4 % B & 20094 $54% ¥ 14H: 2082 ~ 2088 @
[ www.scichina.com csb.scichina.com SCIENCE IN CHINA PRESS

ABA NCED

® @ @ ® ®
s 100193;
R 100035;
N 102400
* , E-mail: pleng@cau.edu.cn
2009-02-02 ,2009-05-05
( : D0706002000091) ( :6052013)
: 1 ABA (DK-NCED1) c¢DNA EK:‘CEDl
B
ABA . , ,
,  DK-NCED1 1 , ABA , ABA
2 , ) DK-ACS2 DK-ACO1 2 ,
b 3 . >
1d, 4 , 6 . ABA NDGA (
NCED ) DK-NCED1 ,
DK-ACS2 DK-ACO1 ,
, , DK-NCED1 , ABA
: ABA DK-ACS2 DK-ACO1
8 d ,
, 1/10. ,
o, (Diospyros kaki Thunb.) ,
2=4] , DK-ACS2 tel,
Bl , « ” 70 d ,
3d 10nL-g'-h™'
ABA NCED ABA . , 2009, 54: 2082~2088

Leng P, Zhang G L, Li X X, et al. Cloning of 9-cis-epoxycarotenoid dioxygenase (NCED) gene encoding a key enzyme during abscisic acid (ABA) biosynthe-
sis and ABA-regulated ethylene production in detached young persimmon calyx. Chinese Sci Bull, 2009, 54, doi: 10.1007/s11434-009-0486-7




[7.8]
H [gl
ABA ,
, ABA
, ABA ABA
) 9_ -
(9-cis-epoxycarotenoid dioxygenase, NCED)
ABA 9~11
NCED vpl4 ,
NCED  cDNA bl el bl
91 [15]
NCED . ,
11.16
NCED
h7=21 , NCED
ABA
NCED ,
NCED ABA
, ABA )
1
()
8 (3 2 s
60~80 d
pGEM-T Easy
Oligo(dT);9, Taq (Marathon™
cDNA Amplification Kit) TaKaRa
DH5a
() NCED . Hot
Borate 122 60 d (2008 7 10 )
RNA, Oligo(dT); ( )
RNA poly(A)" RNA. (Mara-

thon™ ¢DNA Amplification Kit

, cDNA, . NCED

NCED
, 5-TCGACGGCGACGGATGGTT- CA-3/,
5'-TCCCAAGCATTCCAGAGGT-
GGAAA-3'. DK-ACS (1-am inocyclop ropane-1-carboxy-
lic acid synthase) 5'-ATGGGIYYIG-
CIGARAAYCAGYTI-3, 5'-AAAIACICKR-
AACCAICCIGGYTC-3', DK-ACO1 5'-TCA-
TGAAGGATTTTGCTGAAAGGTT-3, 5'-

TTCAGGGCAGCATACAGCTT CATG-3/,

poly(A) "RNA 2 ug,
37 60 min cDNA
, PCR .
(5 U/uL) 0.25 pL, dNTP
:94 3 min; 94 , 1 min, 50 ,2 min, 72
3 min, 35 ; 10 min. PCR
(GFX PCR DNA and Gel Band Purification
Kit, Amersham) , pGEM-T ,
DH5a, 50 mg/mL Amp,
IPTG X-gal LB , .
(Wizard® Plus SV Minipreps DNA Purification
System )(Promega)

50 uL, Tag DNA
(2.5 mmo/L) 4 uL.

EcoR s s
DNAMAN
GenBank
()
2008 7 15 ( 65 d), « ”
100
10 , 10 ,
( 20 , 40%~55%). ,
( )
0.5~0.8 cm’ , -80
( ) 0.5cmx0.5 cm
, 400

2083



4 Z 8 & 2009F7H E54E E14H
) 3,
ABA L2008 7 , 0.4 pm
20 ( 704), “ "0, Eclipse XDB-C18 (Agilent, USA),
) T, 10 ( 5 6.0 mm x 150 mm; s 1.0
)> ( 20, mL/min, 210 nm. 10 pL. .
40%~55%). R R () . 5 381L
( ) ; ,20 1 h; 500 mL
: > ’ , 20 15 min. 1 mL
; -80 ; ABA (Agilent, 6890N, USA)
RNA. ; nL-g'FW-h". Agilent
’ 19091J-413, HP-5 , 30 m.
() ABA, NDGA ABA, ’ N, 06 ko’ .
NCED, ACS  ACO 40 mL/min; 150 80 ,
2008 7 27 (77 4d), « »
120 . 3
105 3, ( 20 ,
40%~55%). 1 2 100 pmol/L ABA ) B '
100 umol/L NDGA 30 min, 3 (Fujthara Co) (
30 min, ' 28 , , 11 mm, 8 mm). 3 R
10 , ( + ).
, . 2
; ’ 80 2.1 NCED
, ABA RNA.

() Northern 60 d NCED
(Boeringer Mannheim, Germany) , cDNA PCR PGEM-T
PCR , DKNCED1, DK- > ’

ACS2  DK-ACOL . 740 bp ( 1) Blast ;

RNA. 5 ug  RNA, 2.5%( DNA 72.57% (

) 1% LeNCED1 540~1280 bp, GenBank
(Biodyne B Membrane, Pall, USA) 797215), VVNCED1 71.08% (
43 , 2x SSC VVNCED1 623~1363 bp, GenBank :
37 2, 10 min; 0.1x SSC 2, AY337613), 70%
30 min. CDP-Star™ , , NCED ,
. FUJI X DK-NCED1, : EU925812. S
( ). 1 ACC (DK-ACS2-like) 1 ACC
() . ABA (DK-ACO1-like)  cDNA . ,
(Agilent 19091J-413) DK-ACS2-like  983bp,  DK-ACS2( : AB073006)
lg, 8 80% (4 ) 4 99% (  DK-ACS2  283~1270 bp). DK-ACO1-
4 18800%g 10 min, , like 520 bp, DK-ACOL1 ( : AB073008) 98%
(1:5) 2, : ( DK-ACO1  400~920 bp). 3
PVPP (0.2 g/g), s Cis DNA ) Northern blot
1 mL pH 3.0 R

2084



1000 bp
500 bp 500 bp e
1 DK-NCED1, DK-ACS2
DK-ACO1
M, DNA ; A, DK-NCED1; B, DK-ACS2; C, DK-ACO1
2.2
5.62 /mm? 1.70  /mm?>.
2 ,
100%,
16.7%, 2 35.7%, 3 36.9%,
451%, 5 48.5%,
5D ,
60
g
&
L]
i
T 2 3 4 5 & 7
IhWEEFREGFE
2
2.3 ABA,

1d

DK-NCED1 ABA , 2  ABA
, . DK-ACS2 DK-ACO1
2 ,
DK-NCED1 ABA DK-ACS2
DK-ACO1
1d. 4 ( 3),
5 , . DK-ACS2
ABA DK-NCED1 ,
ABA , ABA
DK-ACS2 , ,
2.4 ABA NDGA ABA
NDGA ABA NCED .
, ABA NDGA
) ABA ,
NDGA , ABA , 100
pmol/L NDGA ABA . 65d
ABA NDGA
4 , 1 d,
ABA 1000 ng/g ; 2
, 3 ,
ABA  NDGA , ABA
ABA ,
2.5 ABA NDGA DK-NC-
ED1, DK-ACS2 DK-ACO1
DK-NCED1, DK-ACS2 DK-ACO1
, RNA
. Northern blot R ABA NDGA
DK-NCED1 ,
( 1d) ( 1d) ACC
DK-ACS2 ACC DK-ACO1
) ABA
ACC DK-ACS2 ACC
DK-ACO1

2085



M Z b B 2000578 $54% F14H
1200 18
a b
@ ~— REEK L L
1000 | —— RER
—o— REAVEK “r
E 800 —— RENE = 12 F
Im é 10 F
o 600 | -
< ' 8 F
[ ] .
iﬂ 400 | T 6f
2
E Nooaf
200 [
2 -
L 1 L 1 1 L 0
B 2 3 4 5 6 0
IhRBHGHE hRBHGEEM
B3
(©)
T LT
0o 1 2 3
ﬁm%%wﬁw@m
3 ABA  (a) (b) ©)
, ) -(¢)
Northern blot S5ug  RNA, rRNA
1200 [ 140
1000 + —— ABA-t 120 F
2 —— MR = 100 f
I so0f —— NDGA-t <100
o '© 80t
2 600F -
W = 60f
<4<ﬂ 400 % s
£ 200f 20|
0 . 0 . e
0o 1 2 3 4 5 o 1 2 3 4 5
ARSI/ puSESSTNEIL
800100y 200 @
700 [ —*— ABA- 180T o ABAt
: _ 160}
Bl -l
f —_ - . v
2 500} o 120 [ = NOGA
= = 00 |
g 400 2 !
40 2 %0r
< S0 i'l\fj 60 |
< 200} 40 1
20 |
100 1 1 1 1 1 0 - 3
o 1 2 3 4 5 o 1 2 3 4 5
B[S/ QI2EHIE/d
4 ABA NDGA ABA
(@ (b) ;0 (d) .(a) (c)ABA ;(b) (d)

2086



3
1
DK-NCED1,1 DK-ACS2 1 DK-ACO1 c¢DNA
) 3 DNA ,
Northern blot s ABA
’ 6l
ABA DK-NCED1 ,
DK-NCED1 ABA « 3.
ABA , ABA
, ABA )
ABA NCED , ABA
, ABA
, ABA ABA
ABA ,
ABA .
ABA
) ABA
ABA
s ABA
, ABA
23]
ABA
, . ABA
5 C02 5

5 C02 ( )
NDGA ABA
NCED. s ABA
NDGA , NDGA
ABA ABA .ABA
RT-PCR ( 3 s s
NDGA DK-NCED1 s
NDGA ABA
NDGA ABA R
ABA s
ABA
. NDGA ABA s
ACC
« 95,
ABA s
ABA . s DK-ACS2
s 1-MCP
, NDGA DK-ACS2
Kl s). ,
ABA . ABA
:( )ABA s
2
;)
s ABA
ABA
> ABA
PR ABA-t NDGA-t
DK-NCEDT w W L L ..
DK-NCED2 - - - -
pescor mam B 8888 =np

- =B S
01 23 4 012 3 4 1.2 3 4
LRSI E)/d

5 ABA  NDGA

DK-NCED1, DK-ACS2  DK-ACO1

2087



a4 % d & 200067FH $54% F14H

10

11

12

13

14

15

16

17

18

19

20

21

22

23

2088

> > > >

DK-NCED1 , ABA.
, : ABA DK-ACS?2
: DK-ACO1 :

Biale ] B, Young R E. Respiration and ripening in fruits: Retrospect and prospect. In: Friend ], Rhodes M J C, eds. Recent Advances
in the Biochemistry of Fruits and Vegetables. London: Academic Press, 1981. 1—39

Abeles F B, Morgan P W, Saltveit Jr M E. Ethylene in Plant Biology. San Diego: Academic Press, 1992

Wills R, McGlasson B, Graham D, et al. Postharvest: An Introduction to the Physiology and Handling of Fruit, Vegetables and Or-
namentals. New York: CAB International, 1998

Kubo Y, Nakano R, Inaba A, et al. Cloning of genes encoding cell wall modifying enzymes and their expression in persimmon fruit.
Acta Hortic, 2003, 601: II International Persimmon Symposium

Takata M. Respiration, ethylene production and ripening of Japanese persimmon fruit harvested at various stages of development. |
Jpan Soc Hortic Sci, 1983, 52: 78—=84[doi]

Nakano R, Ogura E, Kubo Y, et al. Ethylene biosynthesis in detached young persimmon fruit is initiated in calyx and modulated by
watet loss from the fruit. Plant Physiol, 2003, 131: 276—286

Yang S F, Hoffman N E. Ethylene biosynthesis and its regulation in higher plants. Annu Rev Plant Physiol, 1984, 35: 155—189[doi]
Morgan P W, Drew C M. Ethylene and plant responses to stress. Physiol Plant, 1997, 100: 620—630[doi]

Tan B C, Schwartz S H, Zeevaart ] A D, et al. Genetic control of abscisic acid biosynthesis in maize. Proc Natl Acad Sci USA, 1997,
94: 12235—12240[doi]

Burbidge A, Grieve T M, Jackson A, et al. Characterization of the ABA-deficient tomato mutant notabilis and its relationship with
maize Vpl14. Plant J, 1999, 17: 427—431[doi]

Tuchi, S, Kobayashi M, Taji T, et al. Regulation of drought tolerance by gene manipulation of 9-cis-epoxycarotenoid dioxygenase, a
key enzyme in abscisic acid biosynthesis in Arabidopsis. Plant ], 2001, 27: 325—333[doi]

Qin X, Zeevaart ] A D. The 9-cis-epoxycarotenoid cleavage reaction is the key regulatory step of abscisic acid biosynthesis in wa-
ter-stressed bean. Proc Natl Acad Sci USA, 1999, 96: 15354—15361[doi]

Tuchi S, Kobayashi M, Yamaguchi K, et al. A stress-inducible gene for 9-cis-epoxycarotenoid dioxygenase involved in abscisic acid

biosynthesis under water stress in drought-tolerant cowpea. Plant Physiol, 2000, 123: 553—562[doi]

Chernys | T., Zeevaart ] A D. Characterization of the 9-cisepoxycarotenoid dioxygenase gene family and the regulation of abcisic acid
biosynthesis in avocado. Plant Physiol, 2000, 124: 343—353[doi]

Rodrigo M ], Alquezar B, Zacarias L. Cloning and characterization of two 9-cis-epoxycarotenoid dioxygenase genes, differentially regu-
lated during fruit maturation and under stress conditions, from orange (Citrus sinensis .. Osbeck). ] Exp Bot, 2006, 57: 633—643[doi]

Thompson A J, Jackson A C, Parker R A, et al. Abscisic acid bio-synthesis in tomato: Regulation of zeaxanthin epoxidase and
9-cis-epoxycarotenoid dioxygenase mRNAs by light/dark cycles, water stress and abscisic acid. Plant Mol Biol, 2000, 42: 833—845[doi]

Goldschmidt E, Goren R, Even-Chen Z, et al. Increase in free and bound abscisic acid during natural and ethylene induced senescence
of citrus fruit peel. Plant Physiol, 1973, 51: 879—882[doi]

Lafuente M T, Martinez T, Zacarias L. Abscisic acid in the response of fortune mandarins to chilling: Effect of maturity and
high-temperature conditioning. J Sci Food Agtic, 1997, 73: 494—>502[doi]

Rodrigo M J, Marcos | F, Alferez F, et al. Characterization of pinalate, a novel citrus sinensis mutant with a fruit-specific alteration
that results in yellow pigmentation and decreased ABA content. ] Exp Bot, 2003, 54: 727—738[doi]

Zhang M, Yuan B, Leng P. The role of ABA in triggering the ethylene biosynthesis and ripening of tomato fruit. ] Exp Bot, 2009, 60:
1579—1588,[doi]

Zhang M, Leng P, Zhang G L, et al. Cloning and functional analysis of 9-cis-epoxycarotenoid dioxygenase (NCED) genes encoding a
key enzyme during abscisic acid biosynthesis from peach and grape fruits. ] Plant Physiol, 2009,[doi]

Wan CY, Wilkins T A. A modified hot borate method significantly enhances the yield of high-quality RNA from cotton (Gossypium
hirsutum 1..). Anal Biochem, 1994, 223: 7—12[doi]

RXMG, T, KFiE, F HALANEZYRT: SRAEARMINERFFRAING . B LFIIR, 1997,24:1—7




