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Abstract

Coronavirus are viruses that can be transmitted to human and animals. Severe acute respiratory
syndrome, middle east respiratory syndrome, and Coronavirus disease 2019 are disease can be
caused by several subtypes of coronavirus. The aims of this study were to mapping of the
coronavirus circulating in Asia based on sequence of gene spike and membrane protein virus.
Totally of 67 coronavirus spike protein and membrane gene sequence were accessed via
GenBank® (www.ncbi.nlm.nih.gov/genbank/) matched with the ClustalW Method MEGA-X.
The result of the study are 20 groups of coronavirus were found based on spike protein gene
sequences and 27 groups of coronavirus were found based on membrane protein gene
sequences which were different with the first group of coronavirus found in Wuhan. Therefore,
it can be concluded that the coronavirus circulate in several Asian countries had been mutate
on gene spike and membrane protein.
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Introduction

Coronavirus is a virus that mutates easily. The genetic material of the virus is composed of a
positive polarized single-stranded RNA (ssRNA) nucleic acid and an enveloped capsid with
lenght of the genome = 30,000 nucleotides (nt). RNA viruses have a fairly high mutation rate
and higher than DNA viruses. RNA viruses are not doing the proofreading process during the
nucleic acid replication process so that there is no improvement in the acid-base composition
and causes mutations. The existence of mutations results in changes in viral genetic information
that can increase viral malignancy and the emergence of new subtypes of coronavirus (Flint et
al, 2015).
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The process of transmission of the coronavirus also plays an important role in changing the
genetics of the virus. Transmission of coronavirus can occur between humans and humans,
animals and animals, and animals to humans or vice versa which results in viral genetic
recombination either by antigenic shift or antigenic drift. Several animals such as bats, camels,
and pangolins have been reported as sources of coronavirus that occurs in humans. Transmission
of the virus occurs through droplets, aerosols, and faeces-oral (Flint et a/, 2015).

The spike protein is one of the 4 major coronavirus antigen proteins that play a role in the
main structure of gene writing (Yuliana, 2020). Spike plays a role in the attachment and entry
of the virus into the host cell for replication (Huang et al., 2020). In addition, the membrane
or commonly referred to as the M protein is one of the 4 main proteins determining the
pathogenicity of the coronavirus. The membrane is the most abundant viral protein in the
virion particle which plays a role in giving shape to the virus. The membrane on the coronavirus
has a role as a coronavirus assembly (Sunday et al., 2021).

Coronavirus mutations can occur for three reasons, namely mutations due to changes in the
number of nitrogenous bases, mutations due to changes in the type of nitrogenous bases and
changes in the location of the sequence of nitrogenous bases in nucleic acids. Mutations due to
changes in the number of nitrogenous bases can occur by addition, deletion, insertion, and
duplication. Mutations due to changes in nitrogen base types can occur due to transitions or
transversions (Sanjuan and Pilar, 2016).

The mutated coronavirus can be very dangerous. Addition is one of the causes of mutations
due to changes in the number of nitrogenous bases by adding nitrogenous bases. Deletions can
occur due to the reduction of nitrogen bases. Insertion can occur when a nitrogenous base is
inserted into the chain of a nucleic acid nitrogenous base. Duplication can occur due to doubling
in the sequence of nitrogenous bases. Transition is the replacement of a nitrogen base pair with
another nitrogen base pair of the same type. Transversion is the replacement of a nitrogen base
pair with another nitrogen base pair that is not similar (Sanjuan et a/., 2020).

Molecular-based coronavirus mapping is very important to know the genetic changes of the
virus. The spread of the coronavirus that has occurred in many countries allows changes to the
viral protein gene sequences. Molecular-based mapping was carried out using the MEGA-X
application (Rell et al, 2021). MEGA-X application is an application to analyze the kinship
relationship of a virus according to the viral protein gene sequence. Viral protein gene sequences
as a source of genetic change information can be accessed through GeneBank. The viral protein
gene sequences that have been analyzed can be mapped into kinship groups based on the source
of isolation from humans in a country or from animals as well as the comparison between
animals and humans.

Material and Method

Sequence data of the coronavirus gene spike and membrane protein from Asia were accessed
from Genebank (https://www.ncbi.nlm.nih.gov/genbank/). A total of 67 protein spike and
membrane coronavirus gene sequences were analyzed using MEGA-X. The nucleotide
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sequences that have been collected are then matched with the ClustalW Method from MEGA-
X. Phylogenetic analysis was carried out using the Phylogeny Construct test Neighbour-Joining
Tree Method from MEGA-X (Kumar et al., 2018). This research was conducted on 01 June - 31
August 2021 virtually.

Result and Discussion

Reconstruction of the phylogenetic tree using neighbour join tree model MEGA-X on the spike
protein gene sequences of coronavirus in Asia formed 20 groups. The group of coronavirus
spike protein gene sequences can be divided into 10 large groups and 10 small groups. Large
groups such as groups 1, 5, 6, 7, 14, 15, 17, 18, 19, 20 consisted of several countries that had
relatively close kinship of coronavirus protein gene sequences in one group, while small groups
consisted of countries that have a relative distance of the coronavirus protein gene sequence
from each other so that they form their own group because they have significant differences
(Subari et al., 2021). Changes in viral genetics will affect functional properties and may alter
infectivity, disease severity or interactions with the host (Harvey et al., 2021).

The spike protein gene sequence of coronavirus that was circulating in India has a phylogenetic
branch adjacent to Turkey and Korea. This indicates that there is a fairly close relationship
between the coronavirus spike protein gene sequences circulating in India, Turkey and Korea
because the relatively close coronavirus spike protein gene sequences have many of the same
sequences in one group.

Iran has coronavirus spike protein gene sequence that forms its own group and indicates that
the coronavirus spike protein gene sequence circulating in Iran has a protein gene sequence that
is quite different from other countries in Asia but still has sufficient kinship with other countries
which have adjacent phylogenetic branches. In other words, the spike coronavirus circulating
in Iran is still closely related to the spike protein gene sequence circulating in India, Turkey, and
Korea.

The coronavirus spike protein gene sequence isolated in Wuhan has a fairly distant branch from
the India, Turkey, Korea and Iran group, which indicates that the coronavirus spike protein
gene sequence circulating in Turkey, India, Iran and Korea is closely related to the protein gene
sequence. spike coronavirus isolated in Wuhan. The distant kinship between the groups
occurred due to differences in the spike protein gene sequence due to changes that occurred
from time to time. Higher mutation rates lead to higher genetic diversity, except in special cases,
it is not possible to infer mutation rates directly from observed population mutation
frequencies. Knowledge of the processes underlying viral mutation rates has implications for
understanding and managing drug resistance, immune flight, vaccination, pathogenesis, and the
emergence of new diseases (Sanjuan and Pilar, 2016).
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Picture 1. Spike Coronavirus Protein Phylogenetic Tree

Thailand has the same phylogenetic branch as Cambodia, and it can be interpreted that the
gene sequences of the coronavirus spike protein circulating in the two countries are quite close.
The clustering that occurs in the phylogenetic branch occurs when there are spike protein gene
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sequences that have great similarities or can be said to have close kinship. Another branch
adjacent to the Thailand and Cambodia branches is the State of Timor Leste.

Timor Leste formed its own phylogenetic branch due to significant differences in the gene
sequences of the coronavirus spike protein circulating in that country. Although the spike
protein gene sequence circulating in Timor Leste forms its own branch, the spike protein gene
sequence still has a fairly close relationship with Thailand and Cambodia because it has a fairly
close phylogenetic branch. Both Thailand and Cambodia have spike protein gene sequences
that are quite distantly related to the coronavirus spike protein gene sequence circulating in
Wuhan. Meanwhile, the State of Timor Leste has a fairly close relationship with the coronavirus
spike sequence isolated in Wuhan. This can be explained by the differences in the protein gene
sequences of Thailand and Cambodia which are quite close to the State of Timor Leste but have
far enough differences from the spike protein gene sequences of the coronavirus isolated in
Wuhan. Meanwhile, the coronavirus spike protein gene sequence circulating in Timor Leste has
a closer relationship with the coronavirus circulating in Wuhan because it has adjacent branches.

The relatively distant relationship between the coronavirus spike protein gene sequences
circulating in Thailand and Cambodia and the coronavirus spike protein gene sequences isolated
in Wuhan indicates that there are differences in gene sequences due to changes in the
coronavirus spike protein gene sequences isolated in Wuhan. Changes in viral spikes can also
alter viral tropism, including new hosts and enhance viral pathogenesis (Ortega et al., 2020).

The spike protein gene sequences of coronavirus originating from China are closely related to
the coronavirus spike protein gene sequences due to the large number of sequences that have
similar similarities to Vietnam, Uzbekistan, Iran and Korea. Some of the coronavirus spike
protein gene sequences in Group 14 such as Iran and Korea are closely related to the coronavirus
spike protein gene sequences isolated in Wuhan. Meanwhile, other countries have relatively far
kinship from the coronavirus spike protein gene sequence isolated in Wuhan.

Saudi Arabia which still has a fairly close kinship with several countries in the phylogenetic
branch, the State of Saudi Arabia has a fairly distant relationship with the spike coronavirus
gene isolated in Wuhan. This indicates that there are differences due to changes in the
coronavirus spike protein gene sequence isolated in Wuhan and in several countries in Asia. As
a COVID-19 therapeutic agent, spike protein-specific neutralizing antibodies can interact with
the SARS-CoV-2 § protein to inhibit the virus from invading the human body. Monoclonal
antibodies have been approved for emergency use. It has been reported that viral mutants can
reduce the effectiveness of neutralizing antibodies (Jia and Wenping, 2021).

The spike protein gene sequences of coronavirus originating from Sri Lanka, Korea, China,
Pakistan, Turkey, Myanmar, and Iran have phylogenetic branches that are close to each other
and indicate that they are closely related and have almost the same sequence. Pakistan and
Taiwan also have a relatively close kinship of spike coronavirus with these countries which can
be seen in the phylogenetic branches that are close to each other even though they form new
branches but still have almost the same gene sequences. The coronavirus spike protein gene
sequences originating from these countries have a fairly distant spike gene relative from the
coronavirus spike gene isolated in Wuhan. This indicates that there are differences in the
sequence of the coronavirus spike protein gene sequences that can occur through viral
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mutations. Virus mutations can cause damage to some body functions that are more severe
than previous viruses (Dawood, 2020).

The spike protein gene sequences of coronavirus from Indonesia, the Philippines, Korea,
Taiwan, and Uzbekistan have a fairly close relationship between one gene and another. This
means that the gene sequences of the spike coronavirus protein circulating in Indonesia still
have similar sequences to countries from the same group but have quite far kinship in countries
from different groups. The spike protein gene sequences for coronavirus originating from
countries that are in group 20 are quite distantly related to the spike protein gene sequences
isolated in Wuhan. This indicates that the sequence of the coronavirus membrane protein gene
sequence has changed due to the coronavirus mutation so that it forms a group that has a fairly
distant relationship from the coronavirus isolated in Wuhan. Transmission of the coronavirus
can occur between humans and humans, animals and animals, and animals to humans or vice
versa which results in viral genetic recombination either by antigenic shift or antigenic drift,
causing changes in the spike protein gene sequences that circulating in Asia (Flint et a/., 2015).

Reconstruction of the phylogenetic tree using the neighbour joining tree model MEGA-X on
the coronavirus membrane protein gene sequences in Asia formed 27 groups. The group of
coronavirus membrane protein gene sequences can be divided into 4 large groups and 23 small
groups. Large groups such as groups 2, 5, 26 and 27 consist of several countries that have
relatively close kinship of coronavirus protein gene sequences in one group, while small groups
consist of countries that have relatively distant coronavirus protein gene sequence kinship
between with each other so that they form their own groups because they have significant
differences (Subari et al., 2021). The mutation rate of RNA viruses is very high, up to a million
times higher than that of the host and this high rate is correlated with modulation of virulence
and evolutionary ability, traits considered beneficial for viral adaptation (Pachetti et a/., 2021).

Membrane protein gene sequences of coronavirus originating from Indonesia still have a fairly
close relationship with membrane protein gene sequences of coronavirus because of many
sequences that have the same similarities. Membrane protein gene sequences of coronavirus
originating from Myanmar have phylogenetic branches that are close to each other and indicate
that there is a fairly close relationship and have the same sequences. However, the sequence is
quite far from membrane protein gene sequences of coronavirus isolated in Wuhan. This
indicates that there are differences due to changes in the gene sequences of
the coronavirus membrane protein isolated in Wuhan with those in Indonesia and
Myanmar. The occurrence of branch differences between coronavirus membrane protein gene
sequences from one another can occur due to changes in protein gene sequences that cause
fairly distant relationships (Subari et al., 2021). Quite distant kinship can occur due to mutations
in the coronavirus membrane protein gene sequence in one country to another (Sanjuan and
Pilar, 2016).

Gene sequences of membrane proteins coronavirus from several sequences including Indonesia,
China, the Philippines, Hong Kong, Iran, Korea, Myanmar, Pakistan, Saudi Arabia, Sri Lanka,
Thailnd, Taiwan and Uzbekistan who still have kinship gene sequences of membrane proteins
coronavirus that is close enough for the number of sequences that have the same resemblance.
Saudi Arabia and Korea membrane protein gene sequences are closely related to the coronavirus

10| Page



membrane protein gene sequence isolated in Wuhan. Meanwhile, other countries have quite
distant kinship from the coronavirus membrane protein gene sequence isolated in Wuhan. This
indicates that there are differences due to changes in the gene sequences of the coronavirus
membrane protein isolated in Wuhan and in several countries in Asia. Through this branching,
it can also be understood that the gene sequences of the coronavirus membrane protein
circulating in Indonesia still have similar sequences to other countries in the group. This fairly
distant relationship can be caused by evolutionary processes or mutations that cause changes in
the coronavirus membrane protein gene sequence, causing branch differences (Subari et al.,
2021).

Differences in protein gene sequences in both spike proteins and membrane proteins
in coronaviruses can be caused by gene mutations in the coronavirus nucleic acid chain. The
mutation rate of RNA viruses is very high, up to one million times higher than that of the host
and this high rate is correlated with modulation of virulence and evolutionary ability, traits
considered beneficial for viral adaptation (Pachetti et al., 2021). Changes in viral genetics will
affect functional properties and can change infectivity, disease severity or interactions with the
host (Harvey et al., 2021).

The gene sequences of the coronavirus membrane protein originating from Myanmar,
Uzbekistan, Taiwan, Thailand, Sri Lanka, Pakistan, Korea, Iran, Indonesia, the Philippines,
China, and Hong Kong are closely related to each other. This means that the gene sequences
of the coronavirus membrane protein circulating in that country still have similar sequences to
countries belonging to the same group but are quite distantly related in different
countries. The coronavirus membrane protein gene sequences originating from the above
countries are quite distantly related to the membrane protein gene sequences isolated in
Wuhan. This indicates that the sequence of the coronavirus membrane protein gene has
changed due to mutations in the coronavirus, thus forming a group that is relatively distant
from the coronavirus isolated in Wuhan. Mutations can affect the gene sequences
of coronavirus membrane proteins circulating in a country, causing relatively distant
relationships between coronaviruses (Subari and Pilar, 2016).

M| Page



MW491245 1 Myanmar 7
MW491244.1 Myanmar 9
MW853568 1 Uzbekistan 10
MW853566.1 Uzbekistan 8
MW853563.1 Uzbekistan 5
MT374103.1 Taiwan 3
MT447174.1 Thailand 3
MT371050.1 Srilanka 4
MT371047 .1 Srilanka 1
MW960275.1 Pakistan 3 Group 27
MW481243 1 Myanmar 10
MW345825 1 Korea 3
MT459928 1 Iran 4
MT281530.2 Iran 1
hongkong 3

MWT735440.1 Philipina 3
NC 045512.2 China &
MWE91153.1 China 1
MZ026855 Indonesia 1
1MZ026854 1 Indonesia 2
MWE91152 1China 2
MW735442.1 Philipina 1
hongkong 1

hongkong 4

MT320891.2 Iran 2
MZ004152.1 Korea 1
MW491248 1 Myanmar 4

MW960294 1 Pakistan 1

Group 26
MZ215961.1 Saudi Arabia 1
MT371048.1 Srilanka 2
MT447176.1 Thailand 1
MT374116.1 Taiwan 1
MW853561.1 Uzbekistan 3
MW853564.1 Uzbekistan 6
MW345824 1 Korea 4
MT810119.1 Korea 5
MZ206430.1 Saudi Arabia 3

Covid 19 Isolat Wuhan
MZ026853 Indonesia 3 ] Group2s
MW691151.1 China 3 ] Group24
MW735441.1 Philipina 2 ] Group23
hongkong 2 7] Group 22
hongkong 5 ] Group 21
MT447177 1 Iran 3 ] Group 20
1MZ004107 1 Korea 2 7 Group19
MW491247 1 Myanmar 5 7 Group 18
MW960293 1 Pakistan 2 7 Group 17
MZ208928.1 Saudi Arabia 2 ] Group 16
MT371049.1 Srilanka 2 1 Group 15
MT447175.1 Thailand 2 ] Group 14
MT3741151 Taiwan 2 7 Group 13
MW853562.1 Uzbekistan 4 ] Group 12
MVW853565.1 Uzbekistan 7 ] Group 11
MVW853567.1 Uzbekistan 9 ] Group 10
MVW853569.1 Uzbekistan 11 ] Group
MT192772.1 Vietnam 1 ] GroupB
MT192773.1 Vietnam 2 ] Group?
MW853560.1 Uzbekistan 2 ] Group 6
MW491250 1 Myanmar 2
MW491249 1 Myanmar 3 } Group 5
MW491246.1 Myanmar 6
MW853559.1 Uzbekistan 1 ] Group4
DQ182595 1 China 4 7 Group3
MW491251.1 Myanmar 1 7 Group 1
I MZ570448.1 Indonesia 4 } roup2
e I MZ570432 Indonesia 5

Picture 2. Coronavirus Membrane Protein Phylogenetic Tree
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Mutations can occur due to transmission coronavirus can occur either between human and
human, animal, and animal or animal-to-human or otherwise that result in genetic
recombination of virus either leap antigenic (antigenic shift) and drift antigenic (antigenic drift)
causing changes in circulating spike protein gene sequences in Asia (Flint et al., 2015). Virus
mutations can cause damage to some body functions that are more severe than previous viruses
and (Dawood., 2020).

Changes in spike protein gene sequences and viral membranes can change viral tropism,
including new hosts and increase viral pathogenesis (Ortega et al., 2020). The same or similar
changes can alter the shape of spike protein and damage or even destroy the NAb binding site.
Therefore, by extrapolation, vaccine efficacy can be compromised. These “escape mutations”
usually arise when viruses are placed under selective stress by antibodies that limit but do not
eliminate viral replication (Moore and Paul, 2021).

Phylogenetic analysis based on spike and membrane protein gene sequences will add the viral
data circulating in Asia so that IT can be used in prevention and control of coronavirus infections
such as vaccine production and community mobilization restrictions (Alosaimi et al., 2021).

Conclusion

Based on the results of the analysis conducted on 67 samples of spike protein and
membrane coronavirus gene sequences circulating in Asia, it was found that several new groups
of coronaviruses were formed in the phylogenetic tree analysis using the MEGA-X
application. By analysing the spike protein gene sequences of coronavirus, it could be found
that there were 20 new groups formed and 27 new groups by analysing the membrane gene
of coronavirus, which each of them was different with coronavirus protein gene
sequences isolated in Wuhan. The group differences that occur prove that there has been a
change in the gene sequence of coronavirus protein circulating in Wuhan City and several
countries in Asia.
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