9325  HEWMITIEHED S FEEF RN
BOERBFZRE /bR BN (BRI RN 2R SR FHEET)
FERPFFEE ST R ERMIRILKRF)
e FE (ERFRNLKS)
AR TR (B RSLRS)

B B9

AFDEFISHELAR (FEfkEal) SLUBE (0) 13, KBz RIVF—E2RAL
THEBEEUCHEWICEELE UTHEL TS, BEGEME DORLER 2 1o DITITHERDI W
ETHBHH, IKOBERIATEEIZIEE S, KA4KRRICL S HBHIES O RELEEDRENE
UARREHDE . $i, BREEMIRICE O TRFFEKEENEZEZL Sha. WTho
&%, WEMICTHEMAAS LT NERE S, CORMICHL, MEEREEZRLTHS
BEFEZ/O—= 7L, ThEFREDICEOTEMNCRBRIEILNEEZ L. EHRE
RENCMET A NV EBEORICE, WENOARELLOLETN, ¥ X7 HOMNS
OWFEICIZRFELH 5 EEZ 3. EITH Uitk & BB MICT - 7o RIRZERIEWEEME
BL, EREMBICLVEREFEI/0—=2 079580 ) HEREREEICE UIcE T I)VIEY
v oA X F X7 (Arabidopsis thaliana ) 18 A Uiz,

fEREER

RN UAREIZE T, AR EEEBIET L, Licdt-> TEFIOLEKE
EFRASMEISN TR EZEZ NS, RENDEAREEFELTY 70 —-X-1,5-2Y
VEBRA IR F TS =¥ A F VS F—E (rubisco) DS YT 2=y MEIEF (RbeS )EZ DD
T 4 alb FEE 5 v HBIETF [Cab (Lhe )] WEETHDOD B, oA X FXF RbcS-3B
B &L Cabl (LhebI*A3 ) ICHERB Ule. ZhOBEFRREZT=F/ -9 572D, HMUEE
BT & O BEF T o — 7 — (LGB E ET) ORI T ICETE reporter BIEFEEA
L7z, 200 mM NaCl ZR0n3EHICCT128 [, % 72250 mM NaCl ivNEEHIC B T7BREIRE T
&, oA IFXFEIER NV ADIHIEILL, /oo T4 VEEBBIET LK.
reporter SEIEFFEIEIGAZIC UIc RbeS-3B B LU Cabl ThTNDRIZFFERIE, HWED
FEIZHE4T U NaCl BEICBIRICIEE T3 2 ENHSNMIE > 7. REETIT, 200 mM B
LU 250 mM NaCl Zin¥sibz Ly, R ethylmethanesulfonate (EMS) ALEE %4 8,200
Bk LUT-DNAAZ R R 4,900 TGS L IEBREZHICOWTEIR L. €D
R, BRHEDIEMHEERE (ste) B LN D20 DIEBRZHEREEAMEZ RS UTk.
EMSHEERBIC DN TIT X SITHBRIREME LTINS,

MHERHEE U Tk, BEERGWEOERED 2V ITFEEBHREROERNEI SN, st
ERIEFERICENTZONTNAIHEEE L TS ONRERFTZMZ T 5. AWK
ICHEWTHEILL, P TREEAFBISHG UIcEEZ Sh, B L & B EmIicmiEvz1i L,
ZORENITBEBEMH N THEOTIREOMN B EINS. Lichi-T, #zTERIILD
Z DM R T ENITIEW IS 2 D TR AWM EEZ 5.
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9325  HEMIHERE DS FREF MR
BORRBFFEE (/bR TN (BRI RS & f SR EFHFED)
FEPRE P R EFRRIKF)

fem REFERRIIKF)
IR RF @B RERSLKE)

1. MEE/

ABDEFITHT N EEREESD) BLUBE () (3, KB RVF—EFAL
THREREEOHYICEE U THER LTS, HER EREICE I N AEBHE R HH 1,
W ED 13 FTHAESD, X SITMEH 60,000 km?2 (PIE & SLHAEEHE/CmBHIHEY) 97298
KUTNB., PRSI DGR S 12D ETEOWAIETH B A%, IKOUEARH FTHETS 5
Eb, IKGFFAFIT KB LR P IES OME AR OO U S aietED &0, F7o, MR
PRI IS B O TR IRIEKEENEZEL S b, WIhoLed, HWICHHEEA{T 5 Uiy
NEFESEy. COBRMICK L, THEMEXR LTS3 liETF4 7 0—=7 L, €h%
BHRMYICEBNTEIIMIFRAI N EEZ S,

MHEEHTTNCE 5T 5 7 /7 HOPIZE, MEBHOTRRELLObEEN, ¥ /%)
HDOMU S DWIFRICIIRA NN H 5 EEZ B, IS Uit L URRRSEHEICE - 7o RRE R
M EAEERLL, EREHICLVBEFE27 00— 07350 ) HERIBDTEITH
L5EEZAH. ETIVHEYIY OA 3 XF (drabidopsis thaliana) 13, Z OFED5F IR0
ISR RISGMZEMA TS, TEbhE, BFEMYOPTY /) LHORbH/NAE L 1x108 35
), LERHOHEL (4 ~5:8R), REXIEGETHY, SEERETEIZ0HL ST, &
RENE L LU ARIRER (insertion mutagenesis) 1 & AERIMEWEDIER, X512, TF
HAEWIADNAIL L A ZEREDTEE RIS CERBAE W D FEROBAADAGET H 5.
CDEIUWEEDNS, WS, EFIVEYY o4 2 FXFITHT HEONEEN. LrLENRS,
O &L ATEHLERBE X b U X Ui L OBESZHIT7T - 7ol 22 AR EE 2k
DWIFEIERIAITHRAE DT, RO 1 2E LT, FULHEREEIME T UERBIZ b L
A RSV ZRE AR ITHEPE A E LTIRBILTH D, Lichi-> TERMPEEFB S NN
EDNBETF oSG, RYKNIZE 13, FEFRLENZ X DA KEEDMET Uiz oA 2+ XF0%
BEHISHARINT A EICEDAET A E2RNIZLTED, RGBT ET I 6E
ThH5.

2. MRDBE
21, RAZRFERBEFORERBEEFIOE—2—FIBTAOEAN: HEX bLREH
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TICBOTIE, LB REREIEE SIRT U, Uit TEHENE RIS FFEER & 1§ X
NTWsEEZoND. REWOLEREEFELT, V7 o—-Z-15-2ZY VBRI IVRF o
S—E/AF VT —+ (tubisco) DSY Ty MEIETF (RbeS)EZ DO T 4 alb 4
Z R HGBRIEF [Cab (Lhc)] WzFHD S B, oA X+ X RbeS-3B LU Cabl
(LhebI*At3) IZIEH Lic. Mo oE—5 — (LHRIEIAIEET) OBETFIZZEAREE Rk
BIGBIET (reporter WAnT) & U TB-glucuronidase (GUS) B5-F (vidA) & 5 U i lucifease a8t
5F (luc) % (Fig. 1), FIcBEMIMEN{ET & LT hygromycin B phosphotransferase iHzE7-
(hph) 3 %W I3 bialaphos resistance BT (bar) #HA L, ~OA X+ XF (Columbia) % 4R
YR & D Agrobacterium
tumefaciens Ti 75 X 3
NE= (1) 12k 0 JEE dndn
Lic. —J5, BBz
FELUTT T — VLR
IKFEREFRABIEF (Udh) &
L& RbeS-3B HnFT
ODE—7—DTFRIZD
wE, voAXFXSF
[Bensheim (Adh-)] I Ti
IR FRICEDHE
ALz

HindlIll Sphi,Psti,Sall,Sacl(1)
Sphi(17200)

Pstl(16800) BamHlI,EcoRi(1400)

EcoRl,Saci(3300)

pGA-cab-luc-rbcS-gus
18.2 kbp

Hindlii(ss80)

Smal(s100)

Sali(11100)
\ Eco&ﬁgcoRV,HnrvdlIl,CIaI.SalI,Xml,Apal.Kpnl.Sacl,EeoRl(NOO)

Sali(8200)

Fig. 1. A construct of binary vector for making A. thaliana transgenic to monitor the
activities of RbcS-3B and Cab 1 promoters.

22 BA ML AEMFICHTIHERBEFRREOLE : BV S SR P I L N
ZF1%, Murashige-Skoog ¥ K UF mineral I T 1 REAEFT I, R EIEDONCIES
CR—OEMICBH Uz, 73k, o4 2FXFE, 22 C, BE 50~60 %, LU
3,000 lux O AR T TAEF ISR, 700740 ak kU bid Amon DTk (2) IZ&
D, Fic, GUS ¥ LU luciferase TEEIEEER (3,4) 12 Licds» THlE L.

23 IBA ML RAEHTICH T ZRREREDBRR . LRHMIA CRENEGIK) A ZE S5
ethylmethanesulfonate (EMS) 12X O ALBE U7z, ZESREATUAEE A U7 JEE e kit & (ML)
D BAEZHNT & B M2E{ASEA: A Murashige-Skoog ¥ & U mincral EFENFHBIC B U TLEF &4,

SR NaCl [200 mM (1.2 %, wiv)~ 250 mM (1.5 %, wiv), HEKOFIHEF DIZELIEITHIY] %
BUR—OEWICE U, W CLa Bz FIeBME) b L UBEZIE OLa ikl iz T-5BUs
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1b) ZERERGORKERSI.. ThodDH b, MHEZRZERMEIL, A ML IEMTICE
I 5ER, BIUNREGRBET o€ — 7 — 1l S N/ 3ERmH LRI FOFER 2 152 i1C L
TR LT, —7, BIERSENESIRZETREKIE, KA IE AR T HI A DB B St I8 52
KO FQENETET B LI, B XU RbeS-38 70— — T O B BIIEFIEIE
WS E AT 5 2 EIC L DRk ERA .. AR GIdhE, T OFEBOMET Lic 4,
5.2 5M72 allyl alcohol Z3PE7 VT £ K acrolein IZER T E LN cHICHEIF TS 5.

3. MERER

WM E E UTENT WA Y oA X FXFIZL, EFFMRREL, Y aoaq 2- X0
KWFTE I UTABERS R UEEZAMA T D I EATER Ui, 10, BRI £ 3964
BIETHET v oA XX F0%, PRINEHIC K DERAGEL Z EA R Lz, v oA 2+
ZXFEHAEED © B U7omRNAZ /2 primer extension 217754y, 04 X+ XFRbeS
LUCab BIGFIEDH B, RbeS-3B LU Cabl 13IEITHRTTE U THEMIAMESRIGICREL L T
B EEARWIZLI. Lichi-T, Iho7oE—4 -2z oD EAxrabEheEhg
L5002 7 LA F R oii MU B U, xiGd 2 DNAKTT% 2 0 4 X+ X FH:DNA % &
BWEUTKRIEENEZHTADNARY A 5 —E¥E2MODNAR Y A 5 —EHlEE (PCR) 124D
g L7c. &7 oA X+ X0, X M, T, BIUREEALZ 0 SDNAZNL L,
ZD in vitro TWEHRTEM I LU DNA A FIVLOREA BRI U7 R, DNAESEL D
ZALIC & B ABRRAF RN F B DT O el fEE IR Z &AW ST 5 72,

3.1. RREEBMREREEFOXRENEEFTOE—2—FIHTADEA : PrbcS-uidA-
Pcab-luc TWHE K 18R B, PrbcS-hph-Pcab-bar TEEzilk 4 =, i constructs TATEHE
YUK 4 24K, F72, PrbeS-adh JEEIEBUE 3 ZHICOWT, THOE ARG, FHIC
FORBEICETH S HDD, WNALYE RbeS-3B 5 LU Cabl & FIBITIEMAKERIGIZFEL L
TWBIEEERA L. ThoDHb, RREDRNTNTHhO SEHEAHYEE T RIFML
BT

32 BA ML AZMFICHTIHERBEFREDEE : B MU IFMATIZEOTHAK
TEVEDMETT U7k b AEAE S B B 709012, s i ih T O Z2R%E Sk D R AT L 72
DTS I (T HED DIRA B < 72D IZUEEENICALER U753 AUE7s S v, EBE YKL Rk b
FITJL AN SN T B Murashige-Skoog Hithd K+ 2% 20.1 mM TH Y, Yoo X+ X
F O HEFEFIT A 5N B mineral FEFFID K+ BEE 7.5 mM L D EW. FliHD NaCl Bk
ANOEEH A K+ BEOFEIZDOUVT, Murashige-Skoog 1 & UF mineral A ALY, X5
12 a BEDERIMBNI RIS DUV THET U7 (Fig. 2). Murashige-Skoog ¥ (F7E Nat, 0.10 mM)
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RO, 50 mM NaClERIID 5 0% NaCl RN D5 & O N TIZH B0 HHR
IFTdH - 7. mineral EIEHEH (WFAE Nat, 0.010 mM) D4 1L, NaCLEZRIMNC B O TEHD
KERTH-72. 2 % (wWh, 58.4 mM) ¥ afRINCE O, koA EIRZELI(MEL, i
mincral ZEFERFHLD 7% Murashige-Skoog Kb & D AEH N LD - 72 (Fig. 2). —75. 200 mM
NaCl Z5IE5HbIC TO~12 8 [], % 72250 mM NaCl FHHIC B UL To~TARMKIEST 5 &, &
o4 XFXFEEA ML R
DIcHEIFEL (Fig. 3), H
b¥T/7oo74)LE8R
BIET L7z (Fig. 4). &5
IZ, RbcS-3B  DEEHI{E
DIEtE L 78 AGUSTETEIL,
WAL RICHIELUTHE
A U7z (Figs. 5 and 6).
RbcS-3B ¥ LU Cabl &
FhoToE—5 -0
HTFTTHRERUTHAS uidd
BLU luc
EEEWREL, 200 mM
NaCl ZMEEHETODEFIC

BOTIEEALERETSE '
BUDIH U SIS otonsox o gowi ot atans o)
BPOWTEEMICEET S
28 S RNA {3, 200 mM
NaCl fFfE T T% NaCl
mMmEFIIRBHFLL
(Fig. 7). Lidi>T,
RbcS-3B 5 LU Cabl Th
ZENOBIEFIBIT, A
YHEDILIZHEFT LT NaCl
T BRI HURIT IR A Ll
EINBT ELMSTTE -
7z,

Fig. 3. Effects of NaCl on the growth of transgenic A. thaliana (Columbia)
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Fig. 4. Effects of NaCl on chlorophyll contents of transgenic Fig. 5. Effects of NaCl on GUS activity in A. thaliana

A. thaliana (Columbia).

transformed with rbcS-38 promoter - uidA construct.

300 T T T T

250 ¢ 7
Nz days

200 T

GUS Activity (pmol min-1 pg protein-1)

0 50 100 150
NaCl Concentration (mM)

Fig. 6. Effects of NaCl on GUS activity in A. thaliana

transformed with rbcS-3B promoter - uidA

: A GUS gene B luciterase gene

drdinpee gl G m s R e e a

construct.

C 285 rDNA
5 6% % 9 0N

T e .
0 o =2 s =g g
mEFiE "B8RE TEBESE "5
NaGtimi NaCt (mi)
£ 1 : pE
Tdays 12 doys Tays 12 days

Fig. 7. Effects of NaCl on transcript levels in

A. thaliana transformed with RbcS-38 promoter-

uidA (GUS gene) and Cab1 promoter-/uc (luciferase gene) constructs
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33. IBRA ML AEHTICH T IRATREFDRER : Yo 2 FXF I THEEDEE %%
BT 5T NTORIGFHEOLEREMTT H72D121E, L ED 40,000 ZHE» O RAE
IR UL NIETE 5730, BRIEE TIZ, Z5UF ethylmethancsulfonate (EMS) 2LEE R # 8,200
A% LU T-DNA fIAZESE S 4,900 FIFUSK LT, &Mk (Table 1) f6 & UHIBIEAT 1125
Flk a2 Bk Uz (Fig. 8). TD#EMR, BRHDIEWLIMA (ste, salt olerant expression of
photosynthesis genes; SBIZ#n4 L7 "sat" ZRIAGMLEETFRIFRO/2HH®E) BL UMW 20D
EBEE MR 2 R Ui, EMS EERM DO TR E SITBRIRE S LT 5.

Table 1. A partial list of selection of salt-tolerant M2 A. thaliana
after reatment with EMS

Group No. No. lethal No. survived plants
no. 8600s seedlings Salt None Soil

210
277
661
346
316
83
112
257
352
292
392
468
334
415
912
574
340
293
299
0
726
361
167
228
342
267
966
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Fig. 8. EMS-treated A. thaliana M2 plants
exposed to 200 mM NaCl for two weeks
(upper, tolerant) and to 200 mM NaCl for
one week (lower, hypersensitive).
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4. F B

RIEIITRE S 3, MM OIENERMEE (M MREBSLU VA ET A7 BENEE
@) IZH T, DNAA FILLIZER T 5 DNAEBSHREMED /LI L 5 A Kl =T Feim
TR A ST LTS (5,6). L LD S, ST RZFENHTOI2DIZ I 2 THWLI
oA 2FXFOIENE AR R L U A V) ITE 0 TIE, LA RO T FEE M
HEEHE & U CDNABRESHIENIC L 2 MHAEE T 245008 ohic. ATEVIR TILY 1=
i oA 2F X0k & UREE VR, JHTHPARIVE OIS & D & 60 il
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RENDOEHLIEZZBLTHE D, JOEN M2 MRELIV VA ET = 7a BB s
RIEBH. TAbL, BHLEEEXZAT LY 04 X F X FH B LUREREA IV ZITENTIE, e
BB IR RIS aNTH D, ZDLEITIEIDNAS FIULBMELIENEEZ S
ns.

41, RAERGEHREEFOREREFEF7OE—2—FIETADEA PrbcS-uidA-
Pcab-luc JEHE YL, P rbcS-hph-Pcab-bar JEHEER, Zhom constructs

BATEE AR, 3 L UPrbcS-adh JEHEERIZHNT, TNENEEO L EIEIE 2137208,
[A— construct 2 A U7cBED &L TEIMAIZH1T D reporter dME-FDIRIARITILIL - T
7o Zhid, SIEEHEREICK T AHaM 70D O ABIETO I E—% (gene dose) DX
LU reporter IEFAEE T-DNA DPAIEADNAICT V7 LA I N2 /b DALIER)R
(position effect) ICL A EEZ SN 5.

42 B ML AEMHFICH T I2HEREETFRROLE : HiHOMIZ, K+ Ofllan~D, F
7o Na+  OHIIAN~NDOREDIHRERAEFT LTWBEEEZ SN, Thoilift /itk3
membranc potential 22— IZ{RDIcHIZ, Hiladt K+ GENFG WAL, Hilast Na+ (1Ixd
AMtESE LB EEZON S, L LS, MYICHHEEZ4 53 2 7cmicis, ftltL
Bickir 3 K+ BEICUEW mineral SEAERFHLE MO/ RMADRILWH TH S EEZ oN
L. Flo PERINCED oA XFXFDEFNELCM LTSI 0D, AR DIEKEE
WTHDIPBO SN INFTINFIMEh B EZZoND. Licdi-T, e KMET3
MHMETHEIZT - 72 R RAR AR T B 70D I121E, WEMEASIN mineral FEHANRY TH S &
2Zohiz. 75k, RbeS-3B BLU Cabl TNENOMETHEUL, HWEDIBIZETL
T, NaCl BEICHBEIICE LIS, 2 ENRNIEENc. o2 &id, MYDLEFIC
WIATH BHARBEDHERF (2, TIBFOEICH U TESGICHEFEI N, Lichi->T, /L
UTONA B EFIRBANE RIS, REIEDATT bRIEIEEZEG Lo 2 &ICii b
EEZ SN,

43, BR ML IAEHFTICE T 2RATEREDBRIR | BIHOISTIELE RiE (ste) BRATEHS 2
EONT & THEREE E U TiE, ELEEMTMYE OUELH 5 WO EAET) i T D ZERHH
ZoN, ste ZEFREEAICBE W TZDOWTIDPEGE L T2 OO0 BEMKGT ZIMA TS, &
fo, ATREREDND BTN T DRRERAEIF D121, &5 40,000 FHEOEHERD S RIK
CLRFNIERE O, Uedt> T, SSICRIKAERE LTV 5. LMK EMEICE O T L
U, ©OTREEARICHEIG L cEEZ oN, BERMYEBEMCTHEEAH L, T Oligdih
WEMWFHZNTOEOTEFEONELGEINE. LIchi-> T, MHsTEIUTE D T O
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WO SN ICEMEIE50TRAVLNEZEZI SN S.

5. SHNDFAE

A D BT NTORIIRERIEEIFDIDICE SITBEREME L. F/2, BB S
N7 ste ZRFFEHICOWVLTIE, RURKRH JUOR kv — A —FHEDOLZRIZ L O T Dilt
EFHEAYFE L7t T-DNAFTAZSRKIZ DU TIE inverse PCR 12X 0, F7:, EMSE Rk
ICDWTIE RFLPY—A—kB LU v oA X+ XFHe{fk DNA yeast artificial chromosome
(YAC) library 2\, ZRaB{FA2 7 o—=v 7 L.
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Molecular Genetical Analysis of Mechanisms of Salt Tolerance in Plants

Hirokazu Kobayashi, Yasuo Niwa, Mari Sacki, and Kyoko Kobayashi

School of Food and Nutritional Sciences, University of Shizuoka

Summary

Plants associated with the ability of photosynthesis utilizing solar cnergy bring foods and
oxygen gas to us, without which animals including thc human cannot sustain their lives.
Although irrigation is needed to make dry desert arcas green, accumulation of salts derived from
sandy soil on the land surface by desiccation is a scrious problem even when irrigation is
partially possible. Irrigation with diluted sca water may be available in arcas closed to sca. In
any cascs, it is desired to confer the salt tolerance ability on plants. Therefore, we intended to
characterize genes regulating to make plants salt tolerant and further bestow that ability on
cultivating plants. There seems to be a limitation of biochemical approaches with analysis of
proteins due to the possible trace amounts and instability of proteins responsible for cxpression
of genes for salt tolerance. To overcome this limitation, we have applied genetical methodology
to the model plant Arabidopsis thaliana, which is suited for mutagenesis and the subscquent
gene cloning by complementation.

It is speculated that the rate of formation of the photosynthetic machinery is reduced under
salt stress conditions, resulting from suppression of constitutive expression of genes for
photosynthesis. We have focused on well known genes for photosynthesis, the genes for the
small subunit of ribulosc 1,5-bisphosphate carboxylasc/oxygenase (rubisco) (RbcS) and for
chlorophyll a/b-binding proteins (Cab, Lhc), cspecially their gene members RbcS-3B and Cabl
(Lhcb1*At3) of A. thaliana. In order to monitor their expression, scveral reporter genes werc
placed under the controls of their promoter regions including their upstrcam scquences.
Chlorophyll contents of A. thaliana decrcased and the plant died when it was exposed to 200
mM NaCl for 12 days or 250 mM NaCl (approx. a half of NaCl concentration in sca water) for
7 days on solid medium containing clementary minerals. The expression of RbcS-3B and Cabl
as demonstrated with the reporter genes is dramatically reduced prior to the death of A. thaliana
under such salt conditions. The 8,200 lines of M2 plants after cthylmethancsulfonate (EMS)
treatment and 4,900 lines of T-DNA inscrtion mutagencsis have been screencd for salt tolerance
or salt hypersensitivencss, resulting in finding a few mutants of salt tolerance (stc) and of salt
hypersensitiveness. We are continuously screening EMS-treated lines.

There are two mechanisms proposed for salt tolcrance, the accumulation of osmoticants in
the cells and the strengthened activities of ion or water pumps. We are analyzing which
mechanism is involved in the ste mutant candidates. Organisms have been evolved under sca
conditions to adapt to living on land, expeccting us that land plants may potentially have the
ability of salt tolerance which must be usually suppressed. Therefore, it is not uncxpected that
plants may become salt tolerant if genes for repressing the ability is disrupted by mutagenesis.
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