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8 FE ERFFEA P I HALL 5 AR AZE R HO9 RIS T @ AL SVIRA . ARAFBIKE L (2 eI i)
AN [ Iy A I ZOR AR (V50 . 4 R80T 284K 5 d V@448, BIBIKIE ODeoo 4 0.6 A1 0.05 Mpa 7% [ J) 12 Be it
] 15 min SR tEFe bt MLiZ IR R ARG IR IE AR RR 18 £k, 28 PCR pHrise, JLrb 9 BRRBLFIYE, HIBE#I4k
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Study on

Agrobacterium  Tumefaciens

Mediated Transformation of

Salt-Tolerance Gene HAL1 into Maize Inbred Line H99

Sun Chuanbo =, Guo Jia ™ Tao Rui ™, Li Haihua ™, Meng Fanmei ™ Qu Wenli ™, Wei Zhengyi =, Liu

Wenguo = Yuan Ying =

Center of Agri-Biotechnology, Jilin Academy of Agriculture Sciences, Changchun, 130033, P.R. China

= Corresponding author, chuanbosun@163.com; b= Authors

Abstract The HAL1gene was transferred into maize inbred line H99 by Agrobacterium tumefaciens mediated transformation.
Factors influencing transformation efficiency were studied: including callus state, bacterial concentration, infection time and vacuum
pressure. Results show that callus subculture for 5 days, bacterium concentration (ODgy =0.6), 0.05 Mpa vacuum pressure and 15
minutes infection time were the optimal conditions. 18 transgenic plants were obtained by the optimal system. The result of PCR

amplification indicated that 9 of they were positive and the target gene was integrated into maize genome.
Keywords Agrobacterium tumefaciens mediated; HAL1; Resistant calli; Transformation system

MrRES

FoK(Zea mays L) = KIREEW 2 —, K
AP = A F AT, B R ORISR,
DRI b 57 2105 A . 1 AT IR AR K L R e 4
Fi#k LLK (Rhodes., 1988), T KistfE AL ARS 2] T
BORIIRIE, FIRIARAEDE AT K A R
IRFFE B H RN o H AT K s AL e e 5 vk 32 2
A REPRTEFIARAT R A L9555, 2006), RAT
BEA— R R A S R L R e, HATHALT
HNJFDNAZE F e 28, AL B 28 . O 07 RS
S P UUEAIC, LA e PR St i 7EE AR IS
R B AAVEIRAT T AR 2 380E (W 2 K 2K (Gould

etal., 1991; Ishida et al., 1996; Huang et al., 2004), 7£
] A S T R B A 1) K B A AR R (0
BT, 1999).

T BRI A B R ORI
I FH 2 BE PR AR R 203 oK I PL s 1 — ELE A )
2R TN 2 . HALL A 41 i 2 1> 1 75
DA, e R A 40 B Y K B 32 R Na R 52 A
PE g M) £ (0 32 1 ((Rios et al., 1997; Yang et al.,
2001). [EAM RSB HALLEL K 5 N\ Ff K (Bordas et al.,
1997), e T eI I R 7R 40 255 3R 44 B 10T &8
P, BT HALLEE AR 7 i 8 5 /KRS S5 A 4 b
53 7 ik (H 5 #K%%, 2003; Rohila et al., 2002), i}
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ARSI I, FEHALLIE DRIAELAR R i 01 Lo 3y 2 A
W R . IR RN, AR HALLIE R KA i 6
PERAT R o AT A A LURES . AR B
12 G i [7] J B0 2% s 25 DR 3256 R R AR T 11 st 4
I, SN A A RHIKURAT H FEL A R,
T A Z R B BE R HALLES N T2k A8 &2 H99, 3k
FRPUF ER AL R TR 5 Bt

1ER55H
1.1 AR LH LIRS MR RS L RO 20

DA AR AN [ B [ 79 VR 2 40 20 23 O o i A 3
TR WAL, 4 3 UTRE)G, s Byt &t
PLVRA, MR LIS T UKL, IR
P SRS B i @i, 45 d)5
AL IR @ 2 2P R bk 38.46%, 11
kA% 0 d FIgRAX 12 d I @A 41 2 AL S otk i
143 5k 5.61%H1 10.26%, W] RAK T-4648 5 d 1)
JRPE @A AZ, AT WOEBARAR 5 d Ja T &
15 L ER 53l LR Ak

1 IRAREON TR BAL AL 52
Tablel Effect of subculture days on maize transformation

MR REEOE pitkEti  SurkEdi R (%)

Subculture  No. of No. of Fregency of

days Infection Resistant resistant calli
calli calli (%)

0 107 6 5.61

2 106 9 8.49

3 115 37 32.17

5 104 40 38.46

6 150 42 28

10 121 22 18.18

12 117 12 10.26

1.2 RHAF B 4K BE (ODgoo) X 15 FE 55 14 B E2 i)

PRIVBUHR JE 72 5% M 3 AR e A R I R R 3R 2
—, DIk 5 d @t 12U S EAR, HIAN R ODego
H R A IR 2R, & 3 kpitiiig ),
Girpitt iR, K L g5 1T DL BRI,
1 ODeo=0.6 I H ¥ @ 14 F i 7= A 35.33%,
ODgo=0.2 I 5 AT 8.33%, 4 ODggo /N T~ 0.6 I Fifi
FHRWIREERR, i@t 2 A s 24 ODeso
KT 0.6 INBEAE B FER R, otk @t 2 B b
I, X ATRESE BT i FE B A0 i A 2R 45 55K

< 40
?’? 351 i
E 30'
S o5}
<G 2}
[
=] 15_
=7 10t
89 10
1K 1
= =
4;::\ E 0 1 1 1 1 ]
e 0.2 04 0.6 0.8 1.0

T WL FEE(ODgy)
Bacterial concentration (ODy,)

P 1 ARKT R X o A AL R S i
Figure 1 Effect of bacterial concentration on maize transformation

ARG TR i AEA RT3 B o

1.3 EF [ W FR A B 3R R 55 L A 20

FETR ODgpo=0.6 4511, LAZKAR 5d (PR
PG AMEAR, BT FTES R R G N TR Ak
HIREM . H3R 2 AT LAE HH7E 0.05 Mpa £l 0.07 Mpa
AR NEAT T, 124 15 min A1 20 min 3Tk
7% JLFAHIA], 20 min B 15 min (RS &, (H 7RSS
Wb IRA TR, FSEEIZ&HET, @R 4 20 min
Lt 15 min XESEI G, 110 HARAS AL s AH R L
i), 0.07 Mpa Lt 0.05 Mpa i @t e, i B
ISR LB %81 0.05 Mpa JLA5 R ), 174
15 min [RFEAL AT

L4 #ERERN D FEYERN

AR R 4L 1260 B HO9 IR dn 4l
21, SRR RIRE 18 ¥k, Z3d PCR WP %€,
Hob o Bk Z P, PUEEREREBH LR K 50%, [ 2 &5
FEOR, BRI 1E H 375 bp (1 H (K445,
BHYEXTHE—2, AT AP AE B ANE L N e 48 4 3
TR

2 11ig

N T AL 58 AN B A 3 ROK B AR AL
RZR, ARSLK DL HO9 I PE @ ih 42 AR, BF5E
TR @ ALURE . RATRRSE . AR YL A FEL
R D) SR Z 0 AR R, FEN ik 5ok
My £R LD HALL % N HAE & H99 o iR R IR,
R G LS UIR SRR e AR I, 4L
kAR 5 d IR PE SN SMER, Ptk @i 3kAg
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% 2 FUAS IR R G It 1) o R KA Ak i) S i)

Table 2 Effect of vacuum pressure and infection time on maize transformation

L[5 J) (Mpa) UM% (%)
Vacuum pressure (Mpa) Fregency of resistant calli (%)

5 min 10 min 15 min 20 min 40 min
0 15 4.08 13.48 11.34 8.91
0.03 2.97 8.55 14.29 15.31 13.33
0.05 7.27 14.95 29.12 30.65 9.17
0.07 8.91 22 304 3111 10.45
0.1 11.93 16.96 16.98 16.27 7.2

500 bp
250 bp
100 bp
Pl 2 % BERIAE IR PCR 4347

Figure 2 PCR analysis on transgenic plants

F: M: DL2000; - MIPENHH +: BHMEO R 1-9: LRIk
Notes: M: DNA marker; —: Negative control; +: Positive control;
1-9: Transgenic plants

R T HASAT, X 3RS W @A 4L 4 b
TXHAERI, PR Tl o RO B0 AL A
FATAE HHFENT, 4 ODggo=0.6 INHith ity e fe iy
b 35.33%, {H/& 4Kk LIt =i (ODggo>0.6), HT
W AT BT %, X A A R, I
P B M BE RN, B R M PG . AE ARSI A
SR T AR s e AL ) 52, 76 0.05 Mpa
F10.07 Mpa B4 34544 1, 42 4 15 min 1 20 min
P AL AR TR, H R R I R 46 F ) 44
T, ARG R HMERD R B, T RS AN AH ]
YIS, L2 R O BRAE R s 275 % )8
4% 0.05 Mpa ZA& g, =2 4% 15 min AL SAT
DRI R ARAR 5 d I 412 BRI % ODgo=0.6
F10.05 Mpa FL24% Hs J) 42 4L 1R] 15 min 24 H ATASE
903 1 TR RAT IR A P A A 1, BEg T — 4%
WK F e ER R, T EWFTT M IS AL AL
AR Z, AR LS B b 4R 84k .

W Z A R Eh I I HALLE N oK A
AEZAHIOM A 2R (1 2608, £8it3 dJLEsF:, 4d
WA R, = IRFR 5 (Bar 3.0 mg/L) ik 5, 3R7
HILIR oK R, Z4idPCRYIZ % e, Hid9

PREEBAYE,  PUrEAE R H 2 45 500%, H5UF B A1
FEIHALL OS5 2 FORIER 4T . FHALLRE B
(I RAFHE A TR P 35 10T i R oK SR 5 &
PO R (3 A

3 ERE

3.1 88l

3.1.1 MY
Tk HAZ & HI99.

3.1.2 EMFRIE K

RIYEAR K pC3301-HALL, &4 H I3 HAL
Ak AR d LA Bar (& 3).
RB

LB
4359 Pnl}-AH bar H 358 H 358 H HAL! Han pnly/\P

B 3 pC3301-HALL #4445+ fri &
Figure 3 Schematic representation of pC3301-HAL1 vector

313 5EHxE

SRS T RIS SRR R . YEP Bk
REZEY) 10 g/L+3 (1R 10 g/L+NaCl 5 g/L, pH=7.0;
RYLEEFRHL: 12 MS KiE, 12 MS s, 12 MS
4e:%%, 100 mg/L LEE, 7KARESELH 500 mg/L,
2,4-D 1.5 mg/L AS100 mg/L+3.6% i +6.8% % 4
B, pH=5.2; AL TR MS K&, MS
TR, MS 4E/f 2, 100 mo/L JILEE, /K ##% - E 500
mg/L, - % /% 500 mg/L, L-K [ ] 4Bt 200 mg/L,
72 85 0.5 mog/L, 424 %% 0.05 mg/L, 2,4-D 1.5 mg/L,
JERE 4% (Wiv) pH=6.0; ZkfR15FRIE: MS K&, MS
s, MS 4i4:2%, 100 mg/L JLEE, KRS
500 mg/L, 2.4-D 2.0mg/L, JEHE 3% (wiv) pH=6.0;
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LR FREIRAL: 12 MS K, 1/2 MS T, 1/2 MS
4%, 2,4-D 1.5 mg/L AS100 mg/L AgNO; 850 mg/L
+ LR 100 mg/L+3%JERE pH=6.0; Tk 5 15 773
112 MS K&, 1/2 MS filtie, 12 MS 44E%, 2,4-D
1.5 mg/L +MES 0.5 g+AS100 mg/L+Cef 500 mg/L+3%
JERE pH=6.0; i R7 73k : 1/2 MSZ+2,4-D 1.5 mg/L
+MES 0.5 g +Cef 500 mg/L+[& %51 (Bar 3.0 mg/L)
+3%ERE pH=6.0; A biiFRAk: AR FREE+KT
0.5 mg/L+Cef 500 mg/L {577 3E+KT 0.5 mg/L+Cef
500 mg/L pH=5.8; LM FEIL: kUK FEIL+IBA
0.5 mg/L +Cef 500 mg/L+i% 1 7% 5 g/L pH=6.0.

3.2 ik
3.2.1 SMERRYFEER

HLPER) 9~13d, 1 mm A5 (g iR RE i S 1%
Fedk b, B 14 d GRAC— Ik, 4RAK 3 XA 1R
iR

3.2.2 RIFEF
3221 TEEEMHI&

54 ik pC3301-HALL ¥4 AT 1% EHAL05 7£
FAHNAUAZR Y YEP WA R 7R 28°C, 180 rpm
R4 ODego fHAE 0.8 247, 10 5 min WA R 14,
SRIG R G TR B A, I S T i (AS)
100 pmol/L, 1% F B & 5 OD4go=0.6-

3.2.2.2 IMEIRBIIR

BARAC 0~12 d AL 0 A T/ N =R
t1, J OD AN 0.2. 0.4, 0.6, 0.8. 1.0 IHEEH K
FEAF B2 R 44 R 424 5 min, 10 min. 15 min.
20 min. 30 min, 12445 G @ A2V E T IE AR
(REFRILA, W23 22 R E I 3G 97 3 |, 21°C
A5 9% 3 d,

3.2.3 #HLEKRRIIRE
3.2.3.1 It AR LA LR R AL

R R 3 d R A 4L SUE R SR B 5RO
H, IRERESR 4 d RS R TR R SR R R p vk
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3.2.32 R GELAR 1L
TRk SR PLE T H S E TR g e,

£ 27°C, 2000Lx Yti, FERIGIE 16 h (95 R 73
ALK, HEMGIZE.

3.2.3.3 LIS IR
BT IAE ERR B R A K, AR R R IE
Ji, WOTH R, 1 BE BT

3.2.4 551K ERRY PCR il
3.2.4.1 DNA HJ32EL

YEACAEIRAL T 4 I IR K 2D i
HI CTAB LS UL PR R OK £ R 4] DNA.

3.2.4.2 PCR ¥l 18 Mk

A HALL B P41t 514 PCR 514):
PR: 5'CCAGAAACCCACGTCATGCC3' PF: 5'CAG
GAACCGCAGGAGTGGA3'; [NikZ N 20 pl.
PCR ¥ #4)%4: (1)95°C, TiAEtES min; (2)95°C, 4%
P 1 min; (3)56°C, Bk 30s; (4)72°C, #EfH 30s; (5)
EDIR(2)~(4)40 ¥X; (6)72°CIE{H 10 min. PCR 774
Ky 375 bp.
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