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GA, 5 CPPUXNAERFHXYRERRERRIEDN

A

B, AR, AL, M
(LSRR 22 B VT35 M50 2100955 2.0 BERSIMA S TT5 WER 223500)

TEE. IR BHE , AT DL SRS BOR AT RIS MR, F4EJF 14 d, H 25 mg/LAY GA, 431 F1 0
mg/L.5 mg/L.10 mg/L 15 mg/Li¥) CPPU 41 &AL BRSRRE | LIS /K AL HE A% IR (CK) RS2k A5 (6 3] )5 20 ) R 4
ANTR] BB BE AT 25 SR 52 38 40 S B B PCR DU E 55 S5 25 UAH 5C I 2R T S IR ik 22U i ( PAL ) 3k X R (3 1 B
B (RS ) B W R, I 52 7250 2 B2 A5 A o R ik A AR & SR A, 45 R FR W] SRS G
o, XS RRAA LG, GA,+CPPU A3 5, PAL Il RS ZE K FRIE AR, PAL BRI F IR0 (H (RS BRI FRIA/KF-H45 CPPU
Ab PV B B AARSG . SXTRRAR LY, GA,+CPPU Ab B i 5 KA TR 2 vh A A e | BB PR 38 &5 &, MERR &
M THMRSFMIR S M CPPU YR EZHS I 2 TR, LR R MK B FR Y &M CPPU 4Bk B 1 KAEFH 5 1%
GA,+CPPU AL B () 28 S e S5 & AR R B AR, 55 GA,+5 mg/L CPPU AbTH () 28 SR 52 AH 1L , GA, +10 mg/L CP-
PU Hll GA,+15 mg/L. CPPU Kb 3 (485725 52 BLBIIHEIR | XUBE T B, BT Al Pk B 38 I, PRI, AR =S 2R 1 GAL +
CPPU 4 $H FH 5 B 39 7 4 ML AH ) 38 BB B MR B 25 mg/ L GA,+5 mg/L CPPU,

g, PO, B4, GA,+CPPU AhFR, FERFRR, WA
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Effects of GA; and CPPU on the synthesis of related substances and gene

expression of berry russet of grapes

FENG Jiao', HOU Xu-dong ', DONG Li-hua*, TAO Jian-min'
(1.College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; 2.Vegetable Office of Guannan County, Guannan 223500, China)

Abstract: In order to explore the russet prevention measures of grapes, table grape cultivar Shine Muscat was used
as material. On the 14th day after anthesis, grape fruit clusters were treated with 25 mg/L GA;( Gibberellin A;) +0 mg/L
CPPU (forchlorfenuron) , 25 mg/L GA;+5 mg/L CPPU, 25 mg/L GA,+10 mg/L CPPU and 25 mg/L GA,+15 mg/L CP-

PU, respectively, and treated with water as control ( CK).

Yofa B #3:2017-09-26 After the fruit entered veraison, grape fruits in different

EEWE : FARCAAM A A P LB RITH (CARS-29) 3 FK stages of maturity were collected separately. The expression
“948” F I H (2016-X19) 3 VLI 4 ARl =8 TR 39 H
[SXGC(2017) 274 .SXGC (2016) 001 ] ; VL7748 Rl 8K
B AR A0 E (PZCZ201723)

EEBN S W7 (1992-) 2, INVEIE IR, Wi+, B3R 200, 3222
A A S A TR ARBISE . (E-mail) 478710492@ qq. titative PCR. The fruit skin russet level and secondary me-

com tabolites content in grape peel were determined. The re-

levels of phenylalanine ammonia lyase (PAL) gene related
to the formation of fruit russet and resveratrol synthase

(RS) gene were measured by real-time fluorescence quan-

BIEE AL, (E-mail) taojianmin@ njau.edu.cn sults show that, compared with the control, the gene ex-
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pression level of PAL and RS after CPPU treatment were decreased during the process of fruit ripening. The expression peak

value of PAL gene and the expression level of RS gene negatively correlated with the concentration of CPPU treatment. To

compared with those in control, the contents of total phenol, resveratrol and lignin in pericarp of berries were significantly

decreased in the treatment of GA; and CPPU. With the increase of CPPU concentration, the content of phenolic acids such

as caffeic acid, fenugreek acid and clove acid decreased significantly however, the content of catechin and gallic acid in-

creased first and then decreased. The incidence of berry russet was reduced significantly under the treatment of GA; and

CPPU. Compared with that of the grape berries treated with GA; and 5 mg/L. CPPU, the maturity of the grape berries trea-
ted with GA; and 10 mg/L CPPU or 15 mg/L. CPPU was delayed, the flavor was decreased and the marketability was de-
creased significantly. Therefore, the optimum treatment was 25 mg/L GA; combined with 5 mg/L CPPU.
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Shine Muscat; fruit russet; the treatment of GA; and CPPU; gene expression; secondary metabolites
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F1 CPPU X SR 85 A8 1 i 52 ), 8 5% 12 i b 1) B7 65
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1.1 ##

RIETF 2016 4F 5-10 A 7Em st 4 K 2# 710
A LB FE AT HEECE AN R 7 AR A BHOG B
%G, R0 2R W AR B BRATEE A 3.0 mx6.0 m,
“H” BRI | + B KA B K B3 7 i R R
1.2 Fik
1.2.1 wEaA®EEHREE HER RS KRR
AR — 2% PGB A A 4, Ak B R A6 RS 5 2= R
BRI 6 em WA E . TAENS 2 Ji 73 5 H 25 meg/L
GA,(bFE T ) ,25 mg/L. GA,+5 mg/L CPPU (4B
II),25 mg/L. GA,+10 mg/L CPPU (AbEEN ), 25
mg/L GA,+15 mg/L CPPU(ALHEIV ) IZEEALFE 5~10
so ACFHFT AR g S, B A R /N Kl B B AR R —
B, “H" BB — D EEER— AR, 4 A4
A PEREHLAT AT T 6 BB A0 3 S F s R E
£ FHIE KA BRAE A % IR (CK)

RPE AR @ (7 A 31 H) IR, 46 7 d B
1 URHE i, B AR U AR Y 1 rh R ERFEAILE 50
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SE T PCR RS ; FRARSL 8 @ At (9 A 18 H) , R
A5 5 A b FHLAA A 20 SR S T A A I B O B AR
RAAG I BOR B & T -70 CvkAA TP ARAE T T &
FIRE R T RSB AR & &
&,

1.22 XAENE FEREREEYRHA
FRAF ™), CPPU (A48 =2 H BHE A R H] ™
i) ,Na,CO, IK LT IR £ B | & &R | Folin-Ciocal-
teu I FHEESMHT 4L LR TR R R BRI | H
B (Oikal) Ol R TR A DR R | B2
R JLASER | T HIRM AR bR S B0 [ R
AW TR 0% ( LEICA S8APO) |, i 7 {3 (
[E TECAN 7 ] 7= &), SB-5200DT #8 75 i 75 YE AL
(TR Z AR A A BRA R = &) | s ROR
AHETEA (S5 Waters 23 &) 72 i) 55

123 R#fasit SRS Wk, N7
H 31 Hilg, %F CK A4S b #5525 B A7 50 G Fn 45
BERGTE, MRS % THE R 0
KRB < 5% K 19, ARG 6% ~15% 4 2
P, RN 16% ~25% K 3 9, RAFHF>25% H 4
%

SRR = (0 Pixa+1 Pixb+2 Hxc+3 Fxd+4
Pixe)x100/ (4 Hixn) o Hlra b .c.d.e 433 0~4
PIRMIGETE 0 A BB,

1.2.4 AL F RIS RUE (lCK 25
i) WLEE ] — A (9 H 18 H ) CK Al 4 FhASTRA]
Aub  BH S B0 2 SR S 1 SR R AR AE T B S AR
B AR KA TE L

1.2.5 F4HhEBEmAAsEMN T SRR &SR
AR T 1 D0 BH G B 2 S 2 P SRR B 2 B )
T, RIEL3 g [F— R BI (9 A 18 H) CK Al
ANT]Ab 3 BH S B 8 25 SR Rz, S S5 7 T 25 ml
100% I 80 mg FLIRIMLAR (T 15ml 4K
F) S FEINA 10 ml 6 mol/LERFR , BT A AR E T
100 ml HEJE IR A, 88 P i B i AL 3 2 min, 78 A0SUHE
WHEE AN 2 R, BB A B T35 °C #2516 h )5,
12 000 r/min 4 °C #5.0> 20 min, W H 15,40 C
W25 R 22 W, 30 ml 2 1R R VA it I e 2%
BU1 R, Z 5 20 ml 2R ZEEAEH 2 Wk, & 9B
HAEWOR ,7E 40 C ZMFFPIREA R ZTHET S
ml 50% H (s al) B, & T -70 C 4 T ilk
L R e L P S er R WA (ORI 2 S

HERE MR PEFRE RN £ E 1
1.2.6 ARFELSEMNE RSB E
DU FHOGC B 2 SR B rh B P R i, 40 | PR
1 g [Al— A (9 A 18 H ) B9 CK FIA [F] b BEEY
SRR RE S WP S IR 5 25 ml 80% 1 Z AR 5, 7E
60 °C 7KIEH 7K 30 min,4 °C 8 000 r/min &5 .
15 min, W EVEW . 7EWRA T 7R 2 A A
R UR TR R T 2 AR GEEYG) AR TE 2 ml
50% M CEET  ERS R 2 ml B0 B0 S R
VEW AT =70 °C &, EAERTH 1.0 ml 7RG
AR AL PR A RE AL L 0.2 wm AOA LR JE IR
U8, [ AR A I 2k 1t
1.2.7 E®B4EaE Sl ek H Folin-
Ciocalteu 1R 70 3% . 43 ) B 7] — Bl 24 ik 309 (9 H 18
H ) CK FUAS [F] Ab 38 S e 2 RS i, WA PR B
2 g T 50 ml HEIEIR A, DA 10 ml B (43 Ar 4, &
2% HCL) , 7E % R 45 F 42 24 h, 4 C |
12 000 t/min.L> 10 min, W F1ER L, WRE 200 wl
T 5.0 ml AL A 1.0 ml 7 Folin-
Ciocalteu i3] ,0. 8 ml 7. 5% Na, CO, 7AW , & 12 4
FER 30 min 5, HIESAR{AE 765 nm Ab L (400
WOGRE OD {8, W& FRRAERHES TIEPR 2
1.2.8 ABREESZTME  FEEHIE K — Rt
11(9 H 18 H ) CK FIAS [F] A 34 i BH G5B 7 4 SR 1
FHBT JTBTRE | SR I B RE b 4 b BF ks R, i H
T RFUERAFRIBUR B2 0.02 g %% 3 15, $4 1 & 151y
FERBALA 5 ml 30, A 25% 19 IR 2F%- 2,
R (JF L ) 2. 00 mi Al &R 0. 08 ml , 545 111
P, F 70 °C HIR/KYEE 30 min, £:F% 10 min JE3%iK
B, B2 — RN, BACEA 1.0 ml 2
mol/L, NaOH F1 2.5 ml VKL FRIE G WA= N,
P MRSV R E AR 2 10.0 ml, LLVKZ
1R R 25 VSR, BRSO B i AR 18 K 260 nm
SO TEAT A I RO R

M8 Hatfield 5" 75 9% | Lignin = Abs X liters X
100%/ W 1. » Lignin HARTUR & 5, Abs HFE iAW
ARIFZREWCRE, Liters NEE S E R ERZEF (ml)
W e AR T BT (g) o
1.2.9 8% KEZF PCR F RNA 5 & ( Fore-
gene ) FEHUR JZ B RNA | LLEL RNA AR F] H Taka-
ra Prime Script'™ RT-PCR i85 & [ % 5% & B cDNA
JEHE UG cDNA HICEE ddH, 0 ( 3ZE7K) 7 B,
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WA B 2 150 pg/pl, SEHF9¢5% 2 & PCR DL
VoUbiquitin HINSEER (£ 1) , SLHFZE0E 7 PCR
20 pl KW AR & M. Takara SYBR Premix Ex Taq
(TaKaRa)10.0 Ml,Lﬁ?%l%%ﬂ?(ﬁ?%l%% 0.4 pl,
i B 10 7514 cDNA 1.0 pl F18.2 wl EB /K, K
NAEFFAIT ;95 C HUAEYE 4 min;95 CAF M 20 5,60
CIE K 20 s,72 CHEAH 40 s,40 NMEH, HFAFES
1503 WEAT R, 32 ] ABI7300 #5f4:H11 2742 () )5
BTSN FakaE

*1 ZHEKEEPCRIIHF

Table 1 The primer sequences used in real-time fluorescence quan-
titative PCR

AN SIS (5" —3")

TN R i 2 ( PAL) F:CCGCTGAACTGGGGAATG
R:CACCGAGCCGAACAACCG
2 A TG (RS) F: TGGTGCTTATATGGCTCC
R:CGAGTTTGTAATCCGCAC
W3 K (VoUbiquitin ) F: GTGGTATTATTGAGCCATCCTT

R:AACCTCCAATCCAGTCATCTAC

1.3 ZitoHHh
i € R 3R, B PR 48 Excel 2007 F
SPSS16.0 #4744 .

2 RS0

2.1 PHXHBARLGEERFIEHPOLLE

M7 A 31 HIFLR, ot As [ b 22 1 1) 5 455
HoL, A RERE. 7TH3I HRES H 14 H
CK MR AL BRI AR e A SR B L4, M8 A 16
HE /0% CK SR TH I ih ) 30 /0 5 55 5, B 5
A S G, LR Y A AR £ o B T B
KORGBIHEBEREEK, HE 9 A CK RS
R TRE, 43T A8 A 25 HlRm
B ERE R, R BT, FE T
H 8 H 31 H g/ 55 L h Bk /D45 B, A []
T CK FALHE T, Ab P T A 3 28 5 S 465 B 1 FL/DN
BRI B A A D SRS T B T R R X
AFR T FN AL BRIV (9 BHOG B 3 1 28 9 H b &) 46 1
BT A A W D R S IR, R S R
%, JLF AT AZBEAT(E 1)
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R (%)

(?;-31 08-07 08-14 08-21 08-28 09-04 09-11 09-18
5
—— CK; = WhH [, —— ZbHT; —e b, —e— LBV
CK X 40P T .25 mg/L GA; A0 BE 1T ;25 mg/L GA;+5 mg/L
CPPU; AL PN 25 mg/L GA, +10 mg/L CPPU; AL BEIV ;25 mg/L
GA;+15 mg/L CPPU,
E 1 FAXHBRAELLEERFEHTUHS

Fig.1 The dynamic change of fruit russet index of Shine Mus-

cat under different treatments
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8 H 21 HIFh, XF MBI 52 PAL FE N #9335 /K F 2 )
T BER CK S 52 2R 1 4h IR AR, 7 S S
Bl PAL 3£ 0H 1) 22 35 35 81 B RIGEE, Z )5 B Fad 0
B, FETRAKOE AR X T B AL BRTAI AL FRIT PAL FE M 7E 8
H 28 HFERKF-2 ET:, st ab FEER S m e
PUEBE , AbBRILR S i JF Ui HE BUAR B, H 5 CK 2R 5K
FHEL b T[] — G HA R, S50 JEAR EL, PAL LRI SR
TR R R AR 5 A B TIURN A BRIV 7 2R S s A o
SR RGBT R% F TS 28 55 A 33k i
AR EE AN, 35 i 2 300 A BT Ak BRIV 4 265 2R
SER A IR

&l 4 o, PHOGEC 4 R S A R rh, (2
PR U (RS ) FERI R IA 218 T, CK AR SE A
BIHFGR K- S5, 550 BRORH B, A BT A 4 g 2R S
RS BRI R IEIKF A XTREAL, 76 8 7 14 H 8 J 28
HF9 A 4 HZ 25 W, HApan s a 3,
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CK ALPE T ARETD ARBRIN ACERIV LI 1 7E,

2 E—RHARARERLERARRATECRBRETREFEESR

Fig.2 Differences in peel characteristics of Shine Muscat grapes with different treatments at the same maturity stage under stereo-

microscope

AHEE T8 B, A BRI A K TR, 225 B3 A LT
Xof AR R A A PRIV 238 K P MR B, 26 540
Fo R LRS BN MR IS5 RIS —
=,

GRS S

F 4
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3 REImEEd PAL BEEKRIEKEEN
Fig.3 Changes of expression level of PAL gene during fruit

maturation
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#2 UPLC NEBHMAAUREEREEEBHMEYRESE

TR TR LA S AR, iR & i, B
CPPU Kby B2, A 2R UMMERR | T 7 R 7%
TR PTEIR & BSERER T, CKILRR &R
AR AR T AIARBEID A J LR R 5 5 LT A B AN
SRRV R B L8 3R & A AR, (BT T K,
CK FIAb BRI (7 IR & i G 2 2% 22 57, 19 A0 BRIL Ak B
IFIAE BRIV 55 5 22 57 25, B e A e a4
6 Bl EAURIG A PR AE (0315 18] S 22 5 A [R] Ak B 7 4
B 6 R & i g AN 5,
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Fig.4 Changes of expression level of RS gene during fruit mat-

uration

Table 2 The content of monomeric phenolic compounds in the peel of Shine Muscat grapes by UPLC

AR T it (mg/kg, FW)

o WRT] R JLRR I THR LOE 71
CK 2.27+0.06b 4 241.24+15.83a 0.910.13d 0.58+0.01a 597.31+3.65a 297.27+4.26a
A T 2.15£0.03b 4 005.26+14.86b 4.08+0.11b 0.37+0.02b 537.74+1.84b 42.72+1.41h
AbRTT 2.70+0.07a 3699.14+7.46c 5.41£0.03a 0.27+0.01c 389.2420.61c 8.71x0.05¢
Ab PRI 2.0720.09¢ 3 312.58+9.03d 3.0120.32¢ 0.19+0.01d 370.29+0.24d 6.950.16¢
AbEEIV 2.03£0.10¢ 2 765.92210.02e 2.85£0.19¢ 0.0320.01e 158.02:£0.38e 8.95+0.72¢

CK ALPE T ACPETL ALEBEIN ACBHIVULIE 1 7E,
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Fig.5 Chromatogram of different treatment and standard sample

25 E—RaRPAERLERAAKBRETREA
HABEEER

OB (L5 45 2R (18 6) B [l — A
1,5 CK A, 45 GA,+CPPU A3 B B i 45
SRR R B P I AT Ak B R R K A
K, HER B %, AHEM ALV 2 6 2E 548 5.3
10X 5 A [ A R ) — g A it 30 2 B R TR A O,
JE R IR R
26 E—RHRPARALERALKBRETRELS
MEEER

B I8 7 AT AL, W) — ORI 3] 2850 GA +CPPU
A3 1 BH O B A A SR B R i R R, 5 CK
FHLE, AR T 22 A 0 25 A3 1T Ab 38 1T Fn4b 38 IV
Z R E R T AP I AAL# I 2 6] TG B 3 2
S ACFRITANAL PRIV Z B JC 2 25 5, DA B2 2R R
B, GA,+CPPU 11l BH ' BCHR A 2 5 Je vh B 1) &
JA, TR FH 5 A BRI R AT ARG

3.00r
5 250
<
~ 200
R
B 150
=
e N )
iz
& 950
pas
0
0.28
S 0.24r
< o020t
% 0.16+
123 0.12}
or 0.08F
{in 1
o 0047 345 6
0 |
0248 mhgpy o
S 0207
<
~ 0.6
o
3 0.12r
=
- 008
Rllles L
= 0.04 1 3 5 6
giid 4 ‘
0 T2 3 4 5 6 71 8§ 9
18] (min)
~~ 7*
on
< 6 a
on
E st
4l
Qi
;E»ﬁ 3k b
€2 b
— &
CK 1 I m v

At

CK Ab3¥ T 4b¥ I 4b3I ARBEIVILE 1, AFR/NESRER

NER B (P<0.05),

E6 UPLC NEBMARLEMAKRAAREOENERE
HER

Fig.6 Difference of resveratrol conent in different treatments

of the peel of Shine Muscat grapes by UPLC
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Fig.7 Difference of total phenolic content in different treat-
ments of the peel of Shine Muscat grapes at the same

maturity stage
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Fig.8 Difference of lignin content in different treatments of the

peel of Shine Muscat grapes at the same maturity stage
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