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Progressin research on how insect-plant autophagy
regulatesviral infection

WAN Wen-Qiang” WEI Tai-Yun CHEN Qian™"

(College of Plant Protection, State Key Laboratory of Agricultural and Forestry Biosecurity
Crops, Fujian Agriculture and Forestry University, Fuzhou 350002)

Abstract The key elements of plant viral disease epidemics are viruses, vectors and plant hosts. The long coevolution
between insect vectors, viruses and plant hosts has resulted in complex interactions between them. Understanding the
molecular mechanisms that regulate the interactions between insect, plants and viruses is important for developing more
accurate and efficient strategies for controlling insect-borne viral diseases. In the evolution of insect immunity to viruses and
plant defensive responses, autophagy can degrade virions or cleave virus-infected organelles to inhibit viral infection. To
overcome the immunity of hosts and insect vectors, some viruses have developed a counter strategy of manipulating autophagy
to promote infection. This review focuses on the relationship between insect vectors, plant hosts and viruses, describes the
mechanisms by which insect-plant autophagy regulates viral infection, and discusses the function of the immunity homeostasis
of which autophagy is a part during the viral infection of insect vectors. The insect-plant autophagy pathway may also be a
potential target for new methods of controlling disease transmission and infection.
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PR N AR IR, TR | 18 B A
o AR T2 B/ R B AR A Y B A
R EZANA, ARF R LA 80%HE
Ve s . TERIHA A b, MR L R
A EAEYMAERERR . . A UK
FHEEERMEAERR,

R A AR R AR Y e d AT FE R RN &
G, B O R S AN RE o X e A A
TRIETE LR, 7 S R ) R AR s e, 4
RNA Uik (RNAi) | Toll &4, Imd i&4E .
JAK/STAT i&4% . 4 A VR A M 1255, SREL
AN TR SR WS X G e SN, A RE A5 DUAE IS A=
e, PRUETEARY) RERE AT o A ) 70 10T T X6
s B 1 0P A L 22 G i S R iy P B
NS, I RNAL, BEREM . 40 A NS, X
R = | W R OB 3 sl S 2 S o T K |
HAEKEBMWRR iR el B~ sl
TR UAE P (%) B AR S 0 o R HR /A - 5 XU 1Y)

“HEXC-B - BAET OC R G R TR I A AR
( Hogenhout €t al., 2008; Alazem and Lin, 2015 ) .

JAE R HORTE W BA AN R g B AL, H 20
J I WA P 5 1Y) S8 S N S A T E AR
I W5 T e e e AR, ST A s 7 % 1) 240
v, MHPREE R Xk A2 Ei kR
ROy B W, A REE AL D RN W B B A R
m&, MMifEit A B4 % (Elena and Rodrigo,
2012; Wang, 2015 )

KT B UMY Y W R R A AR R A
W6 T A= Y ML T AR BT 58 B B, (E X HZ ST

FEHIL RS IRIEAT AN o A SCHI SRR A /4
Y& EE AL R RYR RE Y G AR , FIR 20
HE I WEAE R L R B R A
AIEhBE, LA AWRS 5 1 i SRR S R
B AIEIE RS

1 ZfaEE

0 A W ( Autophagy ) Je ELAZ 40 i 3 ok
FAER “AE” MG, 240 Hr M Sl &
BRAE, WRAPTRE R R 2 20, H
REGT R A WA B Z i A A% . R R
SRR IR ) S A N 25, RS AR Rl G J5 F
INZS PR S vl R /N (s g bl . a2
MR . NRZESE) , BB A, DI4ERr i
W NFaZ (Kaur and Debnath, 2015; Denton and
Kumar, 2019) . fEIEHAKRET, KL
AN 23 R A 5 R A ARK - i 1 s o {E 7
I AR BAR W A R G T, A0 A4S
FZ P REA 4, W RN 2 #30S ( Wang
etal., 2023b) .

H oW R A AR oF RO B o AR OC B

( Autophagy-related gene, ATG ) FEEHNS
5., BNERE ALY s AR SE, DiRE
Wk 1.

YU A WS =25 B R A RS
PRS0 @ 1 (Ohsumi, 2001; Mizushima
et al., 2008; Boya et al., 2013 ) . F A W24 Hny
YA W, T R AT A, TERE X AR R 4

F1 ATG RERHEIIEE
Tablel ATG family and functions

BB ATG i 5 AR

Stage ATG members

The formed complex

ATG & H B LA I AT

275 SCHK
The function and acting site of Re fiér ;incfs
ATG proteins

AWEELE Ak AWHEEHA 1
A% 1 Autophagy-related

Initiation and proteinl, ATG1 ATG101 complex

nucleation

ATGI-ATGI3-ATG101 3 i @R 1kt P 56 1 1 9 AMP iy Noda and
Rk ATGLATGI3- g 11l (AMPK ) st % B2 200

Fujioka, 2015

% (mTORC1) Rk

Initiated through the phosphorylation;
Phosphorylated by AMP-dependent protein
kinase (AMPK) or rapamycin target protein

(mTORC1)
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43R 1 (Table 1 continued)

. S AT e VLA, \
b ATG L5} T bt 4 G Rp DRI B3t
The function and acting site of
Stage ATG members The formed complex . References
ATG proteins
Ak s ke AMRASCEH 13 YEREESRE NS ATG] MG HEE 1 Papinski and
Ml Autophagy-related MR W T (FIP200) TR, Hgss Kraft 2016
Initiation and Protein 13, ATG13 ATG1 G H)IE M 9k mTORC1 Rk
nucleation Acting as an adaptor mediating the
interaction between ATG1 and the
adhesion spot kinase family interacting
protein (FIP200), enhancing the activity of
ATG]1 kinase and being phosphorylated by
mTORCI1
HWgEAH R & A 17 WK JE R 1 3248 ( ATG1/2 il Maoetal,
Autophagy-related ATG13) 2013
proteinl7, ATG17 Scaffolds required for autophagosome
formation (ATG1/2 and ATG13)
HEHISCE A 101 ATG1-ATG13-ATG101 & &4 ik Hosokawa
Autophagy-related Sy, WHBETURG ATG L pglir ey &8l 2009
protein 101, ATG101 Fie S CHEHIE IR, PAS)
Component of ATGI1-ATG13-ATG101
complex, recruiting downstream ATG
proteins and scaffolds required for
autophagosome formation (autophagosome
formation sites, PAS)
AWHIGHET 6 PIBKC3 AT ATG6 (BN 3- WG JE 7 33 Cao and
Autophagy-related  PI3KC3 complex 1 (PI3KC3-C) FAKMILI ., S ionsk:
protein 6, ATG6 WAREELAE | il PR PR IR R R
ATG1 5, AMPK R kA7 £
ATG6 promotes the formation of
phosphatidylinositol 3-kinase catalytic subunit
type 3 (PI3KC3-C) complex, interacts with
lipid kinases, and promotes the formation
of phagophore, phosphorylation sites of
ATGI or AMPK
FIEAI G 1 14 i PI3KC3-C #E fa] FH W M JE i fif i Obaraetal,
Autophagy-related (PAS). B TIN5 2006
protein 14, ATG14 Enabling PI3KC3-C to target the
autophagosome formation site (PAS),
facilitating the expansion of phagophore
HWEAHCEH 9 W BB i ik B i A Matoba et al.,
Autophagy-related Transport the membrane components to 2020
protein 9, ATG9 phagophore
BIRBEAES  AWERISCE A 8 LA ATG8-1 il ATG8-11 PiffiE A f71E . 2 Nakatogawa
Phagophore  Autophagy-related S AERBEE R, 5 kg o8l 2007
elongation  protein 8, ATGS AR ARIEZ WERE (PE) 454y, A

WA H bR

Existing in two forms of ATGS8-I and
ATG8-11, participating in the formation of
autophagosome membranes, binding to the
membrane phosphatidylethanolamine (PE)
on the surface of autophagosome
membranes, and serving as a biomarker of
autophagosomes
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4% 1 (Table 1 continued)

ATG & H B LA Iz AT

K Be ATG 51 T A i . o 275 K
The function and acting site of
Stage ATG members The formed complex . References
ATG proteins
HIRBESESR A REAROCEE M 3 E2 PR . fERfEHEN, AT Lietal, 2017
Phagophore Autophagy-related ATGSs 5 PE W45 &
clongation protein 3, ATG3 E2-like protease, an adaptor protein,

FIMEAE G E T 4
Autophagy-related
protein 4, ATG4

FIgEACE R 7
Autophagy-related
protein 7, ATG7
FIWERH G 5
Autophagy-related A&
protein 5, ATGS

complex
HWEAHCEH 12

Autophagy-related
protein 12 ATG12

HWEAHCEH 16
Autophagy-related
protein 16 ATG16

AT5-ATG12-ATG16 &

The AT5-ATG12-ATG16

facilitating ATG8s-PE binding

P BRI . N T ATGSs Rijf4c, /K Lahiri and
fifR BLAL I ATG8s 2K(;1201nsky,
Cysteine protease, processing ATGS8s

precursors, hydrolyzing lipidated ATGS8s

E1 FEEE MG . fE# ATGs 5 PE 944 Bansaletal,
El-like protease, promoting ATGS8s-PE 2018
binding

ATGS BHEE5 G I, X R IF4E 432 ATG12 Bansal etal.,
M, B8 ATG16 B 2018

ATGS directly binds to the membrane,

which is negatively regulated by ATG12
but activated by ATG16

W, R4k 5 BB OEWERL: 72
AR, ATG1 Il ATG13 BEfR ALK TP

e ATG1-ATG13-ATG101 B4V, B8 HE
(Ichimura et al., 2000; Jung et al., 2009; Ren
et al., 2012; Shimobayashi and Hall, 2014 ) ., @hY,
¥ FE . VPS34 (PIK3C3) . Beclinl (ATG6 ) |
VPS15( PIK3R4 5%, P150 )fl ATG14 41 i Ptdins3P
EEY, BEEWIAAZ (Miller et al., 2010;
McKnight and Yue, 2013; Yang et al., 2018 ) .

@ [ WEATT AR 5K Rl A R it 22 fif 1 %8 A
A, WATEEUENEY . iR, WAz
ZFEHE 1 ( Ubiquitin-like proteins, UBL &1fi 24t
——ATGS-ATG12 ZHZER WM ATGS/LC3
RY RIEHAERN . ATGI2 1 ATG7 Fil ATG10
FIVER R 454 ATGS, £ ATGI12-ATGS Z &
FEEAY, WX ATG16 455N ATGI2-
ATG5-ATGl6 E&Y), ZEAWHAREIZR
AR ( Kuma et al., 2002; Mizushima et al.,
2003; Zhuang et al., 2017 ) . ATGS/LC3 1EhiZ

REE N, B ATGA Y| wl % M
ATGS-I, R J5 9% ATG7 i , 7€ ATG3 F1 ATG12-
ATGS-ATGl6 EEWHIEHT, SIEBEIRNEZ
% ( Phosphatidyl ethanolamine, PE ) L4454,
SRR HE ATGS-II, &5 [ Mk iy ZE fif
( Hanada et al., 2007; Fujita et al., 2008) , @
A W S ARG . AW RS & % 818 bR
HIEARSMNE i ATGs M, I SiEM R & &
F, BB H WA EHA . O A WRIR N BREARAA, 7
TRBEAR YA 1 WA PR RS R 25 00 e s T A oY
F14) B Tt R 2 11 Bl 3R A S /N0, B 0 A4 o
FIH (Lietal.,2020) (1) .

HR PGB AR R DOARTR], M 43 A s B
WA BE PR A W AR SE R 1 G RA AR 1) JEC 40 A
XFTCHE BN, AR R AR . ARSI
L& DU S () A WS TR PE B R4S ik
PRIk A2 RS ATGS HELS G, B E R
JICWIE 0132 3% ) [ W AR b T A, andomitk B
g | A SR AR IR R P B A 2ok A
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HLhf Initiation A% Nucleation — FiffA&RY KA & H W 5 i AL S VA A
Phagophore expansion Autophagosome- Degradation by lysosome

and enclose

lysosome fusion

ATG5-ATG12-ATG16E &%)

PI3KE &4 ATG5-ATG12-ATG16
7§3Kcomplex complex
Ve 'y N @ 5 °
/ 7 @ 0\ (-]
O _} (] @_, ‘;° [ — @
-® \ '8 D | ® @ / ( @ ¢ &
\ @ \ @ Ld
ATGI-ATG13-ATG101\, \/H 5N @ 9 e ©
WREERAE — N
Cytosolic protein and TG8-PE VG TRt
organelles Lysosome Hydrolase
PAS Hij/& i Phagophore H WA H WA B A
Autophagosome Autolysosome

E1 EAEMEETRE
Fig.1 The process of macroautophagy

H I ( Mitophagy ) 3 & # A A J2& LA o i 458
GO Sy W2 o A NI E B s R R 7
PINK 1/Parkin, BNIP3L/NIX 5{ FUNDCI1 &4,
HoHp PINK 1/Parkin i i f b £ ( Okatsu et al.,
2012; Ashrafi and Schwarz, 2013 ) .

2 EHMARBEEEARREER

R R SR AR E b B, A
LR —E XTI, PR TR R R AR
gu N EEIR YL B A, 5 A RIE S 1A,
MATTTAR(E 4H M F W5 i) & 2 ( Shelly et al., 2009;
Nakamoto et al., 2012 ) ., B HUAY [ Wm0 o)
fif NI AR G B B R Bl B L T 4L 4, AT
BRI EE . SRR T A B IR Y, Bhde A vt
KT T HWEARAIE B, sl [ v
TR, BEIR H W N o A8 A 5 2 2 )
FH B WA 3 B 509 & & AT HE (Choi et al.,
2018 ) o R HLAAAN AR F W AE SR o B AR Y ad AR rp
FVE L3R 2,

21 “mBamEmMElREef

I3 A Ry B S BT EE AL
SRR IR YL B I, B S A S A WA DGR Y
TGRS S A WSO, Bl s bR o 2 A 1 4
SIS B R, A REREAR, ATSEELA
A TH % 7542 4% ( Lennemann and Coyne, 2015 ) .

Hao % (2023 ) ] 293T W3R 40Ma k¥, #%
TR B R EE ( Dengue virus, DENV ) {Z234¢
293T A RFISRENET “BATRES & 45
WZ R E S CARD 5438 -5 ( NLR family
CARD domain containing 5, NLRC5 ) " )3k,
NLRCS5 55 E3 17 %40 Cullin 2 AL 5
M NS3 EHFIRFES I K48 Mz ik
K5, NLRCS FIHIZEHENE H 12K TOLLIP if
Rz R A FL W, BEAE NS3, MR
DENV {24t

T B A W R B BE D Be T 2 4l UL T
AR R A B du g v MU A BS & 1Y B
W ] A1 o) B SRR R BE AR 1 R B H B RN
7Yy, JFEERL AT (Kangetal., 2011 ) . K
& WA ( Bombyx mori bidensovirus,
BmBDV ) B Fi A BEbrS ALK ATG8, ATG2,
ATG6 Fil [ I A -5 AR il 5 174) S S R PR 2 R K
Vo BTSSR A A YN T RE, FRIRT
BmBDV [\ /K ( Sun et al., 2020 ) . F &t
RIZ A% EE (Bombyx mori nucleopolyhedrovirus,
BmNPV ) {2YL% % Bombyx mori 45, i
£ MR H Polyhedrin K& R AETE WG PEA
%, 5 ATG8 et B AR, g (i F [ WA
IS B R A, B2 F WA e EE

B (Guoetal., 2015) .
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22 REFSNEREHMOAME R

T FE5 T U B AT A s AL B AR X 3 2
PSR A PEAGRE RN TR, RO X 20 2 AT iE AR
HRNIERHZ Y, I AT AR R AP s [
I, E 45 H W 7t i A Hh i #E( Tomato yellow
leaf curl virus, TYLCV ) T L& ATG3 Fil ATG9
A Mg O B R A R AR OK O, TR R R B
Bemisia tabaci 1 FHWER N, FEOREEIMCEH
CP FIJE K ZH DNA Ffif , fe 2 5 12 G e 4 i

(Wang et al., 2016) . DENV BEiZI%E T HHIL
Aedes 4l F 1) A BEAKCE BT, (REFRREE ],
MAIH DENV S0 F W, 68800 & HilK R
ik (Lee et al., 2008; McLean et al., 2011; Datan
etal., 2016) ., 7EFE RN (Zika virus, ZIKV)AH

DENV L el iy, 23 B ATG8 Fil ATGY
2 H G SCHE AR FIEKE, M E, LA
W A Sy 9 2 07 1R 206 P R LA B 3 - ( Abernathy
etal.,2019) .

2 il AR B 30 LA IR B M i A4y 32
BERALA, BHWT A A R ARG, kiR B
WERE A , BhRpX SeTovA Al G 1Y A WA T T4 2R N
PE, et A B iR gy, m T KR AR AR N T

( Southern rice black-streaked dwarf virus,
SRBSDV ) {2 44K 175 KEL Sogatella furcifera
Ja RSN EE P10 5 R A & B-3( Integrin
beta-3 VEAE, BIE c-Jun 22 3 A il i INK( c-Jun
N-terminal kinase ) {538 &, BEMEOE AW,
RS AN E T PLO S R A
LAMP1 HAE, BT F BRI B IR 2 [ LG

®2 REMNAMERERSERIEPHIER

Table2 Roleof insect autophagy playingin viral infection

W SRR e R .
ABSHEIORE g ST AL %3t
Relationship between . .

. Viruses Molecular mechanism References
autophagy and viruses
B WA B DENV  NLRCS5 {2757 5 25 1 NS3 #AR Iz 2 1L 1Y F W5 R g Hao et al., 2023

Antiviral autophagy

NLRC5 promotes the degradation of viral protein NS3 via

ubiquitin-dependent autophagy
BmBDV 53 I ATG8, ATG2, ATG6 il H Wit -1 A (Rl (1 )C k56 Sun et al., 2020

SN

Virus upregulates of the expression of ATG8, ATG2, ATG6 and
genes related to autophagosome-lysosomal fusion

BmNPV  55# 092 MK Polyhedrin KERERMIEMEWNS, 35 Guoetal, 2015
ATG8 ¥t fE, S AR

Polyhedrin protein of virus aggregates to form active
conformations and interacts with ATGS, inducing autophagy

TYLCV

WaTE FIH ATG3 F1 ATGO % [ I SCHERL N Ak, 0% | Wang et al., 2016

Virus up-regulates the expression of ATG3 and ATGY, and

activates autophagy

FI A T
Proviral autophagy

SRBSDV 4178 4 P10 5y AN (1 LAMPL TLAE, BT [ 1470 Zhang et al.,
PR, kA AR AR 2023

Capsid protein P10 interacts with the lysosomal membrane
protein LAMP1, blocking the fusion of autophagosomes and
lysosomes and evading lysosomal degradation

RBSDV  4p#%7 1 P10 5 PtdIns(3, 5)P2 A4S B AN B W

Wang et al., 2023a

Interaction between capsid protein P10 and PtdIns(3, 5)P2

inhibits autophagy
RGDV

HN5EREH P2 5 GAPDH, ATG4B HAE, B Pnsll HiE# A% Chenetal., 2023;
FEHATE 1= LAMP1 FFFAEL N-BESEAL, Pk A s ikml

Jiaetal., 2023

Capsid protein P2 interacts with GAPDH and ATG4B, or Pnsl1
directly targets LAMP1 on the lysosomal membrane and reduces
its N-glycosylation, inhibiting lysosome-autophagosome fusion
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AT 26 3t 5 TS 110 A S BT o 8 R S Bl g
RALA B WEAAE R B B 0 205 R R R 1 35
( Zhang et al., 2023 ) . 7KFH 8 %5 %0 0 &
(RBSDV ) FIHISMEEH P10 5/ RE UK &
il Laodelphax striatellus 3, 5 iR LA PtdIns(3,
5)P2) WS BRI A, DAk B haRie
HIREARE, R EE K REVPR Y (Wang et al.,
2023a) . KFEJRIFENNEE (Rice gall dwarf virus,
RGDV ) i SR H L Recilia dorsalis &
A=A R TIRBEREAMEAR G ) B W SN o BFFE R B0
RGDV WAMe 8 [ P2 it 5 i H-yi i -3-w i
i & ( Glyceraldehyde-3-phosphate dehydrogenase,
GAPDH ) . AMEE LR H ATG4B Fi Pt AR
WEGY, HRIPE AR AR, Pl
Wi 2 HL . 7E RGDV [1Y1%% T GAPDH 5 SNARE
AWML SNAP29 SEH 455 T ATG14, &
HAIZH ATG14-SNARE & 50519 H WEAA-
VB A5 2 R TC T TE 5 58 i, o3 S04 5 15 A
T A WA R T 5 R AR AL, O
BRI T R RUZ Y (Chen et al., 2023) ,
RGDV MAELEIE T Posll Wl S ATGS
(AR SR SR IR H AR A iU ATGS-ATG12
CERAEGY, JHRARMRE, F3A At
WATE 1l B EE LR B WA, UETT, Pns1l i@
T PR EHA RS - LAMPI i N-#ERAL , JnE
Rt 5 B ARG, DTS B B 20k 5 v i A 1)
REfi, fEIBRIIRYE (Jiaetal, 2023) . JEEEH
AR T A SR YR B W AR TN BT Y
FE AR B B b R AR G I i L m RUE R Y
H W8 il LIS RGDV HIKFE & 8048 M
7 (Rice stripe mosaic virus, RSMV ) TEFL[E] A
fRESEM AN . 24 RSMV BR JeA ik
HOGH RS, [ W S s A RSMV (4=
e, 124 RGDV Fl RSMV A2 Y o i -}
Hi RGDV 5 #IE . 8: RGDV KR [ WA
JiE] LAY B R AR LI RSMV iR, i RSMV
B HE AN AREIR, REROE AR RSMV L
kK, HALFZET RSMV N HEHiEid 5 RGDV
Pns11 WRe e EAE, #EA Pnsll J55IE MUK A

WA 5 J B AR A A IR i o PRI b 9 W S g 7
BA RG-S 2 AR T RSMV #4951,
MAEYGTE (Jiaetal., 2023 ) o ZHFFEN [ 1 f
FEfRRE T B &K RSMV i B 5 RGDV 7E/ 1A
S LR PR 8 B S 2R T SR R AR, S T
SR Al B 7 R] P ) 2 2 A TR AL

3 HEYWHARBREEREEE

SRR R, YY) A 2 B R G
Ja, AN A WE R, ] LABoR R
X RS2 A R . RS AE 2 5 I N R
SN o AR A 7 (R e v i R AL
3.

31 EYHBE

FRAE 20 22 70 AFCALE 22 A R F I 2R
%, FURCYEHAEY) A WY 53 HIL T 5T AR X
5o A%a TR AR BT 30 £
A B WEAHOCHE D, AHY i AA e LR R, X
W S AE Y A MR BE 8 T A (Liv and
Bassham, 2012 )

VFZ AP0 A ) i B W R R G LA
JUAERSY: @AW ; Qi ; @ HWRIKHT &
R 5K s @ B AR ITE B & B WK 50 R A
© H W AR AP RAR P2 W) R B Hh R i

( Liu and Bassham, 2012; Zientara-Rytter and
Sirko, 2016 )

32 EWFAAEKRARERR

FEH) W T LA P e R A s A o i L
B AF AT AT ATGS nl d it 5 AR
WARAEI 5 EE ( Cotton leaf curl Multan virus,
CLCuMuV ) [ PR pCl HAE, FERGHT R
fit BC1 X — BRI T PUBIHE ATGS FiI
ATG7 J [N 3k ml BRIk A Wi 52 i, AT fie F
CLCuMuV {J DNA R, ISy A ™
A R A MUK o A R 5 5 R A B A
g TYLCV FHb [ i AL il 9575 ( Tomato
yellow leaf curl China virus, TYLCCNV ) 7EFH 1K
WiE T EAPUR B ER R A W v ( Haxim et al.,
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x3 HEHYMARBEERSEELTHNIER
Table3 Roleof plant autophagy playingin viral infection
W55 8 1 R N
HESIREIR  pa T 2% 3k
Relationship between . .
Viruses Molecular mechanism References

autophagy and viruses

FI AR 7
Antiviral autophagy

H WA A TR 5

Proviral autophagy

CLCuMuV A[GHH ATG8 5 TUREH BC1 HAR, BT AN, 7ERGEIF

CaMV

TuMV

PVY

TLCYnV

RSV

RSMV

PLRV

PVY

BSMV

CaMV

TuMV

fi#t BC1

ATG8 interacts with the satellite protein BC1, inducing
autophagy and BCl1 is degraded in the vacuoles

NBRI i PHIBEHENE [ WEFER CaMV FISNEE T P4 M4
J v B FURL

NBRI1-mediated selective autophagy degrades the capsid
protein P4 of CaMV and the assembled viral particles

NBRI i 381 [ W RNA TTERAD 7 HC-Pro

NBR1 induces selective autophagy to degrade the RNA
silencing suppressor HC-Pro

ATG6 5 RdRp FAE, V5 HWEFEA#KAE R RdRp

ATG6 interacts with RdRp and induces autophagy to degrade
the RdRp

JREERZER T C1 5% ATG8 HAEVE S 40 [ i

Viral nuclear protein Cl interacts with ATG8 and induces
autophagy

ATG8 F BN 7 P3 FpSeE EAE, V5% A WEREAF P3
ATGS interacts with the viral silencing suppressor P3, inducing
autophagy to degrade P3

SnRKI1B 5% G HIHEAF, fEit SnRKIB X PI3K % i,
5y ATG6b HIBERRAL , MM 240

SnRK1B interacts with viral G protein, promoting the
phosphorylation of ATG6b of PI3K, thereby activating
autophagy in cells

F-box PO 25 A 11 MR AGOL, HN IR 456 2 5 48 S 7
F-box PO protein degrades AGO1 via autophagy, inhibiting the
plant defense against viruses

UUBRANT 7 VPg B35 AR GUBREE 11 SGS3 HAFE il A
BT SGS3 Fll RDR6 Ffift, MMM ar EAEYIHT RNA
LIk

Silencing suppressor VPg directly interacts with the gene
silencing protein SGS3 and mediates the degradation of SGS3
and RDR6 via the autophagy, thereby inhibiting RNA silencing
in host plants

JHTE yb H 5 ATGT HAR, W3R ATG7 Fil ATGS Z (8] 9 HAE,
D] A 0 25 Bl 4

Viral yb protein interacts with ATG7, disrupting the interaction

between ATG7 and ATGS8 to inhibit the antiviral defense
mediated by autophagy

JHEE P6 3 H T NBR1 5JRAESNFEEEH P4 I ELAE, K A
Wik e e i A

Viral P6 protein disrupts the interaction of NBR1 with capsid
protein P4 of CaMV, inhibiting autophagic degradation

JAHE VPg Fil 6K2 RS HUHKEE NBR1 H Mg (5T RE A

Viral VPg and 6K2 proteins antagonize NBRI-dependent
antiviral autophagy

Haxim et al., 2017

Hafrén et al., 2018

Hafrén et al., 2018

Lietal, 2018

Liet al., 2020

Jiang et al., 2021

Huang et al., 2024

Derrien et al., 2012

Cheng and Wang,
2016

Ruck et al., 2011;
Yang et al., 2018

Hafrén et al., 2018

Hafrén et al., 2018
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2017 ). A [RJH ATG6 W] 5 5452 Y 97 ( Potato
virus Y, PYV) ) RNA {K#fifl) RNA 5 W

( RNA-dependent RNA polymerase, RdRp ) H.AE,
PO FIREfE RARp, MR 35 AR KT,
H ATG6 5H'& RNA #H#AY RdRp HAEHAT
W (Lietal,2018) o M ATGS REfE 5 =
FA A% EE ( Tomato leaf curl Yunnan virus,
TLCYnV) WEEH Cl (FREE G HEEA )
HARE S A A v, NIBR I RER Y4 (Lietal.,
2020 ) . RSMV {2 UL AR TH /K R A 4 I s, H
S B g AL ( Glycoprotein, G ) 55K
FEANBE H . G B C i 33 MR 5 K H
Snfl #5681 SnRK1B HAE, £ #F SnRK1B
X} PI3K FE LS ATG6b AUBEmR 1L , TS 4
JitL F W . KRB ATGOb LRES G B I N i BLAE,
YERI GRS G A5 AW L0y [ mEAH R
1 ATG8 tHi%, ¥ G EAFHEEERIAESE R A
WA p A7 BRI TR Y ATG7 /KRGS 1R R A
I 175 S 700 b B I UE S T 40 A A R K RS HE A
RSMV % % 1Y & 22 Bj #1772 ( Huang et al.,
2024) .

PEBEME WG A2 A5 T A BE BRI 1 e AE 4

s 7 A= G v o 38 A 0L R T AT A R
P A WESZ R NBR1 755 A WSOV, Feff AR AL
M5 % ( Cauliflower mosaic virus, CaMV ) f{J 3
BLANFEER H P4, NI PR ] CaMV [F) {2 4% . 7E ATG5
I ATGT SR IR T 588 1A, CaMV AR G
SN R B A LRI R AE AR . T R A
NBRL 2l P4 £ IR SR FIG 2204 B T R
A [CHH A NBR1 5 e Bt FL s, B e 16
% 7% ( Turnip mosaic virus, TuMV ) #J RNA JTER
)5 HC-Pro, Ml EERYIRY: (Hafrénetal.,
2018) . Jiang % (2021 ) & PE RIe#EME B
ZAK P3IP 7] 5K R 25805 (Rice stripe virus,
RSV) PJLERANGIF P3 BAE, 55 AMERER P3,
Wi RSV 124,

33 EYREREARAE, RitER
TEM TG -5 27 AV R A BRI, s

WA BRI 1 0 k3% 1 WA T BE( Leary et al.,

2018 ) o JHTERYER F A B AR A, KA

25 8046 9% 7 ( Barley stripe mosaic virus,
BSMV ) 1) yb & [ Al 52F MM ATGT HAE,
S0 ATG12-ATGS5 Fll ATG7-ATG3 & &1
ZERMRG, UIE A SOHUE SR, {2
WWEEMR S (Ruck et al., 2011; Yang et al.,
2018) . RAEFEMYE NBR1 A[LI5 CaMV
A FEEE 1 P4 BAEREMEREERLA, (EEEY P6
AT RE SRR — kB, DT PR A7 25 21 2k 5k
PRz AWEREf# . H TuMV [ VPg Fll 6K2 &
HAL A LIS 5T NBR1 HOPE A W HTHS B2 AE
(Hafrén et al., 2018 ) .
S B8 34 AT LA B W M0 A A NPT R
Y ) T AL —RNAi . A e
( Potato leafroll virus, PLRV ) Y F-box PO &,
FIH B Wk R G RNAL HLH] Y S E 4 4y
ARGONAUTE!L (AGO1 ) , HIHiIAHY) Bi 8 s
N LR HE H B AR S (Derrien et al., 2012) . 5
Y JNEE PVY BYUTERIN 7 VPg AT 55 T
M H SGS3 HAE, IS AWEAIEM SGS3
I RDR6, M0 EHPIH RNAL, (2%
FEMf2 Y% ( Cheng and Wang, 2016 ) .,

34 NEFERFEEMESTTARABT

YR N L A5 A WO AChTE )
WREEIIR YL . DUER PIBK &2 AR AHCIE A . ATG3
A ATG7 45, 20l N L FE S RANRET,
fEHEIH 5 AL 955 55 ( Tobacco mosaic virus, TMV )
25 o X FBH F W R AR G S A A 7K
LA K M T Liv et al., 2005 ), Han 25 2015 )
3B A FCAH 9 GAPDH Al 5 ATG3 HAELIIH A
I 2 7, 1Tk GAPDH AT 3458 N 2175 5 114 4 i
FT . Xu 5§ (2017 ) AIUALCHE A 40 58114
F5 A Bax inhibitor-1 ( BI-1) 7[5 ATG6 HAE
IEmETT AR T, S FRIA BI-1 W RAMGSE W
K, ISR IEHT TMV K, TiTCER BI-1 7]
KR AR S AR T

4 BESHEATHZEERTE
EREER
40 ML U T B ) T BL A B T ok
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Caenorhabditis elegans H & FLIF IR AWFSE, Bl
J 75 00 2 U BRI A T i e i A TR R G
Z—o TERXFPRI Lt BRI 3 iR
F 5t ( CED-3. CED-4 #il CED-9 ) M Jm R %7€ 1)
EGL-1 ¥ F #2587 ( Yuan and Horvitz, 2004 ).,
BRI 3 A5 N S UL R (R UE A B
JIT A7 HE Bl R0 R e b 4 1 48 € (Richardson
and Kumar, 2002 ) . W34 4 i 06 7 09 45 5
LR SR, R AR AR T LK AR R B
B A R EOR AW & R, O T B 4 i
TR BN A, BRk A P
R A M B C B A bk 24 W2 2 11
Caspase Wfifbigste, N Zkifkizts, Szl
PIRAT IR, QAR R C Bk
17, SERHREEM @K Caspase i fLisk
%o BRI Z B RZRAR B 0 4 i e T
( Mufioz-Pinedo et al., 2006; Nasu et al., 2011 ) .

H 5 T Z RAA A E AR A8 Y, —
R[] R R B T, R AN 4
+, EEMEAL,

41 BEHTEHEET

TE—LERPIR TG OL T, 55 A WS 00T 40 i

T2 WG IR, Hif 1A wer) AR Be 23 i Caspase8

Ml Caspase3 THME TR, PRI T- KA. i

] B W BB B 2 R A R T, W

B I A 1T BE R JE Caspase A9 3
(Youngetal.,2012) .

42 HESHMBATZERBERERS

I W55 4 0080 0 A ) 4 L A 5 S
1B G5 2R S8 A Y B0 s 25 S BOLAR Y B
FoATH o HESF R 4 S e RS A A HL A
T FERCEE . TYLCV RO AR EUA e ot
Z W e 45 & % H ( Phosphatidylethanolamine-
binding protein 4, PEBP4 ) J& 754 & HUIL P e
PRSI T TYLCV SP5EaE A CP FEXIAS
T H i R IR R 200 ) BB i Ao Bl PEBPA4,
20U F W S5 A TR, A B RS B OR
AR, SRR RS TYLCV KIFHEA7R)

GPETI A2 , T W e A% 3 1 e e LAl Wang et al.,
2022b) .

SRR L 2] K SR T VAR 25 TR NS
A AZ B ™ 4 Bk D) RE S B, AR T
Bel-2 FKJERL G Bax il Bak AJ s £k (A4 MR
$TB7y I ) €' A NS R VA (A 2 % TR N D
T FHET AIF QKRG MAiiita® C
G2 D TR A TG TR RS T 28 A A% B2 B T, 9%
1% Caspase3 Fll Caspase7 BITIfE, NI 5 L ALK
WALRIARMLE T, LU BRZ AR A E( Galluzzi et al.,
2012) o ZRAIARBERL A REAR, oS Py [ b
WG R, A shZahifk AW, BEMRSZ I Zhifk
DLAERR SRR B M, R P PR 1
FooE, Wl IEANMEAITRT . B T R F g
e R e S 3% R B G PR WA i e R et
BRI AIIE T, H e B T BR T
LI Caspase8 , M i Eg SRFE R 7 AHOC TR T2
7S HEA ( TNF-related apoptosis-inducing ligand,
TRAIL ) B4 T . @ik ATG7 Sl F Wi
J&, Caspase8 {FMH3E /M (Huo etal.,, 2010) .

RS A T 2ok R 8 42 174 40 M O 1= A
2R A W A ) B M RLACSR J2 RGDV
RGDV {2 YA HL G 2 2 B0OH ALIE | R 241
FERRR TR , i SLR R AT
JERYET RGDV 19 Pnsl1 2 3 AT B il 22 IR 4544
SIPURSTES Az A N e e ) N W W R e i 2.9
A FEL AR BH 28 F-38 38 1 ( Voltage-dependent
anion channel, VDAC1 ) HAE, WIZELKiA, i
T HOE IR RN ZOR R RS LA T R, AT 51 K AR
Caspase MIZRRLIRIRAZIIANBIE TS, (RN EER
¢ (Chenetal.,2019) . Mii VDACI 35 ATGS,
Pnsl1 B EAERRZE S Posl 1 i SRR, 16
TS YR N A SN U NaS I Y GES TR L NS S =
Pns11i5- S LRI [ 152 4K PINK 1-Parkin 8
B, fRHHRRERR YL, TEAR BER A, Pnsll.,
VDAC!1 X AT VDACT 38 41 il 41 i -
i Gelsolin M HAE, [E{K VDACI ik, 2
Gelsolin &3k , AT Ak B2 ) 4 B0 1 S iz o
PRI, R BE5 T Sk A B It w] A 50t 0 o 2ok
JE B MR T RO, DA 8 T B0 B AN IS
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W (Chen etal., 2023) .

5 RE

HE— R ATG JERBUL LR, AK
FI W A B A= oo g S D RE AT S A 1
PR R o X AR DG 7R A W A R D RE A
Sy T AL A HGE R AT o K IE R 5
L~ A DR 2 2 T Dy T 5 e i T ) 4
i, AWE R RN L R A B T
7 FL R 5 4 I 285

A A WA EAE R A N R ARAS | R
MEBREERKEE . PURTEDT IR ZAER]
PG, AT AR HIE D TR B T-Be, 7efayh
Fik ATG 25 AWML, St i A
K-, TSR THTURTERE T o 34 n] i e BAT i
WETE PR R BRI, HEAT AR SRR T, B R
Hh X B A TSR BT KR Rl T U v
BLHIT5 T BIFSE , FTERASZ A A PR B e A iR A2
AR SBREAL AT, , BT A ] o S R A 0 ) 2
AR R, S A B R B WA G B R
FEEYE, BEA AR SE, MR R i A7
RE I MBI TR I RE S o
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