BhpEs 1312

LR AR 2 B 9 A ST

4

FOL TR IS AE G A R

B B AARZEOHBWOWFIIAET T OB OLELEDERTHLY F L (FHREE) DIt TRk
BERES ISR THREL . T IR OHIREZED 3 f5I2F 4472 1,500 mM NaCl ([ZiE ThHHZ A4 fERR LTz, ZDED
IR F UL NOD i TR T E MR 2 SR 357280 | BARDIEIRE CARBIERE LT Lo oA REE | SKE, A
AA G B, BRI DDA Sy iE, 7 a) G B8 OAEBISEIZ DWW TR L=,

MR CEREL 72 Lo R EEREFIE 100 mM NaClZLEECHIANL . AR FE 13 1,000 mM NaCl £ TR B Tl
IRAFRZHIIN U7, AR EHE E30D Na'l CI & i, BRI ICR2URIC EF LR, —E&ZE 2 720D T
WHEE Z BT, ROV T LI oNE 2R E TSI COAMO KDY FL L TR T AN AT TH K
ENESHERI SN TODIENHLN ol Fio, RBEOFEICHE T 57 0l OF EHERERFMIC EAL
77

F2, T LSO & L~V TR 3572012, VT L3 e RO RO A B E A AR A
T LTz, VLo BB L, A R OMFEEE TE2 500 mM NaCl S ChHFEcx, 7n) S ED &
W2 EDD, MR~V COMENEEZ A T 5B 20, £z, VLI 8 28/aiT 300-500 mM NaCl 544 FCA %
F0H Na'd CI OEFEDMEINZ SN T2, ZRHDZENDS, VT LI O, B IOMERL ~ L O it
I%. Na', K'& CIOREBIRIZR IR IA S/ HEHIBE & 7 0 ) G B 5L QD T EDVRENT,

Fo, VT LU ARDEIEC RG-S G A FE T D721, YL 30 cDNA ZH8RANSE ALz b X2
FompLmEME A U ERE A7) —= ZU T AZILTND Y L3R eDNA Z (A E LT, 3,000 fE KD
Az A XF A F OMEMEAT Y — =2 THATIR, DTSRI R R A2, ZNODMEMEREDIHD 2 RHFEIC
I T2 F L 273 ¢DNA 12 Glycine-rich RNA-binding protein (SYGRP1, SYGRP2) #=1—R L CV /=, SYGRP &%
Bl A XF XS TIEAR AR E (R F (RD29A4, DREBIA, RD22) DY AR BBk S Tz,

1.8 B DIKDHE 97.5% UK THY | K72 & A BR N FI H AT
HIER EOREHOK) SENI MU THOEL, DV BEZRIEAKIL. DT H 0.01%EF i Tns, HIEk Edk
IR LI HET T CUND, EALD EERIFIK O —2L  OKERGE SO DMK EE > THEMBFRE TERIE, K
U CARE SIS (TR 30 TER I~ O EER  ARICHA TOHHITH RIEZR SRR PEN ATREIC /0 D,
WNETOND, 20T HETII—OMEWITAB CE HEEEM COMEY B OW K Z T LI 3% mTHE
RN WEALTET TR e A FE T DRI IS T 2721 2i%, MHEMERS 2 B R AL E Th D, Mt
VELEOL EREL TR ORI EZ#HTS WM E S T BT AT, MY O Mt
ZhlZ7 %, TNHOWEMEA L ST 528 TR WAL, MR T 2R ET22ENMETHD,
FRMEOMER, — bR FBOBEICLHEBELBA L, B ZhETIT, AR S AR @ L CHERE 3 A 1M
ROBBEEREIZHOERTAZENTES, Fo, HiEk - HEMEREREL L B8 B R - OIm R BLUZ LD AR A it
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BT O A5 BLE5E (Kasuga ef al. 1999) . Na D
Bt - JEHY (Apse er al. 1999; Shi et al. 2003) 23 A IRE D
A% (Delauney and Verma 1993; Ashraf and Foolad 2007)
REMHESNTVD, EFEHLS, AWM Cho~ T

= — 7 OB O MBI IO W< O DT
PEIZBA G- ¥ 58 s 7 & [FE LT (Ezawa and Tada 2009;
Yamanaka et al. 2009), L)L, ZIVHDBAR DO R)HRIL
WKW B DHEAR RZHT LTI +457 THY | AR
DN THILA e B A B OIS T
UNRUN,

ABFFETIE, i R M 2 7R 97 T L L SOt M
W2 | BB T2 RET 528 T, 2D EH
I MR D o3 1 B RIS 3 D728 D FLAfER) 72
N2 T DZEN B THS, VLI R o
BN USSR B AR T 02 BORO AR THY | M
$E R %% > TV D (Gallagher 1979; Blits and Gallagher
1991; Marcum and Murdoch 1992; Bell and O’Leary 2003;
Breen et al. 1977; Naidoo and Mundree 1993; Donovan and
Gallagher 1985; Liphschtz and Waisel 1974), H ATl
W72 & DR P RE B O ENC AR 5, YT Lo 3idA
IR OHEAIERY) THDHIEND, VT SO R
REDBONZ 2L, RO EEEY THDHA R, LF,
M7 ERALIRE DAXF O BTN ~DIEARE S
THHEEZLIL, TOFMBEIIIER IZEm, Fri
KRG ZATOARTE A L2581, WARZ R ALK
BRI AIRBIZ /22D T, KA R L7z BRI KD R ke
FENFEBLT HATREMED DD,

2.5 &
2.1 VFL N\ DOmE ST SIEEE S
PPRR IR VE 3R S OUE = CERIL 7=V Lo 3% kK
HHZ > THEEL . 0~2,000 mM NaCl CTHLEEL CilittidE
DORREZFMLT-, Fi2, VT LI SO RE % 72
/;;%r“@ NaCl ZWML T, A REE, GKE, KfEAA4
&, WHEROODOAA W, 7Tul a8l 0t
féﬁﬁu‘?é ZOWTHRMNTLT-, RESUFEIRRED Y F LI 3\%
INATR =7 KB (T Fn) TR Bk EZ L. 0, 100, 500,
1,000 mM NaCl Z¥RN1#4 0, 1, 3, 7, 14, 21 H HIZA4
ETaEROY TN BTV U, AR R
WERDOY 7L 6 W% TV T U, A7
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BE A7 V3 B EARIZEI 43T HE EERIE 50
ml =L 2 10 ml OHIKE—FEZANBLIEST, HEE
RSB EEH U7 AR iR S TR L7z, kI, H B e
D FW & DW ZHITEL , GKREZTR T, 2Dk, i
RS E TR Z LR L AT OVEL R 10 mg
(A 5 ml OFEIA T 15 ml ELEICAIL, 80°CT—
WA A AR Uiz, FHERIZIE, B A e S
0.5%MH /2 | F2A A & I ZA A &K A2 e,
ZLU TR DI SN BB S ENH A4 B lhE
WIKNOA A EHB&EAA L 7a~ 777 01— (1A300
W DKK (BR)) Z W THRIEL 72, Fio, VT Lozl
WC, 0 HEE 6 EIH® FW & DW ZHIEL, B 5H
REICB T AEREEZ R LI, 7 r) & BOREX
Bates et al. (1973) D IFIEIHESTITo72,

2. 2 HRAL AL OitiE 45T

VU NOBEEFIE LT 4R% 1.0 ppm 2,4-D, 0.1 ppm

NRUUNTI)TY L BS BV 1% A7E—A 0.2%
FIUHLERILZ 172 MS BT L, FHEshns-
TN A% T T T I B FIRR AR B H CREE R LT,
D722 A (HARWE) O3 Ml Akagi er al.
(1989) DFIETRE LT, KFHIIZ, 0, 100, 300, 500 mM
NaCl ZRMUCRERERJICT TV 7L, A4 e
al o EBEERIELE,

2.3 VYFILINDOTEHEEREFDRY)—=2T

VF LN cDNA ZEFERI S mA XA FITEAL

Mt m EU7 R 2@ L | SHASI TS cDNA %
fE AT L7z, BAREYIZ X, CloneMiner ¢DNA Library
Construction Kit (Invitrogen #1) 2 VT, ¢cDNA 7147 ZV
—ZRESEL  CaMV35S I RE—F—%a iy 7SI AIN
pGWB2 (ZHfax TRITA T TV —2/ERILT-, 2%
T a7 LIRS n A XA FITEAL
TR LA XF XL LT, 2 S0
Z A% 175 mM NaCl 253 1/2 MS £5H#1 (Murashige and
Skoog 1962) CAZU—=7LC, MEMRIEEEK L=,
SHIT, BPECRFITEAZINTNSYF LN cDNA %
PCR {ECHIEL | Y ILACH AT U7, o, MHE A
ZRDAF G BEDOWERCAN ARENEB R T O F B,
FRNTZAT T,

3.# B



3. 1 VFLIN\DOME T SRS

TR T2 F L2\ % B2 DR EE D NaCl I iRIZIRIEL
THIELIZEZA, 1,500 mM NaCl £ CTIEAEMFIRETH-
7oy — T KRS OEA1E 1,250 mM £ TAEFATRE
ThoTe, THE: CIE HEOREEFEMNEICLIVIDEN
MEPEZ R T EB BN, ZORERNPLMBEED Y L
SNIEHEK D 3 5L DOFREE D NaCl i CTHHZ LA
HinETpolz, ZOPREITHE S T Do g F-
LS A R LT IR EE DO Clieh i\ MIE T D,

WKIZ, 0~1,000 mM NaCl CAPHEE L7z F Lo
AR KA ERE, ) EREREL,

VIO a—h (B 1%, 100 mM NaCl Tl
AR OMRENRD B3, 500, 1,000 mM NaCl T34
EflS 7z (Fig. 1A) , —J7 THRIZ 1,000 mM NaCl %

TR ERFICE RMEES - (Fig. 1B), £l E
DEVEE DO TIEEBRL TRV, T HERED R T
b EmEETHS5 1,000 mM NaCl Theb RO A& F Atk
SNHEVHZETFEEB BT D,
HAERL 7=V F L2y 2—h Tld Na™ L CIS (17
ANZERE L7228, HE/KAE 720D 500 mM NaCl Tl Na i &
B B 2h 00 3 BRI LB D
TRV 2 E I F L= (Fig. 2A, 2B), — 5 C, KEE
1% 1,000 mMNaCl Z 3 T~ 72§ R TOHRLHIT LT
%t@ﬁﬁr PEDMETZ Tz (Fig, 2C) , RIZBW TS
TIFFRR OB 2FRO DAL (Fig. 2D-2F), AR D
ﬁttﬂéﬂé%ﬁ/aﬁmw_&_a 500 mM NaCl D5
1,000 mM NaCl L0 ThOA4 L THEHENR L) -7
(Fig. 2G-2H) ,
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ARV AMPED ] EIZB 5352 mbitTns 7 ml
* (Delauney and Verma 1993; Hare et al. 1999) D &1,
HALBC Ko TR EY 2 — ROl 7 TR EERAF I i E
ST, Va—MNZEDZL DT By N ERE LT (Fig. 3).,
3. 2 fARL AL OIS

VUL NTEEOEE ISR WO PEH S
BEALTODA, HHEIR DS DH 1T 2 <700
TG MR - HEARL L Ot R A LT D e
EZONT, 2T, VT LY AROMEL ~ L T O M
AN =R LGN T DD, VT Ly " ORE M
DIFAN A JRE 3 L OMHEPERE 2 A R OB Ml
AT L2,

VI UL ROREERIEIE 300 mM NaCl £ TldA ROk
FMa & RO F MR 2 R U CHEFEL 7203, A R DA
JaAMESETE 720 500 mM NaCl ThAEEZ~LT- (Fig.

25 ——T 14 100
. A el 100 MM 12 -
320 ? o8
= 10 £
§ 15 08 -5) 60

[0)
5 10 06 )
o 04 e
L g o
05 02 2
00 00 l

02 46 8101214

0246 8101214

4A-D), VT LU RO A4 G BER LA,
YEALEL RO Na' I3l R L L L TR o 7=, CIb R AL
R G RIS oz, KIS R0 54
LR BERIRE CIIFE LUK T L (Fig.5), — 5 T,
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AFOFPITIEERIZ L >T Na', ClIticE ENEE-
Too FEREL T, MBS CIRY T LI D3 E
K'/Na'fba >N T&7- (Fig. 5),

T g BTV T L UNEARTRE BTz, VT
LSRR R A7 10727 0 ) R ERD BTN,
A FDOEEEMIRIE 500 mM NaCl Tlid 7 v A FEREAME
otz Fiz, 7al Offaxt HRE X R CHRE Tl
FLI DS ED -7 (Fig. 6)

3.3 VFLI/NADMEERY ) —=25

VI LU ARDOMEMEE 2 REST D721z, VLY
/3 ¢DNA ZHEFERNCS A XF A FITEAL, ZDOH N5
MM EU7Z B AL | SBAZIU TS cDNA &
fi# §T L 7=, CloneMiner ¢cDNA Library Construction Kit
(Invitrogen £L) &V T, cDNA 47 TV —ZHEEEL .
CaMV35S 7' —#—% 5o 77 AIN pGWB2 (T2
TRBTATIV—5AERL T, TNOET 7y 7 Iy A
(IR A X RS IEAL T, K 3,000 {4
DA Z 2 oA XT T AR LTz, 2RO OB (5%
175 mM NaClZ & T 12 MS 5 CAZ—=27LC, 10
AEOMHENE R ARG U, BRPCRFTITEAS LT
%YL N ¢DNA ZENTLIZEZ A, 2 /D cDNA A3
glycine-rich RNA-binding protein (GRP) Z=1—RL TV /=,
Zhb 2 FiD GRP(SVGRP1,SVGRP2) (%, C Kiaflo 2V
Uy FIE—MEEBZNEI 16 TIURE 14 TR
D 2 FETHHH, GRP fHILIIM I TE 4[] —E S Tdho
Too T =B _X—ADRRNG THHEPEDOIRVMEY T

NI DZH TV )y F I —REIEAS 15 70 RE 14 72
JEED 2 FEOFARIMEDE Y GRP MEETHZEN DD
T2 —H T, A%, hrERay vaf X X3 ME
DiE 2 FED GRP DAFEITRWESNeh Tz,

B EIT- SYGRP F8Hi2 1A XX F% 100 mM NaCl
DIKBFEIZ AL T, fERFAYIZ AL 2 B B s 1
(RD29A, DREBIA, RD22) DI 70>7L25,
Bp AR L Pl U O A R 72 38 BUERE A Mf S Qe
(Fig. 7) . ZHHOREE MO A EOBIEIZ SV TIE
OB TN LI THLH, KA AR TIZAR AR
LT FINARENEALL TNBZEARENTZ,

IHIT, AFFEIZE ST EFLO GRP FEEBUEARLIAMNIE
10 {EARLCL_EO MR AR BSOS, bz
WCh, A%, BAII TS cDNA OfR]E LFEl7 M
MR EE LT HTETHD
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4. & =

AN LT, VY F LI KROERED 3 {51
FEI4 9% 1,500mM NaCl 2t TihHZ LB
Too DX F LR O & e M A 2B -5
7o B DR CARBIEREE L= Lo "o AR
FREAA G B BRSO ilE, Tal g
BREDEHINEIZOWTHRNT LTz, YL "o |
M E RN 100 mM NaCl ALEECHEANL , ARE &I 1,000
mM NaCl FTOURE TREKFANIIINLZ, Z0&D
IREEARL AT OO R EOMERIXME M C B 50 1%
FERI-LCQNBEB X DND, HREM EFD Na'l CI'Er
L R ICAEIC BRI, E0®%ITERE
ZMERE . FIITIRD LTz, ZOZEND, VLI DY)
KT, OB SGRE LA HOE T Na'l CINGEHDIRE
JEELT—EEAEBZ 2 WIDCHIEEI N T DEE 2D
iz, ZOHIEENZ BT A O, ZOBIE T4
[FE T HZETIEMERM Y OAIFICEMRTEHEE 25
b, o, VT LN AR AT Chy 2—hD KA
I G BNESHER S COBZERALMNIT > Te, 2D
BRI B 57 2845 T D[R E S I MEAE ) O | U 2
HATHHEZZ NS, $To, RIBEDOTEIZHE T2
0l OF &LIRR R EF L, I —ED
BB w2 OB EHERIS N, T L IR 72
7l B D HIERERE S m TG B EER DML T D
NEIDNTHOWTHIR A ER =D,

Fo, VLT RO RS A R L~ L CREAT
DI=DIT, VT LN A ORI O A B 215 A
"R FTHEE LTz, VLo \EERMEIL, A RO
AEFTER 500 mM NaCl S THEIECE, AR
thg L Cr R U EEEL oo, TNHLDTEND, Y
TN ITHIREL ~OL COMBENMEE A T D2 LGN
727z, LA, iEIARL ~ L DI (1,500 mM NaCl)
(2B DAL~ L DI (500 mM NaCl) O % 5

TERELIR, ZDOZEMND, VT L ORI EREAE T,

HE A B T R IR L~V D it e M 3 B B 7 A B % B
FELTWAEEZLND, Flo, VT LU B M
300-500 mM NaCl §:F FCA3EDH Na' A4 & CliA4
VOERBBEMESINZHEN TN, 2D ENS, VT
LSO, 3 X OVERL ~L O it RS L1

Na' A4 K'AA & Cl A4 OREBI A7 B A 0/ HEH
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Bt L7 ) RN B G L QDI EDRIBS LT,

VI LN cDNA AR A X X F 7D RS
AT SRR B A S TUNVD cDNA 2T L7282 A,
7V )y FIE—MERD #7225 2 FiD GRP Z=a—RL
TV, [AERD GRP 1, MHEMEDSRY Y L H MIHAFAE
THN, A%, byEnay afXFXFIERWESR
RS TeZEDBIME ML D BRIV RIBIND, v RAXT
AFNZIE 11 FD GRP MFAEL, ZDIHDUV D7 E5R
HOSELHIE TN R ELZ LR ESNTND
(Mangeon et al. 2010) , GRP {35/ EDOFAAEM 2L
DEENDDHEZZENDHIEND, ZIHD GRP 3L
GG TR OEEINE DY 7T AR CHE
IR ENZ R L QWD ATREME N B 2 DD,

5. S DFE

AHFFENE, WRBICH T2 L2 08K D 3 5k
WIS C iR FE DA R AT PER B D ZEN BN
Tpole, e, BFEAL LV LEATEE THHT 1Y DERE
B IZ DWW TH AL o T2, S5 IE. ZHBDRMEIC
B 53 2B IE T ORIEEITHZ L ClE sS4 71
~ULTHBLMNTTDUEND D, IHIZ, VT L7 cDNA
DA IR R DAY — =27 ClAIELT. GRP %1%
U LI BB InF DRI BT A B2 2 g 4
HEEHIT, EEMRO T SR B 2500 OF 8 T 772
IZET, VT DONE R O 2R GZ LM T
XHLEZBND,

ENOOHAAAE EEBY ThHHA R, LF, hyER=
VIRE DAXBOBATE(EY ~ICH TEIE, HEHT
DO RRRA PECHE K Z R U7 23 A REIZ720 , KRR
AR R EL BB TEHEWIFFEND,

Xk

Akagi H, Sakamoto M, Negishi T, Fujimura T (1989)
Construction of rice cybrid plants. Mol Gen Genet 215:
501-506.

Ashrafa M, Foolad MR (2007) Roles of glycine betaine and
proline in improving plant abiotic stress resistance.
Environ Exp Bot 59: 206-216.

Apse MP, Aharon GS, Snedden WA, Blumwald E (1999)

Salt tolerance conferred by overexpression of a vacuolar



Na'/H" antiporter Science 285:
1256-1258.

Bates L, Waldren R, Teare I (1973) Rapid determination of

in  Arabidopsis.

free proline for water-stress studies. Plant Soil 39:
205-207.

Bell HL, O'leary JW (2003) Effects of salinity on growth
and cation accumulation of Sporobolus virginicus
(Poaceae). Amer J Bot 90 1416-1424.

Blits KC, Gallagher JL (1991) Morphological and
physiological responses to increased salinity in marsh and
dune ecotypes of Sporobolus virginicus (L.) Kunth.
Oecologia 87: 330-335.

Breen CM, Everson C, Rogers K (1977) Ecological studies
on Sporobolus virginicus (L.) kunth with particular
reference to salinity and inundation. Hydrobiologia 54:
135-140.

Delauney A, Verma DPS (1993) Proline biosynthesis and
osmoregulation in plants. Plant J 4: 215-223.

Donovan LA, Gallagher JL (1985) Morphological responses
of a marsh grass Sporobolus virginicus (L.) Kunth., to
saline and anaerobic stresses. Wetlands 5: 1-13

Ezawa S, Tada Y (2009) Identification of salt tolerance
genes from the mangrove plant Bruguiera gymnorhiza
using Agrobacterium functional screening. Plant Sci
176: 272-278.

Gallagher JL (1979) Growth and element compositional
responses of Sporobolus virginicus (L.) Kunth. to
substrate salinity and nitrogen. American Mid Natur
102: 68-75.

Hare PD, Cress WA, Van Staden J (1999) Proline synthesis
and degradation: a model system for elucidating

stress-related signal transduction. J Exp Bot 50:

113

413-434.

Kasuga K, Liu Q, Miura S, Yamaguchi-Shinozaki K,
Shinozaki K (1999) Improving plant drought, salt, and
freezing tolerance by gene transfer of a single
stress-inducible transcription factor, Nat Biotechnol 17:
287-291.

Liphschtz N, Waisel Y (1974) Existence of salt glands in
various genera of the Gramineae. New Phytol 73:
507-513.

Mangeon A, Junqueira RM, Sachetto-Martins G (2010)
Functional diversity of the plant glycine-rich proteins
superfamily. Plant Signal Behav 5: 99-104.

Marcum KB, Murdoch CL (1992) Salt tolerance of the
coastal salt marsh grass, Sporobolus virginicus (L.)
Kunth. New Phytol 120: 281-268.

Murashige T, Skoog F (1962) A revised medium for rapid
growth and bioassays with tobacco tissue cluture.
Physiol Plant 15: 473-497.

Naidoo G, Mundree SG (1993) Relationship between
morphological and physiological responses to
waterlogging and salinity in Sporobolus virginicus (L.)
Kunth. Oecologia 93: 360-366.

Shi H, Lee BH, Wu SJ, Zhu JK (2003) Overexpression of a
plasma membrane Na'/H" antiporter gene improves salt
tolerance in Arabidopsis thaliana. Nat Biotechnol 21:
81-85.

Yamanaka T, Miyama M, Tada Y (2009) Transcriptome
profiling of the mangrove plant Bruguiera gymnorhiza

of by

Agrobacterium functional screening. Biosci Biotechnol

Biochem 73:304-310.

and identification salt tolerance genes



No. 1312

Analysis of Salt Tolerance Mechanisms in Sprovolus Virginics

Yuichi Tada

School of Bioscience and Biotechnology, Tokyo University of Technology

Summary

We identified a line of Sporobolus virginicus (L.) Kunth, a halophyte turf grass, collected in Okinawa, Japan.
The line showed a salinity tolerance up to 1,250-1,500 mM NacCl, a three-fold higher concentration than seawater
salinity. We investigated the growth rate, water content, ion concentration and secretion, and proline
concentration in comparison with the reported properties of lines collected from the other places. Shoot growth
was stimulated by 100 mM NaCl and root growth was stimulated at salinities of up to 1,000 mM NaCl.
Accumulation of Na" and CI” in shoots and roots was rapidly elevated by salinity stress but did not exceed levels
required for osmotic adjustment, due in part to ion secretion by leaf salt glands, which are common characteristics
among S. virginicus lines. However, the Japanese lines accumulated K to a higher level than other lines even
under salinity stress. An increase in proline concentration was observed that was proportional to the NaCl
concentration in the culture solution and might partially account for the osmotic adjustment of shoots. We also
generated and characterized cultured cells of S. virginicus. in comparison with rice cultured cells. The cultured
cells of S. virginicus showed an enhanced growth compared with rice cultured cells in 500 mM NaCl. The
concentration of Na" and CI ions in the cultured cells in 300-500 mM NaCl was lower level than in moderate
salinity. Cultured cells of S. virginicus accumulated proline to higher levels than rice cultured cells under salinity
stress. The active regulation of Na', CI', and K" influx/efflux and proline accumulation might be involved in salt
tolerance mechanisms at the cellular level as well as in planta. We also performed comprehensive salt tolerant
screening of Arabidopsis plants transformed with cDNA expression library consist from S. virginicus shoot mRNA
and identified plants with enhanced salt tolerance. Two cDNA introduced into the plants encode genes for
glycine-rich RNA binding proteins (SYGRP1, SYvGRP2). In the transformants, expression of stress responsive
genes, RD29A4, DREBIA and RD22, was compromised under saline condition.
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