Y AEHZMR Plant Physiology Jowrnal 2021, 57 (5): 1031-1038

doi: 10.13592/j.cnki.ppj.2020.0453 1031

MR B R AR =im K T 5 BB i N 5 R4 R AL

%‘Ei—ju\i/‘ﬁ\:) R“]J %\‘#’A\*

VU AT K AR Rk 2 e, 74 T B A S A ) B IR DR 7 0 0 SR =, DY) 1 R 72637009

"5 VE # (qinsongliu@126.com)

E: wnjie B “ (autophagy) 1k At 4 tr e 2t 2 A 69 —FF T2 RG], T RBERRNRLEM 09 B 0]

78.(autophagosome) & £ & (&34, MUz ¥ 2% 18 2R QAT AR B F) A .

WS MRTARY, AL

HW A AW E S B F KA ERAER . AXAZEME, FTFMAAIAND, 2A T HFR A EAX
B Y 15 35 B 94 B A B T RIE A, VAR AR R B R A TR AT R A

KR e g E; g AR AR SR TF

Role of autophagy in plant responses to heat and drought stress
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Abstract: Autophagy is an important catabolic process to maintain cellular homeostasis in plants. Auto-
phagic process in plants initiates with production of double membrane vesicles, termed autophagosomes
that engulf the cytoplasmic components and ultimately fuse with vacuoles for cargo degradation and
subsequent recycling. Accumulating evidence indicates that autophagy plays a paramount role in plant
abiotic stress responses. Here we summarize recent progress on the functions and regulatory mecha-
nisms of autophagy in heat and drought stress responses, thereby providing a collection of references for

future research in plant stress biology and molecular breeding.
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T 40 L 1 W (autophagy ) 2 #1032
BT AR IR T4 A2 f A 4047 P A i 7,
EMMFRSYER . AKKE . HEHE B
i < 4 4 FH (Signorelli%$2019; Qi%52021). fEHE
Vb, fcls AN 7T 8 22 16 E SR A2 B H Wi (mac-
roautophagy, '~ SCTEIFR HWR). 75 H W15 HHE L,
B Y B R N A W Y (phagophore) i R 45 4, B
HEREVEMY R, AKAAE, &AW
JiE8 25 ¥ ) FE 6, B W /N (autophagosome) (Soto-
Burgos552018). fifidg H Wi /N AME 5 i E % (tono-
plast) [ fil&, £05% M 4 5 1) B W /M (autophagic
body) B R 18 2L s R 58 S SR E A AR, A

J ()48 AN B R S L BT R SR R R 2 B —
Z 51 H Wi AH 5% 3 [K] (autophagy-related genes, ATGs)
HIRG AR, IXLEATGRE N FEIEBE . ¥, A+
mEORSE, IR HEO S5 AW KA RS RE 75
LA F428: ATG1-ATG13 3§ 5 & 14, ATG9-ATG2-
ATG18% A 14K, PI3K (phosphatidylinositol 3-kinase)
HAER, 2 BFEEAATGI2, ATGS e &5 A A48
(X PE%2018; Soto-Burgos&52018). KWLL%K, H

ks 2020-09-23 &E  2021-04-18
B ERBEREIEIES(31900277)F 1 )1 & B &I
(2019YFH0130).
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Wik 45 A A2 — PR RE e Ve ) B A ik 2, BT A
VA 1% P (“non-selective” 5 “bulk™) . 1] U1 2 SR 1)
WEFR B, T H VR 52 {4 (autophagy receptor) I f71E,
W 28 40000 JEC A0 A6 AR 9 1 36 43 M (“selective™) (
S EE2016; 1/ . 252017; Marshall £l Vierstra
2018). W2 AE T [ & i AIM/LIR 25 F415 ATGS-
interacting motif/LC3-interacting region). ¥z & H.1F
#& ¥ UIM (ubiquitin-interacting motif) B JF £ i [
ATG8%5 4 3 [ sAIM (shuffled AIM) 54 5E 7 [ W
ANV B R OC B B T ATG8 HLAE, 5 Bl H e /)s
TR e MR R A, AT A e £ B A K
f (Marshall #1 Vierstra 2018; Marshall452019; Bu%
2020; Stephani%$2020).

HYHTAIMEELERK, &% RRAER
FeZ ARSI . W E RN AR
A, W B M A AN R A, X 2 B
R TR I S BT 1R A fige LA B AR BP0 FH o A0 MR 32
Xob P4 45 iy 38 %2 5% 7 2 (Avin-Wittenberg 2019), H
Wk A DR R D A L 24 R A PR B AR S ) SR B AR ) o i
T2, CLBN 4 HI AR P 030 A 4 27 0 8 R B 7 A
Z o BEEARBRASUERA, Rl AR, K
BRI ) i T 5 AR A o A S R A, R
H2) T A KFIEY &, 55 E .
R P08 it A 2 AN 45 2% (Lamaoui 55:2018) . [A 1t
KRERRGE G BRI FL Rt R, IR 1 3 MR AE i
T 5 ae e S A (R4 B AL, B A ARIA
H WAL 3R SR P PR SR SR T T SR

1 BB =R e e 1EH

i B e 15 T ATGEE R 1 2k 2 12 5
NI TE %, 2R W1 E W E AR ) SR R R
15 %5 % HAE H (Zhou%5 2013, 2014; Zhai £5:2016).
HYEEBY R, K& R T e EaS KE
FET WM, FECA i P8 (endoplasmic retic-
ulum stress, ER stress). Bassham=Z36 % 1F B 1 & i
Jol 3B BB 5 1 W A A A bR T P Jo R s N R AT B
BRI S E AR, WA A TP bE R E b
Z 5 N 5T I B (Liu&52012; Yang452016). 18
RV B B2, Jung&5(2020) & ILA IS 1] 1Y) e et il 28
) R 12

IS B, T GBI A B /)N e B DA
M ATGHER (3328 7K1 1 25 5 T IR L R, 2R
W 175 4 5 4 2 ) i e 25 1) A 9% (Zhai 55:2016)
BT, W S ATGHE RIAE il Wy ag () R 2 T
1) € 3% 2K (loss-of-function) ] 77 ¥ 1401, =i
TR, $E I H MR R R AT R argS | arg7 1) 4H i
RGNOGE RGNS T B 4 B 245 50 0™ =, AN
2 it W 5 (Zhou?%2013) . AEAF A, I B 5
1) FE R T ER (virus-induced gene silencing, VIGS)
HRFRE R BUTERATGS . ATG7 3[R 5 B B Xt
e U B B D AU (Zhou 25 2014) . f¢i/T, Huo 2%
(2020)F1] FH it 2 15 [ Wi o B Ik DR 42 vy 1 g v A ok
TMRNERTE T H VR £E =yl ol o i/ LB i
RIEMAATGI8a ] 4 ey 9 FAE AR AE =l W38 7 1
UL R GENE VI > mR OGS R G AR,
N T 4 e A A o v iR A 40 O ™ ()
— > 3 B DR A A AR B A N v SR R AR
B, miR T R ESEE R E W R m e e
TSNP SE AT o8- S RRL I SER A S
A ERE Mo FILE . i, BESA7E Lk
A6 0 87 sy I 8 AR S AR FEAE R
B M B, 30°C i v] £ 5 AL 24 BE 4 B R /1l
() W KT, T W R s R A8 A (R £ 8 K B AT e
PiIT RAFAE T B T S BEEA T, on H
W 7 v i 38 Y Gk R 2 B A AN TRy K B (Diin-
dar%%2019).

f#INBR1 (neighbor of BRCA1 gene) 1y I
FLAIYINBRIMPO2 ][54, & H HlHF 7o f A
M ALY E W 52 44 (Svenning Z£2011; ZhouZ$2013; Ji
££2020; Jung:2020). 5EFA AL, U S nbri
RAEXT R 5 mEh DA AE 3R I
FHUR(Zhous52013) . LA FLR I, £ il il
SR, FEY 40 M A AR B 2 0 N B B TR 2 R
FL I ER F SR EE 4R (ubiquitinated protein aggregates),
HINBR141 3 ) SR B 44 H Iz (aggrephagy) i 5 (Zhou
£52013; Jung%5$2020) (K1), BbAbh, W50 &k BLiE
P H Wk A7 R 2 AR ) e I 1Y 855 1242 (thermomemory ):
221 #I)Ik (thermopriming) Kb B, [ W 75 5 HAE
PR ORHF v M, 2 T e 438 12 P FA B B 1 (heat
shock proteins, HSPs), 5 U6 5 YK =5 i, i 38 A T
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Fig. 1 Selective autophagy pathways in plant responses to heat and drought stress

ARIEBUE (2020)7.3;

%25 M AEarg AL, BT [ Wi 6k e {F HSPs 7 #4
R IZ B B AE R AE = KT, DRI o vy iR 308 45 117 g
77 445 55 PO v L 1 2 B B S 52 (Sedaghat-
mehr%$2019), # i1, Thirumalaikumar %5 (2020) i
T8 T NBRIVEAGE BV B RS2 A4 AE 2k o BOR 5
FEEAEH . ARPREIRESVRE R, NBR15HSPYO.1
FIROF1 (rotamase FKBP 1)45 &, /- Sk &t g

WK S AT TR A (1), R FHHSP90. 1 FIROF 1/ %
{14 e ek P L ) S 5 T TE mbr ] SEAR R, T
HSP90.1 MIROF 1 A~ fie % i 5 M [ i i3k 17 2 13 O
FRAE R K, U4 R I I ST 017 B

ATI3 (ATGS-interacting 3)& — 41 XU H-# 4 it
e ATG8 HAEEE H1, BB 1A i I DG Ik % fift i
#% (ER-associated degradation, ERAD)H [fJUBAC2
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(ubiquitin-associated domain-containing protein 2)#H
HAEFH(Zhou&52018). 8L /013 1, ATI3ATUBAC2
XD AR SRAG RO E 2, T gEd I A
S B R T A AR S ) PN i X 2 9 T A 3
B B A A% A T (Zhou52018) (K1)

2 BREEREFFEMHEPRIER

2 B R A AR T S e ) — Fh R
B X 5 T AU F I AtATG 1 Satk [ (3 ik
B LA K B WML T AT A i, RILT R R
7S AW R E (Lius52009), #E— L shRg ik
W, | AtATG18a Kk IR 33k FAIC T HE XS T 511
i} 52 P (Liug$2009) . AU, U/ Fratgs . atg7%
AR 5 AN 3% (Zhou&52013), 1 Rk H
Wik J5 AT 368 0 P14 i A ) ) i S SR R A A
+ [ Wk N SiATG8a H 40 /e I B iy 5 (Li552015),
e S U I Rk R H WS I MAATG 8a J= Ti 5
PRI 5E, 1T RIAMAATG 1 8a 13 H i 5 DRURE ik 1) i
FAPE 15 342 = (Sun%$2018)

T B SCHRBIFINBRI, R 1) H W 52 7K
T 5P VR AL b . 2 W2k
DSK2 (dominant suppressor of KAR 2) R {F Ky H Wi
Z AR A 5 32 & N B (brassinosteroid, BR){Z 5 i
% B AL S K7 BES1 (BRI1-EMS-suppressor 1)
(38 3% Pk [ % (Nolan2£2017), 15326 T, DSK2
#BIN2 (BR-insensitive 2) g1k, M M]3 5 DSK2
5 ATG8 ¥ AH BLAE FH i 1 BEST 1) H W [ fi#% (Nolan
£2017) (1), FEHETE T, NAE T 5 BE 1 1k )
K7 Bt /K & B FAMtCAS31 (cold acclimation-spe-
cific 31)2 5 H Wi [F i 1514 (Li552020). MtCAS31
YN W 52 AR T BUMEATG8a-MtCAS31-MtPIP2;7
EEE A, B8 /KIS 8 FMPIP2; 71 H Wi [ A,
T ek Sl E R B7K AR, O R A () i
PE(Li%2020) (E1). 534b, #UFFFFTSPO (tryptophan-
rich sensory protein)th i] 55 7K i 1 25 [ AtPIP2;74H
A F AR 3 AtPIP2;7 H J5 5 1) ¥ 72 32 fi (Hachez
£52014) (EI1). BRI HEN, @ TSPOA S 1 H i
A% R ek /b 4T i 2% THT AtPIP2;7 (1) -8 & 3k 1 A 15 41
35 7K P R R 6T 7K 53 I 3 PR — b SR o

3 mim TEMETEEAELAENSF
HLE

TR0 A0 B P W 1 — M O e R AR AR
(R 7K, T A Pl S8 A 353 3 R~ B 3 5 6 1 (1]
W 15 R, TR RN N 2% T W ) R A 2
BRGNS, BBt T RbE A Ak
Ay FALER AT A .
3.1 ¥R

TERE B3 N, ATGHE R IEAE #4553 K
SERTBE T, A3 — T FE A S DR T A 4k B R
i I 3K F-HsfA la (heat stress transcription
factor Ala)i it il 5 ATG 10 ATG18f ) % 35 i3 11
1E A % I 5 14 (Wang252015) . BF 58 KB, ATG10
FIATG18f (132K VL B E Wi /N IR T AT HisfA 1 aik
DRI 70 R AR ok Hh R 0, 170 £ Hisfd 1 a i 22 I8 L
RENIG R AARSMRIAR N 9258 10— P HIE SCHsfA la ]
VI HATGIOMATGISf Jash+454, IWifeit+
B BB T X PR AS B WL DR ) R s Al £ 0 e
[ "FERFS (ethylene response factor5)n] LA #2454
FATGE8AFNATGI8h )G 5T L, 78 HERFSA S
ATGHER s AT e 2 T B a T OB S H
WA ML 2 —(ZhuE2018).  BRAh, TERTE i
SR WRKY33aui WRKY33b3] T ATGS, ATG74:
DR e e 15 5 0, AR X v Tk B A 3 9
U (Zhoud52014). Ny T AxTH F GuHb A 5T B Wi
SEUEFEHLEE, WangZ%(2020)F F 4 ET TFATGS %
(1) JE 31§~ 12F 47 T B B 52 i i (yeast one-hybrid
screen), L4 5E B225 M N 1 AT 455 BIIX L J5 5)
F I, Hrh, bZIP (basic leucine-zipper protein)#% 3%
K- FTGA9 (AT1G08320)ili it 25 5 ATGSB. ATGSE
MIHAMATGEE F 5 ) -k b 181X 26 5 Wi 5L R 1
1Ko BE—IBIIRES TR, I RIATGARELE IEH
A LA GBI W8 A T G 5 B R
32 EZETHETF

W E S H WA O A BLAE B
H g ACE I 2 — . TR AR B, MR
F1COSTI (constitutively stressed 1)/ — /M1 114
A B B e A R S B R 1 (Bao552020)
TEIE % 244, COST15 ATG8AH H_ 1 I M1y # i
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B WA A, ety e+ 5 9iE T, COSTI
HE B 3 - B R £ 48 (ubiquitin-proteasome
system, UPS)Fl [ Wi i 15 By B fift, DX b ATG8 45 LA
FETR, HETROE B W JE 5 s 4, (7 i)
Ak

& 3K (melatonin) {F oy — 2 (5 570 1, B
WERT IZAFE T, Z25REBBEYNERKE,
T AE 25 M 855 iy de rh $R AR BEOR 4P (Sun®$2021).
5T R I, 4B R 2R AL B Bl SRIAHE R 2K B Ok
Bt i I [K ASMT (N-acetylserotonin methyltransferase)
JE s P ol CR AL ) 9 5 7 R PR R R — T
TH] 5 7 HSP ) 1 [ e 1A Sk 35 B A2 1 o B BORT 4 &,
oy —J7 AR i ATGE: R ¥ 22 ik LA K B Wk /N L) T
FICR I 0 AR Y B R (Xus5:2016) . 7EAR TR
R IR TS T A AE R WOE I, X P A R4 B
iAW 52 F(Qi%F2018). ILAh, 1B 2 3 b g 4
S /N 0P IBE B T 32 1V, R A 2 5 o AT R W
BERE SR AL PRAE X — i R Rk T E R R AR (CuisE
2018).

5 M 75 25 L 28 M (target of rapamycin, TOR) &
— b AR AR ST 1) 22 R (Ser)/ 75 & BR (Thr) £
I, 2 E W) 4 4% K7 (Dobrenel 552016) .
TOR{E I ER (1% 0 20 73 /2 TOR D) RE & 4K, £EALL
B+ FHTOR. RAPTOR (regulatory-associated pro-
tein of TOR)FILSTS8 (Lethal with Sec Thirteen 8)ZH.
FL(Pu52017), 00 B9 I+ TOR B [R5 4 1l i %% 1 5%
ARRAERE NG B B R A0 TS, L RS T AR HE
Yy TOR Dy RE 1 4 — A2 BF 5T (Menand %52002) . [
J&, I RNAF IR FELTORFEH Kk & 7
H W R 8k A2, RIAER Y Th TOR M RE 17 il 4% 5
I (Liuf1Bassham 2010). [A]£f, JHiE TOR A 141
FIAZD8055 kb 3 5% # i f RAPTORY:) 1% 5 H Wi (Pu
£52017), 1 FRIETORBAWT 1 545 M 0f H B
WO, 2R W LE I U000 B3 S5 TR 6 B R O 7R
FHITORYE M, {Hid R IA TORFFAS M A Ak i 5,
PR 5 DX S SRS 5 W AR, AR N I TR R B
s [P0 FE A T-TOR (Pu%2017). BeAk, A2
F LT TORMY b i A 1 1% 0, ARJRe N A 4 3
i TORYE P2 M 4] 1 3 53 3 1 3 /K
*F~(Schepetilnikov&52013; Pu%52017).

76 R Y38 8505 )3 b, SnRK1 (Snfl-related pro-
tein kinase 1) A & & 44 7] 1E [m] 845 H I (Soto-
Burgos%$2018). SnRK1/Z& tHaffEfb 3. B5yl
AN A A R S U = R, A AR I R
EHRZ IR R, 5 EFSNF1 (sucrose non-
fermenting 1)f1 3% AMPK (AMP-activated protein
kinase) [F]Jf (CrozetZ£2014). it 50 &K B, &2 FhE
AW, SnRK 1@ e 15 TOR(E 5 38 B R B0
F| W (Soto-Burgos f1Bassham 2017). i #iASnRK 1
H AR IEKINTORE WS B W, FE18 555 T
BLSE 2 B 18 R 5245 T kin ] 098 A2 1A 1 W i
PR T 5 254 R i 0ill (Chen%%:2017; Soto-Burgos
Fl1Bassham 2017). ¥ 41, 155 4 -6~ i (trehalose-6-
phosphate, T6P) A LA B SnRK 17 14 F- 41 1) A4
38 R ) E W 0 (Soto-Burgos Al Bassham 2017).
TOP 1] Bl i 4 4 -6- 1 1% % 2 g (T6P phosphatase,
TPP) it 1% 1 AE R 56 W, 1A BIF 98 % I AE HE W) i
TN S R (R, BBl S A N TPPYE M IR 2 i (LisE
2014). [k, TPPS 3 B #3845 7] G 5 T6P
R B RA K

FE A2 7% 14 48 (reactive oxygen species, ROS)
TR YE RN I B R B O 2. =Kk EROSH
o AR, X YIE R, KK EROS
WHENE 50155 2P e 5 it 72 (Waszezak 55
2018; Avin-Wittenberg 2019), #iff 513, ROS /&
TEAE o il S 5 W g I A | 2 T O B TR
e BT SR AR ) 2-Cys B i S A VL Ji7 1
(2-Cys peroxiredoxins, 2-CPs) B F ki A A
i AR T DI RE - I VIGSH R JUER i 2-CPs
FE R SRk PRI T PR O AR, (R7E ey i ae R
HAR NATGHE R 3238 DL S H Wik /I v i 35 vy T 0t
HEAE bR, Mol VBT AHATGEE R FRAE 1 AE AR 1)
i #AE, HAKR Y 2-CPJE R 3R 8 1 75 T %6} ## (Cheng
552016), IXUeZERARIR, 2-CPs A [ W& 42 AH AR
FH -3 [6] 25 5 48 P 06k vy T 300 58 000 g )82, 177 SR = %oF
ROSIA ROE Bl G om | E . 5ok, 1o T 42
AR AT F A AL T (alternative oxidase, AOX)HJROS

RSP aEy i SE RN = Db SR S i I g (1]
ROSIKF- ] 4 ey [ Wk v 1 10 184 s S, T s
ROS/K-V-F E 4l ik 4L T2 (ZhuZ%2018).
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4 FRE

fe i A T 5 A R AR AR AL ) B R AL,
MU EYERK K E PRS0, T H AR Y
FEE AT T PR R R, ST AR N
T S B aa AL, MU 7 AR S
FBOCGE MY W B 52 1, B3R 2
BHEFIIL SR o EFR K EIRE R, BWEIEN
FLRZ AR vk A OR < 1R 86 AR TR B 1 2 1A 400 o 0 B0
AR, RN SR TR 2 R AR R B
TR B A . R IRAFAE — LE R A i )
i, MG CA MRS (DERAHH
T PTG B3R 2 2 Ml aa g6, thinsig . 5
FEAE R D BAR 4k R A2 . T B FTBE 70 W7 0 5
IR AR I, — R R B — i aa R, B4
JE R SGEEIRMT R EAE. X e N HE
W ThRE. (2)IEHEE B W O RN RE D) H W S 1) it
LI, HJE O %€ 5 AR AR Y 0 E AH O 1 E R
SZARBCR AR A BR(BuE2020), &I £ E A A
Wik 52 A7 S ARG (R B2 40, g 34 — 28 iR o AE 40 1
S5 L LA R B A o (3) B IR R T AR R R R
1) 2 W38 A% DA 1B T 0D, R I TAR T SRR T
HISTDNAF AL . AR A M. A9 SRNA TS
S VB AL AS I A0 A Y 30 35 g 97 R 4% 15 W AR
IVEFNLEE . (4)id3RIE F WR 5= R85 7 S iR el T
B e R R E Y P R T RE, DRI
WU N EY) ARG S PUAMN RGO KT
o FHLEME A — PR G)Br 7 ESCREI
ROS, ¥ 1 % (reactive nitrogen species, RNS)H, 1] {f
T 7 FAERE N 2 R A5 2, RNS
ROSTED e b BA AR [ £ (Del Rio 2015).
{HARMETROS, H TR TS5 TRNSH YY)
W P 8 428 4 8 #5/ (Zhan%52018; Sadhu52019),
ARriE— BRI . (60)FEEAZ A4, UPS
T W AT A A B ) PR B o B L A, —
H IR T — AN AH LI 2 1 Jo 5 428 1] 19 2 (Pohl A1
Dikic 2019). R4 T 5. miE/MiE T EUPS S
H R IR A% 132 SO TS, KA B T2 A P Re s
(proteostasis) [ 101 55 R 2 AL . (7) 7E Wil B 44 i A
AMRALIT, E WA TR EEE PO EOE, R B

I ¢ 11 (Antonioli%52017) . ZRTMIAEREY) H B 78,
KT BWEL AL HLEA A E b Q)
VR4 (1) 388 4% e A0 HE FE 300K, BB B B RME ) 1Y)
LA P 52 PR, I 2B PR 3R A I 2 7 R A R A T
BFBOAT BmiE e L2 RIEY . HitofA L
254 N FH TR A E W 9T, Dauphinee®5(2019) 45
AL T E ) BRI TV . RS A
W TR 700 e FH 6 R R L i A DA S
i BT ) S, B B S SN FH AN A

&% Hk(References)

Antonioli M, Di Rienzo M, Piacentini M, et al (2017). Emerg-
ing mechanisms in initiating and terminating autophagy.
Trends Biochem Sci, 42 (1): 2841

Avin-Wittenberg T (2019). Autophagy and its role in plant
abiotic stress management. Plant Cell Environ, 42 (3):
1045-1053

Bao Y, Song WM, Wang P, et al (2020). COST1 regulates
autophagy to control plant drought tolerance. Proc Natl
Acad Sci USA, 117 (13): 7482-7493

Bu F, Yang M, Guo X, et al (2020). Multiple functions of
ATGS family proteins in plant autophagy. Front Cell Dev
Biol, 8: 466

Chen L, Su ZZ, Huang L, et al (2017). The AMP-activated
protein kinase KIN10 is involved in the regulation of au-
tophagy in Arabidopsis. Front Plant Sci, 8: 1201

Cheng F, Yin LL, Zhou J, et al (2016). Interactions between
2-Cys peroxiredoxins and ascorbate in autophagosome
formation during the heat stress response in Solanum ly-
copersicum. J Exp Bot, 67 (6): 1919-1933

Crozet P, Margalha L, Confraria A, et al (2014). Mechanisms
of regulation of SNFI/AMPK/SnRK1 protein kinases.
Front Plant Sci, 5: 190

Cui G, Sun F, Gao X, et al (2018). Proteomic analysis of mel-
atonin-mediated osmotic tolerance by improving energy
metabolism and autophagy in wheat (7riticum aestivum
L.). Planta, 248 (1): 69-87

Dauphinee AN, Cardoso C, Dalman K, et al (2019). Chemical
screening pipeline for identification of specific plant au-
tophagy modulators. Plant Physiol, 181 (3): 855-866

Del Rio LA (2015). ROS and RNS in plant physiology: an
overview. J Exp Bot, 66 (10): 2827-2837

Dobrenel T, Caldana C, Hanson J, et al (2016). TOR signaling
and nutrient sensing. Annu Rev Plant Biol, 67: 261-285

Diindar G, Shao Z, Higashitani N, et al (2019). Autophagy
mitigates high-temperature injury in pollen development
of Arabidopsis thaliana. Dev Biol, 456 (2): 190-200




RS EAR AHI E EAE A) vel  T  IEAa  1 Hh AF F B LA 1037

Hachez C, Veljanovski V, Reinhardt H, et al (2014). The
Arabidopsis abiotic stress-induced TSPO-related protein
reduces cell-surface expression of the aquaporin PIP2;7
through protein-protein interactions and autophagic deg-
radation. Plant Cell, 26 (12): 4974-4990

Huo L, Sun X, Guo Z, et al (2020). MdATG18a overexpres-
sion improves basal thermotolerance in transgenic apple
by decreasing damage to chloroplasts. Hortic Res, 7: 21

Ji C, Zhou J, Guo R, et al (2020). AtNBRI1 is a selective au-
tophagic receptor for AtExo70E2 in Arabidopsis. Plant
Physiol, 184 (2): 777-791

Jung H, Lee HN, Marshall RS, et al (2020). Arabidopsis cargo
receptor NBR1 mediates selective autophagy of defective
proteins. J Exp Bot, 71 (1): 73-89

Lamaoui M, Jemo M, Datla R, et al (2018). Heat and drought
stresses in crops and approaches for their mitigation.
Front Chem, 6: 26

Li WW, Chen M, Zhong L, et al (2015). Overexpression of the
autophagy-related gene SiAT7G8a from foxtail millet (Se-
taria italica L.) confers tolerance to both nitrogen starva-
tion and drought stress in Arabidopsis. Biochem Biophys
Res Commun, 468 (4): 800-806

Li X, Liu Q, Feng H, et al (2020). Dehydrin MtCAS31 pro-
motes autophagic degradation under drought stress. Auto-
phagy, 16 (5): 862-877

Li ZG, Luo LJ, Zhu LP (2014). Involvement of trehalose in
hydrogen sulfide donor sodium hydrosulfide-induced the
acquisition of heat tolerance in maize (Zea mays L.) seed-
lings. Bot Stud, 55 (1): 20

Liu Y, Bassham DC (2010). TOR is a negative regulator of
autophagy in Arabidopsis thaliana. PLOS One, 5 (7):
e11883

Liu Y, Burgos JS, Deng Y, et al (2012). Degradation of the
endoplasmic reticulum by autophagy during endoplas-
mic reticulum stress in Arabidopsis. Plant Cell, 24 (11):
4635-4651

Liu Y, Xiong Y, Bassham DC (2009). Autophagy is required
for tolerance of drought and salt stress in plants. Autoph-
agy, 5 (7): 954-963

Liu Y, Zhang J, Wang QL, et al (2018). Research progress in
plant autophagy. Chin Bull Bot, 53 (1): 5-16 (in Chinese
with English abstract) [XI7¥, K&k, ERKIZZE(2018). fH
YrAn i = AT FURE . MR, 53 (1): 5-16]

Marshall RS, Hua Z, Mali S, et al (2019). ATGS8-binding UIM
proteins define a new class of autophagy adaptors and
receptors. Cell, 177 (3): 766-781.e24

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

Menand B, Desnos T, Nussaume L, et al (2002). Expression

and disruption of the Arabidopsis TOR (target of rapamy-
cin) gene. Proc Natl Acad Sci USA, 99 (9): 6422-6427

Nolan TM, Brennan B, Yang M, et al (2017). Selective auto-
phagy of BES1 mediated by DSK2 balances plant growth
and survival. Dev Cell, 41 (1): 33-46.e7

Pohl C, Dikic I (2019). Cellular quality control by the ubiq-
uitin-proteasome system and autophagy. Science, 366
(6467): 818-822

Pu Y, Luo X, Bassham DC (2017). TOR-dependent and -in-
dependent pathways regulate autophagy in Arabidopsis
thaliana. Front Plant Sci, 8: 1204

Qi H, Xia FN, Xiao S (2021). Autophagy in plants: physiolog-
ical roles and post-translational regulation. J Integr Plant
Biol, 63 (1): 161-179

Qi ZY, Wang KX, Yan MY, et al (2018). Melatonin alleviates
high temperature-induced pollen abortion in Solanum ly-
copersicum. Molecules, 23 (2): 386

Sadhu A, Moriyasu Y, Acharya K, et al (2019). Nitric oxide
and ROS mediate autophagy and regulate Alternaria
alternata toxin-induced cell death in tobacco BY-2 cells.
Sci Rep, 9 (1): 8973

Schepetilnikov M, Dimitrova M, Mancera-Martinez E, et al
(2013). TOR and S6K1 promote translation reinitiation of
uORF-containing mRNAs via phosphorylation of elF3h.
EMBO J, 32 (8): 1087-1102

Sedaghatmehr M, Thirumalaikumar VP, Kamranfar I, et al
(2019). A regulatory role of autophagy for resetting the
memory of heat stress in plants. Plant Cell Environ, 42
(3): 1054-1064

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

Soto-Burgos J, Bassham DC (2017). SnRK1 activates autoph-
agy via the TOR signaling pathway in Arabidopsis thali-
ana. PLOS One, 12 (8): 0182591

Soto-Burgos J, Zhuang X, Jiang L, et al (2018). Dynamics of
autophagosome formation. Plant Physiol, 176 (1): 219—
229

Stephani M, Picchianti L, Gajic A, et al (2020). A cross-king-
dom conserved ER-phagy receptor maintains endoplas-
mic reticulum homeostasis during stress. eLife, 9: €58396

Sun C, Liu L, Wang L, et al (2021). Melatonin: a master reg-
ulator of plant development and stress responses. J Integr
Plant Biol, 63 (1): 126-145

Sun X, Wang P, Jia X, et al (2018). Improvement of drought
tolerance by overexpressing MdATGI8a is mediated by
modified antioxidant system and activated autophagy in
transgenic apple. Plant Biotechnol J, 16 (2): 545-557

Svenning S, Lamark T, Krause K, et al (2011). Plant NBR1 is
a selective autophagy substrate and a functional hybrid




1038 TP A B 244 www.plant-physiology.com

of the mammalian autophagic adapters NBR1 and p62/
SQSTMI1. Autophagy, 7 (9): 993-1010

Thirumalaikumar VP, Gorka M, Schulz K, et al (2020). Selec-
tive autophagy regulates heat stress memory in Arabidop-
sis by NBR1-mediated targeting of HSP90 and ROF1.
Autophagy, doi: 10.1080/15548627.2020.1820778

Wang P, Nolan TM, Yin Y, et al (2020). Identification of tran-
scription factors that regulate A7GS expression and auto-
phagy in Arabidopsis. Autophagy, 16 (1): 123-139

Wang Y, Cai S, Yin L, 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

Waszczak C, Carmody M, Kangasjérvi J (2018). Reactive ox-
ygen species in plant signaling. Annu Rev Plant Biol, 69:
209-236

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

Yang XL, Li YY, Liu YF, et al (2017). Review of selective au-
tophagy in plant cell. Acta Hort Sin, 44 (10): 2015-2028
(in Chinese with English abstract) [#/]N 8, 28566, X &
REE(2017). FEYIAN Nt FEVE B VAT TR . el 2R,
44 (10): 2015-2028]

Yang X, Srivastava R, Howell SH, et al (2016). Activation of
autophagy by unfolded proteins during endoplasmic re-
ticulum stress. Plant J, 85 (1): 83-95

Zeng XW, Liu CC, Han N, et al (2016). Progress on the auto-
phagic regulators and receptors in plants. Hereditas (Bei-
jing), 38 (7): 644-650 (in Chinese with English abstract)
[R5k, XIR 3R, Tt S (2016). A4 W (4% 4
RIRZAR R AW FEHERE. WL, 38 (7): 644-650]

Zhai 'Y, Guo M, Wang H, et al (2016). Autophagy, a conserved
mechanism for protein degradation, responds to heat, and
other abiotic stresses in Capsicum annuum L. Front Plant
Sci, 7: 131

Zhan N, Wang C, Chen L, et al (2018). S-nitrosylation targets
GSNO reductase for selective autophagy during hypoxia
responses in plants. Mol Cell, 71 (1): 142—154.e6

Zhou J, Wang J, Cheng Y, et al (2013). NBR1-mediated se-
lective autophagy targets insoluble ubiquitinated protein
aggregates in plant stress responses. PLOS Genet, 9 (1):
¢1003196

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 J, Wang Z, Wang X, et al (2018). Dicot-specific
ATGS8-interacting ATI3 proteins interact with conserved
UBAC2 proteins and play critical roles in plant stress re-
sponses. Autophagy, 14 (3): 487-504

Zhu T, Zou L, Li Y, et al (2018). Mitochondrial alternative
oxidase-dependent autophagy involved in ethylene-me-
diated drought tolerance in Solanum lycopersicum. Plant
Biotechnol J, 16 (12): 20632076




