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BIRRES 9904
EARS S F A v Y ¥ OB MERERE O T

BT s - A B (REXFE BER SRAEDRFER)
ERABIGEE R WE (EEKRE BER SHALEDRER
EUEOHMEICHETREEENTHIOTF ALY, BRFLVWDRRER
BLLTHRS &, shHTHRIVIEEEFLTWVE. ZLTIOMERR, &5
BETCHINIA VEMBRICEETAZLICK > THRENTVWSKOTHY,
F7=, TOEEEZTH Bbataine-aldehyde dehydrogenase(BADH)D B HIE
BEZ LR SHBCDONTEMLE. RIA VORIEREPRS A ENEGZEREE
EUEMICRINT 5 LB L2 RFNFNRIEIBRINE. 252, ZRAMAR
Dt & L Tpolyethylene glycol(PEG) AN LEIBE, Y F AV URMEY
EEEDPEGHEET CHRIL, TOBRERYS VyEEDIEML T, #Eo
T, VFAVYIMER MV RENY TESERIAMVRICHUTHORS A 2E
BTAZ&ICLUMMEEREBELTOSTREESTE S W, MEzEERIELTNS
EZZONTVWBEGFORRICABANES LTS LENWSHENHHDT, EE
FBS ICABAERIML TEOMRETANED, ABAIIRFIC£<FEHET, BADHE
EFMABAICL > THRIAFEI NS L WD AEERRTEShE. RIS, EFETT
DRFEZICIIBADHEHIENSZORERTELNIRITODNTHEFLE. 1B
ICEBRFMENIRG A 7 NT e RORBRMICE > TEREND, OB
MRNAS B PEBREAROEEREMASD ERIA U TIVTE FOMRITHELL
f=. Tixbb, 1EIIBADHEGFORBEEFREL TSI HDESA N, BNE
L7=REMSMRNAZEEBEL, cDNASA 7S U—2MERLE. TTICRESNTL
SBADHDCDNAICTETEL, L<BHESNTVSEBDNIEING 2 THROEIIZE
TS5A4T—ELTRAW, SFAYYIDY ) ADNAZEEEI L LTPCRE{T>TH
300bpdDNAKT A Z1BIEL, ZOMiRZTO-TELTRIU—ZV T %o
M, RSFa7oO—-2R3EonEhoik. TOMFDIEERINERARDEZDOD
A OVBEELTWE. #5T, A bOVESFRVEEZTO-TELT
BEASY -V I EF5LENHS. 5113, BADHOCDNAS O—YRUS'/ A
DNARMDBADHY O— > D EEEZTOFETHS. . cDNASO—-2[CDINVTI,
PCRIBIRE N7=300bpli D =D 04 ¥ bOvIcHkEh=fEREEaRL, Thet
O—7&ELTRIY—ZVTEFTITFETHD. £, PFAVYODS / ADNA
SA475Y—%{mKL, 300bpPCRETFENBHETO—T & LT/ ADNAHRD
BADHO O— 2 ZEETHFETHS.
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BIRES 9904
AR ST A Y T OIEEHERERE O AT

BIRRIFSe - A B (REXE B ISAEDEFER)

JERFZEE B (EEXRFE BEH ISRAEDRER)
HEEN

EEEAROHMEICAEL, THYRICET3EEEY ST ALY U6
EEEH-STWS. Feld, DF ALY IDOTEHEELZBATSEDIC, B b
VAT CTORSE, EEMROBREICDVWTHARNTEE. TOBRIFAVVYUERSD
ZEEQHBIERA FLRICBENTINS L, BABETHZIUINSA 2 (L
TARIALVERT) 2BRETEETSL, TOEREBETH Sbetaine-
aldehyde dehydrogenase(BADH)iﬁ’l&b".I:ﬁ'd‘6 Z&(1), E5(CFDBADHDE
HERICIIEGEORENEAEL TSI E(Q)EEZMEMICLTEL.

LDz emd, £7, RIAL U HNEBDEMDSTHEEZHIFT 5 LTEFIAICL
EBTHBNEND SOKER, BADH:EMHD LRHBADHDOBEGFRRICLESBDTH
AMEND HOMER, TNOMEREN/=%ICBADHOCDNAY O— > DEREZETTD
clEULE. £, BAMVREEBR FVREFBEULEBERIDZERT L0
SN TWBDT(3), &&R LR E L Tpolyethyleneglycol(PEG) &5 Z1ER
FLRERL LI HESRIEMRIBZNENDIE, 51T, BBER MVRRICIIE
M7k JLE > T Babscisic acid (ABA)MTHEMBEFORKRICES LTS LW
SM|EL)bHBDT, BAFMVREABICABAZEZS LT, WEESRALETS
HEWIRITDNWTHIRFZMAL.

BRAE

HiteE LT, F Ay (Suaeda japonica Makino) &, HEEMEREL T, E
L7 HYEICET 24 >S54 Z(Chenopodium guinoa Willd.)DIEFZERBLVE.
SFAVYIDEFIEEREENESENOTRTERL, 1 XH5/ADET
F=RBEILT - T - TARREERI—HIRRLY STHFWELENE.

EF4EETAROEREME LT, 3% aEE0.3%5I54 FERMLI
Murashige & Skoog® i (5) & ALY, #— b L= THELE. WTFhORRIC
BT, BEFEZREERET MU YASRK (BVERBE?2 %) TI30SHEE
L, BEKTELSTTVTEMICBELE. RFRLATTIIEE, FRERLE
WTHE< Eb100MDETERAL, BEEEMT (EE100umoles/m2/sec) ,
BE25+ 2°COBEET 7 AMEELL. R 3ELLERY R CTREREER
.
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REYALVESEDRREIZ, THNMR (JEOL, JNM GX270)ICTiTo7=(6). EFHS
WESREICAS /=)L sO0KIVA  FBK(12:5:3)2MZ, KREZFAY-T
L, 3,000rpmTI109REELLE. EFEINRL—9—TREZEL, 10me
DERGKISED LR, AGSOW-X4DH S AICEREZH, 120mdD4M HCITHE L
L. BHEKEINRV—S—TEBEL, S5mOEBKITHEL L TRERELIL.
BEZE 1mODOICENLTH-T4 / — IV ERRMEESE LTMA, THNMROY T
ek

BADHEMDREIZLUTDOLSICLTITo/=. BFHBWNIREZPIEL, 10%

" glycerol, 1 mM EDTA, 5 mM DTT, 10% polyvinyl polypyrrolidonez &&

50 mM MOPS-NaOH#t i BB & (pH 7.5)F THRES FA ¥ —THEL, 305 EH
15,0009 TELLE. HBCSRBESS%XORRT Y E-DA HE) EMATHE
#L, 150009 TC200EEL L. FDOLLEICRRRBET0% LD LD ICBER
REMZEREL, 150000T209EELLE. BEZRERABERTEEL, AL
EERICH U TRESER L. BhE0EEPOBADHER 2 HAFKETFZRAL,
Pand DFE(7) CETNTiTo k. BHIESS-TO%REARBES OBAREICED
WTRELE.

1. REYA VAEEDEMATHERICBEEELTWSDMN?

=8 REETESEREONCIA RN LRI ICEEL, 7 BRICHST
B/, BEMOAY AV SBRUBADHERZME L.

2B 2 ; BEEFE0.5MONaCIZ RN L= B4 ICIEEL, 68M, 1, 3,
5, 7TRZICNEL, REPOASA( L SERUBADHERZME L. BB
BORSEE, BE%BUEOETTHY, B8 1 RU3 DEORNIIELRSF
LTWEWOT, &4«0HBEELEFZRAVE.

SEA3~6 : MEETFESEREONACIERICAS A L ORBGTHEIRY AV
FAFEE (RE3) , X&4> (XE4) , ABA (RER6) 5B IPEG(6000)
DF (ZER5) £RMUARAEHICEBEL, 7 IRICREERV—BORRTIE
SERORY A VEBENELLE.

2. BADH:EMDIEMIFBADHIEEFRIRIC LB DM ?

BICLBREEDETHARYA L TAFE RORBRNICL > TEELEETN
£, D&M}, MYURAENAERS AP TIFE KOHBEADOBADHICE > TRS
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AVICEBRINEEHTHBEEZIONSE. COBHELESDIE, BADHERE
MEIC & > TEMIEE MDD, 55\ ZBADHEETFAEE NS BEICL > TR
BLEOMENWSIETHSD. ZOHIE, MRNASHOEERTH Sactinomycin D
(Act D)X ZBAE K OBEHRTH Schcloheximide (CH)ICL > T, RFAL 7
IVFE RORFEEBDRSNEH SN NENEERT DL THLNICTES.

RER7 : MEEF£0.5 MONaCl, EEREDRSIA TITEE, E5IC3m/
0 MAct DB BN 1 mg/ 0 DCHIZRIM L= EAIZICBIEL, 7 BRICRFEZE
AE L.
3. OFAYYYDCDNAS A TS5 U —DY¥ERLEBADHODCDNAS 01— DEE

£828 : 0.5 MONaClZ SO ERIEMICOF ALY UDEFEEBEL, 4BEE
Tie. REMI10gZEEL, guanidine thiocyanate/CsClEICL Y 2RNAZ
L7=. €RNAZSDOmMRNADEREIL, PolyATtract mRNA Isolation System
(Promega)Z AWV TITo 7.

mRNAD S DCDNAS A 75 U —DHERLIL, ZAP-cDNA Synthesis Kit
(STRATAGENE)ZR W TITo /. {FliLASA TS5U—cLTEBYIREITOE
R, BLE3X106pfu/ugDiBBRZ TS —oBBENZDT, BELLIDS
A 75U —hIZIIBADHDCDNASZ O—V BEEND D EEALNE. TITID
54 75U —»5BADHOCDNAY O— £ BRT 3010, TO—TELTRANS
oligonucleotide& 544 > L#=. BADHDCcDNAIZ T TIZ, wOL >V (8), ¥
Fo&4232(9), W#A#('I O)TEEENhTWS. 3EDHEMDBADHCDNAICT
L, K<BESNTVWREEDNSEANS 2 FFOEINZEMR L. TDET
%, & RAH, 5'-GGTCCAGATGC-3'Th Y, 7> F & RAlH, 5-AGGAC
TTTTACCCCCAAG TTC-3'T#Hh5B. chbzEzTS5A4T—&ELTRW, FAZY
Y04 ) ADNA%EEER & L TPCRETo /2. ZDIER#A300bpDDNARTF A818IE S
hi=. COWKEETO—TELTOFAYYDIDDNASATSY—DRIY—Z2
JETo7.
MEER
1. REA VALEEDEMMBTHERICEELTNSDNM?

R OFAVYIEA NS A ADEFEFEREONaCIZ SUENICHEE
L, RERICRIFTEDOFELAN. Fig. 1ISRLAEKDIC, MBELEAIN
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SARbIEMIEC#RLS, 0.3 MONaCIBEE T THHR75%DRFEZRLIZMN,
0.5 MT30% £ L, 0.7 MELEDNaCIEETTIRIFEAERFLENDEZ. T
NIZHLTOF ALY YL, 0.7 MONaCIFEET THH75%DHEFL, FEBICHED
HEMEBLTWVE. CNODEEFORIA VEEEZAELLECS, A2H5
ARICIHIFEAERG AL VIREENTVEN /2D, PFAVYIRERCERE
DREYAVEEBELTEY, E5ICZDEEIIERES LIF5 LBML7(Table
1). %7=, BADHERICDWTHRBOERNB SN, 1 h 54 ADBADHEXEE
BEBRREETH 10, VFAVYITHERNIA VEELRAUL, BLBADHE
HRNERED EF TS EHEEMATRD 5niz(Table 1).

EEE2  OFALYOIDEFE0SMONaCIZ RN LI [CTIBEL, 685M,
1, 3, 5, THARICWNEL, REPDONY A VEERUBADHERZRELL.
ZOiEEFig. 2), BEERIEINS A VEERUVBADHER LB EDHTEL AT
HY, BESRBTBICONT, ETBADHEMMNERL, DWTRIAIEN
M LMok,

B3 OFAVYIRVL VA5 M4 ADEFEEBREONACIRUANSG A 2D
BIERATH BRI A U TITE RERMLIEHICIEREL, 7 HRICRFERUR
EmpARSA U EEERELE. Table 2IRLELD IS, 4 2Hh 54 ADRFR
[20.5 MONaCllck > T26%ETIETL, AU FITE RZRBRMLTHE
BELihor. LhL, YFAVYIDESIE, NaCRMT74%ETET LR
ZH, 10 MMORS A U TIVFERICE>TI2%ETEELE. XFLBEICD
WTIE, AYHSARTIIRS A VEBIIBRERRTH o788, ¥FAV/UT
4, NaCERIIck > CodiEdh=U80umoleTHoI=bDH, RIALTIT
E ROBRRINToHtEEH7=U 100 umolell LETEMU L.

KB4 UFAVYIRERA VAT THEETREFL(Fig. 1), S5ICTOHEA
H4EELEIMLE(Table 1) &MD, R VOEREICK > TiHEMZ#RHL
TWBZ LFIFEFRETHZEEDNS. HIZI1F0.5 MONaCERINIC &L > THRIFE
[Z70%BETTIETLED, ESICHBHERIA COFIERETHIRGA XTIV
Fb RERMT 2 ERFEZOXBEETHERELE. #>T, NIAERICIED
ZEEORASHY, FTNIZFBEEORRICLZBDTHIAIEESTRESNSD.
COEICDONWTESICHERTBDIC, RFICHTIRNIA VOMRERANL. R
BLESFAVYIRUAL VHS5A ZADEFEEEREDONACIRUNS A 2~ Z7RN

-190-



L ciBIEL, 7 BRICRFEZUELE. TOBR(Table 3), 1 A5/
TEIRGA VEIRFEQOREREZ SO ZLMN D, PFAYDTIHIE, 1 mMON
A VICK > TRFELIZIZ100% ETRIEL .

EERS (R MLREEBR FLRICHLT, EMIZIZER—-DEEREERT
SEMHMSNTIS(3). REZBROBEICE, BANREFDS|ELICHZEND
BREGEETICEASDIFCEONEN. 22T, BBLFEFRALHRESRD
CEICEBRYIFLISYI—IL(PEG)DRFICRIZTHEICDNTHRELE.
SFAVYIRUAL U H 5L ADEFEREREDPEGE ML /-2 (CIBEL,
7THERICRFERUEREFOARIA VEEZMELE. ZOIERZTable 4I27RU
2. AVHSAADRERFT29/ 0 DPEGICLYUS0%LITFICETRA L, 4009/ 0D
PEGERINT 3 & 2< BF Ldok. THICHLTLF ALY ITIE, 200g/ 0
DPEGRINTHIS%DRFXRETL, BFNELICEEEN/DIL6009/ 8 DPEG
L& TThHok. PFALYINDRY A VEBIIPECOTMICL Y 2SICET
tRLE.

SER6 : BB P LRBSICIE, ABAICK - THEMBETFSRETSEVSHE
(DBBB. #>T, PFALYIOMEEESHESRRICHELE bEFLTL
BN DD, LTI THEHLIE, EEETTHABADRERINICK > TH
FENEETIETHS. TOIELERRTIHOREETo /. PFAYYY
BRUA VHS A ADEF & SEEEDABAZ RN LS EEL, 7 BRICRSE
BEME L. ZOREABADRRRIMITS < BFICHEB LN /=(Table 5).

2. BADHEMDEMNIZBADHBEFRIBICL D DM ?

T OFAVYDIDEFE0.5 MONaCl, FEEREDORIATITER,
E5[23mg/ 0 DACt DB UNE 1 mg/ 0 OCHIZZRINU =B ICEEL, 7H
BICRFELEATLE. Z0EREFg. 3ITRLE. EICHRAR7=L D 2(Table 2),
NaCllc kL B RFLEDETIZREICRNLERS A VT ITE RICk>TEELE
M, COBES5ICACt DHBWVMICHIZRMT S L, NIAFITERICKBHESF
EOEEERESICHRES M. |
3. YFAVYIDCDNASA TS5 Y —DIER EBADHDCDNAS O — > DEE]

$2ER 8 : BADHOCDNAIR T TIZ, kI >VYD(8), YDA 2(9), FHA
FOO)ETHBEENTIVS. 3EDHEMDBADHOCDNAIZETEL, L<HRHFE=NT
WBEEDLNZEADS 2 5FROES (—AIR7FECRA) 2&RLE. D
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5, &2 REM, 5-GETCCAGATGC-3'ThY, 7 Fr MM, 5'-AGG

ACTTTTACCCCCAAGTTC-3'Th 3. chdETSAT—LLTRAL, ¥FAY

Y D4 ) ADNAZESE & LTPCR%E 17> TH300bpdDNAKTK Z18IBL, = DU
EETO—TELTOFALYIDDNASA TS —DRLY—=V 5 &0 1.
LAOLESD, RUF4ToO—VIRNHEEN o= SO OEEERT%H
Rf=& B, Fig. 4ICRT LI, 24FICA > bOVHEENTNS Z EDHIA
L.

Z8

RFLVSHREEELLTHARDE, PFAVYIRELHTHVHEEES
LT (Fig. 1). LTI OMEHERE, BEBFETHEINS A vEHRAICERET
BollckoTHIBENTNSLOITHY, £k, TOAKERTHBBADHEN
LIEREE FRIE3CONTEMUAE(Table 1). R&A > DBEEGKDPRY [ %
NBGEZEZSTIICTRNT 3 LEICKZRFNHNRIBIR S N/=(Table 2 &
3). E5IC, BBRAFLRAOKRAL LTPEGERMLAES, LFALYIRDA
USREDPEGHEETCTHRIFL, TOBNERY A Y EEHEML TV (Table
4). #>T, YFAYYIIER ML RENY THLSERR FLRICHLTHRS
AVEEBETACLICLYMEERIBEL TWATEENARES M. REZEZHIHE
LTWBEEZZ5NTWBEGFORRICABABEE LTS LNV WE(4)DH
3. 72T, HERBICABAZRIML TEDMRERALY, ABAIIRFICEF
B4 (Table 5), BADHBEFHABAICL > TREFEEINB LN THEERERE
Enie.

RICEEEmBDIE, Fig. 2I0RULALD IS, EFET CORFERICIIBADHE
HIHENSEORERTEENSETHS. T/abs, HICkBBADHEMD L&
7%, BADHESBAZDEMLICLZ b0, 3V IBADHEEFOREICLSH
DOMEPASMHICTEIVENHS. Fig. 3ITRLEERNS, BICKZEFIMENBN
4 ‘/7)1/7"'|; RORBERMICE > THRIREN S, ZOBMRNASRPERES
BOBEREMZBERIA U TIFE ROBRIEHELE. Tibb, HIZBAD
HEGEFORREFELTNEbOLELLNIE. |

RODIESEIL = DBADHDCDNAY O — Y DEBTHS. 1HAE L R4 M SmRNA
FEBEL, cDNASA 751 —%4EmLE. TTICEEShTINS 3EDEM(S, 9,
10)DBADHDCDNAICEEL, L<BHEINTNSEEDNBHADS 2 TFHOR
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SlZGRLE. CNBETSAT—LLTRW, SFAYYDODY /) ADNAZGE
& UTPCRETT> TH#I300bpMDNART K ZEIEL, CO¥RE70—7&LToF
AVYYDDNASATSY—DRIY—=V 5% FoM, ROSF47o0-21F
Bonlahodk. TOMEDOEERNEZFARDZLEZDODA Y FAYBEFEEL TV
(Fig. 4). #€2T, 4> bOVEEEHRVEEEZTIO0-TLELTBERI V-2
EIIOVENHS.
&b EEsE

BADHMDCcDNAZ O — Y R/ ADNAFMBADHS O— > DEREETTS. cDNA
£ O—2I2DWTIE, PCRIZBIEEN7=300bpEiF D204 > bOVICHRENE

HEamL, ThE7O0-TELTRIV—ZVG2TIFETHS. TOHEED
IBEBCHE, 5'-GCATTCACTGGGAGTAGTGCTACTGGAAGCAAGGTTATGGGTT

CTGCTG CCCAATTAGTTA-3'"THB. £/=, ¥>FAVYDDY /) ADNASALTS
Y—%#ERL, 300bpPCREFKENEAETO—T & LTS/ ADNARDBADHS
O->ZEET2FETHS. MEOEREIE, HEVSHBMNEDNLSIZLTBA
DHIEEFORBEHML TN BOH, HICZ0L REHOBTETIEL.

3k
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50 7

Gérmination rate (%)“

oL -
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0 0.1 0.3 0.5 0.7 0.9 1.1
Concentration of NaCl (M)

Fig. 1 Changes in Germination Rates under Salt Stress in Suaeda japonica and Chenopodium
quinoa. , , N

The seeds of C. quinoa (O) and S. japonica (@) were sown and cultivated for 7 days on the
medium containing various concentrations of NaCl.

Table 1 Effects of NaCl on Glycinebetaine (Betaine) Contents and Betaine-aldehyde
Dehydrogenase (BADH) Activities in Chenopodium quinoa and Suaeda japonica.

NacCl _ Betaine content (umoles/gFW) BADH activity (nmoles/min/mg pro.)
concentration (M) C. quinoa S. japonica C. guinoa S. japonica -
o - .0 46.7 £ 1.64  0.01 £ 0.001 0.06 + 0.004
0.1 ’ 0.1 £ 0.04 48.3 £ 2.06 0.02 £ 0.002 0.10 = 0.007
0.3 0.1 +£ 0.05 49.9 + 1.89 0.01 £ 0.002 0.24 £ 0.010
0.5 - 88.1 + 2.23 - 0.32 £ 0.016

The seeds of C. quinoa and S. japonica were sown on the medium with various concentrations
of NaCl and cultivated for 7 days. The betaine contents in extracts from seedlings, about 2 g
fresh weight (FW) for each treatment, were calculated from the TH NMR spectrum. The
BADH activities of extracts from seedlings (ca. 5'g FW for each treatment) were assayed by a
fluorometric method, and expressed as based on the protein (pro. ) content of 55-70%
‘ammonium sulfate fraction. :

100
- 0.3

75

402

5]
o
T

< 0.1

N
w
T
BADH activity
(nmol/min/mg protein)

Glycinebetaine content
(pmol/gF W)

L 1 1 1 1
0 1 3 5 7
Days of cultivation

Fig. 2 Changes in Glycinebetaine Contents and BADH Activities in Suaeda japonica Seedlings
under Salt Stress during Seed Germination.

The seeds of S. japonica were sown: on the medium with 0.5 M NaCl, and cultivated for
various periods. For glycinebetaine (QO) analysis and BADH activity (@), the
experimental procedures were the same as those noted in Table 1.
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Table 2 Effects of Betaine-aldehyde (Be-al) on Seed Germination and Glycinebetaine
(Betaine) Contents in Suaeda japonica and Chenopodium quinoa.

Concentration Germination rate (%) Betaine content ( x moles/gFW)

NaCl (M) Be-al (mM)  C. guinoa S. japonica C. quinoa S. japonica

0 0 100 100 0 45.8 = 2.04
0 10 100 100 0.1 £ 0.04 90.4 + 3.46
0.5 0 26 = 1.2 74+ 24 0 84.2 + 3.24
0.5 0.1 25+ 1.8 83 = 3.8 0.2 £ 0.06 93.4 % 3.20
0.5 1 22+ 1.4 86 + 2.3 0.1 £ 0.05 99.4 +4.22
0.5 10 19+ 1.8 92+25 O 106.8 + 5.64

The seeds of C. quinoa and S. japonica were sown on the medium with various concentrations
of NaCl and betaine-aldehyde and cultivated for 7 days. For glycinebetaine analysis, the
experimental procedures were the same as those noted in Table 1.

Table 3 Effect of Glycinebetaine (Betaine) on Seed Germination
in Suaeda japonica and Chenopodium guinoa.

Concentration Germination rate (%)

NaCl (M) Betaine (mM) C. quinoa S. japonica

0 0 100 100

0 10 100 100

0.5 0 28 + 2.0 74 + 2.4
0.5 0.1 31 £ 1.8 86 + 3.0
0.5 1 35+ 2.6 98 + 1.8
0.5 10 26 +1.2 92 £ 3.2
0.5 100 18+ 1.4 87 + 2.3

The seeds of C. quinoa ans S. japonica were sown on the medium
with or without 0.5 M NaCl and various concentrations of betaine,
and cultivated for 7 days.

Table 4 Effects of Polyethyleneglycol (PEG) on Seed Germination and Glycinebetaine
(Betaine) Contents in Suaeda japonica and Chenopodium guinoa.

Concentraion Germination rate (%) Betaine content ( umoles/gFW)
of PEG (g/2)  C.quinoa S. japonica C. guinoa S. japonica
0 100 100 0.1 £ 0.03 48.6 = 1.78
2 45 + 1.6 100 0 49,9 + 1.98
20 45 £ 2.1 100 0.1 £ 0.05 86.3 = 3.46
200 3014 95+ 34 0.1 £ 0.04 80.8 £4.12
400 0 25+ 1.2 - 20.2 £ 1.12
600 0 0 - -

The seeds of C. guinoa and S. japonica were sown on the medium with various concentrations
of PEG and cultivated for 7 days. For glycinebetaine analysis, the experimental procedures
were the same as those noted in Table 1.
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Table 5 Effect of Abscisic acid (ABA) on Seed Germination
in Suaeda japonica and Chenopodium guinoa.

Concentration Germination rate (%)
NaCl (M) ABA (mM) C.quinoa S. japonica
0 0 100 100
0.5 0 2613 7428
0.5 0.001 23+ 1.1 74x3.2
0.5 0.01 19+09 7324
0.5 0.1 17 1.0 66=*28

The seeds of C. quinoa and S. japonica were sown on the medium
with or without 0.5 M NaCl and various concentrations of ABA,
and cultivated for 7 days.

Germination rate (%)

NaCl (0.5 M) - + + + + + + +
Betaine-aldehyde (mM) o} 0 0.1 1 0.1 1 0.1 1
Act D (3 mg/1) - - - - + +

CHI (1 mg/1) - - - - - - + +

Fig. 3 Effects of Actinomycin D (Act D) and Cycloheximide (CHI) on Recovery of .
Germination by Betaine-aldehyde under Salt stress in Suaeda japonica.

The seeds of S. japonica were sown on the medium with or without NaCl, betaine-aldehyde,
Act D, CHI, and cultivated for 7 days.

GGTCCAGATG CGGGTGCACC ATTAGTGTCT CATCCTGATG TTGACAAGGT TTTTATCATG TCTGCT
GCTGTACAGT TTAAAACGTC ACTGTCTCAT ATTATTTTAG GGCTGATCAT AATTCTAATT AAATA
CATTCACTGG GAGTAGTGCT ACTGGAAGCA AGGTTATGGG TTCTGCTGCC CAATTAGTTA AGGTG.
CAGCACCAAA AATTAGAATA ATTTAACCTT AATTTCGAAT CTCAACTATG GTATTGGTAC TGCC/
GTCTATCTGA TTGTAGCCTG TCACCTTG

Fig. 4 Nucleotide sequence of DNA fragment amplified by PCR.

Template DNA used was extracted from seedlings of Suaeda japonica. Sense primer used was
5'-GGTCCAGATGC-3' and antisense primer used was 5'-AGGACT ACCCCCAAGTTC-3'. Exon
regions were underlined.
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Summary

Suaeda japonica Makino is a halophyte and grows at the shore of
Ariake sea in Japan. The seeds maintained 75% germination rates on
the medium containing 0.7 M NaCl. We have previously been reported
that very high levels of glycinebetaine (betaine), compatible solute,
were kept in the seedlings under salt stress. It is synthesized from
betaine-aldehyde by betaine-aldehyde dehydrogenase (BADH). The
decrease in germination rates by NaCl was cancelled by simultaneous
addition of betaine-aldehyde and/or betaine. The seeds of S. japonica
could be germinated on the medium with relatively high concentrations
of polyethylene glycol (PEG), as substitute for drought stress, and
endogenous contents of betaine also increased. Although some drought
stress-related gene expression was known to be induced by ABA,
application of ABA did not affected seed germination under salt stress
in S. japonica. Effectiveness of betaine-aldehyde for seed germination
under salt stress was disappeared by simultaneous addition of
inhibitors for mRNA and/or protein synthesis. Therefore, salt stress
may be induced gene expression for BADH. The cDNA library was
synthesized from mRNAs isolated from seedlings cultivated on medium
with NaCl and tried to isolate BADH cDNA clone. Using two primers
synthesize‘d and genomic DNA from S. japonica as template, PCR was
carried out, and about 300bp fragment was produced. Using this
fragment as probe, cDNA library was screened. However, the BADH
cDNA clone could not be isolated. Because the fragment contained
intron sequence. Efforts are directed to obtaining gene encoding BADH
from cDNA and genomic DNA library in S. japonica.
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