Bhpk#& 5 1021

M7~ T DM B 53 28 s & W T iE M O /E H

@ AT, OOl R

FOR R TR R e Tebe

B E REWISH T 2RI LA E T, RO RIEMOINEE T T 550 RERER THL, AR A
H GNP A b (R 86 F8) [ PED B EHI DI LD B AR R A 5e IR T~ 272012, o7 E DBREE AR AITHf L
THRWVEEDZAEH T 22N BEORELL TROLNATND,

WL T <€ (Zostera marina) 1, B ARE ORI RONBIEKIEOHE T T, A RCLFX ERIUH 2RI 5y
HSNDHTEN D, b LA BEEY AR BR B #)S - L LT Th D LB 2 HIVTWD, KT, B2 EAEmIc &>
THERE AT RT L) 28 3% GTelinb, ZOXREERERE T CAES CEDREMITIFEAEFELR,
ZOINT, WEELIERE EREIC e o TR EREAL TN D 5% 2 85 TR eV LW BRBEISHE I LAY Th D, A
WP TIE, MR T ~ EOMEMEZ D B F 2RI AT D LI Lo TR EZ A 59 5 282 et HREL . 7
< EDLIMHEMEGE B R 25k, ©F WY aA X X F (Arabidopsis thaliana) oA FIEL - HAL, ZHE
1B FEAREN DU NTIHEAE « T Ez 8 « T PR O R 24T - 72,

7 EDRATENORERLTZ RNA 725 cDNA 747 ) —Z/ERL | KEGE ~EEA LT, 6% DO LN T L%
INUTZRE - CRZY) — =0 7 %AT O T E~O B 53] S D85 1 (cDNA) i8R U7, i@z 4 FEO
cDNA (C2, C21, C81B, C107) ZE7 /Wil uA XA FIEAL | HONTEE - E AR T, - izt - KR
AN RZAER LT OR BRSO, 77 DU W7 ORIV E B IRINU T CORIEREENT LT, Z DRE R,
FERERINDHZ L R EHa—RLT5 C21 BB DE AL T - REBEAR R T DitE, =T L S ENER
[K]-¥- (ethylene response factor) #1—RL T\\5EE 2515 C107 BIn DB AIZL > THURIRAR RT3 il E A
BEXNAHZENRBENT-, R LIETOFZENS T ~ DM 53 57 RIS CO A HI I ok
ATPase BInT (ZHAID) ZAITHAL, ZHAI B FHBAAROMEMNEORERE T 522 AT, Lol bk
ZHAI BAET-EAARIE, UWEEMSE A RUAR AR LT D2 L3 TEen o7z,

T =EHERD C21 BARTF1T. T A XT AT ~DE AL - T - FR AR A~DI RN 2L L2, ZDE
AR T8 HBIE AW TE AR LR L7256 L BB DB, ML, T DI E DA DRIV B
XN T VEM DI TG 50 & 0O 728 5 @I85 A RetE RIS -,

1. EER

RREIEIT 21 R KOETHY, NEOE e n
RE/R AL R ST D7D IR L 22 TR B i
ThD, BRAEWIIK T DRz ECEIC Lo E 1, A
DRVEMONEE T2 Rb KRERFE THDH,
IR N AN EAL (M2 S5 AR) (ISR B E L DI 12
FHBBARRETEART H7-010, HilPH 22 DBREEA

L AIZKR U TR EAEZEIN T 02N R OREEL
TRDHOLINTND, HFOFHOKT 20%, HEREHID 50%
ISP FEICEABELZ T TWHENDILTNAZ EN)
B VEIT KR DU AR ATHPEAT G135 I R
FER T % (Rhoades and Loveday, 1990) ,
EREOHIZRINDZ LI L > THEMIE, KR T v
FILOAR TR0, MBI O A A OTEE IR AL, BEETE
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PEDIK N2 L O EEZ T 5D, TORET, Bkt kFEE
FUDE LT IEEERFE AL 2 RECI AL, D
B BN M S LRSI TS, FEIE,
ZRBOERNZHL TTaY R0l VR A 7e 8 D
BWEOFEA ., MR L ORI vk R 728D
AT OFEEMEAERE TG R FERR BEER O EFEETT
ZETHIZ I AR EZ i/ NRIZHI 2 5 (Hasegawa et al.,
2000; Zhu, 2001) , L2>UHEEA~OISENEITHEDFRIZ L 5T
x THY, A%, aLF, hyEnai el FEEHD %L
13100 mM FREE DI THAF I EICERE N HTLED
7, EHEREOS OB TORE ITEL W
(Greenway and Munns, 1980), =Z CZiHDH HIEY
AR 728 AL Tl 2 5322 L2 R JE Dt
BT,

WL <€ (Zostera marina) 1%, B AREHOHEFIZ A
BIDIEAKPED B FHEY) T, AR LK L[A U B 1 Bk
WO FESND e, b o B 1 BEREY) A3 e K BR 55
(ZHEIS - EE LT THDHEE 2B TND, HEKIE,
B2 PRI &> TR E M G RID L) 2K 3% &
TED, ZOI SR E R T CAEE TEDEEY
7RE DR EREWITIFEAEFLELIR, ZOXIIT, EE
Xk BRI Lo TR EREAL TN D LA L B E Tl
KREVI LR BERICEH IS LT Th D (] 1), D7z
B, T EBIIERE O A G KR TEBT T 5720

(AT DMHE RS FEEL TODEERDND, e,

TR ARIRE DT YR LR U H T BRI S0
SNHTEND, T EHRDOBIEFIE, ARREDEY
(R AT 528 E - TR IE MBS0
LB 2 T, AW T, T < EOMME M A B R T
EAEMICEAT DI LI Lo Tl 5352 8%
RA&EBREL, 7B DMEM MBS 128 kL £
T IABY) T v A XF K (Arabidopsis thaliana) 24 1IZ
BIRFEAL., EIHEEFE AT O TIHE -
MR RZAENE - TR PO R A1 T > 72,

2. IRA&E

2.1 PYEBXROMMEEFEHECFDORY)—=2Y
T R T AR OV R O T~ B A BRI

L. W78 T AN L AKIZTRAELTZ T T 7R 7e 8O

W ERER . RRGENLT T =T A R— e A

B 1. #gEET ~TORE (TR, TR EETTRY

U2 RNA SREIZ T, RNA ZRERIL7-, FEHIL7- RNA
OREZEL, 70— AEKVKE CHER%E ., D RNA %
AL GRE R 2 AV C cDNA A kLTZ, £ D
cDNA %7 Z7AIR pUCI9 |2 AL, K% E DHSa fRIZ3E
ALTz, ZOINZLUTERR L 727~ cDNA 747 7)—
ZE AL KIS HE A, 6% NaCl ZUSINU 7=k TRz - %
IV == TEATO TR E T 112 7u—0 %215
T2 ZHD 70— 2 R REIEA LA —=
Z0I LT, 15572 cDNA 71— DO LR 2
L. BLAST JEIZED ¢cDNA Z7a—rRa—R§ 5437
BHEHETELL,
2.2 YAARXFTRAF~ADEEFEA

KIGEIZEDAI)— =2 70 fFon =4O T ~%E
H3k ¢DNA (C2, C21, C81B, C107, & 1)(Z2oW\C, AV
T —FFAITANAHFKD 358 T rE—H—%fH
L.\ FEAM7TIAIN pART27 (T AL, /ERL
T IAIRNET Ta TV MNIEAL, Ta—F VT 4
Y EITTE A X RF OB TFEA LR, 155
Niefi1%, D~ AV RN TAI)—=0 7L,
BONIERIRRIZ DN, /=T AT IVHE A~
T, BB T ORBL AR LT,
2.3 1R ~DEEFEA

AFXSDBAGF BN, N—=T ANV T VN = A
TLEFEMAL, 7EOMIE T 1k ATPase s 1
(ZHAI) D4 cDNA O Ll 35S 7'aE—4—%
L. pCAMBIA1302 (T4 A7z ARNT 7 MNeAERL LT,

-218 -



£ 1. WET ~ENOAY)—=0 7 St B s 1

sa—2%F 5 cDNA O A X (bp) FARMED & 58 s 1
C2 496 Glutathion S-transferase
C21 1496 Unknown
C25 432 Glutathion S-transferase
C27 784 Cyclophilin
C33 906 Chlorophyll a/b-binding protein
C38 824 Chlorophyll a/b-binding protein
C43 563 Cytochrome subunit
Co63 527 Histone H2B
C81A 358 Glutaredoxin
C81B 1339 Kelch repeat-containing F-box family protein
C105 897 Chlorophyll a/b-binding protein
C107 1214 Ethylene response factor

R NN—R AT TN AT AT O~ A2 B HN
BRI TR L . SOITHIMIR D T AEZ A T2,
2. 4 POAXFXFTDHEFHAR

TRARXF AT OFET- 25 RiEPRELELL7-% . MS 5%
Hik MS+ABA HHICHEREL | 4°COREFTT 2 H KR
WLERAAT 714 TEIEEE (22°C, BAH 16 BRI 8 IRE)
(B, LT EROEE T o LT SEREE RO T,
AREBRTITARDNHH TR TR IFL ARL TS,
2. 5 OAXFXFTDEDZKERER

TaAXF XS EEEE (22°C, B 45%, ST 16 K
il : 1) 8 WgfH]) CHEREMZ 10 H HkEEL. 5 @Ko Hh
EEOHEYIES TIROM FIcE S, EEOL (LA E
REAOICHE LT, JRSE L7z 3 [l EBRO S 2R T,
2.6 YAAXFRXF DAL RRER

BS BEHICHR AL, N —IF 2T A ML Tkt L7
7 EEROREE | B Ay T LB —ITB L,
LIRRIR DORDITHEA LT R 2K IR (150 mM 388
X250 mM) 23812 2 [7], 100 ml $*55-2 52 L2 kvt
M RILERZAT T2, FIRRICHEEE LT 7 @O K%
BEARY N EHBUIZN —12B L, AR KA1 1k
T HZEC Lo THRAN R ZA T o 72, $ - B AL
ARVER IR - FE AR IR IE B O FRE S L Rk IR o
Too ARIBARRIX, 5 Bl OMWIAE 4°C- K H (HH] 16
h:HFH 8 h) RO IKIR=ICE L CREEL 7=,

3. MIEMEREBE

3.1 KBRAZAWRI)—=UTIc&YBLNT-TT
EffEEIEEEETF

T ~E cDNA TA7 7V —%EALIZKIGHE %, 6%
NaCl ZUSMUTZE TR AR - A7) — =0 7 24T T
PR ST 112 7u—2258 2, ZhbDra—r %
FERIGEIBEAL AT ) —=0 7 403K L Fef&HIC 12
Ia— R LT, 2D 12 7a—2 0 cDNA O IR
FZ R E L, BLAST {EIZ&D, £354172 ¢DNA 71— 73
I—RTHHIEEHEE LT (R 1), SHIS, ZOH)
b CQUINVETFA Y S T A7 2T —F, Gultathione-
S-transferase, GST) , C21 (B§REARFNDHZ > /7'E) | C81B
(F-BOX %> /37'8) . C107 (=T L UGB MR B IA -,
ethylene response factor, ERF) ?® 4 FEDi& {5 1- (cDNA) |2
DN, BT U A XF A FIE AL, SFHNTE
{5 AREY) DR B A FRAT LT,

TNEF A SITUART 25 —BII T NET I LR
L CRRR b AKFEZRETHIBILEERE Th O LN FH
NTCND, ARIZBW T NETF 2 S NIV AT =2 F7—F
IR BSOS R W LK E ORI, I
T EINS A Z EB BRI RS AL TS (Gill and Tuteja,
2010) , =F LU REMERR G K -1, GCC box ZHi-DF
SRR BT DGR 7 ThY, mFLOATF LUy
AR E DRI T BB AL T DR 5 A R
THIENMEN TS, AALXH KD ERF RN
T aAXF AT TR BLE 5 LI U Cli e
AT EVOIEDHD (Jung et al., 2007)
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0.1

—

V.vinifera 7Ky

A. thaliana A4 X+X+
P.trichocarpa RS

R.communis k93<

{

Z.marina(c21) 7<%

P.patens EXYY T4

O. sativa_Japonica /3 T ¥R=}

P. tricornutum @M IEEE

—|—— O.sativa_Indica 1% A>T 1A

C.reinhardtii 7 53FEF+X

X 2. C21 X /0B BIXOZOIEI X778 D Rk

C21 B TEMEMEORWELE X, ARV A X
FRFENSTEEARZIICD, AV TR/ EDARAR
B, Bk O ZLOAEMNTHEL . BARGFSINIZE
LT THHZEMHLINI 2T, Wb EERER T
boTe, To. T<ED C21 X/ 08 1%, [FICE I
DAFOFFLZ 3G T, WA EERY ThHDHIr
AXFRAFRAREKTHLEAIY TR LOMFEPEN
Eiot=(X2),

3.2 PREEGFEAIAMXFTIFTDEINREK
B

B5 EEHICIEREL JEAESET- 1%, N —3IF 2T A MR
L, AR AL A THOPIEIR S (22°C, K B4 T
BELTAEM IR B LT 24 B T8 A A LB A4
B aAXF A F O TREUOBEE R T RO 700
-7 (K 3A, B 4A, K 5A),

NR—=3IF 2T A NCHIE L T B O AL, BNy
P ERELTZ R — I L LIRBRI3UKORD0IZ 150 mM
DAL T NID LKA ZTEIZ 2 [8], 100 ml §°2 5252
LITE ST, A AR AT ST, ALPRBHAAD D 2 3 ]
TC2LIBFIFEBURD I, DRI~ TED A{ELT-
EREDV DTN e IS L, C21 BB T2k TomA
X AT MRS LT e s (K 3B),

Fio, AR AMFEFTIZ R CTHEEO AR REL72 5T
%, 250 mM DAL T RID A/KEERR A IV CALERZ 1T -
e e, BETORMN—ERICA kL, #FELTZ, AR
ARLPRORR, RER 23R T DI 2 TRI DT,
{EF NI BREN ERS>TLEITZO IERETIZARNA,
150 mM FEE D LT R LB EETHAUE, C21 s
WS BAXT A FE M R T EARIBS L,

C81B

WT Cc2 Cc21 Cc107

X 3. 7EBETFEATTAXTFT RS OHFAN AR
(150 mM NaCl), A: AR ZAFFTOEY) . B: AR A
ELEH RS 14 B H O, WT: B ATEY , C2:
C2-1-4 #&, C21:C21-1-5 ¥k, C81B:C81B-1-1 £, C107:
C107-1-1 ££,

3.3 PYEEGBFEAIAMXFT T DEBEANX
AER

— AR 3R % T AR L AR L C @R D i 2
T ZENZNZD | HELISA D AR RIS DD
NS FTREMEZ S % | HEBEARL AT DWW THERBRLTZ,
NR=IF 2T NCHEE L 7 BERORM AZ , B RV
NPt 72 A0y NPl heb - ANV T ¥ 57 g S8 | P Nt el
S CHLEAN AL AT o T, ZDOFEF, HLEAR A4
HERRAAND 2 M T, C21 B T H AR TENITEA
EBRAELZRWERR Rbi, C21 BETOEAIZLST
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Mz 2 MG L= 2 LR S L7 (K] 4B)
3.4 PYEEGFEAVAAXRFT AT DEERAI R
C107 Ra—RT5EE2LNHTT LR E MR G A
TFUE AR, HRE AR AT E L T FROE S 7O E:
TGP HZEREDNTNWDTZD | R AL 23 BR %
{770, N—3IFaTANTHRIE L2 5 BEROFEMIAREAK
IR (4°C, B 16 WEf: M5 8 WEf) (T L Okt LBl
LBLT2EZAH, C107 BB B ARMLSN O R TITAR
L ZRLERBAED D 1 IR CHEICEFE (T b T =)
NEFELIAD, 5 HRHBICITROO 2ENRFEEICALN
7oo LML, C107 B FEARMITIL, EOABITEA
EEELRWEERS LN (' 5), ZOZEND, C107
BT OBEREIZI->Toes XX 2MEIRIZHL
CMHPEE ISR L7 B L T~ DB RS T
VT = OFEREPIZ DRI END ATREME S AR
B3 AIE T DA ASEMEEAR T OFBLAMZ STz

WT C2 C21 csiB C107

B 4. 7T~EREEAT AT XT OFEEAR G
BRo A AR ZSRLERRTOREY), B : HZ AR ZALERBH bR
514 H HOfEY, WT: B AREY) C2:C2-1-4 BK, C21:
C21-1-5 ¥k, C81B:C81B-1-1 £k, C107:C107-1-1 £k,

FER, Jeaks mA X RS AR T DI A DM T
DI STEWVIRTREMENE 2 bz, Ll 7o by
T = OERENBE I AON Y TIXEEOREHR
BULIET R T =0 INEREL 0D IE, C107 Bis i
AR DR D KR ESSLR RN MO AR B AR
W AERFE) L [RIEE T o722 LM, JilE ThD AlRENE
DIEWEHERIL 72,
3.5 PYEREGFEALOMXF X FDOFFHAR
TP, SRR & DR 2 e AR 2% L C L Fl AR
IR THDLT 7V U (ABA) R TF L7l &L
T2 T FIOGER B 2L CAR AT E D282V
HILTWD, 22T, T~ EHREE T EALTC A

WT E C2 C21 C81B C107
5. T~EEEEATOAXT AT OMEIEARN A
BR, A ARV ZALBRFTONEY), B AKIR (4°C) AR AQLHE
BAtRHS 5 I H OREY), WT: B, B: 25804
—3EAfEY), C2:C2-1-4-7 Bk, C21:C21-1-5-8 £, C81B:
C81B-1-1-5 ¥k, C107:C107-1-1-7 ££,
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XFRXFIZH L, T T VD UBRRTF L AN T AE
WZDOWTRERLTZ,

FT T TV (ABA) ZIRINUT-EF HC O3 2F
HEBEERBRL (K 6), ABA 28 E2\ ) MS K TIER
M CRIERICRE R EIAONR T2, Lol 0.1
UM D ABA ZETeEEHIZ IV T, 10 H R ORI %
FERIZEDZMD 100% (ZITOFER L7273, C107 &
BT8R IR FEOBNB AN, ZOZEND
C107 B DO FEFEBLUZL>TABA :m‘a@‘@%ms‘
ERoTnDBEEZ BN, ERF 773U —(21% ABA (2K
STHBDFEINOEE T2, RAP2.6 EFEIND
ERF ZIHEPEBLSE 255100 ABA (TS MEIC2 528
DHIHI TS (Zhu et al., 2010) ,

C107 N=F LU nBEMEE TR 1 LFE R 7B fm A=
—RLTCWB720, =F L OFIBMRTHD 1-73/-1-27
07 v IV VR (ACC) ZIRINU 7285 o h iR A
1T DAL RO E iR LTz, RBROKE
Fe. C107 BB TAEA LAY TIXAEE OBl 23 X

TV V7= (data not shown) , =F L b AR A ERR T
WCHEBERERZ R TIENHLITEY, 2O MED
BNz C107 b=F L VS BN OEIEFRNa—Rsh
TWAZE FL TGO AR R SR I 5552
EDVRIBE T,

DX, T~ KD ERF BB LT C107 A
HZLIZEY O ALEY (ABA EF L) 106
T DREMENEAC LT, C107 X378 1E, v e XA
FHE R T CASR D AR A S E MDA B T & LTl

A

FESF (%)

0 2 4 6 8
FE(H)

REL QWD EDVRIBE LT,
3. 6 7YEELFEALOAXFT XS DFREREFER

AR RIZHRL T IR AL E LA Z EIC L~ T
K DIIAE I Z DHEE Fi> T D, TRz EEED ) |
MELNTZ C21 BIZFEAREMITDOUVNT, FEDDHDIKD
AWORELY BAEMNBIOMMOT v BBz T E AR
MLl L7z, B5 5T 10 B ABSE -y o/ X+ X
T 5 EEDDH O B A GIV B CTIRAIHE BIE X,
BEOEEEZFHIFICHIEL ., KILDDHO K2 IR
U720 72K o P EN S AL A R LT, £ DR
FZRHEMCHELREWT RSN o572 (data not
shown), C21 BIn 145 7 ~Eiis FE ML, K
FLOBHPIC B G- U7 1070 K 3 TR BRI L A3 7220
ZEDRIBE T,
3.7 ARX~DTIEMBIETOLY ATPase EI&ZF

(ZHAT) DEA

ARFSEEE TIX, PARTDDIF T~ E O Mt M 12
EEHUFSEZ LT &z, ZORET, - EmIc W
TR DAL DIEFPEHERFICR D EEEZ X 5N
L7 v ATPase &2 — N3 2185 1 (ZHAD %7
<ENLIO—= T L OGO R % AT
L7z (Fukuhara et al., 1996), ZDFEFE., 7~ EDOHMulE
5y ATPase 1HPHEIL, ME/KFRE DR (K 0.5 M
NaCl) CIHEENES RS | B EESIIEan
FESRRFEDBIDNC2D | ZOBER N T ~E O MHENE
54 A2 LV RIBEN7- (Muramatsu ef al., 2002)

AWFZE T, 7~ EMIE 7 2k ATPase #&1n1

4 6
BEfE(E)

6. 7~VERIFEAIBAXT AT OFREFAER, A:MS i, B:0.1 uM ABA &H MS Fill, B: 2272 —8 AfH
Wy, 2:C2-1-4 B, 21:C21-3-7 £, 81:C81B-1-1 £k, 107:C107-1-1 ££,
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X 7. 7~EMialT ks ATPase i85 1 (ZHAL) BAAFROERBA, A SBG - EAAF, BAR (B) BLOEE 8
AAZ(C) DEOWH OFAISEEN, 7~TF ZHAI BAARIL, JBVVEIEOF B Z IR, BEOEADFR 7 U IR L

TS GRFEFIHED

(ZHAD %A RITBIS FEAL, 551 ZHAL Bin 15
AARIZONWT, THEMESE D AR A SRR AT 528
Lk Te, HARIE SO AR N—T 47V IT % H
W FEAZITV, o bLTo B FEAARE 10
R LD, ZHAL BT DE ARSI ILTA
FIEENLIREME A RUZ (K 7), T2, —HO&E (&1
BAAXDETIE, ZORITHRENDLI B ELEDHER
BRI RO, ZORELTIBRL | 6 BEMEE CREWT R
EBERLT-LT A HEO B O FA R O A G 23 B AT & L
L THZRL CODZENHER TEZ (K 7). 7~EHIK
O 7 =R ATPase s DEA < SREIFEBLAA
DIEDTRETER MM IR DR F (2 L TR OB L 5.
Z T2 eI S VT, B AERA R EFRRIC R LT B s
FE BRSNS T2128 | A5 A AA RISk
T oM 2 DAR ZRBRITWr LT,

4. SHRORE

ETIEY S A X RN T, T<EHROE
{5F C21 DB ANIZ LT - Bz AR A, C107 #1s
T DB AL I TIRIR AR AMHPEA IS LD Z EAVR
BTz, R, C21 BB TITE AL > THEED AN
ASOIEZ AN DL BT, ZOBR T E AT
W ST B O T AR L e U725 A BRI
R, ML, B O E | E~DEAIZEHT=>T
DA T AORBBDBN o1, ZDTd  AEY~D
it AT 5D 2 DA 785 - & IRIC72 5 FIEME D B
2

A1 APV AMMED 5y FHEREZ DN 58 LD
(2L AFRFEOVEMIE AL, [RIAROD T « sz « it
WYEDRRDPFON LD RES D TP ET0,

O

AN T HETEE E LA BN VR A
AR N R U B R, ARFZRIE, AR T
KRFPRFBEEF R A IR 7R, RIBE IS, L
AR, PR R OWH 1 Ob LI E S vEL T, O
FOREHHRL B ET,
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Making Salt-Tolerant Plants by using Genes from a Seagrass

Toshiyuki Fukuhara and Takeshi [zuta

Tokyo University of Agriculture and Technology

Summary

The majority of higher plants are sensitive to a high-salt environment. In particular, almost all crops are
unable to tolerate saline conditions. Nevertheless, some unusual angiosperms, such as seagrasses, are able to
thrive in saline environment. Seagrasses, which are monocotyledonous angiosperms, are peculiar in their ability
to thrive in seawater. Terrestrial plants have almost entirely lost their tolerance to high salinity during the curse of
their evolution. However, tolerance mechanisms have evolved anew in seagrasses and allow these plants to
thrive in seawater. Therefore, these marine angiosperms should have salt-tolerance mechanisms controlled by
specific genes.

In order to make salt-tolerant plants (crops) by using genes from a seagrass (Zostera marina), we have
screened candidate genes by using E. coli. A cDNA library was constructed from total RNAs purified from
seagrass leaves, and transformed E. coli cells containing a seagrass gene were screened on a medium containing
6% NaCl. Twelve candidate genes involving salt-tolerance were obtained by this screening. Four of them (C2,
C21, C81B and C107) were introduced into a model plant Arabidopsis thaliana, and then transgenic Arabidopsis
plants have been characterized for their sensitivity against various stresses, such as salt, drought and cold (4°C).
Transgenic plants with over-expressing a C21 gene, which encodes an unknown protein, exhibited to be tolerant
against both drought and salt (150 mM NaCl) stresses. Transgenic plants with over-expressing a C107 gene,
which is supposed to encode a homologous protein with ethylene response factor, exhibited to be tolerant against
cold stress. Furthermore, we have made transgenic rice plants with over-expressing a putative plasma membrane
H'-ATPase gene (ZHAI), which is likely to be involved in salt tolerance in a seagrass. However, since these
transgenic rice plants exhibit a severe dwarf phenotype, further characterization to these rice plants for stress
tolerance have not been carried out yet.

Introduction of the seagrass C21 gene confers both drought and salt tolerance to Arabidopsis plants, and do
not affect negatively, such as dwarfism and growth retardation, to Arabidopsis plants on normal growth conditions.

Therefore, C21 may be a potential gene for conferring drought and salt tolerance to crop plants.
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