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ATGTHIATG84 N, ATG12 EAKHATGS. ATGT7.
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P AN FL K Pro - S BYHR . P EF L CAONF 1Y
HR U K AR AR 25 TP LB A PCD e 7 24 0.
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WAEREE(PepMV), WA B HIPUREELH]: Be-
clin1 4 55 2 RAR p A [ W54 I e of 37 A o 28107,
TuM V2Rt (T ERA ] F-(viral suppressors of RNA si-
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Figure 1 Role of autophagy during plant-virus interactions
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IR R AR A RS R A PR I, L
e GRG0 AR R AR, B
Je—FEEAEYIRIE, CAVIR RRAE A RS
O R BB AR, E W R S
MEAEH R P A E BRI . R
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Sk, MATITHG 5 LR AR 27 FAEY) L0 E . e IR R
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ek, AT LU IE H O, S e A s e
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I WEACRR R, AN 728 i 722 J] [l IXH, 1T FLAE
VA WS 3 FLTAT TR 22 A 30 DX B 2 anate, Y40 K
BRI, SEAERMEMRAALL, BIRITATGS. ATG7HI
ATG18aZ7 BRI iz (B AR AR, JF HAE K
P AR SRR 1 ATG 1 Safly B IR AL A& 1
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PALTERR L I ATG 8l iR ZU MY FI W55, YR
XK B AT 77, BAKBEiE i) B2 AH BLAE e it
ATG18a, TMiBAKIZRAS LML ATG18alI iR IL /KT,
P AR [, SR AR KR IR Rl
—THUIF ST 7 1 S SRR R A TR A 0 WA RN B R
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g WL R MAATG 8 1) 3T AR S F 22 o S
I PRl F-MAEF-Tud (= S SR 2 e (Valsa - mali) 4T
P, ORI, TS99 R B 8O0 R F-Vm 1 G-1794, il
T PELE A MAATGS:, THEMJATGSi 5 MAEF-Tuf) H.
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38b, WARIT A MRk FE 2 AR AT 25 5 32 B IR FE M- 2
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() H WERERR, ATG26%78 5, AMRfE FHYIMIGET) T
R e r eI AL (Fusarium  oxysporum f.
sp. cubense) H WgAH ICHE X FOCEBU A i 2 5%
i 7>, A DL A I G A A ) B
R R ORI PE .

4 MR AWES SR SR 4

MG S AN, fE A2 PUN 2 R
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B MEE I IR BB (peptidoglycan, PGN) Y3254 1 41 it
A5, O AN I WS — RO G SN ESh YA
rh BUTR R T AR P 2 A A A4t L P i i i A
YT, X — i AR SR T i, YR
(Salmonella) M (AT B (Shigella) 55 4 b It 12 72
ZARTHL % E el I AR g — BT R W,
YA [ WEVE S — R R TN, S S E R A
P Z (B =F 4. IS JRAE S AL 2 A Y 40 i 5
QMBI R, A0 1 A AR, SR
o2 RIS FLAGELLIN-SENSING 2 (FLS2)BEIH
Y PR HE B AR U TEAR DU A R e PR AR . AR
AW G 7 P52 R F-Orosumucoid  (ORM)# FH AT AE
HPEHEE A WEZ RN T FLS2M9 ™. YIBRORM1/2
LR BRI Florm 18%0rm 25878 R A FLS2B 38,
FLS2ME 5 S 158, X T H AN E (Pseudomonas
syringae)ﬂ"]?f?@%gﬁ[gz]. oL ST R R R PP PR Pt
DC3000), AWRtRI M AL EAGTHINBE, Pstl—Fh
MRAS TR ON £ (T3E) A 7 =0 LW, RO 2
AN F W R, (e ARG AE; 5 Pseif5 0 [ IR
AR YRR, NBRIASABEREM: B W REA 6 41 7
S, X PstAHTE™ . BRISE H A 5 (Xanthomo-
nas campestris pv. vesicatoria, Xcv)FPSTZA, & 7
BB 2, Xeviliid T3E XopLLAZE A
it AR 1 T R A 1) e A 2 SH3 P2, 1A 4 1 e,
15 EFINBR1/Joka2 5 1E A Wik 12 21 5 XopL, /5
Hopl e AR ™ K 3 A B (Xanthomonas ax-
onopodis pv. manihotis, Xam) i SEAR AN TEALZER,
A B WA OC H FAIMeATG8b HIMeATG8e 1] LLTE
Xamfz e R B HT KIERIE, WG AW, $25 X% Xam it
PE, A Xam>h T B B 7EARZE AR EfE, Seidt
MeGAPCsHEN e 533K, SR )5 HIMeATG8bE MeATG8e
PEATAHEAR R, g fm, 4550 S50t T
T PR TR T i BOWR AL Fh (Pseudomonas  syringae pv.
tomato) [ A ] B RN+ X H W 52 e (1) AL i) A [
HrpZ 1 I SERALHL ] ATGAbA - FHIATGSYI K, LAtHHE
I, i HopF3 s i [i] ATGS, {HAH] [ W, H FLak BiFh
BN R F AR AR YL AvrPtoBi2 I ATG 1 i i iR
s A ™ RE SR, AT R
(Candidatus liberibacter asiaticus, CLas)&v K F-SDE3
el BE DA A A AR 2 e TR R B R A2, SDE3 (1)
g K DR UL T I R R AR 2 2 R 43 e BE AR
SDE3-5 % 3- e H B 2 (CsGAPCs) BLAE, HM
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HHAEMFIRAE . RETT . AN A 1%, SDE3-
GAPC1HAES - ATGS I MR, ATl 1 1
IR, T 7 2 ER050E, MR TR,
A B ERES 17— 7 1) 4 A W e R ) AN B
HAER R p R VS T A, — 7 TR A v
S5 YR GPE RN, — 7 T AR [ v S 2 A0 TR
FRREUEAN TR A B 35 AN F 3R .

5 2NN A vETERIYHHE TR g R T bRy
e

B AU Bk PR R 2 sk, t)E—FhE
B MY TR A, U BE 2 7 A R BE Y
80%!*. MU T | 3B (955 AN (E 320 I S AR 1] 1Y
B - S Bl A O 2R R, 132 B 75 1A B AL TR Y L
P A AGE 1A R R R E AR Y Tk
T D 2 YRR B (southern rice black-streaked dwarf
virus, SRBSDV)™ & Jg i EY) = &, H AR A B iy
1%, FRBFSE LI, SRBSDV i BHT [ mk-1
B AR A A T AT AN, FEURSEEMEAT €
M\ (Sogatella furcifera) 8 L 5z 40 i i AL 2
SRBSDV/E YL 23l c-Tun N-A S BLHFNK) (5 538 i,
PO F M, A ISR AN, R R
T 1 W U 2 A1 0 2 B 325", SRBSDIVIY
P7-128 Y B £F 4R 25 4038 2 5 2ok A 1 0 224
54372 ABNIP3 (BCL2AH B AFE H &R F13) A B AR FH B 40
IR, SR X LT Al [ 25 7E [ W/ IMA P I A%
A 22533 MR, PT-17] DR AR T BNIP3 5
1k, WEEEL BT P7-1HIATGSAH EAE A S AWk, IHAh,
SRBSDV/E& 4L 23 il AMPK (AM P 25 [ s 11
k., M3 :F AMPK o-BNIP3H B 4F FH S EBNIP3 B iR
b, BAXSEREILEE A 2203, IR L
%, MM ATG8. BNIP3 5% AMPKo R /s 5
SRAT 225y AR RETE R B A AT, KRR
SN T (rice gall dwarf virus, RGDV)2—FadEty
EXUEERNASGEE, RGDVAYP2%E (M RE-S H AR s 6t
1 ) GAPDH(H VR -3- W R I =L ) FNATG4B &A1
1k, BIGEIRE AWIRIIE R, %S —MRE2n 4
T . X SRS F B A ) [ AR o T S T AR Y
filfy, HbaE T VA AT R REAR, DI SR B R
WEF AR YR sE. HbLH 7 TGAPDHE L 25 &
ATG14fHHE T ATG14-SNAREE S/ S0 [ Wk -7
iR m A A TYLCVIANE R 1 (CPYEMI R T

I 0 e 40 L 1 SR B 308 ok h 4l B e £ B R
FIPEBP4, [AlA 3G A TS5 A WefE A, 8 &A1
HASHUE b B e -, HR e R mUS B R K
WHLAF B T 32, BRI TE m U %Y. Luan%s
APVE BB TY LCON VI A Rk TR P 1 Ik O i
(ATG12, ATGY Fl ATG3) L J&Zik. W8 K MTYLCV
FENRA B Y AT ARG A A, A A s T
FTYLCVAME R 1(CP) RIS K4 DNA AR, G 1T
SEHGE T AW E RN ATG3 F1 ATGY 1EH7 KE(S.
furcifera)fERESRBSDV i B BT s EH, Ml F7s
KEY ATG3FIATGYREF i AL SRBSDV I L4%
Fiar g AL b e ) R AR AR A o A
PR EEALE RN A e . A w2 — 3]
G, — 5T, ANHE A R R R R LG, — T
i A W S50 EPUREEEA.

6 LiEiLRR

YA [ WEVE AR R BT AL, e AR
THER SIG A HE Y DIRe. TER R AR Y 7R
o, — D7, AR R R AR I B T al R RO [
F5 i, kT ARG, ek 3 A AR
) G RE SR\ W FERT . B T8 2214 [ W AH G 2R
FA B 5 M [ 5830 S 1 SR R - R & B, AT DGR A
e B AR 22 18] R R P ML B R BR A H AT
Ji 1 W5 R 05 15 =2 1 R R EL R s L B 9 5 E e T
2R FERREE, FBERERT LR SR Yt mT A
PEVERTREIR YL, TR BEE i S b [ W00 il PR 7 sl s
RV 1E £ AWK, #lin, CLCuMuVERis i
JIHFBC L 5 A W7 E T N FGAPCs4: &% B
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Autophagy is an essential and evolutionarily conserved cellular process for the degradation or recycling of damaged or
unwanted intracellular materials under stress conditions or during specific developmental processes. Cytoplasmic
components, including mis-formed, unwanted, dysfunctional intracellular components and organelles, are engulfed into a
double-membraned vesicle called autophagosome, and transported to lysosomes (animals) or vacuoles (yeast and plants)
for degradation through autophagy, and completed the recycling of intracellular contents. There are three major types of
autophagy in eukaryotic cells: macroautophagy(hereafter referred to as autophagy, which is mediated by autophagosome),
microautophagy, and chaperone-mediated autophagy (CMA). Genes involved in autophagy processes are termed
autophagy-related (ATG) genes. Among these, the essential genes for autophagosome formation are referred to as the core
machinery genes. One can distinguish the following key steps in the life cycle of an autophagosome: initiation, elongation,
cargo uptake, closure/maturation, and fusion with vesicles (including the lysosomes or vacuoles) followed by destruction
of the cargos.

As a mechanism for maintaining intracellular homeostasis, autophagy plays critical roles in various cellular processes
such as cell metabolism, differentiation, development, and adaptive and innate immunity against various pathogens. In
metazoans, autophagy is highly engaged during the immune responses through interfacing either directly with intracellular
pathogens or indirectly with immune signaling molecules. Plants evolved several layers of defense mechanisms to combat
various pathogens, including pathogen-triggered immunity, effector-triggered immunity, RNA silencing, and ubiquitina-
tion. Autophagy may link plant immunity in different ways, with autophagy playing a role in degrading pathogen effectors
or defense-related plant proteins, or pathogen effectors interfering with autophagy. During incompatible plant-pathogen
interactions, autophagy prevents cells from death beyond pathogen infection sites. During the compatible plant-virus
interactions, autophagy acts as a defense mechanism and mediates the degradation of pathogenic components or particles,
while plant pathogens have evolved mechanisms to counteract or hijack autophagic processes to promote their own
infection or virulence. In addition, autophagy may prevent senescence and tissue death of infected plants to promote plant
fitness to the benefit of pathogen production and transmission.

Recent studies have demonstrated that autophagy plays a dual role, akin to a ‘double-edged sword’, during plant-
pathogen interactions. On the one hand, autophagy acts as a defense mechanism against invading pathogens by recognizing
and interacting with their virulence factors directly, further transporting these factors to vacuoles for degradation. In turn,
certain pathogens possess the ability to suppress or manipulate autophagy by directly interacting with ATG proteins or
hijacking autophagy to remove host immune-related proteins, such as AGO1, SGS3, thus evading the host immune
response and promoting pathogen infection. In this review, we will summarize the latest progress and discuss the
significant roles of autophagy in plant responses to biotic stresses, including viral, bacterial, and fungal infections, and its
role in virus-insect vector interactions. This will provide a reference and idea for plant resistance against pathogens
including viruses, bacteria, fungi, and insects.
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