REEFS 34 (0513)

DREB &I LD AN AMHEL Z 2D 45 5 fE

HEIDEELD X572 AT 00 -+ M OB Vi o0 AR F M2 s
WTiEL TR Y LADEBBHETHY EM R EFTTH
CEFWNEEEZRD D, ZOLIRAN BB BT D8 2
AREMEM 2B 952 813, kD ~&E N BN ED
BRFHBRBES CO, HIRRIERE 2R+ 208> D
IS TH LN D, ZORMBEE R T 25O OEDE
LT, ARV AMMERER O R 3 STV, Lin 6
M 1999 A XS XS b H L 72 DREB
(Dehydration-Responsive Element Binding factor) {5
T, BEIEMELRFA2a—FLTRY, IS B E
BFHOTHE—F—RITF(ET 5 A K F D DRE
( Dehydration-Responsive ~ Element ) FE 7l
(TACCGACAT) 38k L T & L. R T ORIz

{35, £7-. DREB B +ZidREIRIAIET-H AT,

TaAXF RS O KR AR R T DO
A _EOSHERRS IV TS (Kasuga &, 1999) , L X AD it
PEIID2IE<, NaCl JRFEE 337> 25 mM OALELCIY
BV T 5, b LV Z AT DREB #&in 48
AUMMPEZ ST 22N TER01E, H B mAE o4k
KPR TED, AWFFETIL, LEZAD NaCl ARL A
MEOF M EAHESL L. DREB & infZ iR BT
HZADEEAR A E T 522 HE LT,

L Z ZAD AN it 2 2 ARG N2 K> T A L 728G

T M (MRS

B, VIO E I 2355 R EL TEFOIEEA{EHEL T
WDHZENRBEIA, Gl AT OBRICIT AT R A R L
THIEREETHLHEEZDNT, -, EHFORMEI.
AR AMLERE 14 H BB WL, 175~200mM O
NaCl EETHHEE Z BT, in vitro FERIZEY . Root
Bending Assay 354U Root Recovery Assay Z gL 7-&Z
A RO R BRI E ORI THY, HALEIZ L DR
DOETERITEGFOERIEI R DEE 2 BN, LIZR-> T,
Root Recovery Assay I3, #HRET (7 H A~ CH ) A &
B AN — 2% FEBLUCE DM AN L & 72 5 Al REtE &
RIBLTZ,

LA A28 T DREBIA % 1E & IR B E 72
35S:DREBIA X7 X% — B X OARML A7 & Mo
rd29A::DREBIA 7% — | LA stk EH LT-,
T, AR N4 CTE 7% %D 355:DREB1A-18 1,
200mM @ NaCl ARV A FIZEB T HEMFRBLIOAELFH
Bosarta—EEE L CF EICm EL7, B R
IZED, LERITBW Ty rAXF RO DREBIA &ixF
BT HMEAT = A LDPEEET HEB 2 DL, ML
ZADVEHICB W THEN THLZED R I N, 514
&, EEMNTL TRV DREB TEE R L 2 2D R4
FEAML . ARV ATRPED T 52 B L7z EB 2T
2,






Bipk#& = 0513

DREB 1&{s FIZLAHEAR AL 2 A4y 1B Fl

® HAEEW

B ERERMBEOOESEL T JECVEKIC LD
DERENRHD, 7R3 EARTT, BEMOMAKEZRKEL
THEW, M RELTHEOWRE Z RN T 5, W KIS
KD EIRE DR E &5 I, BRELTRA YR R~
W TS DN WIEA BITHEICA FERL LV ET
BIRIZEET D, HUEK EOWEKREZITTND T 3 47
D 1 HICEDRBEEZ T TWDHERBELLN TS
(Locy, 2004), —f%B97aHM L¢3, LEEanANICk
BEEINTODGHAA L DIRE T RTH, DT T L ~7
AT LTIV L F I BIRE DN A A+ Th
0, ZOHFTHTNTLAOE BT D7, 76T
EBHC B IR O E RS 2 R LA DM R I BV T

(TP L AIZEAE BB LIRSTR Y, LNLARYD,

I ED 57 AR FE O LIRS O A F| HHUZ I )
T, TRV ADOENRBHZETHY N EETHIE
IR AR D, FERITIR RO BEZFICHB W TR, 6
IR NI LD EDRAEMITH TWD T —2b 55,
DI R B BRI 3B rRE e EM A B 3
HZ LI, RDRE AN DI BREFERIES Co,
B R 72 & R D O D DS THHEWZ D,
FTREICBWTH, (kO EFERIEICL>THME SR L
M2 5 DR TR AR IZ DT> T T TE T2,
UL, JEEDRELSREZ AR LT HZ LD, JEMEM
CHIR A B AZ LI G DR o7, T DOREE TR
LHEOOEDELT, Bin T LRICED ) T BRI K
PNZIRY | FRIZ AR AT PR DAEHIZ B W TIEEL
WHRRELZZ T TWD, flx X, vefxXFXF
(Arabidopsis thaliana) ® Na'-H" 7> F R —4—%a—
F9% AINHXL Bis FErilfisd/orns X X7
RN RO E R HAE ) 1 TR A 1 K S 72 (Apse
5, 1999), F7o, Vo _REA A R B0
FTHLXFATNVTERTeRasF—tEEa—R4
HiEaFERERE ST =0 Y03, 400 mM VI
VY NaCl I B W TH R L7z (Kumar 5, 2004) , Z0
N DR K RV Eea— R T 5 =208
THBEIEBSEDHFIELITBNC, Z<OAR AR H
BIn 2 — BRI L L TR 592t
7RENTUND, Liu H72Y 1999 23 mA XF R G005 Hiff

FH M (P RFET)
L 7= DREB (Dehydration-Responsive Element Binding
factor) B fx 1-1%, BB EIEMELIK 223 —RLCTHY, i
BIE BN R T RED T ' — 2 — I HFEET DV AR
¥ @ DRE ( Dehydration-Responsive Element ) fic %1
(TACCGACAT) # Rk L THE &L, BB ORI %
fie#9°% (Stockinger ©, 1997, Gilmour 5, 1998, Liu b,
1998, Shinwari 5, 1998), %7, ZO#{x & iE I B
SHEAIT, A XF X F O RIEAR A
xPF AR 23RS L7 (Liu 5, 1999, Kasuga b,
1999) , X512, A XFXF O DREB Es 1<, o
%) > DREB ARER—7 BIEFABEIRBLIELHILT,
4 % (Dubouzet 5, 2003) . A (Shen 5, 2003) . 71 A
X (Xiong Y L8 Fei, 2006) . 7% % (Gao 5, 2002) 72
ELL OMEWTRIZIB VTR EEA R D A AR
ENTETCWS, ZDXEHIZ DREB #EinI%. 2L DMl
FRICIE@ L TIEEL , @O REZ FF S Z LN HER T
Do

LA ZIREM R D 10 23D 1 LD DIEFE DX B O
FNFETHY, ErEZOEERTHO TIEFTm AR
5 CHD, I BEREERMED i E VU, A A—2R
THEEPITZD, DO THBEIZEIVHER SN D E ERE
THOHO TRIEIEENT S THD, DM 720
1<, NaCl 2 FE 239772 25 mM D ALFE CUR &3 4245
W45, bLLZR|Z DREB &5 1 %38 A Ui 25
BT TN TELRBIE, T EHOIL R HFF T
%o RIFFETIL, LHZAD NaCl AR At 0 FEAf %4
2L, DREB Ein AR B BLSE oL X A E iR
BAREEH T2 2 BINELTZ,

@ MRAZE
1. M

L Z A (Lactuca sativa L.) S [if] (L5574 32 (#3%A
Tl RR A AR 2 2,
2. BERFIERER
2.1 LARDOEEBIUEHR

T i Al # (OASIS growing medium [H-1] 2x2x2
em) | ZLZARE 2R L7, F3F— I 4% 2D 1,000 £%
TR NAR R 7 AFRIE (NP K=6:10:5) % J& [ V&
Kizkv 5z 7=, Bl 25 AR, [EHIE=E (23°C, 30% &
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E, 16 hr HE) TiTo72,
2.2 IERFLRALEE

FEfETL 25 A B OFEELZFHRERDHIWAT v—/L
W TE RS e LB I LT, 0, 125, 150, 175 BXW
200 mM @ NaCl Z & T iR B4 72 L CHLA R A LE &
L7z, HEARL 2401 % 28 H [, fHIR=E T{To72, =7 7R
TR EATV WK ZRFENZ L DT oy 13 Ak S
A DN B N e 37 e ot - A B el
3. BRFEICKAHMHEMEFER

LERBRIET: 7, 14, 21 BX Y28 H BICAETFE A A
Bx ., EFEFEERD, ERAORMIL, bLUTERR
FERAERFEDOH W L EL U, £i-, lEDOFHEELT 0,
4,8, 12, 16 BX 20 H BIZEAEX|(ZHE 3 fEKD
P TV TEATO, BB KO T o Frff B2 D
ONCHZW E, BEmEAE, 38 IRRZTIEL T,

4. in vitro BEE S ER
4.1 LARDEEBESIUVESE

0.02% D J I 1% M (Tween20) & & To 47 %) i 35 1 &
1%D W ALHE R LT RN 7 WKL Z AT %2 A4 10
SRR R E L%, PR R K CUER L, &
WA TT 7=, BHERMIZIT, 27— 3% &5t
MS FEATE KI5 H1 (FE R E 0.8%, pH 5.7-5.8) 2 120°C
T 20 [, A= 7L —TBEL TR, %5
%= (25C, 16 hr HE) T4 BME® L,

4. 2 ROBHRLMAIEFERICLDHMIEEHAR

RO JE B 3 D) E 121X, Howden 3K Y Cobbett
(1992) (2L~ THESZ XL, Wu 5 (1996) Ik > TSN
7= root-bending assay V5% -, ME K% S HH O
U A AR ) D5 E & 0~350 mM @ NaCl
ZE e UE RS SR 2 XU CER LTz, BE B
X, BRIBIES 1% UM REFERS &[RRI ZVERK
L7o, Btk IR EE L@ &b I o e i
EL.7 A BHICROEHZEE L, TD%., BEMRL;
1235, NaCl Z & £ VEKBE ML, 14 A O
B MM AR CTIROBIE ATV, BIELI RO 4
F4 K87 (root recovery assay) .

5. LARMEE A DIER

ARERIHEAH LI —BI NI Z—a A NTJ
’% Table 1 IZ7RLT=,

IaE—4—2E, BRI EFE T LV TTT
—EPAIT4VAD 35S L AR AFEMEDO T mAXF
RXFD rd29A iz, LB A 11X, GUS BLD
L uARFXF D DREBIA Z iz, ZNHDRIE—F
TAIR GRS 7T 7 a7y L LBA4404 B
., PUEWEE S e LB EER IR E L, 28°C T2 H

ARG L ORIt L7, #ETETR 6 H HOF3EZ, i)
IR > CEDICHIBRL, 77 ansT7 Uy MefiE LTz
LB B EICE S JRE T A7 T2 mm HFREIZ S &
eI B & ATz, £DOHER% NAA 0.1 mg/l, BA 0.1
mg/l Z N Z 72 MS FEARGH#1 (30 g/l A7 —A, pH5.8; 8
o/l FERIER) 1S fi i 2 FICUCEKR L, 3 A R3S
BaAToTo, £ D%, HAFEEHE T3 i & RIREL R O£ HilZ
T4 100 mg/l, L=V 500 mg/l ML
TP HIC 30 H ME5 %R 21T -7, 30 Hf% 2 mm DL |k
Wb L7ey 2 — b L | AV ZBIRINEL
T LA 38 P 15 1 & [RRE B 0O FE AR 175 IR % A1) 7,
FEAR D RSN E R INE L AT, 16 B H R T
23°C, 200 pmol/s/m> DIEEAF T THETL, filir, BAAE,
HIEZRE T T, B T, 247,

Table 1 Promoter and gene sets of clones used in this study.
vector / construct promoter gene
pBE2113 358
pIG121Hm 35S GUS (with intron)
rd29A-GUS rd29A GUS
DREB1A-pBE2113 358 DREB1A
rd29A-DREB1A rd29A DREB1A

6. BB DER

TEEEESN T2 LA MR T DI P o &
W GUS Yetax17o7,

6.1 YHUNATNEAE—2avBEU/—F g
PAEEC EE e

%7 /X7 DNA % Murray and Thompson (1980) @
CTAB B UT- 72 XD T EROIE 3 g B4
L7z, total RNA (%, 100 mg DENSE/ ) — L (FHF
AT A7) EHWTHItH LTz, BTV E A B —Ta
VEBIV )= oA TIE A Y — a1, Sambrook B
(1989) D JFIEICHEL T T -T2,

6. 2 #HD GUS &

B ELTey a— b ERZEI L 1 ml @ GUS
FOEE (1 mM X-Glue, 50 mM VR Ry 77—, 5% A
2 /—/v, 5 mM DTT #&#R) ([ A G, JJERL & 30 5 fH
1To72, 37°CT—M B L=t . #Gk T OIER B 2 B
FF D202 100% T4 /) — /L THENERICHRETE
HE T EARDIRIAT ST,

@ HEHER
1. LAZ DG 141l 5 & D #E L
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1.1 BRREEICLDEHE

AN A Z T T X ATEEN N RIZ/RY, ARy
oA 27T, NaCl BENEL, FEMITR5I1co0
SMUOEENLZERTL | FH L TihoTz, HWERED
AN A2 RHNZZ T 72b O TlE, A ENZER T 500
AR AN RSB RS T Bl NS o7, BITH AR 2
ICRWNTEEAE ST, JERITHIK, DAVIRIZR ST, 4
A%, BRI & NaCl R R IIRIF LU CAETFEMNME T
T oMM o7 (Figure 1), LB 14 A H OAfER
1%, 100 mM ETIE 100%%RFFL T3, 2l Eo
T REALER X (2 B8V TR, 125, 150, 175 BE Y 200 mM
@ NaCl TENEN 98, 41, 17 BLO 17%EEFL-
(Figure 2), ZOWE T, 125 mM X& 150 mM X, 150
mM X& 175 mM KOMIZITHBEZENRBOONT-, Fz,

LERR% 28 H BIZIE 54, 11, 0 BED 0% ThH-7= (data
not shown), L X ADFLES AR AZL>THIHlS i
Too ZOFEEIT NaCl JE | ABHIHIC L~ T, [T
JLERX N THE R C A Bl ST (Figure 1),
BREZIToER, £ COREER (M EHBE
Ol FE OB ERDL N W E, A, . R
E) (23T, M AL X300 RIS L~ TR B e
SFReO BT (data not shown) , Figure 2 (ZALEET% 14 H
H DIEMEFED NaCl I FERAFRIAD &R LT, BEmFEIT
DT 25 mM OILERIZ J o THRIFR XU L~ THI 60%73
W U7z (Figure 2), £ALLL EOREEIZI VT, 175
mM O TRPEDIBICEDLE TR M T akilS
7eo ZOZEHE AR O WME 18] & O pR R A B 27 A
B OmE, 1ZE—%E L TV 7= (data not shown) .

Days in
treatment

Figure 1

The growth aspects of lettuce cultured hydroponically under NaCl stress.

Lettuce seedlings plants were grown in nutrient solution including 0, 125, 150, 175 and 200 mM NaCl, respectively.

100 o
, —O0—survival

\ ---®---leaf area
80 -

60 -

40 - “§ ______ E

20 -

mM NaCl

Figure 2 The comparison between survival and growth of
lettuce grown hydroponically under NaCl stress.

Each plot represents percent to control (0 mM) of survival (O)
and leaf area (@). Vertical bars indicate standard error (n=3)

mM NaCl

Root Bending

Root Recovery

Figure 3 Root bending and recovery of lettuce assayed in
vitro.

Lettuce seedlings grown in MS normal media were removed
onto assay media including 0 (left) and 300 mM NaCl (right),
respectively (root-bending assay). Stressed lettuce seedlings
were rehydrated with normal medium (root recovery assay).
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—O——recovery
— —8— -bending

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
mM NaCl

Figure 4 The comparison between recovery and bending of
lettuce roots grown in vitro under NaCl stress.

Each plot represents percent to control (0 mM) of root recovery
(O) and bending (@). Vertical bars indicate standard error
(n=3).

1. 2 ROREMEEAIREDFE I XKLL

% 4 HEDLAAEEALBLREE LFEIZRDE
1T NaCl 25 Tp MS JEREFHIIZEIRL 7 B # IR OB
LhATo1-LZ A, NaCl &5 F2\0 xR X OB Tl
L, E<fEFE L7 (Figure 3; 0 mM, Root Bending), L
UG, 300 mM OALER X235\ N Crk, AR e
T A REEL, EAELL-MEAELFEELE
(Figure 3; 300 mM, Root Bending), 100 mM LL F®
NaCl JE DOALH XTI e TOMEERE i L7Z23, 150,
200, 250 X275 mM 2B W TIE, 22 iU =R 1%
95, 69, 40 BLW 14%EK F L7z (Figure 4) ,

ZD% ., ZOJE RO E A DG NaCl 25 £72
UWEKESHILIZREHEL L 14 B R OB B2 8 TR OMR
DEIEETT T2, 300 mM DO AR AT L > TR O i ih
DIRD BN T, WL OO ARIL, 18 K5 #z
BWTHEREZMESEL), AIRERASETEEL
7= (Figure 3; 300 mM, Root Recovery) , fE{EDEIEH%
K7L A, NaCl JEE 275 mM £ TIE 100% ThHh-o
7273, 300 mM D HEIITIKE L, EEIL 64% (300
mM) . 57% (325 BL 350 mM) | 14% (400 mM) DfiE%
~L7= (Figure 4) ,

2. 35S B XUV rd29A TOE—E—DLARIZE T B AR
R

LEADHTHI 7 ZT—FEHF A7 4/VAD 35S 7 1E
— X —PRERE T AT LA MR T 572012, T-DNA fEIkIC
35S::GUS s 7 #RAE 75 pIGI21Hm /¥ —(2k5
IR ZEH L, GUS 1EMEOR H 21T 572, FEEK
YRR TIEHF IR AINTWODESIEERD BN -
7208 YL B AR SFHLL CETHEM IR O IE F 133

WRIZZE S CHFICHEAINTWNDIENFER T/ (data
not shown) , AR RITIRE L CHEEFEI DA E
SINBHLaAXF XS OB T ThHD rd29A D7 vt —4
— WL ZRZEBWTHEEE T A0 BN Z W 3572012
rd29A::GUS 7% —|Z X0 Eds L 78R D GUS &
MR A1 T 572 (Figure 5), 77077V AZED
YL EATWEAE LIS 22— R (T ) OZER TlE, A
Mo RZ T TR T GREFRIX) I3 W CEERICIR
5T GUS BAR T DIV ELA LB, FrIZ RO ZEES
IR I ST, 2 R E CORIBARN 2%
H 2 THZIUIEZRIZ RO oT208, 5 FEfH g
EAToT- BRI IE RN FICYED, 24 FEM ORLEAR
LVATH[RBRICIE RN YA ST, T) AR TR
MR AR % GUS oM LT, Z s F Ty R BE
ERIERITHR R XA W TH I W I B Ao, FER, IR
i1, AR H IS Y4 X 7= (data not shown), 30 457D
L CIX, HEVELITI RO 7203, 1 FEf B LW
2 BEHORMEEAITO ERTRIX IR L CRIEDIEH ITF
DY DRRE N TR T2 0T, 5 R DRBEAR AT,
BERRPFRY B, FEEIZBN TS GUS Ein 1D
BN RONDLIT 0o, 8 FEMZICITSHIZEDY
EORRE LR EST-, GUS BB 1% 358 7' RE—HF—I(Z
Lo THEFHIZRBRSE TS plG121HM-GUS & s
BfRiT, FRRKICB W THOARERENEF G aIi, R
BV THIR YL XN 7~ (data not shown) , AHEL Frifis
THEFIEICRBIT DY BOORE XTI -7, Fo, il
AR A% B2 B2 LI KDY A DR E D TR D B
nolz,

Ohr 1hr 2hr Shr 24hr
\J

P {x’ R |

Histochemical GUS staining in transgenic plants

Figure 5.
after the desiccation stress.

Mature leaf excised from a plant regenerated from a cotyledon
infected with Agrobacterium harboring rd29A::GUS gene.
Horizontal bar shows a scale.
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3. DREBI M BB L AADER LR EDIER

LA BT A XF X F D DREBL EisF At
EMEZ AT 5320 & 572912, 35S::DREB1A L
rd29A::DREBIA i# {5+ % T-DNA SEIRIZRA 50 ¥
—Z W TENENOREERAEEEH L, & 10 &
MOFEEML X ANELIL, TN ENORMAERETL

. BTE, BAEARRC T, BI O T, 2 ER G T
5, EDOHT T, AOH 235541072 35S::DREB1A-18
FANZOVT, DREBLIA % 1e PCR Wifr =7 a—7'|C
FANWTH YU i aiT o224 EASNT- B+ D
o — X1 ETHAZ LD MERR TE 7= (data not
shown) , /—H > 31T o745 . 35S::DREB1A-18
1%, IEARL 241 F C DREBIA B FAFBIL THY,
200 mM @ NaCl AR A TFIZB W THRH AR TX/-
(data not shown) .
4. 35S:DREB1 W B En#iL 2 X D EFAh

AN AZ ST TR SE T Tl 35S::DREB1A-18
Ltarha—/L® pBE2113 E RO RIZFR B D
EWERD LN oTe, LL7ed 5, NaCl AR A%
5.2 7234 . 35S::DREBIA OA BN ba—/L% F[H
DA 2381 22T 7= (Figure 6) .

35S::DREBIA-18 taho— VO] T/ EZETEIC
LM EZEIT oI, TORE R, EBEEBILIL LY
pBE2113 EIBAL LHLDOa o —/LICH L THAE

BB BATZD1E 100 mM 0 NaCl QLB X 0> 3
ﬁ%ﬁ\ 725 N 200 mM @ NaCl 4L H X »
35S:DREB1A-18 O i T #i fif F CTd > 7= (data not
shown) ,

o, AN RALERS 14 H HOAFFEIX, 175 mM O
NaCl JE CTili# LHIT 55%E 217270 - 72/3, 200 mM

TIiX pBE2I13 Z M2 0% TdH o= DI L,
35S::DREBIA-18 [T 25%&A BTNz, 512, &
EAGF B RO EITo7254 . NaCl J££ 150 mM O
ALERX 23T 18 H ] (pBE2113) & 22 H [ (DREB)
DFEN, 200 mM TiE 12 HE (pBE2113) . 22 H [
(DREB) DZENETT-,

@E =

1. LRROE M EF %

FEALE O EORIYIE NaCl 728D ICE>TEFN
FLESNDA, ZORKITF N T L4 ORFIELIR T
JEARL A THY  ZHU K AL XA 0 A A g 16

REICBET2HEEE (M B BL O TEOFEE RIS ZDHIBEN~D A A D ] RO A N ~D 5y
ALY E, EmE, B RE)ICoWVWT i BHEOFHE CEELEYET D (Locy, 2004)
mM NaCl
150 175 200
DREBIA  pBE2113  DREBIA DREBIA  pBE2113

Days in
treatment

pBE2113

Figure 6 The evaluation of transgenic lettuce cultured hydroponically under NaCl stress.
Lettuces were transformed with 35S::DREB1A (DREB1A) and pBE2113 control vector (pBE2113), respectively.
T, plants were obtained and grown in nutrient solution including 150, 175 and 200 mM NaCl, respectively
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A DA A AR ASO SRR E L TIE, Bk L7z
Na'-H' 7> FHR—%—(Apse 5, 1999) 72232
Foid, £z, BHEORFEFEAN AL TIEL, AR
AR CTHAEMEEESNA TV o _EA L Ta)r <
=h—/b ==L B L O a2 8 SRR - B
LTCW5EEZLN TS, TDIENITHRALDPAHCLE
EFEDIR T, BEO LS N BB B ik L TE
ZHITW% (Locy, 2004), ZIWHDZEEFEEZ HE | Fif
W% NaCl (ZRDEAERI 72 AR O &3z, w2
TG T DTDITRE RN EEZMZ D, HDHWITHEIC
O TR X —Z M ERERF D7D IZfE AL T
WHEBLAT 22 LG ATRETHY , ANV A FIZBITHAUE
DN Lo TIHEO 525w U A LIZBE N ET S,
EERIZ, vaAXF XS b FBLBA RITBWT,
DREB &fn & @I EHIE-L 25, FEHNH 8 22
SN TS (Liu &, 1998;Hsieh &, 2002; Dubouzet &
2003) , LL_ED N BE ARV AP A b &k i
EORMNTIIR B ED W Z AR H DT EDRIBE NS,
AFRIZEBNT, LEXADIARN A FIZBIT A ED
TEEATSTRE R, R TOREHE (H LB IUH T
HOF ROV E, FEEE, 250 RE) OfE
1%, NaCl IR E I RAFe b 2R LT, Ee2 bR
FTCRINHEEIL, T2 25 mM @ NaCl [2E->T
LUBTAK T U282 1, NaCl i FE O % 28 B BN
B2 ENTREITIBD LT e, 20728, il
il Z M ORI A W5 A BIEREAZRELIC
SNZEZIMA T ARIZEEZ R E LT EL THENNE
7oL Gl XY Th OO CERWATREME A S D, HEH D
ARV A PEZ G 92 5 kL L C, R OB O E
DM, EFERERD DG EDRH D, WA ALK T T
DIEIRIRIZZB T DV EZADEFRE W= 2 A AU
#% 14 A HOALERIT, 125 mM LLF O NaCl EE £ T
1L IEIE 100%2RFEFLCUNZ23, 150 mM 12725 50%
PLFIZAEFL, 175 mM LA _EDOE TIE 0%tV EIE
—EDfEZRLIZ (Figure 2), > T 14 A EWOHIHIC
RETDHE, 175~200 mM NEFDORBIETHHLEE ZD
NHOT, A AT RT3 25615, ZO#iH
® NaCl J2EZHANWDHIENEL TWDHEE B,

Howden & Cobbett (1992) 1%, IRIT LRSS F
K% 357212 Root Bending Assay 1EZ2#ENLLT-,
ZOFEF. Wu 5(1996) [IZXW e BSN TRy, Mt
BEEDOAI)—= IO O T, AR
TIZBI RO JE 2 AL U3l A 2 Tho L
HEINTWD, LHAIZET Root Bending Assay 7L
722 A RO ERIE, 100 mM 253120 T, NaCl & &

D EFHLEBITRESCMITIE T L= (Figure 4) . ZO8E00>
7R TR BIARE DR OFRARE R EFEIL TR
(Figure 2) . EFEIZIROJE #hIE, ROMaEEE ) E T
BZDHBGETHLHI LD DY, I RIIREOIRE THD
& 2B, —7J7, Root Recovery Assay (Z&OfE{ARD
EIERERDIZEZA, NaCl EEMN 275 mM £ T
100% CTh-7=08, ZNEBZDHEZRE T L (Figure 4), 2
O dh BRI E AR IR R RS D A7 R OGP ARG R EFEIL Tz,
RIZHY OW KGN THAZEND, IROEIENAEE
EHETHEEZ LD, NaCl D IVEEM7 et 252
FCTHY | AROETEOH]EIIEIZEIZN OO B
135S NDH3, Root Recovery Assay I, FiRFkEF I
ACH LA &8 AN — A& JEBLC & A it M R A
EERDATREME 2 R LTz,
2. LARIZHITEHIAAXFT AT DELFDHEEM
VT 5T —FWFAITANAD 35S DIH7REF I
BT ERBESE 70— —% AW R B iR R
IE, BB EIIEGDENRKEWN, BB EMENRENS
OPDOREREELLIENDHD, =, IEARL AT TH
BN GHREFET HIE TR — 2 RESE AF
\CADEELE G2 520385 (Rohila, 2002) , Z D720
ANV AREZ T E XD BB R G o A e T DR 2
BB T HZENEEN, RKITIZRD AN ZAFHENMED
IaE—F—% HWICE R EPEH IR0 T
(Rohila, 2002), rd29A BRI AR AT L TR
MOEREHICHEINLI B+ THY, £ mE—4
— A AT BNTHERR T HZERHALNIT > TS
(Yamaguchi-Shinozaki 33U\ Shinozaki, 1993),
rd29A::GUS ¥ — CIEEERILZIT > 7- T3 D
LTy 2= DE R BIO T, RO FEEDELHIC
BOTHHMEAN AE H- 252 LT GUS Eis T DI EL
DFHEINTZ LD LARZB O THRIERIC rd29A 7
E—Z—MERE T HZ LGNNI o7 (Figure 5)
DREBI M4 —4vheL T DEIE I HE<HMES
L TEY, rd29A/cor78, kinl, cor6,6/kin2, cord7/rd17,
corl5a, erdl0 LW o7 KIRCHRIC LB E SN B
TR EENDENHEZN TS (Jaglo-Ottosen >,
1998, Kasuga 5, 1999, Seki &, 2001, Fowler 8L
Thomashow, 2002) . DREB1 Z @ HIFHHAIE -2 01X
FTAF OB, o, B, Ml Vo7 AR
AR TE LW A 7R L= (Jaglo-Ottosen &, 1998,
Liu &, 1998, Kasuga &, 1999, Gilmour &, 2000), ==
TAKFZETIL, LZ AT T DREBIA Z1H i AUIZ 38 Hi,
S 72 35S:DREBIA 7% —H L ONAR AFFE D
rd29A::DREBIA X7 ¥ —(Z XA SR AR H LT,

- 124 -



T, AR ES TEIZRH D 35S:DREBIA-18 [, 200
mM @ NaCl ARV A FIZBITLAEGFRBIOER B
Narbo— L ERE L CHEICH EL-, BLEICK
V. LAZAIZEBN T A XF R F D DREBLA A5 F&4
T DMEAT =X LS EET D5 2 D, ML 22
DIEHIZBWTAHE THHZ LDV RIBS T,

®5%NDEE

YEHM LT DO | FIZFRATL TR 9
FED 35S::DREBIA & 10 AHED rd29A::DREBIA %
T DM BN HD, FHTICH LT 1 R =
E—Th-o-Zenbh, v T abt —&FF O RGN E N
MMEEEESL COVDIAEENRSDL, T2,
rd29A::DREBIA DOZFICHONWTIL, FEARL A TFORL
EHENSEZTORWAEEM DR H 5729 (Kasuga b,
1999) . EHmENHE 2 HEBHE, 512, DREB #
LT 1E, v XF X F 72T TRl oL OEMFEIC
BIEESILTNWAZENS, LZAD DREB 8 [ &E {5 T
WZOWTHRARDUERH DA, DT Eis i
YD NI E 2 LB L T D A REEL & E TX
RN | FRE A OB TEARRPRBEISE L 808
THAUAMEMEDOEALZ LI LN EE Z TN D,
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Summary

A cDNA encoding transcription factor DREB1A was introduced into lettuce (Lactuca sativa L.)
by Agrobacterium tumefaciens-mediated transformation to improve the salt tolerance. As a first step to
establish the evaluation of salt stress tolerance of lettuce, the effect of stress on both growth and survival
were investigated. Salinity treatments were imposed by irrigating with nutrient solution containing
various concentration of NaCl. Plant growth parameters such as total leaf area and dry weight were
reduced gradually with increasing concentrations of NaCl ranged from 0 to 200 mM. In contrast,
salinities up to 100 mM did not affect on the survival percentage but more than 150 mM NacCl
significantly reduced it to less than 40 %. Therefore, we concluded that early growth retardation might
be one of the strategies for survival under salt stress. The assessment of stress tolerance in vitro by both
root bending assay (Howden and Cobbett, 1992) and root recovery assay had the similar tendency to the
result from hydroponic culture. The rate for lack of root bending under stress, which is a sign of growth
inhibition, showed the dose response curve in parallel with that of dry mass reduction. The root recovery
rate after removal of plants to normal condition also showed the parallel curve to survival percentage.
These results suggested that combination of root bending and recovery assay could be a rapid and
space-saving method for evaluation of salinity tolerance of lettuce in vitro.

Both 35S or rd29A promoter and GUS or DREB gene cassettes were successfully transferred to
lettuce and transgenic plants were obtained for further analysis. GUS activity driven by the rd29A
promoter was induced by desiccation and that by 35S promoter showed constitutive induction. A
35S::DREB1A-18 strain showed enhanced survivability under salt stress by 200 mM NaCl compared to
control plants. These results indicate that the Arabisopsis rd29A promoter and DREB1A gene might be

potentially useful for producing transgenic lettuce that are tolerant to salt stress.
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