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W E. A ARM, KA PCR & DNA 43 K, AEF ARG T L s NCEDL %
B, Py M & ik B Ak pBI-NCED, R 4K F AA FAFEZ MG HE AR NS IHR, TR
NCEDA & B A Z K s ke %o, IF 5t 3 & 4 AN F A4k 4T PCR #2 & & 2 & RT-PCR 4
Mo REW:BHABBAMSGFARAY, FELARMAFT P RATFEREX;NCEDL AR
AN R FE YRR R, R E A TR B E e AE A £,

KW PURGIT s NCEDA; FRIE TR s %5 4k
FESHES:Q943.2

Hi 7% BR (Abscisic acid, ABAVERFE M) LRI R Z
— Iz TR, IR Z , AAT LA il
TR L RBIEHE SR L R B IR R A PR
FIRNR AN e A = A T R RN AR BB AR
ERMSTFUE A S8EE. ABA HIE S IR
2N E N &R U4 B (9-cis-epoxycarotenoid dioxygenase,
NCED)A & H W& R . NCED 7 ABA 4 Bk 1%
w3 YA U Y PR R

NCED %P4 AFE R K TS XA AE TR bt
TR AT RE A PRS0, Bl I+ NCED3 %
B R R R T IR ABA BKFY; Bls I+ NCED6
AT DA [V BE ) A b VR 23k, H 28 A8 (R i 7 X
A% A U s iR Y& NCED6, NCED5 \NCED9 = F
5% 7 PR R M 7E 4 2 B R) A A 4L R A A A, BOR
NCED5 5 NCED6,NCED9 £ [F{/EF TS M FIK
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RN, T NCED4 B i) L Bt s A 8 . )
FFFH ) NCEDA ZEN 4K 1 785 bp, 45 595 @IEMR,
HARZTEBEMFHER, BN REm, 43
o, NECE4 MU T 5 ABA R B R OMHE A
KR FER R FIR BB T HRMES®AEN . ik U
PR IF kAT, i PCR ik 5afE T NCED4 # I, 3F
R H A A B W) R I8 8K pBlI21 b, ## T #R ik
NCED4 B3R A8 4k pBI-NCED4, 38 i & AT 1 15
PR S AL R T 3RAS e AR PR 5 38 2o SE R B
B R ZEREBER TS T RERREKFE, hiz iR
IR AT RE 5347 59 LA
1 #MR5RH*®
L1 sk

2R 56 BT AR 7T (Arabidopsis thaliana) B A B i
FHPERLFZB AL & RS B R prigft, ok
#ifA& pEASY-T1,DNA Marker I F b3 2 X 4 4 Y F
FABRAF] ;T4 DNA 7 2 BRI 1 P9 U B  Primescrip
J2 5% 5 i RNase B § TaKaRa /A ], RNApure #8 4§
& RNA R4 B & PR 20 DNA e 8 B &
FIEERE AUk DNA [l Yieiat 3] & 55 W B B 18 A /] K
HWHEE E. coli DH5a, 520} € 8 4R} UltraSYBR Mix-
ture I H A 4L AE I RHE A PR B R FF I GV3101
DL R Bk pBI121 JAyi% Se i 28 AR A7 s Ho n R F 3 1 43
B ES P LT

isozymes were synthesized,content increased rapidly, marked the seeds begin to germinate. In the later stage(6~9 d),

radicle continued elongating, cotyledon unfolded gradually, embryo began to grew, SOD and POD isozymes content

decreased,but the type of each isozyme unabated,new enzyme was synthesized. The changes of those isozymes could be

used as an important sign in each stage of Handeliodendron bodinieri seed germination.

Keywords : Handeliodendron bodinieri (Lévl. ) Rehd. ;peroxidase isozymes;superoxide dismutase isozymes;seed germination
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1.2 g pEASY-T1 &k, 345k B Z S KA # DHb50, 1510

L2.1 Bt MR NCBI FR4Er B 55 KE F5)
(&35 :NM_118036.2), B3+ T 4 X545 (& 1, K
NCED4-1 f1 NCED4-2 | F NCED4 % [H 4 K 75 &,
NCED4-r il NCED4-f i F %35 8k 8, NCED4-RT-1
H1 NCEDA-RT-2 I F3% 52 & PCR 43#7 , pBIA£ #1 pBl-r
Y FIARR pBI2] ERGEHS Y. RIEELLER4
S A BRI VIR Xoa 11 Sma T BV S, .

L2.2 AEWEE¥5  FIH MEGAS. 0 #4: %) 5o b
) NCED4 Z:R 34T A Y15 B2 5 4 S s I v 43
B NCED4 B K 5 H B Y Fh 0% 2k N 47 [R5 5
. 7& ExPaSy R u} (http://web. expasy. org/compute_
pi/) T W 4 L &5 F 4> F &, 7E SignalP 4.1 Server
(http://www. cbs. dtu. dk/services/SignalP/) [¥ 34 i i

BRI,
*1 S|4 F3
Table 1 The sequence of primers
B izl
Name Sequence
NCED4-1 5'-AGCAATGGACTCTGTTTCTTCTTCT-3'
NCED4-2 5'-TATTCTATTAACTATTGCAGTTACC -3’

5-TCTAGAATGGACTCTGTTTCTTCTTCTTCC -3’
5'-CCCGGGTTAAAGCTTATTAAGGTCACTTTC -3’
NCED4-RT-1 5'-CACCGAAACTCCGACCAGAA-3'
NCED4-RT-2 5'-TCAACGGAAGGACGTGAAGG-3'
pBIf 5'-AGTTTTTTGATTTCACGGGTTGGGG-3'
pBEr 5'-ACTATCCTTCGCAAGACCCTTCCTC -3'

1.2.3 SERERMTEKNIIGE DK 15 d EFAER
P IT 8 i R X5, RSB & BR (ABA) (R R
HATHES F S50 1.3.6.12 h, DIAEFES 3t
MR, FIAE RNA 300 &, 32 BB R I R Y B RNA,
F| A DNase B =B FEPH 2H DNA ¥54¢f5 ,fiff F§ Primescrip
s IR 1555 — 4% cDNA, L cDNA J#i4R , NCED4-
RT-1 1 NCED4-RT-2 J75 |4y, S B 5 B 43 Hr #EAT R
F S ARF 9 : 95°C HiAE 10 min; 94°C A8 # 30 s,68°C
B FESH 1 min, 40 NMEF . LIURIITE K EEN Actin
1B S, NCED4 F: HAH X 38 3k Bl o 22" 3kt
W5E .

1.2.4 pEASY-NECD4 EAHTFHIHE U4AEK 154
S AR IT bR bR}, 38 B P 4 DNA i $2 5
M EIRBGENA DNA, HRZEREANE T, REELLE
DNA it , #47 PCR ¥ 3, A NCED4-1 F1 NCED4-2
514,93 & H NCEDS SE8 I 1 R 2 HE i) DNA F
B, RN R :94°C A 5 min;94°C A8 30 5,56°C
Bk 30 5,72°CZEAH 2 min, 30 MEFF;72°CFEH 5 min;
ACLRIE. HLS5 pL 9 PCR 7247, FH 126 RO B BEAHE s 1K 43
Mr. B PCR 7™ ¥y 2 E B 10 Wik 0] & gl fb )5, i 2 3
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NCED4-f
NCED4-r

FE&7E 50 mg/L Kanamycin(-KARE ) Ay LB FE A& EE 55
FH b 37TCHRI ISR, PRk, T A PCR &, %
A HREAA BT TR L R — M imA YHARE
FRASEIIF . $RICE A IE 8 TR BE S2AE 1 JSORL , DA JSORL
SR , I FH 514 NCED4-f Fl NCED4-r 347 PCR $"3,
AR K7 :94°C WiARME 5 min;94°C A8 30 s,60°C 3R
K 30 s,72°C3EAH 2 min,25 MEH ;72°C FEH 5 min;
4'CHER . PCR P24 1% W3 A5 B Tk 4047 » K PCR
FaifbE  E# 2 pEASY-T1 8k, 3% B2 2
KIGFFEE DH50, A F& A 50 mg/L Kanamycin ) LB
BB FR A b, 37°C R BE 5. PRk B bk, 47 B 1K
PCR A ¥ &7 H 19 26747 B B TE e % A 7 R — i
B ARA BRAFWT

1.2.5 #BFikEik pBINCEDA (M8 LL&4A B
B i pEASY-NCED4 F1 pBI121 25 R4k H5%F 42, i Xba 1
H1 Sma 147 XUEGYI , 2235458 At B K R 00 J5 1) G
vk DNA [m 055 & 4050 B B 1 7 B, B i B 1
A B T4 DNA #8285 16°C T %82 6 h, 3Rz
BRI HE DHb5a, %70 2 & A 50 mg/L Kanamycin f)
LB BEfAIEFRE F . PRk vk, i NCED4-f F1 NCED4-r
hE 14, BT R PCR AW K &8 B A 2 1 B 72
RER LI R — M A W F AR A FRA FIF .

1.2.6 IR FIR BRI 3E5R & 42 X pBI-
NCED4 ki, Al CaCl, -¥ i b Tk AR E
GV3101 H,i@1d PCR ik MR, FIHEF
B XA T A6 I B A AU R ST AT R R A R
WAk, BAR L B8 . - & A pBI-NCED4 1A FF 1t &
WO B 2K A AR F B Pl RE ST R AR R AT AR Y, AR
¥ 2 min, B _FIORE BRI OB 1 d FCE
EERATIER. B 7 dEE 1 IR FRIE I R
IR IR T FE B A1 F K BB IF R 7 75 %
EREHEEE  SBAESH 50 mg/L RIRER 1/2 MS
R . 1537 15 d J5 . IRERE e A RN R K
FHEFEEERWBIEITE, BARBEFR L, dh45E
£,

L2.7 FAMEEN hBTE AR IR A SR
# NCEDA 3£ H 751, it Al AR 2 38 Bk pBI121 8
FA5 14 pBIH #1 pBlr i#£47 PCR %52, FIFHZE 4 DNA
P HRE R T B B B A M R 3K R 41 DNA, ) pBI- 1
pBlr J5 |47, LI LR 4 DNA AT PCR A, F)
FHE RNA 55 &, 325 15 d MR EIR Ir (T, O
PRAY A RNA, FH DNase B EBRIEPI 4 DNA 15445,
{#i ] Primescrip 2 % R B85 55 — 4% <DNA, L) ¢cDNA
SR , NCED4-RT-1 #1 NCED4-RT-2 K5 | 47, SLhf & &
SAHT AT
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L3 HdEsrth

FIFE Applied Biosustens 7300 system vl. 4. 0 3}iR56
GERHAT I
2 BREHH
2.1 SeatE B&EHE T

M 1 AT, FEE SR ABA 75 5B ] i SE <, B A
BRI NCED4 B R i # X 3R 3k & e 7H & )5 BRI
AbFE 1 h K PR X A Bk B B AL B 12 h BRI,
B 1 h A3 h B R TR R I 2RI Bl R AR R
XA EMER, R IT NCEDE R RILEZ I
B T R
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0(CK) 1 3 6 12

Kb PREF 8] Processing time/h

AXE R K i
Relative expression

B 1 FERESME ABA & EX NCEDL EE#H
B REENTM
Fig. 1 The effect of different exogenous ABA processing

time on NCEDA4 relative expression
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AEERI ) Processing time/h

AT ik
Relative expression

B2 FEBENEFERLE NCEDL EER
B RIEERM
Fig. 2 The effect of different exogenous GA; processing

time on NCEDA4 relative expression

2.2 NCED4 S 4t X 731 i) 7ok

DLl B OF % 40 DNA g #55 #)z, NCED4 -1 #0I
NCED4-2 5| ##£47 PCR 93, 16 B A5 W v ik 2 s 75
F K52 000 bph F- B (& 3). ¥i% B 3 vo ke 8
& pEASY-T1 b, 3L KIGH &, #7E K PCR 2 5,
6 B B A T e AT 0, T 4 SR 3 B, BT 34 B T
A B S A B BB T NCEDA FF i B 52HE , RE % 4T
T—#H vk Y, Hfr 4 pEASY-NCED4, REUK
AT 8 5, UL pEASY-NCED4 7 48 #)z , NCED4-f Fi1
NCED4-r 95|45, #47 PCR ¥ 34, F= ¥ #47 1% A3 H

8000 bp
5000 bp
3000 bp
2000 bp

1 000 bp
750 bp
500 bp
250 bp

100 bp

7 :1: NCED4 #:[H ; M DNA Marker Trans 2 000 plus I[,
Note:I: NCED4 gene; M:DNA Marker Trans 2 000 plus [I.

B 3 NCED4 EFK PCR T
Fig. 3 PCR amplication of NCED4 gene

BREE RS FEL Ik AT » S5 SRR AFRAT T K24 2 000 bp A9 J BL
(B O 4 B R Bok S 20 e e A, e AL R A i i
FrE A PCR AN, BEHR B S ERE AT T P 45 R 3R
B, BTk Si ke & A 568 NCEDA 73, A R A B 28
BB , UL IR D e R B T % FE DN ) 45 A5 X, AT LA
YRR IR BIE

1 000 bp

750 bp
500 bp

250 bp
100 bp

1 T 5 8 B0 A 4 9 NCED4 #: B ; M: DNA Marker Trans 2 000
a ]11\;ote :1: NCED4 gene with restriction site; M: DNA Marker Trans 2 000
plus II.
4 NCED4 EH#y PCR 52fg
Fig. 4 PCR amplication of NCED4 gene
2.3 HEERIKRBIK pBINCEDA B LR AP
FRIBUTURL pEASY-NCED4, I BR ] #4 A 1 B Xba 1
1 Sma 1 XUHEG ), HE B H VKRB FEREIL 2 000 bp b A
144, 5 BERN XN 5., B BEEERH
VREAL IS % He 2 pBI121 84K, %L RZ S K
FE DHSa. PR 1A PCR J5 , 2B H UK 43
0, BRI 1 5 B R R R/ —B0H DNA 4%
W (& 6) . PRER PN B SR IUEORL, ] Xba 1A Sma 1
XUEEY] 1 0B BB R HL TR AR 2] 1 4524 2 000 bp fY 5%
W BT, ST/ IARF , 3 B A ) 8 R 38 B A
I, 3w 45 9 pBI-NCED4, F| i CaCl, %4k, ¥ pBI-
NCED4 # AL RATFH GV3101 B2 B4 . L H K PCR
YR B ARAR PE I TR (B 8) , AT — L bR T &
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8000 bp
5000 bp

3000 bp
2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

1 : M: DNA Marker Trans 2 000 plus [I;1: Xba 1 1 Sma 1 S ¥
pEASY-NCED4,
Note: M;DNA Marker D Trans 2 000 plus [[;1: pPEASY-NCED4 diges-
ted with Xba I and Sma 1.
B 5 pEASY-NCED4 EBtIEE
Fig. 5 Enzyme analysis of pEASY-NCED4

 : M:DNA Marker Trans 2 000 plus II;1~10.pBI-NCED4 4% PCR,
Note: M:DNA Marker Trans 2 000 plus [[;1~10:PCR amplication of
pBI-NCEDA.
6 pBENCED4 XB7#F# PCR 4347
Fig. 6 PCR analysis of Ecoli harboring pBI-NCED4

8000 bp
5000 bp

3000 bp
2000 bp

1 000 bp
750 bp

500 bp
250 bp

¥ :M:DNA Marker Trans 2 000 plus [[;1: Xba 1 #1 Sma 1 $UffY] pBI-
NCED4,
Note: M:DNA Marker Trans 2 000 plus II;1: pBI-NCED4 digested with
Xba 1 and Sma 1.
7 JR#L pBENCED4 Egifl 4
Fig.7 Enzyme analysis of pBI-NCED4
2.4 BT HEAEKRIFELS PCR N
ME&H &M% T pBI-NCED4 ¥R A #,
TAR R FA) AT T TR AR, X 2 K S A A T 1 400 R T A
PRIEATIR Ye, R YL 5 B 100 B Il A BT AR R e3R8 1
4 BRHUIE B, #E4T PCR Ry . $2 MO 1 v it ik P9 40
DNA 4R , 4 kL pBI-NCED4 18 A= 21 #0195 It )

108

£ : M:DNA Marker Trans 2 000 plus II;1~6:pBI-NCED4 H4& PCR,
Note: M: DNA Marker Trans 2 000 plus [[; 1 ~ 6: PCR amplication
of pBI-NCED4.
E 8 pBI-NCED4 R#F& PCR 447
Fig. 8 PCR analysis of Agrobacterium tumefaciens
harboring pBI-NCED4

FEHZH DNA 43304 S FE A4 F0 BA 4% XF B 40, DL pBI-f 1
pBIr A5 #y#E47 PCR ¥ . 1% A B e 5 i i vk 45
RN, Ik R IR ST AT DLy AR B 2 2
000 bp A B (- 9, K/N ST — 2, 38 NCED4 3
HE 2RI A BRI IT B EE R 4 P W1 1 23X 4 bR
BUPE T A BT A Ak i 2 B D B RS 3T

# :M:DNA Marker Trans 2 000 plus [[;1~4 . %% 3£ KI5 57 ; WT . B
ARG

Note : M:DNA Marker Trans 2 000 plus [[;1~4 ; Transgenic Arabidop-
sis thaliana s WT : Wild type Arabidopsis thaliana.

B9 #HEREMEF PCR &
Fig. 9 PCR analysis of transgenic Arabidopsis thaliana

2.5 BEEENIFIT UL E B PCR A

AT, AR 222 IX 00 O AP 3 A 4 Bk R BUR,
RNA, [z 7% 5% 159 5| 55 — 4% <DNA, L) B 4= % 4 53 I+ i)
cDNA 1E %1 B8, L NCED-RT-f Al NCED-RT-r 5|4
BEATIEN R IR AT, D6 RE B A i M, Herp 3 BRAE 2
P REIT HF » NCEDA FE X 3% 3k 8 B 2 & T 57 A 2 g
IR FEIR R, G5 R KW, NCEDA 3 [N 78 7% 3 N U B I+
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05

AR R
Relative expression

WT T2-1 T2-2 T2-3 T2-4

0 WT B A BRI 5% ; T2-1~T2-4 . S BB SR T
Note: WT: Wild type Arabidopsis thaliana ; T2-1~ T2-4 . Transgenic
Arabidopsis thaliana.
B 10 #HEBELEIFTELESE PCR &N
Fig. 10 RTFQ PCR analysis of transgenic Arabidopsis thaliana

2.6 HEYEEFST

FIF MEGA 5. 0 344X 5 b i i) NCEDA F A 3
TTHEE B R, A B IT H 433t ) NCED4
EHSHEYFMRRE DML, 15N BEA B R R
PERAIUOARSE X (B 11,12), 3% 5 LLRT R B 97 — B0,
£ ExPaSy Wi (http:/ / web. expasy. org/compute_pi/). T
M&E & S 4T84 58 6.42/65 601.73, 2 SignalP
4.1 Server (http://www. cbs. dtu. dk/services/SignalP/)
i, AN FTEAE S AR

1 100 200 300 400 500 595
Query seq.
Superfamilies KUt sinaramiy.
Multi-donains COG3670
B 11 NCED4 {RSFE&HIE T
Fig. 11 Conserved domain sequence analysis of NCED4
100 XP_002307055.1| predicted protein| Populus trichocarpa
100 EEF00419.2| hypothetical protein POPTR_0019s12320g| Populus trichocarpa
78] XP_002519944.1| 9-cis-3poxycarotenoid dioxygenase putative| Ricinus communis
59 ABC26011.1| carotenoid cleavage dioxygenase 4a| Citrus clementina
10— AGL08676.1| carotenoid cleavage dioxygenase 4| Prunus persica
L ABY47995. 1| carotenoid cleavage dioxygenase 4| Malus domestica
89| 55 [ XP_002268404.1| PREDICTED: probable carotenoid cleavage dioxygenase 4 chloroplastic-like| Vitis vinifera

1001 AFJ94675. 1| carotenoid cleavage dioxygenase 4a partial| Vitis vinifera

BAE72094.1| carotenoid cleavage dioxygenase 4| Lactuca sativa

AEI61930.1| carotenoid cleavage dioxygenase 4| Nicotiana tabacum

BAC10552.1| nine-cis-epoxycarotenoid dioxygenase 4| Pisum sativum
BAJ34120.1] unnamed protein product| 7hellungiella halophila

100 EOA15698.1| hypothetica| protein CARUB_v10006410mg| Capsella rubella
§|E NCED4| Arabidopsis thaliana
92

XP_002869997.1|nine-cis-epoxycarotenoid dioxygenase 4| Arabidopsis lyrata subsp. lyrata

014 012 010 008 006 004 002 0.00

B 12 NCEDi REIRZE A# LR 9
Fig. 12 Phylogenetic analusis of NCED4 and orthologs

3 itig

¥F NCED F:HFE N IR ABA & Bt 72 H Y 56 48
VEFH R4k E N % F NCED 2R F R M T K&
TAE X RN 1Z . R IT RSB DL e H
L&A W K, NCED DR E R AL, Hf
ARG IFH BT P50 Y E B 40 B, B 751 I Th e &
e BB EZEF, KRR LW, AW
BT TEkE ) NCEDL EH S5 N EYF 0B B K
HAB W REEAAEL RS X, [, NCED4 &
EBRFF P AEA RS K,

pBI-NCEDA #8315 48 4 i #4 22 8 45 7T LA3E i PCR
Y14 77 =CFE B L PR IR B0 SR AE 9 3 43 1 5 T Xbal
F1 Smal BgYIL , » 76 7 B 72 A o] LB DR 48 A 7 1l 19

IER . BB M N BRI BRI A BRI+
HIT S ERIE, BB R RN G, #175ME
MWMEIFESATE, 9N NCEDs FH R IhRE, X W2
PEATHE PR T BB AG I A4 B B0 1R i AR SR FAAR AT
HNF R % AL BIRE T, @ 3 PCR B Al NCEDA
FE SRR T R R AE M T BRI B B R E &
SRR AR R IR A, 25 51 BR Bk i 4 pREAE A
PRETRREGEY 1t B i R B T AR i LA AR 20 o b 1
HEMABLIESLH RN B AR IR N A T, 5
e E & M BN, oAb 3 Bk &% 5L Y R JF A bR
NCED4 ik & W B & FE A Mt NCEDS ik &, UE
Bl NCED4 S 7e 7 5 R Pl Ra I+ o ot &3R5k .
TEAMNEE AL TR T , NCED4 £ A X 33k B 1
AU T2 N AT RE 5 VR IR IR B R S I R R 2

109

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

- EYEAK -

wF @ ¥ 2014017):105~110
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Cloning and Transformation of NCED4 Gene from Arabidopsis thaliana

GUO Tao'?,CHAO Yue-hui? , YANG Qing-chuan® ,JIN Hong' ,ZHANG Tiejun’ ,KANG Jun-mei®
(1. Collefe of Ecology and Environment,Inner Mongolia Agricultural University, Huhhot, Inner Mongolia 010019;2. Beijing Institute of Animal
Husbandry and Veterinary,Chinese Academy of Agricultural Sciences,Beijing 100193)

Abstract: Taking Arabidopsis thaliana as material,a gene which was named as NCED4 was cloned by PCR technique.
NCED4 gene was inserted into plasmid and resulting a plant expressing vector pBI-NCED4 with DNA recombination
technology. Transgenic Arabidopsis plants with kanamycin resistance were obtained finally, and this were the basis of
researching that the effect of NCED4 gene overexpression on plant. The results showed that, PCR and Real Time RT-
PCR analysis of 4 kanamycin resistant plants showed that the target gene was inserted into the genomes of the
Arabidopsis thaliana and NCED4 gene was over-expressed in transgenic Arabidopsis successfully;the expression levels
of NCED4 genes were changed obviously when exogenous hormones were added,and these results showed that NCED4
gene may play an important role in hormone biosynthesis and regulation.
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