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B 1. Rf5 R R ESMNER TR EAER . 1-MCP: 1-F AR SA: KMEE: OA: HER: NHS: JEHBUGEL; ROS: WEMEH: WT:
BFLERL; pin: ripening inhibitor; Ev: ZSEXTHE; VIGS: WA SRR 1P: HElE; AQP: /KIBIEEMA.

RITERS A2 (A R F R B AR, A5l RRSEEFE. R
MRy AL T R R A TR AR 6] A R S I
i LA B TR S SR S T N RURR (7], X R U A
AR RS R, R E KB 2 TR S P A e
N B B R BT AR, T SR R B 1R G 4 R
W™ (8] [RIt, RN AR 5 B B0H 5 R ST R
Z AR, A B TRFFR SR G i, 358 R 54
WitE, ERKTTAN, $RmE RS R

RH MY, RIRRR ER AR R AR R AR A .
ZUPIRERAR R RS (IRt SERFFEE) 16 RS B
JUT- ) e b B P S g U 0 2, 0 s 0 [S]0 X 28 SR S SR i i
FRAAFERRT AR, (FT 5, R BT R 3, (R
PO B, BRI A, iR, dEAH O
I FECR L POERACR RS, Bk, ZEAEDE K
BB 5 SRS IR, 0T 2K R SR G T AR A
TREF RS A R . - A (1-methyley-
clopropene, 1-MCP) 1ER LM 52 AR K6 4157, # £
1155 S R[9], TRIRE V2 T A 2% WU R A 7Y SR

SEH R EAGHERE[10-11]0 B T 75 SR ST R B FE[10,12] 95
JE B PUMELL 13 AR 2 4h,  1-MCP & id i 1 4%
BRSNS TR A RF S S R, 8 155 A U5 K P )
K, T T e e SR S PR SR O R P TE S [ 14]

T — P EBENLTEY, R TR S A
LAy F WU R A o D% T TR 32 35 it SR S RO DG i
R[15]EH R ZWiE, 3% rin (ripening-inhibitor) [16].
[17]+
[18]. Gr (green-ripe) [19]F1 Nr (never ripe) [20]. H: A
MADS-box #% 5 [X] 7 RIPENING-INHIBITOR (RIN) 7E ¥,
FAKH T R G H M EF D28 380 2t . s
[21738 i Ye 8 5T %% PUUE  (chromatin immunoprecipitation,
ChIP) A T4 1 241 AN AT RES 5 B8z 5 5 % 1) RIN
HEAR. BRI TCSE T — RAI5RE s E
TomloxC 1 ADH2) [22]. Z & -H&E H A& (o
SIUBC32 1 PSMD2) (23] % 5 A Fl i K AL A P05 1
[241FH G I T EE L IR, I e 5 [R 10/ 3 S Rl 7 RIN B 421
FERREEER . AR, IR, rin R —FhT)

nor (non-ripening) Cnr (colorless non-ripening)
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RESRAFIERAS, MA R —FhIIREER K RAL . DNA F B
43 i O F B 5% Rl - MADS-RIN A1 MADS-Macrocalyx
(MO KARE, RS 5 A RIN-MC, X R
PEAE R SR E I [25-26]. R, RINFIZhAEIEA F5 T
—PIRNHT, FTEEE ZAFAEER A S RABFAT
e,

TSR B B ST 2% 1 AR A Ak A R A ER AR AR A
[27], el S sE R A A MR I & =21 [27-28]. dF
I MR SR A 78 B S Rl 3ol 4 v g A AR AR A Sz A1 T P
PR RIRSE, RS o o, M SR S R 5 SR Y
WK E AR AT BEAS, IX AT B2 BT R B ol 2 &5 I
(sucrose phosphate synthase, SPS) FIF7 15 IR & B L 1 BT £
[29-30]. [EIBF, FEBE A B EGFI SPS B 4% o 25 B 1) #H R
[31], TfiBEFPHE BT 7 6 B 7E AN ] it P 2 ] A0 AN [R] B Ao
BAFAE R 3 22 5 [32]. WHFCUEBA,  RERE T DU 3R iR
AT RS, WRRE[33]. I &I[34]. AHAE[35]55 i A
TR HEIIE, BESS. A LB G R ks 2 (e 3 V& 1R
(abscisic acid, ABA) 1 & 19 - 815 5, 1l FaABAR/
CHLH #1 FaPYR1 {5 ‘5 il #% 18 i ABRE 1 sigma [X -7 55 i
PERERIAEE RIS R[36]. BeAh, REREET - -2k
AREAE D 2RI 1 3 B RS ABATLER A
BN[37]. EREFEERR, AR E0S BT SRS E
MR I o M UER B T SO SR, SRSE A HLRR 2
F9R, MR 2 H T B AR DR R B R 1) A [RD O
P SRR FIATIG IR AR PP R A A5 2 AR S e (R AR 2 B s e
TERFEIANR. A LRPIR e AR S DR R RRAE A
WFIRJECA, T = PR R A 75 R S R ot 5 e
R R R[39]

SRS AR 2 R AR A I K . SRR A S
Y By ERRAE ) FERSRKAHNRERE S
B, T R M TR S O R R A P B TR AR AR
Y. EEEAEY SRS MYBE S 7. MYC-like Bl 1
IRE-PA-12TE (bHLHD %% 5% Kl F1 WD40-repeat & H 145
1) K e g %5 1) A 55 [40-41]. MYB M1 bHLH #% 5 K 11 %
A S H 5 DNA S5 6 R e VE TR 1 1 S0 1) 5 D51 IE
B, 1 WD40 2 [ /£ MYB-bHLH-WD40 (MBW) H &%)
FAAE 8 IR s DR - R A AR I [40]. A I SR SERE g A
RIS i AR B A A, T — e s AR S
MRETE. b, . BE. T2 PURSBRG SRS
7, V2 RSfE R PR B AL AT A F R
BN, RO AR S B E ZER[42-
431 RELPIEHAER R R R CE5#8 7 A
T2 RTE (39,4110 2RTT,  H AT IR T 2R3 A R X i

PR R A SR SR Ji T AR T A AR 9 D e T T e
E{FS I

2.2, AN FhUE L RE

i % (reactive oxygen species, ROS) — HTHTEK B
HERRADER IR B 22 255 Sl T R EEAEM, 5
— J7 AR SO FE AR I A AT T (2,44]
ROS AR5 500 I Ak 2 LI #E,  (Hid B ROS B
S I AR W R 5 R R S B 5 AR [45-47). Bk Ak
SEZML N ROS F=A 1) - 240 M &%, R SR R e 1 46 R i
HE, A0 AR ] R R EE E H (voltage-de-
pendent anion channel, VDAC) . 1 S & g Fll 5 Lo 41 4 AL B
H s A Bl 55 KAESWD . Rl 2AE
TSR JE B A it FE AR AR T, X R
ST IMERAATIRE, A FECR S5 [48]. AL
B E PR EAGZ M, T3P0 VDAC ThRE, S2midt
FULBRIETE, RT3 SR i e ST B 1 H B R AR Ak
[2,48]. WFFERM, iHid BRI IR /> ROS AR R WA
REPEARERLAAFRFEAL KT, I RE 2% R SE3E 22 [49]. 7RG
S (2%~5%) A NI AE A AR ICROS K, IFAE
GRIRSIREE 5T ROS FH B IR 580 2% A4 ) 7= A2 A 1)
RUR[501. BHISKUL, ROS AR T R0 AF IR A
TN N, 3 B 755 RS s A se Jy FIAE )
= (WAKHE . KAWL —EHED . BahiEE 5 M
Al 77 80 B I, iR 4 P R H At ) B B ) O A
517,

753 RSk N TE H T A RE R BTR E ) 72 DR R SR SE
JBURIRE S 5 5T 5 A8 R 2 e, HpL B dE: O3 R sk
FEA S B AR SR I B B B AR AR (o AR A G R
D, PLACGEOE B (CkafRER . LT Bl 288 2R AR
Al B-1,3-H FKBERE MM KM PO 5 @R E AR
fediit s G RAMEE BEFE . KA BRAE B0 B 1 S S )
HEEF 50T, G RGFRBESE, Mk EY (a
FERJERSD w2 YAV a2 [52]. AMEK
PR b ¥ AT 12 25155 S Hk AN AR SR S b B s AL B R KT
KPP ENED i E SRS H IR 25
LB R B [52-53]. [FIFE, EEER AT DAADH R AL 2
RPN CIRARHE, B SO R N H R, MBS RS
AR = BURRE I[54].

2.3, ISR 5T AERF T SR8 S s
PR T Tl RS AN B LR, BT I B
SRR SR BE L I UG OLSE = %, AEAER



= /)

MR IE R4 (dominant-negative mutation) B¢ I RE 31T
RAF (gain-of-function mutation) & J%. Kk, FIH iz
I8 0] 1) % e [9] SC 2 P 41 (clustered regularly interspaced
short palindromic repeats, CRISPR) /CRISPR #H 5 4 V11§ 9
(Cas9) FEAMFE 55 Bl AR G R AL, BB v i ok BB
Ko IFFEICERGE B 2T AL R . A, BT R
AL AT gl iR ER R RA M T LOREEEH,
ISR 5 21 DX 48P A 53 DR 1 245 ik A 2 T A AN [ SR
S AP DR R TE [ — Al S (6] 4x i 23 Mt 55 Ak D R AA S AN
SRS BT IR A 6 B R B ARAB IR AT 5, W RESN AR B Fib
WEFCFR AR IR LN . B, AT A SEE T B
J Z A PRIEIKE (i oK1 % 5% JE AR W is 4% R
), FTEBEEENEMBIRZIREA, IRIERAT R
S i R 4ERE 73 1 LR B

3. RafRE R EVH KRR

T JE L TR AR e B A R BT WD BRI M) ) — > R A
=, MI—HAESIRRAT . A% ZEREHER
MR 4] BT AR AR FIL 7 A R BR - B
TR S5 T f I . ORI, R B 7R AR A A
SHE T AN B i 2 A A XS 1) 2 4800, i HL R T
50 1 T AR PSS Y A1 2 75 TS 243 T R 7 ZE MR 24 BB e
PR LH A 1 2R T 058 o R 2 e 281 400 B 20 B SR AR B 1 A 27
A 245 R R O R

3.1, B DR B 0 0 AR T AR R A

K2 BRI 5 T Ji L B S B A 77 A S L TR
B I 85 5 L B 3 R 40 BE B AR (cell wall
degrading enzyme, CWDE) B{ LI # 2 R AU a7 E4M, 1
JERLBLR F[7]. R, ITESAERFRREE, FEFARwh.
il 4, Zhang Z5[SS]HRE R I+ (Arabidopsis) W —FhZ
A& % H RESPONSIVENESS TO BOTRYTIS POLYGALAC-
TURONASES! Ref R A K EE B (B. cinerea) 53 UWAH]—
P AR BRI (Bepg3), 3% BH 75 32 40 F i 41 i i 1
(1) 52 AR (1 RIS 2 AR R 11K B. cinerea 43 Wb 8 1R 51 A
AEPIREOR I 2 A, AN T 25 M e B, InRAR
JE K2 1 4 0 A1 BA[S6 )38 i i 75 /N RNA - (small RNA,
sRNA), #/r8 THEYVIAES B. cinerea 2 |8 A7 7E 3% BK 1Y) 3@
BEACU, JFIRT T sRNAFE RN H 7 18 Thag, R W
SRNA 777 Jif B8 A 2 A8 4 2 8] 1) AH ELAE F R T et A
FHURETFHITER « B. cinerea 4l #1548 sSRNA 1 DAEE 2 3]
b, FIFRY I RNA T3 R G005 H i it
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FRAH RIS 8 HE A [56]. AH R, A AEH FH i Ah 220 %
sRNA ¥ N B. cinerea, T 3505 A O HE R 1R IA [57]
BRI g B R (I 3 T 55 B8 1 R LR 45 & A IR
W R WBERESUR S TR TR EE HIE ) O&
BTN T SR B S A B 2 AR AR, R
JE 99 SR B2 28 I BUR LTS IR B A3 1 — R ARG

V2R, ROSAERSG AHMXHAN S5
1% B. cinerea 14K K B M BUR 71[58-59]. fE B. cinerea
ROS ARG Z 454, BeNoxA Fl BeNoxB Jg A 2K
NADPH (— T4, 530 5 2R MR Tk frie e v — A% TR 1k
) A AL g A I 35 gp9 17 Y [ AR 1, )N B A B i
G5 K 35 RN AL 45 74 38 [60-61]. BeNoxD 1F A £ 3k & A
p22" IR H . AEls EA% S5 BeNox A A EAEH]; 1 5
—FhPE L 11 BePls1 /F 4y BeNoxB & &4 1 p227"~ [ U5
EAKREE[62], Fr A2 BcNoxR il i i 15 BcNoxA Fll
BcNoxB [T e K HE 0 42 1E FI[61-62]. R4 HT
KW, AJE Nox WV KB AR R AL HEK
LA B A6 M T 177 T A7 72 SR Bf[61,63-65],  BETTIFEAK B. ci-
nerea B /7. IXEEIEHR R B, Nox WIHERR T 75 4E Fr4H
M ROS A eIz i e vh KA AE A, 182 5% B. ci-
nerea [f1R B BRI FE[61-62]. MUk, @ik 1R 5
JER B 40 S ) RO'S Faads SR at] FLAE AN /)72 AT AT (2]

WA, WREYW, VEEE (Penicillium expansum)
FIIRE R (Penicillium digitatum) 111735 FEAMEEH
K HER A F[66]. BN, 5P expansum #tl, P digita-
tum [PEAE AL 7K AR UK, X WARRE T P digitatum %t
FH A JE S AR G (PR P [66-67]. SR, 45 € B A BE 26 1F
W25 P expansum WIEUR 7). RIE SR, pH AR 5%
¥ PePacC FJ LA #% B0 /3 FldE 1 % K (patulin, PAT)
G, TE P expansum X PR pH [ B Ok 35 5 EAE H
[68]. MtAh, XF#:F DNA (T-DNA) 46 A SCF 1) i 1%k &
TN, AP UARH OC R [ Blistering 1 1 0] LLIAYE P expansum
(FIE0% 11[69]-

3.2. KJEWERAEYBG

F B PO P e B 128 R SR S5 i 5 e — P e B AL
BIBAR[70]. 35 =+ ZFRIWFFEAEFE PO AE D R . D
MUERMFEAT . SRS BERSE TS T REiR. 2R
BER PR AR IR 22 Fh SR SR 58 5 B B 2 R4l 4 H
[71-73], BATZHMNHAS: HFH, BEAINEFRFR
K, SHAMP AL, EARFE TGRS
[1]o FERRASBURE AIVE AL 2 ZEALHE: e 4 A7 A
B TEREYIE. S5RIEWEEAE. P AETIEEYIE . 5



1314

FAEDUEE74]. £ HATHGER > B Rk, RLLRER
(Rhodotorula glutinis) . Z{EEEEREERE (Cryptococcus lau-
rentii) FI-RF|LL g EEIREERE (Pichia caribbica) YJREW%H
A HIAS [F) R SR 998 [ 75-80] 0 AR IV 50 8 A B 58
ETREIA R EVBTER T, HBPRIRR LG
55 H At A 25 e B R FH 3 7

3.3. JiiiE K AR AL YriE Y IR

2 FH A 2 RAE )R (FDA) MNER — 24
JR/RSRSKIRE RAPSUCEPIRIED R, 3 2
MyERS . R R HATAEY), BT BB S, )
VENZERIREETINF, 22 RN R 2 KE. FL
b, WEANEMR A AERR[81]. BERR = BA[82]. IR
FBR[83]\ SR bE[841 AN 7 2R [85]) CAMIRE R H
R4 R R 4 S RS R G, AR L]
FEAER R R RE )T SIS S AN SR
BERA . S 4b, XU BENE 5] S m R B A T B 2 4
75 M R SR LA B 1 W 5 3 T 9 R ) 40
71861 A Ja It 9T 75 B — 2D 52 S A [ B AR 7%
MRS LA RS, LASCELE FEIMER .

3.4, BESR i B0 8B AT I R Pk ik

DAY, R 2 08 I B 1) R D A2 G st T
S U E VRN T IR EE pH 2RI RE 0, 3T R AR 2F 32 40 e
BE, SRR 27 37 AR AR K [56,68-69]. R, s R TR
595 3 HAER 0 Wb iR A IS B 22 A8 4k . T-DNA 4 A\ SCHEE
e . BROCSRATRFR A S M R (IR AR A SR AF 7T
(R EE p o 12 G WS A 20 2R A 1 43 Wt AT LR B0
72 e MR i i i &R R . B 78, sRNA
B 5 R A AT v A 1 RN R B R ) R R PR AE
F, T R Se S0 R (1 P i) B R i 5995 5 1 A T
TEFFINLHISRAEBUEYS . 76 BRKMIE T, TR R AR LR sk
(R RE TR KRR BE b HU R TR MR8 25 11, B 45 38 5% pH
B BRR. REMFR S, HL, AU X LR K
R R S ) R AR

4. SRE MM RIZRIFETR

4.1, FEFEN G RS AR HR I S I DRI RN 7 I e

LR ELBH RS AR R B IR AR (87, Herh—#B
AAFPIAE R 25 Dol b B EE A, 1M 57— AR
X B AT AR MY AR 7= A 5 [88-89]. B T it AR SR JE
JEB, AERE AR A B E R, KRR

o LIS G, R O N R . HE AR — A
LOREW PR ETE R, AT YR R B S N T
[90-92].

5 J8 B E £ b o T BR B 1 R 2R TS A A
I B e o 2 2R AR5 B 20 T AR B A EE R N A
RO RER AN GNP St R ST S SR
LMRE T (U 2 Aspergillus clavatus [93]. K36 H 5%
Penicillium griseofulvum [94)F1 P. expansum [95-97]) 1 5%
Wil R A R R D 2B 2. 5SHERRNE
MR FEAE, P expansum % 1 5 2 A & KR H 1 15
ANFE (PePatA~PePatO) #5RE 5 W #5 i % 2 /B &
B MR 8 AN RIS AL B R R S, B R Sk
B 58 A I [98-99], 3 W IxX Le Ik R X -4 il B 3 1 2E W)
G AT D). Hor, C6 B 5 K PePatL 72 1%
e iR A R R R SR R T [97]. B T R R
B RGE A R e e s R T Ah, — e R MR R s R T
(W0 VeA. VelBAIVelC) #1215 1 #k il 8 &K & i 1%,
EATH A AR B B A A ) E R AR RE R [99]

4.2. TEE5 Y MBI it

EAT, 26T AT i BT s 1 25 22 1 B 9 3
FHXTEAG, TEVEBIE B R SR ST AR e el e i 25 2
15 Y B A A R R FE T 100].  Fh T RE 1 40 i g s AR
o fE AR, Rk, R R bR R BEE R
BRI S8, IR E A 2] 90% DL |
[101-102]. #ATAT, P RE B A B 2= 5 M 5L STl b 1 E 2R X
Mo —UE AR CUTAEPIIRIR R B8 . 25 ek /> 1 75
KM= AE[103]. F 58 R IR R 2R ot 7 5 1R mT PR 2
90% AR A EHmRTER T2 MHT2 MR R, LK
48%~77% 1 K 75 85 i i ) AR 2R [103], i B AxX L4 Jiii v
DA Ik SR HiT BRI 1R 8 FH S 42 1) B 0 1 0 G At Jir B B 5
BB R R SR TR AT LAEORIE (WA . A7
MR EAE G R 28D T iz TRk RN IR G, R
FH I e G A AT B8 B R 9 RO 8585

5. RE

AR, AR A RS I 2 4 s 7 i B4
PG 7 ERRE (K2, AW, BRAESXKEEYS
SRR IRKIOAE, JCHAER R W i B L
FEITM . BEAh, RZHELRE KT IRl 7E R SR A
A DORAS AN B BOR TR RIML R, PR %
FERTLRMAAMRI K. Fik, 4EMPFRNEET
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