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BT, BEENICTOT I LN RERUVBRBREEHIET 57012 F
ERBRZAEEILT HREICEST H-DIZHEYRILELZFIALTLS, YR
IWEVIF YD EBGEBICFARGESFDOUTFILVYPETHY. FEICHE
THEBEERAEZRT . TOH. RILEVORNEE, B2 WX F IR ICHEES
nTus,

M. EYHRILEVIL 8 BERRINTEY(Figure 1), YD ATFIR IR
BICISCTENENRFEDHEZRIET S5, TOH T, T3V /XATAMFBR)IELE
BHMRAEROASRILEVTHY . l—RTO/FBEERT 5, BRIFtMDKILE
VICHEATEWNEE MM KE)THilER., ERSME, LHREMRGEDEEE
FA%5|Z#2 29 (Clouse and Sasse, 1998), £7=. BR [FIREEMEH=5L . AL X it
MZEAFETHIENMON TS, FIZIE, F7EAITHEED BR £EMERER
F CYP724B3 ZA R DH TEFMIZIAH EBHSEHEMAREGDHIEL (Wu et
al. 2008). FiRH AV IRAEICRLIEYZ BR FET THRBIHLEFNRE
B EDERE S TLVA(Dhaubhadel et al. 2002, Nakashita et al. 2003), EiRdD k5[
BEXTOMALHAFINTz BR THSH(Rao et al. 2002, Divi and Krishna 2009), =
BRICHEYARAZFI(RE)ELTHEDLDNATOSDEAL T ORELERIEDH T,
BATIEE<FASh TOAW(E A, 2007), Kamuro and Takatsuto(1999)(&. Zd
BHEZEBRELANILTRONEERRICARGHENTSRE, BiS. #iith~EBD
[CHROTRRIZEDOND=HEFRBAL TN, F-MSE. BROKTEME. HALEE

REHENMENORELRARPCREAREDHRENEBM THILLERLT



W5, ER. EAREOKRALNBEIZITOI-MET, HAEBLZTSD/F/4F
BL)ZVAAXFT X T DIFEMAICE ST HEHMALURNITHEALZIEERIVELT
WK\ ELHX), i>T.BR DHEZEEICHENIRT H-BICIE, Figs
BHREHET S BR FENRZHRRTIVELHD. AN CEEBRZHEATH_E
EFRNZ DRV UG ETRONDALOICEERBEERIF-FERBERZMFEL
THRYTEHFEN.BR DRNEECHKEEZHEL-MEZEHTHELBETH D,
BR £ & MAEHIELTI ST FYJ —IL(Brz; Asami et al. 2000, Figure 2), BR ¥R
EHIELTEF=2(De Rybel et al. 2009)EENFBNTULNSA, CNETIZEER
BCTHRASNE-EE>IGD, —A. . BEIFICEVTIE, FEEAF LT DM (uzu
EER)OMEMEY ST AD B (rinrei ZEF)DBRABELTREDATE AN
i, TNODHEHN BRZRMELGF HBRILDFTFLTLILY BREGHKERE
=¥ BDD1 ORIEZEICERET 5 &AM of=(Fukuta et al. 2004, Rikiishi et al.
2008), coDFER L. BR BEEGF(EER-RE- 27 T IVGE)DMENERED
BHEERFELTHETHAHICLEZTELTLNS,

CZ 20 FDOMIZ.BR DAEERH LT FIVEEDEEANRRICHLM,IC
%> TZE1=(Bishop 2007, Kim and Wang 2010), BR £ & B g (d. AFO0— /LA
e BR HEMNESHBRICKE D TONDS, ATO—ILERBEERTIE, A\AVEE
Mo BR EAIRATHANARRTA—ILAMELNS, — 7. BR FFEME BIZE
TlE AURRTFO—LEMBELTEYERERD BR THHNORZRTOU(CS)E
BL A% £ 5 L % (Figure 2) . DWARF4(DWF4) & CONSTITUTIVE

PHOTOMORPHOGENESIS AND DWARFISM(CPD)(%. #£IZBREFEMARERT



<MD LPASOERTHY., EELELBREABRDEERBEOREEBSEEZILN
TULV3(Szekeres et al. 1996, Choe et al. 1998), DWF4 (. #83(MD BR & B R RE{AD 22
MRFROKBILZMELTESY . EYOEELGEBT LR ECLALBETERED
(Choe et al. 1998, Asami et al. 2000), E[&. DWF4 B R D Rex Ei%fAE I 5Brz &
FAROAXFTIXFARELIGE. HHNT dwid ZEERITEVTIX. BRRZIC
BRI HBEELGRCIBERIND, F-HFSE, DWF4 BEIZFOHREA BR W&
EICIHCTEROMNICEETS2EE RV E LTz (Tanaka et al. 2005), CDFER (X,
DWF4 E{5FH BR DE ST THEC BR NEEDHIFICEWTCHLEELKREZE
RE-FIEZETRLTVS, LML BR REEDEH)CH L= DWF4 O FIRREIHAE
DERIFRFEBASN TR,

BRI EEBRRD S, B— OEYHRILEY TIEEL EHOEYR
IWEVHAHEBEEROORN )T B EIZE-TH=0ENhEEEZ LN TNV, BS
BHIELTIE, DRV ETIT OO UBEIZ K DFEFIRER & F 3F D Ef &I (Nambara et al.
2000), A —F 2 LY AN UIZ KB RIETE S B O F##E(Cline 1991), 77
DOVBRETTFLUIZK D5 HEE S B D F5E (Gomez-Cadenas et al. 1996)75&
AELNTLNS,BR IZEALTIE. ChETH—F LU EDBEERNFHARSINTE
f=(Hardtke et al. 2007), EARILE(E, EZITH BRI, ESITHERMICERLESS
EDNHBN TS, BTE DHIEL TIE T RS D 4 £ X848 2 B (Tanaka et al. 2003,
Nemhauser et al. 2004, Bao et al. 2004). £ & DHIELTIXIR PO THREHICHITHE A
JE 1% (Nakamoto et al. 2006, Kim et al. 2007)IZx 3 B@ENEFS N, F-.BR &

F—F L OMAICHIHEINIEBEFHIBEFRATHLL. Cho DR EX R



9 5(Goda et al. 2004, Nemhauser et al. 2004), F7RJLEY DIBAR—2(ZDUVTIE,
BR B4 =03 £EBRO—MHF—F LU DHELT ML TLDHELSITRENZ LY
(Hardtke et al. 2007), HlZ £, BR DA —F> 2 DB EE5Z 5L TH
BRACIRD EEZFHIHI S EA0(Bao et al. 2004, Li et al. 2005), BR A+ —F<
DV TFINGEICEDLIEERFERESILT HEETF Au/IAA DFERREZ L
TEDTRICHMNETIRNEREGCGFORBEZRET LI LAMoNTILND
(Nakamura et al. 2003 and 2006), R *(ZA—F > H BR DHEREZ HI T 561 (XIF
EAERMLN TG, BE—, A —F UM HEEER XD BRABIS RADIX(BRX):&EIEF
DEEZHTLTCPD ORERBZFEIT HL. F-. TORRELTERBRERZFIHT
BHIEMNFRE SN TLIS(Mouchel et al. 2006).

CDEIEERDT. FAlL BR £SO REREEF DWF4 HEED AL
BHIELTARMEZEITLN. DWF4EREA BRINAEED T4—F/\VIRE R U BR &4
—F O UEDVARM=VICEWTKREGEREZR-FEEHALMITLI, T,
DWF4 BEFD—BHFEBRBTOEBEOP TEEL-BEREZTDHREFEIZDON

THil R B,



2 MERUFE
2. 1 RAELER

AREERICAW-HEE, FRELTOWEWRYMEMETI ZKAENISEBAL
t=o DWF4 JOE—4—MD/0—=2 7 1Z(E, RIEHEEZH T %5 KOD DNARY AZ—
CEREMBERR1)%E . semi-gRT-PCR IZ[& Tag DNARY AS—EZF ALz, F1=. ¥
O—=27 CRAWFIREE S Xbal & EcoRIl [XAAT /AT K4S, ECORV &

BamHI (XSt =R O—UMSEALT=,

2. 2 DWF4::GUS & BEFDIER

PAAXFXF DO DWF4 EEFO LR 2500bp D DNA B3| Z 88T 51=
& RRIEBEEEZTED KOD DNA FRYAS—HEZRULVT4 /L PCR &% 1To1=(Figure
3), 754 < —&L TI&. DaproF(5-GCATAAAGCATAAAGGACCCGTTC-3) &
D4proR(5-AGTTTCTCTCTCTCTCTCACTCAC-3) &L=, BoNt= PCR EY
(X pBluescriptkSII(+)® EcoRV YNERERGIIc/n—=24 L, SBI2, ZTH 5 Xbal &
BamHI Z LY T 1700bp DBz IWH L=, YIYHLT-DNA K R IERANI5—IZH
oa—=U L, BREEIRHREIT ol RELIBEREIINT —IN—X([THHFS
M- DWF4 EIZFD 5 DB ETELRIC—HT HENHERTE-DT.CO
DNA i f% DWF4 iz FDRETOE—F—ELTHAL V=, F1=. Xbal YIEFERAEIT
BEERKICLERTSAZIRZHER EL T, PCRIEIZKYRKIHM D 200bp T DRIESE /-
Z'AE—4—HW 5 (1000, 800, 600, 400, 200, 100bp)ZHEMEL 1=, i#. D EERIZHEAL

F=754<—DBFHE, Table 1 [ZRTBEYTHS, chbDTOF—2—HF DGR



Bz A2k 1& . pBI201 N2 — LD GUS BEE R T D LiRERZH S BamHI LIETED
IR TOE—2—W RZBALT, §oNT-—&D DWF4::GUS::NOS-T Rt &E1x
F(LLT DWF4::GUS &R IE—BMRERMABITICAWN -, —A. KENHEERIRD
EREIZIE. FEl2ib R 1= pBlueScriptKSI(+) R A—(2o0—=—2 5 L& T0E—42—
B EZY1Y H L., pBI101-Hm A94— £ M GUS B F LR ER(BamH1 E40)IZHEA T
HETHERLT=, pBI101-Hm (&, BB EBMDBRT—Dh—ELLTHF AL UMt
BIREFENATORADUMBEERFEHF D, #. Z DK, 100~1000bp O
DWF4::GUS R&EEFIZI&. GUS BIEFDI—FERIZOO/XFXFHED

Tripl B FDE 4> bOVZEEALTZ(LLT DWF4::intronGUS &FREE).

2. 3 7UANITI Y LEERAV - EERRAEER
FRREMBEEGERAOERICAWVWSGTSRINE 7N ITIUD L
(Agrobacterium tumefaciens EH105 #k)~3& AL . In planta ;& (Bechtold et al. 1993)%
AL & Floral dip $%(Clough and Bent, 1998)Z FAL\TH AR L O/ XF X+ (Ws)~NH
EREIET, In planta JE T, 77 ANIT)V LD RELZR T -HORERICHKEE
&) Tween-80(f£ B E 0.01%; THSATRIKAES)EMAT -, -, BRIZFEFR
AR FESOTVDIE LR EEY AN SEY R =, WK T 2 E R DIBIERE
E.FTOUVLRDOEZET I r—4—% AT 40mmHg ORETT 10 7477,
Floral dip £ T4H. LEEERICEBRMN SR EE A Silwet L-77(#2IRE 0.05%; O —A
—REV)A— B ZEMA-ERIC, EEORZIY RV -HEYMAED LimEZEH 10

PRIZL . IERZEBVEAYEDRICEREZZHESE-HENEREENE. SV



TTEXLTHEEE (16 BEARA/S R RIFE A, 24°C) (2 16~24 B E4 B L 1=, T D..

16 BFfEIBARA/S FrfEIRE A, 22~26°C DEMH T THIEL ., BFZERML -,

2. 4 EMRIVEVELHEEA
UTICARB TRV ERRILE EEMEERT A —FUELTE T
DA FBEOEME;—F UL 2 BEOA—F D URIBAEZAN - RARA—F
DELTIEAUR—IL 3 BFER(IAA;, THIATRIKBRAEH)RUVAR—)L 3 BRER
(IBA)ZE ., EA—F P LTI a T I7FILEFBE(INAA R U 2,4-9007 /8
B(2,4-D; Sigama-Aldrich Co., St. Louis, MO)%Z . BIER{KEL TIXRITRI72(Trp;
FTHZATRIBEREH) RUEAUE—IL 3 TEFEF(IAMZ AWV, ZDMDIEY
RILVEVBEEMEELTIX. 7TV DU (ABA). Y1 hhA4=2(BA). T3V /ATH
A1RBL; BERE#HTI /) ORLYU(GAs;, THIATRIB%BA &) AFILDY
REVEE(MeIA), HUFILEE(SA). ZLTIFLURIBRATHS 1-72/o9070AN
V(ACC)ZEFERLTz, Trp ZR<ETOHEIL. £T DMSO(99%LL L) ITAFEL R Y
OB ELTZ, Trp [£ DMSO IZ5B1F74 LM =8, 01N BB ISIB RS B 1=, EKFRINIL
LI=hARERTA(CS; [*H].CS) R BL([’H]BL)IZEILtZHEFRDER S EIEL
Mol E5LTIEE.BR 2EREDHNIMELELLTHEAL-,
A—FUDBEERNELT. I BEDOTUOFA—FI L2 BEDA—FI U
T8 (Polar Auxin Transport; L& PAT &R BEEFIZ ALV =, BIEELTIE 2-/8
590071/ F%-2-AF JLTAEX VB (PCIB; Sigama-Aldrich Co., St. Louis, MO).

o-tert-ThF L AILARZILT /AT IL IAABH-IAA), a- 7T ILIFI)L-2-F >



-IAA(PEO-IAA)., %#EFELTIE N-1-FI7FILIFSIVEE(NPA) R U 2,3,5-F)3—FZK
B Z&B&(TIBA; Sigama-Aldrich Co., St. Louis, MO)% L \f=, BH-IAA & PEO-1AA (£,
LR KZOME—BBELT KLY T2 5L TIELf=(Hayashi et al. 2008; Nishimura
et al. 2009), F£7=. BR DAEERHKEEFIBrz) IRAKRZDZREBELT RUEILE
MEMOETHEEBELIZTHELTIEL=(Min et al. 1999), ChoDEEL

DMSO(99% LA b)IZiAfEL . Ay YiaREFRRLL=,

2. 5 EYOBBEEHERVEMRIVELLAEFRONESE

AHFETIX, £IZT A4 XFXF[Arabidopsis thalinana ecotypes Wassilewskija
(Ws), Columbia (Col-0)]ZHE¥# #+& L THL V=, DWF4 3E{nF D T-DNA HEAZE
KTH S dwfs-102(SALK_020761) M & F % . Arabidopsis Biological Resource
Center(ABRC; Columbus, OH)MSEEALT-, BFORBELERTRE(L. EICTHMFS
(2003)DE/XIZERE SN = A EICHE S T-A . MSERIBHICEFN ST IUALDIE
ElE509/I M5 32g/lIZZEELT=,

14 B MS BEfsiEHh £ THBELZOAAMXFXFREE R LGHRILEV DO
EHIZFRMLTI=- MS jRIR IS #hZFEHEL . 80rpm(Recipro Shaker NR-10; #X &4t 44
TYD)TIREEEL-. MS IEHOREICHTEIREDKIE. FEEMTEGEE
PCR(semi-qRT-PCR)3EE& T 20 {E{A&/10ml. &1L GUS 47T 5 E{A/2.5ml. #H#8
{EZH) GUS BT T 1 BR/ml ELT=. WITIDIHZEL, BEELLTHLY= DMSO O
RARERE 0.1%ZFBAGOKIICHEL -,

it

W\

REETBIARMT TIX., > O4XFXF(Col-0, dwid)Z1BIELI-TL— 2 EEIZIL



TIAREE T, &M, 22°C OB THIEL . 7 B, BL. Brz, IAA Zik <1 fl#
BhHhETMAEMIZHEIEL. GILEHET TS5 3 HREEBEL -,

BR EBIEIFLULTDELIAToce A—F 0D E5IE. MS ElfiEM ETHET
=14 BES DI AA XFXFEEWs)D LEMD 1 uM IAA ZEE AT MS RIS h%E
AINY HIETITOM-. 24 HRIFEREL-R, REZIBFMMSIRERY., 1 EHiE
RICUIY R T = VR FERBEENENTSRFYIF1—TIZEDHT=, il
T, ENOZRFERIIR LM E T-30°C THRFLIZ. BREAIE L. TLYFORTL—

AF LR T LEE 5 HiE(LC-ESI-MS/MS) &ALV TITo1=,

2. 6 EEMPEEE PCR EICKIREMBET

RNA #itE R U semi-gRT-PCR [ H{#5(2005)D A EIZHE>T=, HEIZHWLD
RNA BT )LdhTMNCEENSY /L DNA ZRET S0 #EERGIE
DNase |(ZAS/ (AKX E#) TREBLI-RIZITofz. BEGFORBMBATIZAL

1254 — AL T=—)2 T BEICDLTIL, Table 2 [TFEDHT=,

2.7 GUS @&

A BRI GUS SEMDBITE (X EZ Jefferson(1987) D A RIZHE o 1=, HEHE
ENED BT NLIA=F —EEREINZS-OREERRIC 20043 /—ILEMRHE
WSEE mFMAT=(Kosugi et al. 1990), F7=. AL Z ML GUS FEBEREKRIC
20% AR/ —)LEMZ1-IRZE Jefferson(1987)i& T1To1-, BERERIG# . ERFEERL]

=®HIZHf /% 10002/ —ILICKY % -RE L., EATEMEE(StemiDV4, Carl



Zeiss Inc.) T GUS B DEE. HHL L GUS RARVEDEHAIZEIToT=,

2. 8 JRERTA
EHHRILECHDIWIEAEFFINEL- O/ XFXFTREDTEIE. TO2IL
7145 (PowerShot S5 IS, Canon)Z& > TR LTz, T D&, EEZHEIZ Imaged YT+
77 (NIH, Maryland, USA)Z W TRIBED RO, RO KIZEZEHARIL=,
Tukey ;BT B S EREIL. FHETEENTY T PASW statistics 18.0 software & FHULNTHT

Of:o

2.9 EFHE BROEE

HEMRILEVEOHMBEITIRIIC, AEPZAELLT 5 ng/g DW D[*H]CS & 1
ng/lg DW D[*H],BL Z#A%%E <A MLT=, Yoshimoto 5(2009)D iR IHEDINT,
80% AR/ —ILE 1%NEFEEDES SR THEL =&, HKEA—NIVD BAFR
BAO—R)oS  BAF R BMA—R) VS DIETHERL., FHE BR NaEhdhhi
B & 15T, MEYERIRSE &, /0ORILLA Iml ICHERHFESE. IEHE#EN—
k1w (SepPak Silica, Waters, Milford, MA, USA)Z@L 1=, Y00V L Iml Tk
Lz, v00/RILL: AR/ —)L=9: 1(VIV)D;&i& 2ml IZ&>T BR A LT=, BH
REFLIESE ., 50%A%/—)L 100l [S7AM L= . ODS 15, (CAPCELL PAK C18,
4.6x250 mm, HXSHEEE)ZIRY M-SR &EAEIOTNT 5T71—(HPLC)IZ{#
R - RILEVE O AT REARE D ITE7 M) IILIZEY ToT-, BRI

(F.10%7h=rJJLZ 10 SEFRLIZE. 40%7E2:=FJJLT 1 7. SHITEEZ

10



60%IZHEMNEE T 20 S MEIBBEL Tz, &X&ZRIC 0% 7 =)L T 10 HLLERELTZ
#.7EF=RIILENEARETHS 10%IZREL., 10 PRI ETHS LEFEEL
f=o B &IE ltube/min ORE TUREL ., BEEZIFSE-R. 23 FBL N0 FBD
E %% LC-ESI-MS/MS(Agilent, 1200-6410)IZ&>TH#rL1=, LC-ESI-MS/MS D&
1 Table 3 IZRY . #EYIAD BR EIE. 2T )LD CS R BL DE—VDEIA
EENIZELDLEEMASEH L, Hh EEBIZHEITHAE CS EIL 3 DDHFEMG
TaFdOrE—YDFEHEICK>TEELIz, — A RICBVLWTIFE—VDEBEHIE
M2T=DT.3 DOE—IDHERLENAA 2 (463/129) % FE->TEHEL =, T D=,

Table 4 TIFRIZH 15 CS EZ & AfE(maximum value)E L THREELT=,

2. 10 R—TAINVHVFEERWN-RIEFEA

IN—TAYIWAVEERN-—BRRIRAENIZE., HRESKEEHELOT LV
/N2 (Nicotiana tabaccum cv. bright yellow)EF#1ZRIZAL =, 2\TE EELE A
NI=BEZILRYMIIEE - FHEL. BRAXD T TREL -, BYAENSH 20~25cm
DRIDEZZESL, V) —2RUFRAT X3 em DRESITHIY 5+, HEOLTRE D
F=IZ70% TR/ —)LIZ 30 BRRL. BEK T2 EERLIZR, XA—/X—3F )L TR
DIEKDERYBRW =, U OF@MAZ EICLTESERER—/\—D LIZE
EN—TAIIIWAVEEICEYR T,

BATHTFAIF DNA & ZDHEEELTRWVNSEV T ATV HF(M-17;
Bio-Rad Laboratories, Inc.)& U #IF(1.0 um; Bio-Rad Laboratories, Inc.)&ED W&

RIS 1&. Sanford 5(1993)D A RICEDWNTITof=, =1L, RIGBRD AT —ILE

11



EHIZL. EBAIFZE 50%5") £O—)LTIIEIKH AL TE #EE®(pH 8.0)IZFR
ALz, ZEDEAIL. V') E0—/LA DNA & E—BML GUS RIRICENEE
EE5ZDHEVNIMIXDBE SN TLI=H 5 THS(Rasco-Gaunt and Barcelo 1999), Ik
&R (E . DNA BERICAVWSERBHFEREISELH-HIZ, S XY —(MT-360; %
R, E—RBI)EE->TRBPLEA ST ofz. B FOBARICXL T, DNA,
BAEHILS 9 L AR JLE D (Sigma-Aldrich, St. Louis, MO, USA)DIETAMIL . B
Bik%E 3 NREREHLE, TD&. 1 DREFEL. ChE DNA-ERAIFREBTREL
Tz

BIEFEAREZFHRSBEERT(E, DWF4::GUS B&EEFITHR AT pBl221
TS RAIRERLV=(5.7kb; Jefferson 1987), pBI221 (X, B I5T—FEHFAOIAIL R
HED 358 TOE—F—D TRl GUS BInF&E D%(F1- 355 :GUS B & EmF&HF
D, EEMEMAIL, 35S TOE—F—A B OHREITRFE TBRNGEREAERT
MoTHbB, Tf-. NEIZEEEFELTIE p35S-sGFP TS RIRZ AL V= (4.1kb;
Chiu et al. 1996), p35S-sGFP [&. 35S 7OE—4—D TR BRGBEII /Y
BEE51LT % GFP BinFE D% (F1= 355::sGFP & EEFEHF D /\—T1U)L
HU iz AT BEEIZIE, pBI1221 & p35S-sGFP AY 9:1(VIV)IZHE A LS TR E RIGA
BARMLT=,

IN—T 4% )LH %X Biolistic PDS-1000/He % (Bio-Rad Laboratories Inc.)%
AL B DRBAEIZR>TITo =, PHERDFERNS. TSXIF DNA OEA
EHEF v /N—HNESH 28 inchHg. FERIEEEE 9cm, N7 LA REF 900psi &LT=,

FroN—RIZZNAEZFE-Vv—LZEE. DNA ZRESE-ERAFEEDL

12



AATZ BIEFE AR, 16 FfEBART/G BrfEIREAT. 26°C [CEREL-IEEERNTAR/\O
EXFELTz, 24 BEEE%. 470/490 nm DFIFE I )LA—& 515/550 nm DEHT
(VA —ZRBEH L -HABEMER(AXS0;, AV NRAKAER)ZRANT, FBHNLE
HIHMABDEEFTRILIz, ZDHE. 2. 7TOFEICELT X-Gluc #EBELL-BH

RIGZETWD ELT=AoTAaFUICKY B F oMz iRl =,

2. 11 BT RTUHFRBEABBENODTSASK DNA O EUREEH
TSRXIRDNAIZXH T AT AT FDEEERNDL-6 . RIEEEREIT-
fzo BT AT URIFEDNADEIE L/ A\—T 4 )LF ik (Sanford et al. 1993)D FE
[CEELT 600:1(viV)ELT=-DY RIGBRDBEIFHRBEDF 7Lz, £ . lug/ul
DEEIZFAELIz pBI221 TS XZF DNA AR 2.5ul ZK 60ul TR 1z, CHEHDA
&IZ 70% TR/ —)ILRUKTHFELIZAVT ATURIF(1.5mg)EMZ ., 25°C F£f=I&
4°C T—EBRBRELz, TD®&. 3ZEi(1(13,200 x g-3 )% 2 B{TLN, 2T RTY
HFEDNAZBU LFEENBELT-, LIFD pH (&, 5 pH A—%—(twin pH; #&
X ESRER TREL -, LEETR/—ILILELT-#%. DNA % 10T1E [CH&
fEL.0.7T%7HO—RTIILESRKETHRELT-, kBN, 7THO—RTIILERIETF

U LTRBEL, ENEEMNZEDTTYILAD DNA ZEEEZHLT-,

2. 12 RV ATUHFIZRELI=FS XK DNA O EYREFRH
B ZATFUORFIZRELI-TS5XIK DNA DB ELTILEARD-6H. 2. 10T

RUEAERITRVRERISZT >R, REBRENFIEANDOFa1—TI2BLI.
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=RIN(13,200 x g3 AE)ICKURAL T RTURFELFQICHIT=&. ZIZHE>f=F
1—TQRUVALYT AT UHIF(3)[Z 50 mM Tris-HCI (pH 8.0)/1 mM EDTA (50T1E)
BEREMZ. Fa—TOEAICMFELZ DNA RUAVYT RTURFIZRELT:
DNA Z3HLT=, LD 7 E 1,2,3 MoEYRL 1= DNA D fFHTEIRIE R D pH BITE (F.

Lk (2. 11Z258) ERKRICTEoT=,
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3 #H/R
3. 1 DWF4::GUS & BETFDEREREMEEEGIRAEDEL

DWF4 EZFDHRRIL. BRESHRUVNAEZRFI BV TEELKREZRT-
I TEMNENSN TLVS(Choe et al. 1998, Tanaka et al. 2005), DWF4 M#ERE, DUV TIE
BR {ERAEZIEME T 51-OIZ(L. DWF4 BEEFOREEKRK ., b THLEHESHRATH
IR T DEFIBERARTHLHEEZALOND,

—BRHGEREFIOE—F—DREE, EEDELRFEOER(ERTHIERHE)
C&2HHERZTE, 204X FTXTOHEE, FHNLGEGFHERI
2000bp-2500bp EHEFE SN TULVA(The Arabidopsis Genome Initiative 2000), 2T,
RBADEEFOTOE—Z—DOREIGZOHEICTNFELEHERSIND, EF. >0
AXFAFTDATORRY BR OEER-RBICELIBRERTFNITOE—S—
R TH. BAERE D % <H¥1000bp-2000bp DT AE—2—ZFHAL TLVSH(Table 5), %
CTAMETEL. COBEDRSEHFODIOE—S—DNA £RHVSIEIZLE. FT.
NCBI(National Center of Biotechnology Information) D&%+ &124°/ L PCR IZH
WBTFAI—EERLIz(‘MHRUAE 2. 2888), COTS5/3v—tybE AL
TYOAXFRXF+45/ L%E8E ELT DWF4 Bz F EifiZ ST #9 2500bp 0 DNA &z
5% PCR 181EL . Z DM H % pBluescriptkSI(+)I2oA—=2% L1=(Figure 3), L
T.DWF4 OFRFABAD LR 17000p 12$H5 Xbal FLLERVE—LIZH DB
BamHI EIZF>TTAE—2—EH# 1700bp)ZYIYHL . BRI2—IZHIO—
=27 LTz, 20 DNA Wi DIREBE N EMRGZLI=ECH, T—EN—RA LDESIESE

EII—HTBHLERR LIz, T, TRE—F—ERFI LIZIE. BR 2XRFHIZHEEE
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585 RF BZR1 M EE T 5L XELSI BRRE[CGTG(T/C)G]AY 1 HEFFFHAELL:
(Figure 3)o CDIT LML, DWF4 BEEREFOLREFEZEL DS /L DNA B R
(1700bp)I&k. A 7%ikEt BR EDEMICH L TIEBE TESEHERIL . 2T AMR
TIHIOWKEERED DWF4 JOE—4—ELTHEAT S EICLE,
REMFIRMBENTICHALS DWF4::GUS &S EEFDEEX, pBI101-HMm 75
AIRRYE— L TTotz, EARMICIE, LEED DWF4 TOE—2—MAET SRR
D GUS EEFLERICHET SVILFI/OA—ZU T EMMLICHEAT HIETHERLT:
(Figure 3), R EA-F=TSRIRZT75/ONITYILIZEL, COMAEZOC4X
F+XFTDOREERHE(In planta ;&) ICHEE L=, T OFEER . T4 DWF4::GUS f&Ex

H2{K(1700bp) % 15 R#/AHEITHIILT=,

3. 2 PXKRIFHASEEEMICRESE - DWF4 TOE—4—% D DWF4::GUS Bi&
BEFOEREEDFIA

DWF4 ;& Iz F D EIERBALA m A HH 6900p LFRDTOE—2—4EHEIIZIE. BR &
TFH IV ERR TEERERF BZR1 hMEE T 52 XELF BRRE[CGTG(T/C)G]A
779 A (Figure 3), BZR1 [ BL &7 DWF4 DEEHNFITHZEAMONT
LV % HY(He et al. 2005), BR EDET. §7%H5 Brz LEBIZLDEREEFE~DEEIX
HESNTULVEL, €T, BRRE BRI DREIZAHERT HEHLITRID Y REEHNZR
#9518, DWF4 TOE—2—%EEFEHIIZ5E<LT- DNA Br & e LT, &9 L
L7= 1700bp ® DWF4 TOE—2—MiF &3 LT, KOD DNA RUAS—EZEE-

= PCR [Z&YESHELS 6 DO TOE—4— 4 (1000,800,600,400,200,100bp)%
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gL 1=(Figure 3), 5D DNA Bi R DIEREHZEFEHELIECAH, ETT—ERN
— A EDIERE—BLT=, HEULV T, L5 DNA BT A% pBI201 R942— LD GUS &in
FEHEETHIET, —BHRBBTAD 6 D DWF4::GUS MEEERFI')—X
FEHILT=,

—7A . REMFEBRBAALLTIL, RE pBIL0L-HMARYE—ED GUSEIZFE
B9 HIET DWF4:IGUS G EGF)—X(6 )& /EHLT=, M. ETFRSZ
FD GUS EEFICIE. MENTORRZHEILT L= O44XFXF0 Tripl Eiz
FHEDEZA2 OV HEHHIAATE(intronGUS), lE>T. b 6 FED
DWF4::intronGUS R EEBEF (&, REMM EEAZ AL -HKIRETICMZ. 7
04070 Vv EERVE—BRHERBZMICLERTES, Bk EA o
DWF4::intronGUS & EmFE ALV O/ X+ X+ DR EERHEIL. In planta i&I
RZ. BEEBRHFENB L LICERELBEL Floral dip i&Z AL TITo <. ChET
[Z 1000bp. 800bp. 600bp ) DWF4 JOE—4—& intronGUS D& EEF(Z DT
. ZThZh 5 RIFU LD DR EErihz ERTE/-(Table 6), FHE. L& 3
F&MD DWF4::intronGUS 2 B ERA{KIZINZ T 400bp DTAE—F—%H DL D(&E
T 4 1B)ITDVTIE, T3 R DREBEAEEBBHIZE>TLVS, —7. 200bp & 100bp
®D DWF4 TAE—4—%H D23 DICEALTIE 12 RO B EEIRIA(T2 HER)ZFT

(V% (Table 6),

3. 3 BRREBOTEI-xT S DWF4 QOEEGE

DWF4 OFIRIE. BL 45 Brz [CIEEL TREIZEEN T 5 (Tanaka et al. 2005), =
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D &lE. DWF4 A BR DIERE 4 FF ISR TS EZREL TS, LAL.,
Z D DWF4 HIEHEE . S ERFE . HANIZTOEB DR ZZTTLDD
MEIMITDNTIE RFEZDMN DTV, £ T BRAAEED BRI DWF4 D
EEREFBALHNZT S8, fEHLT- DWF4::GUS 2 & Ex#a{k(1700bp)Z{E o=
REMFIRBNZE1T o7z, semi-gRT-PCR EIZ&Y BL 5L Brz NEITHT S
GUS mRNA £& DWF4 mRNA EQEEHZHFART=ETA.0.1uM BL FHE T TIE#E
MRNA &4 2 BERE IR Z5E A LT=(Figure 4), — A . 5uM Brz ZHE T TlXEB L HE
fEmZRLI=AY. GUS mMRNA EH' 2 HEMIEBML-DIZx L. DWF4 mRNA £(&
1 BEMGEMLTz, £z, TDEMDLAILIE GUS &KYU+E DWF4 DAL E I T,

RIZ.FHERSOAXFTXFDATAR RNAONRNA)D EENFfi#HTL1=(Figure
5)o hnRNA (£ mRNA ERIZEIT5—BHILGHREATH D=, —RIICEEERE
HRBI BEEZ LN TS (Yang and Kurkinen 1994), 2415 2 DM RNA % PCR [
KUIBIRT 5=, —DIE hnRNA #&HFAELTDWF ERFOE 740bAVIZ B
22— DX MRNARHERAELTDWRA ERFDE T IIVIEE BT IIVICEND
fEEIC. FNEN 2 DDERLGDTAT—RTSAY—%%5tL1=(Figure 5A), —A. 1)
IN—RTSAT—IIE 8 THY EIZ—DE%ETL. @ RNA DEHIZALULV=, Figure
5B [ZRY &SI1Z. 0.1uM BL ##% 59 %L, DWF4 hnRNA & DWF4 mRNA £ 1 2 B
FLRIZZURISEDL ., R/MEIZELT=, ZLTHEKED 24 BERETIXZEOLA
ILER-STUV =, —A . 5uM Brz #%512&Y DWF4 hnRNA (% 1 B TR KIEZ THEM
Li=#&. TD#E D 4 BETHRAITHE DLz, COZEEE. DWF4 mRNA D EHE/ 53—

vEFETLV =,
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#LVCT.DWF4 25 BR KEFMEEBEEMZTZHLONCTEH-0O.
DWF4::GUS R B Erifi{fAZ ALV T GUS DEMEE L FHRUTHEBIEZMIZERAEL
f=. Figure 6A IZTRLT=&KDIZ. BELEKRD GUS jEMHIE Brz EEIZL->THY 1.5 f&IZ
L. BL NE([CK>TELEDLANIILETEDL -, T, HABILFERIZ GUS #
BLIZECA, BLBOBHEICEEE, TROMREE. AIROFEERVERLEF
{FFEof=(Figure 6B), Brz ZMIBLIzLZA, ZETRE TR DB REEE D GUS &M
5<% o=, —/A.BL ZAET HE. GUS EEFENEOLANILETHE>f -, LH
L. EELDBEICENTE ZEBELEEROMEBHLUNDOHLEE CHEBH L

BEINDILFEA o =,

8.4 A—FPUI2&k% DWF4 EEEDRRBRENLFE

DWF4 DERE#HELYFHMICEERT L-6.BR LN DIEDRILELDEE
X1z, BL #5 8 FBDRILEL%E DWF4::GUS BB ERANIRELIZECA,
FRELI-BY BL (X GUS EMEF 2 RREF TR S E=(Figure 7A), ALMV=RILE
VEEDHT IAA A HE—, GUS FHZIEEITIEMS 1=, TOFEMFE ISR EEME
(1 BE3 B)IZEHLLT 1pM &Y 10uM DAENEI 1=, -, IAA [E GUS EHE
ZEERUERBIKEMIZGEEL=(Figure 8), BYD 6 BORILEV[EA—F oD
FONCKREGHEEEE AL LFEN 22D DY REVEBEVA)EITHARARNT-2TD
FETEREHM, 1 BE3 B RILEVRE,; 1uM & 10uM)T GUS FHEZRASE
T=(Figure 7A),

IAA DHDREBEEFHED GUS JEHEIEE(CIEMIE DT, ChLE®D
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ERREF—FIVICERTHTIT O T 1AA LS OERRF—F &4 —F
D URIERAD DWFA B ENGZ 5B AT, FEHREELT IBAINAA &£ 24-D
%, BIERIAEL T Trp & IAM & DWF4::GUS 2 B 8K IZ3% 5 L T GUS ;EHZAIE
Lfz&Ch, AWV -2 TOEEE A —F L UABEEEE LRS- (Figure 7B), &
f=. GUS B DFENRIEIRAF —F LU THDH IAAR IBALLART, A —F
DUTHAHNAA X 24-D DANEMN =, —H . FIBADEZEIZDONTIE, IAAE
BRI DELE THS Trp (L GUS SFHEICIFEALEEZEEEZ A >12h &L
RIGOEETHS IAM [LFHEEHTHNFEEL, LHAL. TOFEITILFERA
—F 22 ? 10~100 fEELVNRED IAM NS ETH 1=,

LT AL REITE T o125, IAA [FIRRLARD GUS #EERD.
2%I2IRn. BREE. AIRREZREOT=(Figure 9), IAA X, Brz D& LIFEL
U(Figure 6B). th EER D GUS £BIZIFEAEZEF S 2 o1=(Figure 9), £f-.
IAA #5200/ XFRXFORETIE A—FIUICKHBBNGRELIE. £
R DIEKASEIIR B D N4 E M ERER S N =(Figure 9, Hayashi et al. 2008, Fukaki and
Tasaka 2009), &(Z, RIFRM% GUS BERTFMHD LRI, EEMGELZ IR
&> THREFE SN T=(Figure 10),

L@y, EFERA—FT U H DWF4 ERBE%FEL -0 T(Figures 7~10). %t
WT.COBERRICA—F L UDITFIVEERIBEEREPAT)AE ST 5ME
MEFART=, IAA ERIZTUFFH—F LU (PCIB, PEO-IAA, BH-IAA), 5L\ PAT
FHEHI(TIBA & NPA)%Z DWF4::GUS BEEMAEANIZRELIZEIA, PEO-IAA &

BH-IAA (. ALV =R E(10uM & 100uM)IZBEH 5T IAA AN FE T S GUS [FE %54
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HMFILT=(Figure 11A), ChD 2 DD T U FA—F L UlE, SCFR F—F L U 2B/
FEERETSHIEMNREN T S(Hayashi et al. 2008, Nishimura et al. 2009), 3 2
BO7oFA—FT > PCIB &, 100uM DIFZEIZIE 1AA I2XD GUS FED LFE
SELITHIHIL =AY, 10uM TlEH T MULAMIFILGE M >T=, — A PAT FHEHIIZE
LTI, 100uM TIBA (& IAA [2&% GUS FMHOLEREEZSZLICHFILI-DIZXRL.
100uM NPA [EhH T AIZLANFIL D oT=, TT-. AL FHBITE T o= 5.,
FERT7UOFA—FIUI3FELPAT HERI 1 FE(TIBA)DWLT A E IAAZRIFRFRSL
=IGEIE. IAA QEMBESELERTIRZRD GUS FENELLEFELLGoTAN, i L&

D EBIZE L (XA o f=(Figure 11B),

3. 5 DWF4 OEEFREICHTSH BR &F—F O EDE R

NFETITHARTEEY. DWF4 BB ([EA —F 2 & Brz B E5ICE->THEES
. BL R E(Z&k>THIHIZZ+1=(Figures 4~10), #ZT. DWF4 DEEHIEIZxL
TH—F L UEBRDELLMEBEIICEB<KMNERSMNT 518 DWF4::GUS fs & #x
H{RIZ IAA & BL #RIBEFR 5 LT=, Figure 12A [ZTRT &SI, IAA 2L GUS EHE
DEEEIL 0.1uM BL IZ&-TraiF &S, 1uM BL [TKYUZZICHIZ oM T, FT=.
B FRRTE 1T o122 A, BL & IAA ZRIBFR 5 LM EERHIATIE, IAA B
MBFEDGZEELETIRO GUS REMNFEEoT=(Figure 12B), T o DFER L,
DWF4 BzEIZE T A —F LU (FE)LYEL BRENFE) D AN BAMERH O LET
LT3,

LT, DWFA DERFFBICE T4 —F LU Bz DREFRMZERALNCT 51
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& . DWF4::GUS 2 EERHUKIZ IAA & Brz #RERFIR 5 L1z, Figure 12A 2R T K5I,
IAA [2&% GUS BEDFE(L Brz [TE->TELITBESN =AY Brz DFRIFHEE
BIEWLS Y MBI TH o=, T, BBIL BT ZITo1=LZA. Brz & IAA Z[H
FriR LR EGEATIE, IAA B 5S0I58 £t TH ERRICEITSH GUS 2
BA R o= (Figure 12B), A EDHERMN S, IAA & Brz [EFNZENIEILIC DWF4

BREZFETHENTRINT,

3.6 HORELE-HERIZEITS BR EA—F DR EEE DWF4 RS DRA
F—F T 1L DWF4::GUS BB FHED GUS EtEZRIFEMIZEELE
(Figures 9, 10), Z_T. A—F T UI2k%b DWF4 EREFED 4 BFMERZZHASH
29 5=, IAAEBR.BRERBEERIBrz N EDRE-REICHEZLSEZEFHT -,
7 BEOBHERS OAXFXF(21nM &£ 10nM D 1AA £ 52 5L |NIBLLHELT
BIRAH 1.4 BRIz 1000M 1AA TIHEBEEROREDRERSNEI o1
(Figure 13A), —/A.Brz # 5 2 5 LAIIRMN B L LR L TREG o=, F-  BIRE
D IAAICE S BREELE2RONGLGE oz, LML, EDIRRETBLZRET S,
Brz IZk AR D EINFFITEESN., IAAIZKDRENRLEIB/ LIz, SBIZ. 7
DFA—FVUPEO-IANATFET TIAAREDEEER LA, AR DB RITE
"INT . CLABRLEBDIGE LYEEGoT=(Figure 14), £f=. TDIKEET BL %
AT HEARBRISELELRFORSETEEL, H VT, dwfd ZEEOA
RORSZAELECH, BRZHRELLGWVMGETLHEROARD 15 BEDE

SLMELS Brz i 5LEFER LERTEHEM>T=(Figure 13A), Ff-. dwf4 &
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KIZ IAA 252 TEHLERTRoNELOIGHRE O BRIEIR oniah o= (Figure
13A), COZERRKICBLEZEZ 5L AR EEFNEBLEOTLERLREEDORIET
BIfELT =, LOL. BFERDIFELELY IAA IZLEHREEMNR I RoNGEH o1,
NoDFERIE. A—FLUNBRENLTHIRDOBREZFIETHZLETET S,

RIZ, FIROBERIZHT S IAABL XU Brz DFEEERA -, AR O/X
FTXFIT 1AA ZRELFECH QIRDBELFELGY | REKRFHICEROHBE
HEHAE T LT=(Figure 13B), Brz # B TEZ5&. TROBREEE(FEHLUTIC
BIELT=, Brz & IAA ZRIFFIR G5 5&. BREFIESOITEELT=, LHL., TDIRK
RETBLZEMASE, TRORREETELEDHZELFIFRLCLAILETEEL
—A.dwfd ZEARTOEROBREG. FERELRTHEFEICEMN o=, F-,
Brz MIBLI-FFARELLBLIZIGE TH, POEIVMBEREREZERLI=(Figure 13B),
IAA IZE D ERDBRIEEFL., dwfd ZEATEHFEREFLRIICRoN T, I
BL Z/MNd d&. dwfd DFIROBEREEFELEOTFERLFEREFTREL .
ULDHEREMNS, FROBEIZHLT BR FEOHE. A—F LU IEADNREE
DIEMNHALMNEGE ST, £ Brz ZREBLE-FARRY dwfd ZEEDOEAIZEHLY
TUAA [CEBEROHERAENRONFIENS A—F LU DFHME BR RZIC
FHBREFIIMIZICEISEEZONT,

BT ARF RIS I 5 LR RFIDRZEZR 1=, InM 2 10nM 1AA (FEFF £
BO4XF X+ DRIRKICIFEAEZEEEZEMN2T=A, 100nM D 1AA [F{AIFR
WEHEICHEMSE=(Figure 13C), —A.Brz ZHMTHER ST 5LAIR B DFE LN

Ronfh ZCABLER ST HEBrz IZKLAIRHMD R TERIBELEOL AL
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FETEELz, LML, IA ATFE T TIX, Brz[CKAABH DELE. BLICKSEME
Ronighotz, RIC dwis ZEEDAIRHKZRARI-ECH BUEOHFERDOF 5
FRETHoT=(Figure 13C), ZCBLZERMT HEAIRE T HT MIZEEMLIZA. B
ARFEFEETEGD o1z, —A.dwfd ZEEKIZ IAA 259 5E.Brz 250
EHERDIGEERILIIITRERENGABHEOEMMNAR ST, LML, IAA &
BLZREIFIREL-GECIE, BUEOHFAR  HHEBLERSLI-dwid TERK
DEIITERRED IAA IZXDBMBRITIRS5NT . 100nM DIHEDAHIRETIEM
NEREINT-, LLEDERMNS  A—F UL BR IEHBHAMICRIER REFET S
EMNTRBENT-, £ IAAFET TIEBrz P BLO RN HEY RSN GEM-ZE
Mo A—F U ECARRR R E R T DITX L. BRISFHBIMIZHEEEL TS EE R

LT,

3.7 A—FLUERBLIE-BER I OAXFXFICEITEFERE BROEE
EiRDi@EY ., DWF4 DEE(FFH—F P UICKHIRD M EHIHEAVOREEEZHF
DI EFBASMITLT=(Figures 9, 10, 13, 14), ZZT. A—F L UMNERIZIEF D BR
EEEMEETNEINEINERARD=O.IAA ZHRELEFAR S O(XFTITO
EHEIZEENDEME BR(CS & BL)E LC-ESI-MS/MS iEIC&KYEEL-, TDHEE.
IAA RE(IZEH 5T EEDM EEFTILH 2ng/g DW D CS AgHEh ., ZDE(T
IAA QLEBIZ LY EEEZ(THI LT EH oT=(Table 4), BIFE XIILIC 2 BIFToF=A.
& DERIEHRDIEZRL=. IAARSOFETH LED CS EALLLLEND

F=EVVSHERIE. DWF4:GUS B FICHFET 5t EED GUS JEED IAA DEEL
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2oz EE—ET S(Figure 9), — A . HRICEWLTIX., Z#DBITE (600 EAZE
FEA)TIE CS #RHETHIENTELG oz, LOL. U T ILEEEZIZEPLTES
—EBIE (1200 BAZER)LI-ECAH. KT MITCSERET HIENTE L RICH
(15 CS 1% IAA FEALEE X T<0.305 ng/g DW. IAA AL X T<0.229 ng/g DW T, #h
EEEERRIC IAA RE(Z LD CS EDEMITRonGEA o=, =, RD CS ElF.
ih EERDHY 10 5D 1 RREEIEFIC DM o= (Table 4), ZDLEERIK, £1E T 5 ERM
BT OMXFTXFTEMFEELTHRLMNT- CS ELIFITF—ET H(Kim et al. 2006),
15— DODEME BR.BL [LBIELI-2TOY U TIILTHRE TEEM o, F=.
IAAZB 5Lz O04/XFAFEETIE IA REENIRTIE L1 EEEOHT I
EMNERLE=DICXLT, #th EETIE 172 hhi 1/3 FBEFTHA LI=(Table 4), &I,
MEBELTAHRE IAAEZRIELIZECA IANAREBLI-# EEEROEA THT HiE
A RSN (Table 4), CDZE(E., S B EZ 1= IAA HHEMIRAANRINET-C

EZRLTLS,

8. 8 /I\—TAUIWHUEIZESD DWF4:: GUS & BETF D —BRHERET

B FOERSHRAXDORENICIE. LRDREMFKIRBITOMIZ— @ FKIRAE
WEEHTHS, FZT.pBI201 [TH/O—=2% L1= DWF4::GUS Bt & EEFEAN
T—BHEBRFRINROEEZE A, EHOEBIICE . MHRARLABZ G L, LI
MNoRIFBIZKFIRAESNTEL2/2FEZRAVV -, BEFEANEREL T, EHE
WERIELTIRENEEG/NN—TAONT U EERALz, T, FHRFATHEZLD

REREBRYIRTLENHDHEEZEL . FFGEB D DNA HIKICIEE R FIC
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AR TRIMEGZ T AT R FERAW . BIEFREME I EAIEERECm) LY
D GUS ARy EEH T HETEHiELT=. £ 1000bp ® DWF4 TOE—2—%
B OMASEGCFEEALELECA EGFRENRDFYMEIX 0.78 spot/cm’(3 [@
DEERT. FNEFh 0.3, 0.9, 1.1 spot/cm)FBELELMETH 1=, TZT. COEHA
A DWF4 TOE—4—IZHdEER . REMEMIA 35S TAE—42—& GUS DR
BIEEF(B5S:GUS) T ALWTERZBRYERL -, LML BEFHEEDEDOEHE
[ DWF4::GUS &REIFREE® 0.89 spot/cm’ (3 ENDEEBRTEFNEN 0.7, 08, 1.2
spot/cm?) T2tz CDEIL. EERREHEET HHITSE(CLT= Schenk 5(1998)D
EEELART 60 90 1 F2E(FEIEIE 57.1 spot/lcmd)EFEFEIEM o=, AHIZ, K
SOEREBEDREMEBVE ZMMBESEFDEODSE, KRB TIEA/N\OE)L
DNA BIA(ESEEHF. ARBTIXIAV T RTUHF)D A THDH. T2 T, B8R

RESYEBLT D0 B FREDNRMEVEWSHBDBRRERA 1=,

3.9 AVJARTURFICKBHTSASK DNA HEEBERT 554
RRIAER D 2/\0%E (X 355::GUS A B FERL-— BRI RIRAN IS K ME
ONTE0H, EERDOISLEEZSIERITERELTIE. DNA BIXELTAL
AV RATURM TN RELGERTHAEHERIL -, COTLICET HEERICKILD
BEDXEBRELI-ETAH, IV T ATURFIZLS DNAYIERIZEIT 53 DDEHX
# R DIF1=(Krysiak et al. 1999a, 1999b, Mazus et al. 2000), CNSHDH/IX DR T, &
ELIFZT ATURFH DNA O 1 A SHU(Z VIR HHLNE 2 REE T (EH

RIE)DERZEFDOIELZHREL TS, T, AR T—BMERBATICAL:
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BT AT UHF D DNAYIEE M EREET 52 &2z, COEERTIE, pBI221 TS
ASREETIL DNA ELTHRW =, ZOEHBIIF. RIRBMEITIBIC BRIZRIR
9% 355::GUS BB F N AN, HREHKXATEL DWF4::GUS & EEFLY
LRGSR EBONDEEZA DL THD,

BT ATURFERBRIRKDTSAIR DNA(CcDNA)ZKDHF TREAEL. 25°C
F=F 4°C TERBERER. ERKBZITol-. RIETFODLEBIZLYTIL
0 DNA BEZEHELI-ETA, 25°C THRIELT-HZE. T5AIF DNA [FREER
MBE%LLTUL = (Figure 15A), CORERIT. AV T RATURFIZE>T, TS5REFR
DNA A=y RO EHERILICEEESTRLICHBINIZCEERLTND, — A,
4°C THRIBLIZBEIE. 30T XTURIFIZELSD DNA HEIERER T, RIEFAEH
5 8 BFfEl#% TH ccDNA MR- TUV =, il VT, 25°C THRIBELIZEFDAZR D pH 8l
ELESA RV TRTURFAENMESICIE 6.0~6.3 (TR TV =DIZXL. 2
VORTURFHEAETTIIERMT 35 Bt EFE TETLTUL=(Figure
15B),

F BRI RER A S, TE(Tris-HCI+EDTA)#E &% (P H8.0) N2 U AT U R FIZ &
% DNA D EEIIHETE2HENENEND Moz HRARTRED TE BERK

[0.4T0.04E (0.04mM Tris-HCI+0.04mM EDTA), 10T1E (10mM Tris-HCI+1mM

EDTA), 20T1E (20mM Tris-HCI+1mM EDTA), 50T1E (50mM Tris-HCI+1mM

EDTA)|Z B\ TlE R %1721, Figure 16 IZ5R9 @Y. 0.4T0.04E. 10T1E. %5
LME 20TIE FE T T FEAEDTSRAZF DNANEU T AT URFICRFELTLY

—75.50T1IE FE T Tl RIGEE(25°C HBWL L 4°C)IcBbhodT —HNTSR
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SRDNALD VT RTFUMFICRE R T FAULDN RV TR TFURFERI &
DR EMNSEURES NIz, T, Z T A TURFIZRELT- DNA OEEZE R
Lt=&Z 5, 0.4T0.04E 777 F TIEWKELT= ccDNA A FE A ERAIRIR(0c)DNA N EZE
{ELTL =(Figure 16), — 7. 10T1E 42 20T1E £ FCTH ocDNA ~NDE#ITI RSN
f=h, — &1L ccDNA ELTH-L T =, TD=&H. Kk%E DNA [THHD
ccDNA/ocDNA D ELEE(F, 10T1E 4> 20T1E FHET DA M 04T0.04E DEZLYEE
Mof=, Ff=, 4°C TRERIGZEITO1-5E D ccDNA/ocDNA Eb(F. 0.4T0.04E &
10T1E FHE T TIL 25°C DB/ ELYELKREEo=HY, 20TIE FE T TIXREICLSD
BWIIFEAERGNGEI ST, > T, BWEFRTIL 20T1IE Z AWV RE REH . &
D RATURFIZELD DNA S EIIEIICRILNRATHAEE R . T . 3V T RT
DRFETSRIR DNA ORFEIZHT S pH OFEEEBRASMNZT S8, 25°C TR
EETOEORIGED pH ZBIELT-, TDFER. 0.4T0.04E, 10T1E, 20T1E =&
LRSERD pH (FFNFh 9.8,9.7.9.5 THo=DIZxL T, DNA IkEEHEELT-

50T1E ;&% M pH [ 8.6 ETIE T L TL f=(Figure 16),

8. 10 AV ATUHFIZKYELNS ocDNA H—BRIBIEZFREICEZIEE

EBD LI 20TIEIF RV T ATURFADT AN DNADRIEICHEE S
Z2 513K, HEIZDNA D EZEINGIT D EM A hoT=(Figure 16), £f=. ZTDXN
RIEIRIGBEDEEEZ TIEM o1z, LHL. 20TIE FETIZH L THLHRE DNA D
— &R 1E ocDNA ~NEHL TLV=, £Z T, £L% ocDNA BN —BHERFHRIRIZE X

BEEEARFTT . IVTATURITF D 10TIE BARKRE pBI221 D ccDNA %—
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HEIZIRR (24 BRE. 25°C)F D& T ocDNA ZEARL 1=, L VT, pBI221 M ocDNA
FEZMICRERLGERFICRESE . AEMEETH S p35S-sGFP 0 ccDNA &3
[CR/NIFEICE AL, Table 7 IT5RTEY. GFP ORARYMITHIER. pBI221 D
ocDNA #EALTELNT= GUS Ry (spot number/cm?)Z . ccDNA ZEBALT
Jontz GUS RAIRYMIELLELIZEEA MBICIFEAEEZV RO G oT-, &
SIZ AEEMICRER LS FITKZ. ocDNA ZBEFAV T AT FIZREBESHE.
—BHEBRBTETOTHIRERFDERNEONT -, =, COLEICHESINT
GUS ARk #E Schenk 5(1998) MR ELI-#ER KVLZ o=, LLEDKSIZ, FV
JRATURFIZE>TELS ocDNA (& GUS EIZFD—BHFENEICKESLEE
5 ZGM oz, F1=. DNA #HELLTRW =S F LIV T AT FDORETEE
FREDFRICKE (TGN oIz, 0T, 20TIE ZE>7-FLLY DNA IREE(TZT

ATUMFERN-—BHRRBFICENTHHIEZ AT
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4 EXR
DWF4 1B{5FI¥ BR £ & D EERREZESIERZESIELTLSEIT TR
{.BR REEDREICHEVTHEELGHEEZFDOILN|ESTN TL S (Choe et al.
1998, Mathur et al. 1998), HHEETILLIAI. BR EDQEHITHEZLTIAAXFX
7@ DWF4E{EF D mRNA ENKEER T 5 L% R DIF1=(Tanaka et al. 2005),
DI EIEDWFA DT4—R/N\yIHRBH BR NEEDEEHHIFICKELKREER
=9 2&FRLTLNS, LAL. DWF4 OHEBISENGEELANIL, EEEERLANIL. H5D
WEZDEATERSIN TSN EVND RIEKRFEZHAELLGN, ZXT, AR TIE
P OAXF X} DWF4 BInFOEREHRREF LML, TDHER. BR EAEM
9 %5& DWF4 EREANGIESh  HITH AT A EEENFEINLENHALMELD
f=(Figures 4~6), CDZ&(E. DWF4A DT71—R N\ ORI EGEREIC&>THEHLN
TWAIEZERLTLNS, - BR EQFDITMATAH—F LoD E5H DWF4 Bx
B%FETHEHFRDIF1=(Figures 7, 8), &bIZ. DWF4 DEREFEMNA—F I
[CEHIRDEBERFIEICREEE T 52 b5 b of=(Figures 9, 10, 13, 14), Ff-. £&E
®D DWF4 [CEEYAFEREFAIC. —BHERBH CEEBLIN\—TAIILAVEIR
FEANEDEERERAT HEHICHEXZEE FEL=(Figures 15, 16), LT, Thib
DERIZDOVTEGICERT 5,
DWF4 Bz FDHIL. JEHE BR THS BL ITIKEFELTRICHIHEINSZ L
MEISNTLYS(Mathur et al. 1998), E71=. DWF4 MO FIR(L. BR LU FILmEREK
D FTCE<KESEF BZR1 A BLIKFRIIC DWF4 TOE—4—IZfEET DI EILY

HEISh B EED M oTULVS(He et al. 2005), AFFZEIZHLTE., BL IXR4E DWF4
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@ hnRNA 2% E 4 &8 71=(Figure 5), MRNA D& B E{ATH S hnRNA D £ (F&
EFDEEREZRMLTNSEEZOSNTLVSDT(Yang and Kurkinen 1994), &
D#ERIE BL 1 DWF4 DEEEREFZETIEIEETE T S, £-.BL (&
DWF4::GUS 1815 FHED mRNA 2R U GUS [EFMHHRIFRITIE TS f=(Figures 4,
6)e CNOFERIT. BEDHEESHE. BL (TS DWF4L RIBDOMEIMNEICEEL
NIV THREIESN S EZRRET D, —F . Brz [T&DH DWF4 OEIRFEICET S
MRIIIFEAEREL DT DB ARDRENH DT THSH(Tanaka et al. 2005, Kim
et al. 2006, Vert et al. 2008), CN 5D H T, Kim 5(2006)7=11 A Brz A DWF4 $z5%
FEYLHINERLTLD, DIk, DWF4::GUS F4 B &R#fa{hk% ALV T Brz LEMNE
AEEFHFED MRNA ELGUS EHDEAZEMIELHILERABRLTLNSH, E
BRIERIIEMNGLD TENEN(FERTAVI)ET —RIEREIN TGN AR
TlX. Brz A DWF4::GUS ;&{&F 0 mRNA £ (Figure 4)R4% DWF4 @ hnRNA £
(Figure 5)ZBFEKFRICIEEMSE ST &, Ff-. GUS EE(Figure 6)bEIFRICERE
BFAHIEFBALMIILI, CNODFERIE. Bl LTz Kim 5(2006) D& &3, Brz
(&% DWF4 HEDOFEITHLEEREAEH - TNAILERITERT D TH S,
E5I2, Brz A2 LS GUS mRNA EDEMDOIEEILRNED DWF4 0 mRNA 45
hnRNA DENELEARTHWIE ZLTEMOBRIREIHAENSZEN T M o1
(Figures 4, 5), ZMA. Brz [2&% GUS mRNA DIEMEMNDENELS A Kim 5
(2006) DEREE—HT D, COEIE. MARETHEALT- DWF4::GUS BEERF
DEEDNEVCEBTNSIE, Tahb ELLDOMEERERFLH DWFA O 5° LR

BOD#®AIZ GUS OE&EEIEFE NOS A—IR—4—(NOS-T)E#HEA L=t DT,
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pBI101 TS AIFEAR—RELTHRESN TSI EICRAZDNBLNEL, TN TIE
15, Brz [2&% GUS mRNA EDEMDREE L NE DWF4 O mRNA £ hnRNA &
HARTHEN-DEZA5m ?RNA RYAS—E | ICKAEREITHELHIEE S DX
A TERFD 5 ERBICHERET D, TOERIEArOU0 I TRFEICHLEFR
T HIEL LN TLIS(Masucci et al. 1990, Lamb et al. 1996, Bolduc and Hake
2009, Shibuya et al. 2009), I DEY . AHZE THLV- DWF4::GUS B & EmF(&.
DWF4 BIZF D 5 LB DAHEZ A TS, DT [Z GUS MRNA DFELVGEEMN

BIERIINEOMELNLLY, LHL. Brz IR LS DWF4 mRNA EDEMNIZER

BEHRAMHIEELTLDENSATREMLHEBRTEGLY, — A, Brz IZ2&% GUS mRNA
EEMOILE EAYIENIEICEHLTIE, Kim 5(2006)DE&TRLESH, KB
Tl Brz fL3 2 B BHIZ GUS mRNA EAE LD IZxtL(Figure 4), IS NDEERT
IX Brz A28 6 BRI £ (2 GUS mRNA 2D EMAY R 547=(Kim et al. 2006), FIF R T
FZDENNELEERIEFEBATELZLAD, DWF4 TOE—2—DRSI(AHEIX
1.7kb, 5 (% 1.1kb) ™ O XF X FTREDEH(AME Tl 14 BE., H5IE 7 B
B)EEDEBREHDEVNDEZLI-OMBLNGN, LEZFLEDDHE KRRIZE
YIFESNTFERIE. DWF4EEEA BRNEZEDEEMHBFOI-HOD S FHED— IR
ELTHERET 5 LEBCERET S,

WE. RILEVEDIARM—J1E BYHRILED D HETRURYMNRRT—
YND—DOTHA, £_T.DWFAEEIZxT 5 BR LIS DIEMRILEL TEHOMRE
RARFECH, A—F U (IAA)FEITH DWF4::GUS IR GUS FtE#TEE (CHEmE

1= (Figure 7A), £1=. IAA OFEMRIIEERFHNIN OEFRIKFH THHT:
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(Figure 8), AT, IAA LIS DEHERA—F 2 IBA.NAA, 24-D £ GUS EE%
ETEMEI T, LHL. Trp ® IAM 2ED I1AA EREETIERMAIXIZEAEFE RN
ZHf=lamh o1 (Figure 7B), CNHDFERIL. BR & —F 2 2 h DWF4 DEEZE At
LTYORF—=ILTNBHTLEETHRT D, N T. 3 DT FA—F L (PCIB,
PEO-IAA. BH-IAA) DR ZARTzETA, IAA I2XD GUS SEEDZFEE A RN
SNBTEM D MoT=(Figure 11), ZMDS5% PEO-IAA & BH-IAA [, A—F U2 R
KTHD TIRL ICEEHESL. SCF R AEX FUUH —EHAEEAE T 5 ENRS
L TLyB(Hayashi et al. 2008, Nishimura et al. 2009), > T. LD R (L. DWF4
BEEN SCF SRAEN LA —F VT FIVEEDKER TICH I EEHEE
29 5, RFEEILIRILIZ, T Chung 5(2011) [EA—F T > HY DWF4::GUS K IR%
FEITHIE FLTEDFET axr6-2(CULY)EEDF —F LU ERZHEEAERD
hTHHISN DI EEMELTLEHN ., COELRMEDHEREFELELY,
F—F U DBIEEEPAT) X, BMREICB T —F O OFFLI e
BT HIET HRRBRETORRICEEEEZ 5N LN TS (Michniewicz
etal. 2007), ZZT. 2 M PAT [EEHI(TIBA, NPA)H DWF4 es B 5 2 55 8%
Nf=£ZA, TIBA [£ 100uM T 1AA M FFET 5 DWF4::GUS HED GUS E4E 5T
2(ZHNFIL =AY, 100uM NPA DIREIXIFEAEMRE RSN >T=(Figure 11), &§
DECHLEREDFEEZL-0TIRAITTHATHSA . COEBWVEHBATHIENTE
HEHD—DME. 2 DOEFADEHENERLGLHENIBDTHS, $40H5, TIBA X
F—F L UHHF )T THS PINL EFRAFY) 7 THSH AUXL DHEREAENEZ R

EFBHIENFBNTLIS(Michniewicz et al. 2007), —A . NPA (A —F U HEHIC
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WZAD APGPL A5 AtPGP19 EWLVoT= P AV /N VB ZAE T HEEZLNTINVS,
DIEMN HELGLHFERESITEILE-OM LN, FAGEBELT. TIBA
AN PAT BHEFME LN DBIRMGEHRERIET H-LT. IAA FEED DWF4 &5
#HNEIL-aT g+ & Z b5, EFE. Oono 5(2003)IE NAA A BA[AuxRD(#A—3
DUIGEBERALY)B plus A]7AE—4—& GUS DR A E = F(BA::GUS)H KD GUS
FEMEVOAXFTXFTDIRIFTEETSH2E,. ZLT TIBA [X 50pM T NAA 12&3
GUS JEMFEL RIS, 20uM TIEIFEAEEBEZEZLGNIELEEZHEL TS,
Flo. CORBRICEDZTIBA FLELRMERETIL, PAT FHRICMATTFA—F
DUBRDBREERIEBETHEBREL TS EOoDHEMNELNET HE0IE KR
THRINT- 100uM TIBA [2&k5 DWF4 EREDHIFIIRE. 7o FA—F 085D
SEHICE - THEIN =DM ELNEL, WTHIZLTE, PAT &£ DWF4 BB D%
AT LHOICE, SOLEEBRNADBETH D,

EYORE -REBRECTRONBEALBEZICHRLT,. BR EA—F 200\
RH LN IBMMITERT S EM BN TLYS(Nemhauser et al. 2004, Hardtke
et al. 2007), Lk D&Y . IRIZH(+5 DWF4 DEFBIA—F L UICkY@EESh
HTENBALMEGEST=(Figure 9), Ffz. A—F P UICKDIBFEML DWF4 B EE
B(I, £1Z2r73 GUS FHDAIEICK>THIEMN D= (Figure 10), Ch DI EM B,
DWF4EE . HBHLIZINLHEESN S BR NEEDEMIEIE TRISRRITHL
TohDEEEFDEEALNT-, T T IAABL. Bz A RDRLERRICEZS
FEEANLECHARRED IAA(L nM & 10 nM)DMEIB DB REZFEICIRET S

ZEM S ot=(Figure 13A), £f-. Brz [T B THIBHRZEETHEHIC. IAAD
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BRHBLMHEILI, LAL. ZEABLER ST HLBrz OBREMRITITEESAT-
(Figure 13A), F1=. dwi4 ZEFKZHW-ERTILIRKDFERNBFONT=, I5IZ,
IAA DL T AIIRBRICHLTT o FA—F 2 PEO-IAA (FEEEFEMRZH DL,
F71=.BL [& PEO-IAA [Z&AEEEZHAMICEESE S LT M of=(Figure 14),
LIED#ERIT.BR A IAA [CEHARD R ERBEISHLTEDMREHEDOILER
29 %, Figure 9 IR @Y. IAA (& DWF4::GUS H3E®D GUS FH%RIRDHERE
BAORETHEEICHEE L, BR (EilfafeRICEI1S TCHA, XTR6, XTH19 ZED
MR ERREEFORBEFET L. FLTCCALOEEFIFRTERE
FHZEL SN TLVA(Yin et al. 2002, Goda et al. 2002 and 2004, Kozuka et al.
2010), AARKYEONT-FEREBEDHREEZEHLEDE.BR FA—FIUITELD
BIRDOBRBEEREBO—EMELTHEET SATREENEZOND, HIZ (L. F—F
l% DWF4 EEFEE ML THIETO BR REEZEINSE. Hil\ T, REENE
MLtz BR [C&->THIRB B ER R ECFOREBRNFESNLO. AIRBEHIME
ESINDEVSREEEEZ B D,

EMHRILEL DL EROBRICH LU TR EMH S EHINFIFIZELIEM
Mo TLVSH(Benkova and Hejatko 2009), EIRDBEE NN E5EZ A —F UM
BBET BRI EIEEFHESNTLIS A (Missig et al. 2003), KFAE THH A IAA D BEK
FHICEROBEEZBEET LM RSNI=(Figure 13B), Fi=. IAA IZkSHEME
Bl Brz HE5EH BT dwid ZRICK->THRESNAY BL OFMIZKYEELT-,
ORI ARDIBAELRLLSICERDHERICHLTBRNAEDHREZRED

CEHFTRIET S, IAA DMARRICIMA TERD B RFEETEH DWF4 DEREAFELT-

35



ZEMB(Figure 9), A—F UM FETLHEFEINS BR ENEMBEROHERIC
SLTEDSREEDEEZ LN, COTEIZEAL T, &IE Mouchel 5(2006) ASK
ZEIKFENREZL TS, Wold. FERELRTERENELGD brx ZEIK(H
RREBR)DOREEGFIAFT—F L UFEMDEERFHRIV/NNVEBRX)ZES
ELTWAILITIA . BREAREERERETF CPD ORBRFHIHERCLTBRESRE
RETHEERLz. WoDFERIE, ERAREK ST —F & BR DIVORN—
DD BRXZNLTRIDE, F-. AR EFRICBR EDEMAETRAKRICIED
MRELDIEETRLTLVND, HoDIRXHIZ DWF4 [CET HEB LG LA, —F
D UIZ&%H DWFA DEREEFEICBRX ARG T OAMNEINERELHHEITAEE
BRI,

FZDERFETHRANEY, A—F 2 h DWF4 DEBEFEFEFNL T, TROHE
HTE BR AEZSHAHATEN RSN, - AARDOEEZREBROFE RIS,
BR [(ZAIARICMA TR D BRICH L TR EMGEEZFDEEZ oI, TN TIE,
HHE IAA OEBRSFEEREEADBREZBEELI-D=A5H (Figure 13B) ? Benkovat
and Hejatko(2009)(%. #Ei P TER DB ERIIEEHM DO EEHEYHRILE (BR. A —F
DUIFLY ONLYD B ANHAZY ( TTOOUE) TR > THEEICHIHEN T
WHERRLTWD FIAIE. A—FUE . TFLUVEEER -V T FILGE-E/
BEERFORBRGERRGLANIILTHEEAL . BRELTEROBELZBAET S
EMTRENTUVS(Stepanova et al. 2007, Swarup et al. 2007), &1, JA NERBEREZF
FAETHI&ITMA . DWF4 FEIREF| T 5 EMlESINT=(Ren et al. 2009), 5+ &

D JA H' DWF4 EREZHIFIT A EIEIARMEICHE LNTHLiEZE SN =(Figure 7), E7=.
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IAA Z1%5 L0 0(XFXFEE T ERIZHE LT JA REEDKIBIEEDH
Riont=(Table 4), —A.RIZBEWLTIXIA REEDHT M BN RTINS, Hh
LEEHTHDIAREEDFE LD E DWFA EEEDRRIC DWW TIEBRMNEAGELA R T
Rond IARNEEDEMIE. DWFA DEEHIFIZTLTBRREEZRICHIELT:
BREOMNELINGWD, LEDIEZEDLELSE . A—F UL BR ORREZNLT
FIREEFEICHIETS5—AT. TFLUPL IAGEEHBELTERBREZAIZHIH
$HEEFEAONT-, £f-. DWF4 BRERIEAA —F O VICKEERARDHKE R
(integration node) L TR EIFIBSEEZ N T-, THHHB, A—F 1L DWF4 &z
BZEEFET S —AT.IA ZHLTHEHEMNIC DWF4 ERZMFILTLL2DHHL
nigLy,

ERDBY ., A—FLUMNRICEITSH DWF4 8552 FEI HE, £ BR &
BOBREFEETHEMNBESIELST=(Figures 9, 10, 13, 14), CDZEMD, F—
F2UIE DWF4 4> CPD M &5%4 BR A GBI FORBFFEEZELT. RO BRA
AEEEMSEDEZ AT LHL. IAA RS LR TEMEE BR(CS £ BL)ENDEM
[FEBHLNIEMoT=(Table 4), COFEREL-HLIERERRAIILLKONEZZONSD ., &
LEEMGHRBAO— D A—F I UICE-oTEMLI-BRENBH D T1—k/\vD
FEHEBEZNLTERBLANILETREITHEDLIZEVNSEDTH S, EFR. Choe 5
(2001)I& DWF4 38 H| R IRSH -2 A4 XF X F(AODA) L E B LY KELE DA,
AOD4 S&HIFEIRADH TIX CS ° BL DEMNIFEAEEMLERNE, ZLTBR F
SEIEBRERT BASL OFBENLEFTEHILEHMEL TS, CROoDHRIE, IAA

[ZE-TABENT BR BT —R/\w o % 2 (F CROM BN LSRR
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X5, FADREELT BIZE. AWV=AETEIRETEGWEEDDT
MNEBREDEMM IAAIZE>TH 0N, EDRWRELTIROBERZRLIZEWD
ZELEZ NS, ER.BR A —FIUIIHTHRZHE BOA/ I ERHLYE
B EMNESNTLVS(Thimann and Sweeney 1937, Clouse et al. 1993), LAL. £
LS DRTEEE L HERR T A2 EIETEALY, Nakamura 5(2009)(EA—F L UM FE
TR FREBOREMRIZ BR DEHPREEINEESTHEEHEL TS, AT,
RIEDHEIZENIE, PO/ XFXFITENTEF—F UL DWF4 DEED K
EWMTHS 22-0H hoRZXTA—)LA° 22-0H-50 T)LT RA-3-4 272 E D BR HfH
KORNEEZEMSESE5THS(Chung et al. 2011), D 27 IL—TDEERIE.
F—F2Uh BR ERHFHEFEZNLTIROBRZHIEL T SAIREEMEZRL TS,
LML, AFARICEL T, BR ERDRMEEY THS BL A Brz & IAA ZRIBREL
RICRon =B OBREZTZEESE-EVSFERIE(Figure 13), BR HEAA L
BERZTTELVDIEDEZLEFET 5. A—F L UIZKHIROMBREMHEIZ BR &
PEAREENER BR DELOLMDNEEBHLIDAIZERT DT, SEOHMRERF
f=RlEEmniily,

EBERFOEEHRAZHEATLI LT, —BHRERFZNE. EROZTEHFHKIREF
WIZIFEWRAZEERET 5, TS T AMRICEVWTERV T AT UM FEIBAIZAL
F2IS—T 4O IWHEIZKYB/RNOFEAD DWF4::GUS B & 1B 15 F(1000bp) D E A%
A=, LML, GUS EMFOMEGEE) XIFEAERETEGN-(HER"3. 8
). COFIGHRZSISRILI-FERELT, HKEL OO AREREE A 1=,

— DB &, ZMHEBEL TRV -2/\0EL DWF4 TOE—2—LDEMEAELEL
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33D THD, VAMXFXFEEIZH T4 DWFL DO mRNA 1, RIL BR £ & /&
{ZF TS CPD ELELRTIEEIZDLEAo1=MD T(Tanaka et al. 2005), FEOKRET
#3189 % CPD &IFEA Y (Mathur et al. 1998). FE(ZEH)TIX DWF4A RNIFEAERIRL
BN ENEZ NIz, BB, KIE TITo7z DWF4:GUS R B Erifi A% ULV AT
HER(Figure 9)BCDBERAEZXFT H(B), £-. ELGLHEVIETH S/ \ODHA
TYAAXFXFHED DWFA NIFESKHEBTLGNENDT LD, ATREMEITELA TR
[TIHWEDIEIETELGL, £5— DD AEEME (L. DNA BEANSITK LW aEhof=&
LWSEDTHD. E2FAEHIL BRMGRERZTYT 355::GUS #EALGE
TH DWF4::GUS LRIEEDEZREELNRIGEIN DL THS(“#HE3. 85
).

Buchowicz DY IL—T1&. AT AT FICET HEBKFEWVRXERRLT
W5, ODMEICENIEX FV T RATURFETSIAIFDNAZ—HITRIET H&=
YOMPEEIRIEIEETSAIR DNA DO UIE(ERS 2 fR) N ERREI N B (Krysiak et
al. 1999a, 1999b, Mazus et al. 2000), CDZEMND, KRR THEAVY AT HIFNT
S AZF DNA 2L . Z D= —BHRERBITHN LFATHEN2EER T £
T AHARTHWAV T RATURFOBAEKD ST pBI221 DNA ZFRiELIzES
5. FFRZK DNA [F=yIBBPLERRKILEZTEOALELT | T2 N BERTS
ZED D M ot=(Figure 15), FMIEEIZ T DM, 22T R TR FIZ&SH DNA 2ED
LR EESOICRARIZECAH pH BE BREICEELZT. P THLETILA
EGHTTHRANFINEZEN DI oT=(T—ERHKKR), TIT. 7ILAHY pH ZH#

B9 588K THD TE BEK(EH 8.0)ZRALT,. AV T RTURFETSXIK DNA
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DREREDHBERAT-. TDHER., 20TIE HFRFD DNA FZI+ THEHFIC
7% L7= DNA D n fEEREHNEMIZHIHI T 52 EM A of=(Figure 16), LML, 2
VT RATURFIZL S DNA 7% HNHIT % 20T1E ZE>TH. ccDNA A5 ocDNA
ANDELLEEBRITUEDH DI ENTELGN >f=, TNFET. ocDNA B—BHIEEFFE
BICERBEEIOVTIE. MED LB NHEREZENEL TRV -RETHLIN
(Xie et al. 1992, Cherng et al. 1999, Remaut et al. 2006). {E¥I#REZE ALV =D IX(Z
EAETELN, IR T=FRYTIZL, Ballas 5(1988)D i XXHME—DEDTH B, FT-.
NODMETEMMBERIHRLTHS, ECTAVITRATUMFITEYEYHE
1% ocDNA ZALFHICRERLG M FICRESE . 2/ QEZFWEL-—BRIFE
EMICEE LTz, TDHER. ocDNA (& ccDNA LEIF DB FREDEERTC
EM M ot=(Table 7), £, 20T1E ZfFEot=FLLVAEZFEAE, EHFITKAZY
JRATURFERVWTLRBLGVERNEONLI LMo LLEDTEEED
HHE20TIEZARMLUI=#HLL DNAREZDRAFEICKY ., IEAWICERLI=Z>
JRATURFERWNA—TA4 I AVEDREREZKIBICHETESLLEEZOND,
AMETERELLZAZE. BfEEHAFITKRATIV T RATURFOF AZERIEEIC
THLDT,. FPENBRON TS GEE O EREEF o -BNETIEHEELRETHIC
EUWTHAEEZOND,

—BHRERBT CEC-BRBOBRELAIITO TV R ERNFKIRERD
HRMNS.DWF4 ORRITEE, £E. RinGEDHRNBIRGHBICREENDS
ZEM M ot=(Figure 9), Fi=. EIZEWTITHIKEB DA TEHEIN ., ERMAET

FIFEAERBTL TGN o=, ChoDIEMN L, HHFRELEEY. 2/\aDER
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DWF4 O—@HRREFIELTLVENEER NI, TDF=H, 2/N\IEERAWLS
&Lz, LAL., —BRIFIRMEITIED RBRIIDHFELI SV RAEFDIRRIC
READEHETHD, T2TA/\AEITRZTDWFH BEFORENRONEY
04X+ X+ OHBETE., EE. RIHZERIFNITT S, HBHLE, BIZHRIBE
ZHRYRL TS TE7HRED Y AARXFT AT IEEMIAZIZMELTHERTHILEER
TW%, 5%, LRROEBCEEMBREUBR/N—TAIIAVEICHEATIIE F
= 7O B4 7293 EICKYERIEAH D DWF4:intronGUS @& EEF)—
A% T87 HIRRICBAT S LR EZFEL TS,

EYHRILEVICEAT HEEFIE. A< oEYBERICHAINTE. fIZ
(E.VITADBIORED B TRVE, BRABELTHRAINTELD . &
. ZNHDREEAD BR DESR(IDWFL A—Ya45)%»L 5 F)L(BRILA—YO%)IZ
BH 5 EEFDEETHDHIENFIBALT=(Fukuta et al. 2004, Rikiishi et al. 2008), =
NODHE(E. BR BEEEFHIENERRO EEEMNITLRYBRELILERLTND,
CNFET.DWFA BEFEEMELEEYBEROBEIFTGLA, RERLAILTIE
DWF4 ZEFIRBEIEHEOMXFTXFOI/NADHENMEESN D ENHES
LT B (Choe et al. 2001), R*¥FHZ, Z2HBHA D DWF4 A —YAT D—AHICER
ZHDIEYA(Osdwarfd-1)IFZERE DI LA IELEEA AIREE DT BAIEE
L-UDIRENEMTHEDHEHH 5 (Sakamoto et al. 2006), LEEDFHE L.
DWF4 Bz F N EROEMICHYBEIIEERLTLVS, LHL., BLEEGEFERF
REIETH BERBEIE TN IR OREDEMICDEADENITEICD

WTORZFMBIRERLEBIN TGN, €oT. DWFA EEFEHRMIZHREIC
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Figure 1. Chemical structural formula and names of eight major plant hormones.
In case of four hormones at the upper row, representative compounds in each group are

shown with abbreviated names; BL, brassinolide; IAA, indole-3-acetic acid; GAs,
gibberellic acid 3; BA, benzyl adenine.
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Figure 2. BR biosynthesis pathway in Arabidopsis.

A simplified pathway of BR biosyntheis is shown with several important enzymes
(green letters). The most bioactive BRs, castasterone and brassinolide are synthesized
through multiple reactions from campesterol as a starting material. Arabidopsis DWF4
enzyme is a C-22 hydroxylase that catalyzes multiple key regulatory steps (red arrows).
BR biosynthesis inhibitor, brassinazole directly binds and inhibits the DWF4 enzyme.
DET2, DE-ETIOLATED 2; DWF4, DWARF4; CPD, CONSTITUTIVE
PHOTOMORPHOGENESIS AND DWARFISM,; BR60x1, 2,
BRASSINOSTEROID-6-OXIDASE 1, 2.
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Figure 3. Shcematic illustration for the construction process of DWF4::GUS
chimeric genes.

To examine transcription activity, a 1.7-kb 5’-upstream sequence of DWF4 gene was
isolated from the genome DNA of Arabidopsis and then fused to a promoterless GUS
gene in pBI101-Hm vector. For the deletion analysis, a series of KOD-PCR fragments
containing DWF4 promoter in different size (1000, 800, 600, 400, 200, 100bp) were
fused to the GUS gene in pBI201 or the GUS gene engineered by inserting the second
intron of Arabidopsis Tripl gene (red bar) into its coding region in pBI101-Hm. The
details of construction procedure are described in “Materials and Methods” (2.2) and
also in “Results” (3.1-3.2). Primer sequences used to amplify the KOD-PCR fragments
were listed in Table 1. Green bars (1700, 1000, 800bp) indicate the positions of BR
responsive element (BRRE) in DWF4 promoter. Km'; kanamycin resistant, Hm';
hygromycin resistant.
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Figure 4. Fluctuations in DWF4::GUS and native DWF4 mRNA levels dependent
on BR levels in transgenic Arabidopsis.

Semi-gRT-PCR was performed to examine the expression of DWF4::GUS and native
DWF4 in response to exogenously applied Brz or BL. The culture conditions were the
same as those described in “Materials and Methods™ (2.5). The relative fluorescence
value is shown in graphs comparing the initial period after normalization with that of
the ACT2 used as an internal control. Each experiment was conducted in biologically
triplicate, and the means + SE were calculated.
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Figure 5. Fluctuations in DWF4 hnRNA and DWF4 mRNA levels dependent on BR
content in wild-type Arabidopsis.

Using semi-gRT-PCR, DWF4 hnRNA and mRNA levels were measured to evaluate the
effects of Brz and BL on DWF4 transcription. To detect both RNA species, we designed
two types of primer (arrow) sets, shown in a schematic diagram of gene expression (A).
The lengths (bp) of the PCR products derived from both RNAs are shown in
parentheses. Fourteen-day-old wild-type Arabidopsis plants were cultured in liquid MS
medium containing 5 UM Brz for the indicated number of days to evaluate the effect of
Brz, whereas the seedlings were incubated in the same medium containing 5 uM Brz for
2 days and then cultured in the presence of 0.1 uM BL for the indicated number of
hours to evaluate the effect of BL (B). The fluorescence intensity of ethidium bromide
of each PCR product band was scanned with a fluoro-image analyzer (FLA 2000;
Fujifilm, Japan) after electrophoresis. The relative fluorescence values are shown in
graphs comparing the initial period after normalization with that of ACT2, which was
used as an internal control. Each experiment was conducted in biologically triplicate,
and the means + SE were calculated.

50



2.0 1

15

10 + - = B mra =3
A EN
0 : : :

DMSO (3d) Brz(3d) Brz(2d)  Brz(2d)
— DMSO (1d) — BL (1d)

Relative GUS activity

B Brz (2d) Brz (2d)
DMSO (3d) Brz (3d) —DMSO (1d) —BL (1d)

Figure 6. The changes in DWF4::GUS activity and staining dependent on BR
content.

GUS activity was analyzed biochemically (A) and histochemically (B) to examine the
effects of Brz and BL on DWF4 transcription. Brz (5 uM) was applied to 14-day-old
DWF4::GUS transgenic seedlings and then the seedlings were cultured for 3 days in
liqguid MS medium to evaluate the effect of Brz, whereas Brz (for 2 days) and BL (0.1
uM; for 1 day) were sequentially applied to evaluate the effect of BL. The graphs show
representative results among three independent experiments. GUS assays in each
experiment were conducted in triplicate, and the means + SD were calculated. GUS
activity is shown as a value relative to that of the untreated control. The photographs
represent the shoots (a-d) and roots (e-h) of transgenic Arabidopsis. The magnification
is the same in all photographs, and a bar indicates 1.0 mm (a).

51



-

40
2 35 J1d
E L B34
£ 30
@ 25
T 20
£ 15
;3 104+ -----4 1 o S o
0
01 1 1 10 1 10 1 10 1 10 1 10 1 10 1 10 (uM)
BL IAA GA3 ABA BA SA ACC JA
B
_ 200
= 180
£ 160
-]
w 140
3 120
£ 60
z 40
2 20
0

1 10 1 10 1 10 10 100 10 100 (uM)
IBA NAA 24D Trp TAM

Figure 7. The induction of DWF4::GUS activity by bioactive auxins.

Fourteen-day-old DWF4::GUS transgenic plants were incubated in liquid MS medium
containing one of either eight different plant hormones (A), three bioactive auxins or
their precursors (B) for 1 or 3 days. GUS activity was measured biochemically. In the
graphs, the GUS activity (the mean + SD) of a representative result among three
biological replicates is shown as a value relative to that of the untreated control. BL,
brassinolide; IAA, indole-3-acetic acid; GAs, gibberellic acid 3; ABA, abscisic acid; BA,
benzyl adenine; SA, salicylic acid; ACC, 1-aminocyclopropane-1-carboxylic acid; JA,
jasmonic acid; IBA, indole-3-butylic acid; NAA, a-naphtylacetic acid; 2,4-D,
2,4-dichlorophenoxyacetic acid; Trp, L-tryptophan; IAM, indole-3-acetamide.
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Figure 8. Dose- and time-dependent effects of IAA on DWF4::GUS activity.
The DWF4::GUS transgenic plants (14 days old) were incubated in liquid MS medium
containing various concentrations of IAA for the indicated periods. Then, GUS activity

was measured biochemically. The GUS activity is shown as a value relative to the
activity of untreated plants (A) and at the initial period (B).
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Figure 9. The root-specific induction of DWF4::GUS activity by 1AA.

DWF4::GUS transgenic plants (14 days old) were incubated in liquid MS medium
containing various concentrations of IAA for the indicated periods. Then, GUS activity
was examined histochemically. The photographs represent the shoots (a-c, g-i) and roots
(d-f, j-1) of transgenic Arabidopsis. The arrows indicate primary root tips (d-f, j-1).
Primary root tips are shown in insets when they are absent in the main flames of
photographs (d, e, k). The magnification is the same in all photographs, and the bar
indicates 1.0 mm (a).
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Figure 10. The DWF4::GUS activity in shoots and roots of IAA-treated seedlings.

Fourteen-day-old DWF4::GUS transgenic plants were incubated in liquid MS medium
containing IAA. After 1 day of incubation, the seedlings were dissected at the
shoot-root junction. GUS activities in the separated shoots and roots were measured
biochemically. The GUS activity is shown as a value relative to the activity of untreated
shoot.
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Figure 11. The inhibitory effects of three anti-auxins and the PAT inhibitor TIBA
on IAA-induced DWF4::GUS activity.

Fourteen-day-old DWF4::GUS transgenic seedlings were cultured for 1 day in liquid
MS medium containing 1AA and one of either three anti-auxins (PEO-IAA, BH-IAA or
PCIB) or two PAT inhibitors (TIBA or NPA) at the indicated doses. GUS activity was
analyzed biochemically (A) and histochemically (B). In the graphs, the GUS activity
(the mean = SD) of a representative result among three independent measurements is
shown as a value relative to that of the untreated control. The photographs represent the
shoots (a-f) and roots (g-1) of transgenic Arabidopsis. The magnification is same in all
the  photographs, and the bar indicates 1.0 mm (a). PEO-IAA,
a-(phenylethyl-2-one)-1AA; BH-IAA, o-tert-butoxycarbonylaminohexyl-IAA; PCIB,
2-(p-chlorophenoxy)-2-methylpropionic acid; TIBA, 2,3,5-trilodobenzoic acid; NPA,
N-1-naphthylphthalamic acid.
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Figure 12. The relationship between IAA and either BL or Brz regarding
DWF4::GUS activity.

IAA was applied concurrently with either Brz or BL to 14-day-old DWF4::GUS
transgenic seedlings at the indicated concentrations and then the seedlings were cultured
for 1 day in liquid MS medium. GUS activity was analyzed in triplicate, biochemically
(A) and histochemically (B). In the graphs, the GUS activity (the mean = SD) of the
representative result is shown as a value relative to that of the untreated control. The
photographs represent the shoots (a-d) and roots (e-h) of transgenic Arabidopsis. The
magnification is the same in all photographs, and the bar indicates 1.0 mm (a).
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Figure 13. The effect of BR on auxin-regulated root elongation and lateral root
formation.

Seven-day-old seedlings grown on solid MS medium of wild-type (Col-0) and dwf4
mutant Arabidopsis (in a Col-0 background) were transferred to the same medium
containing different combinations of BL (1 nM), Brz (500 nM) or IAA (1, 10 or 100
nM) for 3 more days. The lengths of the lateral (A) and primary roots (B) and the
number of lateral roots (C) of the seedlings were then measured. For the primary roots,
the elongation was calculated by subtracting the root length at the initial point (day 7)
from the total root length at day 10. The primary root elongation rate (B) refers to the
average elongation rate (mm/d). The histograms in each graph show the means + SE of
triplicate experiments (Col-0; n = 10, dwf4; n = 8 to 10). Statistical analyses were
performed separately for each data set obtained using wild-type and dwf4 plants. The
different letters on the tops of the histograms indicate a statistically significant
difference of P < 0.01 using a one-way ANOVA followed by Tukey’s test.
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Figure 14. The relationship between auxin, BR and an auxin signaling inhibitor,
PEO-IAA on lateral root elongation.

Seven-day-old seedlings grown on solid MS medium of wild-type Arabidopsis (Col-0)
were transferred to the same medium containing different combinations of BL (1 nM),
IAA (1 nM), or antiauxin PEO-IAA (50 uM) for 3 more days. The lengths of the lateral
roots of the seedlings were then measured. The histograms in each graph show the
means * SE of triplicate experiments (Col-0; n = 10).
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Figure 15. Effect of tungsten particles on plasmid DNA integrity in water.

(A) Plasmid pBI221 ccDNA was incubated with (+W) or without (-W) tungsten
particles for the indicated periods, at 25°C or 4°C in pure water. The details of DNA
recovery, electrophoresis, and detection are described in “Materials and Methods” (2.11).
(B) The pH in the solution at 25°C was measured at the times indicated and its value is
shown as an average + SE of three independent experiments: C, non-treated pBl221
ccDNA loaded as a control. Horizontal bars along the right side of each photograph
indicate the migration positions of the ocDNA (oc) and ccDNA (cc) from the top. Open
and closed circles used in the graph indicate the presence and absence of tungsten
particles, respectively.
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Figure 16. Dose-dependent effects of TE buffer on DNA adsorption to tungsten
particles and integrity of the bound DNA.

Plasmid pBI1221 ccDNA was bound to tungsten particles at 25°C or 4°C in the DNA
adsorption mixture containing each of four kinds of TE buffer adjusted to pH 8.0. After
the coating reaction, supernatant containing the unbound DNA (1) were separated from
tungsten particles by centrifugation. The resulting supernatant was divided into two
aliquots. Each aliquot was used for either DNA analysis or pH measurement. Tungsten
particles were transferred to a new tube after preparing suspension in 100% ethanol, and
then re-precipitated by centrifugation. DNA adsorbed to the vessel (2) and to the
particles (3) was eluted in 50T1E buffer; it was then ethanol-precipitated, air-dried, and
finally dissolved in 10T1E buffer. The methods of DNA handling and presentation style
follow those of Figure 15. The pH value in DNA adsorption mixture is shown as an
average + SE of three independent experiments.
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Table 1. Primer sequences used for DWF4::GUS deletion lines.

Direction DWF4 promoter  Primer Sequence

Forward 1000bp 5-AGATCTAGAACAATGCATAGAAAGTTC-3'
800bp 5-AGATCTAGATTAATAATGCATGGTGCG-3'
600bp 5-AGATCTAGAGCTCGTGTAGGGGTCCTT-3'
400bp 5-AGATCTAGAAACTCACAACTTGATCAG-3'
200bp 5-AGATCTAGAGCTTTCTGCAAC TTTTGT-3'
100bp 5-AGATCTAGACATTGGTTAGGTTTAAGC-3'

Reverse all 5-GTAAAACGACGGCCAGT-3'
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Table 2. Primer sequences, cycle numbers, and annealing temperatures used in the
semi-gRT-PCR analyses.

Figure Gene . Cycle Annealing
Target Primer sequences
No. name numbers  temperatures
. 5-TACCTCTTCTTCTTCT
Figure4 mRNA DWF4 CCCATCGC-3' 29 55
5-CGAGAAACCCTAAT
AGGCAAACCG-3'
5’-GTGCCAGGCAGTTT
s TAACGA-3’ 33 52
5’-TTCACCGAAGTTCAT
GCCAG-3’
5-TTCCGCTCTTTCTTTC
A CAAGCTCA-3 &S e

5-AAGAGGCATCAATT
CGATCACTCA-3'

. 5-GAAGGTAAGAGGTG
Figure5 hnRNA DWF4 GTGAGAGATGA-3' 35 55
5'-CGAGAAACCCTAAT
AGGCAAACCG-3'
5'-CTTGACCTTGATGGA
ACT2 GAGATCCATG-3' 27 %
5-GGTTAAGAGGAGCC
TCGGTAAGAAG-3'
5-TCCTTGGAGATGGCA
mRNA DWF4 ACAGCAAAAC-3' 35 55
5'-CGAGAAACCCTAAT
AGGCAAACCG-3'
5-TTCCGCTCTTTCTTTC
ACT2  CAAGCTCA-3' al e
5-GGTTAAGAGGAGCC

TCGGTAAGAAG-3'
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Table 3. LC and MS conditions using LC-ESI-MS/MS.

LC condition
Solvent A Solvent B Composition of solvent B

Water containing Acetonitrile containing 3 to 63% over 18 min
0.01% pyridine 0.01% pyridine

MS condition
Retention MS/M.S Collision Fragmentor
time (min) Charge transition energy (V) (V)
(m/z)
CS 155 - 463/129 22 190
463/411
463/427
[H1.CS 154 - 467/129 22 190
467/415
467/431
BL 15.0 - 479/129 28 170
479/331
479/349
[‘Hl.BL 149 - 483/129 28 170
483/335
483/353
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Table 4. Quantification of plant hormones in wild-type Arabidopsis seedlings.

Hormones First test (600 seedlings) Second test (1200 seedlings)
Organs

(ng/g DW)  free 1 UM IAA free 1uM 1AA
Shoots CS 1.93 1.92 1.96 2.10

BL nd nd nd nd

JA 3534.95 1293.36 4421.39 1971.85

IAA 200 249 96.2 101
Roots CS nd nd <0.305* <0.229*

BL nd nd nd nd

JA 198.66 216.58 247.66 289.28

IAA 291 377 264 357

* The maximum value is shown as for CS in roots [refer to “Materials and Methods”
(2.9) for detail]. DW, dry weight. nd, not detected.
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Table 5. The length of promoter used for the expression analysis of BR biosynthesis

and metabolic genes in previous reports.

Category Gene name bp Reference

Sterol biosynthesis FK 1,700 Jang et al. 2000
HYD1 2,000 Souter et al. 2002
CYP51A2 1,550 Kim et al. 2005
SMT2 1,500 Carland et al. 2002
SMT3 1,500 Carland et al. 2002

BR-specific biosynthesis CYP90C1 (ROT3) 1,900 Kim et al. 1999
CPD 965 Mathur et al. 1998
BR60x1 (CYP85A1) 1,800 Castle et al. 2005
BR60x2 (CYP85A2) 1,800 Castle et al. 2005

BR inactivation BAS1 1,500 Turk et al. 2003
SHK1 2,000 Takahashi et al. 2005

Average of promoter length 1,656
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Table 6. The number of indepent transgenic lines of DWF4::GUS Arabidopsis
harboring the indicated DWF4 promoter in different size.

Length of DWF4::GUS  Antibiotic-resistant ~ Selected lines Homo lines
promoter lines (T2) by screening (T3) (T3)

1000bp 13 7 2

800bp 5 5 1

600bp 6 6 3

400bp 1 1 1

200bp 2 not yet not yet
100bp 1 not yet not yet
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Table 7. Effect of plasmid DNA topology on transient gene expression.

gg?;éig[%ﬁg Spot number/cm®  Gold particle Tungsten partcle

cc GUS 124.11 + 27.95 100.22 + 17.45
GFP 677.83 + 80.56 297.59 + 54.70
efficiency* 182.03  + 32.02° 34042 + 35.89°

oc GUS 70.51 + 453 112.10 + 28.78
GFP 319.83 + 27.53 344.06 + 17.33
efficiency* 221.34 + 52 319.33 + 64.94°

* The efficiency of transient gene expression was presented as the number of GUS spots
per one thousand GFP spots. Different letters at the right of the numbers indicate a
statistically significant difference of values at P < 0.1, using a Student’s t-test.
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BAZEICHRASNTOVGENIENZEFON S, £ T FAlE, LEEEDILBRORE

EFEEBORAZEMNELEAMREZITICEICLI CAAERTENIX.BR N
A EDANAFIHARIREICAY, 15K, BRIEEED=EFRICKECEM T HEE DN
5

BR DRAEIF. £EHENBDREED/NSVRIZE>THRHISNDEEZEZDL
Nd, T FMHEED BR [, ZEREODERRISIZEYERSINSIEAONTL
%o COHRT C22 RI/KERILEERIT BR £EEBDBERERGEBSEHKICT, ZDEEF
T 5 DWARFA(DWF4)DHFIRIL BR RAEED T4—R/\yIiREIZE LTI MZE
BEER-FT EMNREINTLVSD, LHL,. DWF4 DT4—F/\ IR EEERETIC
FYERSNLEDOM . EEERAMICLIDON . TOEELEHLLIDIGE D FHE
[FRIZELDMOTULVEL, F=. BR LIS DIEWIRILEL & DWF4 FIFERETE DR
RIZSODVTOHMELIFEAER CNODREEZRRFRT 7= Fhld DWF4::GUS
MEECFEEHL. REMBEGROAMXFTIXFTZAVEEEMN PCR
GUS LIR—4—7 vt A12&Y DWF4 DEE#EFTE{Tof-. TDHRE. DWF4 DEE

REIZDODDWTUTOHIMRZ/[AENTE =, ThIE. (1)BR REED BRI
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&L T DWF4 BREN T4 —F/\w Y AEIER(TH L, (2BR LRI, A—F b’
DT FIVREKREFHIC DWFA BsEZ B8 T 5 &, Q) A —F 2k bH DWF4A DEx
EFENMRR.FICTEREABROSHEEEBRBEBTECSZE, Q) —F v
(X BR DRAEREZNLTIROBRZGETHED 4 RTHD LEDIEMG,
DWF4 (x5 5Ai(E BR EEMHHFEZERSEIHBO—MEL T, FRICHEITS
BR-A—F VORI DRmELT2ODEREZF OIENABALMELH STz, Th
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Ff-. LEOHERITNA TEGRFEANED— D, N—T1UIAVEDH
MR, TaHLEEFEABRKICAVNSGAV T ATURIFH DNA 2L (22
DRE)THCETHRRETHERIC. COBEZEZHRTIAEDORFEICHILE, C
DERL. SR —BRILTDITHAIEGCFEAZTERELEEYDO D FHEREIZKES

BT HEZEZ TS,
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Summary

Brassinosteroids (BRs) are a class of plant hormones with a unique polyhydroxy
steroid structure, and are essential for growth and development throughout plant life
cycle. In addition, BRs contribute to the enhancement of biotic and abiotic stress
tolerance in a variety of plants and promote increased yields in some crop plants,
implying that BRs have a potential application in agriculture. To date, many aspects of
BR biosynthesis, metabolism and signal transduction pathways have been revealed by
both molecular genetic and biochemical research. Through these studies, numerous BR
biosynthesis genes have been identified and characterized. Among them, the
Arabidopsis DWARF4 (DWF4) that encodes a C-22 hydroxylase has been of interest
because it catalyzes multiple key regulatory steps in BR biosynthesis and plays a crucial
role in the feedback control of endogenous BR level. However, it still remains to be
determined whether DWF4 feedback expression is achieved either by its transcription,
post-transcriptional control, or both. Moreover, it is almost unknown whether DWF4
expression is controlled by plant hormones other than BRs. To answer these questions,
the intensive analyses using a DWF4::GUS reporter gene were performed to determine
the transcriptional behavior of this gene. Several findings regarding the transcriptional
control of DWF4 were obtained through these analyses as follows; (1) DWF4
transcription functions as a part of the feedback control machinery that maintains
adequate levels of endogenous BRs in response to both their excess and depletion; (2)

F'RL_mediated

DWF4 transcription is positively regulated by auxin through the SC
auxin signaling; (3) auxin-induced DWF4 transcription is restricted in the elongation
zones of both primary and lateral roots as well as the lateral root primordia. Furthermore,

through pharmacological analysis, auxin was shown to elongate lateral roots
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dependently of endogenous BR levels, suggesting that auxin stimulates lateral root
growth partly through enhanced BR function, which seems to be caused by
auxin-induced DWF4 transcription. Altogether, the results indicate that DWF4
transcription plays dual roles in both the BR homeostasis and the BR-auxin crosstalk
that is associated with root growth. In addition to the above findings, | revealed that
plasmid DNA is severely degraded and converted into oligonucleotides by tungsten
particle that is commonly used as a DNA carrier in biolistic bombardment. Furthermore,
I modified the most generally used method of tungsten-DNA adsorption and succeeded
to reduce degradation of tungsten bound DNA to the sufficient level for the practical use

of this complex on bombardment.
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