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‘Bl GEAMRIREFTHEEERE CKX3 a5
fEERIEDh
w0, F2ED, RuF ', FHEC ¥R, KEE

CORTRIRHEOR AR B, TRV P 4710035 I R RH A Bl ST b Be, RIS 2 453003)

B E: 455N RACE 8iARTE ‘E&” %% (Vitis labruscana Bailey x V. vinifera L. ‘Kyoho’)
T T AN R AR CRX3, AT T IZFE IR 1 F R ik A EC 4 i 4 S B M 1 o 381 oW
W, ZHK cDNA 4K 4 2049 bp (GenBank %35 : KP689597), ORF (JFAUMEEAHE) A 1 569 bp, i
i 522 ANEIERR, HAT FAD (BRI TRATIR) 454 Ml an i oy 34 32 45 A e il %3 R e 47
RN 7 SRk b, BT 4ANNE T, SANE T RERTFHZ E LIS RGN T R B
W 4 CKX3 Hfift NuCKX3 SR K R/, 5ERMFEER . EREESIGRER B
W% CKX3 FEAEARTE R rh KR IE, JLUOR ARG R S h A 4 s (R Ik, (e 2RI rp ) R0k 4
K AP RE R, EmMIEIRRIA EEUR, BACWILL SRR I, 75 6-BA XA F
Joi s CKX3 1310 15 20 0 53 24 325U A0 PR 3 1 40 v T 0T TR

KBEIF: WA AR REUE: CKX3: KB
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Isolation and Expression Analysis of Cytokinin Oxidase Gene CKX3 in
Kyoho Grapevine
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Abstract: Combined with the homologous clone and RACE technology to clone the cytokinin
oxidase gene CKX3 in Kyoho grapevine, and analyzes the characteristics of the gene expression and its
response to cytokinin. Sequence analysis indicated that CKX3 consisted of 2 049 bp, with ORF of 1 569 bp,
encoded 522 amino acids. The deduced amino acids possessed FAD-binding and cytokinin-bining domains.
CKX3 gene is located on chromosome 7 in grapevine, this gene contains 4 introns and 5 exons. Multiple
sequence alignments and phylogenetic analysis showed that CKX3 had the highest evolutionary
relationship with NuCKX3 from Nelumbo nucifera, and had the highest homology with PtCKX3 from
Populus trichocarpa. The results at transcriptional level indicated that expression of CKX3 was main in

root and inflorescence, the expression in tendril and fruit tissues was higher than that of stem and leaves
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tissues. In inflorescence development process, the expression of CKX3 in blooming before is low, the
expression in blooming and blooming later is increased. In the grapevine leaves after 6-BA treatment, the
expression of CKX3 and the cytokinin oxidase enzyme activity were higher than that of control.

Key words: grapevine; cytokinin oxidase; CKX3; expression analysis

A0 5> ZEERAC R A K B A B e N i HAT L EAE ] (Hwang et al., 2012). 44y
ML (Cytokinin oxidase/dehydrogenase, CKX; EC 1.5.99.12) J&{ 340 i 7r 24 L A ) — A
LI CKX e ORI, REHE S M B 40 i 24 32 20 5 e 0 I e PO AN T R, 0K 02
— AT Y. (Hwang et al., 2012).

WL, 76 TR Rl g0 o> 2R AL R ZmCRXT, P TR R EAN (R,
TSR S 3Rk ZmCKXT [FIFE = A HEVEA B IR, FH MR SN 2 b B n] DU S HEVEA B 1 & Pk
(Galuszka et al., 2005). fERIFGITH FURFRIE 24 (Dendrobium sonia) DsCKX1, SEUPIR A My
HETE T, HRIHHKRIEAD, YRR, REREKMI, DURAR R A 00 40 5 3
F IR B B AIK (Yang et al., 2003). SAEGFFH 7 4~ CKX (4tCKX1 ~ AtCKX7) 3 A (Hwang & Sheen,
2001), 7EFLP S I SR I AtCKXT Rl AtCKX2 5 850 HE IR AR AR Y 1R 5K 28 R St 10 ik IR ey
KM E AT R BB AT 30% ~ 45%, FEERIEL (Werner et al., 2001); & EKIE
AtCKX1 F AtCKX3 W90 B T i BE DR AR T B TR ZE3R , 67 BRI, BT il D (AR 2, R
Ae A1 PR 058 A 6L 2 2R 35 1 % R AR R AR IS TR), IS5 46 7 20 AR AL 2R AR ZF IR BE ) (Werner et al.,
2003). AtCKXs AN A} 53 (1) (A Fas i AN S AH /] o Horr, AeCKXT AR 28R MG e Rk s ArCKXS5
R AtCKX6 3 SAE R B P keSS A S5 P 635 (Werner et al., 2003). Gnla £ & KRG R RE LS
SR ) A0 QTL, &AL AL — AN 40 I 53 R 32 S AL R OsCKX2 (Ashikari et al., 2005) . OsCKX2
TERFE By 25, JRIF o AR AL gURIfe h R IR R B, 7R 28R RIAE TS, MIfEMR 5 MR ARIA (Ashikari
et al., 2005) . OsCKX2 [ 2 8L D HE3% 2K v 42 =8 48 19 7= 2 ( Ashikari et al., 2005) . /N4 TaCKX6-D1
A5 ML, o TaCKX6-Dla FAFAE—AN 18 bp MIHATRAL, 545 30N R HOR =
#n (Zhang etal., 2012), &l SICKX3 (KIS 5 H 4 RA RPN K G H K. SICKX3 L8k G4k
IS EAREE I, HAEAASS 10 d AR S, RS R (Matsuo et al., 20120, IXEEHFST 4 53K I 41 i
o3 24 KL R AE RSB 7R B ol B T DGR A, (R 40 oy 2 3 S A I RS DR ) A AL
HHANE 2

I o> BERAE A T 2 FRP AR PR, AR RN DL R R R R
FRARURIAL . AR Sy T R P EEAEH] (Srinivasan & Mullins, 1978; X1 8 %%, 1997; +
WA A5, 1997, 1998; WAFEAY 2%, 1998; Lombard etal., 2006; Zabadal & Bwkoval, 2006; Zepeda
etal., 2006).

IR A0 oy AT A K R B TR, SR R [R5 S (1 7 25 v I 7 4 25 41 B o 4 5 AL
Mg FEIR CKX3 1 By, ib—22 K M RACE iR EBESR1G CKX3 (A, 4 T CKX3 TR 2 AN [ 4l
LA SR AL S5 2l R B I IA ,  TR)IAS I JFL o 40 e 23 2R 25 () R i 8 T o Tk B A S & SR
W7~ CKX3 WA RHE AR A K R E T IER, AR iy R EEmaE KK E T
VEFIMLIEE (LB SR



KA, BFHE, MOlH, %, R, k.
CEE AT R AALEEIE R CKX3 1) vk S5 R IE AT,
24, 2015, 42 (7): 1233 - 1240. 1235

QY ViR SRS DARES

11 R R R AL

PUEK 8 ~ 10 SEE 28k ‘Bg’ %5 (Vitis labruscana Bailey x V. vinifera L. ‘Kyoho’) A
IR 12014 4F 5 JRUIR R CE—Fr B 22 CorREIFH T2 4 ~5 A EZEBO. i Gy
JEFFM NS 4 ~5 )y fef7 Clfe LA AR R B D FE0 G AR 201058 1 MDD SR,
TR IR SR S ] 2 mL KK CRESE A% 6-BA, MK 10 mg - mL™ ¥ 6-BA. HUHTAY
BRIF R 4 ~ 5 b7 AR 9% (Yuetal., 2013). 6-BA ¥ H Y st g W5 A1 25 4 A, LA
RS LB B KER N, UL K EE (2mL- L) BIZEIBA AR H F ok Bl

KWkt B (Escherichia coli) Fkk TOP10 W [ RAR BB PRA 7 (b 50D« 5eBEEA pMD19-T
) H TaKaRa CK3E). 51970 = EAWRHEAR AR dbn) &

1.2 EHE S RNA BIEERS RESE

I 222 RNA FEHCR I RAR AE AL B AT B2 7 Y plus #4705 RNA $2HUOAF] & (DP437).
cDNA 854 B2 i PrimeScript” 1st Strand ¢cDNA Synthesis Kit (TaKaRa) {f/H#W 5. T
5'RACE H1 3'RACE [f] e #3%, 2% Clontech /A% SMARTer' ™ RACE cDNA Amplification Kit 15t B 13
HEAT o
1.3 EEARE

PIPLEG T AtCKX3 FEK 741l §kR, 76 NCBI [f) EST (Expressed Sequence Tag) %A rhiE4T
BLAST, F#FETE S EST JpAIdH 798, MAPHEINPo1%0t 514 . CKX3-F: 5-TGATGT
ACTGCAAGCTACGCT-3', CKX3-R: 5-AGTCCTTTTGCTCGAAGATTTA-3'. LL cDNA & H 4 — 4%
PR, PCR N %M PrimeSTAR® HS (TaKaRa) UiW]-FiiT. wilEdifd ik EST 415,
it 514 CKX3-5RACE: 5-GGACCATGGCGGAATGTCTGGCCGC-3'5 CKX3-3'RACE: 5'-GAGG
AACTCCAGGAGCTGCTTAAAGGC-3'.%3 5| LA 5'RACE Fll 3'RACE [ #5537 1k, #E47 S'RACE
1 3'RACE PCR XV, HAKJ N R SMARTer™ RACE ¢DNA Amplification Kit (Clontech) it
1514 T

PCR "% 1.2% M B IaE Bk, DIRIEDES ) pMD19-T (TaKaRa) iR @7 H:, 1%
B 2 Ak TOP10 I 41, IRAi /554 Amp (100 mg - mL™) “FAR 280 (1 BE0i%, Bk
HUBAPE e B R T, Z0 1R PCR AN i A &2 — i AR AR BR A ) (B )%

14 EMEREDH

725 5 NCBI ) VecScreen fEZR AT LBRER 741 B 4% CKX3 KX ORF (Open
Reading Frame, ORF) H] NCBI [¥] ORF Finder 7E£& 4K {1 2E47 Tl . #IF NCBI %#s %= 1¥] BLASTn 1
BLASTp F&/Fh; EE” Fii CKX3 J741 S HAHE R SRR 7 A0 BT AR 73 # o R DRIE A 28 et
PR 52 A FE http: //www.genoscope.cns.fr/externe/GenomeBrowser/Vitis/ M v 4T . 22 J3 51 L XT3 7
K H DNAMAN #4F, R H MEGAG6.0 #-f g, 514 1H K Primer Premier 5 #1F. %
FEWE FE B (1737 E 025 v, 5UH] ExPASy 3 ) Compute pI/Mw R/ F3E47 04T, <1 45 My 1 20 1R )
ExPASy 5[] PROSITE F£)7H1 NCBI ¥ ¥l [ CD search /7.
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15 ERREEENT

PR A A AL AR E B LT LA s 245 A B F (1) & RNA, DNase I 14
B DNA Jo HBENLG | REAT ) sk o Wil SERF 98 e & 51948 CKX3-qF: 5-TTCTCACCCTCT
GAATACCCG-3'; CKX3-qR: 5'-TTGAGATTGGACAACTCCTAGCCAT-3', LLFij % Ubi %X (GenBank
a5 XM_002273532) 1E 2514, Ubi-F: 5'-GTGGTATTATTGA GCCATCCTT-3', 5'-AACC
TCCAATCCAGTCATCTAC-3'. SEIN %% 5% & PCR #%# TaKaRa /3w SYBR® Premix Ex Tag™II

(Perfect Real Time) i, 7F Bio-Rad IQ5 Real-time PCR Detection System (Bio-Rad Laboratories,

Hercules, CA) FiF4T PCR X Wo 25 uL JNAAZR: 1 pL BRI 1ER 05140 1 uL; 12.5 ul
ff] 2x SYBR® Premix Ex Tag™; 9 pL [fJ nuclease-free water. /W FEF: 95°C 30s; 95 °C5s; 57 °C
30s; 72°C30s, 40 AMEFF. 55~95°C, £ 15s LTF 0.5 CHmhfg sk, 45 8RN 24 (Livak &
Schmittgen, 2011) EBEAT404r, REAMACBITELL 3 K.
1.6 s REANEFES

Z7% Libreros-Minotta Fl Tipton (1995) [¥757%, HUAGCHEAFERHFIFE 0.5 g, IMABRA RS
WIEEES], NN 4 mL FA 3R EGR (0.1 mol - mL™ PBS pH 7.0, 5 mmol - mL” g -#iE2mE, 1
mmol - mL™" A IRHEREA 1 mmol - mL™ 2 FHILREFERD, 4 'C4&LF T 12 000x g B0 20 min, |3E
#% M. B 2.5 mL 100 mol - mL™ BEMRZE MK pH 7.0 (10 mmol - mL™" CuCl,, 100 mmol - mL™" BKIM:AI
40 pmol - mL™" iP) 12 mL b—2Bf) B35, VIAE 37 'C N iR 30 min J&, 1.5 mL 40%f1) =
HORLAL N, B 3.5 mL & IEE MV, A 1 mL T 2R (3%5 2 LKA T 6%
ZRAOE) HIR T RO 10 min, 7 352 nm FIEWROEE. BEANMCEEEE 3 K.

2 HiR50H

21 ‘B’ BEMRSRESUERERE CKX3 #yxkE

T FYE e pESRAS CEUE 4 CKX3 (W EST Jv41 (K1, A, frittbal ifid RACE PCR 3k
3 CKX3 Wit 341 (B 1, By ©, PHEEMEREIAK . A H cDNA J¥4143K 2 049 bp (GenBank
BT KP689597), 5 uidRgmiB X A 192 bp, 3’ hiidE4mAL[X K 288 bp, ORF 1569 bp. ORF %ifil
522 NEKERR, PRGSOl 7.68, 7> TN 58.5 kDo RSy ST 40 M & B i% AR ) 5 i A
—> FAD 45 G @itttl, 3" s AT — MR R RS G A .

M RI-PCR M SRACE M 3RACE
2000 bp —[E—"

2000 bp — 2000 bp —

1 000 bp — - 1000 bp — 1 000 bp —
750 bp — [o— 750 bp — 750 bp —
500 bp — 500 bp — LTy
250 bp — 250 bp —

100 bp —
A B

Bl ‘Bl BEARSRESEHER CKX3 RN RIKE

Fig. 1 Electrophoresis of the cloning of grapevine cytokinin oxidase gene CKX3
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22 ‘B’ BEMESHERENEER CKX3 BFFISH

POER T RIL B A2 CKX3 JERERLAE 7 3k [, 7T 10.7 Mbp (67 & . A&
IR A RILZSE R BT 4 A& T, S AN T

¥ B W% CKX3 9l )2 LR P41 5 AT ) 1) 2 LR e AT 2 IR A Lu x40 AT, 45
BoRHS5ERY (XP_002308300) [HPHEHMEN 66%; L&l (XP_004251670) H 63%; Lj3EHR
(XP_008367923) 4 65%; SHLEGIT (NP_200507) 4 55%.

ot B A% CKX3 SALAh 19 MR PR R A RO R, H MEGA6 #A4F:
Yo} 33 65 FE I 7 A AT 6 41 LT, 4R )5 FH Neighbor-Joining VR G HEAL B, 45 5% i RiX 20 Fft CKXs
ALK N 3 MR, B M4 S e bR g R A, H4 L MK . SR, £
FEHEL GBI LTI 1 AR R 13 Ml LUE 1 AR (8] 2D,

184E Gosspium hirsutum
B Al Theobroma cacao

WA Arabidopsis thaliana
KE Glycine max

PEHRIE 18 Medicago truncatula

IR Cucumis melo

I\ Cucumis sativus

BifF Fragaria vesca subsp. vesca

B

R Malus x domestica
4‘—( MEAE Prunus mume
Wk Prunus persica
B HA% Populus tomentosa
| B B4 Populus trichocarpa
CKX3 ‘EIg’ ®# Vitis labruscana Bailey x V. vinifera L. ‘Kyoho’
T 4L Nelumbo nucifera

Wik Coffea canephora
4'; FEALMEL Nicotiana sylvestris
B EL Nicotiana tomentosiformis

l: F&hh Solanum lycopersicum

LA Solanum tuberosum

0.05

2 HMSRESLEER CKX3 RERFER ML

Fig. 2 Evolution analysis of cytokinin oxidase gene CKX3 and its homologous

23 ‘Bl BEMRSHEESUERRE CKX3 HRIEEFEST

NV CEE A CKX3 SERTEA A P RA R, BRIESEAL, LA 237 [R]— i Tl Y
FE, PEHUS RNA JG 5 cDNA BB —3EAE A BT SE I 98 8 5 PCR 08T, 458 (E3) &8
N, CKX3 FBEAEMRAAL 7 KmRik, JLUCREBIUAR ST A B s 3Rk, 76 28R )&
IS BAIRTAE (P <0.05).

WK CKX3 1% e 7 AR R B I RIE, 45K BoR7E AR m R, &
T INFIEAE G 3 d SRR SR N, AL )G 6 d Rk E AR (B 4.
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100 a 150
= [ a
E 80 T E .
i g b = % 100 :
= 60 i ;(. g )
T2 40 - 72 b
g € ' =2 50 i
- d B}
2 20F - d I 2 p I
— c -
0 1. b : : ol m . M : : :
Bo% oM R sA W 6 3 0 3 6
Root  Stem  Leaf Fruit Tendril Inflorescence BEAE BT R Iy =5
Days before blooming Days after blooming
B3 CKX3ER#E ‘B’ FEFRARPHRESH B4 CKQERE ‘B’ HHEFTERREHBEMRAESH
Fig. 3 Analysis of the expression of CKX3 gene in different Fig. 4 Analysis of the expression of CKX3 gene in different
tissues of grapevine development time in grapevine inflorescence

24 ‘B’ #E CKX3 EE X4 FFZ Iy

Wil 5 R, {6 6-BA ABE  EIE A 2T, CKX3 FEI I8 50 A L 22 5%, 6-BA
WP G FIE LI (P <0.05), AL 12 h IRIEFIERmIE, B RIERE %,

HE— DRI 40 i 4> 24 R B AL B I B v P, 45 R EORAE 6-BA AbEE 6 h 2 i 40 i 70 24 22 S A s
BB 255, 16 6-BA AbFE 12 h 5 EETESE N (P < 0.05), AbPE 18 h JElE MEIA R i m, AbBE
24h Ja B (B 6),

0O %fH& Control M 6-BA 0 %4 Control M 6-BA
100 120
# g

€ sor a =05 1000 .
1 2 275 st
95 60l 2 Soe 8
® 3 a w® & T 60
& S a0t a % . © .
Z% &2 g 40 - b b b

cE & EE bb b

@ 20 b b i

! ] DU S B
0 j . . . . =24 Q0 0 | L L
0 6 12 18 24 0 6 12 18 24
6-BA AL Hl/h 6-BA LLHETH/h
6-BA treated time 6-BA treated time
B 5 CKX3EFEITMAES R 6-BA KNI 6 HMiasREFLIETETMAS TR 6-BA KN
Fig. 5 CKX3 gene in response to cytokinin Fig. 6 Cytokinin oxidase activity in response to cytokinin
» »
3 W

AN 7> 2 2 A AR P BT R A A A 2 5, AR T AN R 0 R (0 15 1 55 A v R 4
THERAEA (Galuszka et al., 2005). 4 />R R A4 A S W )iz, (HR AR I ALHAT A

N=
B

CKX3 KPR HAT 400 73 R A A B R DR (R IR AE . HAT FAD 4545 4 i SR 41 il 7y R R &5 5 46
F3. FAD @tz sd P s R IRNEN R IR, — OV LRI R (A L, T2 S SR &
FMIEJE RN, (Hwang et al., 2012). HLRIEFHED T4 R EoR CKX3 FEAEHFIE 7 rh K ER
i5, JLUGRAEAS U RS AT B s R R, AR 25 RN iR R SRk A X R . EFURI ST, ArCKXS



RXF, ZFHL, Mo, 4o, 22%0, KEE.
CEE AT R AALEEIE R CKX3 1) vk S5 R IE AT,
24, 2015, 42 (7): 1233 - 1240. 1239

FHEAEMEB L MR . PP KERIE (Werner et al., 2003); FoK CKX EFEAEM . AR R EL
FRORRERR . R A MR B IA (Werner et al., 2001). X 36H] CKX - BEAE ML) (AN A= 5 fe B
HORERIE . ORI MR AU AR RIS R w2, Rk Ckx
(R FE DR AR R I HH E ARG, MUARAS e AR, MR AR AU K8 (Hwang etal., 2012).
1 SOAF B RBR 22 IR 5 B 40 3 24 2 S AR A E AR AE ) ™= B T 0 T R FE T ERAERT, oA e ds
A L NFIA AR S SCH, 1T ELRE Y15 4 BERCRI T AE 3] 145 (Ashikari etal.,, 2005). - T{e/7 14
g T RS, H CKX3 fEA A AL P RIS KR . AREG TP A T CKX3 10 % 47 A
R BB 2RIE, 45 ER CKX3 SERAE BN R IA BAMIT AR, e B AC A 0 5 &
IR . IX AT B AN P o) 24 R R 1 A A SR R OGS

NHE7R CKX WA 7y 2425 A 3, AR EG Hh FH 40 i 70 34 38 A B A 1 1 JE A T CKX3 SRR
KiK. R BRI oy R BRI A T R G BRI CKX3 BRI 3R IE, FEAREE 12 h Rk &k 25
g s AFDRT Y b AH i 73 24 32 SF AL IS P AR s T R, 7EAL S 18 h i HE B VIR e . fEREE T,
10 mol - L™ KT &P F- B8 KWE 4 55 CKX it (Zeng etal., 2012). 7EM3% MR AT Sl F2 o
FAFRIREER 6-BA ZbFI Ji, ReCKXS BIFRIS T 6-BA WREEMI G Inm A Wr B, 7EALTE 4 h f5i0
I, 120 h B Er, IR 153 £ (B 58, 2014). IXSUREFTEE AR I 40 i oy 24 52 b 3
REMEE CKX FEDH (1 3R I8 B i CKX IR

References

Abdul HA, Zhang Shang-long, Chen Da-ming, Chen Lii-rong, Chen Kun-song, Xu Chang-jie, Chen Zhi-hui. 1998. Effects of CPPU, GA;
treatments on fruit development of Fujiminori grape and the possible mechanisms involved. Scientia Agricultura Sinica, 31 (1): 92 - 94. (in
Chinese)

WEREUE, oK RE, BROKHH, BRIBESE, BRERY, TREA, MR 1998. CPPU. GA; KN BRI 4G A 42 MEIR K A BT N (K B 7T
P EARAE R, 31 (1): 92 - 94,

Ashikari M, Sakakibara H, Lin S, Yamamoto T, Takashi T, Nishimura A, Angeles R, Qian Q, Kitano H, Matsuoka M. 2005. Cytokinin oxidase
regulates rice grain production. Science, 309 (5735): 741 - 745.

Galuszka P, FrébortovaJ, LuhovaL, Bilyeu KD, EnglishJ T, FrébortI. 2005. Tissue localization of cytokinin dehydrogenase in maize possible
involvement of quinone species generated from plant phenolics by other enzymatic systems in the catalytic reaction. Plant and Cell Physiology,
46 (5): 716 - 728.

Hwang I, Sheen J. 2001. Two-component circuitry in Arabidopsis cytokinin signal transduction. Nature, 413 (6854): 383 - 389.

Hwang I, Sheen J, Miiller B. 2012. Cytokinin signaling networks. Annual Review of Plant Biology, 63: 353 - 380.

Libreros-Minotta C A, Tipton P A. 1995. A colorimetric assay for cytokinin oxidase. Analytical Biochemistry, 231 (2): 339 - 341.

Liu Guang-qin, Chang You-hong, Shao Ming-can, Sheng Bao-long, Shu Jia-le, Lin Jing. 1997. Effect of CPPU and GAj on fruit set and growth of
Kyoho grape. Journal of Fruit Sconce, 14 (4): 257 - 259. (in Chinese)

Ky, AT, AR, RSO, JRSOR, W 2R 1997. CPPU Il GAs X EIRATAT AL SR SR B IR, SRR, 14 (4): 257 -
259.

Livak K, Schmittgen T. 2001. Analysis of relative gene expression data using real-time quantitative PCR and the 2"**“T method. Methods, 25:
402 - 408.

Lombard PJ, Cook N C, Bellstedt D U. 2006. Endogenous cytokinin levels of table grape vines during spring budburst as influenced by hydrogen
cyanamide application and pruning. Scientia Horticulturae, 109 (1): 92 - 96.

Matsuo S, Kikuchi K, Fukuda M, Honda I, Imanishi S. 2012. Roles and regulation of cytokinins in tomato fruit development. Journal of

Experimental Botany, 63 (15): 5569 - 5579.



Yu Yi-he, LiXiu-zhen, Chen Di-xin, Li Gui-rong, LiXue-qiang, Zhang Guo-hai.
Isolation and expression analysis of cytokinin oxidase gene CKX3 in Kyoho grapevine.
1240 Acta Horticulturae Sinica, 2015, 42 (7): 1233 - 1240.

Srinivasan, C, Mullins, M G. 1978. Control of flowering in the grapevine (Vitis vinifera L.) formation of inflorescences in vitro by isolated tendrils.
Plant Physiology, 61 (1): 127 - 130.

Wang Ling, Gao Bin, Wen Chao, Xi Lin, Liu Feng-luan, Ma Nan, Zhao Liang-jun. 2014. Isolation and expression analysis of cytokinin
dehydrogenase gene ReCKX5 in Rosa canina. Acta Horticulturae Sinica, 41 (7): 1418 - 1426. (in Chinese)

O, m M, R E, B Bk SRR, T 5, BT 2014, M ekan s RS AL ReCKXS [y R RIS, b 2
AR, 41(7): 1418 - 1426.

Wang Yang-jie, Li San-yu, Wang Xiang-yan. 1997. Effect of CPPU on fruit growth and endogenous hormones in Kyoho grape. Acta Horticulturae
Sinica, 24 (1): 84 - 86. (in Chinese)

T, Z=K, TMH. 1997. CPPU X F04 24 SR AL R P PRI AT, [ 22531, 24 (1): 84 - 86.

Wang Yang-jie, Li San-yu, Wang Xiang-yang. 1998. Mechanism of CPPU on stimulating fruit growth of Kyoho grape. Bulletin of Science and
Technology, 14 (3): 209 - 212. (in Chinese)

FRA, F=E, ERFA 1998. CPPU f ik B # 45 FORLIE R MALIROT S, BHaamk, 14 (3): 209 - 212.

Werner T, Motyka V, Strnad M, Schmiilling T. 2001. Regulation of plant growth by cytokinin. Proceedings of the National Academy of Sciences,
98 (18): 10487 - 10492.

Werner T, Motyka V, LaucouV, Smets R, van Onckelen H, Schmiilling T. 2003. Cytokinin-deficient transgenic Arabidopsis plants show multiple
developmental alterations indicating opposite functions of cytokinins in the regulation of shoot and root meristem activity. The Plant Cell, 15
(11): 2532 -2550.

Yang S H, YuH, Goh CJ. 2003. Functional characterisation of a cytokinin oxidase gene DSCKX! in Dendrobium orchid. Plant Molecular Biology,
51(2): 237 -248.

YuY, XuW, WangJ, WangL, YaoW, YangY, XuY, MaF, DuY, WangY.2013. The Chinese wild grapevine (Vitis pseudoreticulata)
E3 ubiquitin ligase Erysiphe necator-induced RING finger protein 1 (EIRP1) activates plant defense responses by inducing proteolysis of the
VpWRKY11 transcription factor. New Phytologist, 200 (3): 834 - 846.

Zabadal TJ, Bukovac M J. 2006. Effect of CPPU on fruit development of selected seedless and seeded grape cultivars. HortScience, 41 (1): 154 -
157.

Zeng Q W, Qin S, Song S Q, Zhang M, Xiao Y H, Luo M, Hou L, Pei Y. 2012. Molecular cloning and characterization of a cytokinin dehydrogenase
gene from upland cotton (Gossypium hirsutum L.) . Plant Molecular Biology Reporter, 30 (1): 1-9.

Zepeda M, Fernandez M A, Vidal-Lezama E, Holguin R, Hiaz D H. 2006. Effects of the application of cytokinin bioregulators on inflorescence
development of table grapes. Acta Hort, 727: 295 - 298.

Zhang L, ZhaoY L, Gao LF, Zhao GY, Zhou R H, Zhang B S, JiaJ Z. 2012. TaCKX6-D1, the ortholog of rice OsCKX2, is associated with grain
weight in hexaploid wheat. New Phytologist, 195 (3): 574 - 584.



