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Abstract

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) as the current
coronavirus pandemic is an infectious disease that initially confirmed in China in late
December 2019. In this study, we analyzed 131 complete sequences of SARS-CoV-2
from Asia. Our results show that there are fifteen major mutations in Asia which most of
them are co-evolved. There were five groups based on co-mutations which three of them
resulted in clade G including (241C>T, 3037C>T, 14408C>T, and 23403A>QG),
(28881G>A, 28882G>A, 28883G>C and 23403A>G) and (25563G>T and 23403A>G).
Co-mutations in (8782C>T and 28144T>C) and (1397G>A, 28688T>C, 29742G>T and
11083G>T) were clustered in clade S and a new clade outside of GISAID classification,
respectively. Sequences with a mutation in 26144G>T had low variability without any co-
mutation which formed clade V. In this study, we showed that Most of the circulated
viruses in Asia collected in five co-mutation groups which may affect the transmissibility

and vaccine designing strategies.
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Introduction

Coronavirus species belong to the Coronaviridae family, two subfamily Letovirinae with
one genus as Alphaletovirus and Orthocoronavirinae with four genera including
Alphacoronavirus, Betacoronavirus, Deltacoronavirus, and Gammacoronavirus (1). To
date, seven Coronavirus species have caused infection in human, which four of them
including HCoV-0OC43, HCoV-229E, HcoV-NL63, and HCoV-HKUTI are not clinically
important in immunocompetent individuals (2). Initially, Betacoronavirus HCoV-OC43
and Alphacoronavirus HCoV-229E were identified which are the cause of common colds
and considered as modest clinical importance (3,4). Alphacoronavirus HcoV-NL63 and
Betacoronavirus HcoV-HKUT are the cause of bronchiolitis in children and community-
acquired pneumonia, respectively (5,6) . There are three additional Coronaviruses which
are highly pathogenic and have caused the epidemic in human populations. severe acute
respiratory syndrome coronavirus (SARS-Cov) a Betacoronavirus, subgenus
Sarbecovirus, was identified in China in 2002 and spread to the 29 countries with the
mortality rate of ~10% and abruptly ended in 2003, Middle East respiratory syndrome
coronavirus (MERS-CoV) a Betacoronavirus, subgenus Merbecovirus emerged in Saudi
Arabia in 2012 with ~34% mortality rate which has detected in 27 countries and severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a Betacoronavirus,
subgenus Sarbecovirus is a novel coronavirus that initially detected in Wuhan city of
Hubei province in China in the late December of 2019 (7-11). Based on the WHO
report, 213 countries, area, or territories have been confirmed SARS-CoV-2 infection
with 3435894 cases and 239604 death as of May 4, 2020.

Coronaviruses are enveloped positive-strand RNA viruses with around 30 kb genome
length. The 5' end encodes a poly-protein and consists of two-third of the genome length
which cleaved to 16 non-structural proteins (Nspl to Nsp16). The 3' end consists of at
least four structural proteins including envelope glycoproteins spike (S), membrane (M),

envelope (E), and nucleocapsid (N) (12).
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Genotyping analysis is an important tool to determine the mutations in the fundamental
part of the SARS-CoV-2 genome. Any variations in the vaccine candidate proteins such
as structural proteins need to be analyzed before vaccine design. Also, genotyping data
can be used to predict the efficacy of the global vaccine in some countries with a high rate
of important mutations (13—15). Therefore, in the current study, we analyzed the
complete sequences of SARS-CoV-2 to reveal genetic distance and mutation rates among

Asian countries.

Materials and Methods

The submitted complete sequences of SARS-CoV-2 from Asian countries and reference
sequence were retrieved from GISAID (www.gisaid.org) and GeneBank, respectively.

The Alignment was performed with MAFFT ( v7.455) (16). The alignment result was

visualized and trimmed for quality and length compatibility using Unipro UGENE
software (17). Phylogenetic tree constructed with Maximum likelthood method using
RAXML-NG v. 0.9.0 (18). Transfer bootstrap expectation (TBE) with 1000 replicates
used for branch support (19) . ETE3, the python framework was used to visualize and
analysis of the resulted tree (20) . Nucleotide substitutions were retrieved from the output

of alignment and annotated to find protein changes.

Results and Discussion

4572 SARS-CoV-2 complete sequences were released in GISAID as April 7, 2020. 641
sequences belonged to Asia. Among 641 GISAID Asian sequences, 604 sequences were
categorized based on distinct regions. We analyzed 604 Asian complete sequences to
remove low-quality sequences with unknown base N content and select sequences related
to the patients except for the regions with the lack of human samples. 131 sequences were
selected in 12 Asian countries, all of the sequences were related to the patients except for
Vietnam sequences which were belong to the Vero cells (Table 1). The sequences with

their related GISAID accession numbers were deposited in Supplementary Table 1. The
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SARS-CoV-2 reference sequence obtained from GenBank with the accession number of

NC 045512.2.

Table 1: Frequency of SARS-Cov-2 Sequences from Asian countries
involved in this study.

Country Total Select China Regions Total Select
Georgia 13 12 Anhui 2 1
Hong Kong 63 3 Beijing 5 3
India 16 14 Chonggqing 3 0
Japan 102 24 Fujian 2 2
Kuwait 4 2 Guangdong 74 3
Malaysia 7 1 Guangxi 0
Nepal 1 1 Guangzhou 1 0
Pakistan 2 1 Hangzhou 36 5
Saudi Arabia 3 3 Henan 1 0
Singapore 37 6 Hubei 32 4
South Korea 13 11 Jiangsu 4 3
Taiwan 22 8 Jiangxi 26 5
Thailand 2 2 NanChang 1 1
Vietnam* 8 5 Shandong 1
Cambodia 1 1 Shanghai 96 7
China 310 37 Sichuan 1 0

604 131 Yunnan 0
Zhejiang 2
310 37

* All sequences related to the Vero cells

All retrieved sequences were aligned and trimmed based on NC 045512.2. All sequences
were trimmed to 29698 bp and a total number of 538 variations were identified, which
were related to the 197 variable sites (Supplementary Table 2). The variations were
distributed through the SARS-Cov-2 genomes, except the ORF6 region. Near half of the
variations were associated with ORFlab polyprotein (52%) and minimum frequencies
were related to the ORF7b and E protein sequences (0.5%). Based on the type of the
mutations, the frequencies of missense, synonymous, nonsense, and non-coding SNPs
were 62%, 33%, 0.5%, and 4%, respectively (Figure 1). We analyzed genome variation
sites based on Asian countries and we found most of the variations are related to the

Chinese sequences.
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Cambodia, Nepal, Thailand, and Malaysia had less than 2% of variations in their

sequences.
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Figure 1: Distribution of SARS-CoV-2 mutations in Sequences from Asia.
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Figure 2: Frequency of SARS-Cov-2 genome variation sites in sequences from Asia.
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Fifteen out of 197 variable sites were the most prevalent variations in sequences from
Asia (Table 2). Most of the prevalent mutations were related to the ORFlab gene with
three amino acid changes in this polyprotein. Mutations in 241C>T, 1397G>A, 3037C>T,
8782C>T, 11083G>T, 14408C>T, 23403A>G, 26144G> and 28144G>T were the most
distributed variations among Asian countries(= 5 countries) (Figure 3). The other most

common variations were distributed in four countries.

Table 2: High frequency mutations in SARS-CoV-2 sequences of Asia.

Genome Change Gene Protein Change Mutation type Clade
241C>T 5UTR Non-coding Non-coding
1397G>A V378l Missense
3037C>T Synonymous
8782C>T ORF1ab Synonymous
11083G>T L3606F Missense
14408C>T P4715L Missense
23403A>G S D614G Missense G
25563G>T Q57H Missense
26144G>T CiRlEe G251V Missense v

29742G>T 3UTR Non-coding

We analyzed occurrences of co-mutations in Asian sequences and found five types of co-
mutations in these genomes (Table 3). The most prevalent co-mutations were seen in

1397G>A, 28688T>C, 29742G>T and 11083G>T variation sites.

Table 3: Co-mutations in SARS-Cov-2 sequences from Asia.
Co-occurring Mutations Clade*
241C>T, 3037C>T, 14408C>T, 23403A>G G
28881G>A, 28882G>A, 28883G>C, 23403A>G
25563G>T, 23403A>G
8782C>T, 28144T>C
1397G>A, 28688T>C, 29742G>T, 11083G>T

(R OO

*Clade classification is based on underlined mutations


https://doi.org/10.20944/preprints202005.0100.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 May 2020

Distribution of Most common variations

O-_2NWPLPrOOTONO®®OO

Number of countries

Genome variation

Figure 3: Distribution of SARS-Cov-2 most common mutations in Asia.

Phylogenetic analysis of complete sequences of SARS-CoV-2 from Asia showed that
there were four important clades in Asia, which three of them included in the major
clades which introduced by GISAID, named clade G (D614G variant of S glycoprotein),
clade V (G251V variant of ORF3a protein product), and clade S (L84S variant of ORF8
protein product) (Figure 4). In our study, Clade S with 22 sequences was located in the
base of the tree which is most related to the reference sequences and initially collected
Chinese samples. Sequences from China (11 out of 37), South Korea (8 out of 11),
Vietnam (1 out of 5), India (1 out of 14) and Georgia (1 out of 12) were collected in this
clade, which is prevalent clade in USA and China. The sequences which are clustered in
this clade were collected in January and February. These results indicate the early
frequent transmission of the virus from china to south Korea. Previous studies have
shown that clade G is the most prevalent clade in European countries which our results
showed that this clade defined as an important type in Asia as the same. In our study, this
clade was consisting 34 sequences from India (13 out 14), Georgia (7 out of 12), Saudi

Arabia (2 out 3), Taiwan (4 out of 8), Vietnam (3 out of 5) and Japan (5 out of 24) which
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all the sequences were collected in March and April. These results show that transmission
to India with the most number of sequences in this clade is done recently. Clade v which
is shown that related to Europe and Asia is the limited clade in our study. This clade was
including eleven sequences from South Korea (2 out of 11), Taiwan (1 out of 8),
Singapore ( 4 out of 6) and Hong Kong (2 out of 3). Our study shows that clade V has
low variability and has not included in the co-mutation list which is compatible with the
early collection date of the included sequences. New clade outside of GISAID
classification was included the sequences which carried 11083G>T mutation. This
mutation was co-evolved with 1397G>A, 28688T>C, and 29742G>T. This new clade
was consisting 33 sequences from Japan (17 out of 24), Georgia (4 out of 12), China (5
out of 37), Taiwan (2 out of 5), Kuwait (2 out of 2), Pakistan (1 out of 1), Hong Kong (1
out of 3) and Saudi Arabia (1 out of 3). Our results show that the most frequent variants
which are circulated in Asia belong to this new clade.

In summary, we report that there are fifteen frequent mutations in Asia. Most of the
sequences have been collected in clade G, S, and new clade related to the 11083G>T. All
of these three clades include sequences with co-mutations. Clade V has less variability in
comparison to the mentioned three clades without any co-mutations that a small number
of our studied sequences were located in this clade. Taken together, all of this evidence
indicates the circulated viruses in Asia have evolved and have differences with the early

ancestors.

Conclusion

The results of this study can provide an overview of the most prevalent mutations and
evolutionary relationships among the sequences from Asian countries. The Results show
the geographical variations that can be used to find transmission roots. Although, the lack
of complete genome sequence from some countries and imbalanced frequency of
sequences in the available countries would affect the outcome. Therefore, future analysis

with the sequence availability from all of the countries in Asia will complete these results.
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