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RT-PCR Technique for Detection of Rice Grassy Stunt Virus and Rice Ragged Stunt Virus
in Brown Planthopper and Virus Distribution in Infected Rice
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Abstract

The application of PCR (polymerase chain reaction) has been widely used to detect the presence
of virus using primers. The advantage of this technique, a specific primer can be directly designed for a
target DNA with more accurate than antiserum method. This study aims to optimize RT-PCR technique with
primers for detecting rice viruses, Rice grassy stunt virus (RGSV) and Rice ragged stunt virus (RRSV) in
brown planthoppers (Nilaparvata lugens (Stal)) to estimate the proportion of viruliferous insects and monitor
the virus distribution in the diseased plants. The target is to provide appropriate suggestion on sampling and
selection of inoculum sources. The research was carried out at Department of Pathology, Faculty of Agriculture
and the Center for Agricultural Biotechnology, Kasetsart University, Kamphaeng Saen Campus, Nakhon
Pathom province during July 2019 to October 2020. The results showed that brown planthoppers after 8
days of exposure to the virus were 80% infected by detecting RGSV and RRSV with pc5 and S8 genes,
respectively. After insect transmission, RGSV spread from the stem infection site to the uppermost leaf and
root within ten-days post-inoculation (dpi). At 10-21 dpi, the pc1 gene was detected in the tillers (93.8%) and
uppermost leaf (100%) more than the pc5 gene detection. At 14-21 dpi, RGSV was detected in new tillers
and uppermost leaf, 64.3-75.0%. At 28-60 dpi when plants showed excessive tillering with yellowing, the
virus detection rate increased to 85.7-100%. RRSV spread from the stem infection site to the uppermost leaf
and root within ten-days post-inoculation (dpi). At 10-28 dpi, S4 gene was detected in stem (87.5%) and leaf
(93.8%), more than S8 gene detection. The RRSV accumulation in ragged top leaves were detected by 100%
at 14-60 dpi, while asymptomatic top leaves were detected by 100% at 35-60 dpi. The results suggested
that the applied RT-PCR technique was effective in detecting the virus precisely in rice with the excessive
tillering or ragged leaf symptoms. 35-60 days after exposure to the virus and appropriate for use as a source
of virus for transmission by insect vectors.
Keywords: RT-PCR technique, rice virus disease, rice grassy stunt virus (RGSV), rice ragged stunt virus

(RRSV), insect virus transmission, brown planthopper, viruliferous insects, inoculum source
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wATlANEaNF (polymerase chain reaction, PCR) fasldmsaalafaetnaunsvanslneldlnsues 4o
A dunsneenuuL nsme s namnzsefduie vnne lnanse wasiAauutngnIns it ue uRTsy
anidei] Bimguszasdifieldinaila RT-PCR dag InsieMimnzannmalaiaduaia (RGSV) uazladalusin
(RRSV) Tunasnslnaiiingng (Nilaparvata lugens (Stal)) etlszifiudndaunaasenlsn LAZHARILNNTULNG
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nszlandtnmanldsulasauda 8 fu axluuuaseslsn 80 wefidus Taannsnsaida RGSV uas RRSV aeiiiny
pC5 WAY S8 ANNANAL mumfma”\ﬂmaﬁ”umidwmmm@ RGSV lfzazundnszangansulldaaaniazain aelu
10 41 194 10-21 FUNAINNTENENDA 158 AIIAWLEL pe iy (93.8 Lasidus) wazlugan (100 Lasidus)
IAYIRTAANLNINNTNE W pe5 dg 14-21 il wulsagzauinedialminazlugen 64.3-75.0 ilafifus 129 28-60
fu ifedauannedaausauitlumaes nsandlasa 85.7-100 wedidus dudnafldsunnsdnemenida RRSV
Tasaunsnszanaanndulilugen wazan anely 10 4 999 10-28 Fumdsnistnemanioda msanyudy S4 7
ans (87.5 wlafidus) wazluaen (93.8 wWasidus) lnansaanuninndndu S8 ludas 14-60 1 AIANLITS
RRSV Iulummmmmmm@ 100 o i us 11 35-60 §u msaant/lodaluluaend laiuansanns 100 wlesifus
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saufuluvaes waslsaluminiuansennisluseavinldusiugn dudnnfifade 35-60 4 wmnrdmin 1
wissadldaiieddnanenlsdae uaamme
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Tenuivirus WA Phenuiviridae wululsemalng 1Ha
N.A. 2509 (Wathanakul and Weerapat, 1969) anHtuy
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1 2 13im loun Tafalsp@aaiy (Rice grassy stunt

virus (RGSV)) wazlasalsaluydn (Rice ragged stunt
virus (RRSV)) lafaiaaasiinasnseinnduinna
(Nilaparvata lugens (Stal)) Huuuasnivzinlsa
1 dsj s v aa U ¥
ansnnnanenime lhialinasaTinainniagasidng
Adulspieansamen (Hibino, 1996) I3AtnamInang
TNNUNENARIN1TTLIATRLNAENTEIANRUIANA
v =l 1 a v = U

A5 19ANLAINgRaNaNaRd2 UL LT A Las
wiIenzdueen@aald (Ling, 1977) sauviadszmdlne
(Chettanachit et al., 1978) siudan lAsuULTe RRSV A
LAAIBINNT Useunne 14 Ju (Hibino and Kimura, 1982)
AouAudaNlATLTe RGSV Avuan9a1n1slsyany
7-14 34 (317AN UazAY, 2557)
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1 & A 1l al A A % (3
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et al., 1985b; Ling, 1972; Shikata et al., 1980) A1417
1 v
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1 v 1
WANNBLNHIUEIAALATHBINITUUIIUAIAN 60 FuT
v v
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| 1 G 1 [ o v al
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818 30-45 Sl NANARGEYLAE 70-100 twlafidus (Helina
et al., 2020; Palomar and Ling, 1968)
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T3m azdaaivLss@van wnnsananenaials (Liet al.,
2014)
a o aglJ a o & di adal o

NuAdel BinnisvasAinendanisngalada
LﬁummaLL@”VLf;izﬂumﬂiumeww mem”‘imm
¥ma uazdudnafiiulsn daamaiafidenfaaay
waius iefintssAvannlunsitadelsn e l4an
wansudiailulse wazldiduwnaraalasalunig
dnananlsadig

aﬂnsmum‘mme
a d v
1. uqm’nu,mLwaﬂnsv‘lﬁmmuﬁmamwwam
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dszansunasandandinlyusid lasifiususanluy
audanea 2560 uazthuniaeslunsaagaungs lu
anmisadeu figuunil 28-35 asrntaidag e
psneiufatnaian 23 fu aldldszansunasd

taanlafa (virus free insect)
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aa4l254

Fudnaidulsadaide 1FUsaLTINNIAIN
Fanindsnaug3 e w.e. 2560 udnafilulsalusiin
fiusausaumnandwinanys e w.a. 2560 Tae'ls
FuANTNeATIEAIN naNeulsadig nesItEuaY
Winud9 nsunnsdn ﬂ@mmﬁmmaﬁuﬁ”mﬂu‘ﬂim’fa
gasrfialduudne TN1 anntiunsaiudusiiaige
RGSV mazmaiia RT-PCR I lnsluas RGSV-P1/P2
fismnzsietu pes AuLlasiaullsuioaalaua i
(nucleocapsid protein: NCP) (Toriyama et al., 1997)
LazAmaEhiaTinia RRSV Tnglnaies SBU1374/SSE
famnzsietiu s8 uilasiadulisfumiaesiadn
(major outer-capsid protein: CP) (Pattayawat et al.,
2004) danandnidulellauanfuiuanusem
Macrogen Inc. (Ta 1n1ua’ls) dndayaniiFeuinay
AuarAuluauAazA e ualund19defaeis
ClustalW viniefiduspaumieuarsuiud ane
l1lsunsy BLASTN (https://blast.ncbi.nim.nih.gov/
Blast.cgi)

Budng TN1 Amsaanylada vhandfhuunadlaga
(inoculum source) unnsifin BN ududrTulse
Tnenldeamaansylnadinma 5a 2-3 flaanlsn Tl
Weandn 100 s Wganududadulss iWunan 12 5u
(acquisition period) Lﬁ@m’?ﬂmmmauiﬁﬂ (viruliferous
insect) a1t IdesLnsunddng TNT Afiluess
2 0 flunan 2 §u edeamenlsn uasiAududnnly
unsaaenuad itenains 30 §u wendudulsely
Ugnlunszans iduinueuenang 12 ia uasifuduidy
T9alfimLneINN9aue 60 i msaaes i lusedng
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WAlA RT-PCR

Usaenaanszinndinanade 2-3 filaaalsn
sznnnd 500 v uusudadulsanasannlasunis
fnemenidennud 60 5u ifhunan 8 5u el
@m'ﬁuﬁﬁ Aeauasldsudelasa mnﬁuzﬁmmmﬁmqu
5§ tunafnenfifule wenatafiazia daeningn
Trizol (Invitrogen, USA) axRsnislugiaaniissim
a1t nduresefiduie LL@:ﬂqqmu?qw%rm@a
afiduadaentesailningnindines annvu
dumanzif cDNA Tnelfieuldsl ReverTra Ace gPCR
RT Master Mix Haxfiu gDNA Remover Kit (ToYoBo,
Japan) mﬁ%mﬂu@':ﬁmqﬂu’?ﬁw wazlSuANTN
sy 1 lulesniusielulnsans e ldidufidue
FULLLEMIURTIa la5d RGSV
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RGSV-pc1-F/R Asmzaaiiy pcl uavlnsiuas
RGSV-NCP-F1/R isnumnzsadiu pc5 (Suprihanto
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S8U1374/S8E3 (Pattayawat et al., 2004) Renzsie
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dludapquAuEaLLn (Table 1)
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(94 aeATalTEed (Wua1 5 w1f 91uIK 1 7a1)
denaturation (94 asAIAEed 1uian 50 w17
1191 35 981) annealing (55-59 paATATe s 1
181 50 AU ANl 35 TAL) extension (72 BAN
waea 10unan 45-60 31T ANl 35 TaL) LAz
final extension (72 ANATATEE 1TWIA0 5 W17
duau 1 701) e lduanansEweaNnnsnidens
ATIABLIUIALRIALEULBFIezNN 541 1.5
wlafidus lutimes 0.5x TBE Maanusnednel lnin
71 100 Toasf 1waan 45 w7l uazdeniaadneieBiRey
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Fraundredaeninltazans uaneanifudousy n
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(Invitrogen, USA) anxaanis lugiiaanniissm daannu

u??zw%fmmmﬁﬁum freiriasanninstninfines uaz
USumnududuresenfiduedusuldaulila 0.5
Tulasnsuselulasans antudainseil cDNA Tneld
wulasl ReverTra Ace gPCR RT Master Mix N@NfiL
gDNA Remover Kit (ToYoBo, Japan) MANNAaNs
ANDAINUTEN

4.3 n1smsaalasalusudnoniemaian RT-PCR
paalasaieaie Tneldlnsies RGSV-pci-F/R 7
aunzsediu pcl warlnsmes RGSV-P1/P2 Ay
Aagiu pc5 dan1sngaalasaluvdn b lwswe s RRSV-
S4F/R (Wijarat, 2001) fawnzseiiu S4 uavinsiues
S8U1374/S8E3 ianimnzsiaii S8 (major outer protein)
(Pattayawat et al., 2004) 1 lwsiwas Actin-F/R (Yang
et al., 2017) AN BNnE actin 39191 Tusn
AYLIANIENLIAN (Table 1) wiztiduNaNy jiseWdens
UATATIAARDLULNATBINANARALEUIEARLazN1 1541
AUARTNEN N 9d
5. maAnsmsszanlasalududrufianisnsa
Aaalsn

waenFuN&19n TN Ailusde 2 1o Meudna
S 40 FusiaTiinloda lanRea s IWae
nstlnndtinanaenlsaudazala uaz¥innstneamen
Tafa ilesudnitldsuidelaiaGuunnne 7 14 21 28
35 uay 60 Junasnistnanaen laia guiiudaeengdng

leaf

" uppermaost

Fig. 1 Virus transmission of rice plant by feeding viruliferous N. lugens on rice stem. (A) Two leaves stage

of rice seedlings grown in plastic glasses, (B) feeding of 10 viruliferous N. lugens on stem for 2 days.

(C) Plant parts including uppermost leaf, stem and root were used for monitoring virus distribution in

rice plants by RT-PCR technique
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lﬂl a s o/ 1 [~3 1
Wansadianziiuinloda Taaguiiunalusd uay
luuugarestnn Tudag 14 uaz 21 Jundsnisdnemen
58 adnBuuannalud dlanay 1-2 wia wazh
28-35 Sunadnisnnenan lasa svazuanmla 3-5 Bia
FULTIIAIAT 5-6 A1 AU 15 Faaeing msy
v o o . . . o 4 e
FudaNgzey 60 JunAaN1oNenanlifa Tedauan
naNNNd1 20 nesiesiu guiiusaetnavianaiii nalus
N3LALaNe 94 5 Fu UFaaseAususnldun
arnefidue Weldiduduuuululfiisen RT-PCR
LAYAARINNTUNINTT AN a9 I sR @ eaLRAe l1mwd 9
MfulspannnnsiindTunadu pes Tneldlnses
RGSV-P1/P2 wazmiaaulasaluvinainnising
15unutiu S8 Tasaldlnsiuas RRSV-S8U1374/S8E3
ATIRRALIUIATAILANARNALEUIDAILDLN 19R1a8 ANN
ada v v
ENNANITI9FU

ANLUNINNPAT AT ATUZINEAT NN

& a v aa

wazAudauduaAn wnalulagdanininemns
WAANENRELNHATAVRRT INENYANTLNILAL 979 P

UATLN FTUINAABUNINYIAN 2562 DNAAIAN 2563

NANISNARBILALIANTL

1. sravugladauasdudniifiuunasadlada

HANNIYNLUNFEY RT-PCR #18190m99anuEy
pcl IUA 295 AIIA AT 81 pcs 1WA 1,100 ALua
(Fig. 2) i@gﬂﬁwﬁmmﬁﬂmma‘ alignment 131y
WLAMNUNaNAUEY pe1 (256 wa) Aaelilsunsy
BLASTn fiugudasa NCBI wudn Handliuandnenas
gesruidelhsadoame lelman FZ0403 anntszmne
A1 (MF947494) Tiaxl 98.83 wwlafifust 1 pcs (856
wa) S Fuwardneadsiuide RGsV lelian PTO10
saalsznalng (KF438757) 7 99.53 ulesifust

lsafvnliinlsalusiin Wielelnian LRI Asaa
WLUEIY S4 911A 970 ALUA AT 81 S8 IR 540 ALUA
(Fig. 3) dnduiuiaisinunng alignment wazainlthaFem
WeaLAumauny 81 S4 (915 1wd) anallsunsu
BLASTN fiugudasa NCBI wud Handliuandnenas
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Fig. 2 Electrophoresis of 1.5% agarose gel of RT-PCR products obtained from RNAs of RGSV-infected rice

plants (1-4) to detect viral pc1 and pc5 genes in stem (S), leaf (L) and root (R) of rice plants after

insect inoculation. (A)10 dpi, (B)14 dpi, (C) 18 dpi and (D) 21 dpi. The actin gene was used as internal
control of the extracted RNA quality validation. M= 100 bp DNA Ladder H3 RTU standard markers
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Fig. 3 Electrophoresis of 1.5% agarose gel of RT-PCR products obtained from RNAs of RRSV-infected rice

plants (1-4) to detect viral S4 and S8 genes in stem (S), leaf (L) and root (R) of rice plants after insect
inoculation. (A)10 dpi, (B)14 dpi, (C) 21 dpi and (D) 28 dpi. The actin gene was used as internal
control of the extracted RNA quality validation. M= 100 bp DNA Ladder H3 RTU standard markers
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Fig. 4 Electrophoresis of 1.5% agarose gel of RT-PCR products obtained from RNA of viruliferous insects
(1-5) at eight days after acquisition feeding on infected rice plant (P). (A) RGSV feeding. (B) RRSV
feeding. Viral genes under investigation included pc5 (RGSV-P1/P2), pc5 (RGSV-NCP-F1/R), p5
(RGSV-p5-F/R), S8 (S8U1374/S8E3), S9 (RSV-S9-F/R) and S3 (RRSV-S3-F/R). The 18S rRNA gene
was used for positive control of RNA quantity validation. M= 100 bp DNA ladder H3 RTU standard
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Table 2 Detection percentage of pc5 gene of Rice
grassy stunt virus (RGSV) in the new tillers
and the uppermost leaves of rice plants at

14-60 days post-inoculation (dpi)

Day post RGSV-pc5 gene detection (%)
inoculation New tiller Uppermost leaf
14 75.0 (9/12) 75.0 (9/12)

21 64.3 (9/14) 64.3 (9/14)

28 100 (14/14) 100 (14/14)

35 100 (14/14) 85.7 (12/14)

60 100 (30/30) 95.5 (43/45)
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Fig. 5 Disease development and symptoms of RGSV-infected rice plants at 21-60 days after inoculation

(dpi). (A-B) Pale green to yellow or orange and shortened narrow leaves, (C-D) profuse tillering to

excessive tillering

Fig. 6 Disease development and symptoms of RRSV-infected rice plants at 21-60 days after inoculation

(dpi). (A-B) shorted and serrated edges leaves. (C-D) ragged and twisted leaves

(Fig. 6) druiluenai lailgnsannig namsaansitiu S8
Taigsiniane 73.3-85.7 wefidus Aeuniszez 35-60
Fundsnstnanenlasa asanudiu S8 lulusend
wdAseNITLAz lLanIann1g 100 ilafidus (Table
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NN

Table 3 Detection percentage of S8 gene of Rice
ragged stunt virus (RRSV) in the uppermost
leaves of rice plants at 14-60 days post

inoculation (dpi)

Day post RGSV-S8 gene detection (%)

inoculation Asymptomatic leaf Symptomatic leaf

14 73.3 (11/15) 100 (10/10)
21 80.0 (12/15) 100 (15/15)
28 85.7 (12/14) 100 (14/14)
35 100 (15/15) 100 (15/15)
60 100 (15/15) 100 (15/15)

88 Thai Rice Research Journal, Vol. 12 No. 2, July - December 2021



dglnan1snaang
1. wannselandumnantesulnsaatinatay 8
Fu M WiTuuuasanlsn 80 wafidus nnmmalada
Tepdaapalumasnszinnduinia wuzunlild
w1 s RGSV-NCP-F1/R
2. n13m99a lnsalusudanlesunisonananlaga
leasnife w089l uanIRINIT A1NITDAFIANL
[ QJdI o £ £ dla/ o £
lasalanansu lugen wazsn luduniulasaniugn
10 54 Tneuuztinlimgaadiu pol IWNTaIN1TORTIA
wulannnINmIatii pes
3. Fudnanlasunistnamanlasalsasaaife 7
uanudalydFaniuRaIn 1T lUwAeY A1N1TDRTANL
o R 2 v o
Tafagendnsudnanlainaniainis nadensudig
dusuldiiduunasaadlosalunisoiananise wuziin
TaanldFudnntlulsanasainlasunisanananlnia
35-60 11
4. wasnselanduinianleasulnsalsaluvin
Winan 8 Ju N ldduinasanlsa 80 wefidus n1g
n99a salumnannszinndrinna st Wildlnswe s
S8U1374/S8E3 m37asiis S8
5. gud1antasunisanananiasalsalunin
ey . oy o
axranTanuL@alanieli 10 54 wuzsin lWinamatiu
S4 %178 S8 WFAATIAUNDFAULNFNLAAIDINTHILAEI
fauAUlUEn azidANLduEN 1NN TAFIA NN
6. n1gtaandut1neldidunnasrasliasa
wuzsi Wiaansutan lesumaNILaa 35-60 51
At N12m999 1057 Aguuzin 1R TanasaInwL
wasngzlnndunaszuna ludagun Wunan 10-14
f1 uazvnlunuennig Aaganisagati lunatANan
meluseay 1 dlanf Tnanisguasaladalusudnom
falinansanisanmingn Tuszazingn 1 lansf visa
Arsgumgaalofanasansiudnalasulfaededas
10-14 5u InsguiSianuansi vsaluaen
v o U ¥ [ Yar 1 o
dadans Fudinudelasunisanananlasalse
= X 1y o = Y v Al v
EILRAEILAD 60 YU HNITUANNANINAINAUT N L5
, o o , v v v Al ve
ANgEnenenlada 35 Ju R uRuIaN e FIN1g
anemanlasalsalusinuas 60 1 Jaruaulufuans
an9lsannn wazilsaavanluiudialuddunom

3a1531n13de O7 12 atiud 2 nengaau - SulnAN 2564

winnzann I fiduunasaaglasalunisanananise

ANUDLAN
~o & ' = = N .
uRAniidugauiiaasIneinus By oyan

nERse AU WanTasNMsvBryanenaN N INesH
nsamsessel 70 1 Uszantl 2560 ulutlszine waadl
IN24/2561 FINURUINITITENIFNLAT (B9ANTS
NUNTU) HIRE0BLAN HTIUANERIIANTENARITIOL

o = a o

\RENANTR NATUAYUNNITEWINUIA

LANA19D19D

F1UD W ¥q9, F1mAn SR WAZANT AL
2561. Usr@nannaeamaila Indirect NCM-ELISA
dmiunslsniiunssentamifienisrielsn wazms
dnemenlaialuvindnainsethaite dedidngty
anmnnsutdiBenudelneunammemnaans=iand
‘L?L’Wl’m (Nilaparvata lugens Stal). wiin 88-95. Tu:
ﬂ’mJs:fquﬁmmﬂmwﬁwmﬁﬂLm:rmmam’ﬂ%\i
7l 56. 30 unAN-2 NNANWUE 2561, NUIANENAE
NEATIANART, NTUNN,

F1Un 4 ¥q9, A1 seAuuw wazATgan Saunnayaud.
2560. UszAnininaasianisnsadaulofaluvin
falunaensylnadiimadaainaiia Dot-
Immunobinding Assay. 3M9&19INUIANAATILAY
walulatl 6(3): 236-246.

A9 LARUZARS, T UaAY, ang1 adunes, 39400
FAuINIYAY, 299810 ANFEWUS UATANAR ARDINS.
2533. lspqaasdnquazuuaniguitdoym. win 25-
30. Tu: nenunisdunw @l JiRnisnsuitym
ngﬂﬂsximm%ﬁﬂmmmziimﬁ. 28 {nuIEu 2533
NINATINITNEAT, LAY, NJANN.

% Aaniad. 2544, nrsmanamidelaalsalumdndan
seavluianaludanaugsing uaznaEnszian
Fianalulszimalng. Anerinugliyaain,
NMNINLNREINEATAVART, NPUNAN. 75 Ui,

F9PAN FAUINIEYAY, A9 LRAUTART KATLENINN
AUANNTT. 2549, NNIUARLAUAITINANUTLATIA
aavlasalsnluvdneesdng, wih 95-99. Tu: Geaele
nisdszguiainisdiouasfyaidasuuig.
ann1fu3aedn0, NINATINTNLAS.

o

Aagan Sauanieyayd, SN FAnesined, neen Tawad,

89



Tuns iuyne, atlalia A3 lay, Ans laassl uaz
Anfna A7ane. 2557, Aiadn9aalsaluundia.
AuUndeuazWmMuNdNg, nsun1gdg. 97 i,

Chen, C.C. and R.J. Chiu. 1982. Three symptomatic
types of rice virus diseases related to grassy stunt
in Taiwan. Plant Disease 66: 15-18.

Chettanachit, D., M. Putta and S. Disthaporn. 1978. Rice
ragged stunt in Thailand. IRRN 3(4): 15-16.

Chomchan, P., G.J., Miranda and Y. Shirako. 2002.
Detection of rice grassy stunt tenuivirus
nonstructural proteins p2, p5 and p6 from infected
rice plants and from viruliferous brown
planthoppers. Archives of Virology 147(12): 2291-
2300.

Helina, S., S. Sulandari, A. Trisyono and S. Hartono. 2020.
Assessments of yield losses due to double
infection of Rice ragged stunt virus and Rice
grassy stunt virus at different severity in the field.
Yogyakarta, Indonesia. Pakistan Journal of
Phytopathology 32(2): 129-136.

Hibino, H. 1989. Insect-borne viruses of rice. Advances
in Disease Vector Research. 6: 210-241.

. 1996. Biology and epidemiology of rice viruses.
Annual Review of Phytopathology 34: 249-274.

Hibino, H. and I. Kimura. 1982. Detection of Rice ragged
stunt virus in insect vectors by enzyme-linked
immunosorbent assay. Phytopathology 72(6): 656-
659.

Hibino H., P.Q. Cabauatan, T. Omura and T. Tsuchizaki.
1985a. Rice grassy stunt virus strain causing
tungro-like symptoms in the Philippines. Plant
Disease 69(6): 538-541.

Hibino, H., T. Usugi, T. Omura, T. Tsuchizaki, K. Shohara
and M. lwasaki.1985b. Rice grassy stunt virus:
a planthopper-borne circular filament. Phyto-
pathology 75(8): 894-899.

Hoang, A.T., H.M. Zhang, J. Yang, J.P. Chen, E. Hébrard,
G.H. Zhou, V.N. Vinh and J. A. Cheng. 2011.
Identification, characterization, and distribution of
Southern rice black-streaked dwarf virus in
Vietnam. Plant Disease 95:1063-1069.

Huang, H.J., Y.Y. Bao, S.H. Lao, X.H. Huang, Y.Z. Ye,
J.X. Wu, H.J. Xu, X.P. Zhou and C.X. Zhang. 2015.
Rice ragged stunt virus-induced apoptosis affects
virus transmission from its insect vector, the brown
planthopper to the rice plant. Scientific Reports
5(1): 1-14.

Ichiki, T.U., T. Shiba, K. Matsukura, T. Ueno, M. Hirae
and T. Sasaya. 2013. Detection and diagnosis of
rice-infecting viruses. Frontiers in Microbiology 4,
289.

IRRI. 1968. Annual Report 1967. Retrieved from Los
Bafios, Manila, Philippines.

Li, S., H. Wang and G. Zhou. 2014. Synergism between
southern Rice black-streaked dwarf virus and Rice
ragged stunt virus enhances their insect vector
acquisition. Phytopathology. 104: 794-799.

Ling, K.C. 1972. Rice Virus Diseases. International Rice
Research Institute, Los Bafios, Manila, Phillippines.
142 p.

. 1977. Transmission of rice grassy stunt by
the brown planthopper. The rice brown
planthopper. Food and Fertilizer Technology
Center for the Asian and Pacific Region. Taipei,
Taiwan. pp. 73-82.

Okuda, M., T. Shiba, M. Hirae, A. Masunaka and M.
Takeshita. 2019. Analysis of symptom development
in relation to quantity of Rice stripe virus in rice
(Oryza sativa) to simplify evaluation of resistance.
Phytopathology 109(4): 701-707.

Palmer, L.T., Y. Soepriaman and O. Mochida. 1978. The
distribution of ragged stunt disease and its
resulting rice yield reduction in Indonesia.
International Rice Research Newsletter 3(3): 15-16.

Palomar, M.K. and K.C. Ling. 1968. Yield losses due to
rice grassy stuntinfection. Philippine Phytopathol.
4: 14,

Pattayawat, S., B. Nathwong, D. Chettanachit, W.
Ratanakarn, P. Burns, S. Pinsupa, C.
Pitaksutheepong, N. Warin and S. Attathom. 2004.
Diversity Study of Nucleotide Sequence of

Genomic Segment 5 and 8 of Rice Ragged Stunt

90 Thai Rice Research Journal, Vol. 12 No. 2, July - December 2021



Virus Isolates in Thailand. pp. 28-32, In:
Proceedings of the 42" Kasetsart University
Annual Conference, Kasetsart, Thailand, 3-6
February 2004, Kasetsart University.

Satoh, K., K. Yoneyama, H. Kondoh, T. Shimizu, T.
Sasaya, |.R. Choi, K. Yoneyama, T. Omura and S.
Kikuchi. 2013. Relationship between gene
responses and symptoms induced by Rice grassy
stunt virus. Frontiers in Microbiology 4: 313.

Shikata, E., T. Senboku and T. Ishimizu. 1980. The causal
agent of rice grassy stunt disease. Proceedings
of the Japan Academy. Series B, 56(2): 89-94.

Suprihanto, S.S., S, Hartono and Y. Trisyono. 2015.
Identification and molecular diversity of Rice
ragged stunt virus and Rice grassy stunt virus in
Java. Indonesia. International Journal of Sciences:
Basic and Applied Research 24: 374-386.

Toriyama, S., T. Kimishima and M. Takahashi. 1997. The
proteins encoded by rice grassy stunt virus RNAS
and RNAG6 are only distantly related to the
corresponding proteins of other members of the
genus Tenuivirus. Journal of General Virology
78(9): 2355-2363.

Wathanakul, L. and P. Weerapat. 1969. Virus diseases
of rice in Thailand. pp. 78-85, In: The Virus

3a1531n13de O7 12 atiud 2 nengaau - SulnAN 2564

diseases of rice in Thailand Proceedings of a
Symposium at the International Rice Research
Institute, April, 1967. Baltimore, Maryland, U.S.A.
John Hopkins press.

Wijarat, T. 2001. Molecular Detection of Rice ragged
stunt virus in Rice Varieties and Brown  Planthopper
in Thailand. Master of Science (Genetic
Engineering). Major Field Genetic Engineering.
Interdisciplinary Graduate Program. 75 p.

Yang, X., Lv, Kalun, M. Wang and G. Zhou. 2017.
Investigation of viruses infecting rice in southern
China using a multiplex RT-PCR assay. Crop
Protection 91: 8-12.

Zhang, S.B., G.W. Song, L. Yang, Z.J. Wu and L.H. Xie.
2013. Determination of Rice ragged stunt virus
and vector transmission characteristics. Journal
of Fujian Agriculture and Forestry University
(Natural Science Edition). 03.

Zheng, L., Q. Mao, L. Xie and T. Wei. 2014. Infection
route of Rice grassy stunt virus, a tenuivirus, in
the body of its brown planthopper vector,
Nilaparvata lugens (Hemiptera: Delphacidae) after

ingestion of virus. Virus Research 188: 170-173.

91



