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Application of Transgenic Technology in Higher Plant Salt-Tolerance Research
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2. College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou, 325035, P.R. China

= Corresponding author, baoweiju@126.com; B Authors

Abstract High salinity is one of the major abiotic stresses which constraints crop plant growth and development. It is important to
breed the plants with salt-tolerance. Genetic engineering provided a new method to improve the tolerance of plants to high salinity.
Many genes related to salt resistance have been cloned and analyzed in recent years. The ability of salt resistance in plant can be
improved by expression of these genes via transgenic technology. In this paper, we principally review the mechanism and application
of transgenic technology in higher plant salt-tolerance research, meanwhile, we also discuss and analyze some unsettled problems
involved in utilizing. This article would provide a reference for finding more genes resource of stress tolerance and furthermore carry
out molecular breeding.

Keywords Salt stress; Salt tolerance mechanism; Transgenic technology; Application; Progress

MRE=

2005), U EP AR I AT RREL K

AR oA S T AR A P R AR A A b e T
MR B fa T 2 —, BT LA O R A A
e\ PECHR A TR ™ 1) BB PR 25 (AR
W2k 2007, BUARANE RN, (11): 159-161, 164). )
P I A 1 2R SC2H 21 (UNESCO) R A% 20 21 (FAO)
A5EAgivt, Ak A mh 1 £19.54 X 10° hm?,
v [ R AR, AR, S 2R R T A
F1719.91X10° hm? (24, 2005; XIJ/h5(%%, 2002,
R AR 5 X IR Y Rk i, 1-9), 1 HL3E
AR AN A BR R AL R AE R A N E, FlvT £ 20504F,
A1t K A5 HE 1 50% ) 5 B A6 B i (Vinocur et al.,

THFE N I RFEEE R, R B 1 7 SR AW

R B 95D R A B R AN A2 45 308 8 NI K
AR IR T AR A0 R B« o o R Ly o B 7
i &6 PR R 255 2 S FIRIARSEE Rl 0
B P SIS 2 S, HE T AR
WIS A Rl AN RS E S DR R I T2, 3z i A
T #R(EIHEEE, 2008). B TP BB A
B DN TREBOR A W A e o A sk FE 4R 41t 1
BB Tk, T JLAEVE 2 S AE A SR AR OC I Ak
DRAR 485 o I A0 0 M 5 38 3 4 i PR 5 AR A 52 M
Py rp SRAG IR, AEAET 5 DU B B 2T
1112



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

BT BUZ 3 B EAL 8 B R S, 2006; 1 Ihe
&, 2006) o A FFELEAR T AP ERHLEE K ke
Wit SR KA 7 v, T BR T R S DR R A T R A
Y5 H IR S DA RS i LAt e ) 1) /R A T 40 Bt
HRE,

THEYI RIS B 32

LA T 5 5 A B R A U e ok i B 4
TN B e RPN R DT o T 6 1 2 205 SR A
Pk NI #6 70 Fe A2 2GR T, FRARISUZE BRI
FhOPIRSE, HEIT B ARA M KB B S, B KWK REN
S0 R AR K S B W K R A o R M 1 A
PR TR, SoRICE M LR LU H
. PHAEBRRE G F . LB AP PR EFHE
B AR T, MR AIER T —
ABI EEHLH o

1L1ZERAT

R SR W, b, T4
FBIBARAL, MDA S RKAIK TS . N
W, R R P S OBORIAR B O R TR B
T EE R SR i AR TUTE A FE R /N 3 A A
PEB YT, WSRO ] i TR 5ok %
IR A0 il 3, (et an Bk 4y, P52 40 1)
BTIREE, DMRIE S A A K BIE AN, R
FERAAE BB AT T I IE 5 A R .

1.2BFiAT

YL 1T AT 2 40 M P AR E I — K, R
TR EE A 2 EE ., il 24 SERY
MM BT EREL, AMUBEEANa FICT /¥, i HL
WA T K . Ca® e 4Ly 134 . i % 1fINa"
MCriE &= e 2 R FHE M Bk, Shpba s,
) 3RAF TR 5 68 0 16— AN 3y 2t A i ST
5124 (Blumwald, 2000). T SR 7E Ehim N RE
B KK, A W S BE BN (L Y. (1) 14 0
TINRAINTGZR R, BT LLE AT e B hie T RE R
UF MR FFE PR A 57 (P47, B 1 0 22 3
11655

138 TXE
AR AR R AR A A BT X
HACILS, HWE e 5 XA AN . B

W 100 1 X A T R O AL T e S A
e N T S 40 PSRRI, IXAEAMEBRAR T4
S )2, T HATAR b () A 2
F )73 (Volkmar et al., 1998; Michelet et al., 1995;
Guo et al., 1999).

LA T KiFHREZ

0 oy 3RS A T B N B T I RTK 43
k. fEERMETT, MW BT R
AL, —LeEh AR AR OB IL B SR S& AR
TN R 2RSS . W B Ak H e $hi5i 4
PEF, JLARHE HHCai& 1270 7 X2 b C i 42 FICAMIS
PO AT RAE, 1999, MY, Jbnt: B
fi 4k, 191-200).

1.5 51ER

ML B ER A R, AN S ERKEN A
Y, WEARE IR, TSR
s BEPEIE IR 7 i, 3 T Rl A A A ORI R
TR, XA B AT 4 6 R 3 1 — 52 B3 2 (A
oz, 2010, BE2A(E B, 5(8): 2289-2291). it #htE4:
S (AL )T SRR B 1 ] LU B — i A AL Il 4 fift
REAREN A, Bk HLEEER.

LY E R SRR TT R

FEERSPIMAT, AR B 32 B 5L 1 e
M2 20, SEUBGEMERN, ATk
FYFRRINE, SR IIINa RICT A ER 27 K ik
NG, SR o TR R R S R A0 P
ATRURMREYE, AT BG5S 4 AR ER W X 5t
4 o

L7TIE L REP

TP R S, AR R N A B
S, TR SRR SRR ) BE 7 A — L HAT B R IR BRI
PEAEUBER PR R o P BT, A )
BALHE(SOD). HLIA LR 1L S A I (APX) 144k
SR (CAT). 4L E(POD) . 43 Db H IR IL Ji 1ty
(GR)Z5(XI|HJ%%, 2010; Spychalla et al., 1990; Mittova
etal., 2003).

ESEYM R R ERTE
VRPN E AL SR 3 vp o™ T S o L

1113



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

AT AATTAE ARSI AR A = S B i R T — S 4
i, RRT —Lgls, W EREE. AR
TN T U R S SR T S R R
R R ER 1 o

2. 17 8 $R

LR SR T T BB R T A B SR e KRR T
FAAE— E IR R ROKIZIR SR 5 4Rl
WA, TS R E IR A R RE T . R AEAN
FORF T HI3% NaCRAETIRI h, T G L £ )

22[FAEMEE

— UMY R S Y PR A e
KR, HNEEE SAE AR T e 5 AN R R 1
S ER I I 15 (IR S 5%, 2007). W H IAAKL 3
S B9 /N 22 Tl 1] LRI Nap SO, 0 AR 28 A2 K iy 30 61
YEFT; IAAREDS B T KM 26 Na™ il W i A
GAERE R B &M F AR, RN
AR OEE s EIE R s A, HIGIKREEABA
ACFRANML, fE AN L ERIE N e, 9D 75
VERAER B s, & s EPtibiihaeJi; JATE
TR 5 68 7 AR A A, A
BRI AT 5, i SR A AR A A KT
HKATRFW) 5 (Hilda et al., 2003).

23WRLTIR. SEEMR

KRR L, 2. REER, Ak
FIVETE R RIS , PR KRR AT SR AN
ARTR I AT A R, K E LI
o 8 LUK S (EAFIRAE, 2004, B MRRHE, 5:
38-41), fHIXFIHABLEORFED TR 1B MUK BE
U, HWOAE (R D), 2001-1-6, 22357 HAR).

2AMLFUR

Z AN, FORELRIEAEY, i a3 e ),
P LR ER S R RKERE, $em s IR
YIIA R o ARSI S A2 o R P Tt [+
I N EE T 3 A VR A ERARAK (MR 5 4, 2008).

2. 585 1E

MY ShAE D FEEE e TARR . e bt
ARG AR S E Y I SRR — AT 2 R
B — .

2.6iE B i MM

PUERRESI DA SR ITT 57, AR S ¥ 3 1) PE B AR
2 S AR TR #h IR I I o W] R AR B AR A R b 4
€, T AAZ, 2k PRI B RSP ER P AR K
AR S AT ER L EXM S SR B R 512
WG BRTER, P E R A ATUE .

35 EF 3 AR TEAE ) it #h 4 3% P BY 2 FB

201H 40804 AR = A (R 4 SL R H Rt T LB A
FERKY s i s 0, AT ) OO AE )
(s ALTEIR . [ P o228 WA R 433 T
IGEANE P S OE SIS B2 s DN = 7
BEPRIIHAE 2 AL Z AR P 205, AT MY ik 42 1) i
Rk, SRAFHT IR RS U5 (Winicov, 1998).

A BE BRL IR e N AT B 7 0 b 22 T 1 2 B R
Beeh, WEFEE TIEEBEIE, MRk TR A RO E
A, EEYEMERR TaTITRA AR, Hil
TR FE 3 5 DRI AR SR AR P i AR AR A 2ol i 36
BEJJ AT TAS IR e i, X el R I L DR
M RERE s aT LLE A A P

JLEFEFATER

X IR 3 a5 ORH OC R 4l B A PR
FURAE S Y S50, Wivs & YA s
[, P5cs. BADH. SacB%:.

LI RERE R B E E (P5cs)

AR A — P K PR SR I 2 S50, R ZHHA)
5 RPN IE A AT T8 Ik AR S8 M 2 R 2 S 240 o i 7K 1 ik
ADEE A EE, IABRBE T E . TR G K
it (P5Cs) Bk PR 2 & I 2 IR (1) G B Il o A2 AR PR 2
APScsHE A 5 5 m £h i ia T R I A s Bk v, A
BRI S TR HEAH,  [R] s RS H AR 4 P I
TR AT AR S, B2 o T e ik ]
FFR BT R BE 1 (£ 4%, 2008; Kishor et al., 1995;
Hong et al., 2000; Sawahel et al., 2002; Hmida-Sayari
etal., 2005).

3.1.2% 3¢ B S EE £ E (BADH)

RSt e . 5430 e iha T g0 i
HIRIE R SR BN S, AT
YERFAN N N 202 R (R A5, 2008). BADH il 1
Bl B G . AL BADHIE A (1) B3 . W%

1114



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

b SNET LA T B K BADHERE P 2 i W] 12
ERHETT, RN R R K] R T I, PRl
SRR A B R R L TR AL, ARSI
FELRR (TSR AR S BEAde , AA I HT P th B
WG (SR04, 2006; Kumar et al., 2004; & 4 G4,
2005; 5K 4%, 2009).

3.1.3% Bz R S B E E

Z LR E A 2RO B A BE G K M, 1)
LA RO T A MBE s, b s a1 2k
K, BEM G IRE i . R B H R
BE, (LIZLRERIURE S, BFICRL 2 I 22 1 it S g i A
2 A e T - 1 R ot ST 2 D] (mtI D) M 6 B R
LAY N SR L ] (QutD) o TSR S IX e S TR 5
NHRE S JHEFLRNZZE J5 A R PR SR 68 0T B 48w,
F80r A 2 WK SR I £h R 0 A OG (R B AR,
2000, B}#iEHR, 45(7): 724-728; XR A4, 1996;
Abebe et al., 2003; Majee et al., 2004),

314 EE MEEERE (Tps) N RENES KEEE E
(SacB)

ERIEkR T3S ANy PSS, RS S
AU TEREI AR AL, G . RS . Mg
— R SR, — A TR, HAAR
SE ARG A R B 5 BUBOK ISR
YR TR R R ] LU it R A /e B vh ) A AP e
H AR G b i) — L8 v i 5 1) 52 O A ) RE RS A5 T A
JEARKIMRE A iis 1, & B b & K
TR il R ED T FE T Bt mra Ak A it
ERE) B a, W] LA A A SR ME T R A AR R
(Zentella et al., 1999; Zhao et al., 2007; #75 L%,
2007; BXPkiAE, 2000; Avonce et al., 2005; M.Almeida
etal., 2007).

REEREACA AR N L T, AME A it
et 1M L AE A A A SR WA i e 4% B 4l i 1) 7K
P WM IBIER, V2R EDIR N
PRI SRR B THE s S e se /g . R
SRR 5 Bl RE R (SacB) A 1 AR SRBH ) S B Rk B
I SacB Ak DR (18] A 0 R /N 2 R AR A 26 3 i 52 M
4, i LI sz R eSS R R AR R SR
Eb (7K Ei4%, 1998; Konstantinova et al., 2002; XIJ{fi#
245 2006).

325 RSER

3 28 R T o e ek S A S Ao 1 AR 4 £ S e
HAE SN, TIPS A0S, i ShAH DGR 1
RIER . A PRERIEIN . B I ARSI N 4
B AL AL AR B0 WX IS I R 41 A 5 U0 5
SHMREENAMER, A 88 R 3 1 55 45
B BB PUSBTAE 1 (R 425, 2001; MRR S,
2002; Hh#EAEAE, 2007).

32.1MiEEXEREE

LEAE H B A RSRICSEAKER B, n1EA
BIAE T ARBKORY R . MY 3 2 W I
THT I PR e 2 222 ) 40 R 2 70 1 B A4k, LEAVR]H]
L BE SR /K I B 4 HOR 5 PRI 7K 203 N 4 T A
DA M 2500 (RS E 1, 30 o ML) 7 1w SR WM T 4
Loy e A A AR (FE 4 A5, 2004); 53 ZRLEA S 4
PR 45 Jim ik W] Y 45 A OG5 A 1) 4% 5 (Garay-Arroyo
et al., 2000). HFLEAHT FAEIRIRRAZ . /N2 FIH 2
REARAE R ME 2 N A ROIR Y BATF, 15 LEASEA
(1) Jl Ll e N4 v 1 HEARON SR MBI BT (Xu et al,
1996; Sivamani et al., 2000; Bahieldin et al., 2005;
Park et al., 2005; X745, 2006; 2§45, 2006; #k
1A%, 2006).

JKAAE AN K o> s R R, Al
YT SRR E A K R . e R
K TE Hr A T 2 240 M N AR S K iz . R
A0 A A0 7K 53T S AR I R JH A 5 R i A i
5% K (Ji k45, 2007; Johansson et al., 1998). H i
X 7KIE TE 8 R AN w2, AR B9

322&EHMMEER

TG SRR EE A TR IR, BT
RN A BT REIR AL . H RITIT T T 4 1) 21
it 24 L K] & CDPKSS I RIIRLKS i . 25 115 (1 %
1 A R 2 B I A 3 R A A0 M )4 5 U B e B o
EEZEH, MRS N S5 P HECREM
WA X AR 5528 A (R BN R 0 8554 S AR 3 . BRI
B AEAE T ¥ b BRI AN T il
IR A Y B A m s 3L TR R )
BRI, 5 S IE IR, 514 i 5 Y. (Sheen,
1996; Zhang, 2005; Wan et al., 2007; Ma et al., 2007;
Mk, 2001; An et al., 2008; Wu et al., 2009).

1115



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

3.2.3% KA FHEXER

e AR S AET R 7, i o 5 AR
FTCA AR BAE R Rk ek, BRI — ANk
R r] LR 24 5 RIEMERA R IR R R IA . 71
A (R //POEZS A SEEAIN S e R S ke S I RS 71
THORH O 1R e s DR ] DL 958 22 AN Pl ik DR 1) [ e
FARMIIELAE S ALk, 5ol N D Re kB
AHEE, DA CSC IR R i — 46 S e 10 2 sy BRI 7 () T 4 i
VIE = R e (U B U N S R R I Re i
AT (AT 75 45, 2004). H AW U2 (W AE Y Hiidi i
skR T DREB (1 X [H %%, 2003; Nakashima et al.,
2005; Oh et al., 2005; Chen et al., 2007). MYB (3%
4, 2009; Dai et al., 2007; Jung et al., 2007) FINACZE
(W0 JE 4%, 2007; Tran et al., 2004; Hu et al., 2006)%%
SR, IR BB SR DR - AH DG HE DR ) A ] 2
R B DA R (R SR 8 )

AEYI R E R TR FENEE R

AR T ERBLE C 0T T R AIATT,
FHAEBI—5E M) BEAREE, B H R BAT AT AL
T SCE PR R DA ER AT it Bl AT RESE 1A
Py SV — A 52 2 IR B IR, 2
PIRhIE . A ARIED Y L TS PEIRAN A B A BE AR AL
JVAE O . FREEDAI 3 AL REAERCMREE b v IL
Mt A, 55 A S A 06 ) A i DAL A A0 R 2
PAZAIERL, RHE TR AL TR R %
PERRR R, g SR A (e SE D A R I 1 M

A1ET R E R — TP E 2 IR

R A P 6 1 A — At 2 R 2 4005 5 i 12
P AR, SR A 582 2 MAEEAS
X (7K E%E, 2008) . FLANFEDRHE ka4 1) Hiad v g
AR, Harthss— St MmN L2
FiAEBEIR I ZREG RN, & A T ARG AR )
ZANFER PRI, RS & S B R R R R
W] 6 T B2 AN 5k 3 DRI [R) e N (A V) T 25
2005) o 1 [EI R} e A 0 i 2 dok AR AT s 2 A3 ) o
PIAN T £R LR P NME SRR, HEAT T HR i A I
YL (Zhou et al., 2008). {HJ& ZANE R 1 #:#5
T AR SR T AT LR . SRR )
SE RSP A B s SR (A EAE, 2007, BRARAE
BH, 3: 100-101). VFZ TR i AR i s A

THREIRIE, [N 08 JUAS H R I 7K P
a] LLSEILF (Anil et al., 1999).

A2 R E5EFIMEZBINFE

i 56 35 PR 7 52 Ak 4 Hh oo o 08 T fig i i
SEREI AT R, XER 2 H LR R R B &
PRI, i A AR SR R, LA KR
Bl GESREHZ R T CERN, IXHARHIT T
FEY) IR TRERFFUI R X (Neeti et al., 2005). [t
FEN O R F B R B ST M EARME A A fehs
B G ERAE ) SR (D B A, 2008).

4 FFEFEEMRINEMNR BRI

H A0 R R 1 2 A PR VPAN AR TR 7E W
AT — MRS e, ARtk
LR TN TR 11 B 8. BHER
&, ST AR AR FIRIE SRR R R,
U EET S A & ST N e /LU TSV eSS
R, R B AR RS T (E E 9%, 2001). A
PRI S AR A P 14D 4 2 DR o 0 7 255 <
— R HPEER, Ak R0 TR e R —
SERRICIER, SEALE LRI R M PP AR SR BT
FUSERFE, AT RO i 55 DR 1 A R 1D 7 346 2%
R, AR, FAD NIRRT A e R
THATEY SRR, 2 A AAREGIL Al AP
@ RE = A fE 5, TR 2 A PR P28 AR 1)
Heii o At R RS T AN 2 32 BRONAT DO A 2 DRI A
Ve e A AR, RIS S B s 0 JE R A 5 S
—ANFERE R TR GAMAL A AT
P ic S R o] DUOIRAS S H I DR ) e R R
PR, IR SR e A A, T STE R
20034F:Vetten5 (2003) K X — e ARAZ B T IS

SR

RS FORIBAE BRI, SR it K
PRI, 2 R A A L i AL
I T ER R AR R B s R
P P T S AP0 il _E s Ry
BORHAN 4K T A 5o Tl IR TR T Beds
T REAE SR O B AR ARAS, 2N SR i — 5%
SEPR A &R RUEE U TS [ I
TREMITE, WG T €Mk, H2, Wt

A 2RI B IR, FC SR AL AR 2
1116



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

7%, LT RMERR SIS . A2 AR EE
T IIBA I, I £5 5 R T RE A RAR K
FERB . A B XA ERALEE DALz £
DI AWIRAR D BRI TR BT, i
ARV AR HACEOR I H R 5835, KA S 2 IR &k
LIRS A S, IR A e T
SR AR ER VR B, AT R ) SR A A
LS, WSS 3 R AT 5 S B S A
(KT AR -

e ok

ks BMEE . SRECREAWTIN S5 B vk A S g F
FUPAT N M K MMESE s 7t 18 SCHIRR I 54 S
Jig, RH, MM, oS HucRmnit, W as R
g, SREDRGETH K EE ST, ]SSRl
BRI M, WICEAE GBS AR B O R R R 2
A

Buigt
ABEFL BT A R - H 8 (2009C32037) B«

S 30k

Abebe T., C.Guenzi A., Martin B., and C.Cushman J., 2003,
Tolerance of mannitol-accumulating transgenic wheat to
water stress and salinity, Plant Physiol., 131(4): 1748-1755

An S.H., Choi H.W,, Hwang I.S., Hong J.K., and Hwang B.K.,
2008, A novel pepper membrane-located receptor-like
protein gene CaMRP1 is required for disease susceptibility,
methyl jasmonate insensitivity and salt tolerance, Plant
Mol. Biol., 67(5): 519-533

Anil G, Chandan S., Neeti S., and Anita G., 1999, Taming
abiotic stresses in plant through genetic engineering:
current strategies and perspective, Plant Sci., 143(1):
101-111

Avonce N., Leyman B., Thevelein J., and lturriaga G., 2005,
Trehalose metabolism and glucose sensing in plants,
Biochem. Soc. Trans., 33(1): 276-279

Bahieldin A., Mahfouz H.T., Eissa H.F., Saleh O.M., Ramadan
AM., Ahmed I.A., Dyer W.E., El-Itriby H.A., and Madkour
M.A., 2005, Field evaluation of transgenic wheat plants
stably expressing the HVAL gene for drought tolerance,
Physiol. Plant, 123(4): 421-427

Bing L., Zhao B.C., Shen Y.Z., Huang Z.J., and Ge R.C., 2008,
Progress of study on salt tolerance and salt tolerant related
genes in plant, Hebei Shifan Daxue Xuebao (Journal of

Hebei Normal University (Natural Sciences Edition)), 32(2):

243-248 (KFTH, BASAF, VOHLEE, BN, B, 2008,
R 5 ST SR AH SC R R T SRt g, B I ok
FEAR(EH AR IR), 32(2): 243-248)

Blumwald E., 2000, Sodium transprot and salt tolerance in
plants, Curr. Opin. Cell Biol., 12: 431-434

Chen J., and Wang Z.Y., 2002, Progess in the study of plant

Zhiwu  Shengli Yu
Fenzishengwuxue Xuebao (Journal of Plant Physiology
and Molecular Biology), 28(2): 81-88 (B, T 5%k,
2002, HIYIMYBZEH, e K7 SU Rt g, /LB 4y
TFLE AR, 28(2): 81-88)

Chen M., Wang Q.Y., Cheng X.G, Xu Z.S,, Li L.S,, Ye X.G,
Xia L.Q., and Ma Y.Z., 2007, GmDREB2, a soybean
DRE-binding transcription factor, conferred drought and

MYB transcription  factors,

high-salt tolerance in transgenic plants, Biochem. Biophys.
Res. Commun., 353(2): 299-305

Chen Q., Tang H.R., Dong X.L., Hou Y.X., Luo Y., Jiang Y.,

and Huang Q.Y., 2009, Progress in the study of plant Myb

transcription factors, Giyinzuxue Yu Yingyongshengwu-
xue (Genomics and Applied Biology), 28(2): 365-372 (%

T, Wik, R, i, P, i, BB,

2009, FHIMyb#; 55 K 1 I FE Ik e, JEDR 4127 5

AW, 28(2): 365-372)

R.L., and Diao X.M., 2005, Advances on cloning and

translation of the salt tolerance genes in plant, China

Biotechnology, 25(8): 25-30 (i, ~JHLES, 2005, i

W A DGR DR v B 5 AT ST R, b AR ) LR

Zk%, 25(8): 25-30)

Dai X.Y., Wu D.P., and Zhou J., 2007, Cloning and expression
of trehalose synthase genes in Escherchia coli., Acta
Genetica Sinica, 27(2): 158-164 (375 £, =AM, R,
2007, KT Gl Bt 5 FOMEE IR 1) e BE AN SRS, abife
224K, 27(2): 158-164)

Dai X.Y.,, Xu Y.Y., Ma Q.B., Xu W.Y., Wang T., Xue Y.B., and
Chong K., 2007, Overexpression of an RIR2R3 MYB gene,
OsMYB3R-2, increases tolerance to freezing, drought, and

Cu

salt stress in transgenic Arabidopsis, Plant Physiol., 143(4):
1739-1751
Du J.Y., Chen X.Y., Li W,, and Gao.Q., 2004, Expression and
regulation of genes induced by drought stress in plant,
Shengwu Jishu Tongxun (Biotechnology Bulletin), 2:
10-14 (kt<iAc, BRIERH, 246, WiBd, 2004, 5o s
TR I EIE 5IRE, AEWEORER, 2: 10-14)
Gao Z.M., and Peng Z.H., 2005, Construction of co-expressing
vector for glybet synthesis and salt tolerance, Linye Kexue
Yanjiu (Forest Research), 18(3): 231-235 (=& ke, #4H
1117



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

e, 2005, FHSmE-E R 2R LR B A IR i 41
WL, MolRHEFST, 18(3): 231-235)

Garay-Arroyo A., Colmenero-Flores J.M., Garciarrubio A., and
A.Covarrubias A., 2000, Highly hydrophilic proteins in
prokaryotes and eukaryotes are common during conditions
of water deficit, Biol. Chem., 275(8): 5668-5674

Guo F.Q., and Bang Z.C., 1999, Enhanced H* transport activity
of tonplast vesicles isolated from roots of salt-tolerant
multanto, Chin. Sci. Bull., 4(13): 1198

Hilda P., Graciela R., Sergio A., Otto M., Ingrid R., Hugo P.C.,
Edith T., Estela M.D., and Guillermian A., 2003, Salt
tolerant tomato plants show increased levels of jasmonic
acid, Plant Growth Regul., 41(2): 149-158

Hmida-Sayari A., Gargouri-Bouzid R., Bidani A., Jaoua L.,
Savoure A., and Jaoua S., 2005, Overexpression of
Al-pyrroline-5-carboxylate synthetase increases proline
production and confers salt tolerance in transgenic potato
plants, Plant Sci., 169(4): 746-752

Hong Z.L., Lakkineni K., Zhang Z.M., and S.Verma D.P, 2000,
Removal of feedback inhibition of a-pyrroline-5-carbox-
ylate synthetase results in increased proline accumulation
and protection of plants from osmotic stress, Plant Physiol.,
122: 1129-1136

Hu H.H., Dai M.Q., Yao J.L., Xiao B.Z., Li X.H., Zhang Q.F,,
and Xiong L.Z., Overexpressing a NAM, ATAF, and CUC
(NAC) transcription factor enhances drought resisitance
and salt tolerance in rice, PNAS, 103(35): 12987-12992

Jiang J., Yu Y., Zhao X., Liu H.Z., Wang Y.C., Yang C.P., and
Liu GF., 2006, Analysis of salt tolerance in transgenic
tobacco with LEA gene, Shengwu Jishu (Biotechnology),
16(1): 16-20 (L, 138, Ba&, XM, R, Wife
3, XUEETE, 2006, FLEASEINHGLRIT $hik 204, 44
ik, 16(1): 16-20)

Johansson I., Karlsson M., Shukla V.K., Chrispeels M.J., Larsson
C., and Kjellbom P., 1998, Water transport activity of the
plasma membrane aquaporin PM28A is regulated by
phosphorylation, Plant Cell, 10(3): 451-459

Jung C., Seo J.S., Han S.W., Koo Y.J., Song S.I., Nahm B.H.,
Choi Y.D., and Cheong J.J., 2007, Overexpression of
AtMYB44 enhances stomatal closure to confer abiotic stress
tolerance in transgenic Arabidopsis, Plant Physiol.,146:
623-635

Kishor P.B.K., Hong Z., Miao GH., Hu C.A.A., and Verma
D.P.S., 1995, Overexpression of Al-pyrroline-5-carboxy-
lase synthetase increases proline production and confers
osmotolerance in transgenic plants, Plant Physiol., 108(4):

1387-1394

Konstantinova T., Parvanova D., Atanassov A., and Djilianov
D., 2002, Freezing tolerant tobacco, transformed to
accumulate osmoprotectants, Plant Sci., 163(1): 157-164

Kumar S., Dhingra A., and Daniell H., 2004, Plastid-expressed
betaine aldehyde dehydrogenase gene in carrot cultured
cells, roots, and leaves confers enhanced salt tolerance,
Plant Physiol., 36(1): 2843-2854

Li B.,, Wang Z.C., Sun Z.G, Chen Y., and Yang F., 2005,
Resources and sustainable resource exploitation of
salinized land in China, Ganhan Diqu Nongye Yanjiu
(Agricultural Research in the Arid Areas), 23(2): 154-158
(FM, E£EF, &, BRI, 48, 2005, HIE S
PR AR R IO, T R CRMEEST, 23(2):
154-158)

Li L.F, Luo X.F, and Wang H.F., 2004, Advances in the
studies of gene engineering on plant drought-resistance,
Xibei Linxueyuan Xuebao (Journal of Northwest Forestry
University), 19(3): 53-57 (ZEMN 75, P75, £HE55,
2004, HYHT R TRRATSTRERE, UL B2 4R,
19(3): 53-57)

Li Y.X., Chang F.Q., Du L.Q., Guo B.H., Li H.J., Zhang J.S,,
Chen S.Y., and Zhu Z.Q., 2000, Genetic transformation of
watercress with a gene encoding for Betaine-aldehyde
Dehydrogenase (BADH), Zhiwu Xuebao (Acta Botanica
Sinica), 42(5): 480-484 (4R, H Mg, AL i, F6dk
g, U, IKREbRR, BRSO, REIE, 2000, HERHS
it Mt S R RS T S, KA, 42(5): 480-484)

Lin S.J., Li J.T., Jiang J., Bai S., Yu Y., Zhao X., and Wang Y.C.,
2006, Low temperature tolerance analysis of transgenic
tobacco with late-embryogenesis-abundant protein gene
from Tamatix sp, Shengwu Jishu Tongxun (Letters in
Biotechnology), 17(4): 563-566 (bk-t:7s, 2542, ik,
I, T8, B85, T 1K, 2006, HRMNE IG5 %
AR DU AR TR AR AR 0 A, BB, 17(4):
563-566)

Liu J.J., Huang S.X., Peng X.X., Liu W.B., and Wang H.Y., 1996,
Studies on high salt tolerance of transgenic tobacco, Shengwu
Gongcheng Xuebao (Chinese Journal Biotechnology), 11(4):
381-384 (XUMRA, BN, w4 Wt, MY, Lz,
1996, e LT 31 XM PR B (AT, 2R TR AR,
11(4): 381-384)

Liu T.T,, Yu Y., Zhao X., and Liu GF., 2006, Analysis of NaHCO,
resistance to transgenic tobacco harboring LEA gene,
Fenzi Zhiwu Yuzhong (Molecular Plant Breeding), 4(2):
216-221 (XITHEH, T8¢, B&&, XIH:+F, 2006, FLEAKE

1118



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

DK 05 55 (1 NaHCOs 51t P 23 #1, 43 T AP B i, 4(2):
216-221)

Liu W.H., Zhao X.Z., Liang H., Liu W.X., Hu Z.M,, and Li
L.H., 2006, Study on transformation of wheat with SacB
gene from bacillus subtilis, Zhongguo Nongye Kexue
(Scientia Agricultura Sinica), 39(2): 231-236 (XfhfE, #
Frfe, GEAT, XUSCHER, BIBEIS, AR572y, 2006, KRR
ISR B W DR e A N 22 (MBI, [ Ak R 2,
39(2): 231-236)

Liu Y., Deng Y.X., and Zheng Y.Z., 2010, Research advances
on the molecular mechanism of plant salt-tolerance, Anhui
Nongye Kexue (Journal of Anhui Agricultural Sciences),
38(12): 6087-6089, 6115 (XY, X4REE, H %2, 2010,
FITE #5173 THLEROTSE ke, 22l By, 38(12):
6087-6089, 6115)

Liu Z.J., Shao F.X., and Tang G.Y., 2007, The research progress
of structure, function and regulation of plant NAC
transcription factors, Xibei Zhiwu Xuebao (Acta Botanica
Boreali-Occidentalia Sinica), 27(9): 1915-1920 (Hlj&3E,
fERER, fidse, 2007, FHAINACH: B 1 1K) 45 K Th g
KRB IR RE, PHIbA244R, 27(9): 1915-1920)

M.Almeida A., B.Silva A., S.Aragjo S., A.Cardoso L., Santos
D.M., M.TornéJ., M.Silva J., J.Paul M., and Fevereiro
P.S., 2007, Responses to water withdrawal of tobacco
plants genetically engineered with the AtTPS1 gene: a
special reference to photosynthetic parameters, Euphytica,
154(1-2): 113-126

Ma J.H., and Zheng H.L., 2007, Molecular biological basis of
salt tolerance in plants, Journal of Biology, 24(1): 5-8, 4
(Shgtte, HH, 2007, FHPIM 5L 1K 5> T A9 2% H A,
IRk, 24(1): 5-8, 4)

Ma S.Y, and Wu W.H., 2007, AtCPK23 functions in Arabidopsis
responses to drought and salt stresses, Plant Mol. Biol.,
65(4): 511-518

Majee M., Maitra S., and Ghosh K., 2004, A novel salt-tolerant
1-myo-—inositol-1-phosphate synthase from Porteresia
coarctata (Roxb.) tateoka: a halophytic wild rice, Biol.
Chem., 279(27): 28539-28552

Michelet B., and Boutry M., 1995, The plasma membrane
H'-ATPase (A highly regulated enzyme with multiple
physiological functions), Plant Physiol., 108(1): 1-6

Mittova V., Tal M., Volokita M., and Guy M., 2003, Up-regulation
of the leaf mitochondrial and peroxisomal antioxidative
systems in response to salt-induced oxidative stress in the
wild salt-tolerant tomato species Lycopersion pennellii,
Plant Cell Environ., 26(6): 845-856

Nakashima K., and Yamaguchi-Shinozaki K., 2005, Molecular
studies on stress-responsive gene expression in Arabidopsis
and improvement of stress tolerance in crop plants by
regulon biotechnology, JARQ, 39(4): 221-229

Neeti S.M., Xuan H.P., Sudhir K.S., and Narendra T., 2005, Pea
DNA helicase 45 overexpression in tobacco confers high
salinity tolerance without affecting yield, PNAS, 102(2):
509-514

Oh S.J, Song S.1., Kim Y.S., Jang H.J., Kim S.Y., Kim M., Kim
Y.K., Nahm B.H., and Kim J.K., 2005, Arabidopsis CBF3/
DREB1A and ABF3 in transgenic rice increased tolerance
to abiotic stress without stunting growth, Plant Physiol.,
138: 341-351

Park B.J., Liu Z.C., Kanno A., and Kameya T., 2005, Increased
tolerance to salt- and water-deficit stress in transgenic
lettuce (Lactuca sativa L.) by constitutive expression of
LEA, Plant Growth Regul., 45(2): 165-171

Sawahel W.A, and Hassan A.H, 2002, Generation of transgenic
wheat plants producing high levels of the osmoprotectant
proline, Biotechnol. Lett., 24(9): 721-725

Sheen J., 1996, Ca*"-dependent protein kinases and stress signal
transduction in plants, Science, 274(5294): 1900-1902

Shen Y.G, Yan D.Q., Zhang W.K., Du .B.X., Zhang J.S., Liu Q.,
and Chen S.Y., 2003, Novel halophyte EREBP/AP2-type
DNA binding protein improves salt tolerance in transgenic
tobacco, Zhiwu Xuebao (Acta Botanica Sinica), 45(1):
82-87 (ML X, HAF, KUK, AL, KL, x|
5k, MRAZE, 2003, 3% XEREBP/AP2JSDNAL 454 [
HE DAL v S L IEPERIT S, R4, 45(1): 82-87)

Sivamani E., Bahieldin A., M.Wraith J., Al-Niemi T., E.Dyer
W.,, Ho T.H.D., and Qu R.D., 2000, Improved biomass
productivity and water use efficiency under water deficit
conditions in transgenic wheat constitutively expressing
the barley HVA1 Gene, Plant Sci., 155(1): 1-9

Spychalla J.P., and Desborough S.L., 1990, Superoxide dismutase,
catalase, and a-tocopherol content of stored potato tubers,
Plant Physiol., 94(3): 1214-1218

Su J.,, and Zhu R.C., 2001, Effects of osmotic stress-regulated
transgene expression on drought resistance and salt
tolerance of plants, Zhiwuxue Tongbao (Chinese Bulletin
of Botany), 18(2): 129-136 (754x, Ai&Wt, 2001, %M
TELUR T PR e e IR A R AL T T R S, R
2iHIR, 18(2): 129-136)

Sun J.C., Wang X.S., and Yang S.L., 2008, Progress of research
on salt-resistance in plants, Ganhan Diqu Nongye Yanjiu
(Agricultural Research in the Arid Areas), 26(1): 226-230

1119



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

(FhEEE, 208, AT, 2008, RV SE TR,
FRHX RIS, 26(1): 226-230)

Tran L.S.P., Nakashima K., Sakuma Y., Simpson S.D., Fujita Y.,
Maruyama K., Fujita M., Seki M., Shinozaki K., and
Yamaguchi-Shinozaki K., 2004, Isolation and functional
analysis of Arabidopsis stress-inducible NAC transcription
factors that bind to a drought-responsive cis-element in the
early responsive to dehydration stress 1 promoter, Plant
Cell., 16(9): 2481-2498

Vetten N.D., Wolters A.M.A., Raemakers K., Meer I.V.D.,
Stege R.T., Heeres E., Heeres P., and Visser R., 2003, A
transformation method for obtaining Marker-free plants of
a cross-pollinating and vegetatively propagated crop, Nat.
Biotechnol., 21: 439-442

Vinocur B., and Altman A., 2005, Recent advances in
engineering plant tolerance to a biotic stress: achievements
and limitations, Current Opinion Biotechnol., 16: 123-132

Volkmar K.M., Hu Y., and Steppuhn H., 1998, Physiological
responses of plants to salinity:a review, Can. J. Plant Sci.,
78:19-27

Wan B.L, Lin Y.J, and Mou T.M, 2007, Expression of rice
Ca?*-dependent protein kinases(CDPKs) genes under
different environmental stresses, FEBS Lett., 581(6):
1179-1189

Wang G.Y., 2001, The safety evaluation of transgenic plants,
Journal of Agricultural Biotechnology, 9(3): 205-207 (+
[H5E, 2001, FHEMYN 22N, R ED AR
24, 9(3): 205-207)

Wang J.H., Su B., Ma C., Wang GS., and Shen X., 2008,
Progress on genetic engineering of drought resistance in
plants, Biotechnology Bulletin, 1: 20-24 (3%, 75k,
Dp £ P, PR, 2008, FEPIHR D LR STE
Ji&, EPHEORIER, 1: 20-24)

Winicov 1., 1998, New molecular approaches to improving salt
tolerance in crop plants, Ann. Bot., 82(6): 703-710

Wu T., Tian Z.D., Liu J., and Xie C.H., 2009, A novel
leucine-rich repeat receptor-like kinase gene in potato,
StLRPK1, is involved in response to diverse stresses, Mol.
Biol. Rep., 36(8): 2365-2374

Xu D., Duan X., Wang B., Hong B., Ho T.H.D., and Wu R,
1996, Expression of a late embryogenesis abundant
protein gene, HAV1, from barley confers tolerance to
water deficit and salt stress in transgenic rice, Plant
Physiol., 110(1): 249-257

Yang H.Q., and Liang X.E., 2001, Protein kinases and
environmental stress signaling cascades in plants, Zhiwu

Shenglixue Tongxun (Plant Physiology Communications),
37(3): 185-191 (ukuk, /i, 2001, HFHElE 5
Yy 3 5 A5 5 AR b A, R A AR B AR R, 37(3):
185-191)

Yang X.H., Jiang WJ., Wei M., and Yu H.J., 2006, The
technical approaches of improving the plant salt-resistant
ability, Chinese Agricultural Science Bulletin, 22(1):
88-01 (Wi kk, 4 PA, BUIR, R%:7%, 2006, 42&mAHY)
PrEh BE D I B R ik, b E R EE AR, 22(1):
88-91)

Zentella R., O.Mascorro-Gallardo J., Van D.P., Folch-Mallol J.,
Bonini B., Van V.C., Gaxiola R., A.Covarrubias A.,
Nieto-Sotelo J., M. Thevelein J., and lturriaga G., 1999, A
selaginella lepidophylla trehalose-6-phosphate synthase
complements growth and stress-tolerance defects in a
yeast tpsl mutant, Plant Physiol., 119: 1473-1482

Zhang H., Dong W., Zhou J.M., Du B.X., Guo D.M., and Chen
S.Y., 1998, The cloning of levansucrase gene and its
engineering of salttolerant tobacco plants, Chinese Journal
Biotechnology, 14(2): 181-186 (5K, #fh, MRS,

DN, A, MRBZEL, 1998, HLERWE LR R HE L [
PR B T e B DRI S ) 3, 2B CRR AR, 14(2):
181-186)

Zhang H., Fu C., and Cui J.Z., 2008, Prospect of salt-tolerance
genetic engineering in plant, Hilongjiang Nongye Kexue
(Heilongjiang Agricultural Sciences), 2: 11-14 (3K1H, £
W, HE4EPT, 2008, MM HhHED TREOFFURERE, Be
LAV, 2: 11-14)

Zhang M., Liang S.P, and Lu Y.T, 2005, Cloning and
functional characterization of NtCPK4, a new tobacco
calcium-dependent protein kinase, Biochim. Biophys.
Acta, 1729(3): 174-185

Zhang N., Si H.J., Li L., Yang T., Zhang C.F., and Wang D., 2009,
Drought and salinity tolerance in transgenic potato expressing
the Betaine Aldehyde Dehydrogenase gene, Zuowu
Xuebao (Acta Agronomica Sinica), 35(6): 1146-1150 (7K
T, AWE, B, ik, SKRER, TR, 2009, HsE
e 3t SR R 5 % S AR U A R, AR 4R, 35(6):
1146-1150)

Zhang W.H., Guo L., Guo Y., Wei X.J., and Meng P.P., 2007,
Effect of phytohormone on wild soybean under salt stress,
Anhui Nongye Kexue (Journal of Anhui Agricultural
Sciences), 35(5): 1296-1297 (3k3r 4y, ¥, ¥EE, BF
£y, FEHENE, 2007, AEA)AEREEO BT AL R G R 1
S, Rl RRE, 35(5): 1296-1297)

Zhao H.W., Chen Y.J., Hu Y.L., Gao Y., and Lin Z.P., 2000,

1120



%A, 2011, R NBOARSE A IR S N, PR P Vol.9 No.16 (doi: 10.5376/mpb.cn.2011.09.0016)

Construction of a trehalose-6-phosphate synthase gene
driven by drought-responsive promoter and expression of
drought-resistance in transgenic tobacco, Zhiwu Xuebao
(Acta Botanica Sinica), 42(6): 616-619 (XK, My,
WASE, mE, WP, 2000, 5 S E 3T RS
P VB - 6- ot R 5 Al 56 A1 0 10 g 7t % kDR J0H 2 )
i SR, AEA244R, 42(6): 616-619)

Zhao J.S., Ren W.,, Zhi D.Y., Wang L., and Xia GM., 2007,
Arabidopsis DREB1A/CBF3 bestowed transgenic tall
fescue increased tolerance to drought stress, Plant Cell
Rep., 26(9): 1521-1528

Zhou G, and Li Y.R., 2007, Advances in drought induced
proteins in plants, Guangxi Nongye Kexue (Journal of
Guangxi Agricultural Sciences), 38(4): 379-385 (J& 4,2
Wik, 2007, HHTFAFEAVIFIERE, T IHARMLE
2% 38(4): 379-385)

Zhou S.F., Chen X.Y., Zhang X.G, and Li Y.X., 2008, Impoved
salt tolerance in tobacco plants by co-transformation of a
betaine synthesis gene BADH and a vacuolar Na'/H*
antiporter gene SeNHX1, Biotechnol. Lett., 30(2): 369-376

Zhou Y.J., Feng J.C., Ma W.W,, Lin D.X., Qian Z.H., and Lu
H.J., 2006, Progress of molecular mechanism of stress
resistance in plants, Zhongyang Minzhu Daxue Xuebao
(Journal of the CUN (Natural Sciences Edition)), 15(2):
169-176 (FI'EH, W&w], 3000, MAE, B2 H,
FEGE, 2006, HHTIE > TAHLEIOTSTRERE, R IR
KPR ARFHEIR), 15(2): 169-176)

A% 5"Publisherft—ANBU TR AL R IR 31
"_Publiahar"‘ ﬁ-\ilf_?
fE5™Publisher B2 31830, ATl A AR T LA G 9l 7 28 U 5 11 i 5
RATIFN, 18 SCHESE MR 0 R (R VPl
KRR, 8%, MRFERLE
SETFIBCUR s AT AT AT S 9% 1 e X Bl A
MR, BT AR R S s EE e
AR SR, 1EEIIAE BGEE A shiZ B
{ELEHERS:  hitp:/Sth.sophiapublisher.com

1121


Administrator
新建图章


	评述与展望 
	Reviews and Progress 
	转基因技术在植物耐盐研究中的应用 
	Application of Transgenic Technology in Higher Plant Salt-Tolerance Research 
	摘  要
	Abstract
	关键词
	Keywords 
	研究背景 
	1植物的耐盐机理
	1.1渗透调节 
	1.2离子调节 
	1.3离子区域化 
	1.4改变代谢途径
	1.5解毒作用 
	1.6维护膜系统的完整性 
	1.7抗氧化保护 

	2提高植物耐盐性的常规方法 
	2.1耐盐锻炼 
	2.2使用植物激素 
	2.3改良土壤、合理灌溉 
	2.4化学改良 
	2.5嫁接 
	2.6选育抗盐性品种 

	3转基因技术在植物耐盐研究中的应用
	3.1渗透调节基因 
	3.1.1脯氨酸合成酶基因(P5cs)
	3.1.2甜菜碱脱氢酶基因(BADH) 
	3.1.3多醇脱氢酶基因 
	3.1.4海藻糖合成酶基因(Tps)和果聚糖合成酶基因

(SacB) 

	3.2信号传导基因 
	3.2.1耐盐相关蛋白基因 
	3.2.2蛋白激酶类基因 
	3.2.3转录因子相关基因 


	4植物耐盐基因工程存在的主要问题 
	4.1植物耐盐性是一种复杂性状 
	4.2植物改良与经济价值之间的矛盾 
	4.3转基因作物的环境和食品安全性问题 

	5展望 
	作者贡献 
	致谢 
	参考文献 

