] 4 % I B ¥ #
H Chinese Journal of Biotechnology

Vol.17 No.6
November 2001

HALl ERH U EMEHAREEBMAEE

kK X IRF RE# RYX K &

(LWFRMEAESHAYRARRE FE  250014)

#® E FAPRIEMIMEAEARES T HEAMASHYAREFOEN HAL XM SREFASHEA R
FEGERE 2K 8790, HMB— T 204 T EEBMER (S TFR2D). WEST HALLH NI A ERMAY R
ER pRH, XX RERTEAFHUTEHAREALEH(PES S). ES FHERNERE LHTHAENOR
%, FREMEFMY PCR.Southemn %3 RT-PCREMLIEHE . FTHEM Na* K TRAOMEEZH - HALl EHBLE
AR -HHEEFMNERAT  HEERAAGRAERERR.

XA HAL B FRNFRN WS
hESEE 0943  IWMIRINE A

BRI TEERTYRMOAH TRURS R
REATHEEFHEAHEMNERN TERERS TRS
HYWMEHEREFERN, HEMY HEEHREP
HEALRY Y, BB THTRYERE THESZE
BIRLIE® Na* MR REE, THEAORD
LR R Na WEE, W YARAN K /Na™ i
ROERFHE K Na” B Fiag-o.

HALIB R RN GBS REREN, &
REXZEEWRES R F AT EiE 1. 5mel/L NaCl
B, 5B % B B 0K K RS B AR 00 i R 4
HALL B [H 38 B B & 09 i 48 ¢ 5 3 o v O T 89 £
A, —REmMTHRAK S8,% -EBFETHR
AN SR AL, ZEERATIHYBESARY
K*/Na* KB RILHEET" . Bordas % foHf
HALl £EB S A E M ( Cucumis melo) , B THER
HGEAE A THREHY ., ELBRRM PCR
HETRE TN HALL EE, H 77T Hap
ik KB TRHEMRIVEEREM.

| O RS
1.1 TREmEAH

BERHRHE . EEBEAET A ERANY
¥ B Promega . Boehringer Mannheim % Biolabs %2 5],

1.2 EFEY
BEEAHILRKRFHREYFREH, pBlue-

W A 1 :2001-06-11, ¥ [ A %7 :2001-09-04,

T B E 1000-3061 (2001 }06-0658-05

script [ KS.#{Lf8 6 JM109.pUCI9 MM KA H
& fRE pROK2 . — ¥ 443§ Bh U B pRK2013 . R
( Agrobacterium tumefaciens ) 1LBA4404 EHHYIRA
LRERHF.
1.3 EWMHMTF
% 0 ( Lycopersicon escullentum )Fh F“H gk 5 57,
o P BB B d SRR AL
1.4 ¥ DNA R R 8 5  45 DNA ATHE
SR P REASHTEY",
1.5 HALI BEERY 14
RECREMBER HALL ZEMFI R, R
Hr—x5, FEMATINYH 5w T A
BamHI. Kpnl i o

5531 4:5 CG GGATCCATGGATTTCAAAGATTTAGGAT
BamHI

TGCATG 3’
33 GG GGTACCTTTTTCAACTATTCTGTGTIGAT

Kpn

TG 3’

K24 100ng B EBEFE B DNA 84, 7F 50uL ¥
Bk ZH (& 5pL 10 x 2 M, 2m mol/L. INTP, 5|1
% 10p mol/L,Tag DNA % & 8§ Su) # 17 HALY BEEHK
Vi, ¥ %4 5:94C Llmin, 56C 1min, 72T
2min, 30 ™A,

1.6 HALI REMNERNZEREFIHH
i F PCR =& A A,iE F A-T cloning ¥,

HEWE -BREH 263(819-08-0) REXRHE A XERBIE € W42 %(G1999011700) BB A .
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¥ PCR ¥ 3% i Ay HALL 28 & ] 5 B # pBluescript
I KS ke, ¥4k KB 8 IM109, #9735 O iR
eI RS UK AE, 13 BB E 4 AR pKSH. H
BemHI #1 Kpnl XL E§ Y] pKSH, [l H 8 H 1 B3
EMFEET pUCIo b B RESPHEEAR
$i pUCH,

EAMMEXRBAR L EMREBTEFE,
ABI373 B B Shiil 5 A b, % 0 R Joi oy o 4T OE 19 A0 ST
B R . B R A B JF 1 4 H F DNASIS 4
#.
1.7 HHRAEFENHABRERKAEDEL

A BamHI 1 Kpn1 X §§ Y] pUCH, [E# HAL]
B A B3 Em T STk pROK2 1,18 FlEY
REBK pKH, = RH AT HFERIRBEITE
LBA4404"
1.8 EMWFEULREBLE

KRR A 5 0o R & 8 5% L F i, % Me-
Cormick . S“HIBRITENMFHBMHAL RA 4K
AT,
1.9 HEBRBW(T,) NS FEE

HRERFMOI A DNA RS H F.AKHEN
F7HEM S BLZ DNA S B A PCR ®: # B R 4% 4 [F]
Ao M PCR 453 o PR o & 9% 1h Bk o Bl AL 22 1L 4 Bk
AT Southem 22247 EcoRI Hidb B EHHEEMN
BB N4E DNA,DISEREM HALI B F B AR, 58
LB AT i B 4T Southem 232 247 ™
1.10 HEEEK(T,)NEESHE RT-PCREE

HWEEAEM (T, BRI LS, ARG Pk

WOAR T, B 7 B R A 100 BLFF T8 T fF TR

BEEEHT S 100mg/L FREEMMRIEHFE
AR . EAESHAMANNIEILE. EEKE
BT B4R E34T RT-PCR 2247 : 0F B 8 RNA (932K
o F 5 B U BRAAT 157, BL5% F A Promega I &
BMRERZYHBEZE 50ul, B 1L /25 PCR Bk,
R &K :94C 1min,56C 45s,72C 1min, 30 &
i R)G 72°CHE 10min,
1.11 45 E & 00w S

BB RT-PCR #5 R 9 FYE 1 T, ¥ 5 B & 6 A xd
WEMMZR TS 0,100,150, 175mmol/L NaCl #§
MS, IEFE T ,26C 16k BRI 15d EUELE K
M, A LR b A B g Ah B B AW
#E THE, [, REAKHMEOCHESZEE
EHTE, TS\ (550C) K. FH & HNo,

i, A E 100mL #47 Na' K E& 2.
2 HR54H

2.1 HALl BEEESEREFINSH

PABESE B 8 DNA Joth, fE At s &5 9
#1T PCR ¥ 1, 14 =¥ 5 B K HALL B Kb
(#5 0.88kb) M)A o o8 F M5, 4% o 1] S
F pUcC19 H ;3% pUCH SRR T TR M SR 5H
SMREM TR B
2.2 HYREIELENHNBERETRITEOEL

EWREEE pKH M mAE 1 FiaR., RH
ZFXEESEAE TR, pKH IR EFBEH B AN
(pRK2013)MEh BY FE B FIR MR T A, #
B0 B e F B (LBA4404) JHE Bh B (pRK2013) LA &t =
FEAATE MR FTBE Bkl DNA, A HALL 2 EH R 5|
Wit 4T PCR il , 55 R IESC . HALI ZABHC B 55

SEARIRNRTERREA T,
RB LB
Pnos Nptll  Tmos P35S HAL1  Tnos

B 1 MRk pKH B T-DNA S5~ B
Fig.1 The Structure of pKH T-DNA

2.3 BEMNBESEEREL

SRABARENENITRAEXLEHBEES
100mg/L FRBEMN T LEHREL2~-385.49F
S0% MR G HAmER  HINEFE3-~6
AR, 7B EF  BREVEFUT.HAS
100mg/L FHEEMEMRERER A 102HWF L
115 ~20d BRI AR, TR (R E R EH &
FOEE 10mg/L FIRBEMEREFELMHRE
AER, ELREHT 12 % (T,-1 ~ T,-12) &
100mg/L FHEERE . LEERBEKEBRITHE
EAHFM. FTRELEKZEE SHEABZREE
2B,
24 HEAER(T,IHGTERE

LA Npt 1 5189 4T K18 69 12 Bk H A4 & (Tp-1 -~
To-12) LA B %o} BB 3 0 3 47 PCR & W, Bk 3 BB K 5% 4k
BT,-11 DA, HEH EERF A H 27 0.46kb
5 Npt 145 5 &4 ; L HALI X ¥R 31 FEK
13 Bk F AR AT PCR K&, B X M8 B 5 LB T,-11 BL
ShOHERERE MY M4 0.88kb #Y HALL 3
HfEF &AW, WE 2 B 558158 HALl REE %
EAHFEM(T,-1 ~ T,-10, T,-12) BEHE A ; Npe 1 5]
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72 % #® K

Y HALD BEERE RS T,-11 89 PCR Kl ¥4
FAHE X188 T,-11 B £ 100me/L FARE E ROk,
HelgEth T FAREEMREERMMm /= Tk,

1 2 3 4 56M 7 8 91011 12CK

0.88kb

B2 HALEFM(T, )M PCR 447 (KL HALY R E51%)
Fig.2 PCR analysis of transgenic temato (T, ) with HALL primers

M:Marker;1 ~ 12: Transgenic tomato; CK:Control tomato

T REHLEE I AT 4 Bk PCR & R FHE MR (T,-
1.Tp-3.T,-6 #1 T,-10) 2 xF B2 4 #k i 17 Southem 43
W.AEREW - Hp 2 (kB BEEEFM(T,-1 A T,-3)FF
£ Hall BAMRZGES, AR - HR3W, WH
HALI EEB U BRENHATE T,-1 #1 7,-3 ZEA
PR LERAE 3,

CK  To-l  To3 Tob

B3 #EEBN(T, ) Southern 747

Fig.3 Southern analysis of transgenic tomato (T, )

2.5 HERAEM(T )MEESH R RT-PCR 347

T, {CAIRF T T, £ % 100mg/L £ AR5 % 10 i &
BAEEERF GHB/ABRZ LN 2.89/1, % it
SMEREHAT -FE 31 M BRE; 5L
SMRREH MYk AR SIEA L S Southem
SR ERHEMAT R T, L&A FCN-1L.T,-13 A
T,-15 8 T,-t B518,T,-61 R T,-6 HER,.T,-31 K
T,-3 MG L) # 47 RT-PCR 347, B R R .5 Bkl 7
PERT T-61, Hk 4 RPN HALL R, it 5
Southern 7 BT 45 - HIFF 5 R WME 4,

M  CK  Ty,-ll T,-13 T,-15 T,-16 T,-31

B4 FEMEFN(T, G RT-PCR 547
Fig.4 RT-PCR analysis of transgenic tomato (T, )

2.6 HEEMEH(T, )TN

X T,-11.T,-13.T,-15 F1 T,-31 §% 3 B & #i foxt
BEMBTHRLEE 5, BRAMBEREERA
FEME,EEMEKETHAKYWEERTXRSE
B FmEK. K9, 7E 150mmol/L NaCl £
F.&MWMHERZAMH, A EETH . 24X
HEEZHESEIRNERKERE T E, B
175mmol/L. NaCl £t ¥ 10d /5 , M BB FE At A 8%, &
BH A REFEFRE MEERERTFER.E
KERM BT, 4FERES,

A e = B
s HEARFBMT-15) AT EERHLE 175mmol/L
NaCl Bpift F 894 K1 i

Fig.5 The transgenic temate and control tomato
under 175mmol/L. NaCl stress

A. Conirol tomato; B. Transgenic tomato (T,-15})

BEE T REEEMLEBINME TEH
BB T BEH; 7 100mmol/L NaCl 8B F, 5%
SR HEL, HBEMRNEE TR T 2%,
HEHREM T, BERT-11.T,-13 #1 T,-15 BF
BE)MNTRY 2%, ERNE 1. B4,
100mmol/L NaCl £63  , ¥% HEH &M T,-11.T,-13.T,-
1ISHIT,-3! Bk EWAMEE . FTHMERED
KUWER (MK ER) . BEF LA B K F i
m, et B R R EF AN A KBRS, A

B R bR K w18 1K T X B

£1 BEREBH T BEK(RESHE)OSE. TENE
Table 1 The fresh weight.dry weight of the transgenic
tomato {T,-1) and control tomato

Line NaCl/{ mmol/L) FwW/g DW/g
0 1.87 a 0.14 a
100 1.08 c 0.08 c
Control
150 0.58 e 0.05 e
175 0.25 E 0.02 [
0 1.82 a 0.14 a
100 1.44 b .11 b
T, -1 line
150 0.75 d 0.07 d
175 0.42 f 0.04 f

T BAPHERFERT P<0.05
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FE 100mmol/L. NaCl fifri81 T, % B #0 %5 3L B9 % #n
T,-13 #t F R ML T AR 4089 Na” S BE A &, B X
BHHEP N TEAREADE, SR LE 6(EF
HERTESE)MBEEME . HHEMRREEE
A T-13 B BRSBTS K & B, HA)
HEK ERBRMREERTRHF(ENHEAZE),
RN T, %4, 100mmol/L NaCl #h B F, §5 B H
/A OT,-11.T,-15 F1T,-31 #b BB FEEAr 9
Nat K' SR BAXRUMNER(HHEEE

e
5
3 O Control Leaf
30 B TE-13 Leaf
~ 25 M Control Root
']
Y E TI-13 Root
E 20
s 15
A¥]
10
i =
0
0 0 100 100

NaCli{mmol/L.)

Bl 6 100mmol/L NaCl By it T ¥ S IH B Al (T,-13)Na" & A0
Fig.6 The Na” analysis for the transgenic tomato {T,-13) and

conlrol tomatoe under 100mmol/L NaCl

(O Control Leaf
W TI-13 Leaf
M Contral Root
M TI-13 Root

¢+ l(mgig)
-

0 0 100 100
NaCl/(mmol/L)

B 7 100mmol/I. NaCl HiH I 5% BE [N 3 5if (T, -13)K" & B 53 H7
Fig.7 The K* analysis for the transgenic tomato {T,-13) and

control tomato under 100mmal/L. NaCl

3 W #®

R HYMERFATRARERE, SHEE
HHEYEREEFP YRR TRERLYH S
RETHERMAY ORI Feafd BT o8y
MRERE TR, QG ERXTHRESHEAME
REEAtwEAE. ST RKIECYBER
R R, X ERE TRRESARERTHR
HHHE TR ATE Na' FEF' . Apse STEH
B PR EIRATE Na* KRBT Na* BFX
Na'/H* B iaf HAEH ANVEXL, 5% 5 R

Mt E TREEEY ., FLREABE PR
B 7R HIY 408 KT /Na® HL Y HALL 3, Hoxt
HERAMA Na' BELURE FHEHARAEERY
R S EE AR SHYBE P HFLa
BEERXY -HAEEZTXHHYHEE RN TEE
B, AR WK HALl ER#LRSHD &
i EE R N BR A2 TR0 W LA Rl £ A0 i Eb
R HALl REBERSA - R EEFHY
HEAP, HEREEEW T,-11.T,-13) K 2t
BEHK N FEME R -HHAEFMK &
BN T,-13)HARBEEHRM HBET N SEHE
TR HmE K /Na® LR K X EEHER
EamERAEMREERIE,
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Cloning of HAL1 Gene and Characterization for Salt Tolerance Tomato

ZHANG Quan WANG Shu-Fang ZHAO Yan-Xiu ZHAO Ke-Fu ZHANG Hui "
( Plant siress Key Lab , Shandong Normal University , Jinan 250014, China )

Abstract The HAL1 gene was cloned by PCR strategy and confirmed by sequencing. lts open read frame is 879bp, encoding a
peptide of 294 amino acids (32kD Protein) . A chimaeric construct of HAL1 and Npt [ (neomycin phosphotransferase [[ ) was
constructed and introduced into commem;al cultivars of tomato ( Zhong SU No.5: Lycopersicon escullentum) by Agrobacterium tu-
mefacien-mediated gene transformation . Transformants were selected for their ability to grow and root on media containing kanamy-
cin . Transformation was confirmed by analysis of PCR .Southemn blot and RT-PCR. The salt tolerance of transgenic tomalo is eval-
uated by comparing the fresh weight,dry weight, Na* .K* content of transgenic tomato and control tomato. It is concluded that

the over-expressing of HAL] in tomato could enhance the salt tolerance of the transgenic tomoto.

Key words HALl gene, transgenic tomato, sall tolerance

Received: June 11,2001

This work was supported by National High Science and Technology Program {863} Foundation (918-08-04) and National Key Basic Research Special Funds
(1999011700)

» Corresponding author. Tel:86-531-2960864 ; E-mail : Zhangh @ sdnu . edu. cn

The Editorial Board of Chinese Journal of Biotechnology

EDITOR-IN-CHIEF
JIAO Rui-Shen (J.S. Chao) Professor
( Shanghai Institute of Plant Physiology, The Chinese Academy of Sciences, Shanghai 200032, China)

VICE-EDITOR-IN-CHIEF

MANG Ke-Qiang Professor

( Institute of Microbiology , The Chinese Academy of Sciences, Beijing 100080, China)

FAN Yun-Lin Academician

( Biotechnology Research Center, Chinese Academy of Agricultural Sciences, Beijing 100081, China)
YANG Kai-Yu Professor

{ Institute of Microbiology , The Chinese Academy of Sciences , Beijing 100080, China)

SHEN Zhong- Yao Professor

{ Department of Chemical Engineering , Tsinghua University , Beijing 100084, China}

MEMBERS OF THE BOARD ( alphabetically)

WANG Hui-Lian WANG Ji-Cheng YE Min LIU Er-Xiang

ZHU Shou-Yi ZHU Xiang-Yuan LI Zai-Ping L1 Xiang-Hui LUN Shi-Yi

SONG Hou-Yan ZHENG You-Xia ZHENG Zhao-Xin CHEN Zhang-Liang CHEN Shou-Yi

MENG Guang-Zhen ZHANG Shu-Zheng ZHANG (Qi-Xian ZHANG Ke-Xu YANG Yun-Lin

HOU Yun-De SHI Lu-Ji YU Jun-Tang HONG Guo-Fan LU De-Ru

GUO Li-He HUANG Cui-Fen GE Xi-Rui ZHEN Yong-5u WANG Jun{Hong Kong)

MANAGING EDITORS
WU Wen YE Jun

© HERFRMEMFARFAATIKSHES http journals. im. ac. cn



