1E¥IE#H ACTA AGRONOMICA SINICA 2007,33(8):1335 - 1339 http: //www . chinacrops . org/zwxb/
ISSN 0496-3490; CODEN TSHPA9 E-mail: xbzw @ chinajournal . net.cn

FHXEERSHBERRESREERS R
ﬁ]:%ilﬂ,* 45:& %1,2,* F %2,***
(U H AR K2 A A B ROR 22 B, HA 2 9H 73007057 Hal 4 R 044 ok B S R B QIR T A SE R, 1 2 90 730070)

B OE: o EHSROREE S ( BADH) R R 5 4 MBS 31T CaMV 35S J2 3 FRE-A B T #9335 FUR: pBIBB, &R B
KA AN K BADH EH S AME , & PCR.Southern 4238 \Northern 23X iE B BADH R E B AR ME RN AFIH AR
HAER P RARIE . W g 5 AR o B SRR i S 08 15 14 , 45 R Bon %) FRAE AR IXA BADH B§T5 1F , #% & B A8 bk
HENMRRE BB N S E N EZRE R EEE0.1~1.0 Umg ' [A, ¥ BADH HFE WM EALMEMRZ B
(PEC) B &G TAKRESRF, A KRBT RERFMMN, UL BADH RHFEERFHEY FERME EAMATHEY
B HEhEHE TR,

KBRS A M A PR T AR

Enhancement of Drought and Salt Resistances in Tobacco by Transformation of
Betaine Aldehyde Dehydrogenase Gene
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Abstract: Drought and salinity are the most important abiotic stresses affecting the normal growth and development of
plants. One of the fundamental physiological mechanisms of higher plant to cope with environmental stresses is osmotic
adjustment, and glycine betaine is one of the most important osmolytes. Glycine betaine is regarded as one of the most
promising osmolytes because it possesses simple biosynthesis pathways, non-toxic to cells, and non-osmotic functions in
stabilizing enzyme activities and membrane structures.

In order to establish a glycine betaine biosynthetic pathway in glycine betaine-deficient crop plants through genetic
engineering, which can enhance drought and salinity tolerances of crop plants, a betaine aldehyde dehydrogenase ( BADH )
gene which is the key gene for glycine betaine synthesis was isolated from spinach ( Spinacia oleracea L.) (GenBank
accession No.AY156694) . The expression plasmid pBIBB was constructed by fusing the BADH gene with the constitutive
promoter CaMV 35S. The transgenic tobacco plants were obtained by transformation of the expression plasmid pBIBB and
mediation of Agrobacterium tumefaciens . PCR, Southern and Northern blot analyses indicated that the BADH gene has been
integrated into genome of tobacco, transcribed and expressed in transgenic tobacco plants. The testing of BADH activity of

1 while it was not detectable

transgenic plant leaves showed that the BADH specific activity ranged from 0.1 to 1.0 U mg~
in the control plants. The growth of the transgenic tobacco plants was normal and better than the untransformed plants under
salt and polyethylene glycol (PEG) stresses. Plant height and fresh weight per plant of transgenic plant lines had a
significant increase compared with those of untransformed control plants. This result proves that the BADH gene can express
accurately in the exogenous transgenic plants and can be used in genetic engineering for plant drought and salt resistances.

Keywords: Betaine aldehyde dehydrogenase gene; Tobacco; Transformation; Drought resistance; Salt tolerance

WHRBANAEYEPRELFESERPEMAN  BEEFOERESEME T RASRIFEE.
REZNAMAABEEY R, MRBAMNEBEAME  RBEREILPAFYHE— P, R TRAERK
TREMBLBEME T ESRERFEETFE, MERE  FRAEBERN SR G a2 X &
AREAREARBREWNES, NMEFSA B AEEETREERAE, HL, B Ry By s .

«EEWHE : R ESORPIIE R JE TR (863 THK1) T H (2001AA241132) 5 185 45 2 KL 1 24 B} i % BURHIT 3 £ 50 H (20050733003 ) 5 H i 8 &Kl
AP AR BESE 5 BT & 50 H (GNSW-2006-01)

fEERAN: ANEONTL-), B BHE G, FENFSREEYBARTHASTFLEYH MR . E-mail: hjsi @ gsau. edu. cno, 3 [F] 55—
£ o * * iR E# (Corresponding author) : £ o E-mail: wangd @ gsau. edu. cn

Received (W H ) : 2006-10-30; Accepted (3%3Z H ) : 2007-01-21.


http://www.fineprint.com.cn

1336 fE Y]

E I

%335

it Eh 2 N TR A2 . FERIEY K
W DR ME B A SRR BREM,
WRAAERTREEAR, A GEHERE RAHRH
FED AR R AR, K A ] BB A B R AR AE Y BT
Bt r B 5.

FE 7 1A% PR B S B E R 28 A T 35 19 G 25 Ak I
T AE B, 5 E JE BCBR 0 4R B (CMO) i L T Bt
SEVREE , T /5 Hh A S 6 i S0 B8 (BADH) 46 T2 AL it
S8, BADH 2 & M KM A R E R, A T A A
BADH 7E 3t 52 F0 i 35 9 /E F o B9 A= ST 6B, IATA
WP T T BADH % H (GenBank accession No.
AY156694)"), F6 3 5 4 B R R 31T CaMV 35S Fil
&, M # T M ¥ 3R 3k BURL pBIBB, #E 1M #% A JC N IR
BADH B:H /) M B, LB IE 22 3 BB 5 IE % Rk LA
KRR Y26 BA TS, AT —
B R AE Y AL S AL R BT B T B A A B TR B B
TR EIS A

1 #MRmAE

1.1 EWH# E AR

HHEE ( Nicotiana tabacum L.) 18 K IGH T12
TR REW , EMES 3% N MS ERELE, T
60 pmol m™> s~ ' YL BEFN 24 CHY S F F 3G 3% , 45 4 JH 4k
REHME 1 IRo KRG & ( Escherichia coli) B #E N
DH5a, 2 J& 48 ¥ 7 ( Agrobacterium tumefaciens ) B ¥k N
LBA4404 , 5t 4 i 328 5 2 1 48 *F (Rif) , R B H AL N
pBI21, L HEFR iE N R AR & R (Kan) .,  [H £ &
pBluescript SK (M13* ) B Hi AR IC N AT HFHE R
(Amp) ; . pTB & BADH cDNA ( Hi 4 52 50 2 14
MRTE) , BLEEARIE N Amp.
1.2 BgFnik 7

Taq DNA B4 B . UNIQ-10 A% =X DNA %8 ¢ A i
BEof &k A PCR 51 ¥k B Big A=Y THRAH,
T4 DNA polymerase\ﬁ'ﬂ1 PR M N V) B ) B TaKaRa
/v ) Rif fl Kan {55 4 Sigma A F =5, RTFE
2 (Carb) A1 HAth 357y B 7= 43 #7 26 DIG High Prime
DNA Labeling and Detection Starter Kit | 1 DIG RNA
Labeling Kit ( SP6/T7) Z% 3¢ ik 7] & M B Roche
(Germany) A ] .
1.3 #HYRZBEHHE

Al Pst 1 1 BamH 1 XX E§Y) kL pTB 3K7% BADH
cDNA(1 556 bp), 5 [F] ¥ &§ Y) /5 9 pBluescript SK
(M13* ) EHEG B EHFUR pSKB(E 1), H Pst |
Hi 4 joki pSKtB, & A T4 DNA polymerase HlF 3' ¥,
T H Sac 1 BE V)13 3] BADH cDNA A B, 7% %

pBI121 B Sma [ (F-R¥)F Sac 1 7 5 8] 14 B4 Y
FiB KL pBIBB (& 2) . >k F ¥ Bl % 4% kL pBIBB
5 AR R AT E LBA4404, 4 Rif #1 Kan §# % & PCR
R JE TR AL

B 1 EARN pSKB FHTREE
Fig.1  Diagram of recombinant plasmid pSKtB

B2 H#EWRARK pBIBB LR EE
Fig.2  Diagram of plant expression plasmid pBIBB

1.4 BEREERLNEREE

KR SR KBRS R KT
RIS . RN T 2.25 mg L' 6-BA Hl
0.2 mg L' NAA i) MS 5555,
1.5 HEBEMEER PCR KA

e Edwards % 975 1 IME 0 - o 32 BURE Bk
& DNA. RFEALAERAE BA M X B8], 2 41 pBIBB Jii kL
YE PR XT BR, DA% AL AR PR (9 5 DNA M A4k , il BADH
HEHENEE 2 51947 PCR ¥ 3,514 P1(703 ~
722 bp) N 5'-GTTGACAAGATTGCCTTTAC-3', P2
(1537 ~1 556 bp) K 5'-CTTAACAAAAACAACACCGT-
3', PCR #HEF M 94°C,3 min;94°C ,45 s,50°C ,45
$,72°C,1 min,36 MEH ;72°CLEM 5 min, FHAY 1
H BRI 853 bpo
1.6 FHEFEMEE Southern 1 Northern 2t 32 & il

F CTAB 3 KR E#2E PCR I > BH 1 i 5% 2 A
FEAR I H B9 5 DNA, $% Roche(Germany) A &) 4= 1= i
DIG High Prime DNA Labeling and Detection Starter Kit
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Tk F & Ui 45, ¥5iC BADH % B9 DNA 54,
B 30 ~ 40 pg 446 A MHEE DNA, Sac I B§YI 10 h, HZ
BEULVEVE 45 DNA JF E ¥ % ## T 60 pL TE(pH 8.0)
LT 0.8 % BRIEWE BEME L i Uk 40 BY, &7k
¥, B4 5% DNA # £ ¢ J8 I (Hybond-
N*, Amersham, USA), 120°C#LJE 1 h, 33 BE 5 BEAT
3L o T Roche(Germany) 2 H] DIG High Prime DNA
Labeling and Detection Starter Kit I 1 B} 45 # 17 4% 3¢,
% ] Anti-Dig-AP 5 NBT/BCIP B R4 .

JFF S5 A T O i 4 5 R 00 A o R
RNA, RNA & 1% H BE-MOPS Bt fig ¥ % e L 3K )5
¥ % Je v % (Hybond-N* , Amersham, USA)., A DIG
RNA Labeling Kit(SP6/T7)#5iC. BADH 1%t , # Roche
A A 7 R IR & U6 B B #E 4T Northemn %% 32 K
LivRlll
1.7 HEFREEHEEBRE SEETEDH

W2 g HAAEBRATHER, ZRTMA 3
mL 2 H & BOR #E 17 32, & UK & 50 mmol L7
TrisHCl (pH 8.0), 1 mmol L™' EDTA, 5 mmol L'
DTT, 4°CF 12 000 x g B .0 10 min, A Bradford &
W E B AW, L BSA AR,

FH SR O ot 4 B T M S B4R R A 50 mmol LY
TrisHCl (pH 8.0), 1 mmol L™' EDTA, 5 mmol L'
DTT,1 mmol L™" I 3EH & (Sigma),1 mmol L™' NAD,
FIRMHEEREE 1.0 mg HH, BAH 3.0 mL,37C
FRE 10 min, $€ 543 0606 BE 1 340 nm AL LG A0 & o
EREZHETESIE#E 1 nmol L' NAD 4 1 S
HEAL(U), WG A B 25 E A BT & R S
JIHAL(Umg™ ),

1.8 HEFRFEERSE WHREDH

DAARF R R RN R, SRR HE A
— BB, THANEAT , SRR R 24H
W, THRECHARNLTREERRER. 81
WBEEIANER , BIMER 3T . % 10 cm B,
BEAT B AL EE, 55 1 A ER A , A NaCl 7 W e
K, Y BE M 50 mmol L' FF 44, 4 K 4R % 50 mmol
L', EALWE 500 mmol L' 55 2 41K PEG-6000 5
R T2 a8, #2210 d F 15% PEG B il ik
HE 3 d, WEAKRAE KRB, G & MRk
i35

2 ZRESH

2.1 HEHYREHEHHE
FH pBIBB Jfi ki = BADH #: N L lif 1 T I 9

BamH 1 i i BV % BADH 2, &K R B4
1556 bp, . T BADH 3N E ¥ M H N H B
EcoR I BEVIN7 5 % 52 2 H 1E [ 4f A 84K, 45 R
F By 1246 bp, HUKSE SRR, BADH EFHERF
GUS B A 4E A pBI121 H, AT 3K48 T i CaMV 358
Ja s FIK 3 & BADH K 3R ik kL pBIBB(& 3),

B3 Ri&EFA pBIBB B EE
Fig.3  Identification of plasmid pBIBB
M:DNA 4> F 845 ;1 JURL pBIBB/ BamH 152: fiki pBIBB / EcoR T,
M: A-EcoT14 I digest DNA marker (TaKaRa); 1: pBIBB
digested with BamH I ; 2: pBIBB digested with EcoR 1 .

2.2 BERBEEKBE

JHE I H AMERTE Kan B85 55 37 2 BB BT ME
A ZHEERE 1 em B, W FH AS 100 mg
L™' Kan #1200 mg L™" Carb B MS #5355 & LS4
MR HET AR AR TR A AR . R b B9 X AR AR 7E 100
mg L' Kan #HEETMAER ., S @GHE NG
FEER BN B B A 0 % , L 3R18 Kan $UPE 2B M PR
30 #ko
2.3 #HEEE# PCR 1 Southern X 4L FE

HUER] BADH EHE BB GBI HELR A,
PATE Kan itk 3% 75 3 B A AR B AE AR BT B DNA &
B . BADH ZHE W 2 MeF 51917 PCR ¥
W G5RTE 35 BRPUE R A 31 BRAE VR AT I 1 2]
853 bp FEF H B, X 5T R I YA EH DNA
B T AR R T % A B 3 5=
Y. ERAFEAFEMRE) PCR Y145 R LA 4,

Pl DIG #R1CH) BADH R #R%t, 5 & 3T Sac 1 B
VIR M B 5 DNA 3E4T Southem 4235, R FW b
& PCR %7€}y FHME Y K AR 43 #E AR Southern 23T ¥4 2
R4 (B5) , T AR 4% 2k PR 00 5 o B A ) )
BADH %t A = H [7] J8 % A, iF B SR BADH % A
cDNA B Iy & B B F A o X B H
BERER 30 Mk R B Southern 2438, 45 5 4 #RIHE R
W, BADH %<3+ RS, R B BH ALK
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B4 #HAEBEEEK PCRET
Fig.4 PCR analysis of transgenic tobacco
M:DNA 73 F 8 AR 1: % i ; p: B 4 JUkL pBIBB;
2~ 6: FeHE AR RE AR R
M: DL 2000 DNA marker (TaKaRa); 1: untransformed tobacco;
p: plasmid pBIBB; 2—6: transformed tobacco.

17 Northern 2438 . 45 5 5 FE PR A MR 52 B 480 0 B 24 3T
55 BTEXT B vk v Rk T 2 7% ) (1B 6) , 3R BA
BEEMBERERAS L BADH H K cDNA E
1E 7% 5% H AH B A mRNA,

1 2 3 4 5 6

D R

B 6 #HEREIMEE Northern 32
Fig.6  Northern blotting of transgenic tobacco plants

p 1 5 3 4 5 6 Lo R FE AR (BT ) 52 ~ 6. B L DM BE . BNk B
e ———— 4 30 g RNA BEf FINRAL 2.6 (EiBo) B G fE B I
1: wild type tobacco (negative control) ; 2—6: transgenic
i i tobaccos . Each lane in electrophoresis contained the similar
. 30 p1g RNA sample stained with ethidium bromide (EtBr).
T

B 5 #HEFEEE Southern 3 X E
Fig.5 Identification of transgenic tobacco by Southern blotting
P BORL pBIBBFH A% ) 5 12 oA o IR 08 2 (BA M X IR ) 5
2~ 6: PR R H
P: plasmid pBIBB (positive control) ; 1: wild type tobacco (negative
control) ; 2—6: transgenic tobaccos.

2.4 HEFEMEE Northern XX E

A Southern 7432 5 5 W 6 5% 25 R KB B2 0 o
i 42 B 4 RNA , i DIG % T (9 BADH mRNA 45 41 i

2.5 #EFEIMEE BADH BiFlE o4

FE G 5L A MR A BB 5 K I 2] BADH B & 4 , Ui A
FAMARE ) BADH %k BB 5 %% 5% I A6 1E 5 B0 13 A%
SR B i SR AR 1, T R R A R Y o) R A AR R
FrRL AN ) BADH BEE (R 1) MR 1EFATLLE
HAMNEERM S A ARG BEEFERAER R
ERMNDE A, E F AR K &S R BADH B i
FoIE HTEEITE 0.1~ 1.0 U mg ™' ZJ8] , BR R A 22 A K,

*1 HEFEIEE BADH B iE &N E

Table 1 BADH enzyme activity assay of transgenic tobacco plants
# Z& Plant line 1 3 4 5 6
BADH [ ¥ BADH activity unit(U) 0a 0.56+0.05b 1.26+0.10c 3.86+0.25e¢ 0.73+0.08b 2.94+0.32d
B & & Protein content(mg g~' FW) 4.23+0.28a 4.02+0.39a 4.34+0.31a 4.16+0.22a 4.25+0.28a 4.09+0.40 a
BADH [ 3% 1 BADH specific activity(U mg™") 0a 0.139 b 0.290 ¢ 0.928 e 0.172 b 0.719 d

L: REFEEFWIEE; 2~6: HREFMERR, FIEARKNEFRRREO0.05 KF EEZERBE,

1: untransformed tobacco; 2—6 represents transgenic tobacco plant lines. Values followed by a different small letter are significantly different at 0.05

probability level.

2.6 HREFBEREMH . WEAMARSLE

TEFR BB PEG il T, e 2 DR B A ROIRZS
X FRABE R BRI, AR R SR TR FE 3 N B X R, ths
FeXt BRR S T 1.0 ~ 2.3 om, AR E & HOXT B0

35% ~ 51% ; NaCl 1 PEG i Z Bl = R A B (£
2). HHERZRHFAERLEE, WWHMEERNZ
NIRRT % FE R AR X T 2 R R P ik, T L
K| BEHERE SN RHE

®2 REAMERERWMHUELESR

Table 2  Identification of drought and salt tolerances in transgenic tobacco plants
# & Plant lines Kb B Treatment 1 2 3 4 5
MR NaCl 10.8+0.38 d 11.8+0.34 ¢ 12.6£0.22 a 12.1+0.05 b 12.2+0.23 b
Plant height(cm) PEG 10.2+0.42 d 11.2+0.18 ¢ 13.0+£0.12 a 12.5+£0.19b 12.6 £0.29 ab
Average 10.5+0.40 d 11.5+0.26 ¢ 12.8+0.17 a 12.3+0.12 b 12.4+0.26 ab
Bk B NaCl 9.16+0.21d 12.080.16 ¢ 13.45:£0.16 ab  13.85+0.25 a 13.26+0.13 b
Fresh weight per plant(g) PEG 9.06+0.11d 12.60+0.32 ¢ 13.75+0.08 a 13.67 £ 0.29 ab 13.60+0.17 ab
Average 9.11+0.16 d 12.34+0.24 ¢ 13.60+0.12 ab 13.76 £ 0.27 a 13.43+0.15b
R (B S R AR RN ) NaCl — 1.31 1.46 1.51 1.44
Ratio of weight( transgenic plant/CK) PEG — 1.39 1.52 1.51 1.50
Average — 1.35 1.49 1.51 1.47

Lo REFEEFWIEE; 2~5: HREFBERR, ZIRFEARKNEFRHRRE0.05 KFEEZERBE,

1: untransformed tobacco, 2—5: transgenic tobacco plant lines. Values followed by a different small letter are significantly different at 0.05 probability level .
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KHEL PR L% 4 B R f7 B0 R0 L B SR A
BLOEFZRMERDRELE ER&AETHER
BRI FT AR AR A O A0 TR 2 1 a8t 4% 7 1b i A XA
Wy, B MUE Y N 4% o Holmstrom if—‘?[s] WKW
FH (E. coli) BADH 3 S AH L, 3% 3 M MR F
PLH BADH % 1, 3F B Xt o 6] 35 1k 7= ) H S
BOPTPE , BT K 2 B0 % 1k S T SO, AT IE B 44
W BADH R HRBRESSHEHY A MK B,
Rathinasabapathi 2= W ok B B M KA BADH
cDNA 5 A JH L, X438 52 &b i 38 B, 7% 35 R R op
BADH By IE HE /K 7 5 B3R it A AL s R &, it e 4
JHO VT 5 K b K 41 TR S B B B A Sy SR L, o SR
BRE B 20 pmol g 7! FW. X KA 004 M 1L 3
¥R BADH B H 5 A MHE IR 15 1Y % B 5
PR AR — & R B0 5, ELAE AR 7E 28 a6 B
3% B 05 78 B B BRI o Ishitani %Y 7E 85 K 3
BADH cDNA R R PR B R ML R, K
EEI gk B & IR T ¥ BADH JHE I A
LA Qn it A A0 S BT IR I R i R 1L A T
FOH2 R, TE T8 BR TS TR R A9 13 72 o, I S 4 0 40 i o
2 FEHU A AL AR B P R, % 3 DRRE AR B4 TR O B AE
J1H AR R AT BRAE MR A KR B R, P A AL B TS
MR 2% BADH MMM BEHRESNEEZREZ
—o XEHREREH, LILRKANEN BB
WY TEEMYN BADH 2H), & £% 8 WF
MR A0SR L EHSE L IL SRR BADH 2, E R A
KFEE AT Y B A SR 3 Y BRI S 1R
SFH BADH cDNA, % A5, #% 5 A AR 7E
firf 6 | it € TR ¥4 S DL O T, Y O B BT R .

o T B B AT S RE A B 3 BADH B B 1Y
¢DNA (GenBank accession No. AY156694 ) 7E . 1th 4 Fb
FRER IE# Rk REFYE T B A TR0
ity 155 P DA % 7 B ik PR AR P O BT B TS Sh BV
M4 BRI RE, I A T — W BADH 3 H ¥ bR 1E
YIRS DU R W R AR R R AR BL R . A ST K
U3 BADH #:H 3 A F|JC N VR BADH %R i M 5L,
A BA#E ALt Ak TP 9 BADH RHBE ERE R, &
WAL R A BADH %N mRNA £k &L, LA
AR TR K 2R K, BFEE AR
BARRBIEGELTE 122 R 8K, dh W % X F
B RS R R AT RB 7R 5% R 5 L BRI K OE 5UE R
AMEANTERIHATEZR., RERHERE
AREERMMENHEEER, EETHINEEH
YL AR KL BN R BT 8, A ff it — 2B IRABF
%o % BADH BRI R RS,
5 BADH Z:HF AGEHHEWMRBAR X, #EMWAE

WRAGTHERE EABBRATYRLEDRE,
WAE NI EEME QRN RIP YRR ERLESE
T T AR WU Th fE 1 5 T B AL A bk B0 B K B
J1o X—INREIE ¥ 9 BADH B ¥t — 4 T & 4E
PP R W E TR

4 #Hig

JRUR T 5 3R Y i 3 ik % fiX = B (BADH) 2 [X fiE
B TR A B T A SR AN B R, IE B SR, RPN Y
BE T, O B AR R e R A R RO B 52 Tt R B T, U
BHi% BADH k[N RETE 52 VR iR S A W) P b AT IE W B
Rk, ATt — 2 AT HEYIPLSR AN TR
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