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Advances in the Study on Transgenic Plants for Salt Resistance

HU Zhong, CA0 Jun, ZHUANG Dong-hong
(Department of Biology, Shanteu Universify, Shantou 515063, China)

Abstract: With the rapid development of molecular biology, series of genes including effective and regulatory
genes that respond to salt stress have been found.  This paper summarizes progress in the study on improving plant
salt resistance by genetic engineering in recent years and some problems that wait to be resolved.
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by RERS MR RE ST AR R R
K& M1 F BT, 41 DREB(dehydration responsive
element binding protein) 3% [K 7" .MYB 44 3% X T
MYC ¥ 3% K F & bZIP (basic leucine zipper) ¥ %
74, DAAURSE FfG 3 a5 10 SOS 12 8
i on (CaNYIZ 12 EH M.

2 fiif H 3k R TR A S

Pl i b X T AR R SRRG R LA 2y s A (2
LD BN TR A R ClhaR) il EE T
ESTE AT

21 FARNMRU NS FER

RN oy ELA% 2 AV AR S At N el 3R,
MTTP= A T S 2R, H R AT SR 5T B BOEW
AMRARIER . LU T HUR R Al S0 & el 2 A
H g NS B R R LA 2 Nav/H* IR | 51 i A & ]
GHATHAL, TRAF I LY E MERAF B B 9 H R
NAEY i — TR A 24
2.11 R =Y R REE RPN S E

HUR Y (3 3 Awriplex hortensis~ 3 3
Spinacia oleracea TR)TRZE B L BH BN, STE NG
ORI B — RE RN T2 AR R IE R
) CHVB S il e iR e R T %), kiR
EA P B IE R, BTG Na® X3 BESGHE A HIHI, 18 0
A AR E AN, BRAEBS R SR B, X952
RAPFE AT LS FRIE YL &M, T A BY T Y %
HLRE SR A TR A M. SR LRI (N
KEIPIKRRUERSE) » G2 2R 8% DR B T -6
A BIRAE, o7 LU R TR A 05 i, FEIX R
Yy B AGA TS IR A H BRI E R
1, AT B o B T A R 04,

AT A 1 3 78 3 Iy 30 T B A AT i 1 1B B Y R
H, R R R RIBEN . THIRETI0AN,
JHER MG N R B WA RS ERBIEAN Y
AR AT, Delauney S0V L, fE¥5E 1A
FAFARE A PR R RRRE L My, meEIE
Mgt RmmE st b SRR E T LS.

YT, BERBREELNAEREL WD E
GHE IR S A B E R, 1- WERERE -5- FRER(PSC) A

tRiR A AL R I RE R PSC ARG Al ik
Wk -5- ¥ & R RE(PSCS, EC2.7.2.11/1.2.1.4)F1 P5C
EFEEHPSCR, EC1.5.1.2), Kishor 59§ ] CaMV358
R 3 T 5 Sk U1 5 (Vigna aconisifolia) i) PSCS
FF I 5 NARL(Nicotiana tabacum) T, KRG R E
MR R SRR E 10-18 {%. T2
I, 0 FRAE R I R BR 5 Y 0.08 mg gt S I
EmE 3 mg e MEXNERHEARS R

1 mgg' Wizl 6.5mg gt FETFIHET, B A
FHF HIR, iR HOY K 40%, 4 LR R
00 2 1% . Zha ZR0ERI A PSCS FEEIFEAL SRS R dE
KK FE (Oryza sativa), (€T B FE N8 T 4 W &AL
ARG N, A5 L R 32 T DLk 2R R AL e .

Hong ZFUSE H 2 )0 A EL AN PSCS W14 129
MR ANEREREAERERE, BT G
(P5CS F129A)A~ 5 32 31| Wil & B 1) R AR A, IR
1A PSCS F129A WG R BN MR A E R 5 &
AT A RURIRRR 2 /5, JERRE TR B AR K
o B B B (ProDH)AIE 4K Y 2 82 2 PSCS9
£¥ 2 R , Nanjio 2502 B iz X RNA FEARBHT
il TR () P A BSE, AH AR 50 T U BT I (A rabidopsis
thaliana)fh 4 I I S B8 & B, {1075 5% H: K LA JT A
i 5% % 5 (-7°C)F1 #5532 (600 mmol/L NaCl).

TSGR S ERigt, SEBETY
AL 8- WREEE (orithine-8-aminotransferase,
S-OATMEH ~ &%k 8- BEILHA, LW PSC, A5
I8 R Al =B . Roosens ZEP2N LRI RI I+l # %,
P cDNA SCEH T 5-04T B, HfEN A=
BRIV S B R eI 5-0AT 5
VIGERERE AR, 25, BRI s-04T EE
FALHEL, o olhant, I EREmRBERE
B LEXF IR 3 %, T4 e B 3R 0E 8-0AT HE 1
MR T A K & 0.2 mol/L NaCl B2 B 1]
HEEREMNE T, FHRERER R HERE S 'L
Wm L5 mMAKHE SN EYWEMEER, RR
HEDRHERAILS B I §-0AT HFE R AME
R E 321, IZEEEA R AL AT IS
FHERE., FERPRNNERER, KBEZ
BB EE N & KRB ER, % &4 T A
KK FEER R W B &R A R 515 1%, [AeE i
S PR AR R AR R, SR A
rRAER TSR, BEMFIEREER TN
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e, GN7E 0.1 mol/L NaCl [ ie T %% 55 [Rl % F AN ™=
B T 16%-41%. UL 8-0AT SR & Lk
PR AR A PUSER O P A EEER.

- MR A CONEE S LB AR AR SS) A i ia
T, & M N R E - WA
(Betaine), A2 47 40 MU B AN 28 10 5 L 4ERE LN OE
PRIE R IR AR W, [AI6 3V 24038 o 1) S B AR AR B
0 ORFEER, FEVE 2 RRT DR SE R M
F VR V2 3 W 38 A H B, (K] v I S G bk
AP OGN, RSN I
BERIL, W LA S RAEWR S gE 0. 4
il S B T A e IR AE I SR AR T AT, B B — S
AR B U 2= R A A VAt 1 A R 2 YA L AL}
R AL (CMO) BEALDS, 5820 BN il 5
TmE i E A (BADHD b0, KT o o il i &
SRR, W R RN R,
55— 0 SN e R SUR(CDR) K. o BRAE 3
Fr i (Arthrobacter globiformis) BE1SETE & A B
HHEEEALTRE (COD) - -Fif (Ll codd ZER %D it
b B,

HAT, WA REH CMO BADH CDH Fl codA
RNV £ 02 fl e & i A EY T, H3kdE
T 1 ER 8 7R S M AE Y . Nuccio S84 3 38 (Spinacia
oleracea)f] CMO BRI NAHEC I 6348 p 30K, 45
RACER B AT, HEFFARE CMO AR
REWEMMTES, HEMEMNSENRAR
= PR RV 28 s B SR 0 E HH ARG 12 (19 P L4 R
il 7SR S R, B DA Nz E B e
AP PE B AR & . 0 X 5 M 3 3R (Atriplex
hortensis) N W% T CMO FEIR JFi#4T 1B A HEH
W9, RIGMER e SR CMO %4
1.2% NaCl (25 A T K R &P, Rathinasabapalhi
S SR HE BA DH BE [ )AL, JE3R18 T &
&M, Holmstrom 5 AN K J#T B (1 BA DH BEIX 4%
AHABTH SRS T b IE B8 7 48 [F) 3% 2 DR A,
P65 545 10 36 32 BADH SE PR RIS R4 5 A 7K HS
RIFHIHE BADH KFERETEE 0.5%NaCl [ il
AIEH A4 1CM, Hayashi fl Prasad 5545 545 codA H
F A B TR T (Brassica junceay , #ARTAT T
fii h B 27 B v A B TR RS,

BREE(H B R LR A —Fh 2 ol T H 24
B 25K 88 Sy, BE B RCHERR AN R W KSR IE, (H

FA e H R AS 2. N, BB HE TR
BIEE B E Y R E B, KA E
H A& U R Pl S E T B O H 8 % -1- B
Fie ot SRR GBS RE R melD o U BEEE-A 1 FE rh g
SR T80 B A L BT -6- BERE I AR, AU
H gutD?,

Tarczynski 4G AW HF 5 (9 nulD 3 (K% A
BT N R R IR W EE, e
250 mmol/L (#7 1.45%)NaCl 7= A1, 38 A& il %
T 3 R TRV 08 o) o 8 B ) T v A T M T
ARG B B 25%, ihy o RFEAR I J T s ATl
FIH TR, XEM THNE mdD SRS A EE
RIE MM HHF R EL B e SR P, XA 55T 3
RIMETEAG KIATE gueD BEE S AT K (Zea mays),
£ & B A T (200 mmol/L NaCl), ¥4 3 18 T 4 /Y i £
PR B B T3 g,

2.1.2 R RIEEE M 1 T4 173 K

#h M A, Naw T8 1 K S5 i AR 40 A
P, B3R T IR 440 F 4l BE P80 v 1) K/Nat ¢
L, 160 20 Hi0 P9 4 RF R 1) K/Na™ EE XA B & &
KAR R, AEHIE L A0 R T ATP 85 R IR
Jii T ATP B8 (V-ATPase) - L5 i 7 E: B BB (1. g
(V-PPase) 5y NaVH @& & O MUMA TR, LLEK
&l Na™ [ HE B ds A0, B 28 T8 s 4 BB A
R R o - SR N TR = N S i
K/Na" Lh. @B R ATP 8§ MR F 1 ATP fi
VR P R T 8 R A I 1) T R R S A ME R AT
R0 BT AR R 1K 0 T B R A A R B, S o K B
Fdi RS AR L, U0 Nam (7 J0 N 5
=0 K S R4 R R R S s shiE e, B
BA M Na® (b HERIE AN “ a6 7 82 H
Na7/H™ R M ¥18 E H 55 R, Na® 7E300 T ) &
fitf AN AT LASBE S Nam 77 20 B 3 o 11 48 A B B3 3
IR E AR, W e AT R R TR R
Y4585 T,

Apse IR LR TR FiZAF s FEE X
1% Na/H" ] MBS T (AINHX 1) , $5 Bf kb
ANHXT B S5HIEKTFE8E#EE T ERK
S, HE7EA] 200 mmol/L NaCl 32k | 1 IE# A2
Koo #H— Nav/H" R N iz E O R K ANHX T =
AN Sh(Lycopersicon esculentum) TSP I ER
5, FRTFHEE SRR A i 7E 200 mmol/L NaCl
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AT A TR RIS R B R AVHX T
Bl AP AR R T RS Na®, HERSEF) Na*
G RUIVIBAR T AUNHX 1 MEEH Nat & B ekt
PR 1 6%, (RS BB =B AR 8. X
UK E XL EEAEY T LI BT SE b R PR
) Gaxiola P58 H] V-PPase EEFHTHEFFR,
313 T 250 mmol/L NaCl #63E R 7+, A8
RERIH b B B R RE R R T, IX R Y
9080 B S 1 5 B RR AL B 0 £ A O Nav/H I () i
EAREINRAROE T8 ™, BilrG AFaEH — b
i £ B Na/H R INFria EAZEF (ApNhaP)Fs
IR KB R B Synechococeus sp.), IR £h HE
TR FC R R BRI, CAETE & 0.5 mol/L NaCl
CLadg /K ShEEAIABL ) R SR b A,

WEREeR, HALL A0 HALS 2R 4515 58 K
Al Na* f%%iE, o LLUE & Hom M RS 3 B9 2 1,
EATIAE R R R A AT b R IR B B R FE AR
Fuen, Rus SFWSIRT 57 45 R 8, RIKFF R HALI
A B ) 3 00 70 0 A I I R R Sl A L e e 26
i 5% P3G 0, B sk = A AR FHR -

2.1.3 R KA SRR A KRR

R R E SHAT A ME R ST L,
HEAPO KM ARERFERT B8N
FEPE RV BR LA, 2 oh A R RE(E 2 25, Hbg
AP YL P25 REMET RN PEERFTEE
ALY (SOD). I FALEES (CAT) iR
B ol A AL B (APX). 7 B T RO (L B (GPOX).
B BEH BREE 32 B (GST). B B SUHT 3 1 78 3 i By
(MDAR)%S, Xk, 72 B gm Tt i SE g Y- - S c Bl
B, FEIB oL SN TR T B SR @R IA N B3 (MR
P $a v Fe A 1 P9 IR B LAk B s o R s P A AL
ARB AP T S8t Sk ig e —.

A M v 5 B 14 B — 28 SoD FE R B4k F 3k
AL RIMAEY), B2 T SOD itk of il 5
FERHHES, FEE R B 18 (Medicago sativa) HHEE .
FiAE(Gossypium hirsutnm)R L Z (Solanum tuberosum)
H-ER A ep o] B R IE SOD HH, 127 T Rk Ak
1 B, SOD 7E U FE gk ki (R R0 A 40 i i i i
BRIt M PER R R0, B R R Mn-SOD fE
IKFEN AR R B R AR = T R IR R v 3
fiir 8 W 520, T H e T R B SoD
FIAPX 1) # B oof B A PR AR & 1 15-20 £%,

CAT HYEFF A RIFR B AN 32 BERR . SRT, 5 2L 1A
JHELOF AR Fe-SOD M i EER AL T
X BT | B U KR RE 7, [ AR R o
OGS A AU G A0 (1 A2

BRI 5 AR R R AR B AR b a4
T AR R S AR 2 A SR EH
FE( GSSG). GSSG MR AATAeEIkFE GST K T
GPX WL F AL R E RG] 7 nss. 7E Roxas
FRitAT ] GSTIGPX HE R AL Fseig b, W 3R
& GSTIGPX FEFRIM I A Fh B 03 A R0 & i 1 A
EER MBS SR T B MRS, g—Ps
BENR A B, it B Rk CST/ICPY RIS REMAE, 5
T8 A2 TR W0 4 4 T I A2 R B 41 1 A mT AR L 4
HHEK.

LR F AP TE P gaed T AL R RCI3 X
[Al (rare cold inducible gene 3) , 45 & 5 B Ji it — 2
AR 71, o7 LA B R A L S AN T 2 A0 R
RN R 2EN

F)A AR, ERIRA T AL HITE hUA L e
FEEE IR, (B AL 5 AE e T 2 A B A (R 4
AR M H, BATAE— A, B iRk
AHURAL M EE SH B T A e R s b A
Fiin A AT 524, b AL ER . ok, H AT &
MR . MRS GRA S — &5
A ACH AN AG (R R VO 2, TN EE R R R A
P RES T B P4 Ak Bl 22 101 (V) i 55 1 ST, B 2% 52000
F A B A B KR . BE R
P Ll 2R AT R 2 e R A RN S R i AL T
Z VARG L, AR M R R IET AR A
A CUA A0 MR R b

SR U, 3 ) FE R AU R S TR
R 1A A BB 1 A AT X Lol 7 Al 4
T THEAEANFIAN. BRI LUE
ORI TAS BT B NI 1D .o v g St o U Nl o N R R
A2, TR L B IR 1 F SR 3 0 B 18 B 85E rh R 1 N
B AR AR ), B e b3 S A e B4k

22 MRSEEAESFER

W AT RN T i, A S S B A
EIN R, WAV N AL T SRR PR
RPN . AT R R R RE SRS
(RIFLAELRE F e 7R
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Jaglo-Ottosen S5 PME LB 7+l B R IE S KT
CBFI (CRT/DRE binding factor 1), #MiES T iF %
Fh COR (cold -regulated genes) KK [ ik, 45 3k
T TR RE 0 B G (PR R 5 T A SR R X
FRRE T COR HEA, XFHE s YT & fe i
TERA N R R B A T 4 i 1 A
RS, JF LR 7 3 h A ik m vl 47 #

ARSIt rd294 FERGRIS-—Fp 5 LEA S 1416
R KRR E T, BGERMREZ TR R
FACERAY%E S . Kasuga 2567 35S CaMV 35l T8
B0 3 rd294 KHB3h T T R BRI
DREB 1A W] cDNA TINS5 {4, SRAT [ B
EEAR RS RN GERISFEEER.
WF 5T R UITE FR 49 R AE SE B AE AR o, DREB 1A B
T FRIEW rd294, rdi7. kini | cor6.6. cori5a VLR
erd 10 CIX LS R IK (1] =430 5 FE 4 (¥ 5 6 - =l ALK
B A 00 70 IEH 45 I 444 T 2R A
B ES A, Y E iR TR R AR A Mt b
2R BARH rd294 FH BT AL, AR {E R R
(R4 Y i 25 b 301 BE 7 38 &%, (H ¥ A FI| ] DREB
Mg N TR FE A SR B . Winicov %54 358
CaMV jaal) 7 il L# kN T Alfin (] cDNAF
TETTTE » [FIFE AT 2 AT B () i s 6 ) 8 3 4 e ™,

EREBP/AP2 KE % MUFETETHY TR
DNA ZE M (DBPYAF K, Shen HOWGH T
EE AL R AT ER A AL S cDNA SCFE, FEMIE
EEHEAE T — M EREBP/AP2 25 H 1Y
$LIK ARDREBI . ¥ ARDRER] & T CaMV 35S /4 &l
T RN B, ARDRERI )20 otk 4205 8 3 31 5
TRERERIIA A ), KT RS T H A T
— b BLAT P ER RS R R A

KRR, Os2FPIOR BB SR DEFHK
1552 35 0 51 IR . 2004 £F Kong M T LI
35S NIRRT M 0s ZFP1 B[R PRI EUA, )
HHENWFEIFIKFE, TEKIL 0sZFP] BRI %
B R HOL R A A AR I A R A 2H 2PN 3 Ak B ) Uk
PEAR LS AR R B X — R 0szFP] FR
Redmid —Fh SR P B O, BT eI SR A R T A

i 4 MAP (mitogen-activated protein) ¥ & &
TR T A P IR0 Sb S ER5E ) S 8,

BEAGT RIT A1 1 52 28 7 RS 1) s A 32 2 M A 5 ) A 4 e
B R, H i 24 MR A YL R 77 I e b 4
AR KB MAP JBOFEE IR R e AITREA T T 2
XK, BRI MAP S8R 5 AR RIRGE , (B
IR 2R RY MAP EREE F 7R 1A SEWTIHT
BIENRE RNV BN, B U ARR Y R, £
WEh. MRIRSA T osMA PK4 BRI ()58 T ifes,
M0y -Ff MAP B K osMAPK2 BN Z %
g fE, BER A T 5 R R R,
—AESE T MAP B HTE BS54 SR E
BbAY , [E B, AR MAPK SRS AR, T EER
v AR B A RS .

3 ¥

3.1 hEEYm AL E B R

R 2R A 8 4 FHLB R AT R E THRE
PR EERE, 2 SR PR AHETRE FLEIAR L, —
RO A T SRR R R MR, T FR LR E B
%, BAMARITER M TED WS
RO AE L, findnf 5 S R P B DR SR A, e R
B I B S HE AR A, AT CR AR BS T ¥ 4 5 I L S
HRTRE—HRF. BhAh, BIR H AT L3RS — L
ERPERTF B — o B I H B R R, (HR e T i 2t
B (7= 2 e 5 5383 R, Inf SHEY A 5
(T AL AH T A 55 ) R AN 35 4, X e
PRI T AR TR R . kAh, H AR R
AT h IR, W SR AR b, A 4R
PR R R 3 D

Bt 25 i A A0 6 TR 4 0 1 1) 5 B AR 0 1 B
VR S, AR R BRI K e a1 57 471 i
ATHEEARPERR S B Rl Tt VT A SRAEAT T A0 6
T8 Tl e DRI A 5, W0 P Bl e i A R
P BRRE (EST) F1 cDNA 155 (SRS $
ARG AE ARG EE I, 285 7E 30 g 7 1| i R Ak =
A ek e STl 53 52 45 A % ) 0 Ok 1 i B AT T
W5, PP TT B B XU Al S AR e B R A BLOG R
R =4 In) A0 01 BBt — BT AT . W L
W50 0T LA AT B M SR IR, LU 4o T b 1 AR A
My 6 3 SZ AL, AT A TR R R R A% vk
B 5 AL PR B e RAe,
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VAT R 2 BOUE FUER 2 R A RO 4 F R
CInEH el & SRR FD 1T H 4k, RE— T M E
EOE T R R S, (B A BE AR AR M (K i AR
RN AR A R . KB TS =
WEHFTH B, ELIEREN T SERR &7 i /b . B i
A AT 2R S A BEEE I, BT L
AR T EL MRS £ B o, T LU LA T
THEEF.

B B2 AWK ENEAN Y,
BIVSR P 82 65 BE DA 9 14 MG 180, 330 -4 Mg O 7T M
PU AT LR IR R AR R, AR BRI T TR
i I, ) e B MUD N CueD ]
AN (AN 1 R R 1 RSy RN R N
T b AN LR R (MAD B GueD) Wi £ fig o,
Gaxiola th 5 S [H] I A2 & & 1K V-PPase 3[R AN
AINHX T PR (R R A A AR A Horh —
FER AR AT B 2 T &k i 58 704, tngEE fE 4 b
(e Bt B 3R IA VB0 (R AP AN NavH it A, f1
Al GE e ERAHIY Eh AL T B B e R 1E Y .

JKFEH RHL cDNA Rk -1~ 40kD #=1, 1] f
327,57 - T 37 (20)- BEMIN AR, i
i Wy 1 B 5 A A T A R O R g
R =R, AT Tred i,
ARG A RHL H N 10 KI5 2 A i
3, RHL e A A2 Na' 0], o) 4 K #0171
10 5 Filp s I, 40 BB P B Nt 186 I AN W] 0B R g . 2
2 H S0 MK FE SCE T 4y B 1Y) RHL SR 1
FONMER M B Th L TN T K, i G 8 9 0 A F HE
(B SRV P, B8 4 222 mmol/L 537
He 5B R4 2R AT 2 2 A, A AR
1.0%NaCl ¥ EMERS A EES <L, 8 FLIE (R i £k A%
P AAMIES . B TMRERE AP RN AKT i
ERTVSUFD AN B B WP SRR 1Y) HA LT FE DRIONEAT o] 388 40 56
B K BAE D, A AGA R, W RS REL R
M AKT! BERel HALI A, fEAKREThRIE
) RHL ORI E S, TTH BT E F
WA, BN L4200 Na/Kr HE 3, IR0 5 JE R
AKAEG VT de L 0 52 i 45

TE 110 Y0 F0 53 3 1 3% BE 1A LA R ) e 34 %
ANHEE A AR O, F i ) A VLT R

B[R4 DNA, AT HE R 5N 2 AN 85 FE 5], AT
SRR DR SR AR o AR A 500G 3 A H ) — 20
(Rhizophora apiculata)(¥] H:15 20 DNA @ it 7687 & 10
H 5 A B M (Capsicum annuum) A Fi 1 (Solanum
melongena) 5 Hyeh , AT 1 i SR A8 S B EILE K
JEAC, T LAlAh, JT 3 3k 2.5% 00 K se e, Nk
53 AR BRBE T A, T X R Rt e, AT
) JH 46 % 5 I8 I8 VA5 K A (Kandelia cande)F i 2
J1 W& (Qenothera littaralis)FE K124 DNA § A {64
(Arachis hypogaea), ¥ B ML £ #MF (T, ) &
140 mmol/L NaCl ¥4t FUT (K f R 0 47 1] 4 1)
o IXALEE AR, MO AR T M B § A AEHT
S DNA nffig R AT A 0 F & Pk Pk
AR (R R R).

AR A, 40 S 5 B S B e T i Hh i g
BB SEFE R AR, RIEHT 0] fig2 5 i
FELS,

B AT RGE NN SRR R R 5
M8, 4 SR T B 5 D4 34 mgt , AT N 30 oh e3[R
SRR A A T R . NS R T L
[ i 18 15 & AN ER AT O BRI 08, AT L, 5GP N
sl R LA 0 SN o 1 R R Sk B v b i ko )
TRAHLE S ARG IR A OB L e I8 T AR R
HE A T, W GE AL B e T4 86 M i — b S8 1T 2%
(P&, H AT —LiF 5 EAR 0 T X f ik fE 2

’lﬂ: [57.59] -

I EFEMERAMNBEREMELERAZW
3BT R R W AR I (R T2 A R T | ik
MOBLSELR 55 O SEBI 26 FE PR A0 AR ek, H K
H0 9 T 2 DR ALK 16 170 400 bt P 2 3K B 35S CaMIV B
B KRR E TR B Actl EXKIZEAOR
5§ UbiE12 S4B 55 W AT-F FL Tk R4 v A R 3
N m e . (PO i 5 2 TR 2 285 b 2 R Y
FACREARD R I AR T £ 1 R Y 2R (R
T R R R Y AR IC, T Winicov 3R 18 () #
Alfind FEIE G AR IR Y &5 66 B B e =and
R ERAR 7 (RS2 S0 1 S8 (R 302, (I 7E K & $ e g
Yo A SRR i 37 B (1) 06 0k o S5 AL MRk P2 T AR
W, FRA ARG BADH KRt AT IMS R
A AT SR T R A T 99 BRELEE RIUK AT, R
119 BRETSE BS54 10901, Kasuga 3EFH1G%:
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35S-DERBIA J:FHL R 7F 5 4 [CIR 92150, it 30 e W
DREBIA AL HEE W FARIE, MAAERKR FZ
FRIE. SR, AR EFM P HRR M E
RiIEJFAN RN RL M cBFT BIK, HEMT
FHOR T IR, £ K2 L5,

% T AR B AT ot KB ™
RS L RAEAR IO A AR AT, FEAE W I T & 2 1A
THRPTEHNSRRIES FrRiESEENT2
e D E ) WA 5 7 R S BT (R B AR
THE R ESE, M PR SRR S E
HRAR RS e 2 B R TR Uy ae R
A LA, A A B R AR T e aRik: Oh- -l
A S B s T IO A EE RE, nfLIE
ANREL N AR e I I A Rk . XSS RE Bh T NV
WK PR REE T AR, 7 5 R AE Y 40 sk B ml 6
AR, AEmEEHA KRS .

AT A0 40 7% 5 ) A B A B 21 il ik 2R A 1
358CaMV ji1ah¥, nJCAS B AL itk ol il 50
REiF R TR ERRE, fEMNEE T rd29A
BEhFRIEME: DREBIA )4 Friikk L 6 T,

Wu DV R B F Actl fI+ 5358 R 3)
THRS) PSCS BRI EALKFR, KFaa 8 72h f5
RSB RIS T 76, WMEOEKLENAFE,
YA PRI AL I LEo) R AR 3 449, 155 RS s ik
T EEOG BB ) 124961, F CaMV 358 ) 81 i 15
(] DREBIA FeUH M40l 0 A3 AR 7E SR 19 45 i 6 25
o T 00 TRD W A 0 A A b 32 3 7 FE A 5 i R
WH S R E T rd29A £ 358 BE) s
DREBIA FEH, SRR K R A, Pk E
%[518],82]0

B AT A AR 49740 56 365 U 18 75 P8 A B0 T R
JITER AR B RO R st CEA AR D A4S 19, (B
5 TR A B3 R B P LR S BRI R T —
HORF R FIHEAR R BFEEYE R A TR0 AR
AN T HESE S 2AMMNE KV RARER
) 93 T % G 4 I Th G G 40 BT L B 1R 32 ik 1A # L
I, -2 F S A8 00 i 25 e e AL B i B,
Mo 540, KR AL RR SR E R W A M SR R A
HESE ARPUEARR R Z Mol & e HEZ 0
BT 245 6 1R B I 2 B RIS o, I A
[i8] 28 [in) 00 88 145 7 T 7 900 e R R A 3 461, AH s
LT $h FE PR TR 2 B 5 KR 52

B

[1] Flowers T J, Yao A R. Breeding for salinity resistance in crop plant:
where next [J]. Aust J Plant Physiol, 1995, 22:875-884.

[2] Glenn E P, Brown J J, Blumwald E. Salt tolerance and crop
potential of halophytes [J]. Crit Rev Plant Sci, 1999, 18:227-255

[3] Niu X, Bressan R A, Hasegawa P M, et al. Ion homeostasis in
NaCl stress environments [J]. Plant Physiol, 1995, 109:735-742.

[4] Yeo A R. Molecular biology of salt tolerance in the context of
whole-plant physiology [J]. ] Exp Bot, 1998, 49:915-929.

[5] Cushman J C, Bohnert H ). Genomics approaches to plant stress
[4]. Cury Opin Plant Biol, 2000, 3(2):117-124

[6] Shinozaki K, Yamaguchi-Shinozaki K. Molecular responses to
drought and cold stress [J]. Curr Opin Biotechn, 1996, 7:161-167.

[7] Shinozaki K, Yamaguchi-Shinozaki K. Gene expression and signal
transduction in water-stress response [J]. Plant Physiol, 1997, 115:
327-334.

[8] Zhu JK. Salt and drought stress signal transduction in plants [J].
Annu Rev Plant Physiol Plant Mol Biol, 2002, 53:247-273.

[9] Solomon A, Beer S, Waisel Y, ¢t al. Effccts of NaCl on the
carboxylating activity of Rubisco from Tamarix jordanis in the
presence and absence of praline-related compatible solutes [J].
Plant Physiol, 1994, 90:198-204.

[10] Galinski E A. Compatible solutes of hatophilic eubacteria
molecular principles, water-solute interaction, stress protection

[J]. Experientia, 1993, 49:487-496.

[11] Papageargion G, Murata N. The unusually strong stabilizing
effects of glycine betaine on the structure and function of the
oxygen-evolving photosystem 1] complex [J]. Photosynth Res,
1995, 44:243-252.

[12] Shen B, Jensen R G, Bohnert H J. Increascd resistance 1o oxida-
tive stress in transgenic plants by targeting mannitol biosynthesis
to chloroplasts [J]. Plant Physiol, 1997, 113:1177-1183.

(13] Kalir A, Poljakoff-Mayber A. Changes in activity of malate
dehydrogenase, catalase, peroxidase and superoxide dismutase in
leaves of Healimione poriulacoides L. Allen exposed 1o high
sodivm chloride concentration [J]. Ann Bot, 1981, 47:75-85.

[14] Rontein D, Basset G, Hanson A D. Metabolitic enginecring of
osmeprotectant accurnulation in plants [J]. Metab Eng, 2002, 4
(1):49-56.

[15] Delauney J, Hu C A A, Kishor P B K, et al. Cloning of omithine-
aminofransferase  c¢cDNA  from Vigna aconitifolic by trans-
complementation in Escherichia coli and regulation of proline
biosynthesis [J]. J Biol Chemn, 1993, 268:18673-18678.

[16] Kishor P B K, Hong Z L, Miao G H, et al. Overexpression of
delta-pyrroline-5-carboxylate synthetase increases proline produc-
tion and confers osmotelerance in transgenic plants [J]. Plant
Physiol, 1995, 108:1387-1394.

[17} Zhu B C, Su ], Chan M C, et al. Overexpression of a delta(1)-
pytroline-5-carboxylate synthetase gene and analysis of tolerance

to watcr- and salt- stress in transgenic rice [J]. Plant Sci, 1998,



176

PR B ko

o143

[18]

(19]

(20]

{21]

[22]

(23]

[24]

[25]

(26]

[27]

[28]

[29]

[30]

[31]

[32]

139:41-48.

Ilong Z, Lic L K, Zhang Z M, et al. Removal of feedback
inhibition of delta (1)-pyrroline-5- carboxylate synthetase resulis
inincreased proline accumulation and protection of plants from
osmotic stress [J]. Plant Physiol, 2000, 122:129-1136.

Nanjio T, Kobayashi T M, Yoshida Y, ¢t al. Antisense suppression
of proline degradation improves tolerance to freezing and salinity
in Arabidopsis thaliena [1]. FEBS Lett, 1999, 461:205-210.
Roosens N H C J, Thu T T, Iskandar H M, et al, Isolation of
omithine-aminotransferase cDNA and effect of salt stress on its
cxpression in A rabidopsis [J]. Plant Physiol, 1998, 117:263-271.
Roosens N H, Bitar F A, Locnders K, ct al. Overexpression of
ornithine-3-aminotransferase increases proline biosynthesis and
confers osmotolerance in transgenic plants [J}. Mol Breed, 2002,
9:73-80.

Wu L Q(ER=IL), Fan Z M(FEHE ), Guo L{FE#), et al. Over-
expression of an Arabidopsis 8-0AT gene enhances salt and
drought tolerance in transgenic rice  [J]. Chin Sci Bull (£H1l
1), 2003, 48(19):2050-2056. (in Chinese)

Carpenter ] F, Growe J H.  The mechanism of cryoprotection of
proteins by solutes [J]. Cryobiology, 1988, 25:244-255,

McCue K F, Hanson A D. Drought and salt tolerance: towards
understanding and application [J]. Trends In Biotechn, 1990, &:
358-362,

Saneoka H, Nagasaka C, Hahn D T, et al. Salt tolerance of
glycinebetine-deficient and containing maize lines [J]. Plant
Physiol, 1995, 107:631-638.

Brouquisse R, Weigel P, Rhodes D, et al. Evidence for a ferredoxin-
dependent cheline mono-oxygenase from spinach chloroplast
stroma [J]. Plant Physiol, 1989, 90:322-329.

Weigel P, Weretiluyk E A, Hanson A D. Betaine aldehyde
oxidation by spinach chloroplasts [J]. Plant Physiol, 1986, 82:
753-759.

Landfald B, Str?m A R. Choline-glycine betaine pathway confers
a high level of osmotic tolerance in fscherielita coli {J]. J
Bacteriol, 1986, 165:849-853,

[kuta S, Mamura §, Misaki H, et al. Purification and characterization
of choline oxidase from Artiirobacter globiformis [J]. J Bacteriol,
1977, 82:1741-1749.

Nuccio M L, Russell BL, Nolto K D, etal. The endogenous
choline supply limits glycine betaine synthesis in transgenic
tobacco expressing cho-line monooxygenase [J]. Plant I, 1998,
16:487-498.

Shen Y G(3k . [E), Du B X(#E %), Zhang J S(Fk$hi2), et al.
Cloning and characterization of CMQO gene from A triplex hortensis
[J]. Chinese J Biotech (k4% T # % #ft), 2001, 17(1):1-5. (in
Chinese)

Rathinasabapathi B, McCue K F, Gage D A, et al. Mctabolic
engineering of glycine betaine biosynthesis: plant betaine aldehyde

dehydrogenases lacking typical transit peptides are targeted to

[33]

[34]

[35]

[36]

[37]

[38]

[39]

{40]

[41]

[42]

[43]

[44]

[45]

[46]

tobacco chloroplasts where they confer betaine aldehyde resis-
tance [J]. Planta, 1994, 193:155-162,

Holmstrom K O, Somersale S, Mandal A, et al. Improved
tolerance to salinity and low temperatures in transgenic tobacco
producing glycine betaine [J]. ] Exp Bot, 2000, 51:177-185.

Guo Y{I55), Zhang L(7 ), Xiao G( % {x), et al. Expression of
betaine aldehyde dehydrogenase genc and salinity tolerance in

rice transgenic plants [J]. Sci Chin Ser C Life Sci (7 [EH#} 3 C
38, Fdarfl), 1997, 27(2):151-155. (in Chinese)

Hayashi H, Alia K Y, Mustardy L, et al. Transformation of
Arabidopsis thaliana with the cond gene for choline oxidase;
accumulation of glycinebetaine and enhanced tolerance to salt and
cold stress [J]. Plant J, 1997, [2:133-142.

Prasad K V S K, Sharmila P, Kumar P A, et al, Transformation of
Brassica juncea (L.} Czern. with bacterial codA gene enhances its
tolerance to salt stress [J]. Mol Breed, 2000, 6:489-499.

Tarczynski M C, Jensen R G, Bohnert H J, et al. Stress protection
of transgentc tobacco by production of the osmolyte mannitol [J].

Science, 1993, 259:508-510.

Liu Y(A57), Wang G Y{£H %), Liu ] Y(Xif2 ), et al. Transfer
of E. coli gutD genc into maize and regeneration of salt-tolerant
transgenic plants [J]. Sci Chin Ser C Life Sci (P [ &% C 48, 4
w2, 1998, 28(6):542-547. (in Chinese)

Binzer M L. NaCl-induced accumulation of tonoplast and plasma
membrane H'-ATPase in tomoto [J]. Physiol Plant, 1995, 94:722—
728.

Biumwald E, Poole R J. Na'/H* antiport in isolated tonoplast
vesicles from storage tissue of Befa vulgaris [J].  Plant Physiol,
1985, 78:163-167.

Apse M P, Aharon G S, Snedden W A, et al. Salt tolerance
conferred by overexpression of a vacuolar Na/H' antiport in
Arabidopsis [I]. Science, 1999, 285:1256-1258.

Zhang H X, Blumwald E. Transgenic sali-tolerant tomato plants

accumulate salt in foliage but not in fruit [J]. Nat Biotechn, 2001,
19:765-768.

Zhang H X, Hodson J N, Williams I P, et al. Engineering salt-
tolerant Brassice plants: Characterization of yield and seed oil
quality in transgenic plants with increased vacuolar sodium accu-
mulation [J]. Proc Natl Acad Sci USA, 2001, 98(22):12832 -
12836.

Gaxiola R A, Li I, Undurranga S, et al. Drought- and salt-tolerant
plants result from overexpression of the A VP! H- pump [J]. Proc
Natl Acad Sci USA, 2001, 98(20):t 1444-11449.

Waditee R, Hibino T, Nakamura T, et al. Overexpression of

a Na/H' antiporter confers salt tolerance on a freshwater
cyanobacterium, making it capable of growth in sca water [J].
Proc Natl Acad Sci USA, 2002, 99(5):4108-4114.

Bord M, Montesinos C, Dabauza M, et al. Transfer of the yeast
salt tolerance gene HA L ! to Cucumis mela L. cultivars and in vitro

evaluation of salt tolerance [J]. Transgenic Res, 1997, 5:1-10.



22 HH AH S T R S A B TR ST R 177
[47] Gisbert C, Rus A M, Carmen M B, ¢t al. The yeast HA LT gene im- (5):573-5717.

(48]

{49]

[50]

[51]

[52]

[53]

(34]

[55]

[56]

[57)

(58]

[59]

proves salt tolerance of transgenic tomato [J]. Plant Physiol, 2000,
123:393-402.

Rus A M, Estan M T, Gisbert C, et al. Expressing the yeast HALJ
gene in tomato increases fruit yield and enhances K'/Na’ selectivity
under salt stress [J]. Plant Cell Environ, 2001, 24:875-880.
BowlerC, Slooten L, Vandenbranden S, ¢tal. Manganese superoxide
dismutase can reduce cellular damage mediated by oxygen
radicals in transgenic plants [J}. Eur Mol Biol Organ J, 1991, 10:
1723-1732.

Perl A C, Perl-Treves R, Galili S, et al. Enhanced oxidative stress
defense in transgenic potato expression tomato Cu/Zn superoxide
dismutase [J}. Theor Appl Genet, 1993, 85:568-576.

Kazuo T, Kyoko K. A recessive A rehidopsis mutant that grows
photoautotrohically under salt stress shows enhanced active
oxygen detoxification [J], Plant Cell, 1999, 11:1195-1206,

Van Camp W, Capian K, Montagu M V et al. Enhancement of
oxidative stress tolerance in transgenic tobacco plants overpro
duction Fe-superoxide dismutase inchloroplasts [J]. Plant Physiol,
1996, 112:1703-1714.

Roxas V P. Overexpression of glutathione S-transferase-
glutathione peroxidase enhances the growth of transgenic tobacco
seedlings during stress [J]. Nat Biotech, 1997, (15):988-991.
Roxas V P, Lodhi S A, Garrett D K, et al. Stress tolerance in trans-
genic tobacco seedlings that overexpress glutathione S-transferase
/glutathione peroxidase [J]. Plant Cell Physiol, 2000, 41:1229-
1234.

Llorente F, Lopez-Cobollo R M, Catala R, et al. A novel cold-
inducible gene from Arabidopsis, RCI3, encodes a peroxidase that
constitutes a component for stress tolerance [J]. Plant 1, 2002, 32
{(1):13-24.

Jaglo-Ottosen K R, Gilmour S J, Zarka D G, et al. Arabidopsis
CRF! overexpression induces CO}R penes and enhances freczing
tolerance [J]. Science, 1998, 280:104-106,

Kasuga M, Liu Q, Miura 8, et al. Improving plant drought, salt,
and freczing tolerance by gene transfer of a single stress-inducible
transeription factor [J]. Nat Biotech, 1999, 17:287-291.
Yamaguchi-Shinozaki K, Shinozaki K. A novel cis-acting clement
i an Arabidopsts gene is involved in responsiveness to drought,
low-temperature or high-salt stress {J]. Plant Cell, 1994, 6:251 -
264.

Winicov I, Bastola D R. Transgenic overexpression of the tran-
scription factor Affin{/ enhances expression of the endogenous
MsPRP2 gene in alfalfa and improves salinity tolerance of the
plants [J]. Plant Physicl, 1999, 120:473-480.

[60] Shen Y G, Yan D (Q, Zhang W K, et al. Novel halophyte EREBF/

[61]

AP2-type DNA binding protein improves salt tolerance in trans-
genic tobacco [J]. Acta Bot Sin, 2003, 45(1):82-87.

KongJ, Cao WH, ZhangJ 8, etal. Transgenic analysis of a
salt-inhibited OsZFPI gene from rice [J]. Acta Bot Sin, 2004, 46

[62]

[63]

[64]

[65]

[66]

(67]

(68]

[69]

£70]

(71]

[72]

(73]

[74]

Yu SW, Tang K X. MAP kinase cascades responding to environ-
mental stress in planis [J]. Acta Bot Sin, 2004, 46(2}:127-136.
Kiegerl S, Cardinale F, Siligan C, et al. SIMKK, & mitogen-
activated kinase (MAPK) kinase, is a specific activator of the salt
stress-induced MAPK, SIMK [J]. Plant Cell, 2000, 12:2247 -
2258.
Yang KY, Liu Y, Zhang S. Activation of a mitogen-activated
protein kinase pathway is involved in disease resistance in tobacco
[J]- Proc Natl Acad Sci USA, 2001, 98:741-746.
FuSF, ChouW C Huang D D, et al. Transcriptional regulation of
a ricc mitogen-activated protein kinasc gene, asHAPK4, in
response to environmental stresses [J]. Plant Cell Physiol, 2002,
43(8):958-063.
Agrawal G K, Rakwal R, [wahashi 1. Isolation of novel rice
multipte stress responsive MAP kinase gene, osMWAPK2, whose
mRNA accumulates rapidly in respense to envirommnental cues [J].
Biochem Biophys Res Commun, 2002, 294(5):1009-1016.
Foodlad M R, Jenes R A. Mapping salt-tolerance genes in tomato
using trait-based marker analysis [J]. Theor Appl Genet, 1993, 87:
184-192.
Holmberg N, Bufow L.
gene transfer {J]. Trends Plant Sci, 1998, 3(2):61-66.

Bolmert H J, Jensen R G. Mctabolic engincering for increased salt

[mproving stress tolerance in plants by

tolerance-the next step [J]. Aust J Plant Physiol, 1996, 23: 661-
667.

Liu J JGU{R I, Peng X X(#2F¥X), Wang H Y(T{fi 2), et al.
Cloning, sequencing and high level expression of mt/f} gene and
gutD gene from Escherichia coli [J]. Chin J Biotech 444 L fit 2%
i), 1995, 11(4):381-384. (in Chinesc)

Peng Z L, Vermas D P 8. A rice HAL2-like gene encodes a
Ca*-sensitive 3'(2"), 5’ -diphosphonucleoside 3’ (2" }-phospho-
hydrolase and complements yeast met22 and £ ecoli cysQ
matations [J], ] Biol Chem, 1995, 270(49):29105-29110.

Li R T(F3E M), Zhang Z M EW]), Zhang Q F(EK ) &). Trans-
formation of japonica rice with RHL gene and salt toterance of the
transgenic rice plant [J]. Chin Sci Bull (L2218 4i), 2002, 47(8):
613-617. (in Chinese)

Sentenae H, Bonneaud N, Minet M, et al. Cloning and expression
in yeast of a plant potassium ien transport system [J]. Science,
1992, 256:663-665.

Gaxiola R, de Larrinoa [ F, Villalba J M, et al. A novel and
conserved salt-induced protein is an important determinant of salt
tolerance in yeast [J]. Eur Mol Biol Organ J, 1992, 11(2):3157-
3l64.

[75] Zhou G Y, Weng J, Zeng J, et al. Introduction of exogenous DNA

[76]

into cotton embryos [J]. Meth Enzymol, 1983, 101:433-448.
Lin Q FOAKHE R, Deng YC (B I, Wu D G(5 £ FE), et al.
Molecular breeding of salt-resistant Capsicum annuum [I]. Prog

Biotech (4L TA2HERE), 1999, 19(5):19-24. (in Chinese)



178

[77]

[78]

79}

(301

RO ARG YA IR

14 35

Lin Q F(H #§/4), Deng YC (M ), Huang W({E #), ct al.
Introducing total DNA of Rhizophora apiculara to Solanum
melongena 10 generate salt-tolerant progenies [J]. Prog Biotech
CE#T RLBERS), 2001, 21(5):40-44. (in Chinese)

Winicov 1. New molecular approaches to improving salt tolerance
in crop plant {J]. Ann Bot, 1998, 82:703-710.

Winicov 1. Affin/ transcription factor overexpression enhances
plant root growth under normal and saline conditions and
improves salt tolerance in alfalfa [1]. Planta, 2000, 210:416-422.
Bajaj S, Targolli J, Liu L F, et al. Transgenic approaches to

increase dehydration-stress tolerance in plants [J]. Molecular

(81)

Breed, 1999, 5(6):493-503

LiuQ, KasugaM, Sakuma?y, etal. Two transcription factors,
DREB! and DREB2, with an EREBP/AP2 DNA binding domain
separate two cellular signal transduction pathways in drought- and
low-tempcrature-responsive  gene expression,
Arabidopsis [I]. Plant Cell, 1998, 10:1391-1406.

respectively, In

[82] Yamaguchi-Shinozaki K, Shinozaki K. Improving plant drought,

salt and frcezing tolcrance by gene transfer of a single stress-

inducible transcription facter [J]. Novartis Found Symp, 2001,
236:176-869.





