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Synopsis (brief introduction)

This book systematically introduces the recent progress in the research on
rice stripe virus disease in the author’s laboratory, covering a broad range of
subjects including plant pathology, genetic breeding, entomology, cell biology
and molecular biology. The book is divided into eight chapters, describing the
occurrence and damage of the disease, pathogenicity and molecular biology of the
virus, transmission character of the vector insects, inheritance of rice resistance
and its utilization, pathogen detection, ecology and epidemic, prediction and IPM
of the disease. This book is suitable for the reference of researchers, professors
and students in the field of plant pathology, agronomy, genetics, breeding and

molecular biology, and also all levels of agricultural technique extensioners.



Fr

(—)

H £ 41195 3 8 ( Tenuivirus) 5|72 B K B8 A K fl BAR
SRR KRS R FUK RS SR bR . BROK RS B3 AR oh
SFFE EEREA R EIFEREE, LUK K0
WA AT SRR, KREALOTHAR B 20 tiH4D 60 4
RATHETL VT U8R & LR, 76 5 0 DX i A () R 9 3R ¢
WAT» TI IR AUE R L 238 R E KM, 1 H i T
AEBEMWERBTR”, RKIESEMRA, EHANTRBE. LY
BEMAEDZL2WRATIREBIR! FHA 21 el ik,
K RE S SO W o8 TETL 5 W7 71 LU AR | b ¥ 4 i P K i R
FAT R AEX R LU T » SRV 3 JAT AL 4B R i
RALEE, B+ 2, AEFHEF.

LHERWPFEBIEREX IR EFRT, — I E8iH
KR A 25 BT R A AR BT B 4 LR
TF I Ep E W B LA R — BT, SR T — 2R
SERPERIR L I JLAESK, LA 28 % 0 B Mt ST BIBA, 10
Xt AR P SRR TR X H 6], T T 2R 48 10 A P iy I B F
F AT RERRAE B LA, BAS 7 AR B0 EBUR
(KRB LB AR VXA IE X —FH PR K Wi = 4 e i 4
HSS, TR . 2BAEER, SRR, B ROk L



2 | 7R A R

SRR HLE Y AR Ry T YA B HOR
KIS ORI L AT I 2 BTy 44 o F) R A IE 5 0 S TR
HEZERT SHEME. N, REUNF.

PRMAZE KRE N/,
R K F R 7/(%%@

2009 # 12 A



Fo(2)

AKREELT RS HARE OERMER ZERE
ERBREZ — YL WREMAT. 2000 4FLORFAER EHIL
N PARNIIE N ot T T B AP TS -3 &3 2/ N E A
AT R » 1 SR RS = B BRI R I 5 i ™ E At R e
FESL KRB AR B G RT WAT R » YL ARl B2 e A i
TERFFE 53 B Ath 9T 5% BA 55— IF T) A JER 2 L AT L Bl R
R AT F ST EA R ITR T W R LR
7, AR EM PR T EE TR, 7EKRE R
B Z bR, JB 25 ZEBIE 5T 7 8 At Bt B AT BA S F 5 8RN B
RERHETT RGBS, AN HRA T EANSFRTHREHSER
TR , 85 BCOK R RGO Al ) — 4.

YMeH. FUTERL:. —BRRAGEWHE. 28288 E,
B R ESUKRE RGO A B R X R K RE MR T
R A R RATAE S B BR B R BOR T
MR RR AL EREGRRENNERR., LA
3. B ERASRREGERAEE IR EF P16 LB ok
B, Fo 4R I 207 EE LR EORS AT B T AR 5
B4 EXMEE BN . TN BEREA S, FRET
LR FBAR KK CEGH BRI & 8 W B B R R R



2 | R4 mgt |

I3 IZ L T 7K RS AR B o B BRI B4R, 2 % K A
B EBERRZ . ZRNEFFHFE. BHREEMKEX
SORBEFTIBRME T R B L IER R GRS K KA SK
RERBURBERRAMME R R T 88 it BN TR R E
TEAPEEAF YN ERME. ETLEHEE, RET I
BEBERFARBERPEMBE AL HE.
(KRR AR NELEEE, LTRSS, R
H RO 7K R AR S AR B FLAE S T A BRI S N R B 5T
RAEEESEN. RE BB %R K CE K & 4
BIREFRERAT KBREURRE TR KRE KRB A
FRTETL A IR A A R BZ AT T U A< 5 i i i
PR T A 7 b X2 B B YR R B AR AR 48 AR A

+@Lﬁ% hf

2009 £ 12 A



% 1 % % i’B .............................................................................. 1
1A KRG A TRAT G A coereeerereeseresnsinni . 1
2% KFEASI AR IR BRI FIETEILR «oveererrrererrrenniin. 3

L SR E SRR cececertertetttiitiiiiiiiiisiiotiniiiitietitiitttittiniittatentistites 3
oy S E AR reeereeeeetennieiiin i s 5
=. RSV %%‘iﬁ@&%iﬁ%‘& ................................................ 6
B TCRR <o vveerrerereeeertse i e 8

BoE IKBEROUFE(RSV)DFLEYPEAIHGY --ooererreerrrerrrneeniin, 9
H1H RSV YIEFELILER  worevrreerremreermmei 9
B 29 RSV RSB I SLTNEE corveroereeorarerosmiiiiiiiiiiiiiiie, 12

—. RARp——4& #i RNA ) RNA B A Bf ceeoereeerrnneceoneninaninnn, 12
Bt N1 - L Y 13
=.NSve2 &4 AL A EESE TR €]  rvecececrerronssitieiietiiiiiiiiniien, 13
v, NS3 BEG— R FITEEHE] T cerrrercesrsemsiiiiiiiniiniii, 14
Fi, CP—— P BTG srreererstottmiiiiniiiiiiiiiiiiiiiiiiiiiiiin 27
o, SP—— B EH FPEIE G ereereererrantitinttiiii 27
U NSvcd B lg— B FH B reerereceresrcrtinttittiitiiiiiiiiiiiiiiian 28
AN, B Z A BAE  creerrrrrerrorattiiiiiiii e 32
3N FREEHUHEALHBAT cooeeeerrrermrmnnii e 32
WAY REREEARNE S R G R e, 33
5% RSV BBUREEAMEFIF TSR coeeeerrerensrniiniiinniniininisene 34
— . RSV #450IB M AL, ceeeereenracitiniiiiiciiiiiiiiiiiiciciiiiiie, 34



B | ARG SGUIARR]

T RSV 4 F B Jb cerverereensnnetnontnaitiniiicnitiniiitiinnninnnnien 35

Z . RSVAFEFEHBHESLZIEME G coererrrrerrmanimn. 36

% 6 :"l'j‘ /J\gin:lgﬁté .................................................................. 37
BRI TR coverrerrrrrreriiottiiiiir ittt 38
% 3 E mx@;%%ﬁ%;&&g%gﬂﬁ%*nfﬁu ....................................... 43
1N IR KA MR coeerrrreererrisnin 43
L TEARBEAE  cerceccritiiiiiiiiiii ittt s et s s s e 43

U A FESIHE ceeectineiniiiiiiiiiii e e e vseseene 44
SR EEAIBIL G A eeeeecereesrentniiiiiiiiiiiiiiiiiies s neans 45

W, REEBEATZ RGO TBEATEE  cocerrerncrtnianiiiiii.. 45
B2 JRKEUETIEEE ooveerereremrmrrrtesorsnnminnninnterersnsssecnnnnens 46
L R TREGIFE TR ceeeerrrreniiiiiiii e 46

VR REAHBERABILZIEFE e 46
Z.KKEA L RSV B FE A BAE coeeerercrnctnrtiiiiiiiiiiiii. 49
W3 YR HENER R EIRHLEIIIGT oreeeereeerrreerreeeeeennnninnnnen, 51
— . AR AR RBBIA IR ooreerreresenersnenss 52
SRR AR R R AEIRILE BGBER  cereerereeeiseeenniaainnan 53
35475 RSV AEHK KA TR G RAE I ooeeeerseeesneneens 57
— . A REBARK RSV 693878 B L5 AL G AR <ovverrrenerenenrsonanie 57

= RSV 2t & CEERAEE UGG creverrrrerrnenntiiiiii, 58

- VR~ = - o PSR 60
BEF TR ceeerrrerrrencerresssraettetetannseiieteeterartantaisssassseatetnnnansnnnessens 60
EAE KSR IEELIIHRETRITIERVEFEY ---ooovererererersrsesssrsarnsanaans 64
AT HIMEIEETTIE cevevreerrecrniiiiiii e 64
2 BIMERIERIFIFIF cooeerereeererrrrrermrieenmmein.. 69
3 BRI PRI AL <overererrrermssraermsvrnasssesssssees 76
B AH BIHEBERLTIFIT creeverrrererrrerremreniinetiiiieeeenen, 86
— RSV EFGRREGIAMEEREFEBFR ccorerrererennniin, 86

= RSV EBEARARMEEELEAIE oo, 87



=, FHRENGE RSV B REHFR cooverrerrmmrrreerensii. 88

v, AR R E IR E AR ceereeeereeseeneniininn 89

B5H NEEGRBE e 90

BFE TR cevvererneerese s 91

&E5& RSV Bgm/jwﬁ;ﬁ .................................................................. 95

FE 1A BT EIAEEIEL oo 95

D T PP P Y VTR DY PYPLY P LY PTPRIPRTRITD 95

I ABTEII R R eeeeereeereee s 96

S BT  ceeerreerenr et e 96

527 RSV BWILIEFREI JTHE socorersrerereracrisniicniiiiiieniiinie. 96

— . BFEFAERBEA et 97

sl o ) B - ST T P PP T O PP P YT PP PP TPRSTPIPITD 100

Zoy RTE BB S reeerereereretentntecetttitietiiitstttioiensttisetsettonstatssns 100

VG| B JEAE AR ceeeeeretorerttniiniiiiiiies st e s s eeeas 101

85 3% BAEEHIRR EEA RSV B EHRE S <ooererrrrrrreereannnns 102

— BRBHARIEARBID ottt 103

T R BE AR I AGAZT et 104

Z.. RSV £ % ARG H]) B BAR M B JF] everererrencenieceinmnsnineciiiian, 104
B4 K KEUAN RSV S il R0 07 ik BT R

RIS B B e cvoeomeerenmtontmmmeiacencnccicccece 110

— . BIRCEAFEGLEIEIR e 110

T, B R BT TF AR ettt 113

Z. % T DIBA # ikt & & R B KA LA 5 B -ooveeeens 114

%5% /J\g%_%%% .................................................................. 116

oz 3 W LR T T P P P PP PP 116

BB KRG ETRIITI TSRS ooerrrrererrrrerrrersacssnneerensiieneeennnns 118

FI1A KRR BIH AR IR YL ovoveerererrmrreetiniiiniiiticicneanee 118

e RAB BB ereeeriretettiiiiiiiiii ittt s a s e e 119



4| TR A SRR

=. ﬁ_ﬁ_*ﬁ ..................................................................... 123
w2 TKIG 2% B AL B [E] J3 AT ceveoreerernseecananensnniitniiinieniiacnnens 124
%3 TKFG S LA R AEBE TG oeerevrrrereerermnennnnciniiiiiiniiin.. 126
B4 KGR TATREIR eeveereersmmeninninniiinen 127
W5 IKRSLRBU ARG TATIIZ coevereerernnnmmrmrmeeaee 130

— . AR E T ARG R BT AE TR AT R B wennreereerennenaniiniinnnn 130

o AW AT KIS R AR AAT G R eevenerereeeeniineniinnnns 141
6T NEEE B s 141
BRI TR vevereorernreenrsentitiiiiiiiiiiii ittt st s e 142

HE7E KBRS FEITTOMFR - vveeeerereerrereerrsnesmsrnrninnnieiniienn 146
1A KFEEBT AL TR TR B AR G T ceevererernrecmcaennnnniinnneas 146

B FEAARI T E eeerereeneennii 146

= RSV B &R A AR F orvrerrernriiriiniiiiiinie 147

LKA BFFE BIFTF K e, 151

WG | S JE ceeverereccnresnntotetintitiititiiontttiiiiitititinriiiieiieiatiiasiiianes 152
B2 R REVS KRS AR B TR IR 51 coerererrererormsrernnnenn 153

BB RE G FE ceeererrecertratiiiiiii i 153

T TR FRIL T S eeevrererceresesrasirettetiineiiitiiiiiiciriirtatenen 155
Z. RAEEB T HBE A CATR FIRAEA ceovrernrreniiiiia, 160

553 BURIE R EAR LA BB R BB BB -veeevsseerers 162
L GIS FLJH] crevecvereseorarestirusierniiiticetiiteitetacetissistitonniiscesianas 163

L GPS B JH] eveececesentesntietiriettttiitiiretaittiosiatasetiisatsssastssarane 165

I TE M ALTRIR ceverrerererrererrtttieiiii s ea e 165

% e T g T T P T P PP PP PP P TP T SR PV RYPYPEPRVRPREPRS: 167
oz 3'U | G R R T P P P PP T PP PP PP PPRP PR PP PP PP RS U PP PP 167
EIE IKISROIITAETEHIPTIE -o--vverererrerrsesrorrriiciiiitiiiiiiiiiee, 169
B AN BTG SR ceveerrrrsrrrerreeeii 169
L KA R AR RSB R G F I ceererrrreeenettiniiii 169

L ABE R AR JRTa TR creeereretiiiiiiiiiiiiiiiii 174



-------------------------------------------------------------------------------------------------------------------------------- EmE1|5

S AR BAP R R TR ceeeeeerereet sttt e 175

B 9 A ARALBIIG cveeeereeeerreereereseranne sttt 175
— | ATE AR KAGHE I cerrereereee st 175
=3 AE BB FERBIEHHE oo 177

. SAEAEN eveeererneeeeenneet i 181

V9. AEAEARENE, EFIET Y oo, 181

B BRI AR W ceeeeerrerereesniiiiiiiiii 182

oL AR FE M IT cevenrrnenrni ettt 182
53T WBHPHE e ceererreererreents ettt 183
B AT HEHIBIIG coooveereeeeesesneeese et 186
e BRAP Fo A J T B creerererererentnettttitietiie ettt 186

Ty AT I cereeratrnnttiti sttt 186

EE 5 FT  ALZEBHTE crevereerererretessinitiitiiiiitiiitiiii e 188
e BE VB SREE eeereee et 188

T TEVBTE R ceeeerrernne et 189

EoL R BT VB FE AR rereeeererneeesititiitttiiitticiiititiiiiisttiaenniienns 190

U9, AT AL TR IR E G R ceeeeererrrnnreinniinnen 191

B REKATFBE AR coerveernrrerniniitii e nees 194

K. ACEREHEILK G TR creerceerecitiiiiiiiiiiiiiiiine, 204

X BB A E BB G FRM cooeeererrrerreene 209

AN AT FBLEIR eevrerenennateien s 210
FOA INGEEREER ettt e 211
-3 L L T T T T P P PPV PPV LT PTSTTPRVRTVIVRTIPI 212
M : EEBFIKBROAETRUVTIGTIAE --evvveeererrorrrorronmreteciin, 216



Contents

Chapter 1 Introduction  ++-+- ceersrenens eerereesarerreeerraetranas ereanene S |
1.1 The epidemic and distribution of rice stripe virus disease +es*sreseeee 1
1.2 Symptoms and damages of rice stripe virus disease ceretsecerecreeanens 3

1.2.1 Disease SYmptoms +eesessseeessssssnsesessssannns Crerarereieasinrareaeas 3
1. 2.2 Damages --seeseeeeesessesssiisimmnniiteetiiiiniiiiettiai. 5
1. 2.3 Hostrange and characteristics of virus transmission by .
VECLOT INISECES +++veresssassrnsarssrnssnnersrsncsassensssssnnnsanasnernnns 6
References ++eeesesseessessssrnsascansaneaes RN 6

Chapter 2 Molecular biology of rice stripe Virus(RSV) «ereseeeerrrsesernneeenenaenne 9
2.1 The ZENOME SETUCLUTE  ++e+ssssessrssrerrtestsrmemisimnurtstsesssisesmmnnnns 9
2.2 The proteins encoded by RSV and their function = ssseesesrescesreceens 12

2.2.1 RdRp——RNA-dependent RNA polymerase «-sesrsesesereeans 12
2.2.2 NS2 Protein sessssssssersssssssrssiisissiisisnessieireniiiis. 13
2.2.3 NSvc2 a possible membrane glycoprotein sseseeeesesecenes 13
2.2.4 NS3 a gene silencing suppressor ssresesseseesseeeeniiiiaa. 14
2.2.5 CP COAt PIOLEIN +sssesvsrresessersssiiiuneniciieriisniissinseees 27
2.2.6 SP disease specific protein  sssssrserreeeerininn 27
2.2.7 NSvci MOVement protein +eressseses eererereeeerenrairsaeanes 28
2.2.8 Protein INTEraCtiOns seseesserescerossressssrncsssrssnsansrassassncases 32
2.3 The evolutionary position of RSV +tssesessssnuerriririiinsiiinunninneene 32
2.4 Virus replication, transcription and regulation of its expression =e+s+=+e+ 33

2.5 Pathogenic differentiation and molecular variation of RSV~ «seeerees 34



2.5.1 Pathogenic differentiation of RSV ceeereseesraceacnencecnecencences

9.5.2 Molecular variation of RSV sesesreesessacsnerersssiisnseisinnnnines
2.5.3 The relationship between pathogenic differentiation and

OlecUlar VATIAtION -esssessssssrsrrerssisiiieennmosttmnnsasesniens

2.6 Conclusion and ProSPect «e+sssssesssssssssssssssssstsssusisisstinaesnniens

References eteeeseeescesstanrioseriotatcsoscoannoratasnacscsscanctssacscantesnatanencess

Chapter 3 Biological characteristics of small brown planthopper and its

role in virus transmission  +++ cereereeraaees errrerneraenenes veensreneenanne
3.1 Biological characteristics of SBPH «+ssvetseseeess cereraeraeeaanes crerans
3.1.1 Morphology «r+seesssesseeees teteresaessessssnesassersartostosnastitanes
3.1.2  Life habit «eeesesesssesssssesssssissiosiisonsssusnnsummmnsinnanssseensses
3.1.3 Geographical distribution — ssessseessssessscssenesssinieciiinin
3.1.4 Life cycle and distribution in Jiangsu province sessssessessessese
3.2 Characteristics of virus transmission by SBPH ~ «seeeeesreseesececanes
3.1.1 The ability of aquiring virus sseesssesssssesssesssssesesseisiuennns

3.1.2 The ability of transmitting virus and transmission

through eggs ++++s++seseeesssrsrtsimestiitentiniaiasta st ta s
3.1.3 The compatible interaction between SBPH and RSV «+ereee
3.3 Mechanism for transmission of plant virus through insects +ere-ee+-
3.2.1 Non-circulative plant virus transmission sreeesssessesersesereses
3. 2.2 Circulative plant virus transmission ==+sssssssreeressccesscscocses

3.4 RSV’s proliferation in SBPH and its influence over the progeny

3.4.1 RSV’s proliferation in SBPH and detection of protein
encoded by RSV seeeerssssretisiniiinniiinniineetnseiinessnanae
3.4.2 Influence of RSV infestion on the progeny’s viability «++++--+
3.5 Conclusion and ProSpect «r+++sssssssssssesesruressseisinnsisssssiiuesesasnne

REfErences +eesseresrsessssessaneresssnssneessstassesesssssnstassrstnsseosssssssraens

Chapter 4 Resistance of rice varieties to rice stripe virus disease ««ces=sseeese-

43
43
43



8 | 7R A AR

4.1 Identification method of rice resistance s=ss=seeessesseeseecsnneencenanenee 64
4.2 Exploration and utilization of resistant resource in rice «seessreserese 69
4.3 Inheritance laws and the resistant genes’ mapping seteeesrecereeseneses 76
4.4 Resistance for transgenic rice to RSV secectreereniiciiiiiniiiini.. 86
4, 4.1 RSV’s coat Protein Gene sssesseerssssessrnnnuesseniunisieeneinn 86
4,4,2 RSV’s ribozyme gene seeeresessserssssrsssssisisisssssssnsssennsnnes 87
4.4.3 Resistance mediated by interferon seesseseecesveseecaniiaianieniae. 88
4, 4.4 Transgenic resistance against SBPH -e+seeee- seresessreseeneeniee 89
4.5 Conclusion and prospect seeeesseeeesessessssasanns ceereareereeaaeaa .« 90
References ssesessse cerreneunans SN N cerererererrienenaans 90
Chapter 5 Detectlon methods for RSV ................................................ 95
5.1 Electron microscope ObServation  s--sssssersesessessssssisssnnesnesessensas 95
5.1.1 Negative Staining s-eeeeeeseeeesseseesesseererereresmerrsmsmmrmnmmmmnnn 95
5.1.2 Ultrathin-Section <ss+seseesessessestesssnsessassessnssnsanssasnnsnnanes 96
5.1.3 Immunoelectron microScopy ss:e«++ssssssseesssssssrressnsssnsanes 96
5.2 Serological detection method ««ssssssssssssssrssssnranrennsirerssssssissanns 96
5.2.1 Basic concepts of serology «+++sessrsessrerseeriieiisniiiineeneeens 97
5.2.2 AntiSerum preparation ceeesessssecsreererceteeeieieriirreereeaeen. 100
5.2.3 Serological reaction «++essersenessesaassaerirerntinuiiisiereseeernnan 100
5.2.4 Enzyme immunoassay technique «++ssssesssssereresessrerasasans 101
5.3 Basic principle of monoclonal antibody and RSV monoclonal
antibody preparation sssessssssserseermnensniiiiiiiineiinie e 102
5.3.1 Fundamental of Hybridoma technique =«++sseseesececeenanianne, 103
5.3.2 DBasic process of Hybridoma technique  «r-esesesecereresenaaes 104
5.3.3 Preparation and application of RSV monoclonal antibody
........................................................................... 104
5.4 Immunological and molecular detection method for RSV in
SBPH and the application of RSV detection kit »serereeeseceracasaennes 110
5.4.1 Immunoassay of the virus in single SBPH «teeeterererirenane. 110

5.4.2 Molecular detection of the virus in single SBPH «seeseeceeee 113



