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Normalized G(T
n
Normalized G(t)

n
n (4]

D=0.92+0.60 pm? s . | D=213:120pm?s’
.

”
o

SAMFRADEZV NI EDHLFREDEMTEIT o=, FCS (&, BHFRFERER DL/
BOHEERNET S ENTE, RVVEEDEFHRIATEETH S, CCTIE, FIa/FEDE
HOBENIVNVEOHBUREICEETRITTEEBEL. TEISINESRAOER
AR L-FIAMNBEZERERNN—ASAKRBEICEFTHNICEELEERP CHRITZ
7otz T DFER. FRAP TRIESNIIBEREDHI 100D KIEEZ TS 2/ BEHEAA
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FSAMRERIZFEEL TSI EN Moz, FI=. LHC 22 /X0B D) VERLIEERIZ L
T ILBREANH2EERGERIENERTE-(H2), COIEDD ., FIAARRIZHEED
ZZLYLBEFISRGLE T AIRIRE THACENTEEIN = (AR ZAR),

D) BfRGSEMERIC LD F oM FIED L EEESA TN A A= T R
RNEASKhTWAEESL—Y—IEME 9 i
TlX.3D EREMFT H-HDFM@
B {5 0D By 15 B Fs] &4 75 171 0D %5 Eh B R
NEL BALSTREERO A E KN
DREWN, ZO=0 . ERAESARDE
MEFSAIREDBET A FTIVRD
EBHtLRETHDS, T THEF—L
THENEDONTINNSBREESAD
A A= T R (SCLIM) ZALNT
BfE{To1=, SCLIM [&. RE=VS'F
AR LD FEEED S ER b @i_SCLIM l:;éﬁﬁﬁif?:'fpﬂiﬁiﬁw'\hﬁ
e T e BESATeINAArA—D0Y
RIBENIFAIREL T H LT 3D ERDEGFHFEEBEETREMET 52N TES, SCLIM [T&
HEEOHBR. EAV)AXTTDREARMIEEZEXRICT 5 LG BEDRESOERK
LARZREL. NBOERLGF SO NBERBELTHMICHRR T 5N TERL(RI), F1=.
JREHRLEIV/NVE (GFP)ZEZAEDOANOTHEBICHKIASE ., Chl &)L GFP HADBE
DEWLHDD Chl HATEHETAFIAMFNEBENEETHSILLMATHIENTE,
#-oT.SCLIM [ZKBEE-MBEOERERNTDOF SO/ FELERGEO TEHMICTTIRIE
FTHIEMNTE =, 2. SCLIM [CKBD A LFTRENDFER. ARG IRIILF—FEIC
EMTEHRIC. TSTBENDBL TV FERR T HIENTE -, £z, AMATTAS
DEAFIVILRZEBLAREICBET HENTE =, AN TEMD ., I RILF—ZEHIH
TERICTFSAAREICHEAT A EREELIV /N IEDERE T T, EREB KD T 1
FIOREBLRELTWAI AT SN (RERITHEFED)

E)CAMXF AT ERRDEMERAEFSOIFBEOIAREERM LTTREH

INFETCOEITHARICEOT. VAMXFT AT ORIRIN T —GEICEET LR A DB
DHEATND, AR THILL-BREHEGAL. ENoBEERATHEL, SCLM
BAWTEES LT REHEIT o1z, LHCI 22/ &L PSI EE A0 VB LIEHiEZTh
ZTHHESIZDODFF—E (STNT & STN8) ERIELI-ZEFEZE R K (stn7stn8) & LHCI 2 /39
BOR) U ELIEIHEIRES O+ R 74— (TAP38) D RiEHk (tap38) #EIZEL =LA, RilE
XTI SFTRBENERE IR THSEAECKRELLG O TR IER DI 2Tz Tl  FMLTTR
BNETOE. AR LEART MBHRICAMNAISASEEDZF A FTIVANDLENENS
Motz CNETODETHAE T, F5FHEEIZ(F PSI HEAKRN, RO ASHEEIZIE PSI
BERDBRICBELTNSIENTREINTEY. LHCI A% PS BAAMEBEITSIE.
BREICAIOIADFEEESEZ TNSEEZLN TNV, SCLIM [ZKDDEMTHEEMN S, LHCI
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0 PSI [ZEENNFERFFT—EETAHRTFE—ED ) U ERILIEM DB S IZ#E>TF SRR
BEDFATIVADNBETNWERIENTEINSD (RERIEBEHD),

FYEAYUH RITH4EEF D LHC 22/ 30 B D &L LR

FATRIAA—=DUT d & e B3 B4
'b(@ 'b‘& o terrestrial /HL ~ aquatic / LL
HIZk>T. BEDEL & @ V.
™ < Qv A. thaliana ost?
EEMBRL.EETD

wieomELEaLEs o o @
REMIBITEEN ol .
o "F

i HGT of Lhcb9 required

ﬂ-ﬁgf&éb§s E{t?ﬂ"] o gAP-LthQ
ﬁ@ *ﬁ' l: ck %) 55 % l: ﬁ= 2 7": ‘ ‘ §§®g. C. reinhardtii apsente
%1# [j-*ﬁEIE:BLZ‘EZ:EIx ° Cr-Lhcbms5 required?

THD EAVIARTT  ma payysirg 18 LHC 5273 (Lhob9) D 4 L2
DFFAMFRIZCHEET S  RITERGEBIRNT

KERBEERIV/NIEIC
DWTIEELERAEIEA TGN oIz, TS TARMETIE, REHP® His 2T EREEERK
L.EXYYHRITSTD PS HBEKE LHC 2o\ O EIZDWNVTEMT £ L 2R E1To 1=,
TR EAVYARTTICIE, FEEELEFEYED PSI BEEARNFELTLLIEN
Ao ELESTZ(R4) , £, EXAY)ARTTHFBD LHC 22 /39E (Lheb9) HiERER! PSI
BEAKRICHEAETHDHZELBALMIIZLTz, -, LHC O R#F#EEMTIZE> T, Lheb9 HED
BIEFNFEOBEENSKTFRIBICE>TEAYYA RIS DEEICIRYRAENI-ZEATR
BEIht-, FLT. RBEDOZLTLIZIEL T, Lheb9 ZELFEER PSI BEAKDOHHENEL
FTBHZELD Mot TNODEERMN S, Lhcb9 DEZFIZE-T, #EER PSI BEAADRA
DATBELEY  EAVYART T HBEDORIREANDBEICERLETI-EEZOND (AREE
1JAR4),

3. SHDRERH

ARARTIE. ERAESAT RN A A= THEMICE>T BERARBICFEET HF54
FIEOEEIZEBL. TOBES A TIVRERBELLEOBEFHLMNITEIENTE -,
FUOMXFT AT EERDOERHS . VUBBILIERIICLD 20\ VB OIRE (BRI -EEHN)
EEBEFAFTIVRANBEAEL TS EE D Doz LOL. BLR DAV NIBEDZATA
A= TBRIZIIFELEE>TVEWN AR THILLEEFASA T RILA A= T HifiE
HEELL. Chl #EFVNVEDOMEAECEALDBREBRRERETHIETLYEHGI /X
DEDREEILEBMTHENTESEEZOND FIZIE. EAFEGAEEREI LI TE
#EAIIZITITET.Chl AL T FILERAFMDEBVTHANTHIENTESD, KAARTIT-
B BRIEMRELANILT, BEAXYUIZLS3D FEZEAFEMOENTHANTHIENTE
NIE RO NIBEEBHLTEMNTE FLAIRILE—OBBARLMEIENATEE
L15%, TDHIZIE. RRBBEEICIIEAFEGEMIRELFETHY . REZV T 70
RYEETVTHFAI—RIZLBEEID Ry v LREIK AT E R Fhie - IR HH B3R D EENHI{EIS R

TLOEENERDRELD,
0



AARICEOTERKRIATENA AT DFRARETRICREIZTIENTE &
E-MIRNTECARREEHFEN T OLNEEMTALONITHIENTE - SRORE
ELT. AR THRONEBBEMESATTOTAUAA—D U TRIMTOBEINERESE.
BRDIVNVELERREODEERZHREANT VENH D, T AERRICHAEDLI R
WX —ERIRNF—DEBNEERARILT EIMT A AV T RMLEETH D, oD
BRIFICE- T ABEALDHIRILF—NEDIIIIEEIRILF—~LEHBEh ., EBYHEIY
HYARBRANEBRDS>TOEDONEN SR AMGRREICEDZENTED, ELT. T DM
BRERICES T RO ATIHGAREBEREEDHRIEIZRIDEFEZALOND,

4. M
(1) B2 &M

(HRE)

AHARIZEOT BERESATRILAA—D U T EMOERMNERTERILIEIEREICK
EV, Fr. BHOAEHBEEIV N\ VBEIZHEFEAETS Chl 2. BREXELTOE N A
EDELEDRES, ZLTAEREFEEDOR IR Y —(mERELZE B L-HABTRIZHEL
T EEZ-MBOEZARNBOMMBLEFSa/REEEEZ. EFEMBLAILOZEM S fEEE
(A FETEHAZENTEIELEREICKELRETH S,

ARARTIE. EAVYART T D ELGETIVIEM TH A MICES O/ XFXFEHFE
RFEFREZAWEBHZT otz SATRILA A= RIDICAE BT =HIZIE, 512
ZLDETIVIEVIDBITEHET DLENH D, F-. IRREIPEM THL-O. £BH#
B-BHLEERERGEDHARERAEH DEREFRESCELIIEAAREZDERICE
EThb,

KEBMENHFTIE, FLEESERLTOEWSATRILS A= T BiffiE A T
TERIEFERBITAVNIINREN, TOEEHITONTIL. SEORRRE R TILITA
FEHIENZVICHHTED, BEIF—RIZUNT THY ., ERERNEBOFSOIFENLEE
-EEEERICEDLEIYICTEEITT. CNETDEBEEZZAETEoOMNTELD, F=.
DFLRIEZITTELEAVINIBLRIIIZE T HEBEEROCRYNT—ODFEE. ZLT. T
SOEEEICHIMRDIRILGE . P FRBLTHEZIHALN T -ODOEBRLGFHMNEEES
HEHEMTHD AARIE. ZOARERIMEIEN T THILT HIENTE. &2V
INGBLRILDSATA A= DERBICHE T T, KY—BOHEEARDHEEETU0Y,

(2) AR KR (AP ERREIS OV T, ARHAF PRSIz F2EDEHRZTD

BT —F N\ OEBEFEZ DD UTDEY., FERFTHEZEIT o),

(FFZHEHE)

BYETE_BIERFRERILDVRETHIAEHKIZONT, ZDRKRES AT )L A A
— VT EVSFETHARILT DA EDHILEZBRELTHELED LN, COHARRET
[T ETVHEPELTEAYIARIT T DEE-EREDFIAMREDA A= T Kl E T
L. ZLDFHNEER T, BNRXERSHERLTETEY. COXFOERMNGHEE
ELTRHMENTLVD, COKIIC, HERM EOBN-HERR. F-. ARBLLTOHERE

EVSBADDE, +HITSEN TN B MEERLI-LHIT B,
0



SERIE AXEMZ, LERIREDKERKICHINDIIVINIEDA A=V THIiTO.
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$BHIELLEDD,
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¥R B AR IEFIEEE R T /I DRARICEIFRARENSAIRARHD
Bl

MELA4T EER

e HAR: TR 23 FE 12 A~FERL27E3 A

MR E: A HFA

1. HREDRLL

BHEDEMOEEMNEN R IC LA BB IR BEDORREELT. (A TAD
AMFALRDLN TN, RUHDIBMEREITEGY . EW/N\MF TR FHAEHEBH
ARETHY . h— R Za— I GERTH D TELBEMNAATRERDODVEDTHSKR
BNAATRENT /2O —RDEAT-AREHEENERBLI-AMTHS, REMAREEL.
FICKRBBHESLIUAREEZER T IME M HEREICE/LO—XEEELI- 2 RMADEE
BRERFETAHEITEO>THEEINTNSA, ZRMAEEE S L | L =45
A INA—2TIRET B COLSBBRAZ - Z RMEED LB IR EEIZH UV TIHE
EZTHY ., EET-HEYTEEERDHEEIC. AMTEREAZEELCES . BE. TOXREHE
[CHFELTWAEEZONTLNS, BILOBELEELZRETHIENTENIE., LEHEREE
ZBIELRHRRBED A BEEPEILO—ROMEEREL. FHROKENAAIRZMZEIH
THEMIZ OGNS EEAFEIND, IHF . REHHE D EBLUKRBEENLDOTREI—EFH
HEsh, TRTEBERLAGERFORBTAAIEEL Tz, TOHFTHIE, ©ILO—XEHD
RIGLLGLIRBHM/NEDIRESZIRET H2EFELTMIDD1 ZEEL. MIDD1 AVEEFL RSB (< wh
BTHAHZEERE=ILEDT- (0Oda et al. 2010 Curr Biol), AFFEEETIX. DZD MIDD1 AL T
TR OEFE NI EHIHT SRR AEESHNCTHIE, QFDEMHEAEFAN
AHIRETHIEICEY ., RN B/ — U EBEICRETAIERRKMOEIEE
BT L. QWEL-ZHMBEORMELTOIEEZ BIELI, 45, A B RMICHEE
FEYHTESHEBITE. BEUIRILF—ZFE->THIARNDEEEZHEHT IERF/TOUIZE
BL.MBEBAOFE>HHEAERABEFIALDD. NAWRREEMZASZEIZKIVEEDL
BEINA—VDERBFE-T-,

2. HAERER

(=

DOAXF AT IEEMIEOARIBHBEMEZERETRAN MO T7LABLUSA T A=
DTIZKY . ZRMBBEOBRAICEET SRFERY)—=2% L, ROPGEF4, ROPGAPS,
EMEE ROP11 B&U Kinesin—13A ZRIELTz, SN DIELFOFFEMTBERETICKY.
ROPGEF4 & ROPGAP3 M@= (k> THTEIIZ ROP11 ASEMIEL . MRRIER AS V&R
BHEEEEIEDT-, E5I2, FMEIELT= ROP11 A MIDD1-Kinesin—13A $8 A {AZMAREIER A
NI —rFBHIEICKY . BFAMICRBMINEDRESZREL. BAOKAZEL-L
FTIEEFHLMIILIz, — A REBH/NEIEZZTOAIEIZE T, EFMHE ROP1 DBEZEHIR
LTWWAZENHIBAL =, COXSITEME ROP11T EREBH/NEDHHUMICAREERT S
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EITEY BADOBENGIHEINA TSI EATEREINT -, TZT. CALOEFO @K
BEREBELSSCEBRNMBNERA . BALOVAXBIVEE., BEE—BMICREST DI
BT, BADHEELYRRICHET S7-OI2. ELITRY)—Z U T ETVHR O MR
BIRAMEIV I VBEZEREL . CORBLAILZEGIEHT S E2RY, BRIEE IR0 2R
RaEE /3 —2ZRELT=, CO LIS, ZRMIBEDIEE /N Z—ZHEHT 20 FHRIBZHAL
MITTBHELELIC, ZRMIBEDIRF/NI—VERIBISHET D EITHYIL, RBFRRE
DEBEDOKEBHEER L=,

(2) 548
MR T— Al Z XD B AR & O Fl S D fZEA
REEEICHWTEANEREINDADZ X LEFRASHIIZT H1=0IZ, MIDD1 EEBETS
RUNYBEEREE CHCRIRT BTG FHEODIOIFERL -, AFAKEL- A4 XFX
FIEEMEDOAREEEHLFEER (0da et al. 2010 Curr Biol) ZALY, ¥/2O7 LA %I
FUKREBEESEICBVWTHEEIZREN LRI IEGFERELIz. ZOFNST/T—
IVETIZBREBEEFEEY., GFP a4V /Y BELTIEEMICRIRE G-, TORE.
ROP GTPase M—DT#&%H% ROP11, ROP GTPase M;EMILEFT#HS ROPGEF4, ROP
GTPase DA EM LA FTHS ROPGAP3 N EEFLIZBTEL Tz, ROP GTPase & GTP [Z#5&
LI=iEME., 50N & GDP EEELI-AEME ELTHFEL. ROPGEF | GDP % GTP &X
#19 BZ&I2KY ROP #F TR~ ROPGAP [ GTP ) GDP ~D /%R HEL . N FMHEIA
EEHT B, FEMEE ROP11 £ KU ROPGEF, ROPGAPS (X E2FLDMREEEEICBELTEY
BiFC $& U FRET j%(2&kY MIDD1 &EME! ROP11 AEEMEERTHIEN D o=, 5
(2. BEFLICHLT ROPT AEMRIELTHEEL. MIDD1 ZHIRZIRIZU V7 )L— 9 S 45574
FAER A ERBRL TSI ENBALN Lo, EEMIESRLGIEREEZE 1=
ROP11 Z#BEIRBEIEILEEMESIUR 2
DEEICBWVTEANEERLIZCEN D, BAT
B97% ROP11 MEMHAE N OB RICHETH
BRSNS (H1), ; ;
BFT#7: ROP11 MEMALIZ 851+ ROPGEF4
£ EU ROPGAP3 DB EIEBHLMI=T B8 1. ROP11 & MIDD1 [Z & 2B FLSFR
(2. EREHMEBICCN S DB FERFICHKIR
. ROP11 DRAFFMEMEIEAEIINESIMRIELz, TDFER . ROPGEF4 £&U
ROPGAP3 % ROP11 LEIBFICHKIZSE 5117 T ROPGEF4 A RRYMRIZHEL. BATHIC
ROP11 #EMLTEHI LN BHLMEL STz, MIDD1 ZINODELEFICMATREASES
&.ROPGEF4 D RRYrDEBTRAMIZKRBH/NEN KONI-CEMD, CORAMICE
PE1ELT=ROP11 B MIDD1 2NN L CRATMICREBM/NEDREEZSIETREITDIT+HHRTH
BTEND DTz, ROP11 ZEEMAEEHREHIVEREERICERIE-LDEFEALE
BIZIE. COEIBRRIEFESKELLEM D=2 EM D, ROP11 A ROPGEF4 E& U
ROPGAP3 IZ&>TEMES FURIEM LS., GTP H KU GDP #HEEKEEY A UILT ST
EM. COBHEMIZROPIT OESEFSISEITRRICHDETHHZEN Moz (KB 2),

22
Z R




— % REBEEA~SMEL T B EEMBIHL
T HMNEBESBER taxol ZALTRERN wwi’%m (e
BEREALLIZECD, BFMISEMAELTZ ROPTT | cnroig grsorm ¢ Q.
DHBER A HMECERL, BRLYLME | O
WEERLAT RSN, 2/ ADEEAN TR |

ROP1T DIEMEILABAL. REMMEETREL | i l\:r] -
f2&ZAh REMNEHIEHER ROP11 OffEIER L!I%ms%ﬂ{%m*m)ﬁ
AMUIZB>THEL. ROP1T DREZHIBLTL oror e

BHTEM Doz, LEDFERM S, ROP1 EXREBM
INELDRICHtNEHREERMLEEL. TDHE
BEEAIZE - TEADOHBENHIEIAhTWSZL 2 ROP11 OB M ERALS L
HAVRIEENT- (Oda and Fukuda, 2012 Science, GSEME ROPT1 EXBHUNE & DHE
2Je fo R 5 PR

52 MIDD1 ERIFRDBEZRIEFELT
Kinesin—-13A ZRITELT=. LT A T A A= T ZTo1-#ER | Kinesin—13A [ZEEFLIZELY
THEELTWAREMNEDERIGICHEZICRET I LN D21 COLIEFAFIVR
(& MIDD1 &FBILTEHY . MIDD1 EFHITHEBET HATBEMEAVRIE SN T, T TBIFC JAIC&LY
AEBEEICHTOAEDHEEREZRIILIER. BILROMMNEICEWLTHEEINHEE
ALTWAIENTREEINT:, Kinesin A/ E (L ATP ZIRIILX—RELTH/NE LEH
L. MNEZEOYMREREEET DERT /I ELTHIDNTWSH, FDHTE Kinesin-13
FNELEBEET, RDOUVICHINEDRESZRET DIFHAEEEEZHAL TS, >0
A XFZXFD Kinesin—13A [ZZD Kinesin-13 773 —IZBLTWAM, Zo /0B ELTDHE
ROEDHERNICSETA2RIIZELTIEIFEAERAIAIZSATULEMND =,
GST-Kinesin—13A &L . in vitro [CEVWTH/INEDHRER T v A ZITo=#E.
Kinesin—13A [& ATP {KFMICHM/NEZIREES T HIEN Doz, RIZ, in vivo IZELT
Kinesin—13A WMY/NEZMREE T EMNEIMNFARST=HIZ. FEAREBMAIIZ GFP—Kinesin—13A
ZBEFEIRIE =, LHOLEND, Kinesin-13A [FHUNEICBEET . MUNEDBRESHIEC
LiEMoT=, ZZ T, MIDD1 % Kinesin—13A EHFEIFEIE S L, Kinesin-13A DB RBH/NEIZH
HEL. REWUNEEBREA L=, COFERILMIDD1 A Kinesin-13A ZHMU/NEIZUHZIL—T B
CEICKY MNEDIREEEIREL TS IEERELTLNS  (Oda and Fukuda, 2013
Plant Cell, B 2),

U LEDEHTIZKY ., ZRMEEOBEA DML ROP11-MIDD1-Kinesin—-13A #Zi&(Zk>
THEIN TSI L, CORBRERBM/NELOHMMAREERNEAOREEZHIEL
TWAIEMNBHLNELG ST, AARBEREFRFICE LT, ZRMEEDLE/A2— %
I DR FREANALIEFEEAEMON TN TRREEZDE. AR ERBICED
TINEA—D BN HNEDIRES . SOHICIXEILOMEFIEHETO—ENBREEZ D 1
[CHHLMNILI=CEIIREGESTHY .. COMBT DRI EERLIZEEZ D,

WMET—< Bl Z kilfEE/N\2—> D N AMEHRE]
T—YAICK O TEHLMN A =-EEFEHEF AL, Z XD E/ \F—ERETH



CEEHATz, BIBIRTFZ estrogen ITXAFRIRFEICKY —BMITIBREIRIRH HUN T FRIRD
FlL. BOEE D ZRHEEANDEZELZRIIL =, TDFER. Kinesin—-13A DBFIFIRIZK
SDTEAZRE RBRIMHICL>TEAZ/NS(TSHIEICHIILT: (Oda and Fukuda,
2013), F£1=. ROPGEF4 MO FIRMHIHHLITEFEHIEMEER ROP11 DBEIFKIRIZK>TETL
NEZEELZRTIESIEITHYILT- (Oda and Fukuda, 2012), EifRLT=&EY . Kiensin—13A (&
ATP ZHELTHM/INEZRES T 2E AT /T THY., - ROPGEF4 KU ROP11 M
#B1E(X ROP GTPase [Z&5BRMGHIIEN A DB, THHhE B EHBBHE/ERDE
ETHB LMD, AR RBEOEIRICA>TEEEZERLIZEVWZ S, — A BILOME.
FICHHELLZBIMICE LS E 5L SNETICRAELZEFTIEER T 5N TELEL
Ofzo FzITBELIEE# I AL —2a DR BAOBEBIZIEMNEDRE IS
B HIENREINT, ZCT. AFBEEICEVWTHR T SEERMDEBEEZFOF NS,
BILOBREBICEETILOEFERL. FIHROMNERBEI NNV BEEI— S5 ELRTFER
ELT= OB/ EIL MIDD1 EIFERGY ., BADOHNIBET HM/NMNEICEICH/BELTL
f=o CDRVINIEDBEIRFICL>THEEICRBM/INEN ML, MNEESHEEFIOMN
BICEVMMHERT LS END, COAVNRIEIIMNEERELLTNSEER
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WL THIAT AN, FRUEBBRETCTREEIFEAEBFTTVVEN  HROIEDS & Z
0% EHOTVSRIRETILALTIETIEBOBBENLYHIHE EYIZE-THRRZNE
BOFELHIRERLELS, LE=A2>T, KYUBLMEMEEED-OIZIX. B %EERMIC
WIR-FAT AN ALEEBLTISHATAIENDATH S EPIHRZICIGELT, L
DELFEHRBFTETOIN. TOWRKELGIBRZ LT FILEHKE Y —DFOERKRIIKREZF
BHTH5.

AAETIE. COBRZITFILEHE Y —RFOEKEMRATEHIEIELY . HEHDEHERX
ZIREAN_XLDEREHE T HLEBIELIz. EAMICIE. 1RO ZIEEOHKBEERFIC
EFHLTERZTL. Chohtkto b —nFThH A REMZIFERL .

—DBOREFF. A RDHERZIEEZIEICHHT S5 REF IDEFI THS, IDEF1 (L1
BELUVOZHEBEAFIIEET D, FTl-. BRZDEITIZHE-ST IDEF1 AFIET HIE
MBI FOBENEILTHIEND, IDEF [IHRBREEZBRMNT 50— FTHDAEE
HAREEINT,

ZOBDEFIE. HRZFEMS RING-finger #2/XUE HRZ T#H%.HRZ DH#EEEITL<H
BNTWVEMNDT=M HRZ ANV EIEHEER AV EAEFFULMBER AU EES, ThIE
HEFEDO#EK Y — FBXLS LR AMUBETHAI LN L. EYDFHRK L —IEH S
FEEZLNT-,

AARTEINODRAFOHKBMICE THEENEHERTHILIZKY. HOFIAEEZRLSE
=4EY. LY D T BEMERIE - BRI 5O DELFIFMEMETOERMMRZFIRTTH
EER-Tz CNIZKY HEMZLIMBEEERDOEHEIL, —BIERFTERLICEHKTHL
ZEMELT-,

2. HAERER
(=
IDEF1 & GFP LDREFIV NV BEHRBITOIREGEBAREER-BIFL,
IDEF1-GFP (X% FBEHICEADLLTEICKICHIEL -,
IDEF1 LHEERT 2\ BEER two-hybrid EICKYIEER-RIEL-. ChDHD
5% Bowman-Birk Br)TL A EEA—% IBP1 Linf LTz, IBP1 MOFBIL IDEF1
IRIFEICH#RZ THEEINT=, IDEF1 20BN HE(E IBP1 IZ&YBEEShT-, UL

EOREERIFERL(X2),
0
L!I!J"ljk



AT DHRZFEM RINGfinger AEFFUYH—E %2R EL . OsHRZ1,
OsHRZ2 &£ Ltz CNOA BB IUVESREMHEL. AIEXFLEREF OILE
ALz CNODRBMEBE TSI A RIEHRZMELBHERELRL. SEOWRIL-F1T
ESHRZFEHEGCFORENKT I EHTITEL T IEND, TNLF#HRZ
SEZEICHIET2RAFTHY. Bt v—DRFEDFEEAONTz, LLDIERND
HEFEHREL. MXRKR - TLAV)—RETo= (R /X1 . TLRYIJ—X1),
FMEGBRAI LB LY HRZ DREBEETIE A/ RERALNTI(/O7 L/ fEHfETD
TA—LBENET >z IR BOHRZIGEICITGEHIEHEI NIEL )LD HFIED
MANEETHIEMNRESNT,

WD T 12T 85 (KER1) A RBDOBHRZEEICRET HHaEk (#512)
=HRKLI,

(2) 548
“HET—<1-a [IDEF1 QA RERIZEITEENRE DR

FALXDOHRZFEMN IDS2 BEEFNDTOE—F—FH KU, IDEFI BizFBEEHDTO
E—4—D2BZANT. TE2RO IDEFI, F-EEBHEEFAME XKLL= IDEF1 &
GFP EDREFVNVEZRI AW EGRA R Z/ER LIz, 2 bA—)LEL T, cedB &
GFP LDRERAVNIBERIRT DA REEHLIz, CNODARERALGHEELZHTT
HABIE, GFP HNEEIELI-LZA, IDEFI-GFP [XEICIZBRESN -, BEHEFLTL
=&k BERBEEFHICLHMBRBEDELITRH NGNS,

DIRFUEEWICEY IDEF1 2\ VB DOFRRE (HEFIE) ZRELT-, FER EERiiE
#MTIL IDEF1 OHFRBREMNEV-ORBLERENFONGHSIM, —BHITEREFEA
L7z IDEF1 (& 26S 7OT7Y—LMEFITHS MGI132 [CKYRBRENLFELIZIED
5.IDEF1 A 26S TOT7YV—LRICKYDEINDIEATRIESNT -,

“BAERT—<1-b [IDEF1 EMEERT 557 FORREMEHT

FEf two-hybrid ;AZFALT IDEF1 LHEEERT S22/ VEZI—R T HiELFEI3FE
FRIELIz, CNEDSHEHBOBRMICERZTIEDIERNESNTULAELD HRZFEMN
Bowman-Birk B rJTL VAV EER—M2EEEEN TV =, ChSIIEWIZHEBENS
<. IDEF1-binding protein 1;1 (IBP1;1),IBP1;2 &,@i& L1z, CNHDHFEIRIL IDEF1 [2&-T
EICHIEEN Tz, IBP11 [SDWTTILA DUEIZKY IDEF1 LD#EEZEHERLT,
IBP1;1 ZBEIRBT O EGBRAREMBLIz. COARTIL IDEF1 AT 58 -FL
— R —BEERDFSURAR—E—EIEF O0sYSL2 DERIBENEFL T, IBP1;1 A
IDEF1 DRI EREHEINFITHTEN in vitro DEEBRSLIUV—BHREBRIZEYES
MM ot=, MR ZIZKYFESNT- IBP1 A, HRZIGEIZHESR IDEF1 DEDHERIC
BERLTWSEHERINLD . COREMNHKDBMICEAHEINEINIFBATHS,

AR T—2 [BRRZFEM RINGfinger 22 /N EDET]

AT DHRZFERBEFOFNOHBEERAM D EAEXFULMBRACUEFED2D
DEIZFZRWVEL. FNB5%F Oryza sativa Hemerythrin motif-containing Really Interesting
New Gene (RING)- and Zinc—finger protein 1 (OsHRZ1), OsHRZ2 &dn&Lt=. KiGE CHRIE

det it



SEVAVEF IRV EDEMNIZKY . OsHRZ1, OsHRZ2 LU AA/XF+XF D7k
EAJ THAH BRUTUS A#HBELVESMEHEESL. AEFFULEMEF DI LEAL,
OsHRZ1, OsHRZ? MRBILHRZFEMTHY . IDEFT [TKYIEIZHIHESNTI=, OsHRZ1
& OsHRZ? DHEBHETIE-HEGBRAREERLIZ, ChoDARITKHHIELRIK
BXEICETARMGRYMNRIEOBRA THRRZMMEZEZRLZ, £z, ShoD AR ITHK
EREOBREEFGICELLT IEREGRBRA R RO~ 4ESIREDOBEEFLEICEREL
fzo BENEIEMBERIBA R IVEZERE L. BEDORHMEBESICH T HE (EEERFT)T
LREFADOHK-BHROERBBNROONT = CNODA DK+ EH DR TIL, ORI -
BITEESHBRZFEREGFORENATEL TV, LEDOIENS HRZ [EHRZIG
ZHAICHIETIRFTHY., o Y—DRHLFEEZONT,

FEREERBARELY HRZ ODFRBEERTIE/vIT VA RERNT 44K v4(490
TFULARETOT A — LB (EBERE. TRAQ F)E{Tot= CNODFHERELLELI-EC
A AREOHRZEEICITEGEEFHIEEI IRIBLRILOHEOBEANEETHLEN
TEENT=, =  HRZ /YT OVARTRENLEFLTWSSU /N VEIF HRZ N1EF
FURICKY R RT DI NI EDIEHEEZDND,

FeH (Bt THBERFRICAITT)

HMEROHE Y —CEALTIXBABLBERN G, ZC T B Y —DEREZIRIBL:
($25321) . HADFHLH B —THA=OI2IEK, (DBF-IEEL FEESTHE
(input). (i) FNIZEKY#EEEMNLT LT BT E (transmission). (i) EKEEDEEMELZH|EHT I
& (output) EWLVS 3 DDELFHI=TENBE+T N THDIEERD,

NHEDEHEDSEIDEFT IZBILTIEG) & Gii) AARAFT UBTIZEASNZLE-TEY . KB
KT DEFERAZHA-MNREFTTITERTETULVAEL, —A.HRZ IZBEALTIEARAETA)
& i) BSBAS MM oT=, (i) DRERAIFIREFE TITER TETULVALY,

3. SHRDORERH

IDEF1 & HRZ ORAICELT. kbt —THAILZMAT 5O DERYDWLERHET
HEBFE-IIBEESFEDEEICKYBBENET LT DL (transmission) IO FEEAZEHIET .
¥5IZ.IDEF1 ) DNA #EEEMEAV/INVEREM. HRZ OMBARELIV NV BEREMEMN
BELIIMMDERBEDKHEEICHEEZTEINEIMIDVNTHREZEED D, ChIZKY. IDEFT
& HRZ ANEDHIFERE L Y —THAIENTHASh, Chioh AT 58 FISDOEEN
BRZLTFIVDEETHDZELNERICEIASN LD EHFHIND,

IDEF1 & HRZ k28t T #EBOERAMNEBHINANIEL ChEGRALT. BEOLD
FUBLBN-H#RZMHEENS LUK - BRELEMORHICRYMED,

4. M
(1) B2 &M
(FEHE)
IDEF1 ICELTIF. EBLDEERENEERFOMEELER TS LRI AR
RE/ON TGV RFED— D THHMIEABREDEICELTIEIEENLGHEREN
Bonf=, BYDREETHS DNA FEEFME. BEE M. 2 EICRAL T, EERRDBED

det it



FliEERICEBLS NN o1 F-O R EIILEEER (T FE ST IEMY THS, IDEF1 LHEEERA
THRFOZFEREMEMICEALTIL, IDEF1 32 /0B DK EEIGIT5EF IBP1 ZRITE
FTHIEMNTELN, PV T RBICERET HERITFEONGEN oIz, £ IDEF1 %
FALE-FHEHRZMEENERIRET S LETEEAI o1z, I EDKSIZ, IDEFT [ZEAL
TEHMDBEMILERTEGI 212N, SEIODBEMEERT H-HDOEBEYIIHIEE
ERTELDEEZ S,

HRZ [CRELTIL. BUDHAFEY . BEE IV /NVBETHA L R ZIEEEH T
BEFTHAZENIBATE -, £ HRZ (FFRICRLTHIE T TH<EBLHEART S
EMBALMCHY HEBFHEHEMMOEREOEEEHEHRBEN RSNz, HRZ DF
HEETIEAREBMRZICHEZEZRL. REHOBHWTHLI_BILRFRERILIZE
HCELAEEMEN RNV ZSNTZA, SOA RO HEIEEEFDLDELERTEVED TIEAL,
SHRILHEIBUENVETHD, —A. COAMRIHBRBEGHICEAOLT EELEFICHE
ELGHBOBRERL, COREF. HRZHEENEFHT H5-ODOHEILEMDORIE
[CHETDEDTHD, ULDBERISHFHFLEHEL. RX-FRRER-TLA)—RET
STEMNTET,

HRZ Akt Y —THAILZERAT 5O DH LA LERBERERXRITHTHY . EIKE
WP HIEREZE TS, T HRZ DEFDORAMUEEIL. BWEAEOH L Y—HFH
FUELRDEWMRILVEDZBRREFLLTWEIEMNS, EYOHE LT HEEL D
NFRERBLOBOEEELFEUEREANIT-OOEBMMENESTELD
LEZD,

(2) A RHBIETE (AMRZRBIZOVT, HIRIBEIPICERE SN, F2EDHEFERET
HE T — R\ OEBEA DD ULTODEY. BEFFHEETo1) .
(AR ERFE)
BAAERINLIKVMEE S TG E THRICET T M EZET R T 5D AKE
LT #toU—a 0 U EREOREEZHASHICL. TOFEAICE ST, SRINEREE T
BHEYEER TS EEBRICHENEDONTz, COMBICK>TEHI /N BEHHER
ZEAICHEHTIBRZRIEIAVINIEZTDEDTHDHZ LALLM, BEE=HEM
LI=HEME R T A EMNTE . Tz, COFNIENKIEMY THRCHEIDRINELR
ETLHEREEF DL FRANDRRELEF, IOLRRIE., EiiLE. F=. EE~DIG
RAeLsmrntaEHiicnd, £z, EHLETHRIEA TLDSERSEFFO L EHE
BLELTLFHESN THEY . AEER TREDOF T, HICEN-HAED—DOTHS.
SRIE. AARZEETEDUNGHO S8 U —ZEIZHIET SR FOHEEAERE
EDHBEELIZ,. BEROKSIC. MDERBD LT ORINDBEEEZRASIIZTEHIEN
#HfFshd,

5. EGHRMERUAE

(1) awmX ([REFR) HEXK
1. Kobayashi, T. Nagasaka, S. Senoura, T. Itai, RN, Nakanishi, H., Nishizawa, N.K.
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Iron—binding haemerythrin RING ubiquitin ligases regulate plant iron responses and
accumulation. Nat. Commun. (2013) 4, 2792.

2. Zhang, L., Itai, RN, Yamakawa, T., Nakanishi, H., Nishizawa, N.K., Kobayashi, T. The
Bowman-—Birk trypsin inhibitor IBP1 interacts with and prevents degradation of IDEF1 in
rice. Plant Mol. Biol. Rep. (2014) 32, 841-851.

(2) ¥ FE
MELEREGH 15
1.
¥ B & IHEEH. mEEF
HBADAFT: FRMK- ENESHHERFE. TORBRAMICLOIEY DO KR Z Mt HER
ERUAIBEA~DEK- FIRETR DI
HOFE A BIATBUE AR R IREREAE
H B8 B: 2012/7/26
HFE & 5 $5FE2012—166233

QR)ZTDMDOBR (EBLFRRER. RE . EEY. TLR))—R%H)
-KRERFER
1. Kobayashi, T., Nishizawa, N.K. Iron sensors and signals in response to iron deficiency. Plant
Sci. (2014) 224, 36-43.
2. Kobayashi, T, Itai, R.N., Nishizawa, N.K. Iron deficiency responses in rice roots. Rice (2014)
7, 27.
3. Kobayashi, T., Nishizawa, N.K., Intracellular iron sensing by the direct binding of iron to
regulators, Front. Plant Sci. ( 2015) doi: 10.3389/pls.2015.00155

FRHER
1. Kobayashi, T., Nagasaka, S., Senoura, T., Itai, RN., Nakanishi, H., Nishizawa, N.K. “Regulation
of plant iron response and accumulation by iron—binding regulators.” Fifth Congress of the
International Biolron Society (IBIS), Biennial World Meeting (2013; London, UK)
2. IWMEE TEYOBMRZIEELHEIUT ] BRTEIEHNER 208 EFEREAR
DURDTY LEE
ftt 10 4 (EfRF= 4 4. BENZE= 6 #4)

- TLRYIY—R

1. TGOS TEHERCEL . BEDEMNICETOHD A1 2013/11/14 FZ2EMTIREEE- B
BRI KE  6#KICE0EBE (2013/11/21 JLEFR 35M. 2013/11/22 B T EFHH
21, 2013/11/26 JbBER BIHE 1. 2013/11/26 BREEZEHE 10HE. 2013/12/11
BA#ZFHE 35m (LERFE) . 2014/1/1 Rl 4m)
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W R k& & £
[RERNMATREZFRTIEANAEESERSEELEVOBESHFED
Bl ]

WMRaAT EEE

AR TR 23F 12 A~FRK27%E3 A
MEEHE: PE X

1. HIROARLL

FEEIELEME, EE BE BRREMH, EAMHLGEANBOENMIBRREFTEXZSS
{DFERAYMEDOHEDHTDETIEIERLEEETH L, MAETOMGIRE, FHOARGE
DILBERTHAICELEFEESETHLLRWVW . COKIIGERAMEDOEE, ARESLITESD, 2
RN DEFLGEREFTEHIFL, SOICKESELN D, RFICHERAREMLEEERTS
=012, LB ERIEKFLGVDETRELEDDEFHLWMEEF EZOHEILNZHETH L.

FEABNAF TR, FITKENAFTAOHBERERED D5, £ 25-30%%&HH5H)T
ZUIE, NIVTIBIZHETRRRLELTHASH, E2EHERTRONDIRETSRFVY
MHEERAREINDOH LN, M FILEERORERFELTOEMNLZIAZORAKL, KR
THD VT =UIE, ROEVEREZHEATLSRIMEDNAMATRIZIELZEVVMERTH S,
LizhioTUT =V, BAEKIEEY, BICTEBRAVELOHBRBRELTBHTHEETH S,
LLGEA S, BBIFEDOIEESBOMESF L, BRI/ —I/ILOERIRICERENENIN TS,
FRGEEEMEIL, ROEVREOBEBRENERICZHRTHSH, BRI/ —ILHE
DFEFEAMELLTHHATZESHIEERoNTEY, BT /—IILEZBEICE#RT HFE,
HEIWNE, VT UL EHREBEBRNEUEZERERTIFEAZHILLETNIE, VT=Y
NEERIELEVOEIZEN-BIFREFITYRLEL, —A, MEMERRALI T =0
ARSI TEY, S{REDHMETIE, NEERMZE 2-E0>-46-2hILRUE (PDC)IZ
EHLT, ChEXREEMTHILLAREICLHYDDH S, L LA S, PDC FIFADEHREHI
&, ZDDHIAKRUVEEHRERIGCIZHALIZED FERKICEONTEY, TOEKF KL
LTOEBEMLGZERY, FICEBRAVEVOEKEIRALLTOFERIE, £<KRBOHEET
Hbo

CDOEIGEENOEAMETIE, RENMAIRANCELERFERIELEYVEREERT S
ODEBEMOEILZXBIEL-. EERMIZIK, Vo nBYMOFEERRF-HBERES
BNEFEBERF-REREEEYN—REBRERMEICSI TN -EHT5—RHUFED
BEIIL, VIZVITEFNANVEVREZERFALEERCEE, REMH, HAMH
BIUINOLDOERFREAGESHMEELLEMESIERERTOEADORBEEEL
T=o

2. HAERER
(=
FE—DRBRELT, VIZUNBERYD Ar-0 HEEEFEMIELT By AZRIGHIEY
AXDYT) T RIGIZE>TREDEREEZEATLIFEZRAR L. ChEEHT L

ddhit



LT, VU EBRFRAMIAIETS PN R ERAFEEHT /50 Lk e, tRfhiEEE
HAEDOESHEBRERNELOTEDNTHIEERELIZ VI U BERYIZLZED
FIMLIZAN RO BEEF T H7/—LEBEROIORAYT) VT RIGIE, fEEMSNTLY
BINTUY LEROMIETIEIENENoF=AS, KAE THHELI- Pd/Cu HEfERICK
2T, RRIGHIRELGEITT BHKLI2H 21z, COYORNY T REEFRALT, SMiE
FlELTREAN NS THRENTWSAHY LI (BATHOERE : —1—O42V) DERK
FREAE, NZUUNSERTEHIEICHLRUL, VU bEERERIAHBHRERET
L=,

FZORRELT, VTR BEBRMEMEYMHBLTELOND 2-EO-46-DHILKR
VE(PDC) ML BEBMARUEUEREBERTHAFEERIULL[mXFER ()], EFMIC
[&, PDC EEFERE —JLEDRR CO, ZESTRIEFMAMRIG, H<EFEED BB RGIZ&KD1VTHIL
AR, &Y PDC PIXRTIVEZEBRTEFLUEDRR CO, ZHESRILMAMRIGIZLSZ
B VIRNBESIATIVOMEBIRMERFELTHREL IEOREIZEST, #aE
MHBEOMMEM B ORALLIAAERIEERE, BEOREIZEST, EftMEEE R
ADGRANEFTELIESHLEZBERAVEVOERDEAERE, ThENT ZohbRER
[CBEERBRBERRTEL BBDOT7ILFUEDBILMAMRISICENTIE, LT Lfk
EORMODAEICEST, ERYOER/ Z— I TESaEEMLRIVELE,

(2) F+iH
BT AM)S U N BERYD Ar-0 HEADEML - TN T-H D RISEIS |

DT ZUNRERDD Ar-0 #EEEFHIELT, EEDBREZEAT D= DEBEHIH
DRAEZBHELT, Jz/— LI — B CTHBEICERTES T —ILIRATILEE#T A
ZREFNEDIVORNYTIVT REERE Lz, A RICEHFIFERLIER, VLR
FRERAIEMIET S PN B ZEREFEET /00U LAELE, RitEElaahes1H
BIMERNELO TENTHAICELEZRELIZ(TR) . 7U—ILRILKRVEBIRATILERE
FHIETBIARNY TV T REIE, SRNETEHBESNTLED, VIR BERYZE
HELLTRWAHIXIFEAEGN 2z TNEDRBIZEWVWTIE, VW UEBRNFEET
BINTGT) LEBEMMELL TRV ESNRE THAERESIN TS, VT U EERK
MEROEZICHEDATILMIANF S EEZTTE7)—ILRILKRVBIRATILEETILE
EMELTRWIEES, COBRMDNSO Y LRIEEE TIEFEENES SEFAFKLE
Pd-PN/Cu @R DIEEELEMEN, U/ —VHAXEBEOERICZEDLHOTEETHDH L
Nhh-of=,




[Pd(allyl)CI]5 (1.0 mol% Pd)
ligand (1.0 mol%)

>/ Cu(hfacac), (2.0 mol %)
OTs HO ™ " K5COg (1.3 mmol) Ph
+ >
©:0Me Ph \Si’C DMF, 50 °C, 24 h (IOMG
/ \
0.75 mmol 0.50 mmol

s aaliiom
P PCYQ

Me
PCy, Cyz
XPhos CM-Phos PN ligand 1 PN ligand 2
31% 28% 98% 98%

D Pd/CutBpEfiERICE-T, INZYONZY U, SUVHATILTERDKEEEE, —
B CINELL T EICEBRTELEZXHALHMIZLIZ(TR),

[Pd(ally)Cl]5 (1.0 mol% Pd)
PN ligand 1 (1.0 mol%)
Cu(hfacac), (1.0 mol %)

_~_OTs HO y@ K5CO3 (2.5 mmol) = Ph

R - | + s . R-— |
N Phgi DMF, 50 °C N
/ \
1.0 mmol 1.3 mmol
OMe
el g jed
OHC OMe MeO,C OMe OHC OMe
99% (8 h) 99% (8 h) 91% (23 h@80 °C)

(w/ 3 mol% Pd and 2 mol% Cu)

NZVOBEEQEELE 2-V 7 /71U SURBHRIEDIORAYTIT RiGH, RO
RIGEHET, IWRIEFTLE(FR) . FoONEHEYIE, Ar-OMe BRMIZETLI=% (]
T, REH), RILIWEEST/EEZENENBMORGEFMALTERT HEI2ELT,
BMERELCTREANIZLIYTRSATOSOY LAY (BATOEGE : =1—04%Y)
ANEBLIENARETH D (THX), LI=AoT, YTV HEYEE, EFRBTF~HA DR
BRTIRAESN TV OERBNEFETEDARENZRTT HENTE,



[Pd(allyl)CI]5 (2.5 mol% Pd)
N . PN ligand 2 (5.0 mol%)

c Cu(hfacac), (10 mol %)
OTS \ K2003 (25 mmOl)
@[ + —Si
DMF, 50 °C, 12 h
OHC OMe ©/\OH

0.20 mmol 0.30 mmol

—_—
R
R
Cl
HO losartan

AHOOQORDYTIO T RIGIE, J2ZIILBEDPERIIZIILEDBALFTTHL, ZILFILED
BAIZHEBTACENTE, BEEBIELT, N2 ONRZYUEE, D) TILTERD
KEEEFAFIVEICEBRLI-HZTRT (TR,

[Pd(allyl)Cl]5 (1.0 mol% Pd)
PN ligand 1 (1.0 mol%)

Cu(hfacac), (1.0 mol %)
N | OTs HO K,COj (2.5 mmol) > | Me
_ + o R_
X Me.q, DMF, 50 °C, 20 h N
/ \
1.0 mmol 1.5 mmol
OMe
OHC OMe MeO,C OMe OHC OMe
80% 82% 38% (50% conv., @80 °C)

(w/ 2 mol% Pd and 2 mol% Cu)

MRET—<BIPDC I LZLEMFEHRILEWDERRIEEFE [FHXFER (1) ]
TILA)HEEETTDI T = DAL RS, KRASRICI>THLNAES FDEM
ROEV)TZURBERYIE, —RICEHRLGBEZRETIZEBRREODRENTHS
=8, BENABELED FILEVEREZEERT ARICIE, ThaFT RELAGITNIELASA
WRA LGS, — AT, INDESLITHMEMDRETEHILICEST, BoNHZEBRRY
EUDEEWE, 2-EQ0-46-DHILRUEE (PDC) IZEHTESIEN BN TILND, C%F
REEGRTAHIELAREICHRYDDOHD, LI=A>T, PDC #HERKELTESEBBRRUEY
EFAMTAFEERIUTENIL, Vo E—BEEH T2 EMN EUEREAK
TEBEI17%5, RHAETIL, PDC BLUZFDIIRTILE, WAWALEFEET7ILT=ILED
Bt CO, ZHSIRILIMRIEE, #<BFEEDRBERIGICEST, SEBAVIAILEFERER
BDFEFMIULIZ BIZIL, PDC L, EBELERD—DELTIEMIZZEEEINTLHEE




BEZIEDRIGIZEST, A1VIFINBEEZEERBAIZEICHYILIZ(TR) . 1VITRILEEIL,
HEEETE DB O MO HERE (E/7—)ELT, EMB+AMN EETHR T TERE
SNTWD, LIZA > TAMBERRIE, BHEZHXOARERLZRE, V0B HBD
BREERRLEDDENZS,

CO.H CO,H

74 | + \/OAC >

NMP, 150 °C, 24 h
07 0" COMH COH

0.50 mmol 2.5 mmol 65%

PDC SIRTILETILF U EDRIGIE, ZBRAVIFIIVEBOIATILOERFEELTH
MTHAZELRWELIZ IR, 2= LIV TEFLUEDRIGIE, EHHTELML
BERIRMETETIS (TR, LB HET—Y A TRLEKSIC, ¥1FRFIaR Dy T IV
RIGICE > THEEDEMEICERTHIENTESO, ARGIE, SANMEESERZDOERK
PREARLGEZEHREEBMR VLU BB EN T AFEICICATBETHLIEHFTES, —
A, TAREFRITR R GEREICERABELRVREZRETEH7ILF LD RIGIE, BIRE
THEZERELEAEBV (TR, TE) . COLIGIEE, LTV LMEEZRANSE, HF0D
IRERLEE, EHLOTEVLLANILTOUERIREDOFIGZRFATESLTR IV, Rk
DEEZRREDOHERIL, TAREBRTILFUOLEORIGTHEBISNT, BIK, ThoDE
BIREERECTHREORMAKREND, BMERMIZKELT, SHEDRMOBFEIZEST
ZTOEEFFHIETELAREMEIR R TS

COzMe COzMe
Ph —=——SiMe;,
——— +
Ph COzMe MeSSi COgMe
CO,Me SiMes Ph
neat@200 °C >99% (1:>99)
= | | with cat. Ru@150 °C 66% (62:38)
O~ "0 CO/Me CO.Me CO,Me
Bu ——=——2B(pin)
> +
Bu COzMe (pln)B COQMG
B(pin) Bu
in toluene@150 °C 13% (38:62)
with cat. Ru@150 °C 24% (>99:1)

3. SHROEM
WEEFERGIBATRERNAFTIRESF- TR TEHN—REBMBEORTAEMLIE, KX
WZEIFTER LD TH S, AR TIE, VI U0 BERYICHEEDOILEYM#EEIFR LT
BREHZEST, @EEMELCNEFIRALEARERRS, F-ARAVE~NDEREBORR
FTITL, EO—WETREREZEATND, LHLEASL, COMERRIE, BEOARERK



BEVTZVHERDED FILEMITERALEETTHY, EXFFTHSY T =, FLTHORK
MEEEMETEIRBICITFERVD EDTL—IRIL—IF, BHERILEHLIVIEEES
BIEZICETAMRENCNETHRELTILGD MO DBES SITHEAMICEHH T
BHEESDFREAYEEFMILTEIMBEZRRELT, FLOTERTEDLDTHS, CDIT—
ILADEYEA L, HEDFEEEENEET HEEEMBEOTERLUMIEIEZSNGN, L
=0T, T FES FIEEYMIRERTHOTE, BEICHLLVMEZRREL T, FiEMGRE—
BARBSIUVRF-RFBAZEOLOTEVERICHAODEHBEITERIL TELFIEETHEILLAT
NIELLHEN, AREHEREERALEARERELZSTTIE, CORIBITEITH LML)
DEFRFENFO>TEY, BAOMENBRTIRCEEDERICHRYALTHS, D FOHE
EANCOMERISASE TS, FrLo P 0 RHMEORFEICERICRMYBL CEICE2TD
&, Bk, COEMEN FOEICERMGH - RIEATFRICEY, BREETOERHED
BIRLABFLLDELT, KENSAFIRAANCDFAYVEESRTOCANKY(CERTEDD
DEEZTLND,

4. M
(1) B2 &M
(HRE)

F9, HEEMOEREICELT, YV -VHAXDELSFILEMDERFEDRKIC
DT, BUDETERBYDEREHAIEEFITHIILNTE LA FHEL TS, EA
LARJVIZIKIFEEEND, VT ZVBAFENA(FTRE, EEROESHRPREEONRERLE
BICEIRRTERTEIRBZIRERLEAL, RENAAFIRADEFINEEDE~DE
BIOCRAEILIDTZHODE—HELT, FHEICETI2RRETHIEEZ TS, AR TR
WEL-HEEBAERIE, NAATREBADFAICEEELT, LAKERILFE—
RRIEFATRETHY, TDIREN CRESTIFHEERIEZ BIsL= 0 FHEMTOEE 158~
DBEZDEMN 2Tz — AT, VT ZoFDHLDHFHAW=HRIZDONTIE, RERMEIRETIC
THELSEN =, BRFD)T ZUETILEEMZERAWERIAZREDLITOTNSA, /N
ZYUBRERIND)T ZUBFES FITH L TREIELEMIEDS, hTHICEREENER,
BENEHIELTWS) T ZETIILICHLTIEB T LERCISICIZMERLELEAD
MoTE, LIzA 2T, ROBEMELTET, YTV ET LI EL-MERREN B E
THY, CNITHERILAI MO TS, COHKEE, —REIYEDKSICEZSA, 0
EEREHHEBEV T ZUETILORBEREREEICEF T HILLL, BERICERLG) T =
ZFDLDTORFICEVTHEEZEIFLEILE, ELOTHLLTHAS. /3. SEDOE
FRITHRAR=KSIZ, B TIEHDH, COIIEMERFAFREE—ST DEDIIEIZEHT
DH, EHLENFEEVDOBRIZEDITL—IRIL—DE=03hBEDEEZ TNV,
CREST MIETIL, TDLILEICHLLMEDRAFKICHREL TRV CLZEtE O —&B
LTV,

— 7, REEADSEIZL>T, KENAAIRADFERAREICBEL TENLRIIZIEEN
YFENST-RROCRBEFLIENTE, EITROONAFEMICOVTHRT HEEE
B/l BT, AEEOIEEROIENTHARELZDDICEKRLIZIRERNAAIRDF
FERICETAMERICE ST, KERNAMAIROERAME~DEBRFEE, ThTh
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ERHEZMTTO—FICE > THET IAREBLOBGHLBERIIBOENBFONT
DT, SENTHAER T RIBHBL RN FICE T HEHMUINEICHRILTL, =, EY
HESBFOMRELOXRNEON-RL, KEFHSEOFETAEHRED—DOTH5,
LEPRECHEETHEHBEMREEZEL-HXERROREIZEYDDOHLIRRLEFLN,
HRBIDDEVWEREBILESLIVERERLZDENRE~ADERELSERUIZE]
FTEHEEZATD,

HMERZBICEALTIE, AEEEZETZELIRDHDIINZIVYT TRISHNITHEIZFRSN 20,
BHESHEBEEZ ILHETHIERARBMBOILTICKWNNIFRILTEHIENTE, BREF
EQOVLBVEICHRHEBEDERDTELIEMD, TOOTHYMIZHITTELE
AT,

ULD &SI, REEEDBIFLHIEBZEZERDBE AN LIE, RENTEHDILDOD, £
DBEICEHBMLDD, SEDFYITICELWTKELEREDE>MIT+E4ESH CREST HEIC
DA ML ERBREZE(FEIENTE -, T, SEOHAEDIEEKELEITS
ML AFRERERONT-RT, SENTERERKRICENEATEEFFMLTLS,

(2) AR FHRETE (AP ERREIS OV T, ARHAFPICKESN = F2EDEHRZTD

BT —F N\ OEBEFEZ DD UTDEY., FERFTHEEIT o),
(FFZHEHE)

RENAFTTRADIVT o BN /oD FERILEMEMBEL T, FHT-LAED
MEICKY, FERRFZ-REFEEHOIVIRF-BERESLZVIN I HFEZHIL. BiH
HEDEERENAAIABRDLDICERT 5FEZDHEILZBHICHENEDLONT=,
CNETIS. NSOV L/RDERMFEZRFEL. AV IFIILBGE T RNICERGILFE R
DEMELGERICHVIL TSI EFFRD I FEIEADEZFKIDELTESEHETES,
—A. KRR SHRGV T O BYOETILELTOREEEREMBELIIEZRIE
[CBRESNF-CEITDONTIE, POEETHT=

RKENAFIRAFRARARDSED—DOREGRERFIVITZUDERTHY ., SEAE
LREDILIEND, VT oM BELINAFVIT7A ) —DRIBFOETBHLGHEELLT,
FRL, RBLTHRLLY,
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ZDHDYEEEEIE
PRH23FE10RICHEARERZRTFAERALKIZIC, TR26FE4AICRKIRICH
FLT=,

FR26FE10A &Y, HRMEIEMEHESEE CRESTIFHEERIEEZBELI-S FiX
MOBEIOMERREBELTRIRSN - MRRELZ TR BEMECLLEDFER
FEDEIH ), ASENTHETRUNELE: Pd/Cu BEfiER%E, NAATRAD LT
THL, — BB E#ERTFELLTRBESE TCOHRMFENKRELFED—DEH- T
%, LT=D\2T, SENITHEDRENEDBIIZRHSN T, CREST ADRTYITT7vTI
DIEM2=2DEEZTIND,
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1. HIROARLL

AT TIL. {EMMEIREEIL T 28E N %L D RKD4EIZF (HEW iPS EIRF)IZDLV T,
DB AN= X LEBAT HIEMARELERICAITI-ETILERZITLV. COBEGFEEY
HENOFRICHAWS-HDMBEEMAREEET S,

BEAREIRILT—OEEFELLT, EMOREEILENTAIRLZDIXESEFTHELY,
BE. ZORERHBMELTHLLONTWS YR IXELREX, TR, BREELTRELELSNEZEON
FEHONTLEN, SERINIFHRBAEIFEL-RERBR O FEENVLEICLD, F:
B THIETEZLERBEBHEDOEY (BARGLE) TH-AREZHRTOILELNELSL, S5
[ZITE AR R I OMIEEMEEEL. Cho s E T ot IS S, 2D &
STEHEHMEERIETH-OICIE. ERBEVEMEMICEIRESELY . SVEEEETL DM
EHMEFELTUEET HSRMARETH D,

VAAXFRXFD RKD4 BIEFIE. RWP-RK EWVSRESNI=TI/BE S| EF—I7%HD
HEERERFEI—FL., ZOHRERFIIHRLLGENDT / LIZIEKRE SN S, RKD4 (X
BEEFLINHREDOATREATHELCFTHLIN. ELRGEDHMBE THEHBERIELHL
MEHEOMHEZL DMAEE (LT, LR EFE ) ZFETLIENTED, TDE
RKD4 DBEIRFEFILSEHILITKY . M LHRENASKEDELFEL. SOIZHERK
IZETEETAIENTES (Waki et al. Current Biology, 2011), RKD4 M D{AfRa) 704
FIUTHEEL iPS MIRBICHITAIUGRIFII—IZFBLILTEY . ATATIXE A DR REE
MiPS BIEFDRRI1EHRL Iz, KT TIL. RKD412KD)TOT 307 D FHetEE R
FTHEEBIT BEEA W VOT B FERRGHEYNCER LT DML EEEREE T 5. 1=
RKD4 DM E L EEFRIL T 5= DR EFHA D,

2. HAERER

(=

FTFLOAMXFXFIZENT RKD DBEIRB KB FZEHZELLIz, P RAIXF
AXFD5DD RKDEBIEF (RKD1-RKD5)IZDWVT, £ 10054 LI L DEERIBRIFIRAE
VEBIL TERRITUI-EE R . RKD5 LIS DADD RKD EBInFIZRIZEDWEALEEN $H D ENBES
MElEoTz, RICRKDAZRAWTEABGFORBETRIL. BREKERI-HDORELED
1BERAFONT=, £z RKD4 DFBWLEREEMILEEE VP16 HRDEEE LR A2 TH#E{E
FTHIEEAA =D, FRICRLTHHALREAE R LTz, RKD4 12X BHNHAMEAS, B HIER
BEFOGEEERILIZEDLDTIIRNIENTESIND, TFEFZE0KIAEHR TE
ERFIETURSIBEETHILT. BWVMEIEREZL DM E LM RBIE B R E B EICIE
TE5HEEEREL, COREAVETICEY ., BT ERFABSRDEL A BHL A

ddhit



ETRY . RKD IZ& 2D MHELICTE S R T4y IR HlIHAE S L TSI EATRIES
nit=,

RKD |2 & B KRN M E L Z DIEMIEITIS AT 518 B R IZHEW /LT RKD &1z
FERRLIESHELRRH LTS ED R DOEMIEIZIL, HI54E< RKD Bz F0NE
HEYHIENHALINEG Tz, Tz MEREWO RKD (X3RRI FTHIEMNTE, AR
+XFTlE RKD1-3, RKD4, RKD5 B ZENENBIRIICEL Tz, Y OAXFXFD RKDS
FRABRETHLRBALTHY . HLRRL TSGRV IEALELIMEEEZL DEFE A LN D,

RIZRTSD RKDBIEFERVTHHULREERE LT RTS7/ AIZIE3DD RKDIEIR
FHFEL. 55220FPACXFXF D RKD4 LEIFMi(PtRKD4a, PtRKD4b Lan4). fthd 1
D13 RKD5 LRIFZM T#H 1=, PtRKD4a & PtRKD4b &3 OA X+ XS TBEIFRS L2
B OBENSMEIET 251V NESN. RKD hMEMIEEBA =L EEE L DI LN BAS
INETE DTz, FTz PtRKD4a & PtRKD4bERT S TBEIRIMS B H LT RDIMER MR
RAUBHREBETEDLETY FRNGERN GO,

(2) 54
HRT—< AlEMEIEERMIBROBT SR AT
AIRTAARRILEDTHAST I H AR VDEX)DHRMIZELY RKD4 %#FHERITIBEIF
W5 O4/4XFT XS EYEHILILT-, COEYIE DEX ZEFHVEXREM TIIEREICES
L.DEX Z&E{EMICH T LB OEN SO M EZL DHIESR (R LHiast) 40
%, COfRAEIE DEX #EOIEM TIEMELIREBED T HETEFHE(T. DEX ZBR{CETEHR
DEZELD, COBEEZREMIEL REL-FERBRREAKDOEFE DEXEZEL KRS
P TRFSETUREOBEETHIILT. WELGMELBRAEERREFETHIEITHY
L=(BER) . COfMia%E DEX ZEFHVLEXE M EICRET HEMEBENBESNTZ, D
BAEEMEE. Dt 6 A DRRIBETIIIBIEREZ X DOLGWIEABHLINELE ST,
RKD4 ZBFIRBSE =2 AAXFZXF134) s
HIEBENTEGFEERELTEY. AN ——

DL DBENERTHIEEZOND, LD Py

L RKD4 A HIE S BB RIEE S

It 2HHE IR TH D, — IR D RERRRTRIFTEREER
(avra—) (DEXE A1)

ZFIEAEAELTWEEEZON TS,
RKD4 MBEIFRIRTHOoN-F LRI
L. BEREXRUICRT S 11 FBEORAZAL
TOTRAVENET o1z TDHEE. LNDh
DERM BN KEKEILL TSI ENL B
M&fEot=,

LOAXFXF4/LIZIE RKD1-RKD5 M5DD RKD EBILFMNEHET . RKD4 LISt D
RKD B FHIAMBEDOMEAILEEZL O EHER T 510, TNhET D DEX FEIBEFFK
WRAZERLT=, 101-498 B DI G HErI 51~ DIR%E DEX B L1=#ER . RDK1-RKD4

EIZIZERMAMESHZEN LIV FUEBED ;tmégz#/ \ FEEH

i oo
Ak,

BEOMERR M EMEH



D 4 BIEFHRZEDVEILEEEZRIBLI-DIxL., RKDS X #ERILBEZE R S4EA 1=, RKD1
& RKD2 I2DOWTIRYT / L L DB FEBEIRRLIZHE THLRZKDER M FO NI (Waki
et al. 2013) , RDK1-RKD4 H BNHERE O#IEARE THEMIZRITL TLSDITH L. RKDS L
REZOREICBVLVTHLREL TS, LLEDFERIE. RKDI-RKD4 K TLEMSH DL IEIHER
R ZDRHERE D T2 LW EARE F A D I CHEBEL TLVA I EERIELTLVD,

T —< BIRKD4 4V /30 BEDEEMILEREIL]

RKD4 R I BIERIZBIEL. PR/ RIFGEAVICBWEGEEEHILEENH D EN DA D
TLV%, £ZT RKD4 ONXKIHIZ VP16 R /OB HEDENGEEEMILF A ZRMES
. ML BED3RIEE iA1=, VP16-RKD4 R &2 /\U B % DEX FEMICBEIRIET HiE
W% 80 SAMEELEZA., BIFITRLTLWTNDSA TEH DEX HFMICKDMEEAE IS
TEotz, COFERIE RKD4 MNEMAGEEEMHERFTIEE TED R Tou/fliEHES
O FIEIC LV DN ITHEEL TLBIEETRET 5, - RKDAIZ X B ¥
DEICBABGTOBENRE-TRIZHERGAL. SRBKREFLILODORELLHFHRNF
2V (W =S

HET—~< CIRKD4 #geA /)Ly 0y O EEELMAALES KU EAE EREDfET ]

RE. O VENEE.EFEDOD
5 LEFIND RKD4 DHREETFER 05 e iesparme
RLIECH, ATHEPLUBEDT RTDFE
[ZHWT RKD B FDHFEENHERINT
(BR) ., SNGDESIEBEIZR B EE
BLI=EIlA, vOARFTRXFD RKD5 &%
DHEEEEFEIELD B U TR
LR TFRBEINTE, T
RKD1-RKD3 @ 3 Bz F&ZDHEENER —
FEALBRMREICE>TEHL-CE
MREENT=, RKD4 I& RKD1-RKD3 &%
MIL=RMICCBELTEY. #EEDEN
TEEND, ChiFO/4XFXFTDHHEA
FEOEBFTHEMICTERELTLS
RKD1-RKD4 M>5% . RKD4 DEERD H
NREMERTEE—HT D,

INAAIREMELTOR AL EAEFEIN DR T S(Populus trichocarpa) D7/ LZIE, 3DD
RKD BILFMFTEL. 56220182 04XF+XF+ 0 RKD4 LABRIMENEL. D 121X RKDS &
HEMELNEW, TS TINLDELEFEENT ., PtRKD4a, PtRKD4b, PtRKD5 Lan4a L1z,
RKD5 |04 XFXFIZEWTHRHME D MAALEEE RIENZEMND PtRKD4a, & PtRKD4b
D2 DDBIGFITDNTHEERBTZITOIZEICLT=, T3, PtRKD4a & PtRKD4b %5358 /(218
BRI H04XF X FHEMEERLT=, 125 Fi=[E 204 BDOMIILI-51> DIE TERIFE
IHAEFE LA, PtRKD4a TlE 1.6%, PtRKD4b Tl 12.7%D 54 THHIEN R 5 t-,

Eudicots
& Monocots

Eudicots
& Monocots

Liverwort RKD (MpRKD) Bryophytes |




DIEMNBRISD RKD4BIGFILFEEMA THEULREE R CEMBHLMNELST=,

BRT—< DIS—28—FyTAV T ~DIEH]

BFEDIEWTH, SUEREELGASHEBEMERA LS T-DNA HANEISH, RKD4 I
FENHLHEEFRAINIEREOHBEREGRLTEABLETES6H. HEMAKRZ
[C&kBDO—2 3= T4V TIZIEATESAREMDH D, BEEICFONSHERMBBRA KL
MEBERIEIRT 518 . Terada 5D K E(Terada et al. 2002, Nature Biotechnol. 20:
1030-1030)EBEICLT. CITTIUTEZRD A IS5TAVNERWVEE—S T4 TRy 8—%
EBILT=, 1= RKDADBEIFEB I LY BN O/ X+ T O PDHAL ML, 7oA
DTV ) LATHREBEBRINIIOEHEN O DO, /bO12 GUS LIR—2—ERITTHY
A—FAVTHHLRAREERROREGRREHAT-, LOLEREIOEERICEMA DD
T HAFICRLTREYEMSEEL OB EGRBRALNBONGE,of-, SRIEELST/ AN
T LBECIEYMETET—h—%HITBELH S,

3. SHDRERH

LEROMEREICEY., RKD BIEFMNEYY /LICEEBHICEEL., BEBI THEBELH
BEZHE-STWAIEN T END, CDZEIE RKD BT FNBREIFERICLAAMAD NI
MERRITHEDIZEATESILEERT 5, HIZELAAXFTXF D RKD4 E# L R D EX
LEBEYODNPIEICANDIELAEETH A, FELRTSL 04X+ XFDEICRESNn T
FOICEEEYR TOMEESFRITRLTEEW, R (FILiEEE) O RKD Bz FE/0
—ZUJLTRHWSDONBRTH S, ZL<DEMETY / LBRFIMNESMIGES>TLSIRIRIC
HoTIE. BHEMIED RKD EIEF% PCR THA—=UH TR EFBETHY . BEIRIROF
BIZHNIEHRLGHEDREICSWTCRARRMNTEETH S,

PEEMRRE RN — 23— T2 1 B EHREA T I N T O LAICKY R EER
BEINGW, EVSFEADBBICKYERBRLTLVEWD, F-AHAELHBDOREIZ CRISPR/Cas9
ERWS /AT TAYREMARRICER Lz HRMERZICKEI—S TV DEE
HEIEAARITIETLTLNS, LALBERMEERZ (ZIES /LA EDOEEFICERICATEIEEA
LizY. ERIEEBREEATELLREDF AN H D, MHALHREREGRT IHA#ES
BLBETIDLENDHD,

MEE B ZAERR T AR TIE. ERMABERDEILE N LI-TE D 2R T4y 75 il i HVEE
ELTWAAIEEMEN RSNz, SRIZEDEEFEDER N ASEFIEA ML IZEAELT
WBADONEBRASHZTIBELNHD, £1= RKD ZU /I EIZRKIZBETIEDOD . FD 5 FH
HEX B AEEEE LTI, FUERLTEDTHATREME N RIESNT=, RKD 2/ 0B D
HEEEDBALMZHENIL, 9 FHAEEERILTEEODRANSTO—EITHIENTE, FHE~
DICANESLIZEBZITHED, TD=OIZIE. £ RKD EBEEHAT 52/ E A4 /L DNA
L OHEBEBEBEONCTIBNENH S, RKD 2V /NI BIFEBICFRETHY. EYHEE
BAW=20 N\ BHEEDRITIIROKEE TH o1z, AMEIZEY RKD ZEHRIESEEHRNST
S—AEALMIIEY, COAEERANAIETGFP 25 %44 NL1- RKD4 2R EMITBEIFKIRT
SEMHNBONTz, SERIICDEMERL-REILEICKY., BHYS / LESCHEEERZY
INIBDRANED ZENEFINDS,
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el

(1) B2 &%

(EE)

AMERECIIEVEEEDOSEFNRAICERT 500 EMEAFRZEZBMEL T, RKD
BEinF (HEY iPS BInT) DMELRELEY DR EIEOMEFEICFIAT 510
DEREETo1=0 RKD BIEFITHEWYT / LIZEBHICEET RN DLT ., FDHAE
[FCNFETELEE>TRWMIERHETH Tz KMEIZHLNT, RKD B FHHEMD )
HREBRICEVTEIEMICRESN - EEMNLGHREEZF DIENBHL LG o1, Ff:1
DM RKD AU/ BIZHEMEE A - HLREN H B &0, N AT RIEY D EhZ M7
FIEICERTHAEWSHERENEONIENS, BYD BMII R ER SN LT
%o RKD |Z&AHMEAMLITREBRICMDIEMIEICLICHTRETHAI LN D, TDHEEE
FEADIEMEOH EEHMRALCFENRFRKBEROBEIZEEINS, oD/
DELDEEESUHLELARMR L ED S ETHEYEEREDFRBIZRIT=ICAMNTHET
HAI ELABEMICRS T B FHRBAEYICHT IHEMEEREMNMEVEIEIC
HoTIE. RGNV ITITHRBETHD, T XIEEMBRREFE - ERAYMELEE
O NAF R -TEHEEDFERRAEMICIEATIONEZTHAD,

MERE MR DRI A, HFIZO—2 83— T4 12DV TIL, CRISPR/Cas9 AVMH R
[CERLTEMBEAROEBEIBAEIMETLIES, MHEMEOREESBRA LT DEE
FYBLBENCHLOIENS, BUDEMEERTELGM of, BELEFRITFYLODY
JIETETHY. 3 EOMRHMTIIHE LI =B NS, BRMIRZIZKEY /LI T
WVTAVT ISR ELGEREANARETHY . ERLLGEOIABEIXSTEHAICE
L SERLAFEEZH THREMNICHKEL T ENH D,

RKD IZ&BMNHEMEERIAT H-ODEBMETIL. TED IR TV IHFIERD
BEEAREEINT =, LML RKD #UNIBEEIED IR TV IHIHZRD S F) T KAE
BAOEETH . BMHAROMNLIZENTEERNASEHAS DNA AFJLIEENLIZTED
IRTAVIFIHNBEETHALEOLNTEY . HEMICHBEOEBELIFET S5O0 ELA
T HRPTHRIN TS iPS BT oZTOERBEEIBRBAINTEST . Mian
MEPIEEWSBELERBEREASMNITBIZE. SERLBBELEZARISIDETH D,

RKD |Z& 2L D FHEEEAZBAT 570 (X. RKD 22 /OB QRIS 5 FrI%
VHEUBDOARBEER OIS, TNET RKD AV NV BDARREMNFEEEDZ LT
KELEZ(THO>TL =D, KAEEEL T RKD4-GFP 25 LRI TREMIZHRIBSES
ROBILTE =, CNIZKY . ChiP-seq fEITICKHIZMT / LEIBDIEEYC., REILEIC
KHEYHMBEN TOREERARFORIENAREEHESI-CEIIRELRETH S, BIICE
LA EFFOCEREHAREY T O—/\ILEDERMEZRFBLTEY . EVVEFRICEE
BELINMYNBONDZELEAFIND,

F  ARREZELTCERNNOBRRGHARELHRERAREMIBT HIENTE ., EA
EHEOHFLOLWETILENTHAE=O7ZFALE-EXRARTRELEENEONDDH
BIER . ZRIURDDLOREEBELTCOMHRDERLLERERERRELDORINT—S
UL HRI=CE NMATRDFRAZEIETEMIERRELOEANTEONIZILIE,



RRBIZESDTAEIENTRHRTHON=RELRED1DTH S,
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1. HEORLL

EEEVICEVWTEEMICHALNIREREVATLO—RTHA BRI 1ZMHEITT 5
LT RIRICIEELIZNAAIREEEDOFIHOEBRELTOANIFHEHEBIZELT S, AEEZ
[T, BEEEN2DIRDENS, (DIEYOBBREZHRAE T SEERVNTI—VZHALHE
THEOIZ. ETIVEMDOSOAXFT AT OB BHE AT LEMZORHFEICI>TH
M9 %, SBICCDEERYNT—VICKDINAAIREEEOHHO BB EBEEZHIT,
(2) B HEBEHET DESRYNI—9E2S 04X+ X FITBLNTAISIEGF HFA)LT /A
AARREEMDODRLEEZRS, S5I2, COMBEMOEMESZ A RICERL., EDETE
OEGRETEBONTELNAFITREEEICLEBLIS. SOHICIEENE ZET HEMERIVE
YEEHEET D,

2. MEmE
(1 #=E

JOARFT AT OMABHEBICEAHLLIEENGIEF THS PSEUDO-RESPONSE
REGULATORS5(PRR5)D 73 FHEREfETZHE S . PRRS 2 /\JEAIZ, DNA fEIEDHEEE
RICHERAVINIBER ALV ERLMNIZLTz, 512 PRRS WBEEAT 5%/ L DNA fEig
FHLMNZTBHIZ. /AT FUREIRBE-EE DNA —9 I 2% (ChlPseq) Z1TLY.
PRR5 [ZEEFIEISN 5% 60 EDEEFER LIz, COHICIE, SEMETERK. Mo
. ZLTUEBAMN RIEEDREL TEKGEEERF£E21—FLTL\SEERF(CDF family, PIF
family, DREB1 family)h' R =& 1=, Ff= PRR5, PRR7, PRRY [Z&kdHINLELRFDHNH
. BRAMNI—2DHRIZHEBETHAHEND o=, LLEDEBEITIZEKY ., BETHEEN S
BETH AN DO BERBIERDIEZED A DO —E A EIKRIIIZBAS A2/ > T=(Nakamichi et al.,
PNAS, 2012),

ZELEEX prr9prr7 pri5 ITEBRERNTIIV XA LOEE . BTEEIE. iR E. 218X
ATt ELTAAATREEMDR EGEETRT A CNoDHET EFERD ChlPseq D
HHLBELMN D F ARV T—IEEN LI TR ITHR—IEN 5, PRR (T ERIEY
ICEEICRBESINTNSH. PRR ZHEERIEEN S LETLERD L ILEREELhDHE
BN THIF 5 TEL AR ERSN Tz, LHL. A4 XFTXFD PRRI, PRR7. PRR5
FEELI-HEEEEL . ZLDBYHENTE PRR BRFIXY / LFIZEREFET H. LIz
NoTHORIEMETERBEEZHETE=OICIE., BHD PRREIGFIHE—FICHEERL
SEHLHIENBERLEFERINT -, T TEMMKAERKLE D PRR OERERAAT-, VMILA
HEDRFILTIEREFEMIER ALY VP16 # PRR5 22V T LIRSS H A LT, EEMH
L3 PRR 21E8IT B EMNHET-, D PRR5-VP 2 1EEEMTOT—4—THd 35SDX

Q0



EETCTREIE, NMATREEEDR LSEEENTE=, —H. PRRS ZAHRIZE T
BEIFINISTIE, NAATREEEINB LU BB > TN\IATREEREFR LS
% PRR QO F|FiEMNBELIELE T,

(2) 548
ART—< ATREXE T OEEFRYNT—I OfEH ]

DOAXFTRXTOBBEFFEBICEADLIEEINHEF THS PSEUDO-RESPONSE
REGULATORS5(PRRS)D 7 FHEBEMRITE DTz RAMVRAIZERFLD PRROZ—BRIIZH
WS EBRE LU, TEHR PRRS ZALNVYVOTFUREILBEEERICKY. DNA fEIFED
HEERBIZWHELRF A/ CCT(for CONSTANS, CONSTANS-LIKE1, TIMING OF CAB
EXPRESSION1)% PRR5 A /\JBRIZFERLT-,

COHEZERICLT, PRRS A EEMICHIEHT S ELTFORMEGEERAAT=, VAIFURE
iEFE-=3E DNA 2 —9 T 2% (ChiPseq) &4TL) . £RRNIZHLIT PRRS5 (59 500 D4/
L\ DNA fEEBEHHEEATHIEERLVEL: (A EEFE), COFIZIE. PRRS DEEMAZ
—FYNEBGEFNEENDZELNHAFEINT, LML ChiPseq IE. HHATHIIZHR S E L7425 DNA
BLSE ST aTREE N B D, T THDAEIZKH>T. PRRS DEENA—Y YMEGFERE
THILEHATZ. PRRO VAL RERD B NGEEFHR AL VP16 AT LICHES
H5&.BE5D PRRS #—4 kM CCAT EEFITHLTEREFRMHILRFELTHEET D
(PRR5-VP), PRR5-VP BEIRBKICENT. RREN LR THEGFHZIBLI: B &
ZF8), TDOHIZIX. PRRS DEEMNI—T VM ERBENI—TYMNERFLESENSIEN
SNz, A B FHEB BERFHICHBLTEENDEERTF 64 [EPRRS DEEI—
TykiELi=,

NSDBEIEFD %I, PRR5 217 THL PRR7 & PRRY [2HA—F vk TNSTE
HY. ChIPgPCR fE#TICKY SR Dotz I—FYNELRFORBING O BRFIELBRN LR
FTHY. CORFRETE 3 DD PRR M HERET HBFEERIL TH 1=, > T PRR (L4 —
TYNBERFORBEOBREZRETOIFTERFLELTIRESILNEZIOND, SHIC
PRR DA—yNERFIZIE., TERDBEADRE . A HmE. TLTEERNLX~AD
ICEDREGDEFERFIV/NIVEZFZI—FLTWS10LHY. BB ML E
BIRAADHIER BN EARNICEALSH G-, FEDBREIZHEET S PRR QB LR
YT —UBEIZEY . EME LEDOABIRZZ— BN THUIGHBICREASE S
LETBEICL TS D THAS, EMEIC. PRRE[GFHETEEFIRIE (ZERK. BRIRR
1K, T-1EERZ R PRR OHIRIK)L. PRR DEER VNI —IEEEFRETHE. TERK
DEHDRE., FEBBOBEE., KEANLAADEERD. ZLT—RRBMDETRE
#IAUMO—IILTES, ZDESIZ PRR AV ERICKDEER YN — VB EEHEM
[CIEETHILT. BRI ALEY DA FEBO—mMBREL,NELESTz, (K 1,
Nakamichi et al., PNAS, 2012),
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1. PRR [Z &A1 B BFETH 71 R O Hl{E
BASEFITNIFTPRRI, PRR7, PRR5 AU/ XV EILEMMICREL, EENGI—TY
PMEEFORBREMGT LA T7E—F. BL), F2—SYMEEFE~D PRRS DiEED
2ltShiz, BEATHSEIE PRR 2/ ENFELELV=8O. PRR OEEMI—T Vb
BEFORERRIMBRIN, FEESTHHVE—FR. BT, BEEMI—YYNEEFOHIC
X, iR, EREHOHE, KERXCRIGEDRELIETRFNEHBIN T
%.PRR |Z&k35 / LTARFGETREMHEBEICLY . EMITBFEDEMBRREFEDEFZIIC
RIFTHIENTARELLS(E MR RDOBFRNED E),

HET—IBINMATREEHOR LEHHELI-ALRHEEFOER ]

SOARFTRAFTD=ZFELEERKRprr9prr7 prr5 ITERBREATIX) X LD EE . FRATEELE. 88
R, FZBAMN RS, ZLTNAAIREERORLELGEERTH. ChoDREILLE
@ ChiPseq DEFTMSEALMNIH> Iz FRVMTI—IBENLLHRIZHR— ENDB,
PRREGFHIIHEREM B EICRTFIN TS O, PRREBEEREBEINDILT. L
EDLSILBEAREEMOEYIZSWTEF 5 TES RN BRI NT-,

LAL. a4 X+RX+®D PRRI, PRR7. PRR5 (X EE L1-H#aE%E1EE . SLDMEMIZHNT
H PRREIGFIY / LRIERFET S, LIz > THLRD I EMIETHAREZHT =6
[ZIF.EHD PRREIGFHE—FITHERAIELIIENMRELLFEEINT-, T TEM
BEERAR D PRR DIEREH A= ART—< A THRAEY., DAL RAEED RFIHI7R
EREEMIER A/ VP16 % PRRS [ZAV T LICBIESE A LT, B E LR PRR 2 1E &L
THIENHES-, 2D PRR5-VP #EEFHTOE—2—TH 5 35SDXEE T THRIBSES
ECNAFRREEMDOR LESEDIENTE -, AL, A BESED B B (=B
HEIEMNMERIN TV =128 . PRR-VP R DN ERBUEMERE L&A, PRR5-VP L5
ARLFERFEDOHEREEE R, EEHRS SURERHOBENRNS. PRRG-VP O
INAAIREEMRLIX. BFHSEHAEBETCORBRNEUSEILICERTHIEMNRES
iz, BEEYIZHE LT, PRRS NEENS PRR 773V —I&. PRR7/3 T I7731)—,
PRR5/9 HJ 73— LT TOC1 YT I773)—IZH1F5Nn %, PRR5/9 WS DH T I773



)—EEFEF AL CRHEROBENTESSNHER T H1-OIZ. PRR7/3& TOCTHT 7
7I)—DHRRELT, A4 XFXF D PRR7T EXUV TOCT IZ VP #@AEIETIAMXFX
FIZEWTEEI RS 1=, PRRT-VP @I FHIRKEITEKFFLEELZE VA, TOCI-VP
[FHITHDEEBIEEFRLIz, ZDKSIZ PRR5/9 YT 773 —LISAD PRR & VP DEEE A/
VBEEHRBIELET. RBEDICET VOMXFT AT ORERHERBIESEIENTE
2o BB AT LXOYIIFT MOV EVSI-RBEYITE PRRIEIGFDERETRKICKH>TH
TETEHIHOEBESLUNAATREEEDORA LAHESN TULVS (Tuner et al., Science, 2005,
Pin et al., Curr. Biol,, 2012),

— A EBEMROAROVILHLTIE., PRR B FDOMAEE LI L>THIZFATERHA
MNEFBIEAFMONTLYS (Murphy et al., PNAS, 2011, Koo et al., Mol. Plant, 2013), A&f3%
[ZHULT.PRR-VP A RICEVWTHRBRSEHERERAIARICEVWTE/IMELI-EE R
Ltz DFEYARIZ PRR5-VP B AT HENAATREEMEDE EIFRIADLENIENTS
iz, RIZAARXFXF D PRR5 & FLAG BT BMEAV /NI EEARIZHKESE=, 2D
PRR5-FLAG HEIRARIE. ABARELART TEERILMBIOHREESIUIEERE 1N
B ELTL =, COMEIL., 52 HEMRIZHINT PRROWEEZIEBSE TNIA T REEM
R ESE-IBHTOHIELE>T- (Nakamichi et al., in revision),
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POAXFXFIZ PRR5-VP ZB AT 5L ERBHOBESKUNAATREERDR L
DEEINTz, —AMRIZPRREZEATHL, NAATREEMRDOR LAEREINT-, KA
WY TIE PRR DRBEZIETIEHI LT, EHIBEYTIL PRR OREREZIEE T HILE T, /N
AIREEEOE LAAZIND,

3. SHDRERH

B CEET AGEERFORMEEDOLI LT BEDEBLICEREZFETIEGTFER
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FHEETOBREER T,
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EBNEBREEAHLTWD, T BRI AFNLVRATHEICLRENH LI LLED
KL, SOIC. BIBBEEHEERTAIEEMERY)—=UJIC&>THRRTHHE . BE
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BETHD. COERRICIE. BEREEICITHESLVEEEDENTBAE L BIRIEICH VT, DI
WIBHOBRATEVEEREF OEVOBRENVEODERLGARTHD. AAETIE. 20
FOHED DR ICRIATESDEGFELTHERNOLASIRILVDOFEAR BN EELFSES
BEFIZRE BT 5 LBEEL,

WYIZIEERPIZED 17 BEOVERRIHD CNODRBBEIRTILORZILHEY
EEEHRILIEERTHY . RROEYVEETEEROU U ESTLERHEOEAIET A
RTHBH. BROBWMEMEERIFIE AR ORATRICHET 5T RIILF—HEITIKEL
THEY. ZOBEBELRIRILET—D 35 1 UEIFERWL)ZDDELTALFIRE 0 4 2 - #5% -
ERIZHAMNDIDEFESIN TS, RRIC, EPEEICHINBIEZIEHOFEREZETSE
THNIE BN AATRETFRALIEO _RIERFERE - —BLRFHEHAIR XG55
A AN
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