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Background: Rice tungro disease (RTD) is a viral disease mainly affecting rice in Asia. RTD caused by Rice tungro 
bacilliform virus and Rice tungro spherical virus. To date, there are only 5 RTSV isolates have been reported. 
Objectives: In this study, we aimed to report the complete nucleotide sequence of Malaysian isolate of Rice tungro spherical 
virus Seberang Perai (RTSV-SP) for the first time. RTSV-SP was characterized and its evolutionary relationship with 
previously reported Indian and Philippines isolates were elucidated. 
Materials and Methods: RTSV-SP isolate was isolated from a recent outbreak in a paddy field in Seberang Perai zone of 
Malaysia. Its complete genome was amplified by RT-PCR, cloned and sequenced. 
Results: Sequence analysis indicated that the genome of RTSV-SP consisted of 12,173 nucleotides (nt). Comparative analysis 
of 6 complete genome sequences using Clustal Omega showed that Seberang Perai isolate shared the highest nucleotide 
identity (96.04%) with Philippine-A isolate, except that the sORF-2 of RTSV-SP is shorter than RTSV Philippine-A by 
27 amino acid residues. RTSV-SP found to cluster in Southeast Asia (SEA) group based on the whole genome sequence 
phylogenetic analysis using MEGA X software.
Conclusions: Phylogenetic classification of RTSV isolates based on the complete nucleotide sequences showed more 
distinctive clustering pattern with the addition of RTSV-SP whole genome to the available isolates. Present study described 
the isolation and molecular characterization of RTSV-SP.
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1. Background
The Asian rice, Oryza sativa L. is classified in the 
Poaceae family (Gramineae) (1). Since it is the most 
vital food crop globally (2), a vast amount of rice is 
being produced every year, which is about 650 million 
tons (3). More than 90% of the rice yield are from Asia 
(4). Rice tungro disease (RTD) is considered to be the 
most serious threat to rice production among all 22 viral 
diseases attacking rice plants (5,6). Main outbreaks 
of RTD have been reported in many Asian countries; 
Philippines, India, Inonesia, Malaysia, Bangladesh, 
Nepal, Pakistan, Sri Lanka, Vietnam, China, and 
Japan(7–10). Tungro virus epidemics can result in 30% 
to 100% severe yield losses annually (11). Two distinct 
viruses in the aspect of serology and morphology; 

Rice tungro bacilliform virus (RTBV) and Rice tungro 
spherical virus (RTSV) are the causal agents of this 
sporadic disease (12–14).
Green paddy leafhopper (‎Nephotettix virescens) 
transmits RTBV and RTSV as a complex or separately 
in a semi-persistent way (15). However, spreading 
of RTBV by the vector is only possible with prior 
acquisition of RTSV (11). The interaction between 
both viruses during transmission has been explained in 
relation to a requirement of a helper factor, possibly a 
protein component that being produced only in plants 
infected with RTSV. The component might be essential 
for RTBV absorption to the leafhopper stylet wall (16–
18) but its location on the RTSV genome has not been 
determined (19). RTBV and RTSV also interact in order 
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to allow disease development apart from to enable 
symptoms such as stunting, yellow-orange coloration 
and reduced tillering to be fully expressed (20). 
However, the correlation between tungro viruses and 
symptom severity has not been well studied (21). RTBV 
can be found in the vascular bundles meanwhile RTSV 
is limited to the phloem tissues in diseased rice plants. 
Both viral particles are localized in the cytoplasm of 
infected cells, either in scattered or aggregated pattern 
(22).
RTD was first identified in the experimental fields at 
the International Rice Research Institute, Philippines in 
1963 and recognized as an apparent viral disease in 1965 
(23). To date, there are only five RTSV whole genomes 
available in NCBI database. Philippines isolate was 
first sequenced in 1992 (24), followed by complete 
sequencing of RTSV isolate Vt6, from Mindanao, 
Philippines. Compared to the type strain of Philippine, 
Vt6 found to be more virulent when being tested on 
TKM6, RTSV resistant cultivar (25). Complete genome 
sequence of three isolates from India; Orissa (Ori), 
West Bengal isolate (WB) and Andhra Pradesh (AP) 
have been reported later (26,27). Since the number and 
geographical origin of published full-length sequences 
are very limited, the information on genome wide 
molecular diversity of RTSV population is still lacking. 
Tungro disease is called as penyakit merah (PMV) 
locally (22) and the first incursion was suspected to 
attack Kerian area in 1933 (11). Major outbreaks of 
RTD were reported in 1982-1983 in Peninsula Malaysia 
(28) where it affected more than 20,300 ha of Kedah 
and Perlis rice fields, causing around US $10 million 
yield loss (11). Apart from that, in 2012, RTD incidence 
was detected in 5 regions of Sarawak. Interestingly, 
the native rice cultivars in the affected areas showed 
susceptibility towards tungro viruses.
RTSV belongs to genus Waikavirus and family 
Sequiviridae (13). The viral genome comprised of a 
positive sense, single stranded RNA of more than 12 
kb in length with a poly(A) track at its 3’ end (29). A 
protein, VPg was suggested to be covalently linked 
to the 5’ end of the RNA (22). RTSV has isometric 
particles with a diameter of 30nm. Since RTSV features 
resemble animal picornavirus, the virus has been 
termed as “plant picornavirus” (30). The viral RNA 
has a leader sequence of 515 nucleotides and encode 
a single large ORF1 at 5’ end starting after the leader 
sequence (22). ORF1 encodes a polyprotein, cleaved 
by a protease resulting in three coat proteins (CPs) 
organized adjacent to each other (CP1-3) (31).
A leader protein (P1) presents upstream of CP1 (32). The 
polyprotein also consists of a nucleotide triphosphate 

(NTP) binding protein, a protease (Pro), and a RNA-
dependent RNA polymerase (Rep). Initially, it was 
reported that 3’ tail of RTSV genome contains two 
small ORFs (sORF-2 and sORF-3), expressed from 
sub-genomic mRNAs (24,31). The function of these 
proteins remains unclear and their occurrence were not 
confirmed in following studies (26,33).
So far, nucleotide sequences of CP1, CP2 and CP3 of 
a RTSV isolate (MaP1) from Malaysia were reported 
(34). Knowledge on complete nucleotide sequences of 
RTSV isolated from Malaysia will assist future analyses 
on molecular and evolutionary characteristics of RTSV 
in Malaysia. 

2. Objective
Here, we report the first whole genome of RTSV-SP 
isolate obtained from a paddy field in Seberang Perai, 
Malaysia in 2018. The nucleotide sequences of RTSV-
SP were analyzed in detail to provide a reference data 
for future genetic studies on RTSV in the particular 
region as well as in Malaysia generally.

3. Materials and Methods

3.1. Materials
Rice field in Seberang Perai (SP), Malaysia 
(100°41’39”E, 5°37’00”N) was inspected for samples 
and rice plants exhibiting RTD symptoms were 
collected. Plant RNA Mini Kit and PCRBIO HiFi 
polymerase were purchased from QIAGEN (Kuala 
Lumpur, Malaysia) and Biomax Scientific (Selangor, 
Malaysia) respectively. Extraction of total RNA was 
done using the RNA Mini Kit following the provided 
instructions. 

3.2. cDNA Generation and PCR Amplification of RTSV 
Whole Genome
cDNA library was synthesized through addition of RNA 
template (1pg – 5µg) to appropriate components as 
follows: 4 µL of 5× reaction transcription buffer, 2 µL 
of dNTPs mixture (10mM), 1 µL of RNase inhibitor, 1 
µL of OligodT18 primer (100 µM), 1 µL of RevertAid 
reverse transcriptase (ThermoFisher Scientific, 
Malaysia) (20U), and 1 µL of sterile water in 20 µL 
reaction volume. All constituents were mixed up gently 
and incubated for an hour at 42 °C. The incubation was 
terminated at 70 °C in 5 min prior to storage at -20 °C. 
PCRBIO HiFi polymerase was used to amplify the 
resulted cDNA through PCR. Nine pairs of overlapping 
primers were designed in current  study based on the 
aligned complete nucleotide sequences of five RTSV 
isolates derived from GenBank (https://www.ncbi.nlm.

https://www.ncbi.nlm.nih.gov/
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nih.gov/) (35) (Table 1). PCRs were conducted in a 
total volume of 50 µL comprising of 5× buffer (10 µL), 
cDNA (2 µL), forward primer (10 µM, 2 µL), reverse 
primer (10 µM, 2 µL), PCRBIO HiFi polymerase (0.5 
µL) and sterilized water (34.5 µL). The PCR conditions 
was set up accordingly; initial denaturation at 95 °C (1 
min), followed by 35 cycles of denaturation (95 °C, 15 
s), annealing (50 °C -60 °C, 15 s) and extension (72 °C 
, 1-2 min) and a final extension at 72 °C for 10 min in 
the Applied Biosystems Veriti 96 Well Thermal cycler.

3.3. Cloning and Sequencing of PCR Products
Expected size of successfully amplified fragments was 
validated through electrophoresis on 1% (w/v) agarose 
gels. Purification of PCR products from agarose gel 
was conducted using QIAquick® Gel Extraction Kit 
(QIAGEN, Malaysia) and then ligated into PJET1.2 
vector (ThermoFisher Scientific, Malaysia) according 
to manufacturer’s instructions. They were consequently 
transformed into Escherichia coli (TOP10) competent 
cells through calcium chloride transformation method 
(36). Every positive colony consisting recombinant 
plasmid was selected and grown in ampicillin 
supplemented Luria-Bertani broth. The plasmids 
were isolated using FavorPrep™ Plasmid Extraction 

Mini Kit from (Biomax Scientific, Malaysia) after 
being certified through colony PCR. Minimum two 
recombinant plasmids for every fragment were sent 
to First BASE Laboratories Sdn. Bhd. Company for 
sequencing in forward and reverse directions using 
Sanger sequencing method. A total of 18 bidirectional 
reads were performed.

3.4. Genomic Sequence and Phylogenetic Analysis
Nucleotide sequence data produced by nine overlapping 
PCR fragments were assembled using Clustal Omega 
version 1.2.4 (https://www.ebi.ac.uk/Tools/msa/
clustalo/) with default parameters (37). The obtained 
full-length genome of RTSV-SP was then deposited 
into NCBI library under accession number: MK655459. 
BLASTN program (https://blast.ncbi.nlm.nih.gov/
Blast.cgi) (38) was accessed to compare the similarity 
of the RTSV-SP DNA with published sequences. 
Genome sequence was translated and furthered to ORFs 
searching. Database searches against the GenBank non-
redundant database and SwissProt Protein sequence 
database were performed using SmartBLAST (https://
blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi) (39) 
and BLASTp (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 
(38) programs. Nucleotide sequences were aligned 

Table 1. List of overlapping primers used for sequencing of complete genomic cDNA of RTSV 

 

Primers Sequence (5’-3’) Annealing temperature (°C) Expected amplicon size (bp) 

RTSV1F TGAAAATTGGGGTATAGAGATACCCC  1,442 

RTSV1R GACGCATGCCATGTTTAGAG 52.0  

RTSV2F TTGCAGGGATGCCAATGG  1,682 

RTSV2R ACAAGCCCAAGCTCAGTT 55.0  

RTSV3F CAGGAAGTGAAGGCTCCATAG  1,247 

RTSV3R GAGTGGCTCACGATGTAC 52.3  

RTSV4F GAGTGGCTCACGATGTAC  1,473 

RTSV4R ACGCGCGATATGGCTCTTATG 55.0  

RTSV5F ACGCGCGATATGGCTCTTATG  1,358 

RTSV5R GCATTCGCAGTGTAGATATAG 54.0  

RTSV6F GCATTCGCAGTGTAGATATAG  414 

RTSV6R GCACATTTACATCGGAT 48.7  

RTSV7F GCACATTTACATCGGATGGT  1,370 

RTSV7R TGTGGGATCTTGGACCTTC 53.7  

RTSV8F TGTGGGATCTTGGACCTTC  1,470 

RTSV8R GTACATCGGGATGGAATCTGTG 54.7  

RTSV9F GTACATCGGGATGGAATC  2,062 

RTSV9R GTGTGGGGTAATAGAGTAC 49.4  

 

  

Table 1. List of overlapping primers used for sequencing of complete genomic cDNA of RTSV

https://www.ncbi.nlm.nih.gov/
https://www.ebi.ac.uk/Tools/msa/clustalo/
https://www.ebi.ac.uk/Tools/msa/clustalo/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi
https://blast.ncbi.nlm.nih.gov/smartblast/smartBlast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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with other available RTSV sequences using Clustal 
W tool (40). Phylogenetic tree based on the whole 
nucleotide sequences of RTSV-SP and available RTSV 
reference isolates as listed in Table 2 was generated 
using molecular evolutionary genetics analysis MEGA 
X software (41).  Maximum Likelihood method based 
on the Tamura 3-parameter model (42) was utilized 
in the phylogeny construction. For the phylogenetic 
relationship based on amino acid sequences of ORF1 of 
Seberang Perai isolate along with previously reported 
RTSV isolates, Neighbor-Joining method (43) and 
Poisson correction model (44) was used. The bootstrap 
values were estimated for 1000 replicates. 

4.	 Results

4.1. Genomic Sequence Analysis of RTSV-SP
The genome sequence of RTSV-SP isolate was 12,173 
nucleotides (nt) long, excluding its 3’ end poly A tail 
(GenBank no.: MK655459) with 45.8% of GC content. 
The 5’ portion of the genome contained a 514 nt 
untranslated region (UTR) followed by a single large 
ORF-1 of 10,413 nt. ORF-1 has AUG initiation codon 
at position 515 and give rise to a potential polypeptide 
of 3,471 amino acid (aa) residues. The polyprotein 
encoded a leader protein (P1), three coat proteins 
(CPs); CP1, CP2 and CP3, a nucleotide triphosphate 

Table 2. Isolates of RTSV used for genome comparison and phylogenetic analysis 

 

No. RTSV isolates Geographical origin GeneBank accession # References 

1 PhilA Philippines NC 001632 (24) 

2 Vt6 Philippines AB064963 (25) 

3 Ori India AM234048 (26) 

4 WB India AM234049 (26) 

5 AP India KC794785 (27) 

 

  

Table 2. Isolates of RTSV used for genome comparison and phylogenetic analysis

Table 3. Genome length and nucleotide position of each genome segment of RTSV isolates. 

Isolate 
Total 

length (bp) 
ORF-1 sORF-2 sORF-3 P1 CP1 CP2 CP3 NTP Pro Rep 

SP 12,173 

515-

10930 

(3471)* 

11125-

11343 

(72)* 

11433-

11684 

(83)* 

515- 

2437 

2438-

3061 

3062-

3670 

3671-

4546 

4547-

8083 

8084-

9061 

9062- 

10927 

PhilA 12,175 

515-

10936 

(3473) 

11131-

11430 

(99) 

11437-

11688 

(83) 

515- 

2446 

2447-

3070 

3071-

3679 

3680-

4555 

4556-

8092 

8093-

9070 

9071- 

10933 

Vt6 12,171 

517-

10932 

(3471) 

11127-

11243 

(38) 

11432-

11683 

(83) 

517- 

2439 

2440-

3063 

3064-

3672 

3673-

4548 

4549-

8085 

8086-

9063 

9064- 

10929 

Ori 12,174 

516-

10931 

(3471) 

11126-

11242 

(38) 

11432-

11683 

(83) 

516- 

2438 

2439-

3062 

3063-

3671 

3672-

4547 

4548-

8084 

8085-

9062 

9063- 

10928 

WB 12,174 

516-

10931 

(3471) 

11126-

11242 

(38) 

11432-

11683 

(83) 

516- 

2438 

2439-

3062 

3063-

3671 

3672-

4547 

4548-

8084 

8085-

9062 

9063- 

10928 

AP 12,171 

515-

10930 

(3471) 

11124-

11240 

(38) 

11430-

11681 

(83) 

515-

2437 

2438-

3061 

3062-

3670 

3671-

4546 

4547-

8083 

8084-

9061 

9062- 

10927 

* Values within the parenthesis indicate total number of amino acids for ORF1 and sORFs, CP coat protein, NTP nucleotide triphosphate 

binding protein, Pro proteinase, Rep RNA polymerase. 

  

Table 3. Genome length and nucleotide position of each genome segment of RTSV isolates.
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binding domain (NTP), a proteinase (Pro) and a RNA 
polymerase (Rep) in 5’ to 3’ orientation. Nucleotide 
position of the domains were presented in Table 3. The 
3’ terminus of RTSV-SP consists of two putative short 
ORFs (sORF-2 of 72aa and sORF-3 of 83aa). AUG 
initiation codon of sORF-3 was located at position 
11433 nt, 89 nucleotides after stop codon of sORF-2.

4.1. Sequence Identities and Phylogenetic Analysis
RTSV-SP ORF-1 shared 89.54-95.73% nt identity 
and 96.51-97.85% aa identity to five other available 
isolates. Although RTSV-PhilA and RTSV-Vt6 are 
both originated from Philippines, ORF-1 of RTSV-
SP showed a higher percentage of identity at amino 
acid level with PhilA compared to Vt6 isolate. 
This difference could be clearly observed through 
phylogenetic analysis conducted based on the ORF-1 
amino acid sequences of all six isolates (Fig. 1).  Each 
taxon in the figure is shown as isolate accession number 
and abbreviated name. Clade 1 consisted of AM234048 
Ori: India, AM234049 WB: India, KC794785 AP: 
India, and AB064963 Vt6: Philippines isolates. Clade 2 
comprised of MK655459 SP: Malaysia and NC 001632 
PhilA: Philippines isolates. 
RTSV-SP sORF-2 is slightly shorter compared to PhilA 

isolate, by 27 amino acid residues since it is interrupted 
by a stop codon, UGA at position 11343 nt (Fig. 2). In 
Figure 2, the Andhra Pradesh (AP), Orissa (Ori), West 
Bengal (WB), Philippines (PhilA and Vt6) isolates are 
denoted in abbreviated name. Meanwhile, sORF-3 was 
highly identical to PhilA isolate (96.43% nt and 91.57% 
aa). 
Identities of the complete genome of RTSV-SP 
with other RTSV isolates were 90.31%-96.04% at 
nucleotide level, where highest similarity was shared 
with PhilA isolate (Accession number: NC 001632) 
(Table 4). This identity was also indicated through 
phylogenetic analysis based on the whole nucleotide 
sequences of all six isolates. Maximum likelihood 
tree generated formed two major clades; first consist 
of SP, PhilA and Vt6 isolates, second includes AP, 
WB and Ori isolates (Fig. 3). The positing of RTSV-
SP in SA group was supported by a bootstrap value of 
100%. Figure 3 shows each taxon as isolate accession 
number and abbreviated name. The Southeast Asia 
clade (SEA) comprised of MK655459 SP: Malaysia, 
NC 001632 PhilA: Philippines, and AB064963 Vt6: 
Philippines isolates. South Asia clade (SA) comprised 
of AM234048 Ori: India, AM234049 WB: India, and 
KC794785 AP: India isolates. 

Figure 1. Phylogenetic relationship based on amino acid sequences of ORF1 of RTSV-SP (red box) with previously 

reported SEA and SA isolates. Amino acid sequence of the single ORF of Parsnip yellow fleck virus (accession no. 

NC 003628) was included as outgroup. Bootstrap values were calculated for 1000 replicates (cut-off value is 80%).   

CLADE 
1 

CLADE 
2 

Figure 1. Phylogenetic relationship based on amino acid sequences of ORF1 of RTSV-SP (red box) with previously reported SEA and 
SA isolates. Amino acid sequence of the single ORF of Parsnip yellow fleck virus (accession no. NC 003628) was included as outgroup. 
Bootstrap values were calculated for 1000 replicates (cut-off value is 80%).
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Figure 2. Amino acid sequence alignment of sORF-2 coded by six RTSVs. The grey box indicates 100% similarity 

of amino acid among six isolates. The yellow box indicates >50% amino acid sequence identity among all isolates, 

pink represents 100% ID among Indian isolates while green represents 100% similarity among Philippines isolates.  

Figure 2. Amino acid sequence alignment of sORF-2 coded by six RTSVs. The grey box indicates 100% similarity of amino acid among six 
isolates. The yellow box indicates >50% amino acid sequence identity among all isolates, pink represents 100% ID among Indian isolates 
while green represents 100% similarity among Philippines isolates. 

      

Figure 3. Comparative analysis of complete nucleotide sequences of RTSVs. RTSV-SP is indicated by a red box. 
The complete genome sequence of Parsnip yellow fleck virus (PYFV, accession no. NC 003628) was included as 
outgroup. Numbers at the branching points indicate the bootstrap support calculated for 1000 replicates (cut-off 
value is 80%). 

SA 
group 

SEA 
group 

Figure 3. Comparative analysis of complete nucleotide sequences of RTSVs. RTSV-SP is indicated by a red box. The complete genome 
sequence of Parsnip yellow fleck virus (PYFV, accession no. NC 003628) was included as outgroup. Numbers at the branching points 
indicate the bootstrap support calculated for 1000 replicates (cut-off value is 80%).

Table 4. Percent identity of nucleotide (NT) and amino acid (AA) sequences between genome segments of RTSV-SP and 

available RTSV reference isolates. 

 

Genome  PhilA/SP  Vt6/SP  Ori/SP  WB/SP  AP/SP 

segment  nt aa  nt aa  nt aa  nt aa  nt aa 

ORF-1 95.73 97.85  89.82 97.40  89.54 97.31  89.75 97.45  89.77 96.51 

sORF-2 94.52 95.83  96.58 97.37  95.73 92.11  95.73 92.11  94.02 89.47 

sORF-3 96.43 91.57  95.63 87.95  95.24 91.57  94.05 87.95  94.44 89.16 

Complete sequences 96.04 -  90.59 -  90.31 -  90.51 -  90.45 - 

 

Table 4. Percent identity of nucleotide (NT) and amino acid (AA) sequences between genome segments of RTSV-SP and available RTSV 
reference isolates.
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5. Discussion
RTD has been circulating in many regions of Asian 
countries. Currently, only five RTSV isolates have been 
sequenced completely. The virus needs to be further 
explored in the aspect of isolation and molecular 
characterization of more isolates from different 
geographical origins in order to better understand the 
importance of RTSV diversity and manage tungro 
disease more effectively. In present study, the full 
genomic sequences of a Penang isolate (RTSV-SP) 
were analyzed to characterize Malaysian RTSV and 
the phylogenetic relationship among available RTSV 
isolates including RTSV-SP was elucidated. 
The genome length of RTSV-SP is 12,173 bp, the second 
shortest among all isolates reported to date. ORF1 of 
RTSV-SP encoded P1, three CPs, NTP, Pro and a Rep. 
These features are in agreement with other published 
isolates; PhilA, Vt6, Ori, WB and AP. P1 of RTSV-SP 
consists of 640 aa, similarly to Vt6, AP, WB and Ori but 
slightly shorter than PhilA (643 aa). P1 has a potential 
of involving in RTSV transmission by the vector (26).
CP1 (624 nt), CP2 (609 nt) and CP3 (876 nt) of SP 
genome are in consistent with five reported isolates. 
High similarities between CP1-3 of SP and PhilA 92.0%, 
89.3% and 92.6% nt respectively were observed in this 
study. This is supported by previous study in which 
coat protein genes of a RTSV isolate (MaP1) from 
Malaysia were sequenced and compared to the CPs of a 
Philippine isolate (PhL1) (34). It reported similarly high 
nucleotide identities of CP1-3 between both isolates; 
96.8%, 98.5% and 92.7% respectively. Moreover, they 
also suggested MaP1 to be closely related to PhL1 
isolate since the immunological responses exhibited by 
proteins of both MaP1 and PhL1 isolates in the western 
blot test using polyclonal antisera specific to PhL1 
RTSV were similar (34). Molecular masses of CP1-3 
predicted to be 22.5, 22.0 and 33.0 kDa respectively 
(45). Among the coat proteins, CP3 gene is probably 
being the major antigenic determinant on the surface 
of virus particles that involved in host-virus interaction 
(46,47).  
RTSV-SP consisted of a putative sORF-2 of 72 aa, 
longer than RTSV isolates of Vt6, WB, Ori and AP by 34 
aa (25–27). The sORF-2 in RTSV-SP is interrupted by a 
stop codon at 11341 nt. This interruption of sORF-2 in 
RTSV-SP is constant with previous report by Thole & 
Hull (48), in which the Philippines, Thailand and Indian 
isolates sequenced were found to contain truncated 
sORF-2 due to the presence of several stop codons. 
Thole & Hull (48) suggested that those short ORFs 
might not translated, thus the virus have an unusually 
long 3’ non-coding region. According to Niazi (26), the 

Indian isolates were able to overcome the resistance of 
TKM6 variety as Vt6 while PhilA could not. Hence, 
as suggested by Isogai et al. (25), sORF-2 is probably 
responsible for the difference in viral virulence of PhilA 
isolate with Vt6 and Indian isolates. Construction of a 
full-length infectious cDNA clone and virulence testing 
on TKM6 cultivar with SP isolate would be helpful in 
the identification of respective protein contributing to 
this hyper-virulence. 
Small ORF-3 of RTSV-SP has a length of 83 aa, in 
agreement with other 5 isolates. The sORF-3 has its 
own start codon, AUG placed after 92 nucleotides from 
sORF-2 stop codon. These sORFs were assumed to 
have encoded movement protein since the protein was 
not located in the RTSV RNA genome yet. On the other 
hand, the sORFs might be involving in helper functions 
needed for RTBV transmission (24).
Phylogenetic analysis based on the whole genomes 
strongly classified RTSV-SP into SEA group comprised 
of two Philippines RTSV isolates (RTSV-PhilA and 
RTSV-Vt6). Previous study by Verma & Dasgupta (26) 
indicated that Ori and WB clustered closer to Vt6 than 
to PhilA. Apart from that, Sailaja et al. (27) showed the 
comparative analysis of RTSV full-length sequences 
formed three major clades; PhilA in the first branch, Vt6 
in second and Indian isolates in third group. In this study, 
the obtained clustering pattern, separate branching of 
RTSV isolates into Southeast Asia (SEA) and South 
Asia (SA) groups clearly reinforced the influence of 
geographical location on virus genomic evolution. At 
the same time, RTSV-SP is much closer to PhilA but 
distant from Vt6 isolate. Previously, the phylogenetic 
analysis based on non-recombinant regions in RTSV 
RNA genome; NTP, CPs, Pro, and Rep firmly indicated 
the divergence of Indian and Philippines isolates. 
Hence, the recombination within and between Indian 
and Philippines isolates was suggested to be a dominant 
factor of RTSV evolution (27).

6. Conclusion
In this study, we report the first full-length genome of 
RTSV isolate from Malaysia. By comparing the whole 
genome obtained with other RTSV isolates, a basic 
knowledge on the genomic structure, diversity and 
evolution of RTSV-SP has been achieved. Present study 
revealed that RTSV-SP complete genome shares the 
highest identity with the PhilA isolate from Philippine 
and the phylogenetic tree generated confidently 
classified RTSV-SP into South East Asia cluster. 
Recombination analysis of RTSV-SP may assist in 
deeper understanding on the divergence of Indian and 
Southeast Asian isolates. Moreover, further exploration 
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of sORF-2 would be helpful in studying its function 
in the viral virulence. Availability of this complete 
genomic sequences could also contribute to future 
research studies on RTSV genetics, epidemiology, and 
virology. 
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