BhpEs 1116

L2 ZD[EMEE A B #E U7 DREB FRFINEE ST BB - AT

FE M

M RF R e TR

¥t = DREB(Dehydration-Responsive Element Binding factor) #1x1-1&, BREIEMALIK 22— R L THY, FEIS
BN T RED T 1 — X — W AFE T 5D AR 1D DRE (Dehydration-Responsive Element) i 51 (TACCGACAT) %
RIRL TR AL, BB T OFRBA(EET D, DREB B5 FAMRIFRBI T HG10, SESE W\ Tz
AR AR ATt A PED ] EAFHERIN TS, LEZRITER DK 1050 1 % 55X 7FHIBL  RbIEES
WD EEBEIIHCTHH A, MHHEIEDTI DI FES LTS, HLL AR AR R E A 5§ 5283 C& 27
SIE, REBEBICB DHEFHFEOIE R IFFCE D, LAANC AtDREBIA BI5 1%L X AIE NN AA T T2 hE T
HZARL ZB L OMEAR A N IZBITHEFRIBLOVESF B EDEINL | &R 723, LEAD AR At R 5
L TCWAZENRENT, LOLRNG, (EHESN T E L ¥ A3, AtDREBIA %38 N UT-hOEHFEL i35 L
U7 ED BEEWMEL EHE T EDOWL<SD TIEZehofz, ZORKEDOUESEL T, £fE DNA OEATHD
ZENEZZ LN, £ T LXANIED DREB fHREINEELS T (LsDREB) L 4 AZ B\ TR BLSE7- IE ik %
TR 22 LM HRAUT, AtDREBIA Z W2 3556 KOG BEEIZ AR A M B3 58 TARLTZ, 22 TAMFETIIL
ZADIMEENER % HA9EL T, LsDREB 8As+ O B, FEBUFHT, 3 LOBRREMEANT 21T o7, LA RINDHBEL -
LsDREB2A HBIn 132 —R 9 DXL "7 BI1TIE, BBATY 7T VELSIRB LY AP2 RAL U BFAEL THRY |, S5 HIEIA 1
THLZEDHERNITET -, LsDREB2A DHEE T X/ BERCHNIE, hDF 7 RHE & m ERIVEZ B L TRY, LZAT ) ANIC
% 10 ELL EOabt =R FETHEE 2 DTz, LsDREB2A D¥BT, ABA, /K, (KR, BLOEEIZIZGNE L2072
23, PEG & NaCHICRVFHEES Iz, 7V 7R v EADRE S GST-LsDREB2A il 5473 7B 1%, DRE Z 47 A9 78
L CHEA T DREN B FF O LIRS, T, BERT AT VYR T A DOFE R, fE BRI TSR ML RED
FFOZENALINEIR T2, S aARXF AT\ LsDREB2A s T A MR BLSE /LA ar be— Ui KOs A RIS H
U E R LT,

LBz X0, ARFECHBECfRIT 21T -7 LsDREB2A4 73 Z AD HTAR A B D8 EHIHIA 22 —RL b2
EMTRBENT, A H%IT LHRIZIBWT LsDREB2A BT BRI EHZ LTI, RO 54 T2 e
ZTWNB,

1. EEH

L AT R OK) 10 73D 1 2 EDLF7FHIJEL .,
ZOHTHRLHESN TS EEEFH THD, H=
TEM ChHAHL X AL, BHAD IR IR H K20,
FDTDRIGEIRE DFEECTRIEDLG AR FEFTAR
SO LTI, A RIZHY T S AL E
2720V ORBUR TH D, AETH, HOFLERAIZR

BRI LV o Te RIEARNED BT, L XA
EHEWRZ IO & DA R O S BB L . ZE
st 52 end s, 2T, ARERETHE Ot
M Sh A BAJE CEAUE, BUELD S IRHIPH O 1T E
LCRICANDZEN ATREL D | kg D il 2 Bh< el
HEBNHRDEE Z 5D, LA ADMHENET AR
BBz L~ TH72 5 A3 (Shannon * Grieve, 1999) | FLikH
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MRS MRS @ OEI S A3 FES AL TS (Ashraf B, 1994)
Bl ZIE, HHRRE 1.3 dS m' (=11 mM NaCl) #i#8x 5%
ABIR T (Ashraf 5, 1994) , 5.2 dS m™ (=55 mM
NaCl) TIFULEDS 50%782 3% (Orcutt+ Nilsen, 2000) .
ARG TR L XA ] ILIHZ 4 T 12BN TH RO
FuRE RSB | MEAKIEIREE DK 20 43D 11ZH72% 25 mM
D NaCl ALERE N AT -T2 A, 50%Lh_E DI ED K
HUT=Z e b DRVTEMER TSN WX D, FT, -6°C
OIIRIZ 10 FEEEBIEDE 90%LL_ EDOERAFEFES
HZEMD, WEICLIT, SOICHEKEILE 21 AHT
90% LA L DABE DG IES DT LSS EA20 | itz
B EORMNRH LI ENRENTND,

T O BB oA PE B il R DR AR BRIE AL A
ZIE, Bz, R IR TN, TIVHLD AR AT,
TN D K 53 3T B L OGRS 322 812k - T, Al
HOWEIRED ERZFI &R T LV mTIbmL TRy,
WP ERIBIEAN AL L TEZDLIENH KD, HEW)
T, ZOIIRBBEAN AEZ T HELED AR A
JSEMEE G T ORBE AR NS XEZSND, £
T2 Z DBFRIZIB T, MR LE D ABA ARSI,
AR AT HEOEAFI BB R T R eB 2T
% (Lang &, 1994), 72721, #ME0D ABA 73, AL AIGE
PEB G TS T DAL URWEA ENBY DA
LA 7 ARG ITIE ABA (RT7EEE ABA FEAF
PED T 7 BFAET B Al BEMEDS /R EFU TS (Zhu, 2002;
Shinozaki %, 2003 ; Yamaguchi-Shinozaki + Shinozaki ,
2006) ,

BEETIZ, MMM THaE, (KR, AR 2
IZE o TEICHREI SN ZLOBE T ARIESNTET-
(Ingram* Bartels, 1996 ; Bohnert ©, 2001 ; Kawasaki ©,
2001;Kreps ©, 2002), ZNHDOEIETEFIHALIZ0TF
FEANEEANZTRD | FRC AR AR O I TI
FELWHEZZT TS, fl X, vaaxF X
(Arabidopsis thaliana) D Na'-H" 7> F R —4—%a—R
3% AINHX] B In T2 RIRB ST mA X XT0k
~ b OB 1, THEMEAZ I RS 72 (Apse D,
1999) , F£7z, ZV o _EA A A AR Bl R
ThHHARAXATIVTeR-TeRknsF—Eaxa—K75%
BRI E 2=V E, 400 mM EVI)ED
NaCl 2 IZB W TH R L7z (Kumar 5, 2004), ZOLH

IR EDBER L VB a— R 5 —DDBE 1%
RIS FIELITRNT, Z<DOAN AR # MRS
TE—ZFIBSEHZ L TMEEZ 53 5 Ab e S
T3,

BRBEARN ANENEE R D — DT, 1d294 EI51H3
%%, Yamaguchi-Shinozaki * Shinozaki (1994) {%, ZDi&
BFOT BT —Z NG, FlE, KRR, AN ZR
ENERAR T O R BRI R 2 7= 9 ABA FE(K
17 M > A K + ( TACCGACAT ) % %% % L . DRE
(Dehydration-Responsive Element) &L7-, Z® DRE B4
(R RANCHE G T DR G 74—~ 9% DREBIA &1x
TR rAXFT AT RS (Liu 5, 1998),
DREBIA 1%, FIRIEAN ZSELUTHHEL, Pk
5 O7 e —F—HikNIZH 5 DRE EANIZAEAL T,
Z OG- &ARETT 5, BLFINIZIE DNA S G aikE L C
AP2/EREBP KAV FAEL, ZOH THRFIC 14 BHHD
N N9FHOTNEIEE, 3T /HH DT Z7=7 DRE
DR EBE 2 EN 2 - TV (Sakuma ©, 2002) . F
7o, BESI D N ARSmEIIZ X, B T 7 v a g Els )
(KKPAGRKKFR) 73%Y (Raikhel, 1992) . & LI=4 /<
VENEBRERBATI A R 280, REuZ 25
BR G S H TV D (Sakuma B, 2006a;2006b) .

INFETIZ, vaAXF X5 D DREBIA (LLF,
AtDREBIA) %8 FI RS- R i) X, A3
7777 (Jaglo &, 2001) . 1% (Oh B, 2005) , #/ =
(Kasuga &, 2004) , 2+ /71 (Celebi-Toprak ©, 2005) .
*7 (Hong 5, 2006) , b~ (Hsieh &, 2002a;2002b) 72
2L ORWWFEIZB W THEHESN TE T, ZROITBRTEAR
VAN Z R UTZZ D, AtDREBIA DSEDBEZR#UZ
BEBET A LM RES -, $£7-. DREBIA DREOT X,
2 uARXFT AT OIS AT T 7 TF (Jaglo 5, 2001)
4 (Dubouzet &, 2003) , ZAF (Vagujfalvi 5, 2003) , 4
Z 5% (Xue, 2003) . h7ER=Y (Qin 5, 2004) . h~h
(Zhang ©, 2004) . A7 kv (Kitashiba ©, 2004) . 74
(Shen &, 2003b) . F7 4 (Hong*Kim, 2005) 72¥, %
BRI B W CRESILTEY, Wb EREAR A
MED A G2 B 53 A2 EAVRIBE LTS,

T4 1XZNFETIT ADREBIA Bin 1ALV XA TEAL
B ARZEH L, ZOERBBEMIT LT, T Ok
BB AN ZAB X O AN A FICBIT D EFRBL

- 164 -



OMVELZE BB AN . AtDREBIA BIGTF05, LZADAR

VAP EIZTF 5L TODTED RSN, LILRAh,

TEHS TR L Z AU, AtDREBIA %8 A\ LT=fthd
T FEL i+ B 210 LMD E AW MEL , EH
I T R DWKE D TIER D -T2, ZORKNEL T, Eis
FELAND R DFEM COEATHLI-DIZ, BB T
DOREBBLOFRE R T ORBFENRERETHLHE
MNEZ BN, ZOIIRBGHIARIZB N THHERH
Y. AtDREBIA BInT D575 T3 257
O, WFPRBNZ L > TorA XF A TIHRIEAR A
AR TILHLIE AN ZADOMHEN A L3578 | MittE%
B2 AN ZOFEFAIZZED TS (Oh B, 2005), 772
b, DREBIA a1 DA —>aZ MFEL TH , i
EH D7 T IARERB P EET DA et n o5, 2
T, LXAWNAED DREB FARIVEEAR - (LsDREB) %L % A
IZRW TR B ST E R AR T 2282
KL, AtDREBIA % FA\NT-5546 X0H BEEE (AR AT
PEDS A BT HE AL,

L RIZ XD AEFFECIEL 2ot _EA B gL
C. LsDREB BinxF O HAE, FEBUFAT, 3o LOBEREMAT
{1577,

2. RAE
2.1 #EsH

L # A (Lactuca sativa L.) ffl [0 LYZ 4 (X AFl
HHERE) 2RV,

2.2 AL RALEE

MR 7 H B OSAEZEREL D5 &, AR
L AR AT~ T, W ARL 2L LT 1% PEG K.
HEARL ZMLELE LT 250 mM NaCl &%, ABA ARL Z4L
HELT 100 uM ABA K ZEWZS v — L2, ENE
NV FAREORER LT, ZK8KIZIVFEERIZALB LT
HOZE XX (H0 MR X) & LT, Fo, ARIRAR A
5C. @EARN AL 37 CTENEVILE AT T T,

2. 3 LSDREBEIFDIA—=2%

Sepasol RNA super [ (7747 A7) % HWTHIHL
7= Total RNA 75, ReverTra Ace-a-First Strand cDNA
Synthesis Kit(TOYOBO) (ZXVi#fi#r 5 417> cDNA %
#37-, =@ cDNA % #8512 C PCR %717\, DREB #{x
0 AP2/EREBP R A1 Z1—R 9% 400 bp ™ PCR PE

WEGT-, FRL7= PCR X TOPO TA Cloning
(invitrogen) ZfE ML, i D7 b |ZHEC T/ —=
T EATOT, IROT AT a— NS T T AIN L,
BigDye Terminator (Applied Biosystems) |Zd&0s —27 T2
VT RIGEATV, ABI3T00 ¥ =T 47T F AP —
Lo THRMT L7, 51&#iZx. 5° RACE System for Rapid
Amplification of cDNA Ends, Version 2.0 (Invitrogen) % ]
WT 5 RGBS DI —= Tl — v T AT
720 37 Rumhcsid BST HOAIER LT T4~ —%
T PCR IZEDIEIREL, [REROEAEZAT o7, BASHIIC
142K cDNA O HEEZ 1T\ NCBI (http://www.ncbi.
nlm.nih.gov/) ® BLASTX 7'/ Z L&, o4
FEDBARF- L O RIMZFHIL 72,
2. 4 YHUNAT)FA(E—30

7 737 DNA O, illustra Nucleon Phytopure for
large samples (GE Healthcare) 2\ C| fHEO 7 mh=L
Aoz, L7210 ug 47 /37 DNA % BamH 1 |
EcoR 1 | EcoRV IZL->TFHERITHL LT, 1HILLTZS /3
»2 DNA 1, 1.0% (w/v) 7 m—25 0% I TR AR
FaiTo7z, X TV—IkIZED, ZLdd DNA Wik
FAr A7 (Amersham Bioscience, Hybond-N")
KR T LTz, e —7 DS BIONATIVF A —T 3
I3 AlkPhos Direct Labelling Kit (GE Healthcare) & H V>,
MHEOTrhanlZisTiTole, 7r—7121%,
LsDREB @ UTR Kila & e R AL, Bitid,
Amersham Hyperfilm ECL (GE Healthcare) Zf£ HL | ==
I CEURFRHIE T BB B L OE S DBRIEEAT o7,
2. 5 Real Time PCR

EFd2. 3EFERICLT Total RNA ZAilifL | Prime
Script RT reagent Kit(Perfect RealTime) 2 fHL , D~
BRUCHEL TR G 2AT o 72, WA EICLV ALY
cDNA Z##RNZLC, LsDREB2A. EFla #inT-ZhEh
{22V T, 100 bp OWT R ASEIES LA I T T A~ —
ZaxatL7c, ¥ —~ %1277 — (Thermal Cycler Dice
Real Time System, %173 A A RS 1BV L, T2
7" OFF 95°C 10 % 1 %2/ 727 OFF 95C 5%,
Z> 70N 60°C 30 Fb% 40 A2V, Z> 7 OFF 95C 15
. 727 OFF 60°C 30 b, 707 ON 95°C 15 f% 1
AT NDOIIRE TR LT T —Z DT AT o7,
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2.6 FILIINTvEA

LsDREBIA @ ¢cDNA O—i% pGEXAT-1 74—
GST Za—RJ LD EifIZHH A A B KIGH
BL21(DE3) IZJPE sl 7=, {ERk L7 LSDREBIA-GST
X R BERERL FVU TR T ATV,
wild type DRE(TACCGACAT) L2 % A7~ mutant
DRE (TATTTTCAT) Z T2 75 bp @ rd29A 7' &—4—
D—EBEDFEA IS EAT T2, 8% DRV T 77U T2
KAV C4r#EL . SYBR Green THefa L Crl4R({KLT=,
2.7 BEIUNAT)IRT A

wild type DRE &, 28 8% A 4172 mutant DRE Z 5 ¢¢ 75
bp D 1d294 70— H—D—EREESNC 5 HESET
EFICEEX | pHisi-1 /¥ —WNIZa—RXi7- HIS3 #ix
FO_EWRICHE AL, 7=, pLacZi XX —NIZa—R
N7z LacZ &fn+ O RIS IFEBEICIRALZ, 260
DNA Fid 412, CLONTECH ® Yeast Protocols Handbook
(2> ClERE YMA271 #0077 7 5 DNA IZE AL, His 3
£ Ura &5 F72\ SD #R7°L—h (SD/-His-Ura) (Z T
HWNIAY I T T RO Te k&L AR — 5 —Fifii b LT
B LTz, 2D LsDREB2A % YepGAP 74X —|ZHl
NI BERF DL AR — & — ZRMICTEE 54 L | His, Ura,
Leu &3 E720 ) SD EFHIIZEAT L C 30°CCHH HkEEL
77
2. 8 OAXF AT HEGMBMADERS

25D LsDREB2A % pRAFLENTR 7% — (Ogawa b,

 O<DREB2A

AIDREBIB

PIDREBI

AIDREB2A

~  LsDREB2A

L¢eDREB
DvDREB2A

HaDREB2

2008) ([ZHFAL ., 7 —h7 AT AT AIZED, pGWB2 2
H—D 358 T aE—2—O Tl % 7= (Nakagawa
5, 2007a; 2007b) , ZDONRYTH—TFAIR E B RS
=77 a7 7In A GV3101 #iE | TEFRIEEIC LD Ve
AXFTAFNEGR ST, AEEATV, T~ AT AD
DRI TR A2 @R $6 LT BIbSE72%. Al
ZFDRMARAEG T, ZOMIRUAZEY T A AEHIL
AT I,
2.9 RRLREAER

HF~wAT U EWRMUTE MS BT L 35S
-LsDREB2A #A#a X ¥ D 4 H B DFE/E%E | MS Ktz
AR EIZE W, 3 hr— Ll pGWB2 74—
KB ANUTRE IR F 2, 3 B4, 200 mM @ NaCl
WA INZ . = O— ARG E R AR LI,

3. IRHER
3. 1 LAANLM DREB tBRIMEEEF 0 BBk
L—RIEIZXD, L E A DREB FRRINE & 1% HiE
L. ZO¥E RN LsDREB2A £ L7T~, LsDREB2A OHEE
TBEEANCIX, BTV T OVELS RO E
N TNEIVER, BT T=0%9 AP2 KA R
W8 CE AP RGN 1D A2 77 —F 1Bl T
BHEEZ 5T (Sakuma 5, 2002) , AR A VERRLTZEZ
7. %270 DvDREB2A Rt~ HaDREB2 LAH[FIMEAS
W ENHAB)EZ -7 (Fig. 1), LART JANDEBE

Fig. 1. Phylogenic tree produced by CLUSTAL W shows
the relationship of the isolated DREB2-type proteins
from different spices. The neighbor-joining tree is based
on an alignment of the complete protein sequences. The
sequences used are from Dendranthema vestitum
DvDREB2A (EF633987), Helianthus annuus HaDREB2
(AAS82861), LeDREB

(AAN77051), Populus trichocarpa PtDREB2 (ABO48361),

Lycopersicon  esculentum

Arabidopsis thaliana AtDREB2A  (AB007790),
AtDREB2B (AB007791), Oriza sativa OsDREB2A
(AF300971).
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FFEOa—EER DDA TV A —
A EATOTMER, 10 KL EOASURPRHESN (T —
ZFEFeH) o
3. 2 LSDREB2A M FIRFEMT

U7 WH A PCR JEIZED | k% 72 AR ATk T 5
LsDREB2A 851 OINEMEA A LT, LsDREB24 Dz
FREMIE. ABA, /K, AR, BLOER CIEEME L2
7273, PEG & NaCHZLDHINU 7=, NaCl BRI, 1 IRFfH]
PIWIZ mRNA 2832GRIZHIINL | 24 BRI IR ~L
? 530 {57~ L7= (Fig. 2),

3. 3 LsDREB2A MDHLRERRHT

LsDREB2A O SR fNT 3572 AP2ZRAA %
Gie L RBED— % GST DT EAFF TRBENT
FEHSE T, KR 72 GST-LsDREB2A %>/ 7/E L wild
type DRE(TACCGACAT) , mutant DRE (TATTTTCAT)
Z &0 75 bp D rd29A FHE—X—D—HE VTSI
VINT e A% T T, ZOFER, LsDREB2A #2774
%, DRE ZHRAICEHRL TES T2 NER>ZEn
R (Fig. 3) .

600 T H20

400 1

L]

200 1

relative expression

NaCl _I_
1

0 | 3 5 10
time (h)

+ :"";I—I—l:
3 5

24 0 1 10 24

time (h)

Fig. 2. Expression patterns of LsDREB2A under different stress conditions. Real-time PCR analysis of LsDREB2A

expression in lettuce (Lactuca sativa L.). Total RNA was extracted from tender leaves exposed to H,O (left) or 200 mM

NaCl (right) for 0, 1, 3, 5, 10 and 24 hours. The relative expression values were represented as ratio to control (under

non-stress condition). EF/ o was applied in the standardization of LsDREB2A. Bars refer to standard error. Bars indicate the

SE of 3 independent plant replicates.

WT MT

Fig. 3. DNA-binding affinities
LsDREB2A protein to the 75-bp fragment (positions -219 to

of the recombinant

-145) of the rd29A promoter. Upper strand sequence of the
75-bp fragment of the rd29A promoter including wild type
DRE (WT) and its mutated fragment (MT) used as probes. A
recombinant GST-LsDREB2A protein showed DRE-specific
binding in gel mobility shift assay.
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KIZ, LsDREB2A @ DRE #E A REL R GG ML RER 7
BT L7720, BRI ANAT VYR T v A %4757, wild
type DRE (TACCGACAT) % 7 D REL AR — & — R IZ
LsDREB2A %3 AL7ZGAIZIRY, ATV ARk E
I 3-Amino-1,2,4-triazole Z RN 7-E5 HCHFEREAE
L., B-gal 7 EATHOEZRELIZZE) D, LsDREB2A
75 DRE B8 AR BAVICRERRL TR G L, IR T2 TE M LS
HHZENHBD L2572 (Fig. 4).,

358 ' —H—% H\ T LsDREB2A &5 1% A X
FAFIERRE ST L 25, MHETEZ S L7226

DRI NIz, NI H—DHE T EIRM L o hr—)L
OREIRIZ. 200 mM NaCl @ 1 JHROALFRZ XD 43.3%
LOMETFL 227357273, LsDREB2A i@ FIFEHUAIL 71.7%
BEV66.7%EA BT HWAFERE R LT (Fig. 5),

Fig. 4. Yeast one-hybrid analysis of both DNA binding
and trans-activation abilities of LsDREB2A. The entire
coding region of LsDREB2A was cloned into the yeast
expression vector YepGAP and used for transformation into
yeast carrying the dual reporter genes HIS3 and lacZ under
the control of the 75-bp promoter region containing the
DRE or a mutated DRE (mDRE: MT in Figure 2). The
transformed yeast cells were examined for growth on
synthetic  dextrose(SD)/HisUra Trp° medium in the
presence (+) or absence () of 10 mM
3-Amino-1,2,4-triazole (3AT) at 30°C and tested for
B-galactosidase activity (B-gal). The wupper half part
yeasts  with  DRE
LsDREB2A/YepGAP or empty YepGAP. The lower half
part indicates with  mDRE
LsDREB2/YepGAP or empty YepGAP.

indicates transformed by

yeasts transformed by

4. & B

DREBBI& 177V —I%, Al-6 DY 7 T N—T12531F
%HZ LN TE, DREBI/CBF ¥4~ 1X Al |2, DREB2 #A~
% A2 IZZENEHUEL T (Sakuma &, 2002) , AFFSE
(ZBWCLH AL HEEL7- LsDREB2 % A2 7773

—ZADEEZ LN, A2 VT N—T I E T Dilin T
DL, ABA FERAFRITHER, S, BLOEIRARN
RIS TEICHESN, Al YT N—T BT HiEs
FDELIIRIBAN ATHFEINDZENHLNE/ 2> T
W5, Bl z1E, A2 77 )V —F D DvDREB24 HBJI O
HvDREBI %, W%, @i, BLOMKIEARN A CTHFHEIN
% (Liu 5, 2008; Xu 5, 2009) , LsDREB2A 1%, Z#E AN A
BLOHAN RZIOFFEINTH, KRS ABA Tldih
WD ST-Z 805, ABA FEIRIFIREARL 2D
T FIARZERIZE DD EE 2 BT, LAALFRIUEOX
7R~V EITD DREB2A DA —Y a7 il AR A
WIBET D05, LsDRB2A 1 3GE Lo 7= (Liu 5, 2008;
Dr'az-Marti'n 5, 2005), LZAD ) YA X%, 2,300-
2,700 Mbp EHEHISILTEY, P rAXTF X F D 17-20 1%

Fig. 5. Overexpression of LsDREB2A increases salt
stress tolerance in transgenic plants. Transgenic plants
were transferred to filter paper containing 200 mM NaCl
solution. Two lines for 35S-LsDREB2A (1-2, upper left;
1-3, upper right) and a line for a control pGWB2 (lower)
were used for evaluation. 20 plants were used in each line,

and each test was repeated three times. Bar indicates 2 cm.
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\ZAH24 9% (Arumuganathan Earle, 1991; Michaelson 5,
1991; Frijters &, 1997) , > 1A XX F 3, 14 &0 DREB
Bfn1- (6 180> DREBI & 8 510> DREB2) % F§>D T, L¥
AL FIZELDOFRET PFET HEHE TED, FE
(2 B FoNATVE AT =S ar BIToT- 465, 10 ALL
EoURPBRHEN (T —2IEEH) . T CICHBEE
#&ZT\D LsDREBIA %58 (RFEFRT —4) | RENDA
—al INFET DIEPRIBI T,

AtDREB2A B 1) OsDREB2A %@ TR BLS - CHIRE
AR D AL AP XSCES RN LG | FRIZEA
INEEREN RO LR RIBS LTS (Liu B, 1998;
Dubouzet &, 2003), FFZZ AtDREB24 73 —RJ 54
NTE ORI, AOREIN AL BIFEL (Sakuma 5,
2006a) . # XIE DG RIZEADDY T NS TFRO
PEST B2 E £ T 7z (Rogers B, 1986), €D,
DRIP1 334502 (DREB2A interacting protein 1 and 2) (Df#)
T AtDREB2A 73268 707 7/ — ML > TSNS
ZENBHALMNER ST (Qin B, 2008), ED— T,
ZmDREB2A X°PgDREB2A % PEST BcslzF¢7=3", i
FBURN AN AMHYEZ RS E L LG LT
(Qin 5, 2007; Agarwal %, 2007), ZiLbHERIERIT,
LsDREB2A (Z1% PEST ELFINTFAELIRN-T-D T,
LsDREB2A 37X /BRI P72 ThymAXF A5
DOfittEz FEH LT 2B X b (Fig. 5) . ZOREFIE.
LsDREB2A 23NADFHHiA ST 72\ RG] 7- L L TE<
LEIRLTRY, ML X ADEHICB W THFIH T
LAl REMED VRIB S LT,

5. §%NDFE

BIfE, LsDREB24 %R BIS ST B EH s % 2%
TERRHCTHY | T, DBRFEN CEIULREM 24T MR DD,
ZDilittEfE% . ADDREBIA WEHrHal # AL LGl | fl
A OG- 2B EIR ST 52 k> TEL DI
DOEAEZHLNIZLTEWEEZEZ TS, £/2, T TIZ
LsDREBIA % WAL TRV, ZHLOMEE 12OV TH[HE
FROIRITZ 7RI TN B 2D,
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Summary

Lettuce (Lactuca sativa L.) is one of the most consumed leafy vegetables in the world and its productivity is
dramatically decreased by environmental stresses, such as heat, drought, and high salinity. Improvement of the
stress tolerance of lettuce is desirable for the breeding of new cultivars. Isolation and characterization of genes
involved in stress from this plant would help us understand the molecular mechanisms of stress response and
generate tolerant lettuce by transgenic technology. DREBs (dehydration responsive element binding factors)
encoding DRE/CRT-binding proteins play important roles in plant response of abiotic stress. In this study, a
DREB2-homolog, named LsDREB2A was isolated from lettuce (Lactuca sativa L.) and analyzed its expression and
function. LsDREBZ2A encoded proteins with the conserved AP2 (apetala 2) domain, and it was classified into A-2
subgroup of DREB subfamily. It was shown that there might be more than ten DREB homologs in the lettuce
genome by southern blot analysis. Quantitative real-time PCR experiments revealed that the expression of
LsDREB2A was significantly increased by drought and high salinity treatment, but not cold, heat and ABA
(Abscisic Acid) treatment. This result suggested that LsDREB2A play an important role during drought and high
salinity stress in ABA-independent pathway. Gel shift assay indicated that LsDREB2A could specifically
recognize DRE (dehydration responsive element) sequence in vitro. In yeast one-hybrid assay, LsDREB2A was
specifically bound to DRE sequence and activated the expression of both reporter genes of His3 and LacZ. These
results suggest that LsDREB2A might function as a transcription factor. Since LsDREB2A has no PEST
sequence that relates with protein degradation, overexpression of LsDREB24 increased the tolerance of salt stress
in transgenic Arabidopsis plants. These results indicate that LsDREB2A gene might have ability for producing

transgenic lettuce that is tolerant to salt stress.
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