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Abstract: Using seven complete genomes of human SARS-CoV-2 (retrieved from GISAID) isolated in Malaysia for
phylogenetic tree construction, the current study showed that these strains formed four distinct clades when compared with other
representative strains from Asia, Europe and US. In light of that, the genome sequences of these strains isolated in Malaysia
suggested that there is currently more than one “type’’of strain within the country. Complementing with epidemioogical
and experimental studies, these findings allow better understanding the prevalence of certain types in Malaysia and permits
further in-depth studies on the virulence and pathogenic mechanisms of these strains which is particularly critical to speed
up the development of effective treatment regime.
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Introduction

Taking a closer look at coronavirus, this notorious bug
has caused several global outbreaks throughout human
history, with notable instances such as 1918 (HINI)
influenza pandemic, and more recently Middle East
Respiratory Syndrome (MERS) caused by MERS-CoV in
2012. Fast forward to the last month of 2019, the WHO
China Country Office was informed of pneumonia cases
with unknown etiology, which later on determined a new
type of coronavirus known as SARS-CoV-2. As of 30"
April 2020, the World Health Organization reported that
there are more than 3 million confirmed COVID-19 cases
globally and has impacted more than 210,000 COVID-
related deaths¢l. At the time of writing, Malaysia’s
government announced to ease the “partial lockdown”
of more than six weeks, allowing almost all economic
sectors to reopen, in parallel with the decreasing trend of
COVID-19 confirmed cases during the end month of April
2020. In the South East Asia region, Malaysia was among
the first few countries to implement the Movement Control
Order (MCO) to curb the spread of the coronavirus on

18" March 2020 (Figure 1).

The first case of COVID-19 in Malaysia was detected
on 24" January 20201, The first case involved a
Chinese national from Wuhan, who had travelled from
Singapore to Johor Bahru in a group of eight for holiday
on 22" January 2020. They were quarantined at a hotel
on the following days after coming into contact with an
infected patient in Singapore. Since then, there were
around 22 positive COVID-19 cases as the first wave of
outbreak cases in the country, of which all the patients
were discharged upon recovery®. However, a gradual
increase in positive cases begun on 27" February before
a sudden surge was observed on 15" March 2020 reaching
as high as 428 cases after 11 days of zero reported
case (i.e. from 16™ to 26™ February 2020). These cases
were regarded as the second wave of outbreak and
attributed to a religious gathering event which was
attended by more than ten-thousands of people®”. As a
consequence, the shift and firm response from the
government into the MCO implementation has been
critical to limiting the spread of COVID-19.
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To gain further understanding on the molecular
epidemiology of the COVID-19 outbreak in Malaysia,
we used seven publicly available whole genome sequences
sampled up 14" April 2020 to analyze the phylogenetic
evolution of the SARS-CoV-2 strains isolated from
the patients in Malaysia with worldwide SARS-CoV-2
genome sequences. Comparisons of the single nucleotide
variants (SNV) are often used for evolutionary studies as

Heat map of
confirmed cases by
<100 states
101200 as of 28 April
201400 2020
401-600
601-800
1000

300

200

150 [~
First cases

reported on 24"
January 2020

Number of confirmed cases

50

the virus genome is subjected to frequent mutations due to an
error-prone RNA-dependent RNA polymerase responsible
for the virus genome replication. These mutations might
be associated with the changes in transmissibility and
virulence of the virus. Thus, we also performed the SNV
analysis to investigate the genotype changes during the
transmission of SARS-CoV-2 in the country.
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Figure 1. The daily confirmed COVID-19 cases and deaths reported in Malaysia up to 28" April 2020 based on statistics obtained from Ministry of Health Malaysia. The stacked

bar graph shows the daily confirmed cases and deaths since the first case reported in Malaysia while the line graph shows the cumulative confirmed cases. A heat map shows the

distribution of confirmed cases from different states in Malaysia.

Materials and methods

Phylogenetic and SNV analysis using complete
genome of SARS-CoV-2

Complete genome sequences of SARS-CoV-2 were
retrieved from GISAID (https://www.gisaid.org) and
NCBI database!’®!l,  NC 045512 genome sequence
fetched from NCBI was used for reference and
genomic coordinates in this study are based on this
reference genome. The alignment of sequences were
formed via ClustalX software, verified manually
and adjusted prior to the reconstruction of
phylogenetic trees!'?. Phylogenetic trees were constructed
with the maximum-likelihood algorithm (Figure 2)
using Molecular Evolutionary Genetics Analysis
across Computing Platforms (MEGA) version 7.003-15],
Support for the tree topology was estimated with 1,000
bootstrap replicates. SNV composition of the selected
strains based on the phylogenetic tree was analyzed
and compared with the reference sequence NC 045512
using Bioedit and 2019 Novel Coronavirus Resource
(2019nCoVR, https:// bigd.big.ac.cn/ncov)!e.

Data availability statement

All data are available in the main text and the
supplementary materials. The genome sequences used
in the current study is retrieved from GISAID (https://
www.gisaid.org/) and NCBI databases (https://www.
ncbi.nlm.nih.gov/nuccore/NC_045512).

Results

Phylogenetic analysis using maximum likelihood
algorithm

In order to observe the genomic relationship between
SARS-CoV-2 strains isolated in Malaysia, a dataset of 7
publicly available complete genomes of SARS-CoV-2 from
different countries was retrieved from GISAID
(https://www.gisaid.org, accessed on 14" April 2020; Supp
Table 1)I'“"]. A phylogenetic tree which was constructed
using the maximum-likelihood algorithm revealed that the
seven strains isolated in Malaysia formed four major
clades (Figure 2). Majority of the strains (n = 3) showed that
they were closely related, forming Clade III with the clos-
est related strain isolated from Singapore (GISAID accession
ID: EPI ISL 407987). On the other hand, another
strain isolated from a 45-year old male patient in Clade
I (GISAID accession ID: EPI ISL 416886) displayed
a close evolutionary relationship with strain from US
(GISAID accession ID: EPI ISL 404895) and China
(Fujian, GISAID accession ID: EPI ISL_411060). The
fourth clade (i.e. Clade IV) which consist of strain isolated
from a 67-year old female patient (GISAID accession ID:
EPI ISL 416907) was closely related to another strains
from Asia region including China (GISAID accession ID:
EPI ISL 408486, EPI ISL 403930), Japan (GISAID
accession ID: EPI ISL 410532, EPI ISL 413459, EPI
ISL 412969) and Singapore (GISAID accession ID:
EPI ISL 406973). In addition, the other two strains EPI
ISL 417917 and EPI ISL 417418 which were isolated
later in late March formed a separate clade (Clade II).
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Figure 2. Phylogenetic analysis of forty-five SARS-CoV-2 complete genome sequences (-29880 nucleotides) showing relationship between seven Malaysian strains with represen-

tatives” complete sequences from different countries. It is a maximum-likelihood tree with bootstrap values (>50%) based on 1000 re-sampled datasets are shown at branch nodes.

Single nucleotide variants (SNVs) analysis

The genome-wide SNVs for selected strains are as
reported in Table 1 using a strain isolated from China in
December 2019 (NCBI accession number: NC 045512)
as reference strain. A total of 30 SNVs was identified.
EPI ISL 417917 showed the highest number of SNVs,
with 9 positions showing variance compared to the
reference strain. Furthermore, one of the closely related
strain isolated in Malaysia, EPI _ISL 417418 (based on
phylogenetic analysis) revealed 8 SN'Vs; this strain shared
7 common SNVs with EPI ISL 417917 with addition
to a SNVs at 25473 nt (compared to NC_045512) where
gene M is located. Additionally, all members of Clade II1
showed 27147G>C and one missense variation in gene
M which encodes for matrix protein. Among the seven
strains isolated in Malaysia, EPI ISL 416866 displayed
the lowest number of SNVs only one at 27147 nt
(gene M). Similar pattern was observed with amino acid
variations as shown in Table 2.

Discussion

The availability and data-sharing of SARS-CoV-2
whole genome sequences allow researchers to study the
evolutionary relationships and patterns of molecular
divergence between coronaviruses around the globe.
In fact, nearly two-thirds of the viral genome falls
within the first ORF (ORF1a/b) which translate to (non-
structural) two polyproteins (ppla and pplab), while
the remaining genome encodes four essential structural
proteins, including spike (S) glycoprotein, small

envelope (E) protein, matrix (M) protein, and nucleocapsid
(N) protein”-18], Along with these, there are a total of six
accessory proteins coded by ORF3a, ORF6a, ORF7a, ORF7b,
ORF8 and ORF 10 genes located across the ~29kb genome of
SARS-CoV-2. In the current analysis, a total of seven strains
isolated in Malaysia was used to perform in the comparison
along with representative strains from Asia, US and Europe
(note: all sequences of this study were retrieved from NCBI
or GISAID database). Most of these strains were closely
related with strains isolated from Asia region based on
Figure 2. However, some strains displayed more SNVs than the
rest of the strains isolated in Malaysia (Figure 3). For instance,
EPI ISL 417917 and EPI ISL 417918 formed Clade
II; analyses on SNVs and amino acid variations reflected
that these strains have more than 90% common nucleotide/
amino acid in several genes. For these strains, most of the
variations occurred within the ORFlab genes including
6310C>A, 6312C>A, 11083G>T, 13730C>T, 19524C>T.
These SNVs then corresponded for four missense variants
and one synonymous variant for polyproteins la/lab. In
addition, there are two more variations occurring only in
EPI ISL 417917 (but not EPI ISL 417918) at position
2737T>A (synonymous variant) and 13975G>A (missense
variant). In addition to that, there is a SNV observed in gene
N at 28311C>T in both strains which encodes for
nucleocapsid protein (structural protein) that wraps the
genomic RNA (gRNA) into a helical structure. One of
the important points to note is that these two strains
were obtained from patients in March 2020. As suggested
by previous literature, RNA viruses like coronavirus can
have high mutation rates and more often than not, these
mutations are correlated with virulence modulation and
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Figure 3. Single nucleotide variants detected from the seven Malaysia strains of SARS-CoV-2 in comparison to the reference strain (NC_045512).

evolvability, thereby improving their adaptation ability!*-
21]

Five of the seven strains, EPI ISL 416886, EPI
ISL 416866, EPI_ISL_ 416884, EPI ISL 416829, EPI
ISL 416907 (Clade 1, III and IV) were isolated in late
February in Malaysia. Interestingly, EPI ISL 416886
reflected several SNVs within two well-studied genomic
regions including ORFlab (6025T>C, 8782C>T and
18060C>T) and ORF8 (28144T>C). As a matter of
fact, EPI_ISL 416886 is the only unique strain isolated
from Malaysia that exhibited co-variations at these two
locations (i.e. 8782C>T and 28144T>C). As it has
been noted that most of 8782C>T and 28144T>C
variant sub-strains are found outside of Wuhan, one of
the two closely related strains of EPI_ISL 416886 was
identified to be strain from Fujian (EPI_ISL 411060)
which also carried SNVs at these two locations. A simple
pairwise comparison showed that EPI ISL 416886
exhibited ~99.7 % similarity to closely related strains
EPI ISL 411060 and EPI _ISL 404895 which isolated
in US. There have been ongoing discussions on the topic
of characterizing SARS-CoV-2 strains based on variation
at 8782 (C or T) and 28144 (T or C), either (a) to trace the
routes of infections by observing their network nodes, or
(b) to study the virulence of strains (i.e. S or L subtypes)
2223 Having said that, the actual function of ORF8 in
SARS-CoV-2 is yet to be discovered given that it lacks
a known useful motif or region and seems to be highly
divergent from ORF8b in SARS-CoV which induce
intracellular stress pathways!'7?*?1. In addition to this,
EPI ISL 416886 carried a SNV at position 18060
nucleotide belonging to ORF1ab (which encodes for nsp14).
Even though Pachetti et al.?” reported that this SNV
was mostly related to SARS-CoV-2 strain isolated
from North America, further investigation into the
travel history of the patient whom EPI ISL 416886

was isolated from may be worthwhile to obtain a clearer
understanding on how the strain acquired these SNVs,
whether it’s a spontaneous mutation and/or how fast before
these SNVs emerged. Still and all, the changes at this
position (i.e. 18060) from C>T resulted in a synonymous
variant in amino acid sequence, thus the actual effect of
this substitution is still pending to be discovered.

S glycoprotein encoded by gene S is one of the crucial
factors in determining host range and pathogenicity of
SARS-CoV-2. A study in early February by Zhou et al.*®
has confirmed that SARS-CoV-2 shares similarity in the
target receptor for cellular entry, recognized as angiotensin
converting enzyme Il (ACE2) receptors. In other words,
the S glycoprotein of SARS-CoV-2 can attach to ACE2
receptors available on several types of human cells before
hijacking the host machinery??*3%. From Table 1, a total of
9 SNVs was found to be associated with S glycoprotein (or
gene S). Despite of that, three strains (EPI ISL 416884,
EPI ISL 417917 and EPI ISL 417918) isolated in
Malaysia carried one or more SNVs within this gene. EPI
ISL 416884 (Clade III) displayed highest number of SNVs
within gene S with 7 SNVs, and subsequently resulted in 1
synonymous and 5 missense (amino acid) variants in the S gly-
coprotein, while EPI ISL 417917 and EPI ISL 417918
only reflected one SNV (i.e. 23929C>T) without changes in
the amino acid composition (i.e. synonymous variant). At the
time of writing, these 7 SNVs found in EPI_ISL 416884
(21767C>G,  21772C>T, 21773T>A, 21776G>T,
21779A>T, 21780C>T, 21782A>C) seems to be novel”
and the true effect of these changes are still unknown.
Taking note that these SNVs are mostly located near the
N-terminal domain of the S1 subunit of S protein which
is not directly involved with binding to ACE2, hence the
variations may not be influencing/altering the binding
ability of the virus?®'!. On the flip side, it is quite conservative
or safe to mention that the actual functional impact of
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these variants remain unclear and further investigations
are neccessary to assess its importance, particularly
for the development of vaccines3%,

Above all, these findings of this study were consistent
with reports from other research teams, with most of
the strains showing high genomic similarities between
strains derived from the Asia region. In the current
study, regardless of sampling time (February or
March), all the strains isolated in Malaysia reflected
highly similar “pattern” of SNVs when compared
to the other strains derived from Asia including
China (EPI ISL 411060, EPI ISL 403930 and
EPI ISL 408486), Singapore (EPI ISL 407987 and
EPI ISL 406973), and Japan (EPI ISL 410532,
EPI ISL 413459 and EPI ISL 412969). When
compared within the seven strains isolated in
Malaysia, members of Clade II EPI ISL 417917
and EPI ISL 417918 were shown to be more closely
related to each other (<0.15% difference by pairwise
comparison) compared to the other five strains (Supp
Table 2). A recently published study by Forster et
al.?? reconstructing evolutionary paths of SARS-
CoV-2 using 160 complete human SARS-CoV-2 and
found three central variants distinguished by amino
acid changes which was named A, B, and C, with A
being the ancestral type according to the bat outgroup
coronavirus. Based on this finding, two members of
Clade I (EPI ISL 404895 and EPI ISL 411060) in
this study were determined to be A type, while most of
the members of Clade III and IV were determined as
derived-B type which as suggested by its name derived
from A type. Forster et al.®? mentioned that SARS-
CoV-2 would to first mutate into derived B type (from
A type), before finally turning into B type which is
the most common type in East Asia. Altogether, these
findings may indicate that there are currently more
than one subtype present in Malaysia. Nonetheless,
there is still much more to be explored, particularly
on the transmittance of SARS-CoV-2: how these
variations/mutations emerged over time in
Malaysia, and then how these changes caused to the
behavior of the virus (e.g. on their pathogenicity
and virulence). Given the recent emergence of
SARS-CoV-2 around the world, researchers have
witnessed the growing number of genome sequences
deposited in publicly available database like
GISAID and NCBI. The policy on data sharing can
potentially hasten the identification of COVID-19
infection sources while expediting the drug designing
process and vaccine(s) development based on the
availability of these complete viral genomes derived
from different parts of the world®*. All and all, by
garnering a more thorough perspective on COVID-19
infection sources, the current study could serve as the
launching pad to inspect and understand the dynamics
of the local transmission of SARS-CoV-2 in Malaysia.
Complementing with epidemiological studies, these
findings could essentially gather valuable information
on the prevalence of certain strains in Malaysia,
whereas in-depth experimental research would then

shed some light on the virulence and pathogenic
mechanisms of these strains.
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