figure 1).
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Figure 1: Spike protein phylogenetic tree analysis of the 2019-nCoV with common animal
coronaviruses. The maximum likelihood method was used for making phylogenetic tree. Protein domain
sequences were aligned with MUSCLE, the phylogenetic tree was created with PhyML and TreeDyn
(www.phylogeny.fr). Branch support values are presented in red.

Nucleocapsid Protein

All coronaviruses isolated from different hosts are classified into three different group of
clusters (A, B and C). In group A, a large group of different coronaviruses isolated from
different bat species and human hosts including the 2019-nCoV are grouped together in this
cluster. Coronaviruses isolated from poultry and sea mammal are in group B. In this group, sea-
mammal coronaviruses are allocated together into one clade. Furthermore, the clade containing
sea mammals, including whale and bottlenose dolphin is placed next to the clade of avian
Infectious Bronchitis Viruses (IBV). In group C, all porcine coronaviruses are gathered together
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in a single clade, which are accompanied by two different clades collecting coronaviruses
isolated from bats and feline hosts (Figure 2).

As it is observed in the (Figure 2), all the 2019nCoV (MT019531.1, NC_045512.2,
MT019533.1, MT020880.1 and MT020781.1) are allocated in clusters A, which are divided on
some clades. Most of the 2019nCoV in cluster A are allocated next to Bat-SARS-like-
coronaviruses(MG772934.1 Bat SARS-like_coronavirus_isolate_bat-SL-CoVZXC21/CHN,
DQ022305.2 Bat_SARS_coronavirus_HKU3-1/HK/CHN/2005 and KY417146.1 Bat_SARS-
like coronavirus-isolate-Rs4231/CHN/2016) and Pangolin coronaviruses (MT040333.1
Pangolin/China/2020); whereas, MERS coronavirus isolated from camel (KJ713299.1 MERS-
CAMEL/ Saudi_Arabia/ 2014) is located into another clade next to the clade where the
2019nCoV is allocated. Furthermore, all coronaviruses isolated from fruit bats (Rousettus bat)
(NC_030886.1, KU762337., NC_009021.1, MG762674.1 and HM211101.1) are allocated in
the near subclades.
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Figure 2: Phylogenetic tree analysis of Nucleocapsid proteins of the 2019-nCoV with common animal
coronaviruses. The maximum likelihood method was used for making phylogenetic tree. Protein domain
sequences were aligned with MUSCLE, the phylogenetic tree was created with PhyML and TreeDyn
(www.phylogeny.fr). Branch support values are presented in red.
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Envelope Protein

All amino acid sequences of coronaviruses Envelope protein downloaded from NCBI which are
isolated from different hosts (human, animals, bats and sea mammals) in different countries are
divided into three different group of clusters (A, B and C).

In group A, all coronaviruses isolated from feline are observed clustered together. Group B
contains a large group of different coronaviruses isolated from porcine, bats and human hosts
including the 2019-nCoV. Porcine coronaviruses are neighbored by coronaviruses isolated from
different species of bat (Figure 3). Furthermore, the 2019-nCoV are in the same group which
are far from porcine coronaviruses in different clades. Group C has a large group of different
poultry and sea mammal coronaviruses. In this group, coronavirus; avian Infectious Bronchitis
Viruses (IBV), infecting poultry are located together into one clade. In addition, all avian
Infectious Bronchitis Viruses (IBV) clade is placed next to the clade of sea animals, including
whale and bottlenose dolphin.

As it is shown in the (Figure 3), the phylogenetic tree placed the all 2019nCoV isolated from
human host (MT019531.1, NC_045512.2, MT019533.1, MT020880.1 and MT020781.1) are in
cluster B. Most of the 2019nCoV in cluster B are allocated next to Bat-SARS-like-coronavirus
(MG772934.1_Bat_SARS-like_coronavirus_isolate_bat-SL-CoVZXC21/CHN, DQ022305.2
Bat_ SARS coronavirus_ HKU3-1/HK/CHN/2005 and  KY417146.1  Bat_SARS-like
coronavirus-isolate-Rs4231/CHN/2016) and  Pangolin  coronaviruses (MT040333.1
Pangolin/China/2020); while, MERS coronavirus isolated from camel (KJ713299.1 MERS-
CAMEL/ Saudi_Arabia/ 2014) is located into another clade next to the clade where the
2019nCoV is allocated. In addition, all coronaviruses isolated from fruit bats (Rousettus bat)
are also observed in the subclade of the same cluster.
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Figure 3: Phylogenetic tree analysis of Envelope proteins of the 2019-nCoV with common animal
coronaviruses. The maximum likelihood method was used for making phylogenetic tree. Protein domain
sequences were aligned with MUSCLE, the phylogenetic tree was created with PhyML and TreeDyn
(www.phylogeny.fr). Branch support values are presented in red.

Membrane Protein

Three groups (A, B and C) of coronaviruses of different hosts are built by phylogenetic tree.
Phylogenetic analysis allocated all human coronaviruses including the 2019-nCoV and Bat-
SARS-like-coronavirus together in a certain clade of the cluster A. In this protein analysis, the
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clades of different species of bat and camel coronaviruses are collected together in group B. In
this cluster, sea animal coronaviruses, avian Infectious Bronchitis Viruses (IBV) are observed
into one clade. While, all porcine and bat coronaviruses are in group C (Figure 4).

As it is observed in the (Figure 4), all the 2019nCoV (MT019531.1, NC_045512.2,
MT019533.1, MT020880.1 and MT020781.1) are allocated in clusters A, which are divided on
some clades. all of the 2019nCoV in cluster A are closely related to Bat-SARS-like- coronavirus
(MG772934.1_Bat_SARS-like_coronavirus_isolate_bat-SL-CoVZXC21/CHN, DQ022305.2
Bat_ SARS coronavirus_ HKU3-1/HK/CHN/2005 and  KY417146.1  Bat_SARS-like
coronavirus-isolate-Rs4231/CHN/2016) and  Pangolin  coronaviruses (MT040333.1
Pangolin/China/2020) because all of them are gathered next to each other. In contrast to
envelope (E), nucleocapsid (N) and spike (S) proteins; membrane protein of coronaviruses
isolated from avian Infectious Bronchitis Viruses (IBV) (MK644086.1, MF508703.1,
JF732903.1, KX272465.1, MG233398.1, MH779856.1, GU393337.1, KR902510.1,
AJ311317.1, NC_001451.1, FJ888351.1 and KT203557.1), sea animals including dolphin
(MN690611.1/Bottlenose_dolphin_coronavirus/USA) and whale (EU111742.1 Whale/USA/
2008) are allocated in the clade next to the clade where the 2019nCoV is allocated (Figure 4
group A). In addition, all coronaviruses isolated from fruit bats (Rousettus bat) and African
(MK564475.1_MERS/Camel/Ethiopia/2019) and Arabic (KJ713299.1_MERS-
CAMEL/Saudi_Arabia/2014) camels are allocated in the certain clades of the cluster B. Also,
the pig, feline, and some bat coronaviruses are clustered together the cluster group C of the
Figure 4.
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Figure 4: Phylogenetic tree analysis of Membrane proteins of the 2019-nCoV with common animal
coronaviruses. The maximum likelihood method was used for making phylogenetic tree. Protein domain
sequences were aligned with MUSCLE, the phylogenetic tree was created with PhyML and TreeDyn
(www.phylogeny.fr). Branch support values are presented in red.

4. DISCUSSION

Due to the recent pandemic outbreak of deadly COVID-19, it is necessary to understand the
epidemiology of the 2019nCoV. So, this study investigated the possible origin of this virus
through the phylogenetic analysis that exists in both humans (2019nCoV) and animals. To
discover the link between human and animal coronaviruses, the complete protein sequences of
envelope (E), membrane (M), nucleocapsid (N) and spike (S) proteins coronaviruses in different
animals was analysed and compared to the 2019nCoV through phylogenetic analysis (Figures
1,2,3, and 4).
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The phylogenetic tree of the Spike protein (Figures 1) reveals that most of 2019-nCoV are
allocated in cluster B with very closely related animal coronaviruses, Bat-SARS-like-
coronaviruses (MG772934.1 Bat SARS-like_coronavirus_isolate_bat-SL-CoVZXC21/CHN,
DQO022305.2 Bat_SARS_coronavirus_HKU3-1/HK/CHN/2005 and KY417146.1 Bat_SARS-
like coronavirus-isolate-Rs4231/CHN/2016) [18,19,20,21] and Pangolin coronaviruses
(MT040333.1 Pangolin/China/2020) [22]. This means that the viruses of this cluster are
genetically identical and it is closely related to that coronavirus isolated from in different areas
such as China especially during the year 2020. This may conclude that 2019nCoV was mutated
from passing through different animal hosts until reached and adapted itself in human host.
Periodically in around every five years, the virus evolved from SARS to the new generation of
coronavirus in human.

Data analysis of Envelope protein (Figure 3); all coronaviruses are generally classified into two
major groups; A and B. All the 2019nCoV are clustered in group A in a similar manner of Spike
protein phylogenetic tree, which supports the hypothesis that Spike and Envelope proteins are
originated from Bat-SARS-like-coronaviruses and Pangolin coronaviruses. In addition,
coronaviruses isolated from pigs are allocated in the same group, but in a very far clade. This
concludes that is less possible to be an origin of 2019-nCoV.

According to Nucleocapsid protein phylogenetic tree (Figure 2), all coronaviruses are clustered
in two different groups. Group A and B clustered all viruses that cause diseases in pig, poultry,
sea mammals, bat and human. Interestingly, all the 2019nCoV coronaviruses are allocated in
group A with Bat-SARS-like-coronaviruses (MG772934.1 Bat SARS-
like coronavirus_isolate bat-SL-CoVZXC21/CHN, DQ022305.2 Bat SARS coronavirus
HKU3-1/HK/CHN/2005 and  KY417146.1 Bat SARS-like  coronavirus-isolate-
Rs4231/CHN/2016)  [18,19,20,21] and  Pangolin  coronaviruses  (MT040333.1
Pangolin/China/2020) [22]. In which, all 2019nCoV are clustered in subclades with coronavirus
isolated in Rousettus Bat (fruit bat) in 2016 in China (KU762337.1 Rousettus bat//CHN/2016)
[23], which are less closely related. This may give a strong evidence that 2019nCoV is
originated from Bat SARS-like coronavirus especially Bat SARS-coronavirus-RaTG13
(MN996532.1/CHN/2020) [24]. In addition, coronaviruses isolated from avian and sea animals
are clustered in the same group, but in in differed clades. The 2019nCoV isolated human hosts
is not closely related to coronavirus in Bottlenose Dolphin in the USA (MN690611.1
Bottlenose_Dolphin_coronavirus/USA) [25]. This is for the first time is revealed that there is a
genetic homology between the 2019nCoV and marine coronaviruses, but it cannot be a strong
evidence to be an origin of the 2019nCoV. Interestingly, a similar result was obtained with
Membrane protein (Figure 4), which strengths the postulation that the 2019-nCoV is more
possible to come from coronavirus of Bat SARS-like and Pangolin coronaviruses rather than
avian Infectious Bronchitis Viruses (IBV) of poultry. Our findings are comparable to many
international studies outcomes [18,21,23,24].

5. CONCLUSION

The result of our study along with analysis of other international researches, enforcing
Bat_SARS-like coronavirus especially Bat SARS-coronavirus-RaTG13 and/or Pangolin 2020
isolates are the probable origin of infection and this may give a clarification of the 2019-nCoV
transmission dynamics. However, the postulate of originating 2019nCoV from Rousettus bat is
weaker because of its less closely related to the 2019-nCoV. This outcome will aid to
understanding of the possible origin of the virus and infection control policy. Therefore, to find
out the close relationship between the 2019-nCoV and other coronaviruses, amino acids
sequence alignment for all structural proteins of the virus and phylogenetic tree of complete
genome obtained in every country is required.
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