YA AR Plant Physiology Journal 2021, 57 (10): 1871-1878  doi: 10.13592/j.cnki.ppj.2021.0052 1871

B0 N ELEE R B4R B N N A R Z RIS it R

RIG, RER, kT, 8%, TRy

AR B TR TR S & BB, 1L RS 18255000
e

" {E1E# (zxh@sdut.edu.cn)

%rﬁl% B 2% AT AAZA MIRR 6 —FP 30 AR ST 69 fa o R as iR 42, A}\@#ﬁé&muﬂ“ﬁatxﬁ%%ﬁm%ﬁ
R ERRAN MBS T AREFRTRSMIAA LT @IS ABIE L IRBL T, 5k, A%
4;% FAE A I8ty J2 BR %P E R 2 B T AN 20 RE. AR T A% (EEREAY )é’a%bﬁvi
Kol 7 ik, WAE R4 T B A R IRAEMh B RIS 1A RO P AR R BB 8RB T, DA A B

v 4 R RN M 8 e L B A AR A,

9;{@1—.' E] %ffnb, ﬂj}‘k K% ’E}fjblw/%

Research progress of autophagy and its regulation on the stress
response and senescence of fruits and vegetables
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Abstract: Autophagy is a highly conserved cellular metabolic pathway in eukaryotes. From yeast cells to
mammals, autophagy is used to degrade damaged organs and tissues in order to maintain cell homeostasis
and adapt to environmental changes. In recent years, the role of autophagy in regulating the stress re-
sponse and senescence of fruits and vegetables has attracted extensive attention. This paper describes
the formation and detection methods of autophagy (mainly macroautophagy), summarizes the role of au-
tophagy in the response to environmental stress and senescence of fruits and vegetables and its regulatory
factors, so as to provide reference for the research of autophagy in regulating stress response and senes-
cence of fruits and vegetables.
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ARk, RER BB RENE KR, S 2020). (HRBEA KRG ISP 2 mIG 2 i,
AW K. WEXRG RS, #2019 5 @ik & KRR AV 2 445,
3R R S AR R R TR AR 20 31 2. 1107 hm? AT 3 BB 38 55 46 1 4 7™ B 4 R E I A K R E,
1.2x10" hm?, P= &40 51 9721802, 74420, 3 H %,
RS KRR A E . REE A ANFH T N N
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SRS A TR BT X e S e, A
YIE A R T BT 2 Rl AL, e E R
(autophagy) & ) ¥ AA1E T FAZ VAR A 1 — Fh 240
i R R AR ML, & g M AT B AR B —FhE
BT 77 (RomanazziZ$2016). Bt [ WY, A
i 375 B R A AR (A4 B RS, SEELA R ) T A
FH AN EC 20 B s 00 5238, fE SRR E AR K R &
T 5% il e 7 O 4 AR (X0 FAS52018)

HAT &% e FB3MA R BSR4 (1)
T H Wi (microautophagy), PR/ H IR, K A LEM
FH RN, B I R b R DR D TG R M AR R
W A SRy, e Bl VA R A B B g
A H Wi T 2k AT 3 A AL 1 & P 75 (Mlichaeli%2015;
Lai%$2011). (2)7r FAEE- S0 B, E0 40 i
TEIERMAMEE. »EED. EOEEKER
T EAT LA R NAR B S R 45, BHRRE B B S
H 25 G Ik N g AR 4T B (Han%52011; Wang
£%52017a). (3) B H Wi (macroautophagy), & f 4
W Fe ) 2 R A — MR 1z A RIS R R A
H W AH G B A A N B AR, 4 A
TV LA B2 5 45 44) () | Wk 7] (autophagosome)
R SZ IS . AP O AN AE 5,
18 BN A4 b 5 R A T B W 5 85 445 (autoly so-
some), Hx 2N A0 B E R, AR LR
BN T FERE AT DO B, SOnT DL R IR B
f)(Simo%52016; T £2017). A< LLE H NN
MR, LR T HWERE AT B A R iR
V4 1 16 ) J87 B %5 2 v 1 U 42 4 F B S B 1) e %
i

1 BTG A

1.1 BERAIFERR

] 6 1) B R AIE 2 TR i B A B2 IR 45/ 1 E
I /MA (autophagosome) . 7F B Wk & ARt FEH, B
RN 5, 5IENRSGRIEE &, R
TE— R YK A g ) 4R R B A, AT P2 A2 3% 43 1B
A B FREF R (Richar:2018).  H 1 —
F G AR 7 B B WE AH OC JE K] (autophagy-related
genes, ATGs)WK#], YEATGsHILfg, HrT LA4» Y
AMNZLDIRE: ATGl/ 13 E G BRI UL

3-W M (phosphatidylinositol 3-kinase, PI3K) & &4
ATGY/2/181% 6 5 & 1A MIATG8/12 52 & & (Mizushi-
maZ2011; Shibutani%2014).

BT, 212 REA N B K-
(), 720t FE Y, ATG LTS B HA 15 &R (1ATG13
1 B A 25 2 80 2 1 (target of rapamycin, TOR) i %
b, SR )5 5 3B E HATGHHAH G 8 HATG101 45
& T U A M (Suttangkakul ££2011); 05 (I ATG1/
135 YR IEATGIN F NG AL IR 2R B 1
W AR, ATG2/181E My #2 vh R 45 W R FH, 722530
£ H34 (vacuolar protein sorting 34, VPS34), PI3K
LA L ATG14MIATG6/E N B 2 & 01F T 3EA
AR R P S A K FE % . ATGT/101E 2Rz &K
My 2 5 ATGS5/12/16 i F SV T8 i, LR
B 5 ATG3/4/ 712 3k ATGS 5 1 5 Bk 2 % Jl2 (PE) 45
&, T E B E AR I A b, R AR
IEAR S5 i (Zhuang552017). f &AL 2 Tl 2 &1
Je SR AR R, A 40 B 2H 25 1 R AR o 4
TE RS, HoAM 25 R R TS, K A5 B A 1R P 50
Yo R T BRI R, IR KRB R R
o e A, B TR DT IET WA A F At 2H 2R (B4 ) f
(Fengsrud%5$2000) .

1.2 #E4 BIEAIAEN 75 3E
1.2.1 e

15 A5 G (.4 5 e e J7 (8 PR MRS I B R
HITE R B PHRE I S i (MDC) 2 WL 52 M ) 41 i B
Wk A % 1 FH B R AMIR G 7, 2 — PP e 8 ZF i
AR R AE G W A X e R e s 2 R B v (1) 55
REE 4 e A 1 B /A B AR DL R B VA g
K 25 75 K (ContentoZ52010) . {H &= MDC 4t {1, g
RO, JOVE AT B RN WA B [ G A )
AN AR5 (MizushimaZ52004) .

1.2.2 ESTE T R/ (transmission electron mi-
croscope, TEM)

FHEE T 9 6 B AR, TEMAr#F % 5 iy, Al DA E
UL IR B R %A I T S SRR AR, SR B W 9T 4
HETINE WA R E S, BRI TEM AR &2 H W ks I
w5 22 L 1 77 5 (MitouZ52009) . {H & TEMAG I ¢
v 1] 86 X JEE PN A R AR FEE R, o2k I B E R T
B A fim JE . I o E T B R A S A
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Fig. 1 Schematic diagram of autophagy induced by stress in plants

A% Marshall 5 (2018) Stk TS 2.

T T A5 25 R A AUk, R B TEMOWL % 330 4 300808 75 4k
FEE Y N AR HEAT iR (Eskelinen£52008) .
1.2.3 ATG8HIIBER S

ATG82& B Wi JE Ot 72 i A% O s 4, FF
HAE B W A A R A R B AT E AR
MURFRFE, K ATGS A B B H Wi N 0 48 4
5K 5L A B B 3 e 4 W0 P R A ) BR AR BR G )
(Mitou#52009). FJ ] 3 548 B 5 W I ATG8 5
£ (0, 9% )t 25 1 (green fluorescent protein, GFP)fl &
14 GFP-ATGS 38 7 4 F 745 I 2 Jifd 1) i W (Marion
£2017). FEIEETHOLT, 80 H W 2K E TR R
p ey = As i) VR R N S 1% O s A SN ES DN
B AURTOLLEM, RREGMHES AREEE
1EAH2%(Slobodkin%52013). 3 #NGFP-ATG1. GFP-
ATGI13FGFP-ATG11 1] DL 5 ATG8 3 5 7, 7] LA
B AEATG8FR1C 8 1 B A (Li%F2012) .

ATG8 5PEZ: & T s L ¥ ATG8-PE, & H Wi
I S fifr o () DG B I . AR M R B 1 HRLIK(SDS-
PAGE)45 R iR, ATG8%E 7312 M 18 kDa (i &
T304k 16 kDa (JE1LTE I ATGS-PE) (NairZs

2012). BRIk, 15 3T ATGSHUAARIEAT G2 ENEE 45 Hr i
2 ATG8 FIATGS-PE sl A Al H Mk 11 J k2 — o

2 BEEEREIEMMENRR A RE F I
=1EH

2.1 BlESRENIEEYIENENm R,
2.1.1 BEMmE

BFE W E A ST 5 a A SR e, ™ E
S FE AR AR K R B I PR 55 3B (Chaves 25£2009) .
5+B2 2B EMmEA R, &L PiE s S
HBE WA aess S 80 1 W E(Zhu552001) . X
VA o 3 35 R % T BSURE 0 4 L P9 3 P S (reactive
oxygen species, ROS)HJFH &, it il SE A #1155 (Han %5
2011). HWELEIHBR A & A A TTROSIK
HOR R EAE L, R AR AT RES 5 R R
BIE Wil e B (WangZ52017a; Han%52011).

T Fi3 B 1 R AL 3 5 8 15 5 35 it (Solanum Iy-
copersicum) SIATGs 31k, 1213 B Wi AR il F
— B LR BLSIATG10 J SIATG 1 SfTER 23 4 il 7
B R WA () T B, PR AECREL Bk i 52 44 (Wang
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252015). B 4h, Zhuss(2018)HF 5T & ILSIATGSdF
SIATG 1 8hi B A RE % T S0 At A8 bk 72 28 7™ 26 (1) T
EER . 7E SF R (Malus pumila) W # % 15 MdAT-
G18afies i 35 Wod FE Ak E W v 14, AT B e A1
R, IREmPTEALRE ), ARG, B
PRI 52 P (Sun52018b).  Li%%(2019a) i 51 & I 1E
TR (Musa nana) P AF1E 10 MaATGSs i T 5 iy
18, {EFL R I (Arabidopsis thaliana) P 57 )5 i 21k
MaATGSf, 7] LLECE LA BT P, #IHIROS
TR, TR 2 I V& B 1 & AR, ST S i
4% -

42 BRA HE 844 hm’ + b 52 £ By 38 (Yang £
2018), EHEEW R R, B RE A S R N
F 1 Jee SR PR 3 L R B vy SR ™ B 1) B A O
Huo %5 (2020a) i 7t & 1L 35 i 368 2= 15 5 37 SR AR 22
HMAATG10() ik, JtH 2R, M HMdAT-
G103 235 23 Yok 4% v 2k o 5 35010 3 A R Ak
B FEENa IR R, ZiE T =i ia xR R4
K S TG M 455 . Huo %5 (2020b) ik K I MAATGSi
FEFIA B AT LU HIROS =4, H L BbRE & IR & %
HE AR 8, SEfd B i X e & BE I IR 4, S
SRR 35 PE . Zhang £5 (2020) 38 H 40 U5 T K i
(spermidine, Spd)Ab 3 W] LUl i UG ATGs 1 234 F
H AR T2 i, 25 4% 58 K (Cucumis sativus)[F)
i £5 V5 M PTERATGAFIATG 7 2% B Spd 75 1) 35
JRI ER . IR SRR, B WRAE 2 B R BRI 1)
i 6 14 R R P B R 4
2.1.2 #ihiB

B A 4= BRI B AN B =, 7 T FUE T P, B
o3 ol M R ) SR 8 A 7 1) R AR A R R 2
—(Wilson%§2014). # R 32 T80 i N N 8 A
JoE (AR VR AT S S AR M, B E R A2 (AvingE2019;
Li%52020). 7EFAIR R, P B E 3R T SIATGs
[MRIBIKT-o GXT R RAHLL, SIATGS X SIATG7
DUBRPER 2 (1 1 W69 14 2 #4K 52 8 1 (heat shock pro-
tein, HSPs)JE [K ) R IA KRR T, ArlEHEE A
(AR SRR, JaA A FH BRI B FRAIG, T AP e 41
#l(Zhous52014). [AIIF, Xu%5(2016) & HLHR B 5
T 10 W 1 T v R AR T R 2 ) A G
(XuZ52016); 7EHMU(Capsicum annuum)H, 76

B 'S CadTGsWFRIE, HifN &bk R F 1 CadTGs
FIEKF K A AR E T IR R, £
H W 5 R PRI P A5G SR, MdATG1S# %R
RIS AA SO A E R BE D, AR T
SRRTRAG, 1E 3 S 10 FA W 2 e Bk T e R G
W 1 1 (Huo%52020¢) .
2.1.3 EFIIE

H WA PR R A B T AR FR = A T R
WANE TR, NP AR PRI . REITR
HUES4) 7 (SignorelliZ%2019). 4l#1, SunZs(2020)
W5 RIAE BRI T, MAATG18aiB Rk 8
SRR AR RSP, D0 A, (R T T A
FIFL R, SR PR R B = i 32 7 Huo%%(2020d) )
i, 5 AR, ERIEMIATGIE S T R
4R MAATGs [ 5 K7, RIS H RS &
(00 e 5 1 2 B R, M T L Uk = I A2
WangZ5(2018)Hf 713 BH, 4MJEIH =% % N I (brassino-
steroid, BR)4b P G818 i 2 155 5 75 Ah A kK HH SIATGs
FIK I AWRARFRER, S RV, BRAR T A DU
FAF N AR AR, 865k R Z 2
52, RWIBRIF T (1 H W6 7E 3 i A7k i 92 ULk
W RIEEEER . WangZ:(2016) K I, E 7L
AL 52 G MAATGSif # 53, B R IRERIA
MAATGSiF 3 TPk 2 5 B A= B A b, 7R S
ZAF T g B IR A KORAS SR ST YRR
RIEMAATG7HAFAE AL I R (WangZ52017b).
2.1.4 SR

FE. mh. il s R = F AR A
B4 S ERGEEYIROSH R, il & IROS S #1H
VIAH AL T A SLECIR A, YT 4RM A iR . B
i A% RS T3 A A (Li%52020) . fH 2 H
Refs P Al A B 1, T FLRE S B W M =, Bt
AL S LA T S, AT H I ROS ¥ i
R, G A A0 (Xiong552007) . FH )L AL
VIBG A Z ROS 32 B 1) 7= AR SR IR, TEAU M JFATGs 5
P () O T4 B A Ik S A B R ) B R SR AR
BN, R X s A A i A SR IR I A SR
PEBEAIK, H,O, & &7+, B4l | WE7EROS RS
v 25 51 1 4 ] (YamauchiZ$2019; Su%2020).
UstiinZ:(2017) 8 HHROS/K V- Ft i e WS il R ATG3 55
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H o -3 I ST 1) 45, AT O B R T 4
ROSHI7K¥. ROSWEEW/ENIE 54 TS E A
YIRS AN E W, i BRI N ROS I BE A 28 DA
FrAN A 77 (ZhouZE2018) . 7E i 24 (1 B SR sz v,
H B bR I0 4 2 fE B B S 2 B il S A i Ak 5
S 0 245 3 1 AR A T AR Ak, 2% B 1 AR A i AR O
o AR AR Ak BL A S A Sz B b k¥ A B EAE
(Lopez-Vidal&52020).
2.2 BRI R4 Y58 H A E A
EAKKRE K Et, REFEMIEES
5y T8 320 R AR gy, B R EAEY R A K
Kot i . (KIS R, Rk e &
CLR R e 1 PR I o AR AL . ook
BT ORI, B WRAE SR B AR N A aE v R
PRI . il dn, dask B WA ) 7 3- B 2R R
% (3-methyladenine, 3-MA) 4L H M- 31 & 2L I
2 Fh 22 900 5k J1 B (Fusarium oxysporum), 45 % 578
3-MAKCFE AR B b B /M FE R 2
/b, [ ISy A RE AR PR 5 B8 ™ B, 36 I | MR AE T
B FEMIRE oxysporumBi M A 15 I8 4E FH (Wei
£:2017). 3R XFE T (Diplocarpon mali){z G35
P 3515 F MAATG 1 8a )31k /K F, Tl HMdAAT-
G18aifti ik Be g 12 = F R it i h /K R (salicylic
acid, SA) ¥ &, FFIKH,O, & &, #iSE R ARTEH (brown
spot) 1] & 4 (SunZ5:2018a), CaCl,AbFE HEWS B 2 155
S 34 (Pyrus bretschneideri)' Fy 7 1) B Wi id 14, 1€ 13F
SAIAR B R P A vd P, 2 s R i o 6 267 08 s B
(Botryosphaeria dothidea) ) $i 4%, 1 PbrATGS5 T ER
BEAES 7 AR Xof ] 7 JR2 Jls BT (%) B 14 (Sun$$:2020); )
Ah, Sun%(2021)ik 45 H PhrATGSc T ER H . 2 BRI
AU RO 2 R B B P, SR R E
pI1VEI
2.3 B AEREREYRARZERHER
KEH TR B WBAN S5 R GEAEYRIFh
FRIAEE I e, 7E RS AE VIR S AR &
322 A R P D% B 7 4 FH (Hanamata %52014).
Blhn, fE3F R P32 2R P MAATG18af 3L .
= b (Wang%52014), 1M1 H 76/ 7F 3 S iR 1A
SR ATGSIFE K I, #E3EZ M Fr P ATGSil) 3%
5@ UM AR, R BAREE T 3 2 R (Wang

42016), F £ (2017)45 i SIMAPK 12 F1SIATG6 AH
HAEH, T AT, Sk R E I Ok
JZAHHIROS 3 25 V45, 5 GRS 2 I B, 11T
M AERS RN SR S A K. A, R R SR B,
H W 7R SR 1 R 2 T R R AR T BB A 4%
i 2. Deng ¥ (2019) F H #2 & % (hydroxychloro-
quine) 1 #l| L (Ziziphus jujuba)] B WEAE R, v L
I I U 45 S S IR A FH DA R b AR A R D A
ZRINEE, RFEHEN T A ARG 2L
S ) SRR B 3 ] (Vitis vinifera) 52t ATGs 5 5%
7K B 8 T R B ) 2R 5 (Lopez-Vidal 452020,
Ghan%52017). TEFTH R G E i 24N ATGs
Feik b, HrhATGS/9/18 FRIL W &, W97 45 5
it th ] LLIE L ATGs (¥ 238 3047 1 42 777 58 1) B 42
(Li%2019b).

3 BEESEEAEZEET

W ) R A T R 52 B 2 M R R R 2, AR AT
WA 5 30 I 11 R 428 TR, 7 o B AR A )
T2 0 52 A T 428 IR 7 0 468 K A5 B a2 i SR 85 11
W Mok 2ot R 2B KR & K Wi i i (Yang
£2019).

3.1 ZAAEF—TOR

TORZ HAZ AW T bR F I L2 ThRe B A A
T, 1 A W50 B Ak 4 A e i A
(Gou%$2019). TEMEY)H KEW KM, #H| TOR
RIESHFREATGsIFRIE, WG BV, SRR
X TORZ: i 35 J ikl b FL A 85 38 75 5 1 1 Wk v 12k
Th 1 (AvingE2019) . {HAZ, aT% T TORTE 1% )R
BAAEAR TS E, RS ERBAKEE. 22X
e 2 A0 5730 55 Joih 3 A AR R AL b £
(2017) 7 3 Hfi 7 i 16 21 5 400 B 7% =1 FE [R] Y5 K TOR,
F 1| H CRISPR/Cas9 ¢ A #4) 7 I8 A i tor, 455k
PR, FH EC AR RUR MR, TORSEAS 1R v 5 Al Ak 1 W
P, TR AL TR S A AR, SN n SR S i
i, R ATORME I & [ ¥ F e, 2 5 REAEK
32 EEAT

EVBEREEDAERK R E  IRAEARU R R4
SR P O LR 5 A H (Checker552018)
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W R B, M T DUE S S B g I,
BP0, 20 4% 5 5 DK 20 N [
F5 (ethylene response factor 5, ERF5), 4% % it
W () W P (Zhu252018); BRI S 80 i 57 I 1
BZRI1 (brassinazole-resistant 1), % &5 HiSIATGs K]
¥k S B s v, B m LRV BT (Wang S5
2018).

B5 B F(Ca* YWE N SR A5 18, FEAEA S A9 K
AEA= 8 v A% 2 I (Aldon%52018). Sun4s
(2020)HJF 7T & FHL, #MiE CaCl, b ¥ RE W% & 2 1 e AL
E W 1, 3G 9RO B B B, TR SRR CaCl,
Wb FRIR R G2 fi# T PbrATG 5y BR -5 350 1) A4 AE bk H Wi
T R AUR ) R B, R Ca R R E A S
TR R 5 T R AR A

H,O, 1] IR NG 540 T IR A KK
NI % g S (FH ZE 12018) . Zhang 2 (2020) i 5%
i th, SMESpdAb 3 e 8 (e ik 5 N Jy AR Fh AT Gs
[R5 Je A WA R 2R, B 5 5 7 IR R R AR
AL, liff (respiratory burst oxidase) [F] Y 3 [X] it 2 1A A1
H,O, FJFR 25 2R 1M, H,0, 75 B 77 BiNADPH %2 1L i
55 AL B D T Spdifs 3 U H,0, M R, [F] I Spd
75T AR IR WG VS M AR e T A Y 2 PR AR,
FHH,0,2 5 1 Spdifs T 1) H Wi vif 1 PR 42 1 72
3.3 BRATF

FE 5 G R i A2 IR AR e il R
ATGs¥ 5KV 8 b a %, R B WAL B Ak
FH 55 A8 B 52 5 SR 1 4% (Aving§2019) . SR A
TXRIEATGs 3Rk, W B eGP, 38 skt
SULL DS ER 8

T AE A BRI ST R W, B 5k KT HsfAla
AJ LA A 5 SIATG 10 SIATG 1 8f¥) 3% 15 (Wang 2%
2015), fETF-R%M R, SIATGIOMSIATGISA %1k
T W vi% VE B Hsfd La (¥ 3k 3204 b, 3k i 4 5
TeAAE R DT FE; I B BEHsfA La T ER T T, %
WHSTA Laft Vi 125 25 AR AR 528 b R 4% 1F [ 1 4%
YEFH (Wang%§2015). T 5 Wrid 5o 2 35 15 S ERFS
Rk, [FII SIERF5HE R IA e % i 2 38 i pliiE
PR BB R (Pan52012); Zhu%(2018)33k — 4 58
RN, ¥ 35FF-SIERF5 RS 5 SIATGSAFNSIATG 1 8h
BB g, Wom L SOKE, e B WS,

TSR R AR R B LIS, BRIS
S A% O SR T BZR 1 BE NS B[] 45 & SIATG2
MISIATGS6, 1E a8 2 3 3 5 oK1, 32 iy 3 e
(Wang%52018) . 777 BE AR N9 iR B 42 e it , %
& Rl T MaWRKY24 8 % I 7] 45 & MaATGSfFl
MaATG8gJa 8 ¥, W HRIE KN, G im
(Lai%2011).
4 RE

g BRTIR, B ARy — Bl A s R R F ) E
WEEMHLE], 25 2 B SR ARV R a me B,
AR AE KRG T m Pt DL 4 RR4H
MR RS REEEEERN . AW, BWE
REAED AR PLEE R Z IR . 5 IE
FRVRIE 5 r SLgE— A2 s 23 75 3 B R U8R CRIS-
PR/Cas9 % [K 9 5 10 R, IR NIZHH H W AS 5 %1%
Hh ) O B R DN S AR R, IR A A AR A
SR TE T 12 R ERAE D) b T A X 4%
R, SR REEWS R & R EY bt
RPN T

2 ik (References)

Aldon D, Mbengue M, Mazars C, et al (2018). Calcium sig-
nalling in plant biotic interactions. Int J Mol Sci, 19: 665

Avin WT (2019). Autophagy and its role in plant abiotic stress
management. Plant Cell Environ, 42 (3): 13404

Chaves MM, Flexas J, Pinheiro C (2009). Photosynthesis un-
der drought and salt stress: regulation mechanisms from
whole plant to cell. Annu Bnt-London, 103 (4): 551-560

Contento AL, Xiong Y, Bassham DC (2010). Visualization
of autophagy in Arabidopsis using the fluorescent dye
monodansylcadaverine and a GFP-AtATGS8e fusion pro-
tein. Plant J, 42 (4): 598-608

Deng BL, Guo MX, Liu HX, et al (2019). Inhibition of auto-
phagy by hydroxychloroquine enhances antioxidant nutri-
ents and delays postharvest fruit senescence of Ziziphus
Jujuba. Food Chem, 296: 56—62

Eskelinen EL (2008). To be or not to be? Examples of incor-
rect identification of autophagic compartments in conven-
tional transmission electron microscopy of mammalian
cells. Autophagy, 4 (2): 257-260

Fengsrud M, Erichsen ES, Berg TO, et al (2000). Ultrastruc-
tural characterization of the delimiting membranes of iso-
lated autophagosomes and amphisomes by freeze-fracture
electron microscopy. Eur J Cell Biol, 79 (12): 871-882




RAME I AE: [ W R FL R SR B a5 K 52 ORI Tk e 1877

Ghan R, Petereit J, Tillett RL, et al (2017). The common tran-
scriptional subnetworks of the grape berry skin in the late
stages of ripening. BMC Plant Biol, 94 (17): 21

Gou WT, Li X, Guo SY, et al (2019). Autophagy in plant: a
new orchestrator in the regulation of the phytohormones
homeostasis. Int J Mol Sci, 20: 2900

Han SJ, Yu BJ, Wang Y, et al (2011). Role of plant autophagy
in stress response. Protein Cell, 2 (10): 784-791

Hanamata S, Kurusu T, Kuchitsu K (2014). Roles of autoph-
agy in male reproductive development in plants. Front
Plant Sci, 5: 457

Huo LQ, Guo ZJ, Jia X, et al (2020a). Increased autophagic
activity in roots caused by overexpression of the autoph-
agy-related gene MdATG10 in apple enhances salt toler-
ance. Plant Sci, 294: 110444

Huo LQ, Guo ZJ, Wang P, et al (2020b). MdATGSi functions
positively in apple salt tolerance by maintaining photo-
synthetic ability and increasing the accumulation of argi-
nine and polyamines. Environ Exp Bot, 17: 103989

Huo LQ, Guo ZJ, Zhang ZJ, et al (2020d). The apple autoph-
agy-related gene MdATGY confers tolerance to low nitro-
gen in transgenic apple callus. Front Plant Sci, 11: 423

Huo LQ, Sun X, Guo ZJ, et al (2020c). MdATGI8a overex-
pression improves basal thermotolerance in transgenic
apple by decreasing damage to chloroplasts. Hortic Res, 7:
21

Lai ZB, Wang F, Zheng ZY, et al (2011). A critical role of au-
tophagy in plant resistance to necrotrophic fungal patho-
gens. Plant J, 66 (6): 953-968

Li B, Liu GY, Wang YQ, et al (2019a). Overexpression of ba-
nana A7G8f modulates drought stress resistance in Arabi-
dopsis. Biomolecules, 9: 8§14

Li FQ, Vierstra RD (2012). Autophagy: a multifaceted intra-
cellular system for bulk and selective recycling. Trends
Plant Sci, 17 (9): 526-537

Li XY, Xie LH, Zheng HF, et al (2019b). Transcriptome
profiling of postharvest shoots identify PheNAP2 and
PheNAP3 promoted shoot senescence. Tree Physiol, 39
(12): 20272044

Li YF, Lin YN, Li X, et al (2020). Autophagy dances with
phytohormones upon multiple stresses. Plants-Basel, 9
(8): 1038

Marion J, Bars RL, Satiat-JB, et al (2017). Optimizing CLEM
protocols for plants cells: GMA embedding and cryosec-
tions as alternatives for preservation of GFP fluorescence
in Arabidopsis roots. J Struct Biol, 198 (3): 196-202

Marshall RS, Vierstra RD (2018). Autophagy: the master of
bulk and selective recycling. Annu Rev Plant Biol, 69:
173-208

Michaeli S, Galili G, Genschik P, et al (2015). Autophagy in

plants—What’s new on the menu? Trends Plant Sci, 2 (21):
134-144

Mitou G, Budak H, Gozuacik D (2009). Techniques to study
autophagy in plants. Int J Genomic, 14: 451357

Mizushima N (2004). Methods for monitoring autophagy. Int
J Biochem Cell Biol, 36 (12): 2491-2502

Mizushima N, Yoshinori T, Ohsumi Y, et al (2011). The role
of ATG proteins in autophagosome formation. Annu Rev
Cell Dev Biol, 27: 1-26

Pan Y, Seymour GB, Lu C, et al (2012). An ethylene response
factor (ERFS5) promoting adaptation to drought and salt
tolerance in tomato. Plant Cell Rep, 31: 349-360

Romanazzi G, Sanzani SM, Bi Y, et al (2016). Induced resis-
tance to control postharvest decay of fruit and vegetables.
Postharvest Biol Tec, 122: 82-94

Shibutani ST, Yoshimori T (2014). A current perspective of
autophagosome biogenesis. Cell Res, 24: 58—68

Signorelli S, Tarkowski LP, Ende WVD, et al (2019). Linking
autophagy to abiotic and biotic stress responses. Trends
Plant Sci, 24 (5): 413-430

Slobodkin MR, Elazar Z (2013). The Azg8 family: multifunc-
tional ubiquitin-like key regulators of autophagy. Essays
Biochem, 55 (1): 51-64

Su T, Li XZ, Yang MY, et al (2020). Autophagy: an intracel-
lular degradation pathway regulating plant survival and
stress response. Front Plant Sci, 28 (2): 11

Sun X, Huo LQ, Jia X, et al (2018a). Overexpression of
MdATG18a in apple improves resistance to diplocarpon
mali infection by enhancing antioxidant activity and sali-
cylic acid levels. Hortic Res, 5 (1): 57

Sun X, Pan B, Wang Y, et al (2020). Exogenous calcium im-
proved resistance to botryosphaeria dothidea by increas-
ing autophagy activity and salicylic acid level in pear.
Mol Plant Microbe In, 50: 210095

Sun X, Pan BS, Xu WY, et al (2021). Genome-wide identifica-
tion and expression analysis of the pear autophagy-related
gene PbrATGS and functional verification of PbrATGS8c
in Pyrus bretschneideri Rehd. Planta, 253 (2): 1-14

Sun X, Wang P, Jia X, et al (2018b). Improvement of drought
tolerance by overexpressing MdATG18a is mediated by
modified antioxidant system and activated autophagy in
transgenic apple. Plant Biotechnol J, 16 (2): 545-557

Suttangkakul A, Li F, Chung T, et al (2011). The ATG1/
ATG13 protein kinase complex is both a regulator and a
target of autophagic recycling in Arabidopsis. Plant Cell,
23 (10): 3761-3779

Tian YC (2018). Hydrogen peroxide oxidation of BZRI pos-
itively regulates brassinolide signal transduction (dis-
sertation). Jinan: Shandong University (in Chinese with
English abstract) [FH%E F2(2018). i &b A ALBZR11E




1878 TP A B 244 www.plant-physiology.com

[ PRSI IR AR 5 5 S (AR S0). B AR

Ustiin S, Hafrén A, Hofius D (2017). Autophagy as a media-
tor of life and death in plants. Curr Opin Plant Biol, 40:
122-130

Wang P, Sun X, Jia X, et al (2016). Characterization of an au-
tophagy-related gene MdATGSi from apple. Front Plant
Sci, 7: 720

Wang P, Sun X, Wang N, et al (2017b). Ectopic expression of
an autophagy-associated MdATG7b gene from apple al-
ters growth and tolerance to nutrient stress in Arabidopsis
thaliana. Plant Cell Tiss Org, 128 (1): 1-15

Wang P, Sun X, Yue ZY, et al (2014). Isolation and character-
ization of MdATG18a, a WD40-repeat autophagy-related
gene responsive to leaf senescence and abiotic stress in
malus. Sci Hortic Amsterdam, 165: 51-61

Wang Y (2017). Role of autophagy and its regulatory mecha-
nism in tomato growth, development and stress response
(dissertation). Hangzhou: Zhejiang University (in Chi-
nese with English abstract) [ 5 (2017). FmAEKEKH
ART E wi 7 e R A R R R AL (2 A 18 30).
U ML 2]

Wang Y, Cai SY, Yin LL, et al (2015). Tomato HsfAla plays
a critical role in plant drought tolerance by activating
ATG genes and inducing autophagy. Autophagy, 11 (11):
2033-2047

Wang Y, Cao JJ, Wang KX, et al (2018). BZR1 mediates
brassinosteroid-induced autophagy and nitrogen starva-
tion tolerance in tomato. Plant Physiol, 179 (2): 671-685

Wang Y, Zhou J, Yu JQ (2017a). The critical role of autophagy
in plant responses to abiotic stresses. Front Agr Sci Eng,
4 (1): 28-36

Wei YX, Liu W, Hu W, et al (2017). Genome-wide analysis of
autophagy-related genes in banana highlights MaATG8s
in cell death and autophagy in immune response to Fu-
sarium wilt. Plant Cell Rep, 22 (4): 1237-1250

Wilson RA, Sangha MK, Banga SS, et al (2014). Heat stress

tolerance in relation to oxidative stress and antioxidants
in Brassica juncea. J Environ Biol, 35 (2): 383-387

Xiong Y, Contento AL, Nguyen PQ, et al (2007). Degradation
of oxidized proteins by autophagy during oxidative stress
in Arabidopsis. Plant Physiol, 143 (1): 291-299

Xu W, Cai SY, Zhang Y, et al (2016). Melatonin enhances
thermotolerance by promoting cellular protein protection
in tomato plants. J Pineal Res, 61 (4): 457469

Yamauchi S, Mano S, Oikawa K, et al (2019). Autophagy con-
trols reactive oxygen species homeostasis in guard cells
that is essential for stomatal opening. Proc Natl Acad Sci
USA, 116 (38): 19187-19192

Yang MK, Bu F, Huang W, et al (2019). Multiple regulatory
levels shape autophagy activity in plants. Front Plant Sci,
10:532

Yang YQ, Guo Y (2018). Unraveling salt stress signaling in
plants. J Int Plant Biol, 60 (9): 796804

Zhang YM, Wang Y, Wen WX, et al (2020). Hydrogen perox-
ide mediates spermidine-induced autophagy to alleviate
salt stress in cucumber. Autophagy, 29 (11): 1-15

Zhou J, Wang J, Yu JQ, et al (2014). Role and regulation of
autophagy in heat stress responses of tomato plants. Front
Plant Sci, 5: 174

Zhou SM, Hong Q, Li Y, et al (2018). Autophagy contributes
to regulate the ROS levels and PCD progress in TMV in-
fected tomatoes. Plant Sci, 269: 12—-19

Zhu JK (2001). Cell signaling under salt, water and cold
stresses. Curr Opin Plant Biol, 4 (5): 401-406

Zhu T, Zou LJ, Li Y, et al (2018). Mitochondrial alternative
oxidase-dependent autophagy involved in ethylene-me-
diated drought tolerance in Solanum lycopersicum. Plant
Biotechnol J, 4 (4): 2063-2076

Zhuang XH, Chung KP, Cui Y, et al (2017). ATGY regulates
autophagosome progression from the endoplasmic retic-
ulum in Arabidopsis. Proc Natl Acad Sci USA, 114 (3):
E426




