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REEXNBERERAK CIHFIABAZ ERF M

W, EEF, TREK, B, hE5H
LA ARl K B 2R 2 15 TR 2 Bt A A 0 2 T 5 T S B /R M 3 3 0 b X ) A 2 5 R ) 5 5 2
% 7824271018

FE: & 2 F MU —FIREAA], m LA E AT RN A RFLEH . AL EZZHR T IMRARZE L FH) R E R
e Fm, SPM AT EAT R EGEAE B F L ARABAS #vh ., S REAW, SRR EELEEMIERZRENBRELSL
. REFAHERSTEAFTERTELELYESE, KT THLRESE, A PRZERETHHRERN . RNA-Seq
I E IR B AN R EHTF T U ANE RAE 54T KA AR 69 KA K, @3E24NACS. 2MNACOF=104NERF., 3t —
oA RREZEZLERGTHEHPNHREF UHNAYRACCEEA LIHHSGEE, I, ARILR IR L F L6
hE 2% T T ABAS AL BNCEDI, LA T ABAMREEA R CYP7074169 %3k, {23t ABAS B A F A R XM Hh, X, A

B R AAR E AT T R A R TR, CHART fe e sbad A2 AL A AEAE A .

KRR 4R 2 & Tl ABA; i 3h; RNA-Seq; #] %)

B 2R (N- Lk 36 5- AR (0 ) Sy s Wk Jie 2%
YR, FEAET 2 FEY) I (Tan%62012), HREZFAEN
LA, BEFE R & A AE AR AE Y E BT
PE(TanZ52012); 1A K7, AL TR 29
oy MR EZ. FFER. FFIEMBESIRE%E
Yyt FE(Amao 1 Hernandez 2014). HEEZHAEHE T
SER L PRk A AR A SR R s e 4
th(JemimaZ$2011; Sae-Teaw52013). il %7 5 52
ME, EREAETRE. BREAR T 5%
FRH, HR R RE A BT R R, T TR SR AN
b7 o B B S s b TR (VitaliniZE2011), RAEH
0B 2B R AE RS A BT A dn 2 Hb, HR B
BRI THREBERTRRAERLEE. i,
ANIF AR BB 2% b B RE A% 19 0 A A SRR N — B
(Meng%52015); fEPERE SR, HBE K TTREVE L
AALFR B 1 RS S A 18 (Zhao%62012) . ik
MR A B m Ak R S E AR D K T H
#(Gao%52016), 50~100 umol-L™' [l &£ g
REFEMO T R R WA RS
2016; LiuZ52016), H HE A2 H £ 750
pmol- L™ f it B8 25 b F B 1 1 3% 00 B S A 0%
[ TLAMAR i 42, G HE 40 M B AR . AL BRI
s BiRZK A RN 7 1 R (SunZ2016) .

%) J8 T AP R AR 2R S, VA TR (abscisic
acid, ABA)TE A ERAR Y 5L s pl 2k i v e 2 20
YE1E Fl(Zhang?$2009) . KEHF 57T RATER & K B
&N B B R ETE R AN IR ABA KL 335 e 2 1
%) S 0 (Gagné&52011). {HIE, —LURF5E

R LI BRANME 5 A P IRARAAAE TR B RS,
HFHIRE R IEH, L5 5 X0 a A B R
FL(ChervinZ$2004, 2008). AMJE £ 45 A e 5200
7] RS TSR R BR(Chervin®52004, 2009). 1t
4b, ABA . LIEARE NG 5 % 5 5< 1) 5 B 2
FOHIELRSE 2, e 9-IG-FA SR b = XU
S I K] (9-cis-epoxycarotenoid dioxygenase
gene, NCED) & ABA & i (1) B il 25 ] (Luchi&52001;
Wheeler5$2009), 1-203E30 14 fie-1-F2 1R 15 i 5 et
(1-aminocyclopropane-1-carboxylate synthase gene,
ACS) - IR b - 1- 3R IR A Bl 5 B R (1 -
aminocyclopropane-1-carboxylate oxidase gene, ACO)
T L B B I 2[R (Yang FTHoffman 1984,
Merchante%$2013).

BRI 7T A AR B 3R Ae 18T 1 1 ABARNI /R 55
Z (gibberellin A4, GA,)RK TP T I & P TE
AP R (Zhang5:2014; Lee®52015; Li%:2015); I
LR A PR R A TR 3 i R S, AR TR R AL BRI 0
T LI, Ik T ERAC R B, BT fe it 1
i RS AL (Sun®E2015). T ULE, A
T 7 Al R O AR R AR A & SR SE T ABARI 4
Wi AR SR B B2 0, LAI Dy 48 705 1B RE 2K IR 4
R SR SR LEE B8 5E B

ks 2017-06-13  f&FE  2017-11-17
BE LA ARBIZEES(ZR2015CMO14) ., Rl AR
A 2 (CARS-30-ZT-06)F1 111 45 44 “XU— i 4D ¥ 42 (S Y-
L2017YSTD10).
* JEIHER (B-mail: yaoyx@sdau.edu.cn).
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1 BfE), Hm=

RIGFEHAL T 4 4117.0°064636.7°, J& T HEIR
7 PR PR 2R KU 3R 12.9°C, 10°C
DL EARIR4 213°C; T35 K E£9700 mm; 4
YIH %2 627 he
2 MRt 4E

DA FH ] = A A= i £ 5 R i FH i 4 e P BE IR 2
FL> (Vitis vinifera cv. Moldova, Guzal karax SV.12-
375) KR, EEUSAT, FEAT208 A 1, AL EE 5 X
B . W REFGEREME, 57K
50~60H Fry 6445 AR, BN 45 S B2 A,
FIRMG RN . A KINIEET SRR
HEFEARAG —. HEaYW(LE68 d)A100
pmol-L 4B FKZ R, MRS min; XA K4
H, 5 ME. TAFEE0. 2. 4. 6A18 dELFE, H
FIERERNKERE. B ERAEREEHR K
FE, HE RS, FH 00 5E J ST AR
DCHURE e R Y b R 3 SR s23~4k, $E11300~
40047, Xt BRI — 8. TR 5 A BE ML % B
1007 5 S g S5 it P - L0 2 1-B B FR TN
JE 2 2 (1-aminocyclopropanecarboxylic acid, ACC)
(15 B, SRS PROER 8 A SR S I SR R R A 40 S, W
BB, Vo VR T 15 B—T0°CIRAF .
3 MEERSHE
3.1 RIALGEMEFY(TSS), LEER. RitE
HEEHNE

LRI 2] SR ST, PR BE T 5E (0~45,
0.01), 50!, THEAFAR ST Y total soluble
solid, TSS). FJ Vi & BRI & 2= 18 [ X hrifE (KR
B S ] AR 8 B FE R E ) GB12293-90, HX20
b A A RSB, WA, AR 0.1 mol LY
NaOHVE AT AL €, PApH=8.10 7 iE £ i,
HES, tHEA R Umg g A RRER . IR
FRUR R 2 R, BEALFRENO.2 g, B BS 2k AR,
FH10 mLI{$EHGHR (R RR-H 2 1%) AEHX 12 h, 8 000xg
20010 min, HX_EIE RS FRE G 0 € FEAES25 nmij
KAR I elE, BRI, IHE R aE 2,
3.2 MERMNESE
3.2.1 BEERABARINE

B B R R BT A TR NG T (=48

h)J5, TEMREA Z1N A RITE L Bk T8, I
80% FIFEH2HL12 h, 4°C. 10 000xgBS (215 min, Y&
£ FIEWRIFA0.22 pm A HLIEE AT I 98, & T8
WE . R IER 28 K (A EIT40°C, #E), #4745
T J5 B9 5 I3 mL (¥ H R K RL(5 %) 43 3 4k H
Wi fg, 14022 pmyE R HE . SPEEIAHAEL
J5i, 4 RO B3 - 72 % (TSQ-Quantum-Access-
MAX = E U AT R, EE3R. HREBRELNZS
BRI KA, =288 nm, KA KA,,=333 nm; i)
M5 7K=25:75 (V/V); i 0.5 mL-min™'; A
22°C; bkEE: 10 pL (Erland%2016). ABAKY I Z
e WA =288 nm, K KA,=333 nm; i
SN I : LRKVER(pH 3.5)=4.5:5.5 (V/V); ii&:
0.8 mL-min™"; FEi&: 40°C; F#E&E: 10 pL (Zhai%s
2017).
3.2.2 ZI&ERACCHINE

WA R E TR G, S T RE2 h,
FHE2 mL A, N SAH I A(H AR EGC-16A),
M5E L) &5, EE 3K (Farmerd:1986). Faill 2
#: FIDKG 2%, N23iti# 485 mL-min”, H2JE /1M
0.6-kg-em”, AIRJE /7 °40.4 kg-em?, #:35105°C,
FE TR EE 125°C, AMbnid e &

HUs & A 10 g, IIN20 mL ) =& L FR(TCA,
0.2 mol-L™)WARHTEE 3, 12 000xgES 0215 min, Y
£ FIEWR, B2 mL B3G5 10 mLE &&= /M,
IIANT mLR B (5 % ] A TR AN AN E S A Bh=2:1),
PESJEHRE2 h, VRS S EL B2 S04k, fp, =
=3k (LizadaMMYang 1979). AR CLIE I 5E 2% A [F]
2 o
3.3 RNA-Seq X HHXEREFRILEHIME A

RNA-Seq H 46 5% 2 1t ik & RRHEE A BR 2 7
W Bh5E . FIFINEBNext® Ultra™ RNA Library
Prep Kit for Illumina® (#7530L, NEB, USA)i 7 £
AP SC 2, SCRERNAKR I FIQubit” RNA Assay
KitF1Qubit” 3.02¢5%{% (Life Technologies, CA, USA){:
AN E &, FiREE1 ng-pl'. AN K/NFIF Agilent
Bioanalyzer 2100 system (Agilent Technologies, CA,
USA)» i . #FIHiSeq PE Cluster Kit v4-cBot-
HS (Illumina)flcBot 5254 R Gubf i il dE 4T 5%
2%, SR 5 #ETlumina Hiseq 4000°F & - iE47 30, Wl
J K B g 5 BT 3 4% 150 bpo LA 2 35 ] 41 Bl
£ %2 (http://genomes.cribi.unipd.it/grape/), F]H
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CufflinksXfclean readsif 4740 %% . FrLEER FRIATKT
F|Hreads per fragments per kilobase of transcript
per million mapped reads (RFKM)i#17 € &. %7
K- AR 45 PAE Al o g, (72 5 #50) ok 4 W 2. 25 1k,
P<0.05Hlog,=1 & EM %R . #H Takara RNA
SR & . Takara S % 55 & E 1T RN A #2
WK sk o DA ] [ X AR W0 R A5 JE P Co (https://
www.ncbi.nlm.nih.gov/) b 18 ) %5 2 K 7 41 2
Z 5, A Primer 5.0% tH 52 5 2 &5 9.

K HSYBR Green#ef, S} 2¢ Y 7€ & (real-time flu-

orescence quantitative PCR, RT-qPCR) /7 4%} #H 5%
FE R AR Fak g AT M E

AL HUABA S i FE I NCED 5 [ fif 22 148 -
FAk & L [K] (8 -hydroxylase synthase gene, CY-
P707A1), VA J LJGE G RACS ., ACS1S Ffif
KlACOM G E B .
4 FitoH

B 4t it o i % FHDPS 8 44(2005) . K H
BRI ZR T Z M OF Z 00 ), MR IIE 2 7] 2. 2% 72
F(P<0.05).

1 EHEPCRETH G
Tablel Primers for qRT-PCRs

He LRSI (5'-3) S 514 (53"
NCEDI TGAGGTAATTTGCAATGAAGGG TTCTTCCGAAAACCGAAACAGT
CYP707A1 ACTGAACCCAAGTTTTCTTTCTCT TTCACCGGACGATCAGCAAA
ACOI CCTGTTCTCATCATCCTGGGTC AGCCTTTGTTTCAGCCCTTT
ACS1 ACCGTCTTTTCTCTCTCGCC TCTTGGACAACAACTGCGGT
ACS TGTGATGTCCCCTCATTCCCC GCATCTAACTGCCAACCAA
ACTIN TCTCAACCCAAAGGCTAATC GCATAGAGGGAAAGAACAGC
SILER 2 BB RAIER B RITARAITN
- e i B e WAEIRTS dIFUh, TSSRIEFFHFHOEIER, i
1 SNFRE R HBRSHEE R A BTN

TEIET75 AR R S EHURIG N, 7TE16)589 dikfx
KAH, SR 5 BEAE S IR T R (B eyl
(fE)568 dyBHATHE S Z AL FE, b1 (AR R A BA
S RS2 IR3.0618; FEAEJET75 dZE103 di, AbFRER S
MRERGERES T, AARREI365. BEER
SR E, HA R SR R S R ZE RN

4.5¢ O X o RERLE
§ 4.0 s *k
2 3sf T
T 3.0F
& 251 *k
ﬂﬂ?ﬂ 2.0F K%
st
i 1.0F
i

68 75 82 89 96 103 110
e fE i al/d

PAT S 508 R 2R AR BT 8] 26 SR SR PR K B R R
Fig.1 Effect of exogenous melatonin treatment on endoge-
nous melatonin contenst in grape berries

* RN R AL I FE0.057K T b 72 e i 35 s ** 3R IR A (R A 2 )
FE0.01K P EZERRZE . N EF LT,

A E R O B R BT I, SR BH SRSk N
(K2). MAESE96 d (AbFREE4SH), HRE R A FE T2
P T TSSE & fEAE/E 110 d, fRkFE Z AL R 5L
TSSH =1, N16.25°, TXfHEH14.96° (E12-A). R
FRACHPRS 7 Al E R & &, 659641103 d, 5
Xof B 22 508 B 2 K (B12-B). LR, B
TN B R R AL PR AR UK, fEAESE TS d (BRI T
d), #EEBEKS B AR 1476, Bk A R %
BE T HEET S EE2-C). DL gL
AL PR T 6 4 SR S R
3 BERWNZHERFFESKSHEXERNEE
N T W TR R A EE X RS S S
AH G IR R SR I I B R ), AR SCAR ) T AR BE 2R Ab
H6 h)5 4 R s A Ak, 2 HRGER2)EMH,
WP AL S, WA R 14N LR A G S
i SRR I IR ) 3Rk 2 3 o, Hoh il &
Fh4N IR R B 2L [ ACSFIACO, FHoHpACSI
AR R K, R R3.584%; DA 104 245
NS R T ERFEER, ERFIIS ARG S ok, At
HE2.86f . BLAh, AL IS — AN ABARFMFEFH OC 1)
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Fig.2 Effects of melatonin treatment on TSS, titratable acidity

and anthocyanins contents in grape berries

FERICYP707A1, X RERI2.780% . Rk, LM@A1k
B AE T A% T 0 R B R AL BB UK, AEivE
Wi [ Ao P 2R Ab P
4 BEZRLEMNEERIPCHRGXBERRE
KR & ERFNE

N T D TR B AR BT 20 A R R
W, ek T AR R R AR N OIA RO R . 1R
XTREFNAb FEIR Se i, AR FAEAE S5 75 dis 3]
ORME, RIEHEE REKEBE TR, ERL
BN VT Y I o ST P S WAV 1 = 5 G P S

R E Ja W RS AR (B3-A) . HRRRE AL FE
Ehem VO OIR G AT R R ACCH) & 2(&
3-B).

AL, A OB SE R A CSFIACOMM R ik
BB B 5T (KI3-C~E), X 5RNA-SeqfJ4h
B3, G416 d, 2DNACS (VIT 215s-
0046g02220-ACSIHIVIT 20250025g00360-4CS2)
RN M RIEZIE BN AI265 0L b5 ACOT (VIT_
211s0016g02380) %] B ¥4 £5 LA |, =35 3552 B4
HEMFFLFET. i, BERTREL LiH o
G R R R IE & T L& &

5 BRERNEMNEERIABARTERBAXERER
ey :pA |

ABA N %) 5L O 2 BRI IR,
ARSCAGIN T 48 S 2% A P S R 4 SR SE I ABA R BRI
ABA S B I RINCED I 143 il 5 B Rl A bscisic
acid 8"-hydroxylase 1 (CYP707A1)HIFART 1K IKF o
SERRE, S5xFRRAH L, AR SR R A B TR T
ABAZ &, Hh 165820189 dff FRARIE B ik, 78
3.2%k A (El4-A) . FERIRIE /T R W], HE AL
AbFR6 diL 3 R T NCEDI ik (KE4-B); Mk b
VT CYP707413 Ak &, TEALTE2 4 dik 3] 3%
I, B 2 51 J946.3%H128.1% (El4-C).

IS I

B R KA 5] Wk i ) 5 ANTA A LA AH LA )
GERE, A R AR AR AR KN 44 Uy T A AR AR
fIThaE; (B2, 7 RSP IAATEIR T % A 5 Sl 2
(Su%2015), T 48 28 & AL BN HE T & Al % #(Sun
552015), AP R MR 7 HRE R TR
A SRS R, X R AR R R FITA AR 1A 715 77 3
17T 52, BT R EA AN A (1) R 715 S 2L R A& 2 (Ar-
naoflilHernandez 2014). H 7, (BB E ) EZ A
AL FIB AL ATE R, (A — e SR AR B K ]
REiE N How R RAT R IhAE . thtn, REE R
HIHIABA G L INCEDI . NCED2M 31k, i
ABARE R LR ABA 8- ALHEE(CYP707A1RICY-
P707A)MIGA & HFENGA20. GA3ZEFRIK, B
1233t T ABARRRFIGA G I, 1E3E T M dh 41 N 3
JRF T8 A (Zhang552014) . T A 56444 T, 4#
A HSE Rk P R T NCED3, 1 T CY-
P707A1RICYP707A42, JEfi AR T ABAT & (Li%%
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Table 2 The expression levels of the melatonin-induced genes involved in hormone metabolism and signaling

B[R ThE SEHID SR 4R log, (17 4725 4k) Pl
CIEEAN A R VIT 215s50046202220 ACS1 3.58 0.00015
VIT 211s0016g02380 ACOI1 1.74 0.00001
VIT 2025002500360 ACS 1.43 0.00001
VIT 212s50059g01380 ACOI 1.00 0.00000
LIRSS VIT 2175000000200 ERF115 2.86 0.00042
VIT 205s0049g00510 ERFIB 1.87 0.00029
VIT 201s0011g03070 AP2/ERFFMTEMI 1.72 0
VIT 2015015000120 ERF114 1.69 0
VIT 216s0013g00890 ERF2 1.57 0.00187
VIT 218s0072g00260 ERFI110 1.50 0
VIT 202s50234g00130 ERFIA 1.07 0
VIT 207s0005g00820 ERF071 1.00 0
VIT 2035006300460 ERF109 1.00 0.01367
VIT 210s0003g00140 ERF9 1.00 0
ABA&fiE VIT 202s0087g00710 CYP707A41 2.78 0
A~ 45 ¢ m B
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Fig.3 Changes of ethylene release rate, ACC content and the expression levels of the genes

involved in ethylene biosynthesis under melatonin treatment
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Fig.4 Changes of ABA content and the expression levels of
the genes involved in ABA metabolism

under melatonin treatment

2015). HEHFRAEKMER G R B AE ), fR R
AT 105 TR e AR T K R (LeeS52015) . LA
R E RN SIEDAEH e R A
THEWER. AR, %R LR L
EHABA S B iR W, HRE R FIAIEABA, HAE
B R B BRI 7R R AR 5, R R
FEABA & .

FMILLZ R, A 5T R DR 22 2 40 22 85 35 e it
TR RS O A ARG SR . KRER
TR LI A G ARG 5 A T A8 T T A AR sk

J bk B R F(Li%%2010; KleeFf1Giovannoni%s:
2011; Hayama%$2006). J&45 % & A AE O M ERAR 1Y
FSL, (H A — S SR B 20 15 A A RSk B M
&G P S B B4 F (Coombe 1992; El-Kereamy
£62003), AT LRI & TR B R AABAY B
W IAEAE JE89 d, T & ey IAEAE S5 75 d;
T AE 2 i 2 i b IR 2 4 1 5 T ABAH I
TE#A HiT B (Sun2010; ChervinZ2004); UL /R~
T LRI REAE JE B R Sk A B B AR
Mo EFRAMAS b, REERFEBTIEFACSS
SRR HE 2054 % (Sun&52015), T2 MACSHI2A
ACOITRES 5 THR B 2E S04 2065 1 U
TR A i R R M SR AL ) s, R R
BB PO AERBRE R R JAN, O
A A AT B R AR SRR B WEFR I
RIN. MADS8%5# 5 K 1 e i I/ 154 CSFACO
FEIk R AL 2475 K- (110252008 TrelandZ52013);
ERF11. ERF2. ERF3 gL 7T4ACSIEACO]1
[ 235 SR 1 T 257K - (Han%%2016; Li%%2016).
JEH AR, BT R IMEMY C2fE Bk 45 A 3
ACOIMACSIM R B ¥ FEus HEE, I HMYC2
8B I ERF3RB0H A CS T 253 (Li%%2017). 1E
ARLEERF2NACS, 2N ACOMTA ERFER KA
THRERFES, &AL LRl ABETT, FRATHED 182
FML ] BE B B ACSTIACOM) R iEFKAL 3t 2
157K, I HLERFAE IR m et H 24 H
M2, AR SR I T R R 2K A R A A
R BB R B E R T OGN E S
FHEEF R e LIR K R R B
LIFAE T R ) A S Rk
SE 3k
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Effects of melatonin treatment on grape berry ripening and contents of ethylene
and ABA

XU Li-Li, YUE Qian-Yu, BIAN Feng-E, ZHAI Heng, YAO Yu-Xin"

College of Horticultural Science and Engineering, Shandong Agricultural University/State Key Laboratory of Crop Biology/Key
Laboratory of Biology and Genetic Improvement of Horticultural Crops in Huang-Huai Region, Ministry of Agriculture, Taian,
Shandong 271018, China

Abstract: Melatonin acts not only an antioxidant, but also a hormone that regulates plant growth and develop-
ment. In this paper, the effects of external melatonin treatment on the ripening of grape (Vitis vinifera) fruit
were studied, and its effects on mature regulatory factors of ethylene and ABA were determined. It was found
that the content of endogenous melatonin of grape was significantly improved in the treatment. Melatonin treat-
ment increased the contents of anthocyanins and TSS and decreased the titratable acidity, indicating the acceler-
ated berry ripening. RNA-Seq analysis showed that melatonin treatment significantly induced the expression of
the key genes related to ethylene biosynthesis and signaling, including two ACSs, two ACOs and ten ERF’s. Fur-
ther research indicated that melatonin treatment enhanced the content of ethylene biosynthesis substrate ACC
and ethylene release rate in grape berries. Besides, it was also found that melatonin treatment significantly de-
creased the expression levels of NCED/I (ABA biosynthesis) and enhanced CYP707A41 (ABA degradation), re-
spectively. In contrast, melatonin did not affect the ABA content of grape berries in a statistically significant
manner. Therefore, it was indicated that melatonin promoted berry ripening and ethylene most likely played a
key role in this process.
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