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Recent advances in the studies of rice virus-plant host interaction
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Abstract: Rice (Oryza sativa L.) provides a staple food source for more than half of the global popula-
tion, and the stability of rice quality and production directly affects social stability. During the long-term
plant-virus interaction, rice has evolved a variety of effective antiviral immunity mechanisms to inhibit
virus infection. Based on the recent advances of rice antiviral defense, this paper mainly summarized
the roles of plant hormones and autophagy in rice virus infection, and pointed out the issues in studying

rice-virus interaction. Finally, we provided some suggestions for the research of rice breeding for dis-
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ease resistance.
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IKFEER FERREEY Z—, T ZFE T4
R 100 24 E S, w2 FZRFEIX (Zeigler &
Barclay, 2008 ; Muthayya et al.,2014) . #R1fi1, ¥4k
Bl A B A8 W B R ek s A R it e — Ak
(AR, VF 22 KRR B 70 H ] B AR 0 Ml X e A ™
Hi (Nicaise,2014) . | HAi A 1k, KF5 L E & BLHE
BEM A 17 i, Hrp K R P 2% 0 4 9 27 (rice black-
streaked dwarf virus, RBSDV ) | g J7 /K B SR KB 4 o
## (southern rice black-streaked dwarf virus, SRBS-
DV) /K 2% 800K 55 (rice stripe virus, RSV) Fl 7K F#
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5545 9% B7 (rice dwarf virus, RDV) 2¢ 10 43 Fhviis 22 ™
T A 2 B E K RS R & % 42 2 77 (Sasaya et al.,
2014; JEH % ,2020) . RBSDV il SRBSDV 3% %
K F AT, [R])& F 17 9000 5 B Reoviridae 3
TEIR B8 Fijivirus 55 2 A 5t . SRBSDV J& T 452K
FEFR BV LIRS T R X ik & A 9 H 1 ROl
Sogatella furcifera f& 15 W —FHT 9% 2% (Zhou et al.,
2013) . BT /KRS R MBS T 2009 4F 2 2011 4F-7E
IR EDKFE ™ X L 3 AF R K, i UK TH R K 7
a5 (SRR R, 2017) o RSV 5B /K FF AR 4L
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MR Z AL o pg AR A AR 45 18 4
BT, AT AT 2 R A (R AR A
2007) . REHOKFEHREEEL AR R R A CEag
WATEF AL T BRARA R B ) s 235 S APk
P PN S W SN ORISR SO i 0 I
95 B 0 H A Wk R vk ok | 5 L B B IR AE G R
P, 7 7E B 5 2% 0] 8, X6 7K AR 7= 2 4 i AR
pNAE

IR EE L PR A AE T2 RN, SE s A B 2
R R A LR Yz 8l Nk, FF IR KRS
FO L LR AF EPUE R AR S T I TAE 32
i HH L A K ARG B A DG SE PR T 1 B K R PU A
BEXF K R B (1) AT RE L A R . Y
53R SRR 842 G LA BB SRR s 4, 78
Y SRR EAER B D, KA SR —
P ZE 2 e B B, AR F 2 B A A 122 e B 1)
BRI I FE 2, b G LA S b,
R FE A J PR T iR RNA TTERIRFE
TR B L A WA F1& 4% (Collum & Culver,
2016; Wang et al.,2021) . £7 & RNA JLEA - T 1t
I BE T PE 7 TH IR IR T E AN R 25 8 T 2 il
(Wu et al.,2017;Rosa et al., 2018 ; BT #4145 ,2019) .
PR, AR S BT IO LU 2 A R S
IRRE I B 9 56 22 LA K A W A /K e 2 1R e v i A
FHREAT B2 U A FF 8 K 86 25 96 AR G 1F 9% 42
e =

1 BEYMHESKERENEEXER

TR AR A KR T TR A A
HEAEN, PR AR R B W B N, &
FE P HT TR g2 H 1Y) B 2247 {7 (Yang et al., 2013)
I 104FEA & B AE R S5 /KA S i AR 3 (R A
— BB U R VR SO F5 50/ A0 52 22 8 92 I 2%
(de Vleesschauwer et al.,2013), HH MY RS
FK A B B AH AR FHALERB SR U T S8 PR i
TKAR R B IR YL, 25 BT B B HLE
WU BRI GY R T A R AR KRR DU e
P BAE LW R e s 3 B P T AR R AL e 4R
T ARSOK RS YR 2 M B R K TR
(salicylic acid, SA) . % #i 2 (jasmonic acid, JA) . E
K % Ik % 2 (gibberellic acid, GA) | il 3 % i fix
(brassinosteroid, BR) . JIii % ik (abscisic acid, ABA)
F1 2,4 (ethylene , ET ) 76 8 15 K Fig -6 7 HAE P 1Y
EH .

11 AREBHZENENRRERERN
111 SAAF09 4055 & S g5 BB

SAYE MM AR h g —Fh, T2 2 5
A B AR, a3 R AE BTG S D R SR
AR A5 BT P (systemic acquired resistance, SAR) 55
(Vlot et al.,2009) . F-HBFSE R, SA SHEYIHIH
BEA K, IR K — H L T HAEMY —w i AR
1 i AVE FH (Palukaitis et al., 2017) o SA LEFH 41 %9k
B MY FERHHOPE Th A 45 AR . AU (hy-
persensitive induced reaction, HIR) 3& [ 3 (HIR3) J&
RS R Y SCREIE DY Li et al. (2019) BIF5E % PRLiZ 3L
FE 18 17975 5 &) JB PR 145 (enhanced disease suscep-
tibility, EDS) %& X 1 (EDST) /- T 1) SA 55 5 5% G &%
RARVEKFEXT RSV AUSERESTE . IEIHA R SAS S
YU BE WA 5T 2 B, WK RE STV Btk 55 6 L A
STV1I-R % it (1) fih £ 5% #% 1 (sulfotransferase 1, Os-
SOT1) 1 1k SA ¥ 1k 4 i 1k SA (sulphonated SA,
SSA) , M T 34 5 7K 5 X} RSV A9 P4 (Wang et al.,
2014) . SR, SA A% X5 RSV HLbE T APL ]
1A FeiE—2B 98 . E4h, Huang et al. (2018) A 5Y
W AR it SA fiE 1 35 2 i K Ff X RBSDV = ¢
AIBTIE , 28 SA AL PR A A AR A REAR IR | R
RN W PRI
112 JANF8939m A TR R

JA B AR DA 9 Ge RN JAs , J2 B E ) i
JEE AT A R CEAE A B AN A K B AR 4
# B3 AE ] (Wasternack & Hause, 2013 ; 287 B4 |
2021) o AEWIA T JA FEARLY) — g 5 A AT T an
i} J& ¥ DI 68 1 AH G 41238 , He et al. (2017) Fil Yang et
al.(2020) X JA 55 RSV (W BEAESEAT T 5k 4> 1 i i
7%, RILIA (G5 A1 RNA UTER P R34 58 T K R P
B HEHE ). RSV P52 [ (coat protein, CP) 23 fiil
K IA MR B R L JA i 48 5 5k T (R2R3-
type MYB transcription factor gene, JAMYB) ¥ % 1A
Ph B 5 2K 0 R e sk 7 il 25 11 6 (rice jasmonate-
zim-domain protein 6,JAZ6) {72 2 AL R f# , 1T RE
JCIAMYB. 7EJA{E SR N WER I, ek 8 JA-
MYB H 545G AGO18 (1 81, I % sk
i AGO18 3Kk . i i 1 AGO18 A LA%E & 1/
RNA168 (microRNA168, miR168) , )\ 1 il AGO1
2R, R R K R #E HE /7 (Yang et al., 2020) .
SR, G T CP A FLAMAT s 7 £ JAfF 5 &4 0
Bt AR5 45 . Han et al. (2020) B 55 [F] £ 4 ] RSV
CP A A JA 35452 , A3 58 K A6 RSV (Y B AH
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{E RIS 3k CP 15 RE UK ARG 2 W5 | T 2 114 kKL
Laodelphax striatellus BUE , N {2 #E RSV (1545,
BT JATERSV A AR Rt =M B
) R RGA

R P RIS R s R T RE AT
(R RIS, [l S R 0 7 AWk AL , S
— ZRANECR H 518 T EAER , S
L 87 80 S5 vy e MG i 4 1 B B0 P LA K 58 i H
B R R TG sl BoRiiigt & 8L, SRB-
SDV [ SP8 # [1 . RSV i P2 4 1 LA Sz RSMV [
M 2 — 2 HAT S 5 s TR PR 3 sl -, &
TR RE 5 JA 553848 1Y OB B 43 7K A ) A% 25
(rice mediator 25, 0sMED25) . ¢ Fi] R ¥4 74 il £
(rice jasmonate-zim-domain protein, OsJAZ ) . 2K Fi i
bHLH #% 5% [K ¥ 2 (rice JA-inducible basic helix-loop-
helix transcriptional factor 2, OsMYC2) F1 % #i fig
bHLH #% 5% A+ 3 (rice JA-inducible basic helix-loop-
helix transcriptional factor 3, OsMYC3) #H H.4E H .
IoX L8 B SR I i DY 1 38 o B 4% 4 OsMED25-Os-
MYC & A4, i OsMYC2 1 OsMY C3 )% i 1
I UIRE, AR5 5 OsIAZ S 145 G, ILIRa S JA 3% AE
M HER 2 2 Y% (Li LL et al., 2021) . %550
Joa B B0 IR 5 i S BAEN 2 8] A AR ELVE R AL TR Y
PR . T3 50, W55 % ] RBSDV 4 i5h 1) ik 7 2R
[ P5-138 i3 15 K B COPY 15 5 /M I 3 Sa (rice
COP9 signalosome complex subunit 5a, OsCSN5A)
HHEAEHIB AT T COP9 15 5 & 45 14 (COP9 signalo-
some, CSN) /7K FFZ R FEHE 1 1 (rice cullin ho-
mologue 1, OsCUL1) i %2 34k F1 & 32 e fb, 3 3
SCF-COI1 & 4 %) (Skp1/Cullin1/F-box/COI1, SCF-
COI) Y SE B 32 0, I H il SCF &2 A4 E3 & £z i
F9Z ZARIE M, AT JA R N 38 4% , 3458 RBSDV
(ff2 44 (He L et al.,2020)
L13  ARKFAFHRARELRRL

HEREFEI—REENEYERK KRR, AE
PR AE Y A A BT ELAEAE ) S e S A B b g
7 2 ff1 {2 (Benjamins & Scheres,2008) , JL H &L
TERIRZ AR E KRG 5B RAEMY RO
YEh kBB HERE. a4 KR %15 RBSDV H.
YEWFFE D, R A K Rk AR — 7 T8 S 0 JA IR
18, o3 — 7 T 2ok 1E 8 45 K R I 1 S SR L
(rice respiratory burst oxidase homolog, OsRboh) 4}
S I P AECRR SR 3 1T B AR B 119 /=2 % (Zhang et al.
2019a) . H e T4 K i 5 K F (rice auxin re-

sponse factor, OsSARF ) 7E/KAFHT RDV {2 4L v iy /5 H]
BAVEANE . Qin et al. (2020) 5% & AL I K b 7
25 I 3 B R Aux/IAA 25 11 10 (rice Aux/IAA tran-
scription factor gene 10, 0sIAA10) f¥) & , AT RBEIL
OsARF, Sl T BIBURTE R SOV o (HAS 1 R0
J& , /KT 25 1> OsARF X5 2 By A (4 95 35V I 2 Fh
2, WK R 7 12 (rice auxin response fac-
tor 12,0sARF12) Fe A K K F 6(rice auxin re-
sponse factor 6, OSARF6) il J: &R K Fi Xt RDV 12
e BYPUE AR, SR AR K 2 5% S - 11 (rice auxin
response factor 11, 0sARF11)Hk RAZE X RDV 12
e 09 PPk 4G 5, % U] OsARF11, OsARF12 J
OsARF16 JH{Z KRBT RE I FF1E 2257

VT AR5 & BRAE Y RNA R 738 1 A B 19 9% 7%
AT KEE TR R WA B E0W K
W& . 40, RDV 45 () P2 25 11 5 Aux/IAA 2K
OsIAAT0 HAR G , A5 2 OsIAAL0 2 1, AT i ]
AR ZRGSHFiEE. ik, RDV R KFE
PR IR ALY 54 S BERS 258 RDV SEAR (Jin
etal.,2016). BRILLISL, SRBSDV 1) SP8 # [1 .RSV
(14 P2 2K 1 LA & RSMV ) M 2 (1 g0 1) A K R 5%
s [RF 17 (rice auxin response factor 17, 0sARF17),
b — 2B Uk S SP8 4 F il i T L OsARF17 1y —
RALAE T, P2 8 A il i B % T4 OsARF17
DNA 45568 71, #1110 52 W OsARF17 1) 55 38006 2
fig , M & g iE o BAE B H] OsARF17 %
SEUATE DIfiE . OsARF17 TEAE W B AR B4R e vh &
FEIE 3 /E i (Zhang et al.,2020) , FIiRBFST R 5
SRANRI R 9 7 8 115 OsARF 17 HAEM/EH 7 X
TR, (HAER A8 1 5 OsARF 17 [ B g 25 1l 55 5 A
SRPUREERE TRV, AN TR R TR L
1.14  GANF89 4057 5 I B

GA IRRAEAR Y, B w8 S R ixis e
A BT Rk A A i R . GARH 417
% A A B 2R, RE RS A Y AR R R
A7 T, A AR AR - B BLVE TR U Rg
Z /> (Yamaguchi, 2008) . H T4 KK FE—Jk 2 H
YERIBESE SR, RDV 12 G4 23 FRAR K R Hh GA, 19 &
i, JF Hoa] DUl i AN GA R S fifhi R ) & Az o
#E— LRI, RDV S b i) P2 25 11 5 I e A2 4
SFUBEAR AR T, D KRBT R R AR B 1, AT
T T 5 AR S ] (Zhu et al.,2005) o Rtk
Z 4N, RBSDV 4wit ) P7-2 25 (4 1T L 5K RS AR R R
{55 18 % 1Y 3 1A 2 (gibberellin insensitive dwarf 2,
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GID2) H A (Tao et al.,2017) . RBSDV {24%)5 , /K F
RN GA B & 4 8 3 F# X (Huang et al., 2018) .
FiRHF5E W GA 7E RBSDV {2 Yt #Eh L 15 % &
PR
1.1.5  ABA-ETA-$# 4% & %02 B

ET/EN = KEMPIHME 2 —  EHY KB
BUR ¥ HEAER, 5105 % DL IRSE R i
[ (Zhao et al.,2017) . B, X T ET Z 5HY)-W
FEHAERWT AP . Zhao et al. (2017) BF 57 & B
RDV Za (¥ Pns11 & (157K RS S-IR 1 -L- R =M &
fitf ( S-adenosyl-L-methionine synthetase, SAMS1) (£,
I R AR I G HEZE R 43 ) BAE 358 T SAMS 1Y
MG, IR SE ET RSB A R PR ER e, Lk
WFE 45 Hedd R T —FP ET 590685 T AF 09 B HLE , B
RDV ({35 75 25 (1 REBRI 206 (0 LR ) 4 s A%, AT
RHEPEE A B 1R

ABA & —FhBEID HIAED) 4 K A3 2, s A fnt
TR EERIR DA SR ZETE L. 5 SA JA FIET 4%
TR AR LA, ABA FERH P e K g h R %
JIVER . ABA TEREY G h VeI T 43R 24
BB, 7E5R 1 B BUR YA, ABA 75 S FLICH]
FUPFICBTIORR , VA Y B AR RE 1 5 7256 2 iy Be =t g
Jer 3, 3B AE T SA BUIA 5548, D A I A0 s
(Ton et al.,2009) ., WFFE45 R W~ , ABA S 5K AN
oS R B B AR SN, RBSDV 2445 , ABA i 18k il 3%
WE . ABAIRARRERS NG JA 4%, FEAE K REHEAT
RBSDV f= 4 iif 8 rfr e 4% 7 0 42 4 ] (Xie et al.,
2018), 1 UCIE B T P& IR IR 44 1 1) A5 K RGBS B
HET -
1.2 BEZXEENESHRRERE RN
1.2.1  JA-BRASF89 ik 3 oI5 BB

BRZ Y P IR A B — S B 1 A K Al 2 A
SR Y E B A KIS (Yang et al.,
2011). BRAVA G502 X HAEEKAEDUR
BEAEIRAR R HE A A, He et al.(2017) i
WIS % B, JA F BR /E RBSDV {2 Y /K gt # v &
FEARFDIaE, Ho  JA SR FE R #E R Y h B AE DR
YEH, T BRI&FE A AR JA AR5 R K
FEHLI M RE S BRIBRFETE S A K RS 5 Ik, SR 1T
HAEHPLH AN EHE . I, He YQ et al.(2020) i
—LEHG T BRIRIR S JA R HEAEMIHLE, 8R T
BR {5 5 i& 12 W0 i 7 0% B 5 B 1 3 RV 42 (rice
glycogen synthase kinase3-like kinase , OsGSK2)if it}
55 26 F R % 5% 1 i 25 11 4 (rice jasmonate-zim-do-

main protein 4, OsJAZ4) B ARG JA 348 AT 42 5
PR TER > FHLE . BRIGSHS@RANEE
T F OsGSK2 AMEAEME M il BRIZAR AT 1
1R YLFURNE | T ELAE 5 OsJAZA HAE  {E1d OsJAZA4-
OSJAZI11 & 45 Wi 25, Ui 25 1Y) OsJAZ11 Fl OsJAZ4
I 268 H 1R AR, DN TG JA 28 DL K JA IR
B SRR REYOR R DR (B 1) . IB4 ,BRi&
FIE e PR TR IR YL 19 WE? Zhang et al. (2019b)
5% &I, BRI&AE—J7 R L i i JA S SA P KAE
VB 2, o — Ty T 38 Ao A S A A SRR )
(peroxidases, OsPrx) /1 A1 P AR 3R | A 457K
TR R R Y . LIRS R T JA FI BRAH B 45
YUK FE 8 RBSDV B9 4> FHLE AL T — 445
THWAIAR,

T 2993 B 2 QnAnT 164 T S B AR SR B AT WE? Hu et
al.(2020) B 75 Z&H RSV 1] LLIE i3 15 BR {555 i
KA IA AT BPE RN, RSV AR G 25 I 5 il
BR {5553 % , T {2 9 1 7 OsGSK2 IR 22, i
1) OsGSK2 5 OsMYC2 H.AE IRk OsMYC2,
2T 3 OsMYC2 193z 2 AL R, DT 8055 JA A
FHIXT RSV ARG dirE . R BRI SN RSV Y
PSR Z IA G IR R 0N XWX T R E A
N HAFTERSV RY A HE R L,

122 AKE-GAANFWMHBEELERE

AR R GA M IIRETEREYE K R B ARZ )y
1A A H 8 A8 X, EBAE TR A o3 24N 53 A0 A5 i
#£ (Fu & Harberd, 2003) . Zhu et al.(2005) X} GA Fll
KRG T IEAEY) T h e TS, k34t
U5 GA A REVK S RDV 244 J5 5 R LA (A
H K EAFERBEIR 5 ; GA AL BREEVK 5 RDV 2445
SRR E TG, HIAEEER RE, H
I, T RDV RYLA GA FA: K 2 2 [l i A B AL B
MANERE, IR R K JA . ABA .BR LA
FAR R s R 28 CEAEAE K RSk 2R Y
AR EHEEEZERE D,

2 HEAEKE-REEERHIERILE

2.1 HEYHEEE

TYITEREA R AR R D R W R P R LA
Ko E SR A ) AR W i A N SE B R
R A AIL IO AER A A A RS B B S AR
W R 2 SRR AMRRIR R, — Rk & 20 M
AR AR , 5y b— 5B AR AN A WR 1R , B REXT 40
JHL P9 Dy i S R A 2 43 iR A T R B R A (Klion-
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11 LA KRR
sky & Emr,2000; Liu & Bassham,2021) . 4iffd B W
S EUAZAE WD UR DR ST 1 XT 20 L R 0 B A T o A f

BRI , 2 AL T A T A R A A 5 4 L 5 i 3
A A A B R DTS AR AR o AR IS 4 P e
7pevr i w NN E e 2 ol =1 N SR E L
T AR AT A9 A 1 (chaperone-mediated autopha-

gy, CMA) 3 F 5 2 (Klionsky, 2005) . 13 H W 245
3 7 T A P R B N I A Wk LK I o3 7 — Ty
K B A MOE AR EA, RIE A mE/ N

CMA S48 38 15 — 2731115 1 A i A2 A48 Bl
& W & A UE A B B AR 2 % % (Crotzer &
Blum, 2005 ; Klionsky,2005) .

4
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response 1 r
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So 9 _L
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JA-mediated antiviral responses

SIRARIAIHIAE

N H AR KRR R e ad B 9/E ] o JA-Tle: Jasmonic acid-isoleucine; BR: brassinosteroids; ABA: abscisic acid; Aux-

in: auxin; the oval region represents the cross-interaction between different phytohormone signaling pathways in rice antivi-

ral responses.
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Fig. 1 The cross-interactions of phytohormones in signaling pathways regulating rice virus

VR R AE W ORST I B R IL AR, A G A
MR ORI V2 . AR A S 2R X R R =
JNE WA, e BRAR ) 1 B2 I By P e Al 2%
%S4 A W (Liu et al., 2009) . 40 A e 72
WO 3B B, A L BCA IS A R RS
J& , TER T AN TR B — 1> /N AR T AR A o AL

A5, B FR A AW/ INIEL 5 255 2 I B W/ N AN i
it TR WA 5 565 3 B B B WA 55 S AR i 15 T2 B
H A B (Levine & Kroemer, 2008) . [ Wi 4H 56 3
(autophagy-related gene, ATG) /&2 5 H WEIE WA
P B OCHESE N . WFTT b AT A8 1) 2 22 R IR 93
T2 £ 11 % (target of rapamycin, TOR)i&4% , ik 12
i i ATG1-ATG13-ATG17 B ARk ArE. A
W% AH &85 1 8 (autophagy-related protein 8, ATGS) J&

H AR TE BB A% 0 21 53, ATG8 S H AR i £ Pk Al ik
FEVEZR A A W5, T2 22258 1 12 (autophagy-related
protein 12, ATG12) E 2 5% BEVE I A 1 (Ka-
beya et al.,2005) .
22 BRAEKBHRSELTHNEA
AR 8 K 1) B 328 3R e R HRAE s S P 1=
TR 18 22 () U 2R B A W AEATL ) 7 A0 B2 1R it 72
H % ¥4 25 B 2 AE ] (Chiramel et al., 2013 ; Jackson,
2015; Yang et al., 2020) . T 4F>k & & Bl Z Ff DNA
95 1 AITIE SCEE RNA F FE g i 1Y 2 S 3 WG
HEARIEZ 8 A Wik . A C RSV 5 A g
RIS 1 — 2 i 25 E R, AT A S 5 A AR
oo WS R B RSV BITLERIN T P3, RSV 12 %
SRR SA KREFPIEH . 85T —Fh
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B REME B WEAZ IR 5 P3 AR DL R A IR AR G
M ATG8 BAE K P3 457 2] WA Th A~ F: P3 AT H
W F A, T i) RSV 4% 44 (Jiang et al., 2021) .
IRBFFEAME L — T B RAZ AR I8 [
Z 5P SCHE RNA 3342 Je 21t 18 e S
Zhang et al.(2021) o598 A0, FEIE #5504, 1
% B4 2% i 45 X F (eukaryotic initiation factor 4A,
elF4A )il 1 T4 F Wi AH G HE 1 5 (autophagy-related

protein 5, ATG5) 5 ATG12 W B AE M il 40 M B W 5
RSV & 4% J5 , J 5 2k J& 19 /N RNA (virus-derived
small interfering RNAs, vsiRNA ) 2 [%fi# eIF4A , T
FEHL ATGS WG A W A2 3 P3 AR Af . 2R 45
s T —FEr HLE B4 A [ w0 R 45 AT
DL #% 95 7 ok R ) /N T P RNA (small interfering
RNA, siRNA) [ A , DATIT75 5 1 I, 490 1 7 4=
(F1),

®1 ABHEENSHRKBRIARERRE

Table 1 Autophagy-mediated antiviral (rice strip virus) immune responses in rice

HhrrmdEEr WRNFENT

Viral factor targeted Host factor(s) involved

XA e EEAH ELATE A5

Effect(s) on host-pathogen interactions

EEPUN

Reference

NS3 P3IP

P3IP 5 P3 LI % [ Wi 4% e 2R 11 ATG8 HAE ¥4 P3 #5455 [ Jiang et al., 2021

WA A5 P31 [ IR, I RSV AR Y

NSvc4

eIF4A/ATG5

P3IP interacts with P3 and ATGS, a key protein in the autophagy
pathway, and carries P3 to the autophagosome to mediate the au-
tophagy degradation of P3, thus inhibit RSV infection

EH AT, elFAA I T3 ATGS 5 ATG12 B HAEMHI 40 Zhang et al., 2021

A RSV (245 , vsiRNA Al eIFAA TR ATGS #1%
FIIE, P23k P3 ) F IERE AR , 301 RSV YR

Under normal conditions, e[F4A suppresses autophagy by inter-
acting with ATGS. Upon RSV infection, eI[F4A mRNA is targeted
by vsiRNAs for cleavage. Thereby, ATGS is released to activate
autophagy, which inhibits RSV infection by degrading p3 protein

A BRI B A AU 28 F WA, i m]
DhEAT B BB R 25 £ 0 A BN o S o A R
RSV {2 4t 2515 FE 41 & & 11 )V (unfolded protein
response, UPR) . UPR 7E RSV 17 4¥ o 43 1 XL T 1
6, — 7 T UPR 23 V0% 40 L 1 Wi, 6 RSV Ziifi 132
Bl £ 11 pod B B A 5 53— J7 T, UPR 23 0T 0 L
remorin £ [] (tobacco remorin protein, NbMIP1 ) {3
5, NbMIP1 i it 5 ped HAF , -7 ped A 8E E W[5
fig, T LI 45547 B T RSV i 4i g 18]z 2l (Li
CY etal.,2021). HF5ERIIRSY 515 FAEY) 2 [0 47
TE—A T4 Te 3" . Fuetal (2018) B 55 L& W,
RSV 1T LA 27 32 09 88 F K S AL R 98 5 25 32 B
A A FRIX AR T A S{=2 44 . Remorin £
PR V) S B 5 R (B 32 22 1) = S 13, T LA 2500
il RSV WA iz 3 . FBi ST o, RSV Y ped
AT L4 remorin 8 149 S-BE{L , I3 A W& 1215
SRR, AR E RSV AN Z 3h (£2) .

3 RE
A3 T M 3 DA K AT e 2 T

T MRTKAE SR R AR R TAE. IRA T f#
TR AR B BRI L 2F Ehitkas s, A B FIa gk
FERAT R E B T T BAR IS It . o 2T
ARk Bt A A Rk 0 COEE R R R PR A R R
(HEA KR R B 3 PR 2 A S L AR 2B bt
9o B AL T B & 3, (AT AT — S SRR AR i) A8 A A5 2] i
2 AEAABPE S LR AR (A I Se T Y . 58
— KRG 2T B L P L 2 (v AE L R 4 X
B P, W] ZE RS2 BRAE i b ) 32 B A Z MR 1 1
DR R TR R 5 AOK RS SRR PR fG
TAE. 55—, MORMZ B RNA SR 35 1 1) i 4
ARG TE B W A R #E -7 B A AR A
PR, 2 B A7 R R 2R AR R 8 A i
PUrE, Wl R B AT 56 R TF & B 8 0 vk
HAEMN. 56— MYHMEEEMS SR ILE 240,
T HTHIRIFSR T2 A AN R S B (A A R an T A
P K R #5J5 1HT (Zhao & Yi,2021) ., RFJUEFEZ
(RIS N 12 B Hh FE A ) B 3R A KRR - B AR )
YEFR LA BN R 42 2 1] i 58 SUEAEXHR B A5
M), A 95 28 DR R B i85 4% ol 7 1) 22 B 3R 7K R
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Yy 20 i e e BE PR A S B0 B e 2% (Wang et al.,
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Table 2 Autophagy is manipulated by rice strip virus

i aE A BRI T TN T X A2 A ELAE 52 275 3k
Viral protein ~ Host factor(s) involved Effect(s) on host-pathogen interactions Reference
NSvc4 NbMIP1/OsDjA5 RSV 2G5 , K418 11 S 233805 NobMIP1/OsDjAS 1Y Li CY et al., 2021
F3K ., ped 5 NOMIP1/OsDjAS HAE , {5457 ped Ak A W%
i, I FLA BT RSV (4 i R]32 5
Upon RSV infection, the unfolded protein response acti-
vates the expression of NbMIP1 and OsDjAS. pc4 interacts
with NbMIP1 and OsDjAS to protect itself from autophagic
degradation and help RSV cell-to-cell movement
NbREM1 RSV ped 1] L4k remorin (19 S-FE Ak, I3 13 A W& 42155 Fuetal., 2018

SRR AR E RSV AR iE 3)
RSV can interfere with the S-acylation of remorin, and in-

duce its degradation through the autophagy pathway to pro-

mote RSV cell-to-cell movement

R U T A AR 0™ , 2 5745 [ Al
PR TR . PR R R A
R AR 24 (8 TS A 25 PR RN R R 38 AR R ) o
B pom s MR RN Ak P A T
B, g gt A% 22 A BEHEA T IR A B IE R AR SR AT S 1)
— AN E A AMAAZ IR U R AN 5 DU R
DAL AT IO, FH B 2 o SFe 7K A o B 35 A9F 5 ) 24 A
HAx.

2 # 3 B (References)

Benjamins R, Scheres B. 2008. Auxin: the looping star in plant devel-
opment. Annual Review of Plant Biology, 59: 443-465

Chiramel Al, Brady NR, Bartenschlager R. 2013. Divergent roles of au-
tophagy in virus infection. Cells, 2(1): 83-104

Collum TD, Culver JN. 2016. The impact of phytohormones on virus
infection and disease. Current Opinion in Virology, 17: 25-31

Crotzer VL, Blum JS. 2005. Autophagy and intracellular surveillance:
modulating MHC class II antigen presentation with stress. Pro-
ceedings of the National Academy of Sciences of the United
States of America, 102(22): 7779-7780

de Vleesschauwer D, Gheysen G, Hofte M. 2013. Hormone defense
networking in rice: tales from a different world. Trends in Plant
Science, 18(10): 555-565

FuS, XuY, Li CY, Li Y, Wu JX, Zhou XP. 2018. Rice stripe virus inter-
feres with S-acylation of remorin and induces its autophagic deg-
radation to facilitate virus infection. Molecular Plant, 11(2): 269-
287

Fu XD, Harberd NP. 2003. Auxin promotes Arabidopsis root growth by
modulating gibberellin response. Nature, 421: 740-743

Han KL, Huang HJ, Zheng HY, Ji MF, Yuan Q, Cui WJ, Zhang HH,
Peng JJ, Lu YW, Rao SF, et al. 2020. Rice stripe virus coat protein
induces the accumulation of jasmonic acid, activating plant de-
fence against the virus while also attracting its vector to feed. Mo-
lecular Plant Pathology, 21(12): 1647-1653

He L, Chen X, Yang J, Zhang TY, Li J, Zhang SB, Zhong KL, Zhang
HM, Chen JP, Yang J. 2020. Rice black-streaked dwarf virus-en-
coded P5-1 regulates the ubiquitination activity of SCF E3 ligases
and inhibits jasmonate signaling to benefit its infection in rice.
New Phytologist, 225(2): 896-912

He YQ, Hong GJ, Zhang HJ, Tan XX, Li LL, Kong Y, Sang T, Xie KL,
Wei J, Li JM, et al. 2020. The OsGSK2 kinase integrates brassino-
steroid and jasmonic acid signaling by interacting with OsJAZ4.
The Plant Cell, 32(9): 2806-2822

He YQ, Zhang HH, Sun ZT, Li JM, Hong GJ, Zhu QS, Zhou XB, Mac-
Farlane S, Yan F, Chen JP. 2017. Jasmonic acid-mediated defense
suppresses brassinosteroid-mediated susceptibility to Rice black
streaked dwarf virus infection in rice. New Phytologist, 214(1):
388-399

Hu JL, Huang J, Xu HS, Wang YS, Li C, Wen PZ, You XM, Zhang X,
Pan G, Li Q, et al. 2020. Rice stripe virus suppresses jasmonic ac-
id-mediated resistance by hijacking brassinosteroid signaling path-
way in rice. PLoS Pathogens, 16(8): e1008801

Huang RY, Li YY, Tang GL, Hui SG, Yang ZY, Zhao JW, Liu HB, Cao
JB, Yuan M. 2018. Dynamic phytohormone profiling of rice upon
rice black-streaked dwarf virus invasion. Journal of Plant Physiol-
gy, 228: 92-100

Jackson WT. 2015. Viruses and the autophagy pathway. Virology, 479-
480: 450-456

Jiang LL, Lu YW, Zheng XY, Yang X, Chen Y, Zhang TH, Zhao X,
Wang S, Zhao X, Song XJ, et al. 2021. The plant protein NbP3IP



40 7/ PN Tl S 114 4948

directs degradation of Rice stripe virus p3 silencing suppressor
protein to limit virus infection through interaction with the autoph-
agy-related protein NbATGS8. New Phytologist, 229(2): 1036-
1051

Jin L, Qin Q, Wang Y, Pu Y, Liu L, Wen X, Ji S, Wu J, Wei C, Ding B,
et al. 2016. Rice dwarf virus P2 protein hijacks auxin signaling by
directly targeting the rice OsIAA10 protein, enhancing viral infec-
tion and disease development. PLoS Pathogens,12(9): e1005847

Kabeya Y, Kamada Y, Baba M, Takikawa H, Sasaki M, Ohsumi Y.
2005. Atgl7 functions in cooperation with Atgl and Atgl3 in
yeast autophagy. Molcular Biology of the Cell, 16(5): 25442553

Klionsky DJ, Emr SD. 2000. Autophagy as a regulated pathway of cel-
lular degradation. Science, 290(5497): 1717-1721

Klionsky DJ. 2005. The molecular machinery of autophagy: unan-
swered questions. Journal of Cell Science, 118: 7-18

Levine B, Kroemer G. 2008. Autophagy in the pathogenesis of disease.
Cell, 132(1): 27-42

LiCY, Xu Y, Fu S, Liu Y, Li ZD, Zhang TZ, Wu JX, Zhou XP. 2021.
The unfolded protein response plays dual roles in rice stripe virus
infection through fine-tuning the movement protein accumulation.
PLoS Pathogens, 17(3): €1009370

Li LL, Zhang HH, Chen CH, Huang HJ, Tan XX, Wei ZY, Li JM, Yan
F, Zhang CX, Chen JN, et al. 2021. A class of independently
evolved transcriptional repressors in plant RNA viruses facilitates
viral infection and vector feeding. Proceedings of the National
Academy of Sciences of the United States of America, 118(11):
€2016673118

Li SS, Zhao JP, Zhai YS, Yuan Q, Zhang HH, Wu XY, Lu YW, Peng JJ,
Sun ZT, Lin L, et al. 2019. The hypersensitive induced reaction 3
(HIR3) gene contributes to plant basal resistance via an EDS1 and
salicylic acid-dependent pathway. The Plant Journal, 98(5): 783—
797

Li YH, Xiao NW, Liu YB. 2021. Mechanisms of repression and termi-
nation of jasmonate signaling in plant defense. Journal of Plant
Protection, 48(3): 563-569 (in Chinese) [k &, I fE 3, X 5
. 2021 AW BT SRR 558 M -5 2 Ak i VR TR
TP 244, 48(3): 563-569]

Liu Y, Bassham D. 2012. Autophagy: pathways for self-eating in plant
cells. Annual Review of Plant Biology, 63(1): 215-237

Liu YM, Xiong Y, Bassham DC. 2009. Autophagy is required for toler-
ance of drought and salt stress in plants. Autophagy, 5(7): 954-963

Muthayya S, Sugimoto JD, Montgomery S, Maberly GF. 2014. An
overview of global rice production, supply, trade, and consump-
tion. Annals of the New York Academy of Sciences, 1324: 7-14

Nicaise V. 2014. Crop immunity against viruses: outcomes and future
challenges. Frontiers in Plant Science, 5: 660

Palukaitis P, Yoon JY, Choi SK, Carr JP. 2017. Manipulation of in-
duced resistance to viruses. Current Opinion in Virology, 26: 141-
148

Qin QQ, Li GY, Jin L, Huang Y, Wang Y, Wei CH, Xu ZH, Yang ZR,
Wang HY, Li Y. 2020. Auxin response factors (ARFs) differential-

ly regulate rice antiviral immune response against rice dwarf vi-
rus. PLoS Pathogens, 16(12): e1009118

Qiu YH, Wang CN, Zhang YJ, Zhu SF. 2019. Research advances in the
roles of plant small RNAs during viral pathogenicity. Journal of
Plant Protection, 46(1): 17-24 (in Chinese) [ERZL#a, T4, 5K
KA, SRIKT5 . 2019, MW /IN RNA 1655 75 0 14 72 P i /8 F
FEHERE AP AP 2EAR, 46(1): 17-24]

Rosa C, Kuo YW, Wuriyanghan H, Falk BW. 2018. RNA interference
mechanisms and applications in plant pathology. Annual Review
of Phytopathology, 56: 581-610

Sasaya T, Nakazono-Nagaoka N, Saika H, Aoki H, Hiraguri A, Netsu
O, Uehara-Ichiki T, Onuki M, Toki S, Saito K, Yatou O. 2014.
Transgenic strategies to confer resistance against viruses in rice
plants. Frontiers in Microbiology, 4(2): 409

Tao T, Zhou CJ, Wang Q, Chen XR, Sun Q, Zhao TY, Ye JC, Wang Y,
Zhang ZY, Zhang YL, et al. 2017. Rice black streaked dwarf virus
P7-2 forms a SCF complex through binding to Oryza sativa SKP1-
like proteins, and interacts with GID2 involved in the gibberellin
pathway. PLoS ONE, 12: 5

Ton J, Flors V, B. Mauch-Mani B. 2009. The multifaceted role of ABA
in disease resistance. Trends in Plant Science. 14(6): 310-317

Vlot AC, Dempsey DA, Klessig DF. 2009. Salicylic acid, a multifacet-
ed hormone to combat disease. Annual Review of Phytopathology,
47: 177-206

Wang L, Xie HT, Zheng XY, Chen JS, Zhang S, Wu JG. 2021. Recent
advances and emerging trends in antiviral defense networking in
rice. The Crop Journal, 9(3): 553-563

Wang Q, Liu YQ, He J, Zheng XM, Hu JL, Liu YL, Dai HM, Zhang
YX, Wang BX, Wu WX, et al. 2014. STV11 encodes a sul-
photransferase and confers durable resistance to rice stripe virus.
Nature Communications, 5: 4768

Wang XD, Wu HG, Bai XS, Wang SW. 2007. Summary of occurrence
characteristics and control techniques of rice stripe virus disease.
Anhui Agricultural Science Bulletin, 13(5): 146 (in Chinese) [ Ll
IR, SRR, FUETEE, TA53C. 2007, JKAE 2 B0 A A 4 i S
BAAEEARLER R SHER, 13(5): 146]

Wasternack C, Hause B. 2013. Jasmonates: biosynthesis, perception,
signal transduction and action in plant stress response, growth and
development. An update to the 2007 review in Annals of Botany.
Annals of Botany, 111(6): 1021-1058

Wu JG, Yang RX, Yang ZR, Yao SZ, Zhao SS, Wang Y, Li PC, Song
XW, Jin L, Zhou T, et al. 2017. ROS accumulation and antiviral
defence control by microRNA528 in rice. Nature Plants, 3: 16203

Xie KL, Li LL, Zhang HH, Wang R, Tan XX, He YQ, Hong GJ, Li JM,
Ming F, Yao XF, et al. 2018. Abscisic acid negatively modulates
plant defence against rice black-streaked dwarf virus infection by
suppressing the jasmonate pathway and regulating reactive oxy-
gen species levels in rice. Plant Cell and Environment, 41(10):
2504-2514

Yamaguchi S. 2008. Gibberellin metabolism and its regulation. Annual

Review of Plant Biology, 59: 225-251



140 KA LLEE : KRR TR SR 2T AR R 41

Yang CJ, Zhang C, Lu YN, Jin JQ, Wang XL. 2011. The mechanisms
of brassinosteroids’ action: from signal transduction to plant de-
velopment. Molecular Plant, 4(4): 588-600

Yang DL, Yang YN, He ZH. 2013. Roles of plant hormones and their
interplay in rice immunity. Molecular Plant, 6(3): 675-685

Yang M, Ismayil A, Liu YL. 2020. Autophagy in plant-virus interac-
tions. Annual Review of Virology, 7(1): 403-419

Yang ZR, Huang Y, Yang JL, Yao SZ, Zhao K, Wang DH, Qin QQ, Bi-
an Z, Li Y, Lan Y, et al. 2020. Jasmonate signaling enhances RNA
silencing and antiviral defense in rice. Cell Host Microbe, 28(1):
89-103

Zeigler RS, Barclay A. 2008. The relevance of rice. Rice, 1(1): 3-10

Zhang HH, He YQ, Tan XX, Xie KL, Li LL, Hong GJ, Li JM, Cheng
YE, Yan F, Chen JN, et al. 2019a. The dual effect of the brassino-
steroid pathway on rice black-streaked dwarf virus infection by
modulating the peroxidase-mediated oxidative burst and plant de-
fense. Molcular Plant Microbe Interactions, 32(6): 685-696

Zhang HH, Li LL, He YQ, Qin QQ, Chen CH, Wei ZY, Tan XX, Xie
KL, Zhang RF, Hong GJ, et al. 2020. Distinct modes of manipula-
tion of rice auxin response factor OsARF17 by different plant
RNA viruses for infection. Proceedings of the National Academy
of Sciences of the United States of America, 117(16): 9112-9121

Zhang HH, Tan XX, Li LL, He YQ, Hong GJ, Li JM, Lin LX, Cheng
YJ, Yan F, Chen JN, et al. 2019b. Suppression of auxin signalling
promotes rice susceptibility to rice black streaked dwarf virus in-
fection. Molecular Plant Pathology, 20(8): 1093-1104

Zhang T, Zhou GH. 2017. Advances in the researches on the southern
rice black-streaked dwarf disease. Journal of Plant Protection, 44

(6): 896-904 (in Chinese) [5KJ¥, J& E#% . 2017. B I KRG Bk %%

ARIRIIEFEIENE . AHY I 2E4R, 44(6): 896-904]

Zhang XX, Yin YY, Su YH, Jia ZX, Jiang LL, Lu YW, Zhang HY,
Peng JJ, Rao SF, Wu GW, et al. 2021. elF4A, a target of siRNA
derived from rice stripe virus, negatively regulates antiviral au-
tophagy by interacting with ATGS in Nicotiana benthamiana.
PLoS Pathogens, 17(9): e1009963

Zhao S, Yi L. 2021. Current understanding of the interplays between
host hormones and plant viral infections. PLoS Pathogens, 17(2):
¢1009242

Zhao SS, Hong W, Wu JG, Wang Y, Ji SY, Zhu SY, Wei CH, Zhang JS,
LiY. 2017. A viral protein promotes host SAMS] activity and eth-
ylene production for the benefit of virus infection. eLife, 6:
€27529

Zhou GH, Xu DL, Xu DG, Zhang MX. 2013. Southern rice black-
streaked dwarf virus: a white-backed planthopper-transmitted Fiji-
virus threatening rice production in Asia. Frontiers in Microbiolo-
gy, 4: 270

Zhu S, Gao F, Cao X, Chen M, Ye G, Wei C, Li Y. 2005. The Rice
dwarf virus P2 protein interacts with entkaurene oxidases in vivo,
leading to reduced biosynthesis of gibberellins and rice dwarf
symptoms. Plant Physiology, 139: 1935-1945

Zhuang XJ, Xu HM, Gan HF, He Z, Liu F, Zhang K. 2020. Research
progress on identification methods of common rice virus diseases
in China. Journal of Zhejiang Agricultural Sciences, 61(9): 1821-
1832 (in Chinese) [FE#T 2L, TRZ0A, TG0, BUEL, XI55, skbh.
2020. H[E UL KRS R 4 GE T IR . BT R,
61(9): 1821-1832]

(RWAEBEH. I 5E)



