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Abstract

The Covid-19 pandemic, due to severe acute respiratory coronavirus (SARS-CoV-2) virus, has an
effect on human civilization today. With high fatality infections, SARS Covid-19 has influenced the
global economic, socio-cultural, and even political order. This study aims to construct the phylogeny of
the SARS corona virus that causes Covid-19 in various countries in the world by using the SARS Covid-
19 gene database from the NCBI GenBank. The results of this study can trace the origin of SARS Covid-
19, which is then called SARS-CoV-2, the gene characteristics, and the evolutionary relationship of these
genes to various countries in the world. This research uses in silico method with gene sequence sources
from the NCBI GenBank (www.ncbi.nih.gov). A total of 433 SARS Covid-19 sequences reported by 21
countries as of April 2rd, 2020 were the subject of the study. Sequences representing each country were
analyzed using the MEGA 7.0 program. The results showed that the phylogeny trees formed were
obtained by 2 main monophyletic groups. The first major monophyletic group consisted of 11 nodes, with
19 SARS-CoV-2 gene sequences from 23 countries. The second major monophyletic group consisted of 5
nodes with 5 countries of origin of SARS-CoV sequence 19. The spread of Covid-19 from the epicenter
in Wuhan, China to the world has taken place randomly. This has happened because of the migration of
people from the Chinese epicenter. The location of the countries adjacent to China did not determine the
closest phylogenic relationship. The number of phylogenetic nodes formed showed mutases which caused
very high variations of the SARS CoV 2 RNA gene sequence. The results of this study reinforce that
efforts to limit the spread of human viruses to humans must be done. The presence of sequences from
China in the 2 main monophyletic groups confirms that this virus originated in the Chinese epicenter.
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Introduction

At the beginning of April 2020, the total number of positively infected SARS CoV-19 in the world
was 750,890. The number of victims who died was 36,405 people. In Indonesia in early April 2020, the
total number of positive SARS CoV-19 was 1,677, with a total death toll of 157. The SARS CoV-19
global fatality rate is around 4.85 %, while in Indonesia it is 9.36 % [1].

Coronavirus is a species of virus that belongs to the Coronavirinae subfamily in the Coronaviridae
family, in the order of Nidovirales. Coronaviruses are viruses that are enveloped in a positive single-
stranded RNA genome, belonging to a large family of viruses that are widely available in nature. Certain
coronaviruses can infect humans and cause illness, such as Middle East Respiratory Syndrome (MERS)
and Severe Acute Respiratory Syndrome (SARS), whose symptoms can range from the common cold to
severe lung infections [2]. Coronavirus is classified as an RNA virus that infects many animal species,
including humans, other mammals, and birds. After infection of the host cell, respiratory, intestinal, liver,
and neurological diseases follow [3]. Coronaviruses are members of the Nidovirales and subfamily
Orthocoronavirinae. This subfamily is divided into 4 genera: Alphacoronavirus, Betacoronavirus,
Gammacoronavirus, and Deltacoronavirus. In general, Alphacoronavirus and Betacoronavirus tend to
infect mammals, whereas Gammacoronavirus and Deltacoronavirus usually infect birds. However, some
Gammacoronavirus and Deltacoronavirus can infect mammals under certain conditions [4].

SARS-CoV and MERS-CoV show 79 and 50 % similarity, respectively, with SARS CoV-19. These
findings indicate that there is no close evolutionary relationship between SARS COV-19 with SARS-CoV
and MERS-CoV. Thus, SARS COV-19 is considered the seventh novel human Betacoronavirus [5].
Furthermore, reported by Gao et al. [6,7], SARS CoV-2019 has the closest genetic relationship with
Pangolin-CoV [8].

The origin of the 2019 SARS CoV is still being debated by scientists today. However, the search for
SARS CoV-19, which turned into SARS CoV-20 and which has become a pandemic in the world, needs
to be done. In addition to knowing the pattern of spread, the characteristics of the SARS CoV-20 gene
sequence also determine mutations that occur. One approach that can be done is to use the SARS CoV-20
RNA sequence that has been reported and recorded in the gene bank. Based on data from the China
National Center for Bioinformation until March 26“‘, 2020 [2], there are 2,103 strains and 1,135
haplotypes of SARS CoV-20. Haplotype maps of novel coronavirus worldwide and from China,
respectively, are built on the basis of knowledge on genome variation obtained from available sequences
of high quality genomes (Figure 1). The spread of SARS CoV-20 is very fast and massive compared to
other viruses that have become pandemic.
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Figure 1 SARS CoV-2020 strains from 2020-03-26 with 2,103 strains and 1,135 haplotypes found.
(https://bigd.big.ac.cn/ncov/network?lang=en citation on April 2™, 2020).

Thus, genetic tracing is needed to provide data on variations of SARS CoV-20 from various
countries that have reported their sequences. The big question is how the spread of SARS CoV-2020 is
seen from the aspect of phylogeny, based on sequence data that has been reported and validated in the
NCBI Genbank. This study aims to obtain the characteristics and phylogeny evolutionary relationship of
SARS CoV-2020, which has become a pandemic today.

Materials and methods

The 16 RNA SARS Covid-19 gene sequences obtained from the NCBI Genbank
(https://www.ncbi.nlm.nih.gov/genbank/sars-cov-2-seqs/) of 343 recorded sequences were reported in the
NCBI GenBank (Table 1). A total of 25 RNA SARS COV-2 sequences were used, representing various
countries from various continents. Sequences downloaded from the NCBI Genbank in txt format were
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converted to MEGA format using the MEGA 7.0 Program [9,10]. Next, the sequence groups were
analyzed for substitution to determine the phylogeny tree model. Substitution analysis results were
obtained by the Neighbor Joining model with Bootstrap 1000x.

Table 1 Sources of Covid-19 SARS RNA gene sequences from NCBI GenBank [11].
https://www.ncbi.nlm.nih.gov/genbank/sars-cov-2-seqs (Accessed April 1%, 2020).

Nucleotide Sequences
You can view and download these 433 GenEank 5aquencas and 1 RefSeq sequence in Entrez Nucleotide and the new MCEL Virus rasource.

ELAST against Betacoronavinus seguences
GenBank 2 RefSeq . Gene Region Callection Date Locality

IANEIB047 HC 045512 complete 201512 China

RdRP 2020-01-26 Phiippines

N 2020-01-06 Pnilippines

M 2020-01-26 Phiippines

N 2020-01-23 Pnillppines

camplete 2020-02-10 lapan

completa 2020-02-10 Japan

complete 2020-01 Japan

complete 2020-02-14 Japan

554419 complete 2020-03-08 Japan

LRT57095 complete 2020-01-05 Chira Wuhan

complete 2020-01-01 China: Wuhan
LRTE7007 comglets, gapped 2019-12-31 China Yhan
LRTS 7508 complete 2019-12-26 China: YWuhan
MNME3RIEA complele 2020-01-10 China Shenzhan
NS85 RdRP 2020-01 China: Shenzhen
LWO3R3A0 RdRP 2020-01 China Shenzhen
IMND3E3ET = 2020-01 China: Shenzhan
LAND32328 s 2020-01 China Shenzhan
MMB323E0 s 2020-01 China: Shenzhan
LAND32390 k3 2020-01 China Shenzhen
IANDT 0003 RARP 2020-01-08 Thatiand

RdRP 2020-01-13 Thailend

completa 2020-01-11 China

RdRP 2020-01 China

Showing 1 te 25 of 433 entries | 1 : 2 3 4 5 18

Results and discussion

As of April 1*, 2020, 433 SARS-CoV-2 sequences have been reported. The phylogeny construction
is based on the country of origin reporting the sequence. The United States is the country with the most
SARS-CoV-2 sequences of 282 sequences, followed by China with 77 sequences, and Iran with 14
sequences. As of April 1%, 2020, 23 countries have reported sequences of SARS-CoV-2, both complete
and partial gene regions. No data has been found yet on the SARS-CoV-2 sequence from Indonesia. Italy,
as a country with 433 positive cases of SARS-CoV-2 sequences, has the most relatively small sequence
report data (Table 2).
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Table 2 SARS-CoV-2 sequences from GenBank NCBI (April 1%, 2020).

No Country Region Number
1 China Hangzhou 26
Shenzhen 7
Wuhan 26
Yunnan 1
Shanghai 1
Guangzhou 4
China 12
2 Philippines Philippines 1
3 Japan Japan 5
4 Finland Finland 1
5 Thailand Thailand 2
6 United States of America United States of America 27
Massachusetts 1
Wisconsin 1
Washington 229
Minnesota 3
Illinois 2
California 17
Texas 1
Arizona 1
7 North Korea North Korea 1
8 Australia Victoria 1
Queensland 6
9 Italy Roma 4
Cagliari 2
10 India India 3
11 Malaysia Malaysia 3
12 Taiwan Taiwan 3
13 Belgium Belgium 2
14 Nepal Nepal 1
15 Sweden Sweden 1
16 Brazil Brazil 1
17 Vietnam Vietnam 6
18 Iran Iran 14
19 Nigeria Nigeria 1
20 Spain Valencia 12
21 Pakistan Pakistan 2
22 Colombia Colombia 1
23 Peru Peru 1
Total 433
Walailak J Sci & Tech 2020; 17(8) 897
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*Nucleotide-Composition

=] SARS-COV-2
10 SARS-CoV-2Z
11 SARS-CoV-2
1z SARS-CoV-2
13 SARI-CoV-Z
14 SARS—CoOV-2
i35 SARS-COV-2
16 SARS-CoV-2Z
17 SARS-CoV-2Z
18 SARS-CoV-2
19 SARI-CoV-Z
20 SARI-CoV-Z
z1 SARS-COV-2
zz SARS-CoV-2Z
23 SARS-CoV-2Z
24 SARS-CoV-2
25 SARI-CoV-2Z
Z6 SARI-CoV-Z
27 SARS-COV-2
g BARS-COV-Z
29 SARS-CoV-2Z
30 SARS-CoV-2
31 SARS-CoV-2
3z SARI-CoV-Z
33 SARS-COV-2
34| Avg.

Z | pata Filename:

% | pata Title:

4| Wuoleotide Frequencies
5| Sites Used: 21l selected
3

7

g

Peru
Colowbia
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Vietnam

India

Higeria

Tran
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Swedia

Ciba Huangzhang
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Finlandia

Ttalia
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USSR WA

Cina

Cina Shenzenm
CINA Wuhan
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Tapan

Filipina
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Figure 2 The phylogeny tree construction process with the MEGA 7.0 Program. (a) Alignment of SARS
CoV-19; (b) sequences, phylogeny tree construction; (¢) SARS COV nucleotide compositions from
sequences of countries around the world.

In the phylogeny tree formed, 2 main monophyletic groups were obtained. The first monophyletic
group (red circle) consisted of 11 nodes. The first monophyletic group contained 19 SARS-CoV gene
sequences from 15 countries. The second major monophyletic group (green circle) consisted of 5 nodes
with 5 countries of origin of SARS - CoV sequence 19. Based on the phylogeny tree, the second
monophyletic group is closer to the ancestor virus (arrows in purple). It is interesting that SARS CoV-2
from Peru is closer to the initial node (the oldest ancestor). Most SARS CoV-2 originating from the
spreading epicenter of China is in the first monophyletic group. In the second monophyletic group, only 1
sequence originated from China (Figure 3).
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SARS-CoV-2 Taiwan
SARS-CoV-2 Finlandia
SARS-CoV-2 China Wuhan
SARS-CoV-2 USA WA
SARS-CoV-2 Vietnam
SARS-CoV-2 Brasil
SARS-CoV-2 USACA
SARS-CoV-2 Swedia
SARS-CoV-2 Australia Victona

SARS-CoV-2 China-Huangzhang

— SARS-CoV-2 Japan
L SARS-CoV-2 Philippine

| SARS-CoV-2 Colombia

| SARS-CoV-2 Spain Valensia
SARS-CoV-2 China Wuhan 2
SARS-CoV-2 Belgia

SARS-CoV-2 Nigeria

_l'—" SARS-CoV-2 India
SARS-CoV-2 China Shenze

SARS-CoV-2 Malaysia
SARS-CoV-2 China

-CoV-2 Peru

p=l

SARS-CoV-2 Iran

| SARS-CoV-2 Pakistan
SARS-CoV-2 Itali

Figure 3 SARS CoV-2 phylogeny tree built using the 1000x Neighbor Joining Bootstrap model.

This phylogenetic tree obtained describes that the pattern of the spread of SARS CoV-19/20 took
place randomly in various countries. SARS CoV-2 is the oldest sequence from Peru, indicating that the
sequences from Peru originated directly from the epicenter in China. From the table above, the United
States reported the most SARS CoV-19 sequences compared to China as the epicenter center. Thus, many
SARS CoV-19 sequences are not or have not been recorded in the NCBI Genbank. In the phylogeny tree,
it can also be explained that SARS CoV-19 from China has a similarity of sequence close to 100 %. The
same was also found in the first monophyletic group, SARS CoV-19, reported from Taiwan, Finland,
Wuhan China, USA WA, Vietnam, Brazil, USA CA, Sweden, and Australia Victoria (Figure 4).
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SARS-CoV-2 Tawan
SARS-CoV-2 Finlandia
SARS-CoV-2 China Wuhan

SARS-CoV-2 USA WA

— SARS-CoV-2 Vietnam
85 | SARS-CoV-2 Malaysia
SARS-CoV-2 Brasil *‘
SARS-CoV-2 China
SARS-CoV-2 USA CA

1 | SARS-CoV-2 Swedia

SARS-CoV-2 Australia Victoria
a. b.

Figure 4 Countries with the most similar SARS CoV-19 gene sequences. (a) In the first monophyletic
group and (b) in the second monophyletic group.

Conclusions

The spread of Covid-19 from the epicenter in Wuhan, China, to the rest of the world was random.
This is thought to have occurred due to human movements from the epicenter of China. The location of
the countries adjacent to China does not determine the phylogeny relationship of the closest virus. The
results of this study reinforce that efforts to limit the spread of the human viruses to humans must be
done. The presence of virus sequences from China in the 2 main monophyletic groups confirms that this
virus originated from the Chinese epicenter.
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