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FUKSIHIZHEZE L TV A0, BV IR Ic BV Cid, BREREE IS » Tt tE sy v
L 378 (Sporobolus virgicus) OFFEESHBR T 5, FIoARBEEN L0 ERICAET DI
XL, aF=33 (Z sinica) 1L 0D NRIORERIZEEE DR E 25,
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DA =% UNVZRENFET D2 LA O L, AEEIE, BN L - THIE
INDA—F T UBEEE L T EROBGRERE LM T S0, a2 ) FEEICA—
¥ UEIEILEA (TIBA, NPA) ZAFEL, X7 E A —F 2 U HIEET (CS-I441)
DRBEFN LTz, ZOFRER, TIBA AL -C, ROEHBMUEE, EHAEME L O
BRI O W~ DR T FERHE, RTINS EIT D CS-144]1 Bin T OB KR
Holz, TNODRENL, EACL - THFEINDI A —F VU BOAN T EARIZL
BT, 2O7DICA—F v 8y ) THBET LI ENRBENE, FIT, 4—%
VUBRES R B a— R4 5 cDNA X 27 U O HEEARL -, FORE, influx,
efflux ¥+ U7 ENnEh, DR e 2 o FREOEBEIRI LI, —F, “hETH—Fv
CBEM AT CS-I44]1 EFEHEERRL SICBW Yy —h—#{zF & LTHY, ZoFAM
ZRLIER, T—F LD ERGFEBELZA O T 5 120121E, RNERTEY
DORERANMNETH D, T T, CS-IAAl DETD Aw/IAA Z L2 BH 7 7 I U —Hikk
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FRMT BT o Tm, FT2, ANV EREMET L ZEEHALMNICL, A—F U REELE
DR AR LT,
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FHEHESL L, CS-IAAl DFEBRIAT 21TV, KSR ERIZET D4 —F v REEORRZ
oML, EDHIZ, TIE RTLRAERAOWTROKSEHEERRERL LI, TOMK
B 75 RTVARKSAERICEIRICKST 52 EBRPLMNI R T, KRWT, FHERE
RERKOKSBIYELIENT L, KOBEORBRIET 7V BAEET 52 L2/ L
W Lt, $72, EARECKHESENDRE LR EREOKGEENEE ThHho72Z &0
b, KRYBEMTIIEABESCHIENE B2 THEENFET I LB LN

HEO®H TSR TR, $S—EHREMEENCEN, BEXMETH DL 2 LAF M, TR
NEHRA N L A FEHET S A THRE SN TS, VLY VKD BEAPFEIN L
BT GAMyb BIn FRIBAFN LIFHR, HEEN OV Y SMCBEZETHDL L 2%
RL7, #LTC, HEXEOTRLY VX HFE-HHRMBREICEINY) VAL BARKRT
boHZl, HEEFOHY T LT ¥ U RNBEBEFORAN TNV ICE o THEES N
Ak, UNRLY ALV E—EHBOMBOI Y U LOBRVIAZBMEEINDSZ L ERAL
M LTz, FT, IRV AL S EEBR ISR SR RTEEOF LWVIHKE
¥\, [FFEIC Endo-glucanase El B OREBFENEO LN, ThHDORBRNL,
EOEEXFMEICBITAE—HBHEIIIORN LY VEREEREME L LTON Y U A
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W5 T, Ce-chk-2 MIZTITIEE LTHET 21TV, UTFORELEE, (1) B Ce-arl-1 &
(5 OMERERRHTIC K > T, CeATL1 DIEBUMMHIBEMAIIMEIMRIBIHI N L TRE M E R Z &
EELMMI LT, (2) #H Ce-chk-2 T ORIBMRNT 2 O ONHEREMAT ORE R, AFR T
OERIRFH L, BESHBBR~EESRB SN, £z, BB CeATLl ¥ /7 H &
HEERTIETORREIT R -T2, BIGHEEE L BB 2720 OB R & BIizRIHM
Bz OS5 FEMFHIFRE LT, BB~0 X BRERERSIToZ, TOME, FHEKTIE
WEE — Sy FIH % T OB X BUSEIEE R LIz, #REUCIST 2 Recd FRBLF,
Ce-rdh-1 DFB & IH L= BE TIZFOMER LN D Z EEHLMNT LT, &I, B
SYBLIRE AL T TR ler-427 ZERAEOFREEFOBRBLZITY, RAGKGFEAELE 2 2,
RNAi JEIZE Y RWH L=, 209 b0—oE hRow 7 A TRR X TV 2 #ikaE# 2 3
@i+ % RBX-1 L BWHEMEEFESZ E¥bhoT-, BIE, IO RBX-1 ¥EBIETFIZOWTEE
HIZRBRAT 21T > TV D,

RO AT BBRIIE . OREA L ACERZESE VI EAMONTND, BIFEE
FCWAALEFRANT, ALHIZEEBER FL ALV AREBET HREMLL, BE
&R D AETEIRE - MAOTREMRIT 21T 72, AEEL, ZOFRBERZICHEEL TWDAHE

e



HO®HDBIBTF L LTHI LT METEE S /82 B Y L BLBE R R IG 712 % B L, RT-PCR

K DBETREMBT LTV, DL U MREFMEY VR0 B ) VU EBEBEE R F A SR
MHECRE S L TW D aaetE 2 R Lic, £72, BELEKX (30°C25°C 5 HME) & 5tBX
(20°C/15°C) DA F LFXOMEE (5 5 EREAY) 2 0oHH L2 mRNA 28\ T, Serial
Analysis of Gene Expression (SAGE) I5IZ &K 2T %17\, cDNA H3ED Tag BLY| O AT
FIZRE LTc, TORER, FOUHERX E SEAEX TREOHLNICERRIBEFHS RH
L, BEMT2ITo TS,

FaV VT L ) RROIMRELTL, SAEOHERFIFEICFBIOM o—D R
XY BEAICHIE ST D, BEMERERER X 2 7 ) T, BRI o U O R
Fa U ) ICHEASATE=T U EERPMET L TVDZ L E2RL, MO TTF Loy 7 un
M o—h AOEMEN L CHEEORE 2T 52 & 2R Ui, FIFHC, FEBEO M o—

AL THIBEN D 2% 27 U OMRBEOBBENE TV &R LT,

(%ﬁ%$,$§%3,%#@%,ﬁ§ﬁ%,ﬁﬁ,%ﬁﬁi,m%%a,%ﬁ&ﬁ%,

PRAIRE], PREE, KEFRE, LZEL, BBETT, BIER

RIBEBLRE4ERBHRRARM

(BRRBRRREEEBHARNSF)

AR, BEBEAY VEOBEIC L ML UVB BOBKL, K& CO2 BEDHIA L

UCHEDIRE ERZ Y, HEKFE COBRBEOE(LAHER EOAYRARERIC RITTHEIC
DNTOREVHERICEE->TEY . TOMAITHROICRERRBEL Lo T 5, Fix
. 2O &S R H-ERBRIE O ZAL D 727 TR R RICAE BT 2 OMAEH O AETFIT L
DEICEDY | ZOBAH LI A BT DHEHCMED D LD X 5 HhEBE RIET 0N,
OWTid, BHHIARRIIEDL S RERE L T2 LIERD0M, ICKEMLE LT
WD, ZOBRBICHILT 27012, DIUVOIVIME SN HRKEREEL A THIIED 2L
Z Z THECMAEMIIRKBREICEO L D ICHEIE L, EMAEZTED L O wMTéwﬁ
ERET L. S 60, RERBRICEC LA ALY ECEROBER L HLOBEOEHO
HME ARSI 2 —EOBIBA B AT > T D,

SEEDNATA FOOEDIE, EEEY K [Plant and Ultraviolet-B Radiation: Effects of
increasing ultraviolet-B radiation on ecosystem and resistance of plant to ultraviolet-B radiation| %
gL THD, YoRIE, EALLOBNEL2 94 EEDR8 54BBMLT-,
BJORN X (LundUniveristy, Sweden) (X5 L7V ¢ 22— THEM & AR B 2 < 53R
B DOk, 1) AR B BOE(LEE=42) 7 tREMOEINR B BOLE, A%
ﬂ%bk%%ﬁu3%®ﬁm%®%ﬁ\ﬁ%ﬂ%m%ﬁéle@@%\2)%%%B0%%
ROVERICFIETHE  SIR B DMEMORRIAE, HHERICRIETHE. T E
FrOERICRIETTRE, 4 B BLUKR CO2 BEDOHKSEMDICKIETHE, 3)
AE - LRI - ATRMRE (EMEBREORALHEE) » O REEHOENR B REM,
7 TR A RN B HEER. 4) SR B BB THRBL ¥ VXV HARICK



ETRE AT V) OERE SRRICKIZTRE, B B I X D BIETFHREDORE
REWNZVTFNVRTUAFE T ay, 5) $RAVR B IZX D DNA HIEOFHERH L EHE -
WO NEIEREE DT REE L NEERBRELZEICH T 58 AMMEORIL. DNA KEIE
BERL 7 VT hra—aZ NV EOWE, BABROERIIH L THEM =T 0 FEYTF
B, EVFENEBIEE D ST, 19 OOEERE 31 OFRRAZ—BRBERMTONLE LR, &
%12 SUTHERLAND F (Brookhaven National Institute, USA)Z L 2 #FE#BE T, VRV Y
LIFEDO L K BRE L, ERAO—BRBEOMEE N —ZIZN L TiThz Y& %54
BOCHET AR VR Y LAIHARIOLOTHY , BEXOEBESFZORMENE EE
ENE L7,

ZoHE LT, ¥HOoMRBEELZFT T (BHFEOBEELD) . HFERRET -
—A2BR IV, BEENMRIIED O Z o RITBERRNA A~ AOEMEIHIT 5,
Z D UVB OFFICxET 2B Iy EER O BERREOREICAEG SND B, 7F LN
NTITEARA T ) —= TR ERTERN UV BRINHESEICL > TRKELERFIND
ERHOLN TS, —FH., FAalE, UVB ICLVEEAERKT S DNA BEDO—D2THLH V7
a7y RIEY) IV A ~— (CPDs) DNMAEERESNENREHMEL RO D EELRER
LD AR AR L T & o, ABE TR, AFE TRV LI BARETREO R 54
AL A ERMEHNC RV, RIEEREN 2D D CPDs RfEEEFE Y/ n—=7 L, BsT
DIFEEF|CF X7 oS, BEKISOBELHTT 2, Sb6I0, REERFEEET
AEALHEEGRRAEZER L, 200 % AW CTERMZBEER D D 1 3 DN HE
HBERALMCT S,

(1) A RIS L OVRZ M STED CPDs HIEEBERBIRFO I/ n—=0 7 LBET
FEMORRL . 77 K7V R, KIBEZIZUODESHOEYHDOEEM D CPDs O YIEHEER E
GFOY—7 T ARBEIZL T, IR REY Y =% L0 CPDs HEEMFE R
TEI7/u—=7 L, B rEDERBRL., BEUSHEEBLIAOMNCT 5, FIRREZNHE
mFEEAK 1 50 58 CPDs MEEBEEEE 27 n—=r7 L, BETEDEZERNT S,
(2) &HEA 3 EhFED UVB #5511k & UVB ## CPDs £ D NAEHBES & OBtRB L O D&
R RO : UVB BT R0 A A< A KEHKIEN R EOEFTRFICRIFTTRER
BROMERHAPIZ L TE R DENBERSIMEL R T ORAR, (v MR REFER &
LR L 7= 3% R 0 CPDs ERKRES K OV F DREEREAMAT L, UVB KFiE & UVB 8
CPDs AR D HASHHES & DRIE & Z OREHE RAT ST 5, (3) CPDs HAEHBEHER
HONFERSEE O  EEERE T AR L RIUEDICIABRIEEIIRD 5T,
ZFORBUCITEHRBORBRELE LTS, ZOLAGREEL AL THE SRS 00 b
HNFENLED X X BEERKOBB TR SN2 DN RO T D LREIRFIZZ O
WEIEONZREERET D, AL 65 HLA 65 BLEAFORLZHIZLVIELR
T R T = EBRORGDERERE T4 XREIFEEL A, UVB 12X 5 CPDs D4
FRAE & DOHEERE L RARINME DERE L OBFREHOLNIZT S, @) A XD CPDs X%
EIEEEREOXZEEDORE L b OIS KIS HAE ORRAT  SRIMRIETIME M TS K OS5
o HERER L CBEREM T AW TEERISOX IR T A v 7 A, fEHARY bW
NWCIRERGMEBITTAZ LI Ko TR BRERET D L FIFIC, BARBRTHOER



OEHEHESICT D, (5) A FHEERBRFEOERAR S NS A FEEBEO LR
(LSRN  FERL L - EEREROE S & Vs, A RO ERERE AL, ZhEa 0T
1: B OEITICHE S ABEROBES L OREBAM R, M, Mmooy S— kA
R) L2 SBSMBRIRHIME O R D BHEA R REICE T A AR ORB RS b ON I A
FRAT L. AEEE A& FRAMEAE & SOVRIREIME L OBIR A LT B) L, (6) 1 RO
R FERE T EATEBRAE O | S ERIMESREA & QN Ml & Bl L /-
HAEERERE LR T A I AT HDHNNIT Zuns T ) o AR EHCTERTR
SARRE PR O NCIEFIME S FEICE A L, IEERIKOSEIBIETIEARE L, A
ORI RS & B 52T B,

(BRI G AR 5 )

WA TlE, BEEPT U R7 74 b Wvoz k) Rt L AR D EHRETE
WEMEELHMRIZL T, EVEROEE LG LI O HIEERRIC Téﬁ%&ﬁﬁi
MDY L O TEB A AL, HERKREOEFEMHEOMAR & EEIEREORERIC
BT D2MEELITo TN D, BEFORRELED D L FRHC, ARFEEIL, *E*i%@ffﬁ%ﬂ"]&
BLEFRBAMBTEZFAL T, BOEE EEDOLEYFEMEEROZEMECHRBIEDO X F L X
BRE TR 2AEFBIEOREMAEL 2 Y —o 7 LHROKEREPIT L L THIA LT,

R NEL THDHZF LV AIEYMOEERY 2 br—L LTWDR, < AREHD
R EBADHF R THIEI L TV 5, %A XRELE Bradyrhizobium elkaniii 73 EFES H T F
VEERBREAIY Y E R0, MRS L 0 SRR AR R 2R E L TV D T
EMALMNIR ST, VY E MRV UOASHRE LB TFRERS LU LOMS TRETLIZE
A BEHD rxd BIEFLSMI _ERHGEZEATLVE MR Y E XU THFaT—
YPEa— N8BT rmC #ROH LT, < ARET AR XY 2 7Y (Lotus japonicus)iZ
BETF LU Lt 7% —Cm-ERS| £7213% OUERIGET HI0A #8A LT L o sh
PETT 52 &P RSN D EERIEEZED L, — SRR L7 R &b L
EREARVWHENT, ULOMEZ2 SLIZEDDHZ LIZLD, =F L U MBI E L REL
e~ AREHOREERS—BHLMCZ b0 WIS, (FE . ZHE  #l.
B, EEE—. EE %)

Ao A —|RFEIN TV DEAEA 2060 BE X dL7- Herbaspirillum &% 38 EME % A

IR LA, DR TH D84 A 3 EEHMBRICES L, ERBEEE LR L

N, EERIOERZEEOEE CE E/FRE/RBO b, HERL—F —BEL L O
FEEEE TSI LB D BAL KM MO MRBBRIC 2 b OE R EE L
TWAZ EREMNERoT, BELTOWIHAAS XBIORREMICEAL TWH A A=
TR, O EREEEITEBAE THRIH SN DI2H 00 Ib%T LYHEBEPRETH - 72,
L, ZHUIMRESRKEREEHE & FRAM (i@t M\ e/ L CEEE
THRAXEET? ZBRETHR I Y —VT A OEDTHHIERALNER ST,

(Adel Elbeltagy, {F{R R, &K K. BAKES, ¥ #H. GHX 3, TEALEF. §5
A OHE, EE R

TIVT 7 )V 7 7 ARKIE Sinorhizobium meliloti 7 WFZEMEHT . RRIEIZ X A T8 TR O Hja



WA RS O 5y FREEMRIAI AT, BAZEREEICLEAR S ~HFBEF L LTHST
[ L7z rpoHI, rpoH2 ORERENT # D T-, B BIETFOERKOMITICL Y. V7~ K+
RpoH N AP ¥ —Tge—hra vy 22378 (Hsp) TH D GroEL, DnaK EDE L 3 v 7
FHEICHE L TWDZ AR LT, groE LS. meliloti 7 ) 5 LTS DOZEBEF L LTHF
BETAZLE2EZEB LoD, FHEE— Y a v/ BrFOEE L RpoH & OFEEZRRL TV
5, BT, MR RHEBE & AR E OBEEZR D720, FiEERE T O £
BRth L7, (ZHAZE, (RS, FHBBIL, GHRE, FHiE %)

WEOWAEMD T ) LARLOERITE LD, B2 BRROMAEY ERBRZ AWM
MEERORRIZAEN» SN T, TOEMERE LEBENLEN > TV, RRIEIT~ ABE
Wl L REREEEIT D alpha-Proteobacteria (BT 5 77 LARREO HEHE THY . 7
J LARFEOT T u—F LAEMAREFEEOMNT THERBT 22O OBRGFOMHTH D,
WECERE ., 29" & DNA BFFERT O 2 ¥ = & VAR KL (Mesorhizobium lotiy DR ) LNELAIAY
Z DM, S meliloti, B. japonicum 72 E DR ) LEEFIONERN TREIND, £ T, BAR
#. HUERIREE, SRR ED M loti ORBTENZBIEFRBMFT 2T IO, 277 A
EHNR—FhHhwrar7b—%Ivarstary—r7 AMRRESBSEP.OE LIZERE
THERR Lz, Zab—0fARIIIS)ZHFEA L, £F OO TIEVY Bradyrhizobuium
Jjaponicum HRS #¥Ki%, BH O non-HRS #R & B L T, A ML ARRICRBEINTZEO =0
Z—URREE NSRS RDBEOH D ENaN0 | FFEDORBGAERFR T HRS BRAES
THMEO —E TRV EB b, (RE %, KB®RTF. ZHAE miE 7D

GREEEBIERL X T LHARS )

LYIHEDHF TIE. BEERNROCEAREOEI L ABAB(LONEL, ABR e
R 5 A MEOBGFHOBRECAKTRE, BERROBAND LR > TREIZEIG
L 7= oA OEM 5B 2 BBEABHB AN HIT> TS, KEEIZUTOX
5 IR R AT, |

2337 Bi(Burkholderia cepacia) ATCC17616 #8477 L% 3 ROBRG AN LS
Do ARV ©EELZRAT A7-HI2, mini-TnS HAZRRERKEZH 5,000 1T EHE LTI,
IHOEDOENLEEONBERMEEREZRIKL, RAME ETO mini-Tns HAIM %21
AT 4= R NVERKE TR, BEO MY T hT 7 (p)BEREEROS L, 3ED
ZER1T 3.4 Mb Ye el o> 5 kb Wr A PICTEE L TN 2, 2.5 Mb ek EOE RS RV &,
rp ERBGFREL 2 EORGBEKIIHMLTND Z ENRmB Iz, —FH, o7 I/
FEE A REEFHEDOL 1T, 3.4 Mb Jefafk BICHBEL T\ e, £, AEORARAMmE
B - BN BT 8 PR EOBARS(IS)% PCRIEIZL Y 20 BBIZEBGT L &
EBiT, ) LERRICKRELS FETHEEESND IS 2 EEIRE L, 8T EZT
a—7 L LiF ) Iy 2P ITIC LY . dnad 3 ET0 16S IDNA OYEE L OBLE & R
ELEN, EHICHOFEEELETFOY ) L ETOMNMBEORELZEKL TWD, (HFHEZ,
K, WG, AR, KR, EEREF)

mini-Tn5 #HAIZ L D B. cepacia ATCC17616 B OSBEERFERB L LEBEE L., =
NOEOFTYT a7+ 7 EARBKERETIE, mini-Tns 8L X2 OFFEND 7L



v —BIETF fur IKHEAI R T, KEY ) LBIGET D knockout A5 L. Fur KEE21
KEDEFICHATIIRWZ L2BEMRIB LTS, £/, LR—F—EBETFEL TSR
FT—F—%R< gfp Bl T%H5 L7 mini-TnS Z#EE L. SKBEOESHIC L VEEHE%
XA AR RBORE 2R, BEE TIZ, SN EZIIRZHT GFP HERAERD
R b ERZ 6 R EH/I, (MK, KEE, FHEs, BEREF)

77 AI K pWWO LD M UG IREETFHAE D Tn3 B R 5 U AR Y L Tnd651 Dz
BRIGO%FER T, R—5FLD 2 a—0 res B TOEN I RAOAZHEC I, res |TBERE
5 tmpS & tmpT OWMBILFEVMEZLELT D, | AaE—320 res #{RkFT 52075
AI RERWZERD G, TnpS 1X 2 20 res M TEN R RAHIALR S A2 bt 5 = &
ZRHEL, TnpS & TnpT XA 77— D Int & Xis (CHRERELIMEA R OBAB TH D L #E
E LT, —F, Tk b ONCHEER D 6313 £ OMIERE T Tnd65] $55RE DNA SISO
R 24TV, Burkholderia J&<° Sphingomonas J&72 ¥ D% < DEERIN Tnd651 DELBELERE
TR tnpS-res-tnpT ZARFFT 2 Z E DA I N2, (RIIEZ, KAEEA, BHEX)

HEQBRBEG QY HE T & % y-hexachlorocyclohexane (y-HCH) %y fi# i Sphingomonas
paucimobilis UT26 B Dy-HCH dehydrochlorinase (LinA) 1%, fUZ$EHID2R2WZ A 7O
WALKFRERTHD, 2 Ea—F—MITIZE Y, LinA 25, —&REF EIZRFEESATVA
WONAEBENFEUL TS 77 IV —D—BTHDHIEBRHALNI R, TR I—
T VKD FRILY LinA ONEEEET MK SE, BMEELREALREZIT-
Te&ZAh, ETFTNVOESHNHRIND L HIZ, LinA OJEPEIZIT Asp25 & His73 O7 I
L5670 brDOFIXIREVPUATHDZ ENBH LIRSz, Fi2, LinA (X5 RIGED
DFAMRMRITIZE Y, LinA IZEEDOEFR L /KFE O trans and diaxial (TD) pair % SLIEKERHIC
ok L, BEIEAKRBRICEIToTWDZ LRI, CkEH -, BEMHH)

UT26 i3k Dy-HCH 4 fi#fR#IZBI5 3 5 1,4-TCDN halidohydrolase (LinB) %, o/p-
hydrolase fold enzymes |ZJB ¢ A5 0 T AH Ui U BERO—BThHDH, ~aT b
N UoBERIE, BREOHEE - BEMBOMEICELEME AL EEZX LN, FxiT
LinB (IZ DWW TOEBE TERFIELAT > T D, AEEIT LinB OSLIE#EEDRBBICKI L,
LinB M a7 T e 7o BER L R LT, B E R LRy v b, ROEE
KORBNOLEZI~ELZBEOBEL L TWDLIERHLMNIR-TZ, EBIZ, ThbHD
HRICESW - REFREEOUE - FIHEHNOMNEEBHE L, LinB OEELREA
EREED, CKEH_, BB

RNV E T = = (PCB)/ i # T D Pseudomonas sp. KKS102 3 PCB/biphenyl %y
R (bph) B FREDRBUHIE R O 21T o 1=, TOFRER, bph BEFHORBEFELE T
E7 =T, RBTREMOAZREME THD Z ERHALNIR-T, IBIT,
bph F~v @ EREIZFET S GntR ¥ A 7OHKIEHEF%2 a2 — KL TCW A B FEMIA
DOHIEEF & LT bph A0 OFEBRFEICELE L TWVDE 2 EARENTE, £, HIEHR
DB L DEESREOEEEZBHE LT, KKS102 D bph A_u D7 1E—4 —f
Pl L, bph BIGTHEZHEERAICEERT 2MBIIEOERZITo7-, ZORKE, B4k
(ZHATEREIZ PCB AEEN ER LR BRICKRY Lz, CKE#® T, HEFEE)

ERITNTFTBIORIFERY I ANFIEREREORBEH TH DR, = DEHFED



HEELOBMERMEM TS D, ZOMWRITIEFSEL AR ENL 72 & TR R E % @
JREICFRET L CMB OB SN AEETH D, ZOMERREE F XY ST OERENT T
IHNETHOLMILTCEN, BIE, HASHICERDORBICHAIF IRV I NNFT LD
AR L T D, AREOFRIIHEHICETICZHOoutEy FEEL, ZOEREF]
ALTHERY T ANF LD 23 BORIEFRODRETERT D LICH D, Z OFMITHE R
BLOERANLRE COEMEKRICAERI TH D, TANERY T NNFEEZFEZRY A
FiFE BICEBRUETCTIEFESE Ly, JO/RR, WEITEE L CRE-FICBRIET S
AFRTHY, BOEMOLERENCT LA NIRERTH DS, B TIImELIZ, BE
OFNINEBIZEREZ R L TWAN, TANZRXY T3 F L0 L RO EZITY, 2 50
BX R 2 F 24X RN FTREVBRENRERECERNEZERT 5, A4 F RV 730
A —7 U RBRBICEAELFER L, BOERZIBRROND, TO LD REORE LR
REEEERVA LI THOERBN LR AT I I ENERFREORLNTH D,
(AR

NG W NE W (Arabidopsis gemmifera) 0 FE A RE FOREAT ASHE o0 {8 (R BE BHRE A 2 % #1)1
UETFHFEXIEW) FERIBWVCBRA L, 74—V FiCkiT 2E & 3LcEE 2R L,
ERPICEREOEIZHG L TRBEEOREABRN R4 L T\, SbiZ, YuA
XFXFOTa—TEER L CRIBERBNLRBITZRAZRO>OH D, (REELH)

(BEEHRSE)

AWFF 48 Tlrd, B ORIZIELS H b > TV 5 HEEREOMYIRIFRER, RREER
HOEWBBRER 700 > 2FAHER., BLOERBEOBRGABHIMEAZALNIT DD
& ERMEOMFEIEB O BAEIC LT, RIRMEE R, JRIRPERI B, My ~0 gt
AERPLOFEEE, L OHAEMEOMITIFR L BRI L T 2D, EBERFRABRITLT
DB TH D,

AFLP 734712 & % Rhizoctonia solani AG2-2LP & R. solahi AG22IIIB DI NV ZIFIZBIT B
BERREE . SV TBICBITD ) VN au T A REBIRE Rhizoctonia solani AG2-2LP
(LP &) &2 k25 AHEMHK R solani AG2-21IIB (IIIB &) (. #R@MEKIGE RAPD
SHIC LV ZNENEA L BEEEEEZ T 2 s by o7z, RAPD AT L D BER &V
& &5 Amplified Fragment Length Polymorphism (AFLP) Z3#7 & AV THEBR O HHZELE %
PRI 2 A, Wi &b RAPD ST L [ERROERDP B O, T720bb, LP ETIE, F—
EAREDS 7 8, a4 AROERICEFRR, B3 78H057 6 T HBRYIC R
LDANTHTHIES ML TV, Lol RICBHAZETHLI Y bA—TRAF R
NI a—=F T ANLHMINT-EEET. /- a0 74 OB EITRR>TY
72 B BETIE, A—EEENR—27 Y — R TR A=V T7H0RRD 7Y — iz
HIFIE LT, BB DAV THRIZIZFEE L TR -T2, Fin, B A EEHN RS
NTFIEF Tl =270 = IZB W THIREL TV,

AT UBRBRECBITAX—E g R4 —EPREFHBEROEN : 17 1R
J&EIRE Fusarium solani f.sp. phaseoli \ZFBWTIX, A 7 D774 hT VX THhDHF—
B hUARRETLOEER, ¥—E oS P —EIREHICEE L TWD Z ENRERS



NTWD, fsp. phaseoli \(ZH1TDF—E Rt KT 4 —F LFENEE OBREHIECTS
OIZ, F—E oA RT7Z—EBIET (khs) BEEERREZ /EH L. khs BREERK & ok & IR
FREZLEEB L2 L ZAH, TR OO THEZIRFEMLEDOBWVIZRD bhien o1z,

7 XXRBEIRE T DAL & BRI FHEFIK D high mobility group box D
i : Fusarium solani f.sp. adzukicola |3 rDNA-ITS $E1% DH EEF(I1Z 3T fsp. phaseoli &}
f.sp. glycines & 99.0%LA LD EFIZEWFER P—2EFFD, ThHD 3 H{ERUZ OV T
BN R ERIE CORE 2R T2 & 2 A, fsp. adzukicola ML LI Zi2DH, o
f.sp. adzukicola, f.sp. phaseoli . O} f.sp. glycines & 8B S W5 Z & THROLFEEREE N S
NOZENboTe, IEL, RSN FEREEIITWTL TERT IR SN2
27z, Nectria haematococca MPVIL® high mobility group (HMG)-box % 712 —=7 & LTH / 3
I IYFEUNA TN EAL P = a v aiTFolzb 5, f.sp. adzukicola TDHFERB /N K
DRHINLHE, B o7, FEREEIT HMG-box 2D fsp. adzukicola & HMG-box %
72720 3 LB DO ER DA G DR TR EIND Z ERHALNE R o T,

WY EBREEE Fusarium equiseti B L7 b~ MENTORFEEEOHAMIEE : &
B O THBEE b~ MIBWTE equiseti BT 25 Z L2 X 0 ERBEERE 3 » B%ICIT
BEMERRE L LML UI-5RRMM 64 RO 52 & @mWRBIMESENRD S, R
BRI—OFEH AR LIz b~ FOHIEEEHA O E# 20em £ TOENOREFHBE LR - L Z
5. BEBIEHBR CIIE2TORBEERNNCOWT FE equiseti R U7 X TITEAE & H
L CTHLNITREEEN DR, TR TITREE 2 LA D F equiseti R L1 b~
b CHEAR L B L THLNTRRERN Do T, BEE O L#HRERBRO b~ X
HEMRRCERRHEZER Lttt a7 7 VIERRENR 12 BRI E COMFRFERLFEL
el T AL F equiseti ZALEE L7= b~ MERWE TIEIRIC 12 B4 & CEMEX & B LT
FRMESHERB L, SR E TIIRFEFRNEN - T,

EYAFREFEROERASRICL D -NAF VU —PEHB LR V= bOoHH |
MAFREREE (PGPF) OEAKRE X =27 ) ORPEICNETHZ LT, a7 RE
WK DEPIENFEEIND, BT CEB I B2 L L ¥ 27 V2 PGPF ORE Ak &
OSA A (100ppm) Z AL L, 24 RFIZICIREHE 2T 5 L 18 B ISR ZIR
BOMEREDICY 7= EEBBO LN, $MEREERETICRFEOLLMIT
LTWHEFLELBEINT, T TY V= SR RCICBRENEVE E 25
NH-FF o F—F (POX) EHZFI2EL 25, PGPF DR SIENEK% . HLHIS
POX BinFDERBIEMEMARD b, *HRX & R U TH#E AL I BV TR, &
iR 24 BER1E TI2F =2 7 VENICEIT 5 POX IEMESEIML T\ e, 0%, POX &ML
REFBELIEET D LIRS HITMMULT, DI &MnD PGPF OEAKICEY, *
2T VERNTIED 52U POX AEMHEAL S, JRRE DR AR LIESHICY 7= EE
DX RIS ER S E R L TWAD Z DRI N,



2 WrFcER
(1) &mxX
WERFSHERRAR

GERFRRELEHRRS )]

Kataoka, H., Takahashi, F. and Ootaki, T.: Bimodal polarotropism of Vaucheria to polarized blue
light: parallel polarotropism at high fluence rate corresponds to negative polarotropism. J. Plant Res.
113:1-10, 2000.

Species of Vaucheria (Xanthophyceae) exhibited cruciform polarotropism when they were grown under polarized
white or blue light for several days. The coexistence of two groups of branches growing perpendicular and parallel to the
electric vector (E-vector) resulted in cruciform polarotropic orientation. Such polarotropic bending was, however, not
detected within 24 hr.  As the fluence rate of polarized white or blue light increased, parallel orientation to the E-vector
became dominant. Polarized red light produced exclusively perpendicular polarotropism. This shift in pattern was
much obvious in V. terrestris sensu Gotz than V. sessilis and V. dichotoma. Since the photoperception is restricted to the
tip of the apical dome and since this region receives maximum photons when the E-vector is at a right anglé to the cell
axis, Vaucheria becomes oriented normal to the E-vector as far as the fluence rate is optimum. The direction of growth
is expected to change into parallel to the £-vector when the fluence rate is supraoptimum. The perpendicular (normal)
and parallel polarotropism of Vaucheria, thus, correspond to positive and negative phototropism, respectively.

Orientation of photoreceptor molecules is suggested to be predominantly parallel to the surface of the apical dome.

K R, BE OE, S % IXF< DR #x 54 4), 73 - 78, 2000.
1. IXF~hrEEid

IRXF=HEDAEER L 2L

N A RO - 157 )

I XH = h EDOIEME

IRF 2 HEOENE LOELNEME

BbYIC

[ 2NN &) B S - N

KifE 1/, 8% &, =R % I X¥~<H E(Pilobolus)IZ 8T HRIBIGE RS, HARRY
24 41(3): 137 — 149, 2000.

Pilobolus, characterized by formation of swollen subsporangial vesicles and projection of sporangia into the air
when sporangiophores mature, is one of the most useful model organisms in considering the "signal perception-stimulus
transduction-response” system in fungi. In Pilobolus, as in the closgly related fungus Phycomyces, light effectively
controls sporangiophore initiation and growth, sporangium development, and determination of phototropic direction.
Pilobolus also responds to gravitative and centrifugal stimulation by bending in the negative direction. These
responses, however, depend on the species of Pilobolus and the developmental stage of the sporangiophores.
Comparative analyses of these responses among different species of Pilobolus and between Pilobolus and Phycomyces

are effective to elucidate the mechanisms of sensory physiology of fungi.



Fukui, J., Miyazaki, VA. and Ootaki, T.: Isolation and characterization of chlorate resistant mutants
from nitrate-nonutilizing fungus Phycomyces blakesleeanus. Mycoscience 41 (6) :633-640, 2000.
Chlorate-resistant mutants, which were first isolated in the zygomycetous fungus Phycomyces blakesleeanus, were
found to be resistant up to a concentration of at least 300 mM of potassium chlorate. The dose-response relationship
showed that although the. mutants could be divided into two groups based on chlorate resistance in the mycelial
elongation assay on the solid minimal medium, this was not observed in the assay using liquid culture. Genetic
analysis of heterokaryons revealed the mutant alleles to be dominant. Enzymatic activities of three nitrate reductases
and chlorate reductase were deficient in both the parent strain and the mutants. Intracellular incorporation of chlorate
ion varied from strain to strain; however, the variation could not explain the mechanism of chlorate resistance. One
unexpected characteristic of the mutants was that the intracellular sulfate ion concentration was 3.5 to 5.5 times higher
éhan in the parent strain. We designated this mutant genotype crw, chlorate-resistant mutant from nitrate-nonutilizing

wild type.

Yamazaki, Y., Miyazaki, A., Kataoka, H. and Ootaki, T.: Effects of chemical components and nitrogen
sources on zygospore development in Phycomyces blakesleeanus. Mycoscience 42 (1) (in press),
2001.

We examined the effects of chemical components and nitrogen sources on zygospore development, using 62
different ingredients based on Sutter's synthetic medium SI, which has been widely used for studies of sexual physiology
in Phycomyces. An increase of inorganic microelements such as ZnSO4, NaMoO,4and CaCl, promoted an increase in
the number of zygospores per unit area. Glutamate (Glu) contained in SI as the sole nitrogen source was indispensable
for sexual development, and replacement of Glu with NH," (Am) strongly inhibited it, mainly because of growth
inhibition. However, zygospore production was enhanced 1.8-fold by equivalent amounts of both Glu and Am as
compared with Glu alone. A newly developed medium, mSI+Am, enriched with Am and the above-mentioned
ef‘fectivé microelements doubled the number of zygospores formed per unit area (density), compared with Sutter’s
original SI, and increased both the density and the weight (volume) of zygospores, 1.6- and 2-fold, respectively,
compared with potato-dextrose-agar medium enriched with yeast extract and casitone (PDAYC). Sexual stimulation by
mSI+Am was also observed in the mating of a pair of B-carotene-deficient mutants. Methionine sulfoxime, an inhibitor

of glutamine synthetase, strongly inhibited the progress of mating without significant growth inhibition.

Fukui, J., Choi, K-S., Miyazaki, A., Ootaki, T. and Oikawa. T.: Analysis of the formation of
protoplasts and regeneration of cells in Phycomyces blakesleeanus. J. Microbiol. Biotechnol. 11 (1)
(in press), 2001. ’

It is possible to prepare protoplasts of the zygomycete fungus, Phycomyces blakesleeanus by digesting the cell wall
of spore germlings with commercially available chitinase and chitosanase. However, the cells without any cell walls
immediately form large aggregates, and thus, it is difficult to isolate the individually separated protoplasts. Inherent
problem with the formation of aggregates in preparing protoplasts could be solved by the use of bovine serum albumin
(BSA). As a result, we were able to prepare a large number of single protoplasts quickly and easily. We took time-lapse
photomicrographs of the formation of protoplasts, and found that there were certain regions of the cell wall of spore

germlings that were sensitive to chitinase and chitosanase, although the cell wall of the original spores is known to be



insensitive to these enzymes. There have two kinds of cell wall on a spore germling, one where a bound wheat germ
agglutinin (WGA), and the other a bound concanavalin A (ConA). Furthermore, only cells with walls which had bound

WGA were able to regenerate, while those with walls with bound ConA were not able to regenerate.

Fukui, J., Choi, K-S., Miyazaki, A., Ootaki, T. and Oikawa, T. : Demonstration of stage-specific
nucleolytic activity in cell-free extracts of Phycomyces and inhibition of this activity by EDTA and G-
actin. Mycoscience 42 (1) (in press), 2001.

Stage-specific nucleolytic activity was identified in cell-free extracts (CFEs) of Phycomyces. Such activity was not
detected in spore germlings or mycelia for the first 36 h after the start of cultivation. However, it was detected in mycelia
more than 48 h after the start of cultivation, as well as sporangiophores and sporangia. The nucleolytic activity was
completely inhibited by the addition of EDTA or G-actin to the CFE, and the various results together suggest that the

activity was due to deoxyribonuclease I (DNase I).

Takahashi, F., Hishinuma, T. and Kataoka, H.: Blue light-induced branching in Vaucheria.
Requirements of nuclear accumulation in the irradiated region. Plant Cell Physiol. 42 (3) (in press),
2001. ‘

When a narrow region of the fresh water coenocytic alga, Vaucheria terrestris sensu Gotz is irradiated with
moderately intense blue light, a branch is induced from the center of the irradiated region after 4 - 5 h. Movement of
organelles and microtubule bundles during the photocytomorphogenetic response were investigated. Chloroplasts in the
cortical layer immediately started to accumulate in the blue light-irradiated region and their accumulation almost
completely finished 30 - 40 min after the onset of light when the nuclei residing in endoplasm started to accumulate.
Accumulation of nuclei synchronized with disorientation and shortening of microtubule bundles, which originally run
parallel to the cell axis. Not only amiprophos-methyl, a potent microtubule-decomposing reagent, but also cytochalasin
A strongly inhibited the branch induction. Amiprophos-methyl completely and cytochalasin A mostly destroyed
microtubules and completely inhibited nuclear accumulation, but both drugs allowed the accumulation of chloroplasts in
the cortical layer of irradiated region. These indicate that the accumulation of nuclei is indispensable for branch
induction while the chloroplast accumulation is insufficient by itself for branch induction. Ineffectiveness of
cytochalasin A on chloroplast movement brings conventional view of sliding movement of chloroplast on long actin

cable in question. Morphological and functional relation between a nucleus and a microtubular bundle are discussed.

Sasaki, H., Kataoka, H., Murakami, A. and Kawai, H.: Inorganic ion compositions in brown algae,
with special reference to sulfuric acid ion accumulations.
Hydrobiologia (in press), 2001.
Cellular pH estimated from cell extract pH and the ion compositions of major inorganic ions (Na', NH,*, K*, Mg?',
Ca2+, CI', Br, NOj, S042') were studied by ion chromatography in 61 gpecies of 10 orders (Dictyotales, Desmarestiales,
Ectocarpales, Chordariales, Scytosiphonales, Dictyosiphonales, Cutleriales, Sporochnales, Laminariales and Fucales) of
Phaeophyceae. Three species in the order Dictyotales, Dictyopteris sp., Spatoglossum solierii (Chauv.) Kitzing and
Zonaria stipitata Tanaka et K. Nozawa, were newly found to be highly acidic (pH 0.6 and 1.4 within cells), in addition

to previously reported dictyotalean species, Dictyopteris latiuscula (Okamura) Okamura, D. prolifera (Okamura)



Okamura, D. repen& (Okamura) Boergesen and Spatoglossum crassum ). Tanaka. They all contained high concentration
of SO,* perhaps within the vacuoles. Furthermore, Delamarea attanuata (Kjellman) Rosenvinge (Dictyosiphonales) and
Talassiophyllum clathrus (Gmel.) P. et R. (Laminariales) were shown to contain relatively high concentrations of SO,*

balanced by relatively high concentrations of Ca®".
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GEEFHERESI 15 FF)
Efendi, H. Kisaka, A. Kanno and T. Kameya. Transformation of soybean by infecting embryonic calli
with Agrobacterium tumefaciens and that of soybean and kidney bean by injecting the bacteria into
germinating seeds. Plant Biotechnology 17: 187-194 (2000)

An effort was made to generate transgenic plants from embryogenic callus soybean (Glycine max (L.) Merrill) by
using Agrobacterium tumefaciens, strain EHA101 harbouring the binary vector plG121, which contains neomycin
phosphotransferase (NPTII), hygromycin phosphotransferase (HPT) and B-glucuronidase (GUS) genes. Analysis by
PCR and Southern blotting analysis of putative transgenic soybean showed that the plants carried the genes for GUS,

NPTII and HPT. The germinating seeds were injected with Agrobacterium tumefaciens, followed by sonication and



vacuum infiltration. Analysis of the progeny plants by PCR and Southern hybridization showed that the transformed
plants maintained the transferred DNA. Compared with transformation of embryogenic callus, that of germinating seeds
was simple and repeatable, since it required no prior tissue culture steps and produced transgenic plants more efficiently.
Transgenic plants of kidney bean (Phaseolus vulgaris L.) were also obtained by injection with the Agrobacterium into

germinating seeds.

Theissen, G., A. Becker, A. Di Rosa, A. Kanno, J.T. Kim, T. Muenster, K..-U. Winter and H. Saedler.
A short history of MADS-box genes in plants. Plant Molecular Biology 42: 115-149 (2000)
Evolutionary developmental genetics (evodevotics) is a novel scientific endeavor which assumes that changes in
developmental control genes are a major aspect of evolutionary changes in morphology. Understanding the phylogeny of
developmental control genes may thus help us to understand the evolution of plant and animal form. The principles of
evodevotics are exemplified by outlining the role of MADS-box genes in the evolution of plant reproductive structures.
In extant eudicotyledonous flowering plants, MADS-box genes act as homeotic selector genes determining floral organ
identity and as floral meristem identity genes. By reviewing current knowledge about MADS-box genes in ferns,
gymnosperms and different types of angiosperms, we demonstrate that the phylogeny of MADS-box genes was strongly
correlated with the origin and evolution of plant reproductive structures such as ovules and flowers. It seems likely,
therefore, that changes in MADS-box gene structure, expression and function have been a major cause for innovations in

reproductive development during land plant evolution, such as seed, flower and fruit formation.

GEEFESERRRRSEF)
Takahashi, H., Kamada, M., Yamazaki, Y., Fujii, N., Higashitani, A., Aizawa, S., Yoshizaki, I.,
Kamigaichi, S., Mukai, C., Shimazu, T and Fukui, K: Morphogenesis in cucumber seedlings is
negatively controlled by gravity. Planta 210: 515-518 (2000)

Seedlings of most cucurbitaceous plants develop a peg (protuberance caused by cell outgrowth) on the transition
zone between the hypocotyl and root. The peg is necessary for remoﬁng the seed coat after germination. In our
spaceflight experiments on the STS-95 space shuttle, Discovery, we found that cucumber (Cucumis sativus L.) seedlings
grown under microgravity conditions developed two pegs symmetrically at the transition zone. Thus, cucumber
seedlings potentially develop two pegs and do not require gravity for peg formation itself, but on the ground the
development of one peg is ‘suppressed in response to gravity. This may be considered as negative control -of

morphogenesis by gravity.

Aoki, H., S. Sato, T. Takanami, T. Ishihara, 1. Katsura, H. Takahashi and A. Higashitani:
Characterization of Ce-atl-1, an ATM-like gene from Caenorhabditis elegans. Molecular and
General Genetics 264: 119-126 (2000)

An ATM-like gene was identified in the genome of Caenorhabditis’elegans. The putative product of the gene, termed
Ce-atl-1 (C. elegans ATM-like I) consists of 2514 amino acid residues. The C-terminal sequence, which contains a PI-3
kinase-like domain, showed good homology with the products of the gene MECI/ESR! from budding yeast, the rad3+
gene of fission yeast and mammalian ATM (ataxia-telangiectasia and rad3+ related) genes. The results of RNA-

mediated interference indicated that the major phenotype associated with repression of Ce-atl-] was lethality



(approximately 50-80%) during early embryogenesis. Among the surviving progeny, males (XO animals) arose at a high
frequency (2-30%). In addition, 5% of oocyte chromosomes demonstrated aneuploidy due to a defect in pre-meiotic
chromosomal segregation. Gene expression analyses indicated that Ce-atl-] mRNA wés expressed in all larval stages
and that its level increased about fivefold in the adult stage. The adult expression level was decreased in the gip-4 mutant,
which is defective in genﬁ line proliferation, Ce-atl-1 was strongly expressed in both the mitotic and meiotic cells of
adult gonads. In summary, Ce-atl-1 appears to be important for early embryogenesis, and loss of its function results in a

defect in chromosome segregation, similar to what has been observed for AT-related proteins.

Endo, M., T. Kokubun, Y. Takahata, A. Higashitani, S. Tabata and M. Watanabe: Analysis of
expressed sequence tags of flower buds in Lotus japonicus. DNA Research 7: 213-216 (2000)
‘ In order to study gene expression in a reproductive organ, we constructed a cDNA library of mature flower buds in
Lotus Japonicus, and characterized expressed sequence tags (ESTs) of 842 clones randomly selected. The EST sequences
‘ were clustered into 718 non-redundant groups. From BLAST and FASTA search analyses of both protein and DNA
databases, 58.5% of the EST groups showed significant sequence similarities to known genes. Several genes encoding
these EST clones were identified as pollen-specific genes, such as pectin methylesterase, ascorbate oxidase, and
polygalacturonase, and as homologous genes involved n{ pollen-pistil interaction. Comparison of these EST sequences
with those derived from the whole plant of L. japonicus, revealed that 64.8% of EST sequences from the flower buds
were not found in EST sequences of the whole plant. Taken together, the EST data from flower buds generated in this

study is useful in dissecting gene expression in floral organ of L. japonicus.

Fujii, N., M. Kamada, S. Yamasaki and H. Takahashi: Differential accumulation of Aux//JA4A mRNA
during seedling development and gravity response in cucumber (Cucumis sativus L.). Plant
Molecular Biology 42: 731-40 (2000)

The plant hormone auxin transcriptionally activates Aux//44 genes. We have isolated three 4ux/IA4A cDNA from
cucumber, two cDNAs (CS-I441 and CS-IAA2) containing the complete open reading frame (ORF), and one partial
cDNA (CS-1443). Northern blotting analysis showed that 4ux//A4 mRNAs were induced during the emergence of
radicles from seed coats. After radicle emergence, their mRNAs accumulated in the basal part of the hypocotyl much
more than in the apical part, and later in elongating region of hypocotyls. CS-I441 and CS-IAA3 mRNA significantly
accumulated in response to auxin, although the increment of the former mRNA accumulation by auxin application was
much greater than that of the latter. CS-I4A42 did not show an apparent change by auxin treatment in our experiment. In
horizontally germinating seedlings, the transition zone between hypocotyl and root curves due to downward gravitropic
growth. On the other hand, vertically germinating seedlings of cucumber do not curve in the early stage of seedling
development. The CS-/441 mRNA accumulation in horizontally germinating seedlings was more than that in vertically
germinating ones during radicle emergence. Furthermore, asymmetrical distribution of CS-I44/ mRNA was detected in
the transition zone in in situ hybridization analysis. These results suggest that the CS-I44/ gene product may be

involved in the gravity response during early development of seedlings.



Higashitani, A., H. Aoki, A. Mori, Y. Sasagawa, T. Takanami and H. Takahashi: Caenorhabditis
elegans Chk2-like gene is essential for meiosis but dispensable for DNA repair. FEBS Letters 485:
35-39 (2000)

A Chk2-like gene was identified in the genome of Caenorhabditis elegans. The putative gene product, termed Ce-
chk-2 consists of 450 amino acid residues, and shows good homology with the Chk2/Cds1 gene family. The results of
RNA-mediated interference (RNAI) indicated that the F1 generation from dsRNA injected animals grew to adulthood,
but approximately 95% of their eggs (F2) died during early embryogenesis. Among the few surviving progeny, males
(XO animals) arose at an abnormally high frequency (30%). In addition, 12 univalents were observed in full grown
oocytes of the F1, while six bivalents were normally observed in wild-type oocytes. Ce-chk-2 gene expression increased
in the adult stage, and their expression level decreased in the glp-4 mutant, which is defective in germ line proliferation.

The radiation sensitivity of F1 embryos carrying Ce-chk-2 RNAI was not significantly affected.

Kamada, M., N. Fujii, S. Aizawa, S. Kamigaichi, C. Mukai, T. Shimazu and H. Takahashi: Control of
gravimorphogenesis by auxin: accumulation pattern of CS-I441 mRNA in cucumber seedlings grown
in space and on the ground. Planta 211: 493-501 (2000)

Cucumber (Cucumis sativus L.) seedlings grown in microgravity developed a peg on each side of the transition zone
between hypocotyl and root, whereas seedlings grown in a horizontal position on the ground developed a peg on the
concave side of the gravitropically bending transition zone. The morphological features of the space-grown seedlings
were similar to those of seedlings grown in a vertical position on the ground with their radicles pointing down: both
became two-pegged seedlings. Morphogenesis of cucumber seedlings is thus inhibited by gravity. Analysis by in-situ
hybridization of an auxin-inducible gene, CS-/441, showed that its mRNA accumulated to a much greater extent on the
lower side of the transition zone in the horizontally placed seedlings on the ground just prior to and during the initiation
period of peg formation. On the other hand, when seedlings were grown in microgravity or in a vertical position on the
ground, accumulation of CS-JA4A! mRNA occurred all around the transition zone. Accumulation of CS-/A4/ mRNA in
horizontally grown seedlings appreciably decreased on the upper side of fhe transition zone and increased on the lower
side upon gravistimulation, compared with the two-pegged seedlings. Application of IAA to seedlings in a horizontal
position caused the development of a peg on each side of the transition zone, or a collar-like protuberance, depending on
the concentration used. These results suggest that upon gravistimulation the auxin concentration on the upper side of the
horizontally placed transition zone is reduced to a level below the threshold value necessary for peg formation. Space-
grown seedlings of cucumber might develop two pegs symmetrically because the auxin level in the entire transition zone
is maintained above the threshold. This spaceflight experiment verified for the first time that auxin does not redistribute

in microgravity.

Sakata, T., H. Takahashi, I. Nishiyama and A. Higashitani: Effects of high temperature on the
development of pollen mother cells and microspores in barléy Hordeum vulgare L. Journal of Plant
Research 113: 395-402 (2000)
The development of the inflorescence, microspores and anthesis were well synchronized among individuals or in the
panicles of barley under controlled environmental conditions. To study the effects of high-temperature stress on the

development of pollen mother cells (PMCs) and microspores, the plants were subjected to high temperature treatment at



different stages of rebroductive growth. When plants were exposed to high temperature for five days at the early
differentiation stage of the panicle, pollen grains became had apparently normal exine but no or little cytoplasm. At the
pre-meiotic stage of PMCs, high temperature caused subsequent development of short anthers possessing no pollen
grains. When plants were exposed to high temperature during meiosis of PMCs, all pollen grains possessed exine and
were swollen but showed little starch accumulation. In these plants treated at high temperature, the panicles at the
heading stage had a normal appearance, but their seeds were virtually sterile. These results indicated that there are at
least three stages of reproductive growth hypersensitive to high temperature, which resulted in abnormal terminal

phenotypes different from one another.

Takanami, T., A. Mori, H. Takahashi and A. Higashitani: Hyper-resistance of meiotic cells to radiation
dué to a strong expression of a single recAd-like gene in Caenorhabditis elegans. Nucleic Acids
Research 28: 4232-4236 (2000)

Sensitivity of meiotic cells to DNA damaging agents is little understood. We have demonstrated that the meiotic
pachytene nuclei in the Caenorhabditis elegans gonad are hyper-resistant to X-ray irradiation, but not to UV irradiation,
whereas the early embryonic cells after fertilization and the full grown oocytes are not. The Ce-rdh-1 gene [RADS1,
DMC1 (LIM15), homolog I or Ce-rad-51], which is essential for the meiotic recombination, is the only bacterial recA-
like gene in the nematode genome, and is strongly expressed in the meiotic cells. Following silencing of the Ce-rdh-1
gene by RNA interference, the meiotic cells become more sensitive to X-ray irradiation than the early embryonic cells.
This is the first report that meiotic cells are hyper-resistant to DNA strand breaks due to the high level of expression of

the enzyme(s) involved in meiotic homologous recombination.

Yamasaki, S., N. Fujii, and H. Takahashi: The ethylene-regulated expression of CS-ETR2 and CS-ERS
genes in cucumber plants and their possible involvement with sex expression of flowers. Plant and
Cell Phyéiology 41: 608-616 (2000)

It has been reported that ethylene production by cucumber plants is strongly related to the sex expression of their
flowers. It has also been shown that both CS-4CS2 gene expression and ethylene evolution are much greater in
gynoecious cucumber plants than monoecious ones. To investigate the action mechanism of ethylene in the induction of
femaleness of cucumber flowers, we isolated three ethylene-receptor-related genes, CS-ETRI, CS-ETR2 and CS-ERS,
from cucumber (Cucumis sativus L.) plants. Of these three genes, CS-ETR2 and CS-ERS mRNA accumulated more
substantially in the shoot apices of‘ the gynoecious cucumber than those of the monoecious one. Their expression
patterns correlated with the expression of the CS-4CS2 gene and with ethylene evolution in the shoot apices of the two
types of cucumber plants. Accumulation of CS-ETR2 and CS-ERS mRNA was significantly elevated by the application
of Ethrel, an ethylene-releasing agent, to the shoot apices of monoecious cucumber plants. In contrast, the accumulation
of their transcripts was lowered when aminoethoxyvinyl glycine (AVG), an inhibitor of ethylene biosynthesis, was
applied to the shoot apices of gynoecious cucumber plants. Thus, the expression of CS-ETR2 and CS-ERS is, at least in
part, regulated by ethylene. The greater accumulation of CS-ETR2 and CS-ERS mRNA in gynoecious cucumber plants

may be due to the higher level of endogenous ethylene, which plays a role in the development of female flowers.



Kitaya, Y., Tani, A., Goto, E., Saito, T. and Takahashi, H.: Development of a plant growth unit for
growing plants over a long-termLife cycle under microgravity conditions. Advances in Research 26:
281-288 (2000)

To study the effect of the space environment on plant growth including the reproductive growth and genetic
aberration for a long-term plant life cycle, we have initiated development of a new type of facility for growing plants
under microgravity conditions. The facility is constructed with subsystems for controlling environmental elements. In
this paper, the concept of the facility design is outlined. Subsystems controlling air temperature, humidity, C02
concentration, light and air circulation around plants and delivering recycled water and nutrients to roots are the major
concems. Plant experiments for developing the facility and future plant experiments with the completed facility are also
overviewed. We intend to install this facility in the Japan Experiment Facility (JEM) boarded on the International Space

Station.

Tani, A., Saito, T., Kitaya, Y., Takahashi, H. and Goto, E.: Performance of a water suction system
using hydrophilic fibrous cloth under low gravity and microgravity in parabolic flight. Environmental
Control in Biology 38: 89-97 (2000)

For suction of water from a water supply vessel including both water and air under microgravity and g-jitter
conditions, a water suction system using hydrophilic fibrous cloth was developed and its performance was evaluated at
0.01-0.02 g-realized for 20 s by parabolic fiight in an aircraft. Vessels used for the experiment were glass fiasks and had
a suction port for suction filtration. A piece of hydrophilic fibrous cloth was arranged along the inner surface of the
vessels and the end was fixed to the suction port of the vessels. In vessel without hydrophilic cloths and containing 220
mL of water, the water did not move more than 5 mm along the inner surface and did not reach the suction port under
low gravity. When hydrophilic cloths were used, on the other hand, water gathered onto the cloth surface, moved up
along the cloth and reached the suction port under low gravity. The amount of water sucked from vessels varied with the
amount of water in the vessel and the sectional area of hydrophilic cloths. When the vessels including both water and air
were flown during parabolic fiight (10 g), water in the vessel moved along the cloth and a water film was formed on the
cloth. These results indicated that it is possible to suck water using the fibrous cloth suction system under low gravity
and microgravity conditions. Under low gravity conditions, it was difficult to suck water only. However, it is not
necessary to separate water from air when the system is used for supplying water to plant root medium consisting of both

liquid and gas phases.

Tani, A., Kitaya, Y., Goto, E., Saito, T. and Takahashi, H.: Effects of gravity on output of humidity
sensors with different detection mechanisms t constant humidity. Journal of Agricultural Meteorology
56:209-215 (2000)

The effects of gravity on output of sensors with different detection mechanisms under constant humidity were
investigated to screen humidity sensors for small plant growth chambers under microgravity. Different levels of gravity
were established by parabolic flight using aircraft in which air pressure and temperature were maintained almost
constant (the variations were within 0.6kPa and 0.2°C, respectively). Four types of polymer sensors, a thermistor sensor
and an electrolytic sensor were used for the experiment. Air with relative humidities of 75~ and 58% was pfepared using

saturated salt solutions of NaCl and NaBr, respectively. Six types of sensors were fixed either in a vessel (1 L) or



independently in small vessels (10 mL) including the solution absorbed by polymer film. When the sensors were placed
in a vessel, only the output signal of the thermistor 't under both sensor varied with gravity level. It was lowest under 2 G
and highest under low gravl y relative humidity conditions. This variation was observed in both cases when air in the
vessel was and was not stirred. This might be due to a filter protecting the sensor surface to cancel the effect of wind
velocity on sensor. Air diffusion inside the filter in both cases seemed to be governed by natural convection of which the
strength was affected by gravity level. The same tendency in thermistor sensor output was observed in the small vessels
in which each sensor was independently fixed, indicating that an interaction between sensors placed in one vessel is
negligible. Thus the change in air diffusion with gravity seemed to be the reason why the output signal of thermistor

sensor changed with gravity level.

Chen, L., T. Nishizawa, A. Higashitani, H. Suge, Y. Wakui, K. Takeda and H. Takahashi: A variety of
wheat tolerant to deep-seeding conditions: elongation of the first internode depends on the response to
gibberellin and potassium. Plant, Cell and Environment (in press) (2001)
The addition of gibberellin A; (GA3) to culture media induced a dramatic elongation of first internode in Hong Mang
Mai, a wheat variety tolerant to deep-seeding conditions. Length of the first internode in the GA;-treated seedlings
reached approximately 45 cm, twice as long as that of the control, whereas first internodes of other varieties were 3- to
12-cm long and hardly affected by GA;. The level of endogenous gibberellins (GA) in Hong Mang Mai was not greater
than that of other wheat varieties. The expression of GAMyb, a transcription factor, was abundant in the first internode
and substantially increased by GA;application in Hong Mang Mai, compared with other wheat varieties. These results
suggest that the first internode of Hong Mang Mai is more sensitive to GA in inducing strong elongation. The presence
of potassium in thé culture media was indispensable for the first internode elongation. Application of GA; enhanced the
uptake of potassium in Hong Mang Mai. Higher sensitivity of the first internode to GA could cause strong elongation by
increasing an amount of osmotic solute, which plays an important role in the tolerance mechanism of Hong Mang Mai to

deep-séeding conditions.

Yamasaki, S., Fujii, N., Matsuura, S., Takahashi, H.: The M locus and ethylene control sex
determination in andromonoecious cucumber plants. Plant and Cell Physiology (2001) (in press)
Sex determination in cucumber (Cucumis sativus L.) plants is genetic'ally controlled by the F and M loci. The F and
M loci interact to produce three different sex phenotypes: gynoecious (M-F-), monoecious (M-ff), and andromonoecious
(mmff). Gynoecious cucumber plants produce more ethylene than do monoecious plants. We found that the levels of
ethylene evolution and the accumulation of CS-4CS2 mRNA in andromonoecious cucumber plants did not differ from
those in monoecious plants and were less than the levels measured in gynoecious plants. Ethylene inhibited stamen
development in gynoecious cucumber but not in andromonoecious one. Furthermore, ethylene caused substantial
increases in the accumulation of CS-ETR2, CS-ERS, and CS-ACS2 mRNA in monoecious and gynoecious cucumber
plants, but not in andromonoecious plants. In addition, the inhibitory effect of ethylene on hypocotyl elongation in
andromonoecious cucumber plants was less than that in monoecious and gynoecious plants. These results suggest that
ethylene responses in andromonoecious cucumber plants are reduced compared to those in monoecious and gynoecious
plants. This is the first evidence that ethylene signals may mediate the product of the M locus to inhibit stamen
development in cucumber. The andromonoecious line provides novel material to study the function of the M locus

during sex determination in flowering cucumbers.
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Hidema, J: Mechanisms of UVB-resistance in rice-cultivar differences in the sensitivity to UVB
radiation in rice. Gamma Field Symposia 39: in press, 2001.

We have been studying physiological and biochemical aspects of effects of UVB radiation on growth and yield of
rice plants (Oryza sativa), regarding the mechanisms of resistance to UVB radiation in rice. We investigated the
sensitivity to UVB radiation of rice cultivars of 5 Asian rice ecotypes, and found following results: (1) rice cultivars vary
widely in UVB sensitivity; (2) a(nong Japanese rice cultivars, Sasanishiki is more resistant to UVB, while Norin 1 is less
resistant, although these cultivars are closely related; (3) UV-sensitive Norin 1 cultivar is deficient in photorepair of
cyclobutane pyrimidine dimers (UV-induced DNA damage), and the sensitivity to UVB radiation could seriously with
deficient CPD photorepair. (4) this deficiency in Norin 1 results from a functionally altered photolyase.

Many other UV-sensitive rice cultivars or other important plant species have been found in field and laboratory tests.
In most cases the origin of the sensitivity is unknown, making the design of bioengineering or breeding programs
difficult for improving UVB resistance. Thus, determination of the suséeptibility of such plants to UV-induced CPD and
their ability to photorepair CPD should allow complementation of deficiencies to increase UVB resistance to increase
crop yields.

Finally, we have been investigating the effects of supplemental UVB radiation on the growth and yield of Japanese

rice cultivars under the field in a cool rice-growing region of Japan (Miyagi Prefecture) since 1993. This study indicates



that supplemental UVB radiation has inhibitory effects on the growth and yield of rice. Furthermore, we found that grain
size tends to be smalier with supplemental UVB radiation. This observation is commercially very important in Japan. It
is assumed that the reduction in grain size might result in a change in protein content in grain, which is very important
for taste. This problem also should be examined in future studies.
Hidema, J., T. Kumagai and B. M. Sutherland: UV radiation-sensitive Norin 1 rice contains defective
cyclobutane pyrimidine dimer photolyase. The Plant Cell 12: 1569-1578, 2000.

Norin 1, a progenitor of many economically important Japanese rice strains, is highly sensitive to damaging effects
of ultraviolet B radiation (290-320 nm). Although Norin 1 seedlings are deficient in photorepair of cyclobutane
pyrimidine dimers (Hidema et al., 1997), the molecular origin of this deficiency was not known. Since rice
bhotolyase genes have not been cloned and sequenced, neither the structural genes nor upstream regulatory elements
could be examined for mutations. Using a photoflash approach, we show that the in vivo photorepair deficiency results
from a functionally altered photolyase. These results were confirmed by in vitro studies showing that the Norin 1
photolyase-dimer complex was highly thermolabile relative to that of the wild type Sasanishiki photolyase. This
deficiency results from a structure/function alteration of photolyase rather than in non-specific repair, photolytic or
regulatory elements. To our knowledge, this is the first determination of the molecular origin of a plant DNA repair

deficiency resulting from a spontaneously-occurring mutation to UV-sensitivity.

Bennett, P.V,, M. Hada, J. Hidema, A.M. Lepre, L.C. Pope, F.E. Quaite, J.H. Sullivan, S. Takayanagi,
J.C. Sutherland and B.M. Sutherland: Isolation of high molecular length DNA: alfalfa, pea, rice,
sorghum, soybean and spinach. Crop Science, in press, 2001.

Measuring DNA damage in higher plants is important in assessing impacts of environmental conditions, e.g.,
increased UV from ozone depletion, and in testing relations of productivity to DNA damage and repair. Sunlight
exposuré of plants produces UV-induced DNA damages in measurable by treating DNA with damage-specific enzymes
and dispersion of DNA molecules in denaturing media. Such DNA must be enzyme-digestible, with few single strand
breaks. DNA isolation must preclude repair, providing a "snapshot” of DNA damage. We developed a method for
isolating DNA from several crop plants, both monocots and dicots - alfalfa (Sativa Medicago L.), pea (Pisum sativum L.),
rice (Oryza sativa L.), soybean (Glycine max), sorghum (Sorghum bicolor Moench) and spinach (Spinacia oleraceae).
This method is  simple, readily deals with multiple samples, and avoids organic solvents.

We show that pyrimidine dimers can readily be quantified in DNA prepared by this method. This method should also

be useful for other experiments requiring high molecular length, enzymatically-digestible plant DNA.

Kumagai, T., J. Hidema, H-S. Kang and T. Sato: Effects of supplemental UV-B radiation on the
growth and yield of two cultivars of Japanese lowland rice (Oryza sativa L.) under the field in a cool
rice-growing region of Japan. Agriculture, Ecosystems and Environment 83: 201-208, 2001.
An investigation was made of the variations in growth aﬁd grain yield in response to increased exposure to UV-B
radiation of Japanese lowland rice (Oryza sativa L.) in a cool rice-growing region. Two cultivars, UV-resistant cv.
*Sasanishiki' and UV-sensitive cv. "Norin 1', were examined in a lowland field at Kashimadai (37, 28'E, 141, 06'E) in

Miyagi Prefecture, Japan, for four cropping seasons from 1994 to 1997. The two cultivars were grown in a lowland field



with or without supplemental UV-B radiation, which was provided by UV-B-emitting fluorescent lamps, with a 0.1-mm-
thick cellulose diacetate film as a filter. In both cultivars, significant decreases in tiller number as the result of
supplemental UV-B radiation were observed during the tillering stage in 1994, 1995 and 1997. Furthermore, decreases in
grain size from supplemental UV-B radiation were recorded in all seasons. The trend towards small grain size was
pronounced in 1996. In that year, the mean daily middle temperatures were lower throughout most of the cropping
season and the mean daily hours of sunshine during the tillering stage and between the end of the panicle differentiation
stage and the beginning of the ripening stage were shorter. In 1993 when the temperature and the amount of sunshine
were both lower, the tiller number, the dry mass of aboveground parts and the panicle number were significantly reduced
by supplemental unfiltered UV-B radiation. There was a cultivar difference in the inhibitory effects of supplemental UV-
B radiation on growth between the sensitive cultivar Norin 1 and the resistant cultivar Sasanishiki.

These results indicate that supplemental UV-B radiation has a positive effect on the growth and grain development of
rice, which may be enhanced by unusual climatic conditions such as lower temperature and less sunshine, in cool rice-

growing regions.

Maekawa, M., T. Sato, T. Kumagai, T. and K. Noda: Differential responses to UV-B irradiation of
three near isogenic lines carrying different purple leaf gene for anthocyanin accumulation in rice
(Oryza sativa L.). Breeding Science, 51:27-32, 2001.

We produced neary isogenic lines (NILs) for three purple leaf genes, Pl, Plw and Pli of rice with genetic background
of T-65 to characterize each allele. Three NILs brought characteristic tissue-specific anthocyanin pigmentation,
respectively. Newly, T-65 Plw was found to make root purple when root is exposed under light condition. . To explore
the inducible characteristics of the three genes, we examined the responses of the three NILs to UV-B irradiation.
Although the accumulation of anthocyanin increased in all NILs with increases in the intensity of the UV-B irradiation,
we observed differential responses for the accumulation of anthocyanin in the NILs: T-65 Pli accumulated the largest
amounts of anthocyanin under weak and intermediate intensity of UV-B, though this NIL reduced anthocyanin
accumulation under high intensity of UV-B. T-65 Pl or Plw increasevd anthocyanin accumulation with increasing
intensity of UV-B.  Anthocyanin accumulation of the Pl NIL was higher than thatof the Plw NIL under each intensity of
UV-B. In addition, the total biomass of the irradiated all NILs decreased with the dose of UV-B irradiation and it was
observed that increasing anthocyanin accumulation was negatively correlated with decreasing total biomass with the

dose of UV-B irradiation.

Obara M. Sato T. and Yamaya T.: High content of cytosolic glutamine synthetase dose not accompany
a high activity of the enzyme in rice (Oryza sativa L.) leaves of indica cultivars. Physiol. Plant. 108:
11-18. 2000.

Reproductive stages of 5 japonica, 9 indica, and 2 javanica cultivars of rice (Oryza sativa L.) were provided to
compare the contents of protein for cytosolic glutamine synthetase’(GSI;EC 6.3.1.2)) in the lowest position of the
attached leaf blade (position 6 from the primary leaf) and those for NADH-glutamate synthase (NADH-GOGAT, RC
1.4.1.14)) in non-green portion of the expanding 10th leaf blade. Some of the indica cultivars, including Kasalath,
contained GS1 protein twice as high as other japonica and javanica cultivars based on total leaf nitrogen. Most of the

indica cultivars, on the other hand, contained less NADH-GOGAT protein than japonica and javanica cultivars.



Immunostaining provéd that GS1 protein was located in vascular tissues of the leaf blades of Kasalath, which was
identical to our previous results with a japonica cultivar {Sakurai et al. Planta 200:306-311 (1996)}. Although relative
contents of GS1 protein in the leaf blade of Kasalath increased as a function of leaf age, GS1 activity remained relatively
constant. In addition, Kasalath showed lower activity than other japonica and javanica cultivars, especially during leaf
expansion. GS1 activity, Based on GS1 protein amount, changed during the life span of the leaf blade and we thus

assume that GS1 activity was modulated post-translationally in rice leaves.

Obara M., M. Kajiura, Y. Fukuta, M. Yano, M. Hayashi, T. Yamaya and T. Sato: Mapping of QTLs

associated with cytosolic glutamine synthetase and NADH-glutamate synthase in rice (Oryza sativa

L.). J. Exp. Bot. In press 2001.
\ Ninety-eight backcross inbred lines (BC1F6) developed between Nipponbare,‘a japonica rice, and Kasalath, an
indica rice were employed to detect putative quantitative trait loci (QTLs) associated with the contents of cytosolic
glutamine synthetase (GS1; EC 6.3.1.2) and NADH-glutamate synthase (NADH-GOGAT; EC 1.4.1.14) in leaves.
Immunoblotting analyses showed transgressivé segregations toward lower or greater contents of these enzyme proteins
in these backcross inbred lines. We detected seven chromosomal QTL regions for GS1 protein content and six for
NADH-GOGAT protein content. Some of these QTLs were located in QTL regions for various biochemical and
physiological traits affected by nitrogen recycling. These findings suggested that the variation in GS1 and NADH-
GOGAT protein contents in this population is related to the changes in the rate of nitrogen recycling >from senescing
organs to developing organs, leading to changes in these physiological traits. Furthermore, a structural gene for GS1 was
mapped between two RFLP markers, C560 and C1408, on chromosome 2 and co-located in the QTL region for one-
spikelet weight. A QTL region for NADH-GOGAT protein content was detected at the position mapped for the NADH-
GOGAT structural gene on chromosome 1. A QTL region for soluble protein content in developing leaves was also
detected in this region. Although fine mapping is required to identify individual genes in the future, QTL analysis could

be a useful post-genomic tool to.study the gene functions for regulation of nitrogen recycling in rice.

(3th IR IR R £ BB R 3 57 )
Yuhashi K, N. Ichikawa, H. Ezura, S. Akao, Y. Minakawa, N. Nukui, T. Yasuta, K. Minamisawa K:
Rhizobitoxine production of Bradyrhizobium elkanii enhances nodulation competitiveness in
Macroptilium atropurpureum. Appl Environ Microbiol. 66: 2658-2663, 2000.

Application of l-aminoocycloi)ropane-l-carboxylic acid, an ethylene precursor, decreased nodulation of
Macroptilium atropurpureum by Bradyrhizobium elkanii. B. elkanii produces rhizobitoxine, an ethylene synthesis
inhibitor. Elimination of rhizobitoxine production in B. elkanii increased ethylene evolution and decreased nodulation
and competitiveness on M. atropurpureum. These results suggest that rhizobitoxine enhances nodulation and

competitiveness of B. elkanii on M. atropurpureum.



Ezura, H., N. Nukui, K. Yuhashi and K. Minamisawa: /n vitro plant regeneration in Macroptilium
atropurpureum, a legume with a board symbiont range for nodulation. Plant Sci 159: 21-27, 2000.
Macroptilium atropurpureum is a model legume with a broad symbiont range for nodulation. We have achieved the
first in vitro plant regeneration of this species using cv. Siratro. Hypocoty! explants excised from dark-grown seedlings
generated slimy, friable calli after three weeks culture on BS medium containing 1-2 mg/1 kinetin and 0.05 mg/l « -
naphthaleneacetic acid. This was followed by the generation of green organogenic callus with shoot buds by
subculturing the explants to hormone-free B5 medium 20 days after the start of culture. The green organogenic calli with
shoot buds were maintained as organogenic callus by subculturing on the same medium, and shoots were elongated on
hormone-free B5 medium. Elongated shoots were rooted on half-strength B5 medium. Most regenerated plants were

morphologically normal, diploid and fertile, although tetraploid plants appeared at a low frequency (8%).

Nukui N, H. Ezura, K. Yuhashi, T. Yasuta and K. Minamisawa K: Effects of ethylene precursor and
inhibitors for ethylene biosynthesis and perception on nodulation in Lotus japonicus and
Macroptilium atropurpureum. Plant Cell Physiol. 41: 893-897, 2000.
Inhibitors of ethylene synthesis or its physiological function enhanced nodulation in Lotus japonicus and
Macroptilium atropurpureum. In contrast, the application of 1-aminocyclopropane-1-carboxylic acid, a precursor of
ethylene biosynthesis, reduced the nodule number in these legumes. These results suggest that an ethylene-mediated

signaling pathway is involved in the nodulation process even in the determinate nodulators.

Elbeltagy A, K. Nishioka, H. Suzuki, T. Sato, Y. Sato, H. Morisaki, H. Mitsui and K. Minamisawa K:
Isolation and characterization of endophytic bacteria from wild and traditionally cultivated rice
varieties. Soil Sci. Plant Nutr. 46: 617-629, 2000.

Endophytic bacteria were isolated from surface-sterilized stems, seeds, and leaf sheaths of wild and traditionally
cultivated rice. Morphologic and 16S rDNA analyses revealed wide phylogenetic divergence among the isolates.
Biochemical and 16S rDNA analyses showed that the most frequently isdlated groups were Methylobacterium sp. in the
alpha-subdivision of Proteobacteria, and Curtobacterium sp. in the high G+C gram-positive group. We assessed various
phenotypic traits likely to be involved in the persistence and functions of the bacteria. In this regard, most isolates
excreted pectinase, were motile, and had osmotic resistance to 0.6 M sucrose, whose traits may be involved in
endophytic features in rice. About 50% of the isolates showed cellulase activity. A few isolates fixed nitrogen, pro@uced

indole-3-acetic acid, and formed capsules; these activities partially correlated with the phylogenetic group.

Yokoyama T, N. Kobayashi, H. Kouchi, K. Minamisawa, H. Kaku and K. Tsuchiya: A lipochito-
oligosaccharide, Nod factor, induces transient calcium influx in soybean suspension-cultured cells.
Plant J. 22: 71-78, 2000.

Lipochito-oligosaccharides (Nod factors) produced by Rhizobium or Bradyrhizobium are the key signal molecules
for eliciting nodulation in their corresponding host legumes. To elucidate the signal transduction events mediated by Nod
factors, we investigated the effects of Nod factors on the cytosolic [Ca2+] of protoplasts prepared from roots and
suspension-cultured cells of soybean (Glycine max and G. soja) using a fluorescent Ca2+ indicator, Fura-PE3. NodBj-V

(C18:1, MeFuc), which is a major component of Nod factors produced by Bradyrhizobium japonicum, induces transient



elevation of cytosolicr[Ca2+] in the cells of soybean within a few minutes. This effect is specific to soybean cells and
was not observed in the tobacco BY-2 cells. Furthermore, NodBj-V without MeFuc did not induce any cytosolic {Ca2+]
elevation in soybean cells. Exclusion of Ca2+ from the medium, as well as pre-treatment of the cells with an external
Ca2+ chelator or with a plasma membrane voltage-dependent Ca2+ channel inhibitor, suppressed the Nod factor-
dependent cytosolic [Ca2+j elevation. These results indicate that transient Ca2+ influx from extracellular fluid is one of

the earliest responses of soybean cells to NodBj-V (C18:1, MeFuc) in a host-specific manner.

Ezura H, Y. Yuhashi, T. Yasuta and K. Minamisawa: Effect of ethylene on Agrobacterium
tumefaciens-mediated gene transfer to melon. Plant Breeding 119: 75-79, 2000.

The effect of ethylene on gene transfer mediated by an Agrobacterium tumefaciens harbouring a binary vector with
ihe B -glucuronidase(uid A) gene was investigated in melon, Cucumis melo L. Explants excised from melon cotyledons
proiiuced ethylene, the production of which was increased by the addition of 1-aminocyclopropane-1-carboxylic acid
(ACC, 20 or 200z M), and inhibited by the addition of aminoethoxyvinylglycin (AVG 10 u M). Agrobacterium
inoculation of explants increased ethylene production, while application of AVG during inoculation reduced it. After 4
days of co-cultivation with Agrobacterium, gene transfer in the explants was assayed by transient uid A expression.
Application of ACC to the co-cultivation medium reduced Agrobacterium-mediated gene transfer to explants and that of
AVG increased it. These results suggest that ethylene affects the 4. tumefaciens-mediated gene transfer to the explants
excised from melon cotyledons, and the efficiency of Agrobacterium-mediated gene transfer can be improved by

inhibiting ethylene production from the explants.

Yagi, K., T. Matsumoto, T. Chujo, H. Nojiri, T. Omori, K. Minamisawa, M. Nishiyama and H.

Yamane: Isolation and characterization of low-indole-3-acetic acid-producing mutants from
Bradyrhizobium elkanii. Biosci. Biotechnol. Biochem. 64: 1359-1364, 2000.

We‘isolated 11 low-indole-3-acetic acid (IAA)-producing mutants of Bradyrhizobium elkanii by Tn5 mutagenesis.

The amount of IAA produced by each mutant was 2.2-13.6% of that of the wild-type. It was found by resting cell

reactions that the biosynthetic step to convert indole-3-pyruvic acid to indole-3-acetaldehyde was blocked in all the

mutants.

Constancio, A. and M. Kubota, K. Minamisawa and S. Akao: Analysis of the Bradyrhizobium nod
gene-inducers from soybean super/hypernodulating mutants. Soil. Microorganisms 54:81-86, 2000.

In the soybean-Bradyrhizobium symbiosis, the initial stage of nodule formation is triggered by the release of the
bacterial nod gene-inducing isoflavonoids from soybean plant. Analysis of the isoflavonoid contents in the seeds and
root extracts of 12-day-old uninoculated soybean cultivars and their super/hypernodulating mutant using HPLC revealed
that isoflavonoids daidzein, genistein, and coumestrol were present in the roots but only daidzein and genistein could be
detected in the seeds. Moreover, all the super/hypernodulating soybean mutants showed lower isoflavonoid contents in
the seeds and roots than their parent cultivars. These results suggest that in all the parent cultivars the genes which are
probably responsible for controlling the isoflavonoid production are both affected during mutation despite the

differences in the mutagen used and background of the seed materials.



Ono Y., H. Mitsui, T. Sato and K. Minamisawa : Two RpoH homologs responsible for the expression
of heat shock protein genes in Sinorhizobium meliloti, Mol. Gen. Genet. 264:902-912,2001.

We identified two rpoH-related genes encoding sigma32-like proteins from Sinorhizobium meliloti, a nitrogen-fixing
root-nodule symbiont of alfalfa. The genes, rpoH! and rpoH2, are functionally similar to rpoH of Escherichia coli
because they partially complemented an E. coli rpoH null mutant. We obtained evidence indicating that these genes are
involved in the heat shock response in S. meliloti. Following an increase in temperature, synthesis of several possible
heat shock proteins (Hsps) was induced in cultures of wild-type cells: the most prominent were 66- and 60-kDa proteins,
both of which are suggested to represent GroEL species. The other Hsps could be divided into two groups based on
differences in synthesis kinetics: synthesis of the first group peaked 5-10 min, and expression of the other group 30 min,
after temperature upshift. In the rpoH ! mutant, inducible synthesis of the former group was markedly reduced, whereas
that of the latter group was not affected. Synthesis of both the 66- and 60-kDa proteins was partially reduced. While no
appreciable effect was observed in the rpofi2 single mutant, the rpoH2 mutation had a synergistic effect on the 60-kDa
protein in the rpoHI background. The results indicate that two distinct mechanisms are involved in the heat shock
response of S. meliloti: one requires the rpoH1 function, while rpoH2 can substitute in part for the rpoH! function.
Moreover, the rpoH ! mutant and #poH1 rpoH2 double mutant exhibited Nod+ Fix- and Nod- phenotypes, respectively,

on alfalfa.

Minamisawa K. and H. Mitsui: Genetic ecology of soybean bradyrhizobia. /n: Bollag J-M, Stotzky G
(eds) Soil Biochemistry (vol. 10).(ISBN: 0-8247-8834-6) Marcel Dekker Inc., New York, pp 349-377,
2000.

Recent progress of molecular biology enable us to understand phylogenetic relationships of soil bacteria, their
molecular mechanisms of environmental adaptation, plant-microbe interactions and bacterial genomics. If the knowledge
is integrated together with traditional ecology of soil bacteria, a new interdisciplinary area, genetic ecology of soil
bacteria, could be established. It is very challenging and perhaps may afford perspectives for fundamental questions in
soil microbiology such as diversity, endemism, adaptation, function and interactions of soil bacteria. Moreover, this is
important in light of the urgency to change agricultural practices and to remove xenobiotic compouns in soil. Soybean
bradyrhizobia are gram-negative soil bacteria that have the ability to form root nodules on soybeans and to fix
atmospheric nitrogen. Soybean bradyrhizobia are one of fascinating target for genetic autecology of soil bacteria in terms
of autochthonous features in sdif, symbiotic interactions with legumes, and advanced knowledge of ecology, physiology
and genetics. They have not only two life styles; free-living and symbiotic, but also polyphasic biochemical traits, which
may affects soil microbes and plants. In addition, diversity and endemism have been studied due to practical applications
of soybean production. The aim of this chapter is to present an overview of the phylogeny , ecology, genetics, symbiotic
associations, and biochemical features of soybean bradyrhizobia, and to raise perspectives for microbial ecology of
soybean bradyrhizobia. Hopefully this chapter will throw a new light upon the establishment of genetic ecology of

bacterial communities in soil.

I. Introduction
I1. Phylogeny of soybean bradyrhizobia
I1I. Ecology of soybean bardyrhizobia



IV. Outline of a symbiotic association between bradyrhizobia and host plants

V. Biochemical characteristics relevant to the ecology and association of

brayrhizobia with plants

VI. Genetics and genomics of soybean bradyrhizobia

VII. Transfer of the symbiotic regions

VIII. Concluding remarks
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Akada, J. K., M. Shirai, H. Takeuchi, M. Tsuda, and T. Nakazawa: Identification of the urease operon
in Helicobacter pylori and its control by mRNA decay in response to pH. Mol. Microbiol. 36: 1071-
1084, 2000.

We investigated the transcription of the urease gene cluster ureABIEFGH in Helicobacter pylori to determine the
regulation of gene expression of the highly produced enzyme urease. Northern blot hybridization analysis demonstrated
that cells of the wild-type strain grown in an ordinary broth had transcripts of ureAB, ureABI, urel, urelE' and ure’FGH,
but cells of a urel-disrupted mutant had only the ure4B transcript. When the wild-type cells were exposed to pH 8 for 30
min, very little mRNA was detected. However, when exposed to pH 6, a large amount of the ure/E" transcript, which
was longer than the urelE' transcript, together with the additional transcripts ureABIEFGH and ure'EFGH were detected.
Rifampicin addition experiments demonstrated that urease mRNAs, and the urelE' transcripts in particular, are more
stable at pH 5.5 than at pH 7. In accord with these results, urease activity in the crude cell extract of the pH 5.5 culture
was twice as much as that of the pH 7 culture, although the amounts of UreA and UreB detected by immunoblot analysis
were similar. The transcription start point of urel was identified by primer extension using a ure4 promoter-deleted
mutant, and a consensus sequence of RpoD-RNA polymerase was found in the urel/ promoter. The 3’ end of the urelE"
mRNA, determined using S1 nuclease mapping, revealed that the transcript is able to cover the majority of the ureE
open reading frame (ORF) that might be sufficient for UreE activity. Based on the above results, we conclude that the
urease gene cluster of H. pylori consists of two operons, ureAB and urelEFGH, and that primary transcripts of the latter
as well as the read-through transcript, ureABIEFGH, are cleaved to produce several species of mRNA. It has been
suggested that the ure/EFGH operon is regulated post-transcriptionally by mRNA decay in response to environmental
pH. We are tempted to speculate that the ureE" transcript present in acidic pH may contribute to produce an active

product that can proceed the nickel incorporation to the active centre, the final step of urease biosynthesis.

Glatz, Z., M. V. Marini, M. Wimmerova, J. Damborsky, and Y. Nagata: Determination of haloalkane
dehalogenase activity by capillary zone electrophoresis. J. Chromatography A 895: 219-225, 2000.

A new sensitive method has been developed for the determination of haloalkane dehalogenase activity. The
enzymatic reactions were carried out directly in thermostatted autosampler vials and the formation of product - bromide
or chloride ions - was monitored by sequential capillary zone electrophoresis runs. The determinations were performed
ina 75 um fused-silica capilla’r)‘/ using 5 mM chromate, 0.5 mM tetradecyltrimethylammonium bromide (pH 8.4)asa
background electrolyte, separation voltage 15 kV (negative polarity) and indirect detection at sample wavelength 315 nm,
reference wavelength 375 nm for brominated and chlorinated substrates, respectively 0.1 M B-alanine - HCI (pH 3.50) as
a background electrolyte, separation voltage 18 kV (negative polarity) and direct detection at 200 nm for brominated
substrates. The temperature of capillary was in both cases 25 °C. The method is rapid, can be automated, and requires

only small amount of enzyme preparation and substrate.



Ohtsubo, Y., Y. Nagafa, K. Kimbara, M. Takagi, and A. Ohta: Expression of the bph genes involved in
biphenyl/PCB degradation in Pseudomonas sp. KKS102 induced by the biphenyl degradation
intermediate, 2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoic acid. Gene 256: 223-228, 2000.

The bph genes involved in PCB/biphenyl degradation in Pseudomonas sp. KKS102 are clustered as
bphEGFA 1A243BCDA4R. The bph genes are inducibly expressed in the presence of biphenyl. In order to understand the
induction more fully, the inducer of bph gene expression was investigated. To idntify the inducer molecule, we
constructed four deletion mutants of the structural genes and analyzed the inducibility of the bphE gene in each mutant
strain. In the wild-type cell and the bphD deletion mutant, the level of the bphE transcript were enhanced in the presence
of biphenyl. On the other hand, in the bphd, bphB, and bphC deletion mutants, level of the bphE transcript were not
enhanced in the presence of biphenyl. These results demonstrated that the series of reactions catalyzed by biphenyl
dioxygenase (BphA), dihydrodiol dehydrogenase (BphB), and 2,3-dihydroxybiphenyl dioxygenase (BphC) are necessary
to convert biphenyl to the inducer. It is known that these reactions convert biphenyl to 2-hydroxy-6-oxo-6-phenylhexa-
2,4-dienoic acid (HOPDA), and it was found that the expression of the bph genes was induced by purified HOPDA.
These results clearly indicate that HOPDA is the inducer of the hph genes in KKS102.

Marek, J., J. Vevodova, 1. K. Smatanova, Y. Nagata, L. A. Svensson, J. Newman, M. Takagi, and J.
Damborsky: Crystal structure of the haloalkane dehalogenase from Sphingomonas paucimobilis
UT26. Biochemistry 39: 14082-14086, 2000.

The haloalkane dehalogenase from Sphingomonas paucimobilis UT26 (LinB) is the enzyme involved in the
degradation of important environmental pollutant vy -hexachlorocyclohexane. The enzyme hydrolyses a broad range of
halogenated cyclic and aliphatic compounds. Here, we present the 1.58 A crystal structure of LinB and 2.0 A
structure of LinB with 1,3-propanediol, a product of debromination of 1,3-dibromopropane, in the active site of the
enzyme. The enzyme is «,” 8 hydrolase and contains a catalytic triad (Asp108, His272 and Glul32) in the lipase-
like topblogical arrangement previously proposed from mutagenesis experiments. The LinB structure was compared
with the structures of haloalkane dehalogenase from Xanthobacter autotrophicus GJ10 and from Rhodococcus sp. and
the structural features involved in the adaptation towards xenobiotic substrates were identified. The arrangement and
composition of the « -helices in the cap domain results in the differences in the size and shape of the active-site cavity

and the entrance tunnel. This is the major determinant of the substrate specificity of the this haloalkane dehalogenase.

Trantirek, L., K. Hynkova, Y. Nagata, A. G. Murzin, A. Ansorgova, V. Sklenar, and J. Damborsky:
Reaction mechanism and stereochemistry of v -hexachlorocyclohexane dehydrochlorinase LinA. J.
Biol. Chem. in press, 2001.
7Y -hexachlorocyclohexane dehydrochlorinase (LinA) catalyses the initial steps in the biotransformation of the
important insecticide ‘Y -hexachlorocyclohexane (y -HCH) by the soil bacterium Sphingomonas paucimobilis UT26.
Stereochemical analysis of the reaction products formed during conversion of <y -HCH by LinA was investigated by
GC-MS, NMR, CD and molecular modeling. The NMR spectra of 1,3,4,5,6-pentachlorocyclohexene (PCCH)
produced from <y -HCH using either enzymatic dehydrochlorination or alkaline dehydrochlorination were compared
and found to be identical. Both enantiomers present in the racemate of synthetic y -PCCH were converted by LinA,

each at a different rate. 1,2,4-trichlorobenzene (1,2,4-TCB) was detected as the only product of the biotransformation



of biosynthetic -y -PCCH. 1,2,4-TCB and 1,2,3-TCB were identified as the dehydrochlorination products of racemic
v -PCCH. § -PCCH was detected as the only product of dehydrochlorination of & -HCH. LinA requires the presence
of a 1,2-biaxial HCI pair on a substrate molecule. LinA enantiotopologically differentiates two 1,2-biaxial HCI pairs
present on Y -HCH and gives rise to a single PCCH enantiomer 1,3(R),4(S),5(S),6(R)-PCCH. Furthermore, LinA
enantiomerically differentiates 1,3(S),4(R),5(R),6(S)-PCCH and 1,3(R),4(S),5(S),6(R)-PCCH. The proposed mechanism
of enzymatic biotransformation of 7y -HCH to 1,2,4-TCB by LinA consists of two 1,2-gnti conformationally dependent

dehydrochlorinations followed by 1,4-anti dehydrochlorination.

Marvanova, S., Y. Nagata, M. Wimmerova, J. Sykorova, K. Hynkova and J. Damborsky. Biochemical
characterization of broad-specificity enzymes using multivariate experimental design and a
colorimetric microplate assay: characterization of the haloalkane dehalogenase mutants. J. Microbiol.
Methods in press, 2001.

The pH indicator dye-based colorimetric method and multivariate experimental design were used for the systematic
biochemical characterization of the broad-specificity enzymes haloalkane dehalogenases. Halogenated compounds for
characterization of the enzymes were selected using Principal Component Analysis. The substrates were characterised by
24 physico-chemical and structural descriptors. Thirty-four substrates were selected for testing out of 194 halogenated
compounds. Relative activities determined using the optimised colorimetric microplate assay were validated against
the catalytic constants determined by gas chromatography. The applicability of the assay was tested with FISIL, F154L

and F169L mutants of the haloalkane dehalogenase from Sphingomonas paucimobilis UT26.
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Kawano, S., S. Todokoro, R. Terauchi, and Y. Ishiguri: Naturalised populations of Arabidopsis
thaliana in Japan: micro-satellite polymorphisms and differentiations in life history traits. Plant
Evolution in Man-Made Habitats. Proc. VII Symp. IOPB, Amsterdam, 91-116, 1998.

Microsatellite polymorphisms of Arabidopsis thaliana were surveyed for 29 loci using 12 Japanese natural
populations as material. Ail the individuals examined were homozygous at all the microsatellite loci. No intra-population
polymorphism was detected in three selected populations when eight loci were studied, although a considerable among-
population variation was noted. Genetic relationships among the populations, as revealed in the neighbor-joining (NJ)
trees, do not necessarily correspond to their geographic relationships. Phenotypic plasticity in response to day length and
chilling treatment in 11 natural populations of Arabidopsis thaliana in Japan, was also examined in connection with
genetic variation revealed by microsatellite markers. Pre-flowering traits, such as days to flowering and some other life
history traits, showed similar patterns of plasticity of life history traits were in agreement with the genetic variations
revealed by microsatellite markers. Genetic variation, and morphological and life history traits among the populations do
not simply correspond to their geographic locations. This fact may reflect their different origins or different times of

introduction into the Islands of Japan.

Imura, Y., S. Iguchi, K. Toyoda, Y. Ichinose, T. Shiraishi, and T. Yamada: Importance of AC-rich
element on pea phenylalanine ammonia-lyase gene 1 promoter for expression induced by
nonpathogenic attack. J. Gen. Plant Pathol. 66: 123-127, 2000.

Regulatory elements in the promoter of phenylalanine ammonia-lyase gene 1 of pea (PSPALI) in response to
nonpathogenic attack were identified by in vivo footprinting analysis. The footprints determined AC-rich sequences,
Box-I and Box-II, that were conserved at similar positions in the phenylpropanoid gene promoters from several plants.
To reveal the functions of the AC-rich sequence in nonpathogen-responsiveness, we constructed Box-l_vdeletion PSPALI
promoter (dB-1) with GUS reporter gene and transformed it into tobacco plant. The dB-/ had reduced basal expression
and a complete loss of nonpathogen-responsiveness. These results indicate the essentiality of Box-I1 for PSPALI

activation induced by nonpathogenic attack.

Imura, Y., H. Seki, Toyoda, Y. Ichinose, T. Shiraishi, and T. Yamada: Contrary operations of Box-I
element of pea phenylalanine ammonia-lyase gene 1 promoter for organ-specific expression. Plant
Physiol. Biochem. in press, 2001. '

Expression of genes (PSPAL) encoding phenylalanine ammonia-lyase from pea (Pisum sativum L.) is regulated in
response to various environmental stimuli and during plant development. We examined the cis-regulatory elements in
PSPAL1 promoter for organ-specific expression by determining the sequences specifically associated with nuclear
proteins on its promoter in each organ of pea. In vivo dimethyl sulfate (DMS) footprinting analysis showed putative
protein bindings on AC-rich sequences including Box-1 in particular in roots and stems in which PSPAL-mRNA were
highly accumulated. Potential role of the AC-rich element was investigated by fusing PSPALI promoter deleted with
Box-I to the reporter gene f -glucuronidase (GUS) and transforming the construct into tobacco plants (Nicotiana
tabacum). GUS activity controlled under Box-I-deletion promoter was significantly reduced in roots and leaves, whereas
drastically increased in stems as compared with the activity by wild-type of PSPALI promoter. Histochemical GUS
staining indicated the activity was elevated in vascular tissues of stem by deleting Box-I. These results suggest that Box-
['in PSPALI contributes to a positive regulation in root and leaf, but might also function as a negative regulator in stem,

especially in xylem tissue.
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H. Suga, T. Hasegawa, H. Mitsui, K. Kageyama and M. Hyakumachi: Phylogenetic analysis of the

phytopathogenic fungus Fusarium solani based on the rDNA-ITS region. Mycol. Res. 104: 1175-
1183, 2000

Nucleotide sequence of the internal transcribed spacer region of the ribosomal RNA gene (rDNA-ITS) was obtained

for strains belonging to 10 special forms (f. spp.) of the phytopathogenic fungus Fusarium solani (teleomorph

Haematonectria haematococca). Phylogenetic analysis of nucleotide sequences of the rDNA-ITS region showed that

most clusters were composed ‘of strains belonging to the same special form. £ solani f. sp. eumartii and f. sp. phaseoli

were excluded from the cluster composed of all other special forms. In order to use the molecular data to identify each

special form, several restriction enzymes specific for each special form were selected from the mapping data. The

digestion pattern of the rDNA-ITS region with these restriction enzymes was able to distinguish F. solani f. spp. phaseoli,

cucurbitae race 1, batatas, piperis, eumartii, and xanthoxyli. Although f. spp. mori, robiniae and pisi, were not

differentiated by restriction analysis, they were separated in the phylogenetic tree.

H. Suga, K. Oyabu, M. Ito, K. Kageyama and M. Hyakumachi: Detection of intron-like sequences in
the small subunit rDNA 3' region of Fusarium solani. Mycol. Res. 104: 782-787, 2000
PCR amplification revealed length polymorphism of the 3' region of the SSU rDNA gene among spécial forms of

Fusarium solani. These length polymorphisms were found within each of F. solani f. sp.phaseoli, f. sp. batatas, and f. sp.



piperis. Nucleotide seéuence analysis in this region detected intron-like sequences ranging in size from 408 to 439 bp
and one 12 bp. The six 408 to 439 bp intron-like sequences were classified into types I-1 and I-2. The sequence
similarity was high within I-1 or I-2 type sequences (84.8% and 81.1 to 92.8%, respectively) compared to that between
I-1 and 1-2 type sequences (45.7 to 48.5%). Both I-1 and I-2 type sequences had a specific insertion point in the SSU
rDNA 3' region. I-1 type séquences had the characteristics of group I introns: (1) a U at the §' splice site of the exon, (2)
a G at the 3' splice site of the intron, and (3) they contained the conserved sequence elements P, Q, R, and S. I-2 type
sequences had characteristics (1) and (2), but they did not have any characteristic (3). The 12 bp intron-like sequence
was identical to the part of the 5' end of I-2 type sequences, and its insertion point was the end of I-2 type sequences. The
presence or absence of these intron-like sequences caused the length polymorphism of the SSU rDNA 3' region of F.

solani.

Y. Hashimoto and M. Hyakumachi: Effects of isolates of ectomycorrhizal fungi and endophytic
Mycelium radicis atrovirens that were dominant in soil from disturbed sites on growth of Betula
platyphylla var. japonica seedlings. Ecol. Res. 16: 117-125, 2001
Effects of ectomycorrhizal fungi and endophytic Mycelium radicis atrovirens Melim (MRA) on growth of Betula
platyphylla var. japonica seedlings were investigated under asptic culture conditions. Three isolates of ectomycorrhizal
fungi and two isolates of MRA were used. One MRA isolate was Phyalocephala fortinii. Previous field work revealed
that these isolates were dominant on the roots of B. plantphylla var. japonica seedlings grown in a mineral subsoil that
had been exposed by the removal of surface soil. After 100-day incubation, the growth of the seedlings was significantly
enhanced by the colonization of these ectomycorrhizal fungal isolates as compared with uninoculated seedlings. In
contrast, the growth of seedlings was retarded by the colonization of the MRA isolates. The growth of seedlings that
were co-inoculated with ectomycorrhizal fungi and MRA was similar to that of uninoculated seedlings in most cases.
These results suggest that ectomycorrhizal fungi have a beneficial effect on the growth of B. platyphyila var. japonica
seedlinés and that they suppress the deleterious effect of MRA. Thus, these ectomycorrhizal fungi probably have an
important role in establishing B. platyphylla var. japonica seedlings during the initial stage of revegetation following site

disturbance by the removal of surface soil.

C. Matsumoto, K. Kageyama, H, Suga and M. Hyakumachi: Intraspecific DNA polymorphisms of
Phtyium irregulare. Mycol. Res. 104: 1333-1441, 2000
Forty-seven isolates of P, irregul.are from different hosts and of geographic origins were compared from molecular,
morphological and physiological viewpoints. They were divided into four groups (I-1V) based on ITS-RFLP analysis
and RAPD analysis. Groups | and Il included 32 and eight isolates, respectively, collected from diverse hosts and
geographic origins, and groups III and IV comprised seven isolates derived from sugar beet and sugar beet field soil.
Group [ had smaller oogonia and oospores than did the other three groups. In groups I and 1, a significantly higher
percentage of the oogonia produced multiple projections compared to groups Il and IV which occasionally produced
one projection. The growth rate of the four groups was similar at 5-30 °C. at 33°, many isolates of group I grew rapidly
but most of the isolates of other groups grew slowly, and at 35°, the former grew but the latter did not. In phylogenetic
analysis based on sequence of the ITS region, four groups of P irregulare were included in one cluster with P

sylvaticum, groups I-1I and III-IV clustered more tightly in the same branch, respectively. The genetic divergence



between I-11 and I1I-1V was higher than between each group (I-1l and 11I-1V) and P, sylvaticum, indicating that groups I-

II and I1I-1V may represent two different species.

C. B. Pascual, T. Toda, A. D. Raymondo and M. Hyakumachi: Characterization by conventional
techniques and PCR of Rhizoctonia solani isolates causing banded leaf sheath blight in maize. Plant
Pathol. 49: 108-118, 2000
Rhizoctonia-diseased specimens were collected form various host species growing in or near maize fields in different
geographic regions of the Philippines. A greater range of host species, with varying types of disease symptoms, was
found in Mindanao than in Luzon. Fifty-two isolates belonged to anastomosis group AG1-IA and caused banded leaf and
sheath blight in maize (Zea mays), but they showed considerable variation in virulence. The most and least virulent
isolates recovered from maize were both collected from Mindanao. Isolates from necrotic spots/foliar blight of durian
and coffee, which were collected from the same region, showed the lowest lesion heights. UPGMA-SAHN clustering
analysis from RAPD fingerprint data of 30haplitypes of R. solani AGI-IA isolates from the Philippines and Japan
resolved seven groups of AG1-1A at the 75% similarity level. Variation among isolates from upland crops seemed to be
partially correlated with geographical origin and virulence. In the case of paddy rice isolates from Japan and Philippines,
some were closely relate, with over 75% similarity, suggesting a common origin. In PCR-RFLP analysis of the rDNA
internal transcribed spacer region, no polymorphism was observed among the AGI-IA isolates but they were

differentiated from subgroups AG1-1B and AG1-IC using the endonucleases EcoRl, Mbol and Himfl.

O. Salazar, M. C. Julian, M. Hyakumachi and V. Rubio: Phylogenetic grouping of cultural types of
Rhizoctonia solani AG 2-2 based on ribosomal ITS sequences. Mycologia 92: 505-509, 2000

The complete ITS sequence (ITS1-5.8S-ITS2) of 28 isolates of Rhizoctonia solani AG 2-2 has been determined,

aligned and processed for phylogenetic reconstruction using maximum parsimony, showing the division of AG 2-2 into

three cultural types (AG 2-2 I1IB, AG 2-2 1V and AG 2-2 LP).

T. Toda, M. Hyakumachi and D. K. Arora: Genetic relatedness among and within different
Rhizoctonia solani anastomosis groups as assessed by RAPD, ERIC and REP-PCR. Microboil. Res.
154: 247-258, 1999.

The genetic relatedness among 41 isolates of Rhizoctonia solani belonging to 11AGs was assessed based on the
fragment pattern analysis obtained by the amplification of genomic DNA by 3 RAPD primers (P14, R28 and RC09),
ERIC (ERICIR-I/ERIC2) and REP(REP1R-I/REP2-I) gene sequenced. Based on the banding patterns of PCR-amplified
products, seven putative groups among the 41 isolates were recognized. RAPD-PCR generated multiple distinct products
showing considerable variability among the isolates of different AG types. Isolates originated form the same
geographical origin or host plants were no always genetically related. Amplification with ERIC and REP elements
enabled detection of AGs/subgroup-conserved and isolate—polymorp?ﬁc variants, respectively. Though pattern types
generated by ERIC and REP in general, were distinctly variable among different subgroups, less variable fingerprint

patterns were produced within the isolates of each subgroup.
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(2000)
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Minamisawa, K., T. Yasuta, K. Yuhashi, N. Ichikawa, H. Ezura and N. Nukui: The role of
rhizobitoxine in nodulation by Bradyrhizobium elkanii. In Nitrogen Fixation: From Molecules to
Crop Productivity. Edited by F.O. Pedrosa, M. Hungria, M. G. Yates and W. E. Newton. (ISBN 0-
7923-6233-0) Kluwer, Dordrecht /Boston /London.p. 422-423, 2000.

Elbeltagy, A., K. Nishioka, T. Sato, Y. Sato, H. Mistui and K. Minamisawa: Diversity of putative
endophytic bacteria isolated from wild and traditionaly cultivated rice. /n Nitrogen Fixation: From
Molecules to Crop Productivity. Edited by F.O. Pedrosa, M. Hungria, M. G. Yates and W. E.
Newton. (ISBN 0-7923-6233-0) Kluwer, Dordrecht/ Boston/ London.p. 345, 2000.

Yuhashi, K, N. Ichikawa, H. Ezura, T. Yasuta, N. Nukui, S. Akao and K. Minamisawa: Rhizobitoxine
production of Bradyrhizobium elkanii enhances siratro nodule formation. /n Nitrogen Fixation:
From Molecules to Crop Productivity. Edited by F.O. Pedrosa, M. Hungria, M. G. Yates and W. E.
Newton. (ISBN 0-7923-6233-0) Kluwer, Dordrecht/ Boston/ London.p. 345, 2000.

Minamisawa, K, M. Itakurzi, R. Sameshima, T. Isawa, K. Yuhashi, M Tsuda and H. Mitsui:
Interspecies transfer of nodulation genes from Bradyrhizobium japonicum HRS strains to B. elkanii.
In Nitrogen Fixation: From Molecules to Crop Productivity. Edited by F.O. Pedrosa, M. Hungria,
M. G. Yates and W. E. Newton. (ISBN 0-7923-6233-0) Kluwer, Dordrecht/ Boston/ London.p. 291,
2000.
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Kameya, T.: Overcoming breeding barrires by means of plant biotechnology. Cooperation Program
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JOHMEICBET DA%, RAVRSS(E 2 2001 EE RS (2001 453 A 24—27 H, 5E)

FITH, WHER—, KBS, BALHE, KHEPE BEA BRSO BEILE ORISR
DfeFE. ARRI(ELFR 2001 F£EKRSE (2001 483 H 24—27 A, 5UE)
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4 COEEHEIVRTU A

—Plant and Ultraviolet-B Radiation —

December 4 , 2000

Opening Address : Tadashi KUMAGALI (Institute of Genetic Ecology, Tohoku University)

O-1 Lars Olof BJORN (Institute of Plant Physiology, Lund University, Lund): Effects of Enhanced UV-B
Radaition on Plants: An Overview.

Session 1: Change and Monitoring of Ultraviolet-B Radiation

O- 2 Nobuo MUNAKATA (Radiobiology Division, National Cancer Center Research, Tokyo): Biomonitoring
of Genotoxic Solar-UV Radiation in Asia and Europe.

O- 3 Michiaki OKANO (Forest Environment Division, Forestry and Forest Products Research Institute, Tsu-
kuba): Measurement and Estimation of Irradiant UV-B in Alpine zone.

Session 2: Ecological Aspects

0-4 Michiaki OKANO (Forest Environment Division, Forestry and Forest Products Research Institute, Tsu-
kuba): Effects of Enhanced UV-B Radiation on Forest Vegetation. '

O-5 Carlos BALLARE (Agricultural Plant Physiology and Ecology Research Institute, University of Buenos
Aires, Buenos Aires): Responses to Solar ultraviolet-B Radiation in a Natural Ecosystem of Tierra del Fuego
(Southern Argentina).

0-6 Joseph SULLIVAN (Department of Natural Research Sciences and Landscape Architecture, University of
Maryland, Maryland): Response of Plants to Increased Levels of UV-B and Atmospheric CO2 Enrichment.

O-7 Pirjo Huovinen (Department of Biological and Environmental Science, University of Jyvaskyla): Underwa-

ter exposure and responses of algae to UV-B radiation

December 5, 2000

Session 3: Physiological and Biochemical Aspects

0O-8 Yuichi HONDA (Faculty of Life and Environment Science, Shimane University, Matsue): UV-B Radiation
Decreases Disease Resistance and Red Light Enhanced It in Certain Combinations of Plant and Pathogen.

0-9 Noriaki KONDO (Graduate School of Science, Tokyo University, Tokyo): Physiological Responses of Cu-
cumber Seedlings to UV-B Irradiation. \
O-10 Eva Hideg (Biological Research Center, Hungary): Detecting ROS in Plants under UV-B Stress.

Session 4: Regulation of Gene Expression and Molecular Effects

O-11 Ann Stapleton (Department of Biological and Environmental Sciences, University of Tennessee) : Genetic
Dissection of Ultraviolet Radiation Responses in Zea Mays

O-12 Ake STRID (Department of Chemistry, Gotenburg University, Gotenburg): Towards the Understanding of
Global Gene Regulation by UV-B.

O-13 Brian JORDAN (Institute of Food, Nutrition and Human Health, Massey University,

Plamerston North): UV-B Stress Induced Changes in Gene Expression: The Role of Signal Transduction Path-

ways.



December 6, 2000

Session 5: DNA Injuries and Photorepair I

014 Alfred BATSCHAUER (Fachbereich Biologie / Botanik, Phillips-University Marburg, Marburg): Arabi-
dopsis Class I DNA Photolyase: Chromophore Composition and Over -expression in plants.

0-15 Mugumi HADA (Institute of Advanced Energy, Kyoto Univeristy): DNA Photolyases in Higher Plants.
0-16 Akira YASUI (Institute of Development, Aging and Cancer, Tohoku University, Sendai): DNA Photoly-
ases and CRY Proteins.

Session 6: DNA Injuries and Photorepair 11

0O-17 Jun HIDEMA (Institute of Genetic Ecology, Tohoku University, Sendai): Cyclobutane Pyrimidine Dimer
Phoiorepair Deficiency in UV-sensitive Rice Results from a Functionally Altered Photolyase.

0-18 Kazuo YAMAMOTO (Graduate School of Science, Tohoku University, Sendai): Photorepair of 6-4 Pho-
toproducts in Arabidopsis thaliana.

0-19 Betsy SUTHERLAND (Biology Department, Brookhaven National Laboratory, Upton New York): Mo-
lecular and Biological Strategies for Coping with Environmental Stress.

Concluding Remarks

John SUTHERLAND (Biology Department of Science, Brookhaven National Laboratory, Upton New York)
Closing Address

Kazuo YAMAMOTO (Graduate School of Science, Tohoku University)

P-1 Masaji Ono', Yoshiaki Komoriya', Yasumi Fujinami’, Masayuki Takada’ and Kouichi
Tashiro®: 1Environmenta' Health Sciences Division, National Institute for Environmental
Studies; 2Center for Global Environmental Research, Institute for Environmental Studies: In-
ter-institutional UV monitoring network in Japan.

P-2 Ulf Johanson', Terry V. Callaghan?, Mats Sponesson” and Lars Olof': 'Department of
Plant Physiology, Lund University, Box 117, SE-22100 Lund, Sweden; *Abisco Scientific
Research Station, SE-981 07 Abisco, Sweden and Deprtment of Plant Ecology, Ecology
Building, SE-223 62 Lund, Sweden: Responses of arctic plants to enhanced UV-B radiation
and increased temperature in a two-year field experiment in Svalbard

P-3 Tadashi Kumagai, Jun Hidema, Hye-Sook Kang and Tadashi Sato: Institute of Genetic
Ecology, Tohoku University, Katahira, Aoba-ku, Sendai 980-8577, Japan: Effects of supple-
mental UV-B radiation on the growth and yield of two cultivars of Japanese lowland rice
(Oryza sativa L.) under the field in a cool rice-growing region of Japan.

P-4 Jun Tian and Joe Sullivan: Department of Natural Resource Sciences and Landscape
Architecture, Univeristy of Maryland, College Park, MD 20742: Field studies on the effects
of UV-B radiation on leaf anatomy and morphology of Liquidambar styraciflua and Pinus
taeda.

P-5 Shengbo Shi and Xinquan Zhao: Northwest Plateau Institute of Biology, The Chinese



Academy of Sciences, 59 Xi-Guan Avenue, Xining, Qinghai, 810002, People’s Republick of
China: Research of enhanced UV-B radiation on alpine meadow ecosystem and adaptation of
alpine plants.

P-6 Hee-Kyoung Kang', Gong-Young Bae’: 'Department of Biological Science, Graduate
School of Science, The University of Tokyo, Tokyo 113-0033, Japan; Department of Envi-
ronmental Horticulture, The University of Seoul, Seoul 130-743, Korea: Combined effects of
UV-B radiation and CO; enhancement on Cucumis sativus L.

P-7 T.Sato', Y.Fukudaq®, M.Yano® and T.Kumagai': 'Insitute of Genetic Ecology, Tohoku
University, Aoba-ku, Sendai 980-8577, Japan; “Plant Breeding, Genetics and Biochemistry
Division, International Rice Research Institute, MCPO Box 3127, 1271 Makati City, Phillip-
ines; *Rice Genome Research Program, National Institute of Agrobiological Resources, 2-1-2
Kannnonndai, Tsukuba 390-8602, Japan: QTLs associated with tolerance to enhanced UV-B
radiation in rice

P-8 Alenka Gaberscik'?, Meta Voncina?, Tadeja Trost’, Mateja Germ', Zdenka Mazej' and
Lars Olof Bjorn’: 'National Institute of Biology, Vecna pot 111, Ljubljana, Slovenia,
Department of Biology, Biotechnical faculty, Vecna pot 111, Ljubljana, Slovenia,
‘Department of Plant Physiology, Lund University, Box 117, Se-22100 Lund, Swden: Growth
and production of buckwheat (Fagopyrum esculentum) treated with enhanced UV-B radiation.

P-9 Atsushi Tanaka', Ayako Sakamoto', Yasuhito Ishigakiz, Osamu Nikaidoz, Sun Guakinl, Yoshihiro Hase',

Naoya Shikazono', Shigemitsu Tanoland Hiroshi Watanabe': Department of Radiation Research for Environ-
ment and Resources, Japan Atomic Energy Research Institute, Watanuki-machi 1233, Takasaki, Gunma, 370-
1292, Japan; 2Faculty of Pharmaceutical Science, Kanazawa University, Takaramachi 13-1, Kanazawa, 920-
0934, Japan: UV-B-resistant mutation induced by ion beams in Arabidopsis thaliana.

P-10 Linda Pope and Joe Sullivan: Department of Natural Resource Sciences and Landscape Architecture,
Univeristy of Maryland, College Park, MD 20742: Diuranl patterns of DNA damage in two soybean cultivars
with contrasting phenolic chemistry.

P-11 Hiroshi Hada', Jun Hidema', Tadashi Satol, Masashi Maekawa’ and Tadashi Kumagai': 'Insaitute of Ge-
netic Ecology, Tohoku University, Sendai 980-8577, Japan;, ?Research Institute for Bioresources, Okayama Uni-
versity, Okayama, Japan: Sensifivity of an anthocyanin accumulated near isogenic line of rice to UVB radiation.
P-12 Hitomi Taira and Satoru Taguchi: Soka Univerity, 1-236 Tangi-Cho, Hachiouji, Tokyo 192-8577, Japan :
Effects of UVR on UV absorbing compounds and photosynthetic pigments of marine dinoflagellate, Scripp-
siella sweeneyae Balech.

P-13 Kumi Yoshida', Mihoko Mori', Osamu Nikaido® and Tadao Kondo®: 'Graduate School of Human Infor-
matics, Nagoya University, Chikusa, Nagoya 464-8601, Japan; 2Fa9ulty of Pharmaceutical Sciences, Kanazawa
University, Kanazawa 920-0934, Japan; *Chemical Instrument Center, Nagoya University, Chikusa, Nagoya
464-8602,Japan: UV-B protection effect of polyacylated anthocyanin.

P-14 Kouki Watanabe', Takeshi Shimizu', Mineo Senda?, Ryuji Ishikawa', Takeo Harada', Minoru Niizeki' and
Shinji Akada’: 'Faculty of Agriculture and Life Science, Hirosaki University; ’Gene Research Cenfer, Hirosaki
University: A subfamily of soybean MYB29 showing UV-B responsive expression.



P-15 Takako Takanami, Akiyuki Mori, Hideyuki Takahashi and Atsushi Higashitani: Institute of Genetic Ecol-
ogy, Tohoku University, 2-1-1 Katahira, Sendai 980-8577, Japan: Hyper-resistance of meiotic cells to radiation,
but not UV, due to a strong expression of a single recA-like gene in Caenorhabditis elegans.

P-16 Hidetoshi Aoki, Takako Takanami, Hideyuki Takahashi and Atsushi Higashitani: Institute of Genetic Ecol-
ogy, Tohoku University, 2-1-1 Katahira, Sendai 980-8577, Japan: Characterization of Ce-atl-1, an ATM-like
gene from Caenorhabditis elegans.

P-17 H. Ikehata and T. Ono: Department of Cell Biology, Graduate School of Medicine, Tohoku University,
Seiryo-machi 2-1, Aoba-ku, Sendai 980-8575, Japan: In vivo analysis of UV-induced mutation with transgenic
mouse.

P-18 Atsuko Takeuchi, Takuya Yamaguchi, Jub Hidema and Tadashi Kumagai: Insitute of Genetic Ecology. To-
hoku University, Sendai 980-8577, Japan: UVB radiation and protein turnover of rubisco and LHCII in rice
leaves.

P-19 Takahiro Fujibe', Yuichi Takeuchi’, Kotaro T. Yamamoto': 'Division of Biological Science, Graduate
School of Environmental Earth Science, Hokkaido University, Sapporo, 060-0810 Japan: “Department of Bio-
science and Technology, School of Engineering, Hokkaido Tokai University, Sapporo, 005-8601 Japan: Effects
of sucrose in growth medium on UV-B-Induced Damages in Arabidopsis leaves.

P-20 Lars Olof Bjérn and Ting Wang: Department of Plant Physiology, Lund University,

Box 117, SE-221 00 Lund, Sweden: UV-B dependent and UV-B independent vitamin D formation in plants and
lichens.

P-21 Susanne Widell, Ting Wang, and Lars Olof Bjom; Department of Plant Physiology, Lund University, Box
117, SE-221 00 Lund, Sweden: Ultraviolet-induced absorbance changes in isolated plasmalemma membranes
from tomato leaves.

P-22 John R Gittins! and Ake Strid!-2::1 Department ‘'of Chemistry, Unit of Biochemistry and Biophysics, Gote-
borg Univérsity, P.O. Box 462, S-405 30 Goteborg, Sweden; 2Department of Natural Sciences, Units of Chem-

istry, Biology and Environmental Sciences, Orebro University, S-70182 Orebro, Sweden : Analysis of a stress
responsive promotor from Pisum sativum.

P-23 Won Yong Song, Jun Gyo In, Yong Pyo Lim' and Kwan Sam Choi: Division of Applied Biology & Chem-
istry, 'Division of Plant Resources, Chungnum National University, Tagjon, 305-764, Korea: Cloning and char-
acterization of UVB-inducible CHS gene from cell suspension culture system in Vitis venifera L.

P-24 Jun Kumagai', Hiromi Katoh', Tetsuo Miyazakil, Jun Hidema® and Tadashi Kumagaizz ]Department of
Applied Chemistry, Graduate School of Engineering, Nagoya University, Furo-Cho Chikusa-ku, Nagoya 464-
8603, Japan: ‘Institute of Genetic Ecology, Tohoku University, Katahira, Aoba-ku, Sendai 980-8577, Japan:
Differences in the sensitivity to UVB radiation of two cuitivars of rice (Oryza Sativa L.) based on observation of

long-lived radicals.

P-25 Shinya Takahashi', Nobuyoshi Nakajima® and Noriaki Kondo': ' Department of Biological Sciences,
Graduate School of Science, The University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo, 113-0033 Japan: > Bio-
technology Research Team, Division of Regional Environment, National Institute for Environment Studies,

Onogawa 16-2, Tsukuba, 305-0053 Japan: Expression and physiological significance of photolyase in cucumber



plant.

P-26 Shaoshan Li, Markus Paulsson and Lars Olof Bjérn: Department of Plant Physiology, Lund University,
Box 117, SE-221 00 Lund, Sweden: Temperature-dependent formation and photorepair of DNA damage in-
duced by UV-B radiation in suspension-cultured tobacco cells.

P-27 Masashi Tanaka, Satoshi Nakajima and Kazuo Yamamoto: Biological Institute, Graduate School of Sci-
ence, Tohoku University, Sendai 980-8578, Japan: Effects of Photoreactivation of Cyclobutane Pyrimidine
Dimers and Pyrimidine (6-4) Pyrimidone Photoproducts on Ultraviolet Mutagenesis in SOS-Induced Repair
Deficient Escherichia coli.

P-28 Takashi Watanabe, Tatsuo Nunoshiba, Masakado Kawata and Kazuo Yamamoto: Biological Institute,
Graduate School of Science, Tohoku University, Sendai 980-8578, Japan : Effect of the Flanking Base on the
7,8-Dihydro-8-oxoguanine-Induced Base Substitution.

P-29 Junichi Kihara' and Tadashi Kumagai®: 'Faculty of Life and Environmental Science, Shimane University,
Matsue 690-8504, Japan; “Institute of Genetic Ecology, Tohoku University, Sendai 980-8577, Japan: Novel
genes induced by UVB radiation in rice brown spot fungus Bipolaris oryzae.

P-30 'Tadashi Ueda, Tadashi Sato and 'Masahiro Yano: 'National Institute of Agrobiological Resources, Tsu-
kuba 305-8602, Japan; ’Institute of Genetic Ecology, Tohoku University, Sendai 980-8577, Japan: Toward the
map-based cloning of QTL for UVB sensitivity in rice (Oryza sativa L.).

P-31 Hiroshi Ishida, Amane Makino and Tadahiko Mae: Graduate School of Agricultural Science, Tohoku Uni-
versity, Sendai 981-8555, Japan: The large subunit of ribulose-1,5-biphosphate carboxylase/oxygenase is broken

down at Gly-329 by reactive oxygen species in the lysates of wheat chloroplasts.
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D—0vay7 TREBROST S FIXLLEZDO TR 2RI T
RIRFRECERBHE L S)— B H H *

Rk 12 £ 9 A 21-22 HOD 2 B, HALRZRECEBHEL V¥ —2HBT &
BREBOIT A FIZXLLZDORTFHB LWL MVTU—D Y ay 7EBMEN
L& Uiko |
D10 FFLOMIC. FEEMOBEZNRUGTFEMERNBIT, FLTY ) AR
WHORBICEA, ZOERENSERBROCMET I LEMETT. REFTICE
SNEHERBREITTICERRIDICIR>TVWETH, MlgPHEEZIAFLEL
TIRZ T BEFOLRIVDSRLREYBRRZ ERICEBRT 2 Z L HBalgEic k-
TEFE L. FORRL LT, REYDFH OREHEBISHKEA T DGR 2 T84
AR MEAR TOK PGB EZREEEIN TV ELD EKICBZILTWSZ
EDHEEINTWET. T REEHOHAEMBABH TS VI NVIER LT
DOEYHREEFOEFER2RFBEHEZE L THE - #6722 REEROMEEN 5 1
FIXLBHLRIZRDDDOH D E T,

CODLIBRRRBEA. KT7—7 a3y 7T, BEEHROBENSY A FI XA
CHSEERI Y A F I X LADR AU TOFEEREEZEELUELE, ¥ AV
ZOMRTCIXLERAREEREFIMBEATOERRICHEMELEDEZBZ TK
PLBLTEREERFNERDPOBRINTVETH. COLIRBRICHTTS
EERIGITIFET T, — A, KA —TIXITIZ30EELS7—7 a3y 7HE
XN TEF LAY BERLE - HUCEARMEPCEEZNICEERMEHSED L
FonEZEDBIFLALDDERAT LR, 22T, AU—JYav7TiEIhS
MEOR OEERGFOBEL CNSHEERE L TV FHEBICEREZYTE
Lo BRI RT—DU0 DI, LHRREMEESF OE LRI a2 RE
EZFOBE, FICHERBEZLZHKL., KEEE., 2 U TYKREBEFOILE - FA
DD L BEREBRTOEH T, D7 —<id, WRMEZNRIC LT,
FEMBBEEEZI—RLTWE77—CR 72X FREOMBREIZEYHLZ
LDOTEDABRCHAFPRERBREDOY ) ABETT

—F . BEEROMEERNY A FIZXACOVWTIE. FLULTHEDICESREZYTE
Lo WA INVZRDEYIHRME OB ~NDOBEPIL, WAL > TORKRBELH)
THAHLIBIBIULDNTEE T, FIT, 2Dk NREEH ) K, EOLWH
BAOZNZNADRTEERNRIGEL. COLIRIEELRZA DV T FIVEEDRT
MEICET A2EEFLANVDSOMFRICEE LE LE. BIREREDCEHYAIO
BSOS &, MYEEMEYORREF LIS HFICNT 2 YO
DD PO RIXEWANABNTWE LD, REDHEYEEFOREHHE
3w NT—2 OMEOREBRERICHEND, RECEATWET, A5 —TDT—



VY ay 7 THEYRRMEYZED EIFELAEDIZI0EMEIFDOI LT LEDT,
SEORGIEROMEN Y 1 F I XLICEL TR, BUBERBEYORRRFL
NHSRFICNT2EMAOEZRD EiIFE L. MEORNBEBL T, HBohrdt
YREOBRIEFSPCELITHTEREERDY 1 F I XLDREEEBL., 51,
BREERTORGHERDY 1 F IXLBROROZRAHZS LEKWELE L,
LaRZE B TORBEFLRIVDPSDOMETIE. HEHEBFONRLLTVS
EMBRBDOATIE R, —REBEMORWVBOEMREDOHREIBALTEL
. MBEEEHEOHELERD T L —V A)N—IBHBBZeBELrbhooHb T
T MEEER) LW ZBRORMAFEROBIEERZBELTWARLICIRS
DEIBREXREBIDBVLELEETHILEBVVELTEBLET, AUV ay
7T REMEDFE. EFMEZE. MENERTE. BYREZE, EYEESY, #
YEEFZEDZHHOEMRICCHEEZWVWEFE, BFEOZERTRBRLTTERN
BRPTE. COEREZAHLDOSEOMRICEBIICHD ANTNEFNWEEZT
BhET,
CTECHICHDPDIDOLT. V2 avTORNECHBW RS, HEREH
BRELTCWEREELEAES, V=22 av 7 TORILE3EZITTVWEEET
LRty —DEAREE, ZLTT7—2 a3y 7OREEHEYLTWEREE
LEgt ¥y —HEMAHOEROHERIC, CoBERBPELTHLBLLITE
To Fh. V=2 av 7k, BAPLOALZHED. FTRULDZANDS %L
ZSMUTWEEE, FOAABBWELTBhET, 2B, FEEZRELTVE
PWEEBEEFDODCHEHEABRIIARE HICIGE YV —X29 L LTHIFTFET T,



2 ¥Rk 12 EEREAEREFERE
TR 12EE RELBHEE L ¥ —BAKRAFER L CHRNHEEBEZE T2 7T A

[RAGHI SR % MB35 72 D ORMBFRICII T 5 LW 5 TH#R)
(RHEHE)

MRREKE Fibk - BEF ®HF FE
Hragk BFERR ED IEXR
FOUK - EH X H
FAWBEAR WE R
PNTE =P A R
RAE - BEFE JIETGRTF
Kbk - ®EH BER
Witk - BEH HA CFEH
¥tk - #EH KA KE
HbK - A A WiE

XL BHIZ

A SRR B EIG LML L T X 2BRIZ. TR ThoEmBHE ORGHZRIEZ G LT
XTHERTH Y. o, TORGBHZEMEOMESMINIATARICL - L VBREFICROND, AL
FERFT D AW, TOLERMISERFFICREABEZTV., RBTFOESI IV BREMNSKRIEZHOT
W3, EEBESBOBRETIE, G Lkl dm CORGTHRISTHER LT, FROR
BRSBTS LICHEED, TEEOLOEDTIE, BROEMEZMTDHI L 2T HD, £
L< BGHSEN 2 BB DI HRRMAH L W) RS, MBEEOMSEBAELD Z LML
hTwna,

—F5T, ARENRTROEEIL, AEREROFEBRIZE S, e RBRFEA LA LT, #
LS EBA 2T, AFTL (FR) LR3I LBELOEPETALNTVD, £ T, RERHFA
T, Z0E ) REHOTLRRENSRIEOEEREE Y TFOL IV TEET D L L HIC] HRR
#HOEBAMOMERFIC B LIETEBC OV THHALMITHZ L2 RBOBEFL LT, FR 10 FE
M 12 EEED 3 ERM. ESN 11 ORI A—TTCOLELFRELHEE BHLE, EAEINR
O—F L LT, 10 EEICE (EHO4ERH L BRIGHSREME] . 11 FBEIZIX Perspective of Plant
Research in Space] LT AU a vy PRMMBTHI LN TERL, TLT, KEEDORRITL
TFToOEY ThH3,

b ERFEERTTH S LT, BB, BNV RNt REE L D I BIREEKICIRS B
B LETFAE L bz, #HTH3EMEEL T, ARFEFMELL B ERFVAELEE LR
LA F AL AR OTERBIEE, EREEFEFORBOV FAEZE, LHOELH L LT
¥4, Fhe, AFuVxl FOREHEEL LTOARRLT, HEEMOBKE, V-2 ay 7Ok
H. REOELDIZBNTHLERRBAEWELEELEFEL Y —ORABERECRBHHLE T



FHL 12 B R RBRE

1. MESHTLEER OGBS b U TR TR O RS

— BB A FLXEFRBVERE —

B BE-HA BE-BR FITF-EE B-FH K2

) BT-RE HX-BR FE GULA - RELEFRELL ¥ —)

BENEREOBBA D=L LBREX L AO4AMMBERICRIETES S HRT S - L 25k
DBEEE LT R Bid A (Caenorhabditis elegans) oA A AXEHEHZ AV, BEKOZLER TO
BEFHEBRAEHE L TOHRBER, 72O ICAMMBERICHT 28R X b LR S NITHER, %5

MOEBIZ OV TIHFEERITo T2, .
FPRBICBWT, HAMBEFRBRLICEDS KBE recd BREFITZ. 1BEL O RHES
( Ce-rdh-1 : C elegans rad5l, dmcl/liml5 homolog 1 L %) . EB/EFORKRE % RNA

interference ¥HTHIH LR, ERRBEIRT 4 TH XV AH~OBITRG T b, Yokl
TUFAITREESTRIBLE 2D BEORENRET TERVWI L, ROTICHERBICEHBZHEL 25
EEALMNC LI, ¥, MAOBEIBE A XT UHOBIL, BHRICKERVERMEEZRL, 20
BEHHEIIHRRGAERREFHERLICEDS Cordr-l 72 L OBRBORVEICERT 5 2 L 21
biZl7e, ¥7-. & POBREBHEBORKRIET ATH (ataxia telangiectasia mutated gene) &8
R RBBIRT Ce-atl-1 (C. elegans ATH/ATR like 1) %, HRRIRISYTRR & UNC ISy B OO B
BIROKHERF - REMICEELRRRIZTHZ L, BIUERBHE) VMLEBERE 2 — NT3 Ce—chk—2 3.
BESEBOBFARGEKBOXNEOHBACLARREF THHLERH LK,

KIZ, A2 DX OEFRFBRIZE T 2 FEOHCAM ORI, MBI bBZHLHL, 51
MOMBLE (0CRE 25CHIE) %175 ZL T, TO®ROERHRISTELITHEIT LR RH 4R
BELRH L, €2T, ZAREAV, 2 bo— Wt 52 L CRBERERCRBEBNEIhS
BASFBEIC OV T, SAGE (serial analysis of gene expression) MEIZ X WM 21T-7-, FORER.
BIEOHEAM OBMRALERIC L 0 EMTER VBRI AT S, BREFRASBE SN2 EEED
BT O tag BFIZBALMC LI,

2. BEMEMIZIT D AMBEBER G T O
EiD IEX-EE W (BFEKX-R) HREHE BF BH-FE HTF
-HE RE-ZH O - B HEERR)

HEEMOEMBEHFRIOBETF L THURICE & 2 AMBRICEIT 2HEL BRI+ 2 =
EEZHIL LTS, AMERICBIIAZHMRISROET NV E LTT 75 FRES O B RRE MK
ISR L, £, AMBERENREFE2REICHBETS7-DIC, DNA v/ 707 LA It L 3%E
YT E1T o7,

777 RO B RATEMN : 775 FRHEWMD Brassica campestris ¥, S BEFE L
DHFERMEERBRDEICONT, BT L TE -, HEREE TOFRICBNT, P11 RIERRID S



BEFTHIZLEZRERKEIF L THLMNZ L, SRK BZHFAERIO S BEFTh 5 Z & &N
LHELTHLMZ L, o, 68 S BFThH 5 SP1L iZBIL T, 14 OFH SP11 ML BETF%
B - ARAT L, HESAMIO SLG, SRK IKHARTEDLHTER LW, X HiZ, SP11 SHEERMIO SRK &
EEELTWBZE LALLM LT,

IV a SV AERBREREOREFOREREN : Yo/ V4AMBEDINA A 707 VAL -
THREEMOBICB W THRHORY IV ERT /-0 T6 7 u—rRHEhE, ThbT6 71
—OWVWT, BETOHRENLERT S L, HEEPHREORLARVREF ThHol, &5
I, TR ROBET L LTHEH CREIN TV AR FUAFART 7 —ERIETF, RY
HS 7 Fanr—EREF, TRAI—NAECUVBEFXVF—ERENR, Iva /it TbRrkRN
KREBLTWSHZLEZERLE, ZOZ b, DNA =4 2707 LA B/ RBEHRENRET 2R
ETHLETHEHTHHZ L EZALMICLE,

3. o) OEOMHEMILIZEIT A =F Lo 04y FERBROMEA « BEEFERERE X2V VI
BiFdMa—RLF LAl LA HERBAOHIEH
gy 225 - HEH MR- BB B (RiEX - BR4AeBHEE 7 )

HERERIRAE T B 7 ) RHEMIOTEOMERBRIL, MMIRLE L O—DThETF L It k> TEL
TR ERMOENTWVWS, DFY, =F L UARIC LY EELIMEE S, BT L AERLE
X0 M EMEE S N D, ABFRTIE. U Y BHEH OB T D =F L ORE, BIY
ZOERBHRE DT LUV THLNICT S HNT, 2 v ) ZAVTEREZTD, BELZTZUTO
RREZ/B TV,

Fay ) OEOHERRIZ, BENOIZ FERETRHR—IRARL>THEEHATWD, T74bb, Th
bDu—AADBLEORAEDEIL LT, MR (H-F) | BER W) B X UHEEmHE R KR
(mmff) ORZBUERBERMGESIELRHEND, £, —RICHEER X 20 )13 BERX20 U
HARTEL DZF VU ERETHZ EBMBNT VS, AHRICBWT, BEETEREKEX 2T Y D
EHIBITEFUVURAERLE CSACS2BREFORBERRE, LHLRBHHX 20 ) LEBETHY.
Bo, MMRX 20 ) CERTEN ERALMICRoT, o, =F L iAd, #ERX 27 Y Tk
HEORELIHTIHL00, BEMEREKEREY 2T ) B LRV EBALMC R, &b
K\a%ﬁztxﬂwxxacﬁmyﬁﬁ%%ﬁm\ﬁﬁ@%zvvaﬁ&@%JWU@zﬁfmm
FULHEM R TTA, EEFHERAERY 2T ) OXETEF LU BEEZRE RV XA L,
Whhot-, ¥, EREOF VLV FET CORMOMEREZ. BEEX v ) PR v Y
AR THEFERER X2 7Y ThEWI EBALMC Rz, ThbORERIE, HEtkmtE AR
Xav ) COFULUERENR, BEREX 20V OCHERIX 2y VICH_RTETLTWSZ EZ2RL
TWb, ZTOZ&iE, FavJiBWT, =F Loy Ik u—h AOEDEN L THEORE
EMETALERLEYDTORRTH D, ULDZ Livh, HEMEFERKEY 2 v Vi, oMK
WERO Mo —h ADOBEXEITT 5 LT, RIKEWRETH D Z LRENT,



4. BT ARG HAOHRERRORAT
—BAC 54 7 5 U —DERRE L CERE REREF O BBEREHT—
HE B LK - REEBFRELF—) - HK Bl (KREEX)

BRA7 AT HAIHEHRKED T, 1 OMREER (XX - XY ER) X VEBIRESNT
WB, RBFETIE. AT 23T 3 AOHESHMRE R 52T 5 1 I TEER T R ERE T 0 MREMR
MEITD EEBILT Yy TIR—XF7u—=r S X AUREREGTHEBEO—REL LT BAC 5475
Y — DR ERAT,

EBRERERETFIL. MERVCHESOREMRICBEST 52 5 X B(DEF-like, GLO-like B{mF)
RO 5 A C (AG-like BIZTF) KBTHIBETFERATANGHANOHEM L, /—YongT
VXA = a rORR. ThOOREBETFIRERRHICERL T\, BIE in situ " TV FA
P—a 2T -oTW5,

—HT ARG HABAC A7 5V —DERTIE, RAT ARG VAOEREE 3—4 BROFEX D
LEVHEEEL, BOFEDNA 280N T T V2R L, FHEE{ER O HindIIT 58£#H{EO DNA % /X
NATZ 4 —) FESKBL, BLHEODREEHZHELTWHZ LR L, 150kb X DA A
£ AEND X 572 HindIII OFHEEREERN L L 5, 2-8Units/ul T 37°C1 RERSLERLH
WL EZ LN, 5%, HHERGTHIWEHE, BACRI Y —~DF A~ a L 2RHRD,

5. RF o =T OEMBEERICEET 5 BT HOBHT
A& B EK - S FRKRAEYEHF )

RF 2 =7 OOBREHRICET 20 TFHREMIATIILEENL LT, XFa=T DIEDOKRA
FT7 4 v I RIEFLEORE S OEYBMOMEIERORI, class A ¥ A TRIGT PhCLFI O BB
FE., BLV class C BIEF pHADS3 & REHWYMD class C BInT & DIEROBENORH Z BIR L
L7 EFT > T D,

AAEFE T, B two-hybrid Rizk V., _F =7 class B BIEFD2EEDNT a S OEY
2 | class B @EFORELIIBRR-HBEFEHEMEERETHIEERALMI L, E,
A XFAFD CURLY LEAF BIEFORFa=TANY S| PhCLFI, D% cDNA BFIZREL,
PhCLF1 %% alternative splicing IC & VIEBE#ME 2T TVWDI I L 2T I/RE/. —F.
FRalx g U0 class C BIEF. MGI & PLE, % CalV 355 77— —&AWTREAS
B EGERSTF 2 =7 ZER LT3, 355 :pMADS3 _F 2 =T L FOTEF LE» bIH~DE(LE
RL. THODFRAZTT 4 v 72N pHADS3 LRILTHDH T LRI,

6. BIHHEFRETHMZ D5 FHIE LY DOEERIL
YWE RREE (BEIREXR)

2 ) MR OBREE — SR D HEREL 7=, 18 B cDNAs DBIRFEENDT B E—F—D

HGERELEERBIFLCE, 205 b, LIS LTy A XA bRRRIEF ArLIHIS
PHBL T, Yo —¥ —FEROBITE5ET Lz, Hsp MRABRETTHD LIMIO L LINIBIZELTY



Tue—F—FTE5ET L, Linl5 ik, 2V CiREBTHIMOBAESFL B L THAML
DOPHRGZHE L., Hsp BHIXEOMELEHTIWEMNH DD, ZhbDR{EF% pBRIZI
AR T, RSB I IMET LTS 2 ) B HIRAIC A LT, Rkt f & X7 X<
R~DEBEREL TVWD, ZhdbOBRGTEARRT T, 168 ORGSR E I 2 E28
B3, EOICEMROZICEA LRBRMSFIREL 2, FEROSHKMEOTHE L FTRRICR S,
BESRFEROCRET IREFHOMIZ, HEMTIIRVHBREBEMT 2EBBH 2 A
B HEETHIRGEFERRLTETVSH, ZOHREY Linls BH & Two-hybrid FERRER & T
BEE ST BETEBRL TS, BEE CHARIZEZTHESHIMPOREGTFOLERAL L
NI D invivo BIGF OEM(LY, EHERBROEBRE TCORGFRECRIETHRE MiED
L 3 TEMFRTEDP O ORITIZ A>TV 5,

7. A ROAFABE ICRKERT LRI FBRORE & T
g TkeF (RKE - REFRES 5 )

AFEA RBROHEREEZ T LAV TRATAZ E2AMNE LT, 4 XEMEHC, BERETO
WAL BREERL TN D, TOBREL. £RMOLABBEICBVTHRRMICRETS, HD 0L
thEHOFE SREFHEMBRBICBVTHELZ b2, OVWThHrOREEEZHKTLOENREL
TW5, S4EE, fTEICBEL T, BEIBRMICHIEIRBBDOA XFEEIREL, DNA 5475
Y—%HE L, BIE, 475V —HD cDNA 70— %T U F LSRR - BlEL, HERFIRIT
ZITH L & BT, In situ "N TV FA B —a VERIDZREREABTLZEDTWD, BEICEL T,
BB REBRT Mei2 BRI L: o] BinF. BREEWXIZED5EF Ran O REFED
7 OsRanl BETFERE L, —FH. BONW-RBEFOMERIT LM LT, OsRanl B=FiZoW
TiX. EXBRLFOBELZIHTE FI TV b XVT 4 TERBRETF 28 LU HBERED EH
KRS L, ZoOMHEERIEKIT, IVATRERCEETLIORAMN L, HHEOBEHMEORBEIIT
ELVEELTR L, BEMMLICRIT M2 21T O e, BARROCERE Osfanl 20
ARXFAFICEALIEZ A, BERBOBEOH, ERBAORBRBBERIN, ZOKFRIT. &
BRICEETHRTR, BREOBRETHE SN TSI AEEEZRMR L TR Y. RREN,



DEEEEOY A 3 X4

(FRAE)
MEARE Rk - RER BE M
it e TR Wk
FK - B RIE H B
SIBEA o B
LK - R AE B
BEA - E BE -
WA - BB hE %4
B - MR
1. IXL®HIZ

HABRBICBW TR, BEERIERRE X STV EICHIfaN T ORISR R
AN LB TOKEGEZ O SO HERZBERTEHAEIN, 2L 528
EREBROMER Y 1 F I XL DBEMNELE B IC T2 BEFORBRILE - RA
LEYHICRBEHICNTARETRELED  ELICTKELFE LTS, —A4.
BELZEHOHIEMHEABHE TS TFINICL o T, tHOEMIIREHEROEIEHR 2
FEEHEIC L DIEE LTV S BEGIEMOMEEN S 1 F I XLDEET 5. KFFRET
. BRBEME DR DRI AW R T B LW R MR DR D IR M B LR
FHOBEWTES L, T, KEGEBZERTI LI, ThEDBREH
ETHLFHRIBEOMAZHI LT NS, iz, ABERRELBRCHEYRRED
YRR CEYME A R OIS R T EENRRE L COL I REYRDICES Y
TrFIWVIRERDD FHEZERT S I LT, BEEBROKER S M F I XLDOHE
EEBEL TV,

2. WFEEEE L IFFER

v -hexachiorocyclohexane (7 -HCH)ZEMIEDE T % v -HCH B FEIX,
B SR, MEANAOECHEHFEREREZETHRINZZ LHBRRBRI N, /inA
= FEY®D ¥ -HCH dehydrochlorinase i, fllc#&EHFIDRWY 4 7ORIE/LKFE
BMETHD, RIbEHE -  BFEIELTHTH 2, IV B2 —F—FINIC KBk
REFRRMAIEELREAERRELICLD, LinA 25 2FEORKER D S B
KEBEICEL LU TEETAREMEDNRBINE, —F, linA BETRELBEBOBENIC
LD, linA BTy -HCH HBEICK P BINZEBEFTH L AEMEIERN &
DBREIN. T, BEBETIIMEEL TWRWD, v-HCH SBRABREBRTEEDOR T
VIV NWELDEAEZI— RTAHED InAEBICEETSIEHHBAL .



Pseudomonas putida KF715 #%kREEHXTE 7 = =)UH ) FIVRRE 2 I — k
TAOHRREBEEBAER IS VAR Y bph-sal TL ALY MEEDY A XH 90 kb
EREL, BHECMOTIBHENEALE L. KF715 %kDT ) L5475 ) —
EEEL, COZLVAY M2EREKOIXI RI70—-V OIS, E722))
Rz 21— F T 2BETFEH 12 kb, V) FIVEBAHE2I—-FTH2RETEH 6 kb 25
FELo COMBEFZ T ALY —RIEH 10kb TH o /=, bph BIZFEED LHH 40 kb
DEREBRFNZRELELEZA, COZLAY MPOHEMLICES T2LE25N05A
V5T 5 —EDRGEIDELE L. £z HHOBEALRT(1S)PE D B UETIR VIV —
TNA Y b YDEEDNRD SN,

MIVI Y HMEBETFEEEES 56 kb @ Tn3 & b5 > ARV > Tnd651 DEHRIG
DEEBBT. A—DF LD 2 IV —0 res B TOWA R REREEICIZ. res ICBHE
T3 tnpS & tnpT OB TENELEL TS, 1 AE—TDD res 2175 2
BEOT7S5ZXI REAWEERDS. TnpS & 2 DD res [ TEHMRERAFLAA RIS %
AT AL ERHE U, ARG TnpT IXBS Lad ok, £, 774105
B ETFHEEES 375 kb ® Tn3 B b5 U ARV YV Tnd655 DELIR RBREER D
REEEE R TnpR IXEBAIRERNA V775 —E 7 7 3) —ICHEINR 7 I BES %
oL IR ROMAAEZDELTVWAZLHBHHALE, —A. THERS
Wi ERRD 77 OMERRD > B 33 DEkIX Tn4651 DIk BIER R T L MR
BZ2RETE BRI NE,

A2 OREMRBEOBGHRZSEMEZYT ) AEYERREBISDP ST 5 7=DIC,
RIRMERIBE 0157 Bk /) LAEHIZRE L. IERFMERBE K-12 D7/ LB
FlL B LR, KBEY / LOEAEKREEZISNS 41 Mb DESIZRHT
Yeglz, 0157 ICHERMICHEETS 1.4 Mb OEFZRIE L. ZOEKNERR
By L YA XOMF & UTRAEREICBIEL. F0SEARMTHE L
DAL=, CNODORIRDPS, KEABEOL2Y / LA2EBDTS(4—t Y b
# FW 7= PCR ¥ (whole genome PCR scanning #)C LK o T AF T 4 v VI
WTEBLEZ, KBEY ) LAEEY ) ALNIVTHRITTESR 754 v—% 560 fi
EEEis. HROERD 10 D 0157 IoDWT. ZOMBIFERAA o TR
FEET LTOVRWH, BRI TR LY ) AOSRMENEE L, REICL-
THEMRERNRETNOEESMDPBRCHETES I LIHRT E =

BIREHRDBESEEE 7S R I K pMG1 DBRERITCOBRAGERICE VTR
RERCH S BETORELHEEOREZDI Lz, COLDICE T, BEGER
CHEENTRESIHINSE 75X RRGFERELEZLEZ A, 75 X3 FRIE
F 750RF4 DIEERSARLOEAGERICEREMEIN L2 RHLE, &&
EFORBREAZIEEL L, BB L HIADELBC L > TRE L EZBEDIHS
BB OESEEN 75X ROGERBBI VLI LB TELIPARELLI A,
BACEAREIIVIEDICRZEARIEE TV IRLEDNH LI LBDLPo. —
BH. 7SR FOGEFEEBRT UEZERORRERGZEM L. D550



MR TIIBEAEECBVT, H5END 75 X 3 FRBIEF 750RF4 ORBME% B
CERDPok, COMRADPS. 75X FOBRAGRIVERZAEREFOHEE
N 3o A

TANWRITRERE L EHEDIEEY A/ 7 ECEBBRBRKIGIC L 2R E R T 2 D5,
ZDOWREDRRERD VA NVIAPRFEHDTI2ENURFOREEL., HEOHE
RIGOHEZE > FLRNVTHEET 2D, F2 D VEYAL 294 NVZ(CMV)E 2
NICEERETEZINIBITERBRIET A2V 2HWEERE LU, #3531
BIF3EY A I REOBEHIE CMV ONEESY VNV BED 129 BHO7Z I JBIC LD
HEZIND, TirbH Pro THNIEHGEY A 7M. Ser THhIRBETF A 7L
BB TEINEHBTZEMARF L LTI NIN-V—BO-ELHERET
yb1 & yb2 WEH>TWN%, CMV DAY >NV BICRBENICHKAT2EES V8
DB ZBRED two hybrid 3 CTHRETLERKR. 2D 1DH CaMK /Vv—7D+ 1) v/
oA =ZVFF—ETHSH SNF1 BIBEHDO S DTHAZ e HBHEI N, YYD
BRBTEICIE Y A WVADEKERD 1 DTH 5 2a ¥y NIHED 631 BHOPI VB
CEDBEIND, SHICINIENST 2HEYAEETF Cry DEIERZED TS,
£ A REICBNWTEZ) VY —>5 VT B VB E->Mla B84 {t—~>EL2, EL3
LOMBEERGFRRELVIBEIHEEI LTV 3, HFRT) V¥ — BT
F OsSc-1 X DR TRENFHI N B H, ELS, OsSc-2. Clone5 Il
{CIEAREMTH oo ZNDHDSH 0sSc-2 IHBMILKBRNBIC L h REDFHX
N7=.08Sc-1, 2 IZEMD STAT LD KA A %R b - -IFERHF, /= Clone5
REMORELBOOBERETIHDTH o0 1 FHEYMERIIBTHEBALET Y
=TT FNVEROYBICERL TREED LMBEICI AT IvIICEEL.
BE. MRERNRBCFRAEZFETHICLVHALI Rk,
BEFOPRICIE, AROBEHDIIHLIC, HIEYEIRIBOLE% IHES - £t
TEHEDICHMBICHEE R ZHBRDEEDH L. FO 1 FibA ZEHEYD 7
VT RIGKEERAD2)REEFTHS. 1 XFROHT, PUEOIVD Aldh2 &
IR E M TRORMERIEREGF M2 L UTHEELTW 5, —F. 1 XD Aldh2
XA ICES U TRV BREDEMEICL > TRRS, BKRETIEBITSA
ZRHEY) Aldh2 ODREBRFERZHAE L=, EKEFMHEOBWA 29F¥ (4 XL TIIE
KAIRIC & T Aldh2 ORBEDFEI =D, BFRMEOEN MY EDI S P Z A
XTl& Aldh2 OREBELBBICIEIE . 1 XREYOREKIET M L Aldh2 DB
CORNCAHBEDH B DS IR, AR, TFLF, VIVHLARED
4 XEHEYD Aldh2 cDNA 70 —> D—REFIZRE L. I 5IZA % Aldh2 &
FoOREE FOBERMBRZRELELEIA, PUERIVORALIERERD, BEA
DA ARMRBIERGFORREMBE LIEZ—BLabr ok,

3. F&¥
BEEROEEN YA FIXLCELTITMEEZNRICL, Xk, HENST S T



IZACELTRESEYENBICLTSENRMELZELERL, FRIZRAR2
BolrFETAERLE. BEWCREEREHRZBRIS T ERVAMESME S A
HHBAEDDZENTEE, ) LAEWENE S D S DREHEROMER 5 1
I XA, BB AD S OEEITLTH D, REREKERESMA L )N—0D
SHOBEERFROLBIC LY. HREERTOREERDOY 1 F I XLOREKL
ZOATRIEDBRIADPERLINDIFETH D, —H. MEENSY 1 F I X LICEE
T 3HETIZ. HAMESMECEZREREIEThTWaILdd b, BHOD
AL OIEMDEYTOMEMDIRTRHAERICRZ LB TEDZ, 2OXS3RK
MEREZ., REBIXORIBEREEDOD L TREEROY 1 F I XLDOHE
CED S PETH Do B, KESALAMEO—BL LT, TR 1249 Atk
L —lrBWT TREEHROY A F I XL ZTDONTHE) 2B L,



3 Rk 12 FE SRR ERE

BRIV Ravy IR RF TN AD
S F LA REER L SR B DR
Tk EEvLH— UOER, HRER
S - AT a% B KE R

1. I

BEBILRRMIECEERMN, 0V REHFICL>TENLOREBELSR ()
LTHRE - #ELTWS, BEOBERLEDHERE, /- ZEHICITHREDSRRE
LR TWEEEX LNTWD, HIREZEBRTIXT 70 7V VEERICE
STEDFERITINRV BB S>TWVDD, HRICHEEHIRES THD, ¥FUE8%E
X F U EREBERCH)ERTIX, ThETHy I ItX, TAXNUNFLR, &
YIOFRET, ZOBBERERENCOWVWTESDHMRRH S, AL, EFHICEE
RETFEEERZ Y T hay I R - XT3N RZBIT D CHS O&E| %2 F D%k
L OBEN LTS L RERE L, '

2. BrFRE

YT hay IR xF T FN<wr A(CnIFMb5844 8%, #E6% o LV PCR THEE Y
n—=V7LE3o07u—y (47 FA1, IV, V) IZOWT, *y NT—75—
FR—ZFFALT, SEBYV—REL Cn ® CHS B FIZBT HIE8 & AT L7z,

Fim, 7 DB AHFERRERARD DL, YU E2iTo72, Tu—71%
HEgL-370—2 (477 RILIV,V) 203 % =T~ U CERR LT,
28°C DIk (K% TrHEEFMIZ 5 5 NIH Bk OIERER IFM5844 (o) & IFM5845 (a),
WSS B N T IFM5860 (a /), TLTH A D AIDS BHE LY HBEEIhiz
IFM47847(a )X 9 SDS-7 = / —NETY /) LA DNA Z BB L, EcoRl F7-1x HindIII
THILL T 08% 7 Ha—AS)VTHBEL T, T A7 L ilEE LTz, 65C
TAL TV FA B = a V&, BES 0 ha— - Tk, RIEREZT-
77

3. WEFER

FASTA i\ -ARE o O— 21T o7z, CnlFM5844 10, 7 n—= 7 S5
77 AL IV, IZBWT, IBICV T, BUEFED Ustilago maydis® CHS



BET LARRMEAEB0-90%) = & 212 U, FHHE, BEAEO CHSRETF L bR
WARESoTz, UL, IV Cid CnH99 BRR° Ustilago maydis & O\ 2T bR
i 12%ICE EEof, B, FHETHW PCR VAT AT 74 v—hbid,
IFM5844 ¥k Z V=27 T A IVIV OEEIBIZ L 5 38 7 — b7 TR 1 70—
DOHPEBESN, A v —BIIERANLE LS, AMETHNZT 74 v~
H99 #kEi3k CHS #iZT L HHRIZBEFEZEETE RV AREEN Do, TOT L
i, Cnilixz 7 X1V CHS Bin ¥ 1S EFET L ™R 5, £, <L
FO—T7 7Y —RERTIBGCFHE~DPCRIZEAT 7u—FORFAHRL TV
5o

B¥ED D U724/ 5 DNA % HindIII TH{EL THF MRV (®1)
74 Rk IFM5844( o), IFM5845(a), IFM47847(a)) TiZBABR/R 1 KD/ K73
BREEN7ZDT, 75RO CHSHEEFIZS ) LAFIC 1 a—FETHZ L BHLH
(Zfrote, T4 704 ik (IFM5860(a /) TIZAE SORRD 2EDNY FHR
Hah, BRORZZESRY ) KES Lo 2{EFHELRTE NIz, IFM5844(a)d
IFM5845(a) iR U B LMK L TRV R —fLB D /N> FE2R LR,
IFM47847(a ) T3 R 72 HABIC A PR E NI, 2D &L, HRRICY  AERR
URHDZLERRLTND, 22k, UEDOKERIZZ FRIVEBIUV O CHS 85+
KRBWTbRAKTH -, '

4. &0

F— N 2 & AW S, &2 5 A0 CHS B FHRTHREMDE O BAZ LR
7o £z, P L7 TAIVIZBWTIEIBEROBGTOFENTE INTZ, 7/ 2
o 7Y RS, % CHSEEGFIXY /A1 ab—FETHZ &, HETY /A
MR ONDZ L, BHALNE RS,

M1 2 3 4

1. 7V bayv s R x4 74 <A(Cn)
DY 7 2w 7R, \

L — v 1 : IFM5844( o ); L — ¥ 2 :
IFM5845(a);

L — 1 3 : IFM5860( o /a ); L — 4 :
IFM47847 (a) o HindIll CTiH{k L 7= DNA (Zx%f
L, CnZ7Z7AUDDIG Fu—T7TrAT Y EA
Y¥—+ a3 L7, MIZADNA O HindlII kL
=Wk,




Y7 FREYICBITEFAS LHMEMAICE > THER SN ME
BERRRKICBITZERET ) LEROHIBA =X

BIK - RBRFEHIER ¥H &

’ ALK - BAR ar BB
ALK - WA B B

1. FHAROEREEHH |
MM OBEARPLF AT ERA N ERCRECET SMAREETRIDZFET
5. LinL. BFRECPHEEBERICET IHATRECEL T TRDOTHRN,
£, BEFRECLIFROERENKRIERD THRNWERRTIE, /EROES
HEERBORBOIFHTZIBHAEDRIEARD 5NTNWS,

EESIT, HERED VIUHS T AREY L EOBEARMBAROA L =X
LEBHZTIHBEEDIT. INZEISHITHEYME - BRI OBERIMEEER
ELT—REL. BEABHAL TOUL EDICERMHRER T TE L, T3
F—TRELLT, REED TS T IFRERBHEIF AT ERLITFASOD
BREFBHOREEEICDNWTRF L 20,

KWIVEIZERTK D, 77 IFEREMERN. ABF AT DEREEDHEE
FRACBET B, MEAGREEERSEZRANR, SSREEMAZOILT
FASICHKETHETHAROBENEREBIFL TEL.

Z DR, BaOBENERE EHITHREELETR, 7> b7 2R,
ERFEORELREOEREZB/DIIENTERE, ThH055, MEE#EERR
FENICEET S EREDbNSI bOY RYTOEREY ) LEEBITORER,
FNSHIREEY ) LY A F Iy JIBRERTON TS I &b h>TE,
LAs, FNNABRSIMERLEBHMBAME TECEREKREBOT—HT S
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Botrydiopsis intercedens
A H_[———— Tribonema aequale
— Heterococcus caespliosus
—— Pseudopleurochlaris antarctica

| Vaucheria terrestris
Vaucheria bursata

Ectocarpus siliculosus
Ochromonas danica

0.05 substitutions/site

Ectocarpus siliculosus
Ochromonas danica

0.05 substitutions/site

B2 BIREN/=8OTUsIZ BT H|mARHBIA) E4EB D LEDRHEIB), RAHEEL
transition / transversion = 1. 20D{EZ R A L/=HKYSSETF N EZHWT, 80TUsh:H&EZSHNS
T"‘T@%ﬁiﬁﬁ?%h{fhi:')bifigéﬁ?bftt& L7z,

%1 SOTUSIZEENDTRTORERMD DB, LML ETORME D
X (-In L), R#EBREID X FEZ (Diff -In L), EHERZE (s.d.(diff)).

Tree -lIn L Diff -1n L s.d.(diff) s.d. DREERA

1 3866.67906 (best)

2 3866.71799 0.03893 4.,37296 yes
3 3867.20245 0.52339 4,25580 yes
4 3874.34184 7.66278 8.46316 yes
S 3875.00008 8.32701 7.77636 no
3] 3875.28353 8.60447 7.69716 no
7 3875.29810 8.61904 6.88902 no
8 3875.69633 9.01727 8.06611 no
9 3876.05531 9.37625 8.45960 no
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ARRIZ TN ETREEBHR L ¥ —THERICITDhTEE TEYOERS
FOEMEIT BT BHERE & ESHEOMIT) (T AHREISICRBIE
bDOTH D, KRETIE. 775 FRHEHOEMCIC BT 2RI & Wb %
B 5MNMITBRDIZ, ¥RV NTEROBRICH SNSRI X 5 EEBRHH
DENEEROICHASMZL, BEBICBERBICT 3 REEOEMEICED
WT, SEORBEME & EERE - OEBENMCHEEERN LA, I5I2. 7
TS5 FRHEYOEROTEORICED L S HBEND D, T OBEIHEY O EESE
MEOEIZEDL S HEBERIETHCOVTRNT B0, NTHINT YA
DO BERIBHEICDOWTHEZT > .

2 HFEREH

(1) XVSNTRABIRRIBEFEEE5XT. ThENOEFEHBEOR
BARN L, MOEFERE I EAMEOMMEERLE, AVAEILZY XY 7 NF
(BIRBITH) « SFYXRYTNTF WEMH) . FANYIY I NTF (BERL
BE) . FFIYXVINT (BRRIEFE) Tho, RN LZRELRHFRIER
(16h/8h,BA/ME) “4EH (8w16h) #HEIR-B&H (5C/&H. 30HMEO®RER) K
B-EH (5C/AEH. 30BMZO#ER) THH, BEUHIIRFEHEEBE (NRKG
®) TiToiz. BIEBRIEFICRAICHENBOSNZEEL, EOMOBERIE
WRENRBL RN T 72,

(2) 775 FRHEM TIIRBREOHBEI L, EENMEEL THIE - BEE2TOIE
FERED BRNBHEEICREN, EE50REEBIRINDEHEEN—F)E—
Tary RBOREBES) C&oTarbo—)ld3nd, BHZBWTIE., FHE
BB T IMI VI RBEEREZTOLENHY, HE - N—FUE—-T3
VRIBOZER I, BHEOERICEKT S, LML, ZOHEEFATSIE. ER
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ALV AN ACRITTHRENMET 5 LRI L. TOMR, £EMET
BT U THREY A AREICHETADICML T, RBTA ORBICHETSZ
EHROSMIIU. RBIA DEEERTRNAICHETIENWS 2 LR, AUAE
X OHEYTHELIFOY A XIZRT DI EHTEERMNE N, —FEBNEY
O RIZBNWTRIA PVORENEL WeDIIINETRBIINTERN, 0
BN — NS ITERICEETH S, £IT. IRXRVINTOEBRETHEIF
&3V INF(C. hirsuta) iIZBNTHRIBROEENFONINEINEZEND B /-0
2. BRIEEREB o,

(3) o4 XFXFEEHD—FE. Arabidopsis thalianald. EFIIWVEMEL T, &
KRERGEMARICBNVTRACHANRTIDOSNTNSIHEMTH S, ThET
O FFETIRERICEET S04 XFXTFRIEMIE. A. thallana—FEINTE 7=,
LML, TOBNIBITAHHMIABICLLI2EENKENED, WKL DOEI
X OMBIEL TIES 2, &ZAA, 19974 ITIDNARFIORSRICE - T, Zh
FTY INYTAR Arabis) EINTE =, BRICERBHT NI B INITA
M2 OA XFXFRIEMTH S ENHASMEL > (OKane & Al-Shehbaz 1997,
NOVON 7: 323-327). N7 B NZ Y (A. gemmifera) 3. D7 75 FREHk. F
WIEF 2L T BRTET 5. FRNBZDIZ. BIERKER, EFEROEENEUD
Y hEEZBRL., BIRLUTEREBRETSHILETHS. CORMREEXKERED
FA4FIvrRY0E 13, HROKEZSZITITWSAIEENE N, £k, £FH
WBITDEREHE AT FHEOMNNEEE CREER OB OHEEERD
R, RIEICERB TS EREL TS aIEESRE N,

3 WREER

(1) ZXYTNTRB BEEMIN—F VY- a EEADOAERGETIEFEME
DEERESNIEYTH D, AHRTHELEY XY NFRBAFICENT, ¥
FUTNFEIFIIVINFRIEFMEOBENR SN 2b00, EAKHETT
HIEFEMETED, WHYWHIBRMEREY TH S, ZOKIRHERITIRR:HEIC
habitatZ ¥ DEMIZE H T OB, T2bbagingil & HEHEME. ITX> THEIK
b= 3BIENETH 5. RENEHNWHBOEMIITEEMEICHBITSHER-FEHEXR
HERNLT. EALKGTORFMEENHL T, KL ELZOEY b
ERRL TRBACHASEAERERS, C0LDI2. BNEREMTHZZ L
fEOEM%Z F Dhabitat DRFBMICHA I B D DIIMET DI EE2BBITT S, —H.
FANYZVINF ETFI XV NFIRER 72135 B RENTEFMEITHENTH
BREHTHD, ZOMHEIIHEEEZMZENICREL 2BDIZL T, MM ZRE
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X )NF 153%+1.4 17.5%+1.1 16.7+1.2 16.4%1.3
SFIRYITNTF 55.9+8.8 31.21+43 329%39 23.8x2.6
FANE RV T NTF 50.1t8.8 19.5%£3.3 46.614.2 23.5£25
FFEZRITINT 67.2£3.3 39.5+3.7 67.9%£4.8 49.1£3.1
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1) . §72b5, HIBRZIXIYINFIBHIE,. I F¥RYTINFI3K268 DI
HRHBEHEZETICERLTVS, ZOLIZ, IFFRXRYINFRRBEOOY Y b
EHRTH5HEERL, MBERLEOERE#REL TS, KBOOYy BRI
KDERUREBICEASL TWAL, MEOHRZ EHANZRBICIIFHERT
HD, TNIIFIRYINFTREERHTEHOR M EAF—T L BRBICERA%
W9 5 &V D habitat DR EF AT 5,
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ERINDHEOESIL (K2) 4B L THRBES NS O EIZEL,
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HBOABEDOREZELL, yRXRIYINTBIRIFIIXIYINTOK 2BOREER
R, CZOEMIIFIRYINTVEEHICEZEOOE Yy NREBHEERICEL.
INOS BRI S ONBHRBEIUTEDREICHBEOOTNWEZ L 2HiES D
DTHB, —H. FFIRYINFREBEHEHNSENIEE2EHRESE. B
TEREHOEMNEVREZETEIENRINTNS,

FANZ XY NFEFFH RV NFRILE ORI TE L TRAZERL
T3, BIEIKBHEMZER-EARGFITBNT, AFANYRV 7 NTOEET
WY FIXVINFTOHERTHD (F1) . PEOERZRENRSHEZN (K
2) . TOMEMNSELIHBEZ SN, PENRBEAOEHINEL, RO
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BNTHEHREICL > TELOZFLWVWHARR SN, MOEY & OMWEESH/ RS
OHRTERAZERLEKRS, LN TYFYRITNFIRRROF ) EOBEE DO+

WEHZERERTNS,

(2) BN 2EMI0BESNEBFEENT, 771 N O THELIBE 261
THEZEIWREST, RRAIAP22 MO TE3EREZEBIR>TWVWS, IF%
FYENF L. B OEFEREOTHICOL SNBHMIH SO EICHRT 3
DT, XY INFEDDBRNIA CONEIBREINDEFHEL TS, ZOH

BEBRIIREETHTHO,

2ARRKBRTUEDHET—FDORHEB IR,

(3) BIRBREIOFEERLDEEERRL. BESBRERZI FO—LLE
HEBET (Jy1 MOV EER) TORBEREB A~ ZOKE. EH
Gtk TIEERRANH S NS 2 &, ERED THEMBEI NBEERD S 2 &2
oM ERofz, LML, RICKBRIGHEDOERDKEL, NTHINITFFITH
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WTit. 1 BFREARCBWTOARDOBE - RERIGHEOERZRNAL TS
TEERL T3, §K%, AFEEHE AEETORK - KT X - ETRME
KEREAND BRIE - BTAEERLE) KB THIREYTEHORENRN - HREME
REERIDIFETDHS.

4 F&®

775 RHEYOEMEIC BT S HERR EEEHBEZHOSNITH0IT, F
IV NFROBREICH T DHERRER & OEBEBPIBT, BXUNITINS
Y40 B ERIGEIZOWTHAZT - 7, ,

ZEVHNFTE (FTT5FR) O4IIONT, EFERICSEHBEERROME
LB 2T kR, BUUAEERECRAEEDLI IRV INT EIFIXVT
NFREMOBRNDSHEIREAZFITIMTONTVRD I EARRENE, £ F
FANT XY NFEFFZFY T NFIE, WL ORGHE &V S B FT#) /2 habitat % £F
B5RNS, TNENOREHBHEOBNASESSINTONTNS ZEMNRREN
Too Eloy SFAXYINFIR, FRY INTFTLXDHETFEEICH LU TEDENE
DIAVHRERTEFRLE. 5T, BEES OA X F X TR (Arabidopsis) D
PR\ Y N\ YA (A gemmifera) DA RHICBITLEE - N—F V-3
SR TREFEEREOXRB YN (R22RETTOREYE) OEREZFERL.
AFHBRE S OBREHSMIL .
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FREBEB DAY NIFELRBO—&EZW>TH O, HRMEICIE, HEIcHE
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BZREJMLITIEME ST, WV-BRA ML AR X BEYNOEEIH MBI &
FEINTNS, KBEAITEENSAIRABRORARIIEYOEFICTIIBHEATD
5, fHUV-BEHROLETHRNBIIEMCELEE KRITT. UV-BIZDNAICHE % {E
%, WV-BIZKXBEVEBOBARKDERIX, ZOHEINDINAEHMORETRRLZHEE
TENETHD, —HEMIW-BICLHBREBITNT IR 2 MBL THLLL
T&lz, TO—DIHAEENRD S, HXEEBRETFIESHEHEBERIITISE S
SNNVET, DNITTEUV-BEBE2REMEET 3. HLEZOBRIT400mmAELDHE
BARDBE, TOXAIXINF—2RKNL., 75 OBIEETRIEIZEL DDNA
BEEBEET S, BRI IOLMOMREKERTTED. £ OEMH S HE
HBEFEZI/IO—Z_JULBINEMATER. ZORBREVWHMAL, 1 RXEDEH
EYOXEEEETFEZ7O—Z2F L, ThERAWTHERRNOXESE R ETFRZ
MIBL., TOREBFRBOMA. BIVEMEDOA XEESSETEHHOTH S,
K#F. NE. BENS BRROBIETIV-BEREZERET S 2 EMNAETH 3,

FHEDOZENZBIIILATOETH S ;1) 1 RDDNASTATSU—h5,
HEEBRBRGTEZ7O0—Z=TF 5, 2) B5NDNERANVWT, ¥ ) 3IvY
BEFEIO—Z2TT5, 3) 1 XBHKIBIE. XEEBENMETL TWS R0,
KEHXDO T TIIEFTNEL, WEDHEKW, £IT, 77XV 5y —-0ERLRZEH
WT, ERXEAEERTEZAKISICEATS, 4) SoNEHEEREN, KB
HOTTEXERBREEEZTHIEZ2ERMICHSNITT S, 5) BRI RHAEE
BEFIIIV-BOEFERETHEEINS I ENFSNATNS, ZOHAITDONT,
N FREENRBTEZMA S,

— 106 —



2 HHFERRA

1 X NEEBRBETFEI O T30, YO FXFRUBY 53
REFAKXBEBEFOEEFLOT IV BEFI 2 IIpriner 2R L, 1%
cDNAR TN/ 2w ZDNAZ BHICPCRIUG E1T Y, MM 2 70— Lk,
ANBIAL D EHB) S — & >3 — 2 AW THERSI 230, Thibiic, 73 BE
PRz, O XFAFHEEBKROTY I ) BES EHEL. BLHEREZ
RITDBDEAXDIO—-ELTHMLE. AROTI4—2B0, KE. /h
ENSONAEAEBRBRCTFEZ2SONF 20— Lk, ARITOWTIITAC
T)IvISATIV—A )22, ARERETFERDOIO— 25
5T EMNHRET,

3 BigEREE

1%, KE, NEHNSBONEHAEHBRBRETO—HOT I ) BESI.
SO RFAFHEEBEOT I/ BESIEHVHERA%ERLE, CONAE
probeE U TA XDNASA TS —2 A Y-, 2EZ2FBEDOEEDR
BrO— kA, AR, NEOKKERWT, HF ) Ivr 3175 —
BAZU—Z /L., REHBETERDI O— 2185 EAHRE, BE
Lo ETTHTNDE ZATH B,

4 FE®

1 X HKEERBEFOINDOLE, NEXRERGFOLEEZIO—Z22TT5HZ
ENTER. SRIL. BRFEVOELENFEZASMTTSHEIT TR, ¥
ABITERNA RFPRRZ2EHL T, FLWEEORRMECBIERNERRO—BI &
L7z,
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TF VIR~ A BEY ORI &S MERRT
BEK - Bk - B&EY TE ¥ OREK - BEN BHE XK

1 I

BRIFERIZITT D F LU OEEIT, W< OO AREY THRESNTWD, L
L. TOFEMISTERAZEANBELEENTWD, £ I T, ABFZE TIIRRIEAKIZ
T BHTF L OEBEBEDOFE FREEBRER) ZRAVTHLNIT D, TDIZ®H
2, BEFEACIVZFLUREHOERT Licv ARMEY (Y273 EA T
2) 2{EHT 5, £ LT, £ OREEGHRIEORRIESARE DT 5> b IRRIZ R B
HIF L DEEEHLNIT D,

2 WA

BxIAFFRIZTSL-> T, Ao PO BEE L F L R F KRS+ (Cm-ERSI %
T3 F OUERETF H70A) 2 HEPICEAL T=F L UBSHEET T 5 HIEL AR
LTC&, AFRETIHRINOOFEEI P/ A T balZiEHL T, Ao
BETE2EA L EEREYEH Lz, Z2RIREREOR LRI Y2 /I E
RIS 2 B L. IR, RSN IRRIOBMEBE L., — /5. &
bN-HEEGEREORREZEE L, ZOBTFEAVWTZF L o BREEOFHlIZ1T o 72,

3 HFEAER

X T FYICONWTIE, Cm-ERS] BinT & E A LT TR HEERE 6 REE. H70A Bix
Fia A LT IR 1 5 6% (R Ui, S8 ARIET OT1E & RBA L fRhf
CRERRBERN I AT UEITIC LV RERE LT (K1), PASCRIE=MNTHEIL -
B LT, BAVE U= BIKIZARKIEE (Mesorhizobium loti) DHEFEA 1TV, HRRIFZECK G
BB LI, BEZTOL ZA H0ABGT 28 A L EEBRE D PRI A
OWMLEZRE ([K2) LA LIZRESRWHENT, BIEZNODOREDOBEE
oLl b, Bon-BrrAVTEAELGT. = F U MR X UMRKIE R
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DRI OV TEEM R BIT 21T > TV 5,

YA Z bz onTiX, BEICHESL L7-55% %R (Ezuraetal., 2000) % VT H70A &
GFOEAEREZITV, WEERINVAZEEG L, SHIZ, ZTRHDOAINVANLE
FEESMETHILNTE I, LirL, BEXTOL ZAREREGEZFRDHITIEEST
AYSJAN

4 Fi®
I¥alHCOoNTE, =F LUREHOEL L & Boh 2 EiEHhE 2 EH T
DIENTE, SHIT, TNDHDFEEBREDF ) IRKIRL DAL L 7o Rt &3
BIDZENTEI, 47 ba Tk, WEEBEBRINVZADRIKE ED AN AL EE
EDOFLIIRERE CTE 22, BAEBEOERIZIIES b o Tz, ZFHEN L OHEMIEE
A LB ONTEEREDO = F L VERSEECIRBIIE R ORI B34 % OBETH D, LU
FORRB SN B L S %M 5 2 L T, BRERICHTA=F L
YOREBR—RBHALNIRD LD LHFIND,

T - .

1 Lanel pBI121/Cm ERS1 H70A, lane2 Cm-ERS1 gene,
lane3 Wild type Lotus japonicus
and lane4-12 Transgenic L. japonicus lines.

Wngl g dudend. Bt bapdianle

Lanel Wild type Lotus japonicus,
lane2 melon young fruit,
lane3-11 Transgenic L. japonicus lines.

X1 IvarsZdEdiiEicisirsEA X2 H70A&GF%*EALI Y
BT OWHER 7Y G SRR O FRBIE BRI
1., BT, 2. U R Z RN
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¥ 2V YFEXORTHROMBRE ICBITHIM M E O BT
BEXK-B &FHEF

1 XL

X2 VEEF P OB, RAR S E BT, ~STHRI AEREL, <7
TRk B . T 5 A B TR IS BRI P OB AL B B BN T B
TR AMEL, BIERO A AR TTREE T o7 1D BEABZMILE X
SR TOBMEE KRBT In 7 TR MNEEH F I kAR AT 52 TR bR
B HEE ORI 2 P D & 7o 0 B P9 B A 2 (L 2 B s B 2 &, 2) 0k Ak B
bk, IR B ETIEROND , FEERE O~ T R T 54 I A iF 0 MK
PRI 2 % B s i B 2,

2 WS

BEAEBFE L F—ICBWT, X2V VB F2EH HRREERE DR 22 b
WFTRA, BESELHOREE-BEAORBEL, X2V VO F T~ A
— 5 (BAMETSSAF I 74— L) TRt B &, EMBXRBIC YL, BAPA LA
%I DRENRHLNICRDIETDRT— VR ABBILIL, RO S HMER-TF
¥ ORECSAFAT ATER TR E LT, BT E S5 T LiciEhT, EXZE
CBNTOsO4UT I BB BEE. T LI —Z I LB A, 28—l M 2 T
BHEOFE2ERL, ZREFREMBCIVER TERE LT,

3 MR »

UK B 4 1 12~ 1 6B5 R B 0 R B 2 MR T B MBIV E R RS A, T AV RS
AREDHFBRBELERRABETEDLR T\, ZOBRMET, 77AFFRIZ
FULvDEBIRLNRPoT (K1), M RBMR, REMRLLIZ, 77
DERPIBEINT-O. BABRBEZ20M L LR R Tho7= (2, 3), %
KBALEH 24 B ISR R IR AT VT RIEE LTI JANDE J]
FH i ~DERHER TE-(H3), WELTWETIRT IR F KB ICER
ST NNAERFET Db DT,
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B1 WAKBEEZ 12 BORTER FEME M T OXREMIED
BIREFRBER
(L:YERFRF A M:IhaRU7, P: PFXFK)

K2 WKBHE % 28FEHE B ORI ANLE T DF &M D3 i
BFHEMER
(A:7Ia7FAL, L:YE'RARTFT A, N: %)

K3 WABAME #2405 B OMEE R MM OFEIRE FHRMSER
(A:7In7FFA, L:VERRF A, N: ¥, PB: a7 AV RFA,
REV: /N AE)

4 &9

THVET YT AR B A T BT 2B T FR ) B 3B AR AT T T D ML P SRR 4 s D B8
2255, Rl 3 R RIAA LT 30V TR B PO OO T Fe L DSl DMK KV RV BB TR S
Brb. IR TEMBMEORBMMCSBOMUKOERNRLNEILE
PRB LS TR, AERBFRIZLY, 4 B TR A% 27HRNEHSH
HETO., W THH ORI P B EOBERITHIZL BB R T, TOFER.
B, B R ERILIET VIR OERIIXT OR R ENZR>THH T
BLNAIERY  Hlam AR BL LN TE, 4 % S5 HER 2N K P 3040 % 3
Bl OHERHEIT . BEEEFE L7 — CEBSEHELIZIVITDhTY
BAEEN. 5T AEMENERBRELSDETERLTVIEICEY, BEABED
5T DRV DM L L <AL OB IR T 2R ER M RER LI
sh,
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BRSBTS LTABBIE DV AT~ T 4 v 7 e 8a 35

BRI - B - PRI
FAEK - BAERT BE %8 ZHAE

-

1. usic

HEPIZE, SEESFBEDBENTNOHEEREICES L TAB L TS, BROSTHIRAL
i, ~ARHER & E UBRIATRT A Z LIk Y, EIZE > TIRFRERGEO LRI LIE
FHEYRAN A~ L AETEDSE T L, IRRIOFAEKIY, SREE KbRRA > ISR UHRTIR
STHAAERED L) RS ATER Y b > T3, FHTIEHE R LSt E R R T+
DR T, BAARORIEL (IS OAEBRMICbRES BRE 3 Ta Al RNEBELT
ZRBETREERET D, ZOXHIRFA T v 7 BRAFEREOEUIIHE LT, REEIIBED
F o2 To#EFtEy hoFhs, VERREGEFEY MEBROH U TEBRESES VAT T 1
7 ISRIGFRRRE L QOB L FEAND, AT, HIERIREE, SSRERRIREE, 4R
BORLDIEETT, EOLHRBEFHRER L TOE0EBREYIICITRE LT 52 212k,
BRI ORGEFRROX Y hT— 7 #BHOMNCT B L BIELT,

2. G

UTEEDBERD ) DRFOEHNIZE LV DS, B2 BARR OB BB OAYRE R
RO AENSN T, FOERMEFEABEINLN > TN, FAF I v 7 REFRY LR
BIEIL, 7/ DREOT 7 a—F LAEMAERRFE A O THBUREET 27D DIEGFOMEIT
BB, VEEE, H¥9 X DNA BRSSO X v 2 7 YHARRIE (Mesorhizobium lot1) MAFF303099 #k @
24 ) KWEFIRTE ST (Kaneko et al. 2000),

Z ZTC, FRFETIL. (1) v 2 SRS ORISR T OMFaRetE, (2) BA - KR
Y aZ BRI 5O RNA THREFORREL. (3) I Y/ RRIE RS /) LaxW/\—F B~
a7 L—OEE I va s/ ar -3 7 MBRES RS L BN L TT o7

3. MR
(1) I-vaZHRREOFRIERS T ORI

2 a ZHBRIEZ 10%cellyml F2E T HM BRI CRE U758, 554 KR OYREIR - =k
TRABR VRN BIL L 7, T 6% 30°CTRE 5 L, 28 AE. 2o =——FRERE &
RFOIZEHRI L7, 25 FEREEC L 2EEEHE. o v =—TEaEEE 3 HM R Eoo =
o= —FERREA R LT, $7-. A&EET Molecular Probes £ LIVE/DEAD Baclight Bacterial
Viability Kits % FAVYTEHRI L7,
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FEIEBEETICB L Thb, 2L UAE
BT 5% 10°%cells/ml Bt TIZIE—ENEERL
P8, an=——JURRERNT 1 BELIETLISBER | _ & Viable counts
FCICRERD 0SHREE OB LiFgue), | &
TR, FRIERRETIZROTRERSD L EJ’D _x—*~~_Colony counts
a7 RRIEMR Y (X TOABERTER | 3107
UNRAE (Viable but non-culturable; VBNC) IRERIZ72
BT DN LTV, # , . ) _ _
(2) B4 - LAREE S Y 7 HBRIEH LD RNA ° o 20 30 40 5 60
- Time(days)
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