N
N

N

HAL

open science

Mbolecular diversity of Rice grassy stunt virus in
Vietnam

Hoang-Anh Ta, Doan-Phuong Nguyen, Sandrine Causse, Thanh-Duc Nguyen,
Vinh-Vien Ngo, Fugénie Hébrard

» To cite this version:

Hoang-Anh Ta, Doan-Phuong Nguyen, Sandrine Causse, Thanh-Duc Nguyen, Vinh-Vien Ngo, et al..
Molecular diversity of Rice grassy stunt virus in Vietnam. Virus Genes, 2013, 46 (2), pp.383-386.

hal-01522123

HAL Id: hal-01522123
https://hal.science/hal-01522123

Submitted on 12 May 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01522123
https://hal.archives-ouvertes.fr

0 ~NOUIRhWN

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

Molecular diversity of Rice grassy stunt virusin Vietnam
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ABSTRACT

Rice grassy stunt viruRGSV, Tenuivirug recently emerged on rice in Vietnam, causing
high yield losses during 2006-2009. The genetiedity of RGSV is poorly documented. In
this study, the two genes encoded by each ambisamaent RNA3 and RNAS5 of RGSV
isolates from 6 provinces of South Vietnam wereuseged. P3 and Pc3 (RNA3) have
unknown function, P5 (RNA5) encodes the putativensing suppressor and Pc5 (RNAS)
encodes the nucleocapsid protein (N). The sequentek7 Vietnamese isolates were
compared to reference isolates from North and S&litippines. The average nucleotide
diversity among the isolates was low. We confirnaedhigher variability of RNA3 than
RNAS5 and Pc3 than P3. No relationships betweergdmetic diversity and the geographic
distribution of RGSV isolates could be ascertainkkgly because of the long-distance
migration of the insect vector. This data will camiite to a better understanding on the
RGSV epidemiology in South Vietham, a prerequiitefurther management of the disease
and rice breeding for resistance.

TEXT

In contrast tdRice stripe virugRSV) that remains one of the main destructive pathogen
in East Asia (Wei et al., 2009ice grassy stunt virulRGSV) had shown a low incidence
since mid-eighties. However, severe epidemics oSR@ccurred during 2006-2009 in the
Mekong Delta provinces in Vietnam. Infected riceargs show typical symptoms with
stunting and proliferation of thin tillers with eted growing habit. RGSV induces
incomplete flowering and unfilled grains. Facedhigh losses up to 700,000 tons of rice,
exportations were temporally stopped by the en2066 Spring crop (Vien et al., 2007). The
RGSV emergence in Vietham has a multifactorial inrigQQutbreaks of the insect vector,
incorrect use of pesticides and continuous cultwvebf rice have been identified as factors of
emergence. However, the role of viral factors hatdoeen investigated.

Tenuiviruses are complex in nature and remain goariderstood. They have some
similarities with viruses classified in the famiBunyaviridae. They are transmitted in a
propagative manner by a particular species of papyers to plants of the famiBoaceae
RGSV is transmitted to rice bMilaparvata lugens Tenuiviruses are characterized by a
thread-like morphology and a large segmented genoini&-26 kb (Shirako et al., 2011).
The number of viral genomic segments varies froto @ and they were named according to
their size. They have an ambisense coding stralégy.RdRp polymerase is encoded by the
viral complementary sense (vc) of RNAL, the largestiecule. The nucleocapsid (N) is
encoded by vcRNA3 and the major non-capsid prot®i@P) that accumulates in infected
plants is encoded by VRNA4 (Liang et al., 2005%il&ncing suppressor (NS3) is encoded by
VRNAS3. High amounts of RSV NS3 transcripts werenfdun viruliferous insects (Zhang et
al., 2010). RGSV is the unique tenuivirus that eorg 6 RNA segments. RNAs 5 and 6 of
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RGSV correspond to RNAs 3 and 4 of other tenuidsulsut are distantly related (Toriyama

et al., 1997). Based on the phylogenetic analylsikase fragments, RGSV is the most basal
species compared to the other members of the g&egsiences of RGSV RNA3 and RNA4

are orphans in the public databases, the functibtise genes are still unknown.

The knowledge about genetic diversity of tenuivesisvas previously restricted to pairwise
comparison of isolates from distinct geographicaios (de Miranda et al., 1997, Mahmoud
et al., 2007). Recently, the phylogenetic analysfelarger samples from Korea and China
confirmed the low diversity of RSV RNA1-4 (Jonsdnak, 2009a, Jonson et al., 2009b, Wei
et al., 2009). The molecular diversity of RGSV @gdy documented. Up to now, only two
complete genomic sequences from North and Southippines have been published
(Miranda et al., 2000). Although RNA1, 4 and 5 weesy similar for the two isolates,
RNAZ2, 3 and 6 diverged more.

In this study, we assessed the genetic diversitR@EV in 6 provinces of South Vietnam.
Samples collection was made at end of May 2009imr@ctober 2011 in diseased fields of
Binh Thuan province (South-Est Vietnam) and 5 pnogs of the Mekong Delta (Supp. Table
S1). Leaves with typical symptoms of RGSV were dinéth silica gel at room temperature
and stored at -2C€. The RNA extraction and purification were perfednwith Trizol
according to the manufacturer’s instructions. Afjaantification, 0.5 to 1.5 pg of total RNA
was used in one-step RT-PCR as previously desc(ided et al., 2009). Primer pairs were
designed to amplify four RGSV genes located on segments (Supp. Table S2). We
focused on the unknown P3 and Pc3, the putativenagilg suppressor P5 and the
nucleocapsid protein (N or Pc5). The fragments émgpP3, Pc3 and P5 were amplified
using TagDNA polymerase and Reverse transcriptase enzyrkResmgntas). The Pc5
fragment was amplified using one-step RT-PCR kia¢@n) following the manufacturer’s
instructions. The PCR products were sequenced th benses. When double pics were
detected in the electropherograms, a cloning step performed using the pGEM-T vector
kit. The sequences were deposited in EMBL Nucleot@kquence Database (Accessions
HE963224 to HE963291). The sequences obtained ign study were aligned with the
Philippines isolates using ClustalW with defaultgmaeters (Thompson et al., 1994). The
diversity index 1), which is the average number of nucleotide dififees per site between
two sequences was calculated for each gene. Addltyp 13, the average number of
nucleotide substitutions per nonsynonymous sitg,the average number of nucleotide
substitutions per synonymous site, and their ratic- Ti/T) were calculated. All diversity
indices were calculated by using DNAsp version 5(LLbrado & Rozas, 2009). The
sequences were compared in a phylogenic tree imgjuithe two reference isolates from
Philippines. Phylogenetic relationships betweenisotates were determined by a distance
method where the nucleotide pairwise distances wereected by using the Kimura two-
parameter methods and trees were reconstructduebydighbour-Joining (NJ) method with
MEGA 5 (Tamura et al., 2011). The significance lod internal branches was evaluated by
using 1,000 bootstrap replications.

We obtained the sequences of P3, Pc3, P5 and Beb fFr RGSV isolates. The average
nucleotide diversity among the isolates was 1.9%bl@ 1). The average variation in
synonymous sites ranged from 2.8 to 6.6%. The nmrsymous diversityt@) was much
less than the synonymous diversity and ranged legtvdel and 3.2%. Nucleotide diversity
was variable among the genes. P3 and Pc3 weredkevariable, whereas P5 and Pc5 were
the most conserved. In both segments, the geneslethdy the viral complementary sense
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(Pc3 and Pc5) were more variable than the virasdes€R3 and P5). The low variability in the
four genes illustrated the extent of the genomitstraints.

The general topology of the phylogenetic trees aitisrent depending on the RNA segment
but was similar for both genes from the same segniBased on P5 and Pc5 sequences, all
isolates from Vietnam were clustered into one cladele the two Philippines isolates
grouped in another clade (data not shown). Due lmyvanumber of informative sites, the
resolution of the phylogenetic tree was low. BasedP3 and Pc3 sequences, the isolates
were clustered into 3 clades. The isolate Cotabatm Philippines stood alone, a second
clade contained the isolate Laguna from Philippiaed four Vietnamese isolates, and most
of the other isolates were grouped in the thirdieldivided into two sub-groups (Figure 1).
The factors involved in this clustering could netdscertained. No relationships between the
genetic diversity and the geographic distributidrR&SV isolates were detected based on
RNA3. Isolates collected in the same province hgdohto two different clades whereas
isolates from distant areas clustered in the sdaecWhile the two Philippines isolates
originated from locations which were about 800 kpars the Laguna isolate and several
Vietnamese isolates distant from 1700 km, belontgethe same clade. In this clade, the
isolates were collected in two Mekong Delta proem¢Tien Giang and Kien Giang) far from
150 km. However, several isolates collected ineh®@g provinces clustered into the other
clade with isolates from Binh Thuan in South-Eas¢tvam. All isolates collected from
different sites in Binh Thuan provinces, which &@ km apart from each other, were
clustered in different sub-clades (Figure 1). Nati structuration of the RGSV genetic
diversity was revealed likely because of the migratof the brown planthopper (BPH)
Nivaparlata lugensthe insect vector of RGSV. The BPH ability to naigg for long distances
between countries in South Asia has been previodsimonstrated (Otuka, 2009). In
Vietnam, BPHs should transmit different isolateswaen different geographic locations
among the Mekong Delta provinces and between Mek®ita and the mountainous areas of
Binh Thuan province.

This study was the first analysis on the genetreidity of RGSV. Our data will contribute to

a better understanding of the epidemiology in Sodtnam, a prerequisite for further

management of the disease and rice breeding fistanse. For instance, the confirmation of
the low diversity of P5, the silencing suppresssryery promising for future transgenic
strategies. In future, the genetic diversity of RG8Ill be considered at a regional scale
including the neighbouring countries of Vietnamv&al cases of RGSV were recently
suspected in Thailand (Ta H.A., personal commuiangt In addition to RNA3, the genetic

analysis would include other variable segments siscRNA2 and RNAG.

This work was supported by a BEST grant from Dépaeint de Soutien et Formation (DSF
IRD), a bilateral project funded biinistry of Science and Technology of Vietnam and
Ministere des Affaires Etrangéres de la France (PHi@a Sen Lotus 23968UL) and a project
from Groupement de Recherche International (GDRI BMRS/IRD).

Figure legend:

Figure 1. Phylogenetic trees of 17 isolates of RGSV caledldtom the P3 (a) and from the
Pc3 sequences (b). These trees were constructesiyy the Neighbor-Joining method. The
stars indicate the nodes with bootstrap values >80% geographic origins are indicated by
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the name of the isolates: BT, Binh Thuan; TG, Ta&ang; LA, Long An; KG, Kien Giang;
HG, Hau Giang; CT, Can Tho; Ph, Philippines.

References:

Anh, T. H., Vien, N. V., Anh, N. T., Huyen, T. T.,TChung, N. V. & Phuong, N. D. (2009).
One-step RT-PCR for detection of rice grassy samdtrice ragged stunt virusds.
Plant Protection (in ViethamesB) 21-26.

de Miranda, J. R., Ramirez, B. C., Munoz, M., Lazan Wu, R., Haenni, A. L., Espinoza,
A. M. & Calvert, L. A. (1997). Comparison of Colomb and Costa Rican strains of
rice hoja blanca tenuiviru¥irus Gened5, 191-3.

Jonson, M. G., Choi, H. S., Kim, J. S., Choi, L&RKim, K. H. (2009a). Complete genome
sequence of the RNAs 3 and 4 segments of Riceestnips isolates in Korea and
their phylogenetic relationships with Japan and@hsolatesPlant Pathol. J25,
142-150.

Jonson, M. G., Choi, H. S., Kim, J. S., Choi, L&RKim, K. H. (2009b). Sequence and
phylogenetic analysis of the RNA1 and RNA2 segmehtsorean Rice stripe virus
isolates and comparison with those of China andrl@pch Virol 154, 1705-8.

Liang, D., Qu, Z., Ma, X. & Hull, R. (2005). Detémh and localization of Rice stripe virus
gene products in viva/irus Genes1, 211-221.

Librado, P. & Rozas, J. (2009). DnaSP v5: A sofemMar comprehensive analysis of DNA
polymorphism dateBioinformatics25, 1451-1452.

Mahmoud, A., Royer, M., Granier, M., Ammar, E. DR&terschmitt, M. (2007). High
genetic identity between RNA 3 segments of an Otatl@visolate and a New World
isolate of Maize stripe virugrch Virol 152, 1583-6.

Miranda, G. J., Azzam, O. & Shirako, Y. (2000). Gmarison of nucleotide sequences
between northern and southern philippine isolatege grassy stunt virus indicates
occurrence of natural genetic reassortme¥mbalogy 266, 26-32.

Otuka, A. (2009). Migration of rice planthoppersiaimulation techniques. PRlanthoppers:
new threats to the sustainability of intensive peeduction systems in Asigp. 343-
356. Edited by K. L. Heong & B. Hardy. Los Banosi(ppines): International Rice
Research Institute.

Shirako, Y., Falk, B. W. & Haenni, A. L. (2011). @es Tenuivirus. I/irus taxonomy:
classification and nomenclature of viruses: Nin#pBrt of the International
Committee on Taxonomy of Viruse®p. 771-776. Edited by A. M. Q. King, E. J.
Lefkowitz, M. J. Adams & E. B. Carstens. San Dieftsevier Academic Press.

Tamura, K., Peterson, D., Peterson, N., StechehN&, M. & Kumar, S. (2011). MEGA5:
Molecular Evolutionary Genetics Analysis using Maxm Likelihood, Evolutionary
Distance, and Maximum Parsimony Method®lecular Biology and Evolutio8,
2731-2739.

Thompson, J. D., Higgins, D. G. & Gibson, T. J.949 CLUSTAL W: improving the
sensitivity of progressive multiple sequence aligntrthrough sequence weighting,
position-specific gap penalties and weight mathrice.Nucleic Acids Re82, 4673-
4680.

Toriyama, S., Kimishima, T. & Takahashi, M. (1997he proteins encoded by rice grassy
stunt virus RNA5 and RNAG are only distantly rethte the corresponding proteins
of other members of the genus Tenuividi§&en Virol78 ( Pt 9) 2355-63.

Vien, N. V., Lam, N. V., Thanh, T. T., Thanh, D.,\Cuong, N. N. & Ta-Hoang, A. (2007).
Study on Rice grassy stunt virus and Rice raggea sirus and their management. In
Annual Report of PPRI (in Viethamese)



Wei, T. Y., Yang, J. G,, Liao, F. R., Gao, F. Luy,lL. M., Zhang, X. T., Li, F., Wu, Z. J.,
Lin, Q. Y., Xie, L. H. & Lin, H. X. (2009). Genetidiversity and population structure
of rice stripe virus in Chinal Gen Virol90, 1025-34.

Zhang, F., Guo, H., Zheng, H., Zhou, T., Zhou,Wang, S., Fang, R., Qian, W. & Chen, X.
(2010). Massively parallel pyrosequencing-basedistaptome analyses of small
brown planthopper (Laodelphax striatellus), a vedtsect transmitting rice stripe
virus (RSV).BMC Genomic41, 303.

0 Nooh WNBE

9 Table 1. Diversity indices (average) calculated on the It¢tg, synonymous 1), and
10 nonsynonymousr@) sites and the ratioo= 1a /18) for the four ORFs after alignment of the
11 RGSV sequences

12
Diversity index for:
RGSV gene Total sites Synonymous sites  Nonsynonymous sites W
Nb Avr Tt Nb Avr TS Nb Avr Tl

P3 558 0.019 121 0.064 437 0.007 0.11

Pc3 816 0.039 163 0.066 653 0.032 0.49

P5 573 0.010 133 0.028 440 0.004 0.14

Pc5 876 0.008 201 0.030 675 0.001 0.03
13
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