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Application of omics to research on rice leathopper and
planthopper-borne viruses
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Abstract The effects of rice leathopper and planthopper-borne viruses in paddy ecosystems are complex. The rapid
development of technology has made omics a popular tool for investigating these viruses in planthoppers. leafhoppers and rice
plants. We here review progress in research on the rice virus genome, including the mechanisms through which vector insects
and rice plants become infected with rice viruses, and ecological adaptations of vector insects, with the aim of furthering
understanding of the relationship between rice plants, viruses and vector insects, and providing a theoretical basis for
establishing a control strategy for rice viruses.

Key words rice virus; genomics; transcriptomics; metabonomics; muti-omics
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Wu et al., 2022 ), 2010-2020 4E3X +4E[a], KA
e B TR AT UK AR REAUR 2 5 Tl (T BESE,
2021 ). RGOSR HUG, SUUEH
I AR B AR ) b ( Belliure et al., 2010 ; Shapiro
et al., 2013; Watts and Kariyat, 2021 ), MIfj5
MM AR AR R AR (Xu et al., 20145
FHTEE, 2017 ) KECEATA (ARAH, 2018) 45,

1 KERSEEEERA

1.1 KBRS

M 20 28 50 AT IR, 3R E R SZ K RE
FE R HHE (Wei and Li, 2016), £ fg K., mt
WS R R AL R KRR R T AP (3£ 1),
A A . Hh 3 sk ) W e T YR A 9 B I AE T )
HF% . KRR R R Y UG 2 BURE MR AR AL . i

A EDVNE Y N S B L Wi i
Zulle

12 XBRBSEEA

1991 4¢, it L e pEfR 3] T RTBV BY5E
T A BT AR ME——1> DNA ZKFEH
(Hay ef al., 1991 ). 1994 4E, RSV BT 58 1,
PR S — 1 RNA KR B 50 98 FL PR 41 1) A
( Toriyama et al., 1994 ); FE[R]—4EPy, RDV
ST e — A R B (S2) B9I)F (Uyeda
et al., 1994), JaEE AL H MY 58 P IF T
RNA /KRR SE LA T 1) v, BifiJe , R
MFEIR 25ER T RGSV ( Toriyama et al.,
1998b ) Fll RYSV (Huang et al., 2003 ) FE:F 2
P2 (2 ),

FEAL G S AR, R R I A B T

x1 KERERHEEFK
Table 1 Rice virus and their modes of transmission
IKAE I RE PR TE R (S PN JAAE Z:7% Uk
Rice virus Virus type Modes of transmission Symptom References
IR RERE T 7 RNA G HEITHEL, OB Rgn . e bk BUCHAE, 1981

Rice dwarf virus, RDV

IKAEIE IR Rice gall
dwarf virus, RGDV

B KA B SRR AR B
Southern rice black-streaked
dwarf virus, SRBSDV

KRG BB
Rice black-streaked dwarf
virus, RBSDV

IKAE AR LA
Rice stipe virus, RSV
IKFERDRIEALIEEE Rice
grassy stunt virus, RGSV

IKFEHIEIRTE Rice yellow
shunt virus, RYSV

IKRESRBAE TR Rice

stripe mosaic virus, RSMV

O, A
SR A
LI, g
1 e

LT, S
KR

LA, Hn

KR

Z UL, HasH T
Rl
AL, Wi
TR
AR, W
HL G

JK F& 15 %5 % Rice ragged R

stunt virus, RRSV A AL
IKAE AR B AR 75 DNA JiE i RN
Rice tungro bacilliform virus, P SR

RTBV

Lk, fEH

AR BRI A
ER RSO

mhaka . BTERES . 4
L | RER KL

WEIRGR . MR EE . R
il RE i BRI

HRER I 2R BORE AT BREER
A3 4 i R - 7

EAL . SRR
N IRERFNIR B A

EAL, FEMEAG . AREIARL
AL, RN

AR TE S, FPRLANLTH

WA AR R %)

32 AH BR R 4 A R AR
@, KR

Omura et al., 1980

JE E#ESE, 2010

FMREE, 2013

b CEHAE, 1983
AR, 2018
Chiu et al., 1965
Yang et al., 2017

FRIHEAE, 2008

N4, 2000
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Table 2 Rice virus genome

KRR

Rice virus

FE A B

FEH AR

Number of chromosomes Genome size

FEIN 2 5e o

Genome completion process

IKREARKEEATIRIGEE Rice

tungro bacilliform virus, RTBV

IK BB B
Rice dwarf virus, RDV

IKREAR LA o 2
Rice stipe virus, RSV

IKREHARIEALINTE Rice
grassy stunt virus, RGSV
KA BN Rice yellow
shunt virus, RYSV

KRG KA Rice ragged
stunt virus, RRSV

KRG BRI
Rice black-streaked dwarf
virus, RBSDV

IR BTG RN R

Rice gall dwarf virus, RGDV

7 KA AR RS T

Southern rice black-streaked
dwarf virus, SRBSDV

IKFE S BAE T T

Rice stripe mosaic virus, RSMV

IKAE B AH DA JE A 7
Rice dwarf-associated
bunya-like virus, RDaBV

3 W4 DNA 415,

S1-S12,12 &34 RNA
J B il

S1-S4, 4 M4 RNA
A

S1-S6, 6 4<HifE RNA
ZH
1 %52 YL gt RNA 41,

10 £XU5%E RNA 41,

S1-S10, 10 £ XU RNA
B4,

S1-S12, 12 £&X0%E RNA
J B
S1-S10, 10 £ X%E RNA
J B

1 5558 L4 RNA 4

L. MAS FEBH

8.0kb Aoz pk (Hay eral., 1991)

24.8kb  FLHH A Bt S3 SEMINF ( Suzuki et al., 1990 ),
FERZH A B S1 52T ( Suzuki ef al., 1992 ),
252 (Uyeda et al., 1994)

17.1kb L H B S3MF5EMR (Zhu et al., 1991),
FHA A B S4 58T (Zhu et al., 1992), 3
[R4H F B S2 5E Uil I ( Takahashi ef al., 1993 ),
FRA R B S1 By, H3E5Em ( Toriyama
etal., 1994)

25.1kb R F B S5 M S6 SE ¥ ( Toriyama
etal., 1997), 40%55E A% ( Toriyama et al., 1998a )

14.0kb #3525 (Luoetal., 1998)

262kb  JEHEH B S9 SEMIMF (Upadhyaya et al.,
1995), H:FHF B S5 (Li ef al., 1996) F1 S8
( Upadhyaya et al., 1996 ) SERIN T, FEH 4R
B 87 F1 S10 5L F( Upadhyaya et al., 1997 ),
202552/ ( Upadhyaya et al., 1998)

29.1 kb
202558 AL ( Zhang et al., 2001)

25.7kb  FLPHAH A B S9 SERUNF ( Koganezawa et al.,
1990 ), KK 2H F Bt S8 F1S10 52 i) Noda et
al., 1991 ), FEHLH H B S11 527 ( Moriyasu et
al., 2000), #H%%52/% (Moriyasu et al., 2007 )

29.1 kb
B (Yinetal., 2011)

12.8 kb } ‘
%52/ (Yang et al., 2017)

9 349 nt

HAESER, (Wang et al., 2022)

MR AT S, (20 A, X
MR T —E M RRYE, BEE B AR,
I o 3 T AR L O A A 2 AR
Bk REm R (LS, 2021 ) 80K BUBTK R e
7 (Wang et al., 2022 ), HETZH &K ARG
B 9L A 44 0 7K R 9% Ak AH G A JE T FE 0 7

( Rice dwarf-associated bunya-like virus ,

RDaBV), L. M S FB4IM, L FEse
RS EE T, M R BemiAE g E A, S i
A TTIRAIAZA ST AN T — D AELE A 1  E i BRS¢
KBTI RIIZIETE S 2021 AEE bR R 252
B2 ICTV H IR Discoviridae Z % (https://talk.
ictvonline.org/taxonomy/p/taxonomy-history?taxn

ode_id=202112952)fvi T*[a]—/43 3¢ , A& HRTIZ K
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JE AR X DR T AR T 3R
— IR & BA| e CE\ Nilaparvata lugens . AT &
1\ Sogatella furcifera . JX K&\ Laodelphax striatellus
FIE G Inazuma dorsalis XS5 H FLA AR R
AR REZIR AL R BRI, BDK R 75
TRA AT REA 18T AL 45 7R ( Wang er al., 2022 ),
{EAFHE— 200 T

2 REXNKEEKRIWANAZTR

Biti %5 /K R 1 A 2R A TR A ST, Tk
FEva 2 6 /KRG sE L A IS th R A 22, /KRG
KRR S, HIERRES R A2k, HIR
HOEZ M AN, /T RSV B R 1Y /K
Ji A SR AR P S5 2H 5 AT AR A BB
BRI A I SRR S 2 1 i S R
R AR T AR v g I SRR O B S A
PEES, W EELM, RSV RYIUKFES
AR TR R - S AR G 2 1 3 B 3 - S A 1Y) ot 7R
(Zhao et al., 2019 ), MTHHI SRR P ISR
FHSCER AR B, (KRG A s B [ R )
23175 . ( Nemoto et al., 1994 )., i /K /&4t RBTV
DU, MR RAHCEER ek Ak, I 53k
KRG Fr#B 4 ( Srilatha e al., 2019 ),

IKREAEWOR T 42 Y LU 2577 28 A ) R B 1Y
BRI BN, KA R Y ( Yang et al.,
2014 ), @it 4 RBSDV 5 ik A e B K e 10 7
R, KRIUKRERY: RBSDV J5 5 B HHH 56 il 5L
N2 14 ( Zhang et al., 2020 ), FEEEHL L%
IKFE R B AR SO o A 43 BT RSV bk A fett
FREAKFE R s 8 E ( Yang et al., 2016) FIE
R ZH i (Taneral., 2022), & RSV {ZYL
KRB G 2 BEE S T NF-YA I BTEPBS (1%
ik, NF-YA FikThm it — KR A AR
( Jasmonic acid, JA) IERIACIERFFEKIL, N
T 2% 40 ] 7K R B A 2 By o L RE I TR) R R
B7EPBS " LI 5 RSV P2 i ML &, %EH
ATDEE JA AR L, Ik P2 ZEH nl g
i 5 JA g Ess & B7TEPBS, il K
X RSV Byt

FELH 2F R R SR 22 T, R A Rk

i e K Feps EAT bRk ARE,, TR, bt
PELHIAS B o 31 22 21 4 19 KB A2 i T LR
GEKFEXT G BE BT EENLER, Mgt fe & Rty ml
( Reinke et al., 2018 ), 4nA| L4 i 5
RBSDV HitEAHICHY LA, 5 B AT DL a4 5 P
HARBEFEPT RBSDV /KA AR (Liu et al.,
2021b ), J# et H RS 7 8 1 % SRBSDV EA
ORI 2 3cAE , Lt 98 68 i LU KA R
PRI R, FREARSIIERNAEER 21,
L2186, K J& M H 2 4k W 5 B A % AR H &
SRBSDV Wrfid iy HikAg 21, L2186 MY A
A, KRBUE G HEmRRY PR-1 FEEY LR, A
SRR L IEERBURSE SR, AR KFRE X A [ 7K
T 5 09 B AL n] BB Fr 22 5% ( Wang et al.,
2017 )o BRIELZAN, Z42Atn] LU TR K
FEHZE ARV . A% RSV A R E Bk
FEFEDK AR B (KRSV-1) BY%E %20 80 FiE
FB S PEA T8, BN T i LR K R &R
B ET AR ROK R 225, ARSI
RSN BAREEA N (Xueral., 2019 ),
i i SOM 3 - BT S B A AR ROK RS T1C-19
(Cryl1C 7KFE)TEIRY RDV 5 A 2H 5 i As 1k
K Cryl C /KFEHEFEA AR He KRG K 63 5
Xt RDV (1 5O Sz, 58 2 iR & A4
FA4k, ()& RDV BRIk BT, Aaik
RDV H) 7Z4&#5 ( Chang et al., 2021 ), 4%
Pk m] LU TR 5T Biia R AR 25 VR FH AL
JUR A 2 R Ak | PR I B e A BRI AR
HPiEE (RIofE4:, 2005), Hoams ke £ ib
P31 SRBSDV Ji bk AllA 4b B 5 (1Y) SRBSDV ¥
PRIER I, kB0 MR PR 43 8 1 AT LA 4
B3] 191 A A [ [ 0724 ova = L ) s e 2 B
AP Rk E e (Yuetal, 2018),

3 fREXTEE R EFHR

VI TR A T I N D g v N R
BEAHAL o e SRl i o 2 B, K RER Y
2 RBA TSI R ] LM E] RSV 7K KEA
WHLZE (Lietal, 2020 ), {HZ/KFEHEEEZEM5E
B AR B A P 52 B B, 2] B B AL
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Wl e & . fEHE RSV K KEUHIMfEEE K KEUAY
WS AEE , RILT SR BT R S 5K
RSN RRRZEAAERE LR, AH
31.4% ) BT F 3 PR X R U7 B JEGE RSV A5 1 A
W e EEE BT B A c-Jun EEIRIEE (c-Jun
N-terminal kinase, JNK ) 3 Mg ART A, X 3
FE AT RSV YR AR R, IFH &
A AR R R T RE P ARG L ((Tong
etal., 2022 ), FIFHZGE & PCR A3, RSV 7E
IR QAR P R (A R ot gk B2 5 s o E— 2P L
BT RSV B CES K REUIR A
EAEBRAEE, h 156 fiERREEH, Hf
mRNA A5 E [ ZFP36L1 FEWM T 69%,
IR PUERG KPR CEXT RSV AP 25 1
hn, FBH RSV ] BEE A S IXE AR e
RSV fJFL 2 (Huang et al., 2021 ), il &
FI2H 240 AT BUE RBSDV Jikk 3 d Fi1 5 d SR K
TREERRL AR RN AR, OF Hs
UG E B PCR B UFZRLA AT S IL IR il 634
KPR I T RER RS, et bWt R 4% K
V- L%, RBSDV ] i i e ok I K El Zeokifk [
gt 32 g HAE K REVA N AR (Liu et al.,
2021a ),

Itk B B GOK R RES , AR AGE 2y
KA It M 5. 25 Fi1 36 CCALHE T #EHF
SRBSDV fHF KEALH H T REAYICIE4
s, KA CEVEY: SRBSDV LU EE
YT R B D, BRIER B FL R R,
MREAR A REVOIGIR 20, #Em a1 Gl
ERIER T 32 ( Zhang et al., 2018 ), i #5
1 SRBSDV [T CEUEMER . # 5 A E
A 97 B 118 SRR A B ) M G e ) i
4, K2 SR R TR T, [
R & B4 B R ) 1 ROV S 3 PR R
R EI B (Liu er al., 2022), K
REUSGE RSV DU, PSR S TR (R4
452012 ) N THEIT RSV I AR RERCR FOBLH
i I TR A57 22 AT 2R A7 R0 %o RN 446 %oF o2 7 3k 4B
THEH RSV FIMEBRMEME K K 8] B0 8 1
A, R T 147 R ESEN, Kby

66.7%1)E FTEHE RSV AU MK K EUA N 251
hn, A POEER PCR BN 5HEH
AR —5, il 22 R E NS 5K RE
FIURE T2 (Liv et al., 2021a) X625 REH S
GUF I 2 R R A R R ST 7iah, i
b4 RSV IR KAV A E R K G EURIIE G B L
FESEAUEE, RBUK REUN SRR EAZKS S
RSV I E &4 4 F1 R (He ez al., 2019 ).

4 RE

FIRSER A2 | Fsdloe, s,
T ZH 24 85 A3 BT /K R 7 AT £ 1 S U B R )
BB AT R A8 b DA B At A 2558 7 M 8 Ak A AL
MR R Z — , R BT T KA
o BERAFL £ 1k B ORI RS0 AR S e, DT
FEL ) 06 7 455 DL S FESR BRI T A T I A5 1 T 5
R R ORI . HET IR, A5 F 2
FHAE ST MoK R 2 XK R = A= s i L, 5@ oK
e 25 4= g A 1A B SRS AR IS 5 BEBIL I i i 5
F A fYE RSV, RBSDV F1 SRBSDV %, 7rH
b 7K R 75 LA B 7 6 R A 1R RS HL 5 i B 25
D5 T RSN o 534, RN BFGT AR 4
X B — 2= AT 40T o SR KRS B S A
B AEMARRK R Z R R E SN,
i g B — 2 2 X AR A B AR AR A LG 2R

it 7 20 7 0 AR AN W BB A kg, ok
1% 22 4 2 B RE DR, I 22 4 2 R A
BTG R R A MR, 7T AN LA — 2 2%
H R AN AT SERSME B o R RE I B4 2 4 2
BAErh B NTECHR, REMFRIRENME (BN
) B R 7527 EAE W 2 (R AH ELAVE
X} T~ = HAE SR R M TR J5 R 2 AL
HAEEEN.
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