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W, WUBEMIBG . B . RESIRR . 1 SME
JREL NS, SEER R B L, IR G4k
R E RN (K 1(a)). X TREHR YL SR TE
BALRIHLH, BTN CHEAT T RGBT 80 4501320,
ARSI LATE IR b AT S A 2 ], A
IR RS TR AT S A A B B BT T ST .

Wi rEL e s Rk B A 1L

IE CEREE RN AJK FE7E A7 35 20 M N 9 52 Tl R
PEFEE N 5 2 55 1) 98 (remodeling), UK H5E HIH 25
SRIPOAEE, NI i% 2 32 40 ML Y RN ATTER ST B
BLHIDL. S 3 P S 25 G v SR A ST e 7 T S5 A BE S
SCHURTERNA . B HIAOCH F A FER AKX %
ft.(compartmentalization), M THE 255 75 3 R 2H 1 2 R4
N

TETETH AL M7 (turnip  yellow mosaic virus,
TYMV) R, HAZ Y] SRR s ] N MR, T2
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e S AR R Z I AUAR AR . (a) SRR R IE M SR MO 7R 1k, S-S AR F 0%, T UKL AR A (CT) 4544 . SERPALAR

IR P A (cytoplasmic inclusion, CIZ5#92, VE K
TR E AL Ak, TYMVAYZ DGR P69
it 5#% 5% FGLKs (GOLDEN 2-LIKEs) HAE, W&/
8 TALFFHEMAL, LHCB1.1, GUN4, LHCB2.1#£ N
POCEERMCEA G, #—P FB gk
e B SRR,

KE 48046 7 (barley stripe mosaic virus,
BSMV {2 Lo 1 SRR B & A RN IR A, SR
WP | FETR R EHEPNREL, LA YE b 55 R
BAEMR ) fEBSMVIZ YA, CIZ5H P& K
HERTEREUR,  (virus-like particles, VLPs) FIXUik
RNA (dsRNA)E il a4y, I Hiw#n & fil iR
Feoa /NI Feyadd n] 2 7 T LA R4 RCI
S5 EBSMV IS il 457 8, Ferb o) B FA RIAT 75
CIZEF T AR, RIS FHLERI A 15— 2o

JE 5 AL MR R (turnip mosaic virus, TuMV) ZwfiBAY
JlE a8 A 2 H 6k 2 %€ v F 5 ¥ (endoplasmic  reticulum,

(c) TuMV
poA
|®

(d) Bsmv

TYLCV

G-

WYMV
w0

ABA

PMMoV Degradation

1. ROS/K

kT, AR VER stromule) 454 BRI BEAE(PCC), IEE XTSI F1HOIZ 2 (LR TS AR RAZS: (b) BAmk RO T st
SRR R L () SR R I L HORTHE W (R (1 B (d) 728 OB s b AR AL JEOIRAS | 4t i

LD B SR RARAS I H B YL, IEE i BioRender.com: i

Figure 1 The interplay between viruses and chloroplast. (a) Virus infection destroys the morphology of chloroplast, resulting in the chloroplast
membrane remodeling and the CI formation, the starch accumulation, ROS burst, the formation of stromule and perinuclear chloroplast clustering, and
facilitating the degradation of chloroplast. (b) Regulation at the nucleic acid level enhances the antiviral defense response of chloroplast. (¢) Viruses
inhibit the production of antiviral plant hormones to facilitate viral infection. (d) Viruses sustain infection by the regulation of chloroplast redox
homeostasis, PCC suppression, and disruption of the chloroplast homeostasis (Created with BioRender.com)
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ER), FF-7E N B R4 17 5 (ER exit sites, ERES)AM 5
JE B FH ERAVGA: FOS 15 52 i EVU 254, X SE VIV v 22
BBt ek, It 522G, fEr-SRARINETE K 1)
EIRGEFESP) SEEERNA, B il P IAIAISRNALL K B
il AH DG B 38 B A kA e 7 () ok i Hh, a2
PSR A B SR AR R B R X %, e s 75
LR R A

1.2 W REL R AR AR U D™

FE /NG R — PP Rl SR AR T AR S5 R, BB
i N Z RIS HY ) B iA B fif 7 A A4 57 B4 (proplas-
tid) . M&RiAk . JER Fifk(amyloplast) . #{fb T {A(etio-
plast) F1{4ZE FifA(chromoplast). 1 h—Fh B shZ 1)
Yffas, FEE/NE LIS H (actin) A 3 J7 56, 7RG
RN BT AT, 5 HA PR R, i
PN P S I A3k [RIRs, BEB/IVE IR BE
50 MR . 2ok iR DL S A0 I A% OE i K 9 B ) B
OO B INVE SR IE A RT LA 2 P AR S Ak
K, GFEEARIA | JERRIE . MR KIS D)
(U e sl A5 A B R as i, LA S AR A 4 ik 38
445133

JHEEAE 5 7 (tobacco mosaic virus, TMV)FJ{R 4L
AERSIA S SRR SE I/ NV RO Y. FE R3O0 ik & (1
% I (effector-triggered immunity, ETD)H, TMV
pSOZEE [ B4 R AN F 51 & 1 4 IR BE (447 A BD T 3%
FIETUNETE Y, HaX S gE R F A T AR
ih%x, FRWMMEEIATEA G S HES S T EU/N
FHERL. 1Ak, SN A AL = (HL0,) B SA L BT
SRR BUINE R A ARSI ROV R T, BETNVE
) 0 MO A AR AR R SR AR, 3 ML T HL O (5 5 7 F 24
Birb, S S5 g B s . FE flg22fih &
o S AH DG 43 A XA 1Y) B8 I (pattern-triggered
immunity, PTI)H, ROSYRE & [FIRT, IHEf iR 5L B/ Nt
SRGERIE R, B SR AR I TN S TR IS AR
B3 = A v 2 14 A L) 7 2 AR ),

fEFEAER D, MR FLEE 170 (chloroplast heat
shock protein 70, cpHSC70)LA i RIE A o7 T -S4
KL AMEAR Y 22 AR E5 R b YT BRAE % 75 (abutilon
mosaic virus, ADBMV){RYHEYIRT, BES BT S50 0 T1E
{BcpHSCTOMZEBT/INE L 1, ik SL45 1) 3% H2 4 Mo N L
b BT AT ) 40 M AR A, DA S5 BE A B P AR Y 53
SEHBY. RS, ADMVIR YGRS T -SRI FERZE X
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BURAE.

iE— LR R, i P B (tomato  yellow
leaf curl virus, TYLCV)FIEH % HH I5%5 5 (beet curly top
virus, BCTV)ZE WAL B (geminivirus) A2 4L 5 H A i
FHOCER 1Y IBERT R B RB OS5 UK IR OS Y I S A4 A%
JAIRERS. X— KK, TR AZ e, i
SRARAZ JE SR A WY RE 2 — ) 0% A I A e i AL
25 135,361,

2 WEREA S SRR R BN

WFoE R, ISR S L] 43 7E 9 5 B2 il B A TR] By
B REEENER, A SRR S 21T 2 S
{RYAEIR. FEBSMV, TYMV ., TuMV LK BTk FREE
J95 B (lychnis ringspot virus, LRSV)& R FEZ YT FE T,
MR iRIE A A SRS RS AL, SRR TR
TR BB Beah, 0 TSR 2R (R A e 2
1RALBIAS A B BE R B AN R B D g

2.0 Meggedi A 2R 5

I F AR #E(bamboo mosaic virus, BaM V)%
TFIR G B T S AR 2 ) DiRe. pFsR R, it
LRARER EH A 1 -NADP & fL iff 7 i (ferredoxin-
NADP" oxidoreductase, FNR)ifi iz 5 BaMV 1t & il it
FAHEAER, T IHFNRAYR AN 2 FEBaM V7R
F(coat protein, CP)AIfRTERNAFH Bk - FFRAK, M
e % W S AR 5 A7 B 2 I T 1 FNR 34K BB AR aF
BaMVRYL. P58 & B, BaMVIZYiLhERS
SR ERENTROCEEREE A IREA
PsbO1 (photosystem II oxygen-evolving complex protein)
AT 2 (7 2SRRI T, -5 BaM VI LR 4 A
B4 G, PERRTEHbIG DRI B R ZH e 5k, DAITTAIE
PERERE RIS, peah, SRR H I RR IR (chloro-
plast phosphoglycerate kinase, chl-PGK)**OFIiH-4k{Ak
PR [ cpHsp70-21 145 4 7E BaM VAR et 78 b R4 1E
TEEAE L.

TE SR EL ks A6 9% B (tobacco vein banding mosaic
virus, TVBMV)#{z4id B2, PsbO1#{TVBMVH6k2
AR5 2% B 2 ] 52 &K (viral replication complex,
VRC), MIMESEFREEMRG, 14, TVBMVIYE il
MifENTbZE [ 5 2R R AZ S 1A B 1 R S (ribosomal - pro-
tein large subunit 1, RPL1)& 4 M EAEH IR HAR 222
VRCH1. RPLIE S 5o PELS G NIbEE H, ] A ARG



I IR

 H Beclin X5 ¢ &2 Hil BRI FEMEAE ], IO  25
ST S 32 1 W AR B IR, At A 7 A9 52 ) AR

11143
Y1,

22 MR AR s

21 = FIRAEAE % B (red clover necrotic mosaic
virus, RCNMV)fJiz 58 [{(movement protein, MP)5j
2 (A 2R 11 3- W2 Vi B U B A (gly ceraldehyde  3-
phosphate dehydrogenase-A, GAPDH-AMHHAEM, FF
He HER 431 E AL VRCAL, T/ FMP S VRCHYZS &
5T R, T IGAPDH-ARZR I AN S5 M 2 7 B
A A E I FIRNAR K, (HEREUE MR
MR R RERNAFR R B35 0820, RWIGAPDH-ATE
RCNMV {14 i il 3 i 13 st o e P2 [ s 1 R ),

X000 AL 7 8 1) 2 A3 AE 199 B (tomato - mo-
saic virus, TOMV)FITMYV, Hiz shE 13454k
Rubiscotf 4 1)/MIF £ (Rubisco small subunit, RbCS)7E
JfL ] 3% 22 AR B, S0 25 R, T IHRbCSHEA 1)
S22 I ToM VI TMV B i 17132 i K 1 5 38
RES), ULWITEMHE AL R RN R R el R T, B
FFROCSH [ VAR 35 19 = AUR G T e — 135
FEAE R mE ),

TEDNAJKREUNADMV IR Yeid Ferh, S iAsE (i
FEIR 5T cpHSCT0- 1 5 TEMP R AE A EARH, 3L
FE LT A AR SRS B INE o BRI, TR
cpHSCTORIRIBTF A LN EEDNAR AL R, Hox
HABMV iz B fE S, FUIADMV ] il i MP 5
cpHSC70-1WIAHEAE A, WA L 00/INE [l 4 i A1 8] i
By, WA 58 0 25 (4 i ] 3 o R D).

3 WaRARAER YR RE R PR T

L A S R A0 L ) B L AR 2y, T S
RGBT B REOS B AR I fih 52— ZR 9 TP B A
F, WAEMEBCa VRIS . ROSI™ Az, LAKAH
KB HEESAMIAMR S INAF, TS T B S
AR R L VA B = S N U A S P BN = R e L3N
FROSIE M, 755 HILUE 1 B 155 B 2R /M (9
7, SRR T -k A ST R S R e

3.0 MRk DRI R B

WFsERW, ZRh s E H RPN R R Yt
KA T EEARH]. AR IR A T EROS R B2

L) I T 5 A A0 )73 S . AE R AR R A T 52 1Y
JEEE(BSMV . LRSVAITYMV %) 4= Y 5| e 21k
H,O, (i SR, B3R T 4R i B b iR R A, S8k
iA=L R . DR RN I R AR e R By i 4
A HL T s P A SR ARVH I (nicotinamide  adenine
dinucleotide phosphate oxidase, NADPH){# i (1Y 7 & if
H A R EC(NADPH-dependent thioredoxin reductase
C, NTRC)YJRENS W Z M HIBSM VIR Y, MifFRNTRC
FEP N T BB SMV 5 15 AR R in A= Jushi R fin o,
HEBINTRC S M-SR BT E AR 1A 2 BT A A B A L
BHURTER YA,

TuMVI{Z YL AR Ml (Nicotiana  benthamiana) 2= A%
HERFIDEH R 28 2 a/b & & 148 113 (light-harvesting
chlorophyll a/b complex protein 3, LHCB3)f 3k, #—
A S A ROSIBE &, HEITHD I TuM VAR 5L,

Bhat% \“IEFE LB, TMVE HIE G4/
EWIFhIT AR H, Rubiscoififi lf(Rubisco activase,
RCA)MIATPA& W fifiy V. 3 (ATP-synthase y-subunit,
AtpC), T IMAtpCHIRCAMZFRIEIEI T TMVHIFL R
B, HE ALK, FRHRCAFIAtCHE TR 2717
Qepd R rh &5 T HURBREIE . Z5Uit, GAPDH-ARI
Psb Q&5 M- S (A A 11t B A7 410 1] /K R 45 800 B2 (rice
stripe  virus, RSV)ZPAVEMY. 6% S E H (light-
induced protein, LIP) | JEZRIEMI/NZHEMRTE 5 BN
T AL 5 (wheat yellow mosaic virus, WYMYV), i
SRR LIPZER [ IE 45 25 0Bkl X sepfse 4 R &
Wi, MRS ASUARFRIERXSS THSIRNHUN

KT F A CC-NLR(coiled-coil nucleotide-bind-
ing leucine-rich repeats) i HEFL K Tm-22, 18R 5]
TMV 2 ToM V&8 55 AE -5 25 8 ik 25 132 311 25 I MP,
RENS BTEAE A X 25 A e PR RS AR R A g
BEJRATE AT GBI L B R i S AR FIRbCS LA ZE R 25
MR AR Y, ERFE & B, RbCSHEHFAAKTH T
PEAAHN G T Tm-22F B RHG #E st 6 B
Ha5% T TOMVIERE R ERA I EUM 1, X —Z5 R KW,
RbCSTESR HE R Je il feh A W EIIRE, —HZS
RbCSTETOMV KBS 12k, 53— J7 1, 7EJRRH Sk
FEVOR TR

3.2 K T DRt -k A Bios #ERG R
WYMV {2 Geif & rpo™ A= 998 A 5 8 19 /b T 410
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RNA(virus-derived small interference RNA, vsiRNA)LL
FR A 114 75 XA ) - PR A B 4804S 2 1 (thioredoxin-
like) AAED1 )1k, BHAT T 4R ROSHYTE R, T2
ML TP ROSIKF- Ty, FETTHE 38 /INAE R 22 T i e 2%
SR, BRI, 27 F 40008 0 00 vsiRNA, 3
1 FHROSTE 5/ S G S, NI ST T Bl .

Ak, A REIDEAERBEE A& N
(photosystem II subunit P protein, PsbP) 5 DNAJK T E |
{h -5 7% (radish leaf curl virus, RaLCV)AYDNA & 4=
FeserEas &, MR aER S . 13RIk PsbP A AT LAY
B EE Y RABE AR, TR R Psb PRIXAALRE L AL HE
RaLCVXIAAE AR I, A RERE ITRNAJR #ERS VI
FRBIKOP IR A ™ B R TR, B SR B,
PsbPXFDNAJG # FIRN AN 8¢ 4 HAT |31 i p vk A
(E1(b)).

3.3 MRS ME fER TR G bt R

o JE A ) AR i 4 ¥ —— L T/ N AR A 41
Jgs, o HSE SR AR SRR 2 —, BB MV R S
HAbAn R E, FEAIENIEN S EE N 5
AMH RS IR A P AR DY, R R OUR, e AR SE /N
BB AR AR A LR KO, SR, YA TIE,
ETIH G, S/ NS RERS T SR )

FEAL IR E R Y R rh, R R R R /N
HiEZ 5 TNLREZIRE H A2 R0 300 LETI
WAl AR i, FETMVAR BRI A, @ AL T 4Rk
RINSZ IR EAEF FANRIPI(N receptor-interacting protein
DA SNE TS5 TMV pS0%E (RN, 344 A
S R AL, RS A E T
Fwit o, RS ATE BB B/ INE ZE R AU T
NRIP1H 4 fkssi BN, B 25T magikr=
A B H, O30 1132 i AU AAZ B0t A, AT A — RE e
S EIGR T RE N, X— R B, SNV AE
MY st b R R B, Bl AN
I /N IR IR NLRA S0 2 0 i e s i 2
54

B st — 2 R B, 7E DA YR 7 (potato
virus Y, PVY){RYad e, X FrEan IR A X S H
(R I £ A SR T JEUIR 285 LA R 6 /NG I S A 7
ST, R BRI T A IEIRBE XA - A 2 IR o Y B Ak
R, I EIBRL TR Z MR/ NE S5, SR, 7ET0Tk
G S AN Nah Gl AR LT WS 21| I /N
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4548, [ A R R I L A O BUIE, X — R Bk
—DUESE TS AR IS PR JE B/ N A 7 AR R AR ]
ROSAE 5 1 &% LA KA HRIM: 0 i) i A8 b AT
B

WA, SR N ADHB SRR 2 A ML
(NADH dehydrogenase-like complex M subunit, NdhM)
TEBE T/ INETE LA KA S A R SR AR i A vh b &
FEZEAEH], TaMVIR Qg R, NdhMgl s 5 & 1
A, I A SR S R SR AR R, KBRS
s s B AMIAZ D, TGS SUESE P Ry %,
HASE MK TuMV T 525,

4 TR A TR R R A S B
S

CN W ERTBURIEAll p2 30 SR I AU IR NN [
ERgEsC

BIRTERG R Yt R, A A5 s B 1Y 45
43 AN AL LR, (HR 2R 2R (M e
I FhFE A 0 AR ALY, B ER AT BE
FHAARJFORES, I A R B E . Bilin, RNA
S EEBSMV 4l 1) 2 D) g R H ybil i SNTRCHAETE
APl T H S RS H2-Cysid ALY B (2-CP) 1 25
&, WHINTRCH A H,0, 108 5, 4% T
G R R (A €73 M N K Sl ok AR 4 3
Yell41 i Ak, RSVia 3 FINSved ek rh R E,
FHEROS 77 Az I FRAK 1 AR 56 32 R A9 2 s K,
AT 2 AR B0 R ). RS VIR S5 4 5
— g5 M R H——Jk 4 7 85 I SP(disease-specific
protein) 5 M43 (485 [APsbP I AR, Fr e
P EIE R TE MR X, I PsbPA S B R v, AT
PERFRR YOI EE 75 A P A RE R,

WA EERALCV A DNA GRS I BC 18R 1 E L T
SR, SRR A SRR R R RESACIE )
RaLCV A5 i #51R Ye 75 EHEY 5 AN 25 i Bt etk
MR SRR 2, T A R B AR YL AR 55 BC
T A £ P30T ALY P 00 KRR IR. BRI K
B, BC1ER IR 3 R R T 4R 3 A S A 3
(R KPS A i S PsbP BAEM HAE A, T
PsbP 5 AUES N EEDNAMAERE 456, fBRPsbP X5
RGNV, DT 0 7542 Y 1 i = R 9 i
}Ht[52].
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4.2 RIS ™ A DU BRI R Tk 1 B
24

JASEAHYIPUR R e th B ER, 2N
I T HRIAE B SR I B5E 55 M AR e RIS BLIA N
BB S 7. AL N LR (allene oxide cyclase,
AOCWENIAA: Y& B O, TERT SRR i i i
AR5 SR 54Uk (chloroplast signal recognition particle,
cpSRP)& % ia B A4 e A BB R I, 285 At
B, TErFERR A I A BETAR 1 2- A - HE Y — W
2 (oxylipin 12-oxo-phytodienoic acid, OPDA). Tl
HFITAMPURFEER, TuMVIYP 1A A B4 G ik
SENIecpSRPSAFEH, FEcpSRPS4L:1Z F-26SH il
IR ARG [, JEMTPAOCE H R BIRRE R iz,
TMiBHWTI AR A= P4 g A, (RIETuM VAR e, R
B, FEBRMUR BT IR 3 (pepper mild mottle virus,
PMMoV) Fl %% B X% # (potato virus X, PVX)SERNA
TR Y TR, cpSRPS4MFILFIREZ FIHMH], £
Wi cpSRPS4 R HEE) 1S (I HI TAS - S BT 25 B EN )
i A B ) o7 100,

WYMVI R G B E M 7T LIP 8 i oK,
WFFE 2R, MWYMVANIbE [ 5 LIPE [ 4 & A4
HAEM, BUELIPRYM- SR E R R BUE, S ST
FIKMLIPEE U HE— L ABAHOC R R i ik, T4k
ABAfF S-S IPUREEEH, WmifE i WYMVTESS
F IR Y A,

DNAJ§#TYLC Vit i HEU K 5 C48E 1 55058
5 H 2 & 14 (coat protein complex I, COP )& &K BIV.
SR ELAEF, ol A AT A R 7 ZE R o), Fa
AL 1Y CAZE H 5 28BS A5 1Y 45 J% 1 32 /K (calcium
sensing receptor, CAS) %45 &, M-S AR IR AYSA
A A R, S — IR ubR a2 Y e oY, fE AU E
T AN M T 2 (beet curly top virus, BCTV)HIZR
AEARZAEM R BE(east African cassava mosaic virus,
EACMV)H{2 Yt e, COP 1E A RFFES S T C4%k
F ) SRR e A, X B R et B A )
IETEAEPE 1 (0)).

4.3 RO TYURAMER AR SO DT RV

NdhMA] & 7 TABAL . Hagdde | 2058 e -2
REEFT/INE AL, IFREIA S i S A e 4H I A A1 R 2R 4R
TuMV B K ¥4k & 85 FH (viral protein genome-linked,

VPg)ifi it SNdhMAH EAEH, H Hoh e Az, =
SRR R RS WD, T AR e R AR
HRR(E ()P Ak, PMMoVRYCPHE ] LI B S
2R AR SN [ (outer membrane protein 24, OMP24)
HAE, MHIOMP244 FIHTPE RN, AL FE T P AR R
B ORETR/INVE A SR LA I SRR R,
TP PER R, (HATEE NS, OMP24MHE &Ik
WARHE | B YR XIS T (potato  spindle  tuber
viroid, PSTVA)IIZY, JREOMP245PSTVAH L H %
MIEAEAH, RIEOMP244 TR R M-S (R R AL B4 ]
AEAPSTVAR R YA T 38 B M R s,

4.4 wiTEHRG T Y SRR R

DNAJH B 2% i 4 (4 4E M5 B (tomato golden mosaic
virus, TGMV )il i AZ AR IS T 41 15 11 SRR RE W, il A
[7i] — & B HE H Gt AL P S 4% 7 37 1 C4 25 1 (chloroplast
C4, cCH VLI RE 7 i C4%E H (membrane C4, mC4). I
LRARE DL cCAE TSR FALZR S (singlet  oxygen,
'O, HEMTHASEAR I TP E3VZ 3 34 e (plant U-
box 4, PUB4)1Z Z AL 2RARSMEER (1, 2 PR A2 A
Fads iy SRR A S A B S (F 1 (d) 0.
Ab, 4B AL hk 7% (synedrella yellow vein clearing
virus, SyYVCV)IWEUHE&E HBCIAEAF HHY il
DNA#i{/i15 2 (DNA damage and repair, DDR)JE[FH )
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As one of the most dynamic organelles, chloroplast not only carries out photosynthesis to convert light into chemical
energy to sustain plant life activities but also plays a central role in phytohormone biosynthesis, including salicylic acid
(SA), jasmonic acid (JA), abscisic acid (ABA). Additionally, they are key sites for reactive oxygen species (ROS)
production, which are critical for antiviral defense responses and the transportation of signaling molecules. However, the
host internal environment is manipulated and reorganized during plant virus infection. As the first prime target, the
structure and functions of the chloroplast are often destroyed during plant virus infection.

Increasing evidence highlights the dual roles of chloroplasts in plant-virus interactions. Chloroplast-mediated immunity
has emerged as a pivotal mechanism for coordinating plant defense responses during pattern-triggered immunity (PTI) and
effector-triggered immunity (ETI), which are induced by bacterial invasion and virus infection. During plant pathogen
invasion, chloroplasts produce and release pro-defense signals, including phytohormones SA and JA, ROS, and
cytoplasmic Ca®". Recent studies have further revealed the connections between chloroplasts and plasma membranes or
nuclei. The stromules derived from the chloroplast membrane and stroma are induced during cell death and viral infection,
mediating retrograde signaling to the nucleus, thus directing the chloroplast perinuclear clustering, that directly or
indirectly involves the plant defense immunity.

Conversely, viruses exploit chloroplast factors to sustain their replication and infection. Some viruses disrupt the redox
homeostasis and reorganize the chloroplast membranes to establish their replication factories or recruit chloroplast-
localized proteins to viral replication sites to facilitate replication or movement. Moreover, to counteract the chloroplast-
mediated defense immunity, virus-encoded proteins employ diverse strategies to suppress ROS bursts, the synthesis of
plant phytohormones, stromule formation, and chloroplast perinuclear clustering. This review summarizes recent advances
and discusses the versatile roles of chloroplast in plant responses to plant virus infection.

chloroplast, virus, interaction, defense, counterdefense
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