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Abstract Rice blast, caused by the fungus M. oryzae (Magnaporthe oryzae), is one of the most destructive fun-
gal diseases threatening global rice production. Its infection process heavily relies on the formation and functional matura-
tion of appressoria. Recent studies have demonstrated that autophagy is not merely a metabolic regulatory mechanism for
M. oryzae to cope with nutrient deprivation, but a critical cellular process driving the development of conidial infection
structures. By mediating the targeted degradation and re-distribution of organelles and cytosolic components, autophagy
provides the essential material and energy basis for the formation of high appressorium turgor, infection peg formation, and
subsequent invasive hyphal growth. This review systematically elaborates on the core molecular machinery of autophagy
in M. oryzae and its spatiotemporal regulatory characteristics during infection; specifically highlights the indispensable

role of non-selective autophagy in appressorium-mediated host penetration, as well as the specialized functions of selective
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autophagy pathways, such as mitophagy, in maintaining cellular homeostasis and pathogenicity during the infection phase.

Furthermore, this review integrates the multi-layered mechanisms governing autophagic flux via post-translational modifi-

cations—including phosphorylation, ubiquitination, and acetylation—and summarizes the pivotal roles of lipid trafficking

and membrane tension sensing in autophagosome biogenesis and autophagic homeostasis. By deciphering the crucial role

and complex biogenesis mechanisms of autophagy in M. oryzae pathogenesis from the perspectives of molecular mecha-

nisms, regulatory logic, and evolutionary adaptation, this review aims to provide a theoretical foundation for deepening the

understanding of the infection mechanisms of plant pathogenic fungi and for developing novel, precise strategies for rice

blast control.
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Table 1 Autophagy-related proteins affecting pathogenicity in M. oryzae
H WEAZ 08 EADER IR R TRAT (AR EE BN
Autophagy Functional description Phenotype of deletion References
core protein mutant
MoAtgl Atgl is a core serine/threonine kinase of the autophagy initiation complex. Defective autophagy, loss [19]
It integrates upstream nutrient-sensing signals, particularly TORC1-de- of appressorial turgor, and
pendent regulation, and promotes autophagy initiation by phosphorylating loss of pathogenicity
downstream components such as Atgl3 and Atg9
MoAtg2 Atg? is a key lipid-transfer protein that bridges the endoplasmic reticulum Defective autophagy, im- [7]
and the phagophore. Its elongated hydrophobic groove enables bulk lipid paired appressorial turgor
transfer to the growing isolation membrane, thereby supporting autophago- generation, and loss of
somal membrane expansion pathogenicity
MoAtg3 Atg3 is an E2-like conjugating enzyme in the Atg8 ubiquitin-like conju- Defective autophagy, im- [20]
gation system. It receives Atg8 from the E1-like enzyme Atg7, with the paired appressorial turgor
assistance of the Atg12-Atg5-Atgl6 E3-like complex, and catalyzes the generation, and loss of
conjugation of Atg8 to PE (phosphatidylethanolamine) pathogenicity
MoAtg4 Atg4 is a cysteine protease responsible for both Atg8 processing and Atg8-PE Defective autophagy, im- [21]
deconjugation. It cleaves the Atg8 precursor to expose the C-terminal glycine paired appressorial turgor
required for lipidation and also removes PE from membrane-conjugated generation, and loss of
Atg8, enabling Atg8 recycling pathogenicity
MoAtg5 Atg$ is a core component of the Atgl12-Atg5-Atgl6 E3-like conjugation Defective autophagy, im- [22]
complex. After covalent conjugation with Atg12, Atg5 helps recruit Atgl6 paired appressorial turgor
and promotes Atg8-PE formation, thereby supporting phagophore expan- generation, and loss of
sion pathogenicity
MoAtg6 Atg6 is a core scaffold subunit of the class I1I phosphatidylinositol 3-kinase Defective autophagy, im- [14]
complex. It provides a platform for Vps34 and Atgl4-containing complexes paired appressorial turgor
and promotes PI3P production required for phagophore nucleation generation, and loss of
pathogenicity
MoAtg7 Atg7 is the sole El-like activating enzyme in the autophagy pathway. Using Defective autophagy, im- [6]
energy from ATP hydrolysis, it sequentially activates the ubiquitin-like pro- paired appressorial turgor
teins Atgl2 and Atg8 and transfers them to the downstream enzymes Atg10 generation, and loss of
and Atg3, respectively, thereby driving the operation of the core autophagy pathogenicity
conjugation systems
MoAtg8 Atg8 is a ubiquitin-like protein that becomes anchored to autophagosomal Defective autophagy, im- [6]
membranes through covalent conjugation to PE. Membrane-associated paired appressorial turgor
Atg8 contributes to autophagosome formation and serves as a docking generation, and loss of
platform for cargo receptors or adaptors during selective autophagy pathogenicity
MoAtg9 Atg9 is the only integral membrane protein among the core Atg machinery. It Defective autophagy, im- [7,20]
cycles between membrane donor compartments and phagophore assembly sites, paired appressorial turgor
where it contributes to membrane delivery and phospholipid translocation during generation, and loss of
early autophagosome formation pathogenicity
MoAtgl0 Atgl0 is a specific E2-like conjugating enzyme. It receives Atgl2 acti- Defective autophagy, im- [6]
vated by the El-like enzyme Atg7 and catalyzes isopeptide bond formation paired appressorial turgor
between Atgl2 and AtgS, thereby completing a key assembly step of the generation, and loss of
Atgl2-Atg5 complex pathogenicity
MoAtgl2 Atgl2 is a ubiquitin-like protein. Through irreversible covalent conjugation Defective autophagy, im- [6]
with Atg5 and recruitment of Atgl6, it forms an E3-like complex capable paired appressorial turgor
of activating Atg3, thereby directly catalyzing Atg8 lipidation and autopha- generation, and loss of
gosomal membrane expansion pathogenicity
MoAtgl3 Atgl3 is a key regulatory adaptor that links nutrient-sensing pathways Defective autophagy, im- [6]

to autophagy initiation. Its phosphorylation status, controlled in part by
TORCI, regulates assembly and activation of the Atgl initiation complex

paired appressorial turgor
generation, and attenuated
pathogenicity
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Autophagy Functional description Phenotype of deletion References
core protein mutant
MoAtgl4 Atgl4 is a key targeting subunit of the autophagy-specific class III phos- Defective autophagy, im- [16]
phatidylinositol 3-kinase complex. It recruits Vps34 to the phagophore and paired appressorial turgor
initiates autophagosomal membrane nucleation by catalyzing PI3P synthe- generation, and loss of
sis pathogenicity
MoAtgl5 Atgl5 is a putative vacuolar lipase required for the breakdown of autopha- Defective autophagy, im- [6]
gic bodies in the vacuole. By disrupting the membranes of autophagic paired appressorial turgor
bodies, it releases enclosed cargo for hydrolase-mediated degradation and generation, and loss of
recycling pathogenicity
MoAtgl6 Atgl6 is a scaffold protein with self-oligomerization capacity. By recruiting Defective autophagy, im- [6]
and anchoring the Atgl2-Atg5 complex to the isolation membrane, it as- paired appressorial turgor
sembles a ternary complex with E3-like ligase activity, thereby promoting generation, and loss of
Atg8 lipidation and membrane expansion pathogenicity
MoAtgl7 Atgl7 is a scaffold protein required during autophagy initiation. It orga- Defective autophagy, im- [6]
nizes the Atgl initiation complex at the phagophore assembly site and helps paired appressorial turgor
recruit core Atg factors required for early autophagosome biogenesis generation, and attenuated
pathogenicity
MoAtgl8 Atgl8 is a PI3P-recognizing protein. By anchoring to the isolation mem- Defective autophagy, im- [6-7]
brane, it recruits and assists Atg2-mediated lipid transfer, thereby driving paired appressorial turgor
autophagosomal membrane expansion and elongation generation, and loss of
pathogenicity
MoAtg24 Atg24 is a BAR domain-containing membrane-remodeling protein associ- Defective autophagy, im- [23]

ated with selective autophagy. Through PI3P binding and cooperation with

Atg20, it contributes to membrane curvature generation, autophagosome for-

mation, and recycling of membrane components during selective autophagy

paired appressorial turgor
generation, and attenuated
pathogenicity

1 Atg1 1{CCA X IR ICEE AT 11(S949. S1057H1S1064),
IX LT SRR AL 2 Atgl1 5 2 R FEVE B 7 K
SEE T T B IR 3N R AR BN 2 R (AU
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targeting) i@ ZRKiAR B ME L A BTN H A
W) EG AR H W (pexophagy )55 1 £ 14 H W R4 1) %
fift, (AN FEE B B R CY . FERRIRR B T, PR
MoATG 113 A2 FEEURME R N, HESURRE
F1%:55 1) AMomck I (mitogen-activated protein kinase
kinase kinase Mck1) 524 H 5 1 8 7E B A Y Guy 11
HId IR MoATG 1] i 2 a8 5 R I 03 o 4= G 7K R i)
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S8 B R R R AE A G B b B Dl e A
2.1 FEEREAVLZR B
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active oxygen species, ROS )i il i) 41 i 451155 22 5%
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Ae ST UERFARAE R BK, $27~ Ho ] i 52 B0 B MO A2 (1)
DIREFFAEETT,
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BT RIT D%, W ORRE B A TR I (R ROR 1)
FE T, IS 40 A5 Hh i JRB0RE (ELA% K T 25 nm) g
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TR T At B 5 TR AR R T, 200 1 W R 2R A T A R BT 2 e S A T, 80 o (e A, ) B m Am ML ey . R, B R
PRV L 25 (A R %) 4 300 T T 40 6L % 18 (i (A v 2 R A B B 6 6L 1 50 220 45 PRI b 2R 345

During appressorium maturation, autophagy and cell death proceed sequentially from the distal conidial cell to the middle cell and finally to the apical

cell. Organelles within the appressorium, exemplified by mitochondria, are supplied both by trafficking through the apical cell (brown-labeled mito-

chondria) and by de novo biosynthesis within the appressorium (blue-labeled mitochondria).
Bl EEREMEER T IE T80 B & BB YRR 5515 (A £ F BioRender 2 Hl)

Fig.1 Autophagy progression and organelle trafficking during appressorium formation in M. oryzae (created by BioRender)
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port-0 complex)Z14MoHsel(class E vacuolar protein-
sorting machinery protein HSE1)5MoVps27(vacuolar
protein sorting-associated protein 27){E— 417§l 2k 3%
SRR LAEKIBgE . oV AR E T E kIR

P BE 0P 1 B B {EASVE R HT 2, ESCRT-09 )
TE ] Y N 5 E I, AT R IS 5 COPII(coat pro-
tein complex I1)ZH 7 (WMoSec31 /1 MoSec24) HAES
RN MRS IFRER TR EARNAGE S, A
MR WKk 73 Whiz i — N AR & 5 R
R [ ] BRAAAE P [ i 4508 R PV

MoVps 138 #IE e AL T WL N IF2 5 A 5T Y 5
WL FE ; SEFAETIRLL , AMo VPS35I 4y HE 71
TR R ERAC, PG M R BRI 58 4 R BUR
PG, [EREE LT P X R MoPDI (protein disulfide
isomerase 1)#% g b5 5 i 928 MR A SR AL H) SR 4L
MoPdi 1 B8 235 P Jig o 2R 18 15, AT BAIE [ 1
NN E IS, 5 —3, Molstl (increased sodium
tolerance 1 homolog) 4 Fi% T8 #2 FE LI B A A= N B I
Wi S INET PN 5 I IS8T o6 75 R 4 TR B ik &
Feit— 0 3R N BT RS 5 A B I [ A S E R ]
e SRR RS A BRI B IR R IR Ao

ST E , IUA B TER 7R 5 ) R T A o
T I AERF N T AR AS R o WA SRR G R, AE R R
12 G4 () SN BORSEAVE FE SR, S T A oG 78
[ I} 2 15 s 3 A A R I8 82 46 22 2 od i, HL 5 B0
P 1) ) B4 DR R G 23475 e Je 0 A 440 1) I Bl
MThee o st st — Ik . 3 — B HRANFEEY)
T3 J5 L B R e RV B R AR ORI ZE =, A BT
AR I (1) £ FE A AT AEL A998 it 3 R 505 SR 1) B
RERFL o
2.3 FEERENE SR E R

AR B AT 5T ) R AR B R G
R DR KRB A IEM A R, i S BEAR B R
FERE 9 [ B0 TR Hh 2 30 H B D IR kA 22 e O
il 76 [FAE 75 2B A AR AR G 45 0 1) TR TR
(Colletotrichum orbiculare)+', CoAtg26/1F 11t 4k
VIl B2 5 E0R AR, HIhEeS & ik
RS 1R I SR A R A ) DTS R B DA G, FE AR
9Bt B R o E A AN B B F AT R — P it
FESCRF 1 S8 A P Bl A AE A0 )5 O R AR G 5 4 1
AEE WA A ) 2,

SR, R AR RE I A EENH. &
BRFFLRI, TR B 1) MoAtg26%R 2k F- A 52 M £
P, e A Y A 1B R A R o TR B0 I R
AT REFFAE R E AT P, S b[RIN , MoSnx41(sorting
nexin 41) EEA A S AL YIRG 14 B R RE 77 H S
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Ko GEEURMAL R, (Hilt— D7 HE HiZ80m
(e S WS NEIT ey pd ST E | S k=R [ 2N
Wk e A By B8, T HARI U0 52 tH retromer & & 44 1]
JE I ER ) “MoVps35-MoPrb1-MoPep4” 2 4 iz fi %
FRp R R I A A E, JF BB AR
ST FBOFMEFA AR, Xt B FHR : E5
73 B PP AR AL A 1 1 R 4% T R TR 2 A RON
s i SR R AR E N s 2, S E0m 5%
FTT e 75 ELAE SRS AN 142 Y BRI 3 FHE 6 T g 43
BAELE R B

MNHEAIE VIR A B, R s B o I A
A 11 R 1 S5 4008 mT R S i T AR KA Ry 32 BRI
FEHE R 1 B A 1 A B S s A R M ML ) o 3
TIUA RS, A4t A B A SR M AR - L
—, FEJELI BRI AT BB R FH i 2 B 5 R A P SR s, kit
AR B FOAE DG SR e 3@ i A A ] 43 T
SRS A A AT S8, AT B ARG B 20 Bk it
AL A 1 W A (AR, HE ., R B P R R
B HE AR BCE S AR R 32 0 A
B R 0I5 bR 5 SR AE DI RE R B A%, B L
TR HE AT T 1 — 25 B S B0AE 4 SR, (HX S
Bl T4 AS ) 35 1 0 i S A B R 1 Wk A R 1 22
S, BAL N AT RE— DR U6 (0 AT AR

gx b, HEEYE WA 2 LSRR AR B
Wi 5 R o A B0 M 2 (R E AR I B R
FLE T A FERE 9 B I R B W AR e 3 1k
I35 AR BT HE 28 o AT X AR 7, SRR BT
P& ARSI (38 NP, RPN S SN2 R R
ML AR AT 1 638 B (1 B B i 5 25 e A
2.4 FEEMREAYASRE(lipophagy)

B 2R AA P JoR R0 A Sk SR A A A 5 T
R WAL, RV A ] RE S A B R
SEEEIAR IO, BRI 2 SO A P R R I R
B fgen . LSRG R R R T LB AT A B,
{E L Ath HAT PR A= JLARRAE 1Y) 220K B B8 (AT 92 0K
— iR T EEE R,

1E B B I 5L TR 2 1 2K SR B TR (Metarhizium
robertsii) ', W5 EH 7R T REWN T B A2 e o il
R DTk, EEVURE SR T, AW O SR Eh
e FEAZ AR A I AR R 2 N RO R AR 2 B PG, X
N T GHBTE H RRWE I AFAE, HAZd FEANSZ U HE
B Ak B (R R 1900, Ak, FEERTE R A (Beauveria

bassiana) [ 7 o R, BRI E T MR i A R
o A 0 ) YV R W I, TR P T g o 4 v P B
I 5 MR e Bk 2 I i 2RO T AT B AR . %
WEFE 7R 1 — 2 ik bk B 52 /K BbSun4(SUN4
domain-containing protein 4)-#+%% X -F-BbMcp(methyl-
accepting chemotaxis-like domain-containing protein) /!
BbAtg83L [Fl /1 T BRI 7 T 18 4 % ; %08 B AR BK
TR T 3 S I A P R Y e SRR Y B e T 9
ARA 2 A I s A S A R R R SRR I, R
[EEAEP S LR

MR, AT 1 -5 P 25 et 2 T 2 PR L 2
HASR B R R BRI BR L 1 RS B 78 0 el - 7
T T R R A A N, IR AE T A
XA IR E bR (HE, HATAA DA
Yo J5 L T IR P 3 AT iz LD KRR IR T
WA 32 BRI 20 LI 5 T 1 B 2 i Rl
e MO A i & K 3 B3 S5 B, TR B
LB e fites X5 B AR A E Gl R A AR G
SERDRERSGAEDIARSG . DRI, IR AERBIEA 1 )
B EA SR EM . RIS & a2
B BBtk B W B i3k B2 A 0 18 K O B AN
RRAZ I, A Bt — D IR 2 S5 A IR
T B 5 B R s S R PR B A, AT DR
X RBIRLP B FEE E R D RE 7L IR,

3 ZRREFEREIMNEERE B
KM

B DR IR T H R IE KA, B A2 3|
WEIRIL . 72 21k (ubiquitination) Al ZL i1 (acetylation)
SRR IS AE IR B Bh AP ] O, 75 R R 1 WA
KEAH, XEBAM A, Il R4 B
W AE S 512 Juid 7215,

AN — DM R SGE, H A FRONAT
A EX R T T R ) R 55 5 R S [ 5T A R
B, B W BE R AR B TR R B RO LA
TR 51, TR A AR G 22 B Bk S i B
TE AL PSS, Rtk D20k i 22 2 G 4 L
HT B WAz 0 E A BIEE S T PR . AT E
A AH G BRE A R O B SRR S AR N X PR
AU RSt 7 By T A

T B UL B IR, AR5 Bt iR () B 28 JE B R T
REEEPT HEZOEH, WMoAtgl. MoAtgd.
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MoAtg6. MoAtg8HI MoAtg9%% ., XL T FEHEHS
HEWEEZ . R I B R RSO R,
)i S A S IWAPE I Srik s S Sl Y e g = L Sk
R . BTk R B AR X B0 E 5
B TR R S ik 1% B SR ] R Al
M ZAe LA W AR A 5 I e 6 a2 R 1P 1 o o
3.1 TEEREZEREE A BRE L IE IR
BERRA R RS MBS 5 AmEH
O A OSBRI N, FERERET, cAMPHORME
3 A(cAMP-dependent protein kinase A, PKA)F1E
A %7 25 #5525 4K 1 (target of rapamycin complex 1,
TORC1)iE L MR L Atg1 3 Atg] B & R4, AT
HIE RS X —« FIiFEFRME S -AWENES
PR I AR D R B B R AL R B R R
T EESFE O, I U E B EHA N Atgl3
(1) 48 MR AL £ 5 Atg13 52— AN R E SR IR AL AL
R s, KBS LR S PR AT i A
R RB AR, 5 H WG 2R %)
FHORU X7 H Wl & PR 1 AN 2 T el i
e B4k, 1717 BE AT BE AR T A% 0o Y R RS AR 4
FERIEIR B, 5 E0R ARG &N E i Ik
ISLAFAE , T2l A5 5 5 05 W R B AR 3L R 520
Fomid iU, X R, BRI RE R 2
B IRANEAE T M H R RS LS, BT EEEH
TEHWZOR AL, Wi EN ., EEEE
ARBEUIRAS, X AW SR AT B . Btk
AL, PR A AE R T BE R A B R A S H
Wik Ple) J87 1) B SEEATR G 2 P 1 R At B0 AH 0%
F IS R R I OB > AL AN, AR B A
FLAH R A 4L 2 K] MoNUP5O(nuclear basket nu-
cleoporin MoNup50)## i b3 7] ‘3 B R AL | W /K- T
151 LA S MoOsm|1 (high-osmolarity glycerol pathway kinase
1)#1 MoMps](mitogen-activated protein kinase 1)#f&1t
KT, S22 1 4 E 5 MAPKAS 538 2 1) SC Ik
HPL7, MoSwel(mitosis inhibitor protein kinase Swel)
Bl 25 e R I T DA IR A MoMps 1, AT I [ 1 4% 4 ffd
BESEHRNEAF S, [FRF it n] DUl 5 g0 E E
MoAtg1 71 MoAtg 1 8 HAFE R IE Al 4% F i 7, 1% 5T
P28 7 CWDERE 5 B W (B R ER 4 MoAtgl ]
R R £ MoMKk 1 (mitogen-activated protein kinase
kinase 1){IS115A7 i FFBORCWHE il %, MIIFER
TS 54T P, BTSN T MoAtgl

MU 5 G E ), 05 CWIZHE S ls kA ThRg
KPP, FIRRFARSR, AV S5 5% 2 m TR
T AP S IS B R, R ST IE AT

T — U 5T % 2 3 TMoMkk 1K #t 11
Mo A tg 9 i i % BR 4 A7 25 3L 6 7~(S3. S7. S436.
S441. S757. T759)F1 MoAtg1 # i Mo Atg9fiz s i
FRAL AT S 3E5AN(S3. ST S122. S436. T759); M4
AL E(S3. ST S436. T759)EE B, J5 4%t 5t iE
A4 4 Phos-tag F A A1 2 40 55 S B0 1IE B 1 15 i 2
H MoAtg95Z %] MoMkk 1 F1 MoAtg] () 2 AL B R 1k
W, B L R TR B, MoAtgOBE IR Ik 2 5 F
T B A2 A B B TR B (M B R i i, Rz b
WSS 5 AV s SR E AT U, R
9, MoMKKk 1% MoAtg f i i fb X T g i d2 &2 ¢
HE, AR B R A A S FWRIATE B, TS50 K
B S EURPELERRFROC U AEXT L, MoAtgl X} MoAtg9
(1T 2 A 26 B 7 1 R 4 R, B 1% R 4% AT BE AR
N AL B 1k WO B R A= DT i B 4 e I
1 5 W3 B 400 SR 0L ] B R A T 4 1 W A g
71N BRI TR T BeE I R DG EE T s BT RS P B
P Ak, DASZ IS [ 168 St PR R AT~ 16

ki MoAtg9%4h, MoAtg4fE A MoAtg8 AR LT 1)
AP R R G, LRV B CWLE S S F
A A T B AL A T BT RR R4S
WAL, MoMKk 14K 5 ) MoAtg4 4 25 S97.
S276. T278; 1fi TI01/EH Jo MoMKk 1155 {0t T R # A
MEIBERR AL , 1245 37N MoAtgd MR R (b I itk 4 52
I WH9UE Ja 42 % BiMoAtg] 5 MoMKkk 1 1] 43 5 R 1k
MoAtgd H-Hi| HAN A DI BEFA 15 - MoAtgl IR 1L 3=
BN MoAtg8-PE R 2R IE/BIWGE 2, 1 MoMkk1 )
B RRAY = LRI MoAtg8 T 14 C-Im D) BIEFE 70 1%
SERSER , FEIRA R D E I 7E R — IR A R R A= 47
A <<y A0, AT 23 5 A% Atg8 R AL IERA 1)
AR YR, DASEIUNT 638 5 R A0 1

TR I T ) T A T A LA < 0L g k> BT
B R a3 R 25 JE S A 5 | W A i AR 1 < TE T B N7,
AT PR 1) Iok 5 1 1 <A ) S A5 KR [
KB H (10 MoAtg9Fl MoAtg4) b B s fi ik iz
AL, PTRE A B TR0 1 7E AN [F AR e B B 4 45
EE A Wl S BUR R B R e
IR, 2 MG s UM E RS % R 2o s B’
280 R T REIEE R R 4 S CWIE 5 d i P [
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VA B 1 ) 73 T AR
32 FEEFREARBRERHMZRUESERZRK
(deubiquitination)1&iHiFI%

23— PR /N B E B(8.5 kDa), & 74Nt
AMGRA, PTLUEN E1Z REUS . E2I2 RE A1
HIE3Z 2R AR, ARIBOE AT & R R (1)
Z RMAIREE, MR EA R ERZ RN Z iz
R, SEAWZ ZTN S RBHER. 5
e PRV R DL ARG N 1 22 e s U LR
RYAR G5 AtgS. Atg8 5 Atgl2ff12577 Rl EL %
7, KRG S BT R AR K B OCE U, £
IR B, &2 FAGRIFE T B R ek A s 5
Wk 308 B, 1T e B0 1 A DG R Y

2 A 7 HIE , MoCand2(cullin-associated and
neddylation-dissociated protein 2 homolog) #J /f iz %
AR SR 7, AL FE BT Cullin-RINGYZ ZEH2
(Cullin-RING ligases, CRLs)ZH %% 5K} 1: MoTor(target
of rapamycin)id & [, JEAIIH MoAtg6H) K634 Y
ZEAE, IS B B 4E RS B IR PR
W IIER KB 5IEWEURET, 1245 58958R, AR
B FRERKAR S (Tor)- UG 2 A 1R (Atg6/PBKE A
Y Rl ResZ B HAZ TR .

52 4L, COPY1E 514 (constitutive photomor-
phogenesis 9 signalosome, CSN)W.3& MoCsn5(COP9
signalosome subunit 5)#{ % & 9 EU5 P4 1 [m) 4%
T, AB A S Dy 1 A e A R U AT AR
7~ MoCsnS F] {2 MoAtg6 K 4= K484 Az Z Ak I
B 2 7K, AT A0 (5 v 1, 5 B A s o
PRFIEHE AR SR YR 7). g Rt — PR
W . MoAtg6lEN F Wi &AL iZ O S 403, iR H
TRV T B e R T T U 1 o P BT R

AT Y R — TR e I A SR 4 4 e B 3 3954 %=
FEARIRFED, IR R 2 BRI AEE T
Wi FH72 2 A AR SG R IR 5 £ 5 2210 B IR ANz 2= 4k
fr il s 5 o, BEFER I T AL ) FKS06[ il b 5 ]
(tacrolimus)] 7] LLi# iF MoFpr1(FK506-binding protein
1B) 1F [ 45 R o B 40 i E R 2R A0, AT 5
Wi LR PE B IZ TR R T A B R AN R
B ) E R

1M 532 FAR R 292 RAFEFEAT L2 50
A AW, N, 2 FAEE MoAMSH(associated
molecule with the SH3 domain of STAM homolog) 7] # [

MoAtg6 I K63iZ # 5 H-4 5T MoRspS(RspS/NEDD4-
family E3 ubiquitin-protein ligase homolog)fI{EH , Mifi
Ga iz F KT, DAERF A IAa S 5 1R AR 0.

SRS, BUAUEYE SR - R0 1 v] BLE 2
b 5 £ FALTB, S MoAtg6/MoTor i i i
SIS AR, AT S T R AR A 1
3.3 fEEmE T EEE B H O EinE
1=

LA (R T 55 7 o 50 4 B 15 P 0 R B
B N-Jii ) e — M SRR S A2, AT LASE A 5
ThRE HE A M A 3242 ™ AERSIR A 18
FIA ST T b, SR A A Vit 2 41 i B R P B R
T H.

fEH HAKE |, i H OB B MoHat (histone
acetyltransferase 1 homolog)#41i& 1] fEMoGsk1(glycogen
synthase kinase 3 homolog)5 MoSsb1(stress-seventy sub-
family B protein homolog) VMl ~ KA 5 #%, I 2.1k
AL R Mo Atg3 5 MoAtg9, MTTHGE H W I+ PR
B R B TR BT B P 2SR, ST B
YRR BRI A SCEE 1T 5 (W MoAt9) 5 Atg8fiETE &
Zi(UMoAtg3), MM 4ERF R ALECARRT B B Wi

B 50 2 A Py RMA S S B UE B 7 MoSec3-
MoGenSb(general control nonderepressible 5b homolog)
F1 MoGenSb-MoAtg8HIAH HAE A, FF@it k4t 2.tk
SEHGIER T GFP-MoGenSbAE Z it GST-MoAtg8, {H
Afig QLGS T-MoAtg7; #ETfIESE | MoSecl 37E4H
1 NAE 0T M G248 5% MoGenSbX MoAtg8iE4T 2.1
Ak, D RS B R

WS S 4 WAL /% SB AR E
BRSO B 5 3 RERL T T SR B i o
A FE TR B R ) FE RV B RRAR AR R
MoGen5il i fff MoAtg7 £ LGS A k. %45 R
$eoR T CIRAIRES T RV E NE IR R T 5 H A%
ORI R —, EAFRESKFETHTA
W 71 AR IR T )R KT

TE¥: 3210, MoSin3(Sin3 histone deacetylase
complex component) ] i i B8 [ 45 [H Wk KL
R, ISR E A WA, AR MoATG
MoATG135 MoATG17{%%5%, IITIAEE 7 7 2 5 A
TN A [ R Rk el e Y AR
N T FEIELI T AT BEAE <SR A% I 3 R THDN R
AT, L& NAS R E TR .
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@ Phosphorylation

/ °x° MoAtg4
5

MoAtgl7
" MoAtgl3

7 aa

PE

g \ Autophagosorge

osre o
l MoAtg8
CWI

“ o
m= ( MoAtg8 MoAtg8

MoAtg Lt 2 B FZ AL MoMkk LS 4 B 8% 58 BAE(CWI S T il . 1R QKRR A, i J5 1 32 240 S8 IF 8 1 & l— R 208 H B (R4
RPN R ) SRARGTIE S, 72 3 1 A B R P N 5 2 ORS00 WG B 3R FIMoAtg 1, 3BT A BIMoMKk 1 R BE R AL, B35
CWIE S5 T, MeERRLIA T 2 U FERLA 18 A I MoMkk 1/MoAtg L B FR A MoAtgO R A 1t H KA T I 1 IR FE A, MoAtg9X H B A IR/
R R AE FH; MoMKK #0725 T 20 “MoMkk 1-MoAtg9 B BR AL &7 32 S Az, AT (22 Bl s 1) e e A R IR B AR G . A I, MoAtg LB 0
I 2= S B “MoAtg1-MoAtgd BEFR M i A Az, S IR 75 PSS o RO 5, DT R 2 S5 25l D s O 15 AR AR TS B X S Mo Atg OB R AL 31 3
[ A RS L P W 7K, BT R R o B 1) B AN B0 P . B 9EL 1 R F MoMkk 1/ MoAtg 1§ % fE MoAtg4 /i 5:“MoAtgd-MoAtg8”. MoAtgd
PIFIMoAtg8 C-uify (174N 2 F R, M2 HEMoAtg85 F Wi A4 i /A B (PAS) - (1 g Bk LI AZ(PE)I 45 6o FI AR TE IS, MoAtgd R MoAtg8 M
PEG b AR, (2 B AR 55 0 Al A . MoMKkL7E 20 It 5 7 BE R (Mo Atgd, M T3 1 HtMoAtg8 C-3ii I )%, MoAtgl fEPAS EBR 1k
MoAtg4, $IHMoAtg8-PEFIAFE . 31X HMMoAtgABERR M 551 4 [7) 4 45 185 B 1Y 1 W /KT, AT R RG34 5 B 1. MoSwe liliid b
MoAtg1 7HIMoAtg 1 84 H.AE I R 5 42 F W . MoSwe 4 MoMps 1 B2 4k, I 1 2 A& 95 141 I C WLl % . MoSwe Lill i 0 I CWIl 6 &5
P, A2 A9 1 0 O 1

MoAtgl activates the CWI (cell wall integrity) signaling pathway by phosphorylating MoMkk1. During rice infection, M. oryzae is exposed to exter-

nal stresses and synthesizes a series of proteins, including multiple effector proteins, to cope with adverse conditions. The increased protein synthesis
burden leads to the accumulation of ER (endoplasmic reticulum) stress, which in turn activates the core autophagy protein MoAtg1. Activated MoAtgl
promotes MoMkk1 phosphorylation, thereby enhancing CWI signaling and facilitating host infection by M. oryzae. M. oryzae employs MoMkk1- and
MoAtgl-mediated phosphorylation of MoAtg9 to promote autophagosome formation. MoAtg9 plays a critical role in autophagosome biogenesis during
autophagy. Activation of MoMkk1 causes MoMkk1-dependent MoAtg9 phosphorylation to predominate, thereby promoting phospholipid translocation
and sustained expansion of the isolation membrane. In contrast, activation of MoAtgl induces MoAtgl-dependent MoAtg9 phosphorylation, which re-
stricts phospholipid accumulation in the isolation membrane, thereby facilitating membrane curvature and ensuring autophagosome formation. Togeth-
er, these two MoAtg9 phosphorylation events maintain an appropriate level of autophagy and thereby regulate fungal development and pathogenicity in
M. oryzae. M. oryzae coordinates the MoAtg4-MoAtg8 system through MoMkk1- and MoAtgl-mediated phosphorylation of MoAtg4. MoAtg4 cleaves
the seven C-terminal amino acids of MoAtg8, thereby enabling MoAtg8 conjugation to PE (phosphatidylethanolamine) on the PAS (phagophore assem-
bly site). After autophagosome formation, MoAtg4 removes MoAtg8 from its PE anchor, promoting subsequent fusion between autophagosomes and
vacuoles. MoMkk1 phosphorylates MoAtg4 in the cytoplasm and inhibits its cleavage of the MoAtg8 C terminus. Conversely, MoAtgl phosphorylates
MoAtg4 at the PAS and inhibits MoAtg8-PE delipidation. These two MoAtg4 phosphorylation events jointly maintain proper autophagic activity, there-
by regulating fungal development and pathogenicity in M. oryzae. MoSwel regulates autophagy through its interactions with MoAtg17 and MoAtgl18.
MoSwel also modulates the CWI pathway by regulating MoMps1 phosphorylation. Through this dual regulation, MoSwel coordinates CWI signaling
and autophagy, thereby contributing to the pathogenicity of M. oryzae.
E2 “RAEEEFCWIES I EIEITFEERE X & MEH AR E (K E £ A BioRender 22 Hl)
Fig.2 Model for the coordinated regulation of development and pathogenicity by autophagy and the cell wall integrity
signaling pathway in M. oryzae (created by BioRender)
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KL, C WA RS B R T B 2 2
AR, BRI BB 5 WA O B RS
JE & A 5 MoAtg8REALAH SGIE R, ]t 4% 5%
WAL 2 2 (A 4% 3 Wk R 3Rk, T2 5= 4
FHOCRY B [ Wi == PR RS 40 T 5
34 BEREMEBEEEQNHEMEIHAEE

PREEREAL . 2 RS CBAAL, FRIE W B ik
FEZ MRS S AR . £ R0
Ji i, TRORS 2R W R e 2 i MoHmt 1 (hnRNP argi-
nine N-methyltransferase homolog) rJ LA HL #2454 J
AR B % B 3 R S R B4 7 MoSnp 1 (U1
small nuclear ribonucleoprotein component MoS-
np 1) (K8 AL A7 55 /2 R247. R251. R261A1
R271), {2t pre-mRNA BRI MoATGHE R K3, ik
TR HE E W IE 5 kAR T ZUEE SRR T &R AR
B0V Je A AN AT R B B, AT RNA
I G ) e R 5 1 Wi

FE SUMOMARAT 77 T8I, A 757 /% 3 Pk ] (pathogenicity
mitogen-activated protein kinase 1)2># SUMO/L (S<#E A A5,
NK347), HIXFMEM B RS 0B AR A T B )
L H SUMOAL S T Smt3(small ubiquitin-related
modifier)5 Siz1(E3 SUMO-protein ligase). Pmk1 ]
SUMOAK, A7 i 4% RE LI 11 H Wk I 520 Septinf i) 1E
T ZE 2B, DT 52 M R s A1 B T AR G AT ) 2 ik e
Ho ZETRIER, 1R GAE T % i OB IS Pl e
WS RES ZFE O R EBINES, HiEREM
KR,

TESRAG 540 7071, HoSHE R IE AT 671 a1 15
TRV T H I BT MoCsel (cystathionine y-lyase) &
R Ho ST A5 MoAtg 181 CT84% 45 S-Fi s 210 15
i, B4R H 5 PI3PI &5 G Aa e M, AT XS B Wk ik 47
KR TE ; T AE Ho ST & 25 A1, AR I oxt
W ) 40 1) R 2 7Y i 25 IR Ao 1 B WA A= )
KA R R (W MoAtg 1 8) th m] 57 Bl JE 48 #L 2 (1)
BRSBTS, AR AT BRI TE S iR E S
HMDIRE o

TERIANZ, BWIAEAEAHFAERE—ER
R S B IR YE , T ] BEAHOAS [F4E 1 2 8] (1) 41
E5HM. ERERES, B O A5
R REIA I 32 BB AL . LA B2 25 A AH S8 )
e, FORIX AR O E AT REEN B S EAE R
PR A R B E SN . Ja SR A RS A A

RAL . B EAE 5 2P HE w40 ) 55 5, b [m) —
WA BRI 5 2R 0 1L, KA BT S
B 1t B8P R0 T ] £ AR G B B S DX i
IR AR

4 FER¥ECSENFEEREREHME
B & A E A

BRI R A 55k A BT b2 — A BRI
HIPE IR FEN, B AWz O E A, R
IRIE . F3E R AR I B o (ansk 77 5 ith #2)
IR e B4 Bl R 5 ) R A TR s PR S R
PN BRI B R B AR 1. DU da s T
FE RIS T TP T o e 1 B 1 K ) I G gL I E
IR B SFAEAFAE, TR S B RO R
[FIVEH, Z 512 GerHSCH Y B H W & RS 4R o
41 ER¥EEEANSNBERIREILZE

IR A 5 P PR 4 5K 7 2K & s it as, O
Hh 5 TR AR 1 Atg ORI A R IE R R VR 40 i A8 5 1 R
EAR AT R B AR 720, FERGIEE B, MoAtg9
R D REA DA ILAE IR iz )= 1h, LIRS L
5B WgEE L BURTEE VIR DA R,
MoAtg9 Al fig i i 520 Bg B I sk A0, ANz 5 H
WA T B 515 G AH DR AR A 743

R MoAtg94t, il 4s &t H MoOrpl(oxysterol-
binding protein-related protein 1)-5 MoOrp2(oxysterol-
binding protein-related protein 2)#% & I 1] /& A AR Bk
JULEZ -4-1 R (phosphatidylinositol 4-phosphate, PtdIn-
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When sterol levels in the plasma membrane are excessively high, MoVast2 associates with MoVast1 to mediate sterol transport from the plasma mem-
brane to the endoplasmic reticulum. Subsequently, the MoVast1-MoVast2 complex responds to changes in plasma membrane tension and modulates the
activities of TOR complexes, thereby regulating autophagic flux. In parallel, MoOrp1 and MoOrp2 recognize and extract PtdIns4P (phosphatidylinositol
4-phosphate) from the endoplasmic reticulum. Through their interaction with MoAtg8, MoOrpl and MoOrp2 are recruited to the PAS (phagophore
assembly site), where they transfer PtdIns4P to promote mature autophagosome formation and autophagosome-vacuole fusion, thereby modulating au-
tophagy.
E3 FEEFRE P MoVastl-MoVast2 2 & R FMoOrp1/23/E4 40 A 5 16 A 4% B (< [E{# F BioRender42 1))
Fig.3 Model for the regulation of autophagy by the MoVast1-MoVast2 complex and MoOrp1/2 in M. oryzae (created by BioRender)

A& A7 AL PP R B DUOR &, DS AR B 35 b B
512 L 22 [y BU 1 ey SR B R i R 4, A7)
st — DT -

e, FEWEAE 5 IR SR RN 51 ELEAR A ik
FEVE BRI ST, FERGIREIA 1A 3R 2 AL 6 AR S
BAIE. 75 R8BI PG M ST EE RO i AR R T
JigR SO B BRI AN H M AT A At A, B BT
B A AR AR T 53 5 1R G A Th RE R ) 2
AT, (EAFEE— P E SO0 AR R S B
RFES AL RAR e 2 WS b, A BT
TR MERE L 1 Wt 2 R o 50 P A 0 T LR
5.2 JEEFMBERERITHEES K

5 AR FE Ak B AR R iR R A e R
SPEAS R, RS0 T AN (R I8 36 R A AR AR
FEFE P BB D RE A SR ARFE . 1 A0 7E R
SCAR, 2R AR R IEL R S B AR AR S
UEFF SR YL 2230 e b AT O WA Y Zh B IE SR 52
F, 0 AL AR B LRSI T U 2R B 55

WO R IE LT . BIMERER, KRS E0
Ve R, AR )5 5L e AT BE T R T 22 A )
A AME S S a2 fa S R T & .
53 EEEEIHMLE RS FR/BREh 1 ZF i EAE
E]3ERS

MIREZR BF, SR, ZRNE CHSE
B FF A 17 58 0, T E I AR E MR A G T AR (i
MoAtgl. MoAtg4. MoAtg6. MoAtg8H MoAtg9)
R E s DU A, SEEE T B s . Hod, B
R AL SE AL IR AR AH PRI . AT AR HE T e S 2
7 EiZ R AGE R R O N AR E M S R
B, SEALART R AR S, M4 78 2 s
W 5k /RMAL R R A2, R 2
JERAGA VRS RHE . X LR SR IL R 8 ) — N E 2N
I TR T R AR I R I R ok A B
23, T2 0 H W8 & AR AR, SEIAS R
Ll B 1B R V)4

b5 T S REst, leiiiic 55sh 158



SR B A RV I A AT

1633

H W PRt T AN 2R B2 4L MoOrpl/2
I G 1 8 IR i 5 328 DA K Mo Vast1/23 5 K it ik 7
J&HNE TORME 5 R, S ~ A7 5 3 nl /g
Ik T AR R A S R A A T, S [ WA AR
WIRARE. ERERE T, X—MEERSEA
JREN B SE I R  8 AH A A, JEFA R T e R
SRR IIHESE,

BT LB, A IE D, FEIE B 76 AR e b
B, I EI R A8 1 I 4% 5 1R TR /R B 1 2E B B
FIFEF, X b E A TR B S R A i . 1%
TR LEAR YLt ah B B AT B 13 AL B 5 M Bk v
FEYD R BN 53 (075 3R, T 7E 42 YL 1R 22 i B U iok B o]
H W B R AE DA RF AR AS . B S 181 3 B K
HESEE S AWE R’ EIhhE, TRz 5K
PR SR U Sy B W AR A0 AR B AR IR R A R B
PO, T R R A A RS T R S TR AN [ R
B B S B W T 6 A Sh A D) 4 SRS v T 4
5.4 fEEREMEBEEEEIREARSHIN AR
yJ|

M R, RS A0 E O 7R B AEY
W B R R R ST I, (B R 9 BAR S AR AN H]
VIR B2 2R . B, MoMkk1-MoAtgl FL{E
GTHE R B P T e L — S IR S v
)T 77, R R ) R AR T, AR BT
AW OB SRS TR UL T AT RE . Kok, 456450
A S AR A R T B, o RIS TR R AT [
VAR SRR TR T, 50 SO R I S e B 42
SRALH I HES JE R 5 s 7 )

S EHK (References)

[1] DEAN R, VAN KAN J A L, PRETORIUS Z A, et al. The top
10 fungal pathogens in molecular plant pathology [J]. Mol Plant
Pathol, 2012, 13(4): 414-30.

[2]  SKAMNIOTI P, GURR S J. Against the grain: safeguarding rice
from rice blast disease [J]. Trends Biotechnol, 2009, 27(3): 141-50.

[3] DEJONGJC, MCCORMACK B J, SMIRNOFF N, et al. Glyc-
erol generates turgor in rice blast [J]. Nature, 1997, 389(6648):
244-5.

[4] RYDER L S, CRUZ-MIRELES N, MOLINARI C, et al. The ap-
pressorium at a glance [J]. J Cell Sci, 2022, 135(14): jcs259857.

[5] VENEAULT-FOURREY C, BAROOAH M, EGAN M, et al. Au-
tophagic fungal cell death is necessary for infection by the rice
blast fungus [J]. Science, 2006, 312(5773): 580-3.

[6] KERSHAW M J, TALBOT N J. Genome-wide functional analy-
sis reveals that infection-associated fungal autophagy is neces-
sary for rice blast disease [J]. Proc Natl Acad Sci USA, 2009,

(7]

(8]

91

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

106(37): 15967-72.

LIU X H, GAO H M, XU F, et al. Autophagy vitalizes the patho-
genicity of pathogenic fungi [J]. Autophagy, 2012, 8(10): 1415-25.
ESEOLA A B, YAN X, OSES-RUIZ M, et al. Synchronous
spatio-temporal control of autophagy and organelle trafficking
is necessary for appressorium-mediated plant infection by Mag-
naporthe oryzae [PP/OL]. bioRxiv (2025-10-06) [2026-04-01].
https://www.biorxiv.org/content/10.1101/2025.10.06.680644v 1.
LIU X H, XU F, SNYDER J H, et al. Autophagy in plant patho-
genic fungi [J]. Semin Cell Dev Biol, 2016, 57: 128-37.
WENGLER M R, TALBOT N J. Mechanisms of regulated cell
death during plant infection by the rice blast fungus Magna-
porthe oryzae [J]. Cell Death Differ, 2025, 32(5): 793-801.

BT, BR/NRR. A998 i S B S0 o P 1) 2 S5 s A e ).
T A #2543 (HU H, CHEN X L. Regulation of infection pro-
cesses in plant-pathogenic fungi via post-translational modifica-
tions [J]. Acta Phytopathologica Sinica), 2025, 55(4): 606-21.
WANG C W, KLIONSKY D J. The molecular mechanism of au-
tophagy [J]. Mol Med, 2003, 9(3/4): 65-76.

NAKATOGAWA H, SUZUKI K, KAMADA'Y, et al. Dynamics
and diversity in autophagy mechanisms: lessons from yeast [J].
Nat Rev Mol Cell Biol, 2009, 10(7): 458-67.

ZHU X M, LI L, WU M, et al. Current opinions on autophagy in
pathogenicity of fungi [J]. Virulence, 2019, 10(1): 481-9.
OSAWA T, KOTANI T, KAWAOKA T, et al. Atg2 mediates di-
rect lipid transfer between membranes for autophagosome forma-
tion [J]. Nat Struct Mol Biol, 2019, 26(4): 281-8.

LIU X H, ZHAO Y H, ZHU X M, et al. Autophagy-related pro-
tein MoAtgl4 is involved in differentiation, development and
pathogenicity in the rice blast fungus Magnaporthe oryzae [J].
Sci Rep, 2017, 7(1): 40018.

HANADA T, NODA N N, SATOMI Y, et al. The Atgl2-AtgS
conjugate has a novel E3-like activity for protein lipidation in
autophagy [J]. J Biol Chem, 2007, 282(52): 37298-302.
CHUMPEN RAMIREZ S, GOMEZ-SANCHEZ R, VERLHAC
P, et al. Atg9 interactions via its transmembrane domains are
required for phagophore expansion during autophagy [J]. Au-
tophagy, 2023, 19(5): 1459-78.

LIU X H, LU J P, ZHANG L, et al. Involvement of a Magna-
porthe grisea serine/threonine kinase gene, MgATG1, in appres-
sorium turgor and pathogenesis [J]. Eukaryot Cell, 2007, 6(6):
997-1005.

YIN Z 'Y, CHEN C, YANG J, et al. Histone acetyltransferase Mo-
Hatl acetylates autophagy-related proteins MoAtg3 and MoAtg9
to orchestrate functional appressorium formation and pathogenic-
ity in Magnaporthe oryzae [J]. Autophagy, 2019, 15(7): 1234-57.
LIU T B, LIU X H, LU J P, et al. The cysteine protease MoAtg4
interacts with MoAtg8 and is required for differentiation and
pathogenesis in Magnaporthe oryzae [J]. Autophagy, 2010, 6(1):
74-5.

LU J P, LIU X H, FENG X X, et al. An autophagy gene,
MgATGS, is required for cell differentiation and pathogenesis in
Magnaporthe oryzae [J]. Curr Genet, 2009, 55(4): 461-73.

KOU Y J,HE Y L, QIU J H, et al. Mitochondrial dynamics and
mitophagy are necessary for proper invasive growth in rice blast
[J]. Mol Plant Pathol, 2019, 20(8): 1147-62.

HE M, KERSHAW M J, SOANES D M, et al. Infection-associ-



1634

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

ated nuclear degeneration in the rice blast fungus Magnaporthe
oryzae requires non-selective macro-autophagy [J]. PLoS One,
2012, 7(3): €33270.

FENG Y'Y, CHEN Y, WU XY, et al. Interplay of energy metabo-
lism and autophagy [J]. Autophagy, 2024, 20(1): 4-14.

LIU X H, GAO H M, XU F, et al. Autophagy vitalizes the patho-
genicity of pathogenic fungi [J]. Autophagy, 2012, 8(10): 1415-
25.

LIU X H, LIU T B, LIN F C. Monitoring autophagy in Magna-
porthe oryzae [J]. Methods Enzymol, 2008, 451: 271-94.

WU XY, DONG B, ZHU X M, et al. SP-141 targets Trs85 to
inhibit rice blast fungus infection and functions as a potential
broad-spectrum antifungal agent [J]. Plant Commun, 2024, 5(2):
100724.

ZHU X M, LI L, CAI Y'Y, et al. A VASt-domain protein regu-
lates autophagy, membrane tension, and sterol homeostasis in
rice blast fungus [J]. Autophagy, 2021, 17(10): 2939-61.

WANG J, HUANG Z C, HUANG PY, et al. The plant homeodo-
main protein Clpl regulates fungal development, virulence, and
autophagy homeostasis in Magnaporthe oryzae [J]. Microbiol
Spectr, 2022, 10(5): e01021-22.

WILSON R A, TALBOT N J. Under pressure: investigating the
biology of plant infection by Magnaporthe oryzae [J]. Nat Rev
Microbiol, 2009, 7(3): 185-95.

WILSON R A. Magnaporthe oryzae [J]. Trends Microbiol, 2021,
29(7): 663-4.

QUIME B G, RYDER L S, TALBOT N J. Live cell imaging of
plant infection provides new insight into the biology of pathogen-
esis by the rice blast fungus Magnaporthe oryzae [J]. ] Microsc,
2025, 297(3): 274-88.

YAO W J,LIY X, CHEN Y C, et al. Atgl-mediated Atgl1 phos-
phorylation is required for selective autophagy by regulating its
association with receptor proteins [J]. Autophagy, 2023, 19(1):
180-8.

YIN Z Y, FENG W Z, CHEN C, et al. Shedding light on au-
tophagy coordinating with cell wall integrity signaling to govern
pathogenicity of Magnaporthe oryzae [J]. Autophagy, 2020,
16(5): 900-16.

YOULE R J, NARENDRA D P. Mechanisms of mitophagy [J].
Nat Rev Mol Cell Biol, 2011, 12(1): 9-14.

SHEN Z F, LI L, ZHU X M, et al. Current opinions on mitopha-
gy in fungi [J]. Autophagy, 2023, 19(3): 747-57.

HE Y L, DENG Y Z, NAQVI N 1. Atg24-assisted mitophagy in
the foot cells is necessary for proper asexual differentiation in
Magnaporthe oryzae [J]. Autophagy, 2013, 9(11): 1818-27.
WANG J J, PENG Y J, DING J L, et al. Mitochondrial fission is
necessary for mitophagy, development and virulence of the insect
pathogenic fungus Beauveria bassiana [J]. J Appl Microbiol,
2020, 129(2): 411-21.

KOTANI T, SAKAI Y, KIRISAKO H, et al. A mechanism that
ensures non-selective cytoplasm degradation by autophagy [J].
Nat Commun, 2023, 14(1): 5815.

SHI H B, MENG S, QIU J H, et al. MoAtil mediates mitophagy
by facilitating recruitment of MoAtg8 to promote invasive
growth in Magnaporthe oryzae [J]. Mol Plant Pathol, 2024,
25(3): e13439.

MENG S, JAGERNATH J S, LUO C X, et al. MoWhi2 mediates

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

mitophagy to regulate conidiation and pathogenesis in Magna-
porthe oryzae [J]. Int J Mol Sci, 2022, 23(10): 5311.

QIAN H, WU M H, ZHAO W H, et al. MoSec13 combined with
MoGcenSb modulates MoAtg8 acetylation and regulates autoph-
agy in Magnaporthe oryzae [J]. Autophagy, 2025, 21(10): 2266-
83.

SHEN Q, SHIHABDEEN M N S, YANG F, et al. A novel mito-
chondrial regulon for ferroptosis during fungal pathogenesis [J].
Autophagy, 2025, 21(12): 2903-15.

ZHANG K Z, KAUFMAN R J. From endoplasmic-reticulum stress
to the inflammatory response [J]. Nature, 2008, 454(7203): 455-62.
ASIF N, LIN F C, LI L, et al. Regulation of autophagy machin-
ery in Magnaporthe oryzae [J]. Int J Mol Sci, 2022, 23(15):
8366.

TABAS I, RON D. Integrating the mechanisms of apoptosis in-
duced by endoplasmic reticulum stress [J]. Nat Cell Biol, 2011,
13(3): 184-90.

FERRO-NOVICK S, REGGIORI F, BRODSKY J L. ER-phagy,
ER homeostasis, and ER quality control: implications for disease
[J]. Trends Biochem Sci, 2021, 46(8): 630-9.

WEI 'Y Y, LIANG S, DAI M D, et al. MoSec61y links ER ho-
meostasis and autophagic control to appressorium function and
host immune evasion in Magnaporthe oryzae [J]. J Agric Food
Chem, 2025, 73(48): 30675-92.

WEI Y Y, LIANG S, ZHANG Y R, et al. MoSec61p, the beta
subunit of Sec61, is involved in fungal development and patho-
genicity, plant immunity, and ER-phagy in Magnaporthe oryzae
[J]. Virulence, 2020, 11(1): 1685-700.

SUN L X, QIAN H, LIU M Y, et al. Endosomal sorting com-
plexes required for transport-0 (ESCRT-0) are essential for fungal
development, pathogenicity, autophagy and ER-phagy in Magna-
porthe oryzae [J]. Environ Microbiol, 2022, 24(3): 1076-92.
ZHU X M, LI L, WANG J Y, et al. Vacuolar protein-sorting re-
ceptor MoVps13 regulates conidiation and pathogenicity in rice
blast fungus Magnaporthe oryzae [J]. J Fungi, 2021, 7(12): 1084.
WANG Y, KANG X R, CUI X Y, et al. Protein disulfide isom-
erase MoPdil regulates fungal development, virulence, and
endoplasmic reticulum homeostasis in Magnaporthe oryzae [J)]. J
Integr Agric, 2025, 24(12): 4670-89.

SUN L X, QIAN H, WU M H, et al. A subunit of ESCRT-III,
Molstl, is involved in fungal development, pathogenicity, and
autophagy in Magnaporthe oryzae [J]. Front Plant Sci, 2022, 13:
845139.

CHEN X L, WANG Z, LIU CY. Roles of peroxisomes in the rice
blast fungus [J]. Biomed Res Int, 2016, 2016: 1-10.

ASAKURA M, NINOMIYA S, SUGIMOTO M, et al. Atg26-
mediated pexophagy is required for host invasion by the plant
pathogenic fungus Colletotrichum orbiculare [J]. Plant Cell,
2009, 21(4): 1291-304.

DENG Y Z, QU Z W, NAQVI N I. The role of Snx41-based
pexophagy in Magnaporthe development [J]. PLoS One, 2013,
8(11): €79128.

DENGY Z, QU Z W, HE Y L, et al. Sorting nexin Snx41 is es-
sential for conidiation and mediates glutathione-based antioxi-
dant defense during invasive growth in Magnaporthe oryzae [J].
Autophagy, 2012, 8(7): 1058-70.

ZHANG D Y, HU J X, HONG Y H, et al. Retromer regulates



SR B A RV I A AT

1635

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

macro- and micro-autophagy via distinct vacuolar proteases in
the rice blast fungus [J]. Adv Sci, 2025, 12(41): e10068.

LI B, SONG S X, WEI X F, et al. Activation of microlipophagy
during early infection of insect hosts by Metarhizium robertsii [J].
Autophagy, 2022, 18(3): 608-23.

ZHANG S, PENG X Q, YANG S, et al. The regulation, function,
and role of lipophagy, a form of selective autophagy, in metabolic
disorders [J]. Cell Death Dis, 2022, 13(2): 132.

DING J L, FENG M G, YING S H. Lipophagy acts as a nutri-
tional adaptation mechanism for the filamentous entomopatho-
genic fungus Beauveria bassiana to colonize within the hosts [J].
J Adv Res, 2025, 78: 129-45.

WEBER R W S, WAKLEY G E, THINES E, et al. The vacuole
as central element of the lytic system and sink for lipid droplets
in maturing appressoria of Magnaporthe grisea [J]. Protoplasma,
2001, 216(1/2): 101-12.

OKU M, TAKANO Y, SAKAI Y. The emerging role of autopha-
gy in peroxisome dynamics and lipid metabolism of phyllosphere
microorganisms [J]. Front Plant Sci, 2014, 5: 81.

LIU W D, TRIPLETT L, CHEN X L. Emerging roles of post-
translational modifications in plant-pathogenic fungi and bacteria
[J]. Annu Rev Phytopathol, 2021, 59(1): 99-124.

KLIONSKY D J. Autophagy: from phenomenology to molecular
understanding in less than a decade [J]. Nat Rev Mol Cell Biol,
2007, 8(11): 931-7.

PEARLMAN S M, SERBER Z, FERRELL J E. A mechanism
for the evolution of phosphorylation sites [J]. Cell, 2011, 147(4):
934-46.

KAMADA'Y, FUNAKOSHI T, SHINTANI T, et al. Tor-mediated
induction of autophagy via an Apgl protein kinase complex [J]. J
Cell Biol, 2000, 150(6): 1507-13.

STEPHAN J S, YEH Y Y, RAMACHANDRAN V, et al. The Tor
and PKA signaling pathways independently target the Atgl/Atgl3
protein kinase complex to control autophagy [J]. Proc Natl Acad
Sci USA, 2009, 106(40): 17049-54.

BHATTACHARYA A, TORGGLER R, REITER W, et al. Decod-
ing the function of Atgl3 phosphorylation reveals a role of Atgl1
in bulk autophagy initiation [J]. EMBO Rep, 2024, 25(2): 813-
31.

JIANG C, ZHANG X, LIU H Q, et al. Mitogen-activated protein
kinase signaling in plant pathogenic fungi [J]. PLoS Pathog,
2018, 14(3): €1006875.

CAIY Y, ZHU X M, NOMAN M, et al. Nuclear basket nucleo-
porin MoNup50 is essential for fungal development, pathogenic-
ity, and autophagy in Magnaporthe oryzae [J]. Cell Commun
Signal, 2025, 23(1): 249.

LIL, ZHU X M, BAO ] D, et al. The cell cycle, autophagy, and
cell wall integrity pathway jointly governed by MoSwel in Mag-
naporthe oryzae [J]. Cell Commun Signal, 2024, 22(1): 19.
KONG Y, GUO P S, XU T, et al. MoMkk1 and MoAtgl di-
chotomously regulating autophagy and pathogenicity through
MoAtg9 phosphorylation in Magnaporthe oryzae [J]. mBio,
2024, 15(4): €03344-23.

GUO P S, WANG Y R, XU JY, et al. Autophagy and cell wall

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

integrity pathways coordinately regulate the development and
pathogenicity through MoAtg4 phosphorylation in Magnaporthe
oryzae [J]. PLoS Pathog, 2024, 20(1): e1011988.

IKEDA F, DIKIC I. Atypical ubiquitin chains: new molecular
signals [J]. EMBO Rep, 2008, 9(6): 536-42.

MCEWAN D G, DIKIC I. The three musketeers of autophagy:
phosphorylation, ubiquitylation and acetylation [J]. Trends Cell
Biol, 2011, 21(4): 195-201.

ZHANG Y R, WEI'Y Y, WU M H, et al. Cand2 inhibits CRL-
mediated ubiquitination and suppresses autophagy to facilitate
pathogenicity of phytopathogenic fungi [J]. Plant Commun,
2024, 5(2): 100720.

SHEN Z F, LI L, WANG J Y, et al. Csn5 inhibits autophagy by
regulating the ubiquitination of Atg6 and Tor to mediate the
pathogenicity of Magnaporthe oryzae [J]. Cell Commun Signal,
2024, 22(1): 222.

ZHAO W H, YAN J Y, XIE K X, et al. FK506 targets MoFprl
to modulate autophagy and ubiquitination, inhibiting the patho-
genicity of Magnaporthe oryzae [J]. J Agric Food Chem, 2025,
73(24): 14985-5002.

LIAO J, SHEN Z F, WANG 1Y, et al. Deubiquitinase MoAMSH
inhibits autophagy by targeting MoAtg6 in Magnaporthe oryzae
[J]. Cell Commun Signal, 2025, 23(1): 511.

XU Y F, WAN W. Acetylation in the regulation of autophagy [J].
Autophagy, 2023, 19(2): 379-87.

ZHANG S L, LIANG M L, NAQVI N [, et al. Phototrophy and
starvation-based induction of autophagy upon removal of Gen5-
catalyzed acetylation of Atg7 in Magnaporthe oryzae [J]. Au-
tophagy, 2017, 13(8): 1318-30.

WU Z L, SHI H B, L1, et al. Transcriptional regulation of
autophagy-related genes by Sin3 negatively modulates autoph-
agy in Magnaporthe oryzae [J]. Microbiol Spectr, 2023, 11(3):
e00171-23.

LIZ Q, WU LY, WU H, et al. Arginine methylation is required
for remodelling pre-mRNA splicing and induction of autophagy
in rice blast fungus [J]. New Phytol, 2020, 225(1): 413-29.

LIU CY, HU H, CAI X, et al. Sumoylation-dependent control of
Pmk1 phosphorylation during Magnaporthe oryzae infection [J].
New Phytol, 2025, 248(2): 817-34.

HU H, QIN MY, ZHANG J N, et al. H,S-mediated protein S-
sulfhydration modulates infectivity and autophagy in the rice
blast fungus [J]. Nature Commun, 2025, 16(1): 6222.

DONG B, LIU X H, LU J P, et al. MgAtg9 trafficking in Magna-
porthe oryzae [J]. Autophagy, 2009, 5(7): 946-53.

WANG J, CHEN M M, XU H J, et al. MoOrp-mediated PtdIns4P
transportation is essential for autophagy and pathogenicity in
Magnaporthe oryzae [J]. Autophagy, 2025, 21(12): 2771-91.
ENRIQUE GOMEZ R, JOUBES J, VALENTIN N, et al. Lipids
in membrane dynamics during autophagy in plants [J]. J Exp Bot,
2018, 69(6): 1287-99.

ZHU X M, LI L, BAO J D, et al. MoVast2 combined with MoV-
ast] regulates lipid homeostasis and autophagy in Magnaporthe
oryzae [J]. Autophagy, 2023, 19(8): 2353-71.



