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Mechanism for cytokinin signal transduction by the response
regulator ARR1
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WFIER R OMEEE (330) . Arabidopsis ARR1 is a response regulator which activates the
transcription of primary responsive genes to cytokinin. In chromosome
immunoprecipitation analysis, it was confirmed that an ARR1 fusion protein was bound to
the promoter region of an ARR1-direct-target gene, ARR6. The binding was enhanced by
the treatment of plants with cytokinin. It was suggested that ARR1 widely covers the
chromosome DNA. In addition to the ARR1 study, a monitoring system was developed, by
which the intensity of cytokinin signals in individual cells is visualized taking advantage of
an artificial cytokinin-responsive promoter.

SATRERA
(AL : 1)
[ERESES GRS R

200 94 5, 100, 000 1, 530, 000 6, 630, 000
20 1 OfRpE 3,900, 000 1, 170, 000 5, 070, 000
201 14 3,100, 000 930, 000 4, 030, 000

FRE

FRE
o 12, 100, 000 3,630, 000 15, 730, 000

WFoEor 8 - WSy R
Bt o5 E - B - EEEwS. Wl a4 - EES
F—U— R WY RNLE S - BBERT - 7 VR - filaob

1. WIZERRAG S DT =

YA PIA=20F v a— MERORE,
FALDIRIE, FERFIR DML - HEFER &L £ <
DIEWIEA OBRZICE D S A vE T
bD, A MIA =M E oS

His ¥ —Flz Lo T n=%, =0
TF IR LEEEO His-Asp U VB L—& A
LT ARR1 # &G R RI L AR 2
¥al—4%— (typeBARR) ~LfEbV . Z
DHEREE 2 720y THERE R o — R4 2056



BB TOEBENEMELEINS, Vi) v
— 3 T F VTR GR TR AR A VX
2 L—%—(typerAARR) IZ bIRIE SN D03,
type-B ARR #{x - DZ EAERMKROLDIRL /¢
EMnb, FREDY A M A = VBB A~D
VT FMEEIT typerBARR #/0 LTV 5 b
DEEZLNT, LML, type'B ARR DFE
BGOSR, type'B ARRICXK B 7
JUIRNE MR BIE AL O 4y THtE . 35 L OMERY
B THROBRER SOV TR 2N
ML A NIA = TFANREDRER
TR CHEMIEMA - 2B L AL DS EBIG~ &
DIEMNBOMTE L IR EHEE I L TWY
2o Tz,

e RE OWFSE 7 N —7"Tlx, ZHhET
\Z ARR1 OHEERT & L TOIAKRNR 5
MEEAHA LM T B & L b, ARRIEInT
D HEBE R R ZE AR N 2 TR B AL
RENFHETX %5 ARRIADDK-GR Z MW\ T,
ARRI 23U A A= T FNVTRELT
WHEISEBAS T 7 BEREIE LT 5 2 &
FEBH L7z, F£72. ARR1 KR DYA M D
A = BB B AL F DER EIE ML IC B D
LD EEHBEMNTL, A MIA=VIRED
MHEIBFEICB WD THLR R & E 2 Ri-4 2
LERLIZ, SHITFWMOYA NIiA =Vt
BRI LT, ARR1 M EHELE T DO—
D SHY2/TAA3 %/ LT, BumA U AT L
fogibizB i34 —Fv v A b A=
Y OFRHHIENIC D> Tns Z L &2H 5
Mz LTz

2. WFFEOHK

ZiLETD ARRIADDK-GR % FHV T fEdT

B LV ARRI-GFP % W7o e e afk
TeZ ik (ChIP) AT 72 E7 D IREE K
EL EFT LA M A = RIGE B
FIZELTE, T b DR EDEH D7) ARR1
DIEBIEFTHDH T LRI NTND, L

2L, S OIS D8 RS TR < |

ARR1 RGBS T HEEICFE STV 5
RTIEZR, 2T, BEDOE ChIP fi#hT
FEFT-ICEFE L, ARRL 28 _LiRfEEICHE S
T 5\ 5 A MERENICFEE L, ARR1 AZRE
B DOEREMHHTH E2BME LT,
type-B ARR O+ 7 S RIZ K- TH&
o ENDHTFHEREDOZELICON TR, A
N A =2 v T AR A & B 5 bk
THETHIIZHLHLT, 2<frah T
ehot-, £Z T, ChIP f##H%22FH L.
ARR1 DIER) DNA 12k B FE 0N Z /IR

His T —E06 D2 7ZFIVITHEIET 5 DD,

H L TR EIEVEILRED B3 & 7 VAKRAT
B D, £7-. ARR1 DNEEIRMELZ T
e <ERGIMELIC H B> TWH DN E
LML ED & LT,

ZHIVE TITHE 2 B R TR BURAT 23T o
NTAER. BE 28T 8B TORBD YA b
HA = B ES TELT 5 2 L AVURE
nNTnWs, £, MEwERS SO L~
TRIDZHERBLOFEENY A NI A =
VU TFNVORBETICHDLEEZLND, L
ML, INHHEIIRLTHA b hA =2
TFANRED I HICEH D> TWDDMNITHD
W, RFEMICIRIT S ND Z &3 o Tz,
T T, ZDLX D RN OFIRD & LT,
&2 offEicB B A N4 =0T
IWOBEEZ Y TNAVEZAL LATE=X—TE5
ROBF LTI~ T,

3. WDk

T HUREEE D iy ChIP bR 2 i3 % 7=
Wiz, F9, FeE—F—fHENL X
B o— NERO KRG T2 51 ARRI &is
FDNAMH A7 a—= 71, TOFHIZ
7L —LEEDE L TYFP 8L mye #
T BT M a— 15 DNA KR %57
X, AL (ARR1g-YFPmyce) #1Eik
L7z, ZOMAEELTFEHAR ol XF X
FIEAL, YFP e % o ™7 H a2 NTEM:
ARR1 & FIEED /R K — o TREMNIFHILT S
AR 28k L, Z O EiRs A%
RREM ETERL, Y14 b A=vD—F
ThHAHRV LT F = (BA) WL F 7~ 134
WLBRDBZIAROE o 2, HLYFP Hifk %
7z ChIP fi#dTIcfit L7z, ChIP f##TIZRE
LClE, 5% ET ) LEXRIT LT KIRRSR
Wr~ERESE D5 TH D720, LT
FeRT O &SR L BRI R L
N LT,

YA NIA =T FNLDE=L—RIT
B LTl WFEREEDOWZES L — T3 5
22 L7= ARRL #5&ELS (5-AGATT-3) %
6t —HTAHANLTBE—F—DFiilct
A~ H2B-YFP @& % v R0 Eh a— K
5 DNA W 22 WE LR — ¥ —En T
(TCS6-nYFP) #Z{FpL., v mA XFXF
WCE AL, £, A—F v 7 roE
= —%ELTHWLNTWS DR /1
— % —& b Z h o H2B-tdTOMATO ==— R
DNA ZfiAG e L R—% —&ET
(DR5-ntdTOMATO) & [RIBFIZIERC L,
oA XFRAFIEAN L, IS E#HITED
., ML A=Y —BErEETLHaA X)
AR =S,

4. MR

(1) BEEET ARRIg-YFPmyc VBN SR
gl v A X F AT B L. €
nooHENG5 ARRI-YFPmyc @it G % v 737
B AENIEM ARR1 & [AEROD /XY — 0 CTRE



B BT 2 B HARRR 2 1N LT, X1
(2% D YFP @2 — 2 Zord, (F: E
WK OBROHE B2 RT, A
ARR1-YFPmyc @& % > /X7 E Ol %
— VRO TCART,)

ARRT-YFPmyc

X 1

SO = I G R N ay o AV e /AR ER N )
BT I3 W T, ARR1-YFPmyce 73
ARR1 )& - CThH D ARRED 7 v & — X
— IR AT A AR L, £/2. &
DFEE I E~D BA LLFLIZ L i i
HZEPHSTZ, ZNETARRLIZY A b
A = 7 ) BN E R T OR
GaIEMET 2 2 EAURI LTV, AlEl,
ARR1 ® DNA F&ENYA "o A =0 v T
JZIRET 2 2 & RED TORENT,

F72. ARRL IZZFETIZH LTV AL
T2 A DA = BB LTS,
T F BRI EBERRICREBL S DB
fafoO7aE—X—fFERicbiEET 52k
WRENTZ, ZDOZ D, ARRL I35 AK
DNA [TV I RS R i S L.
% < OBAG T OEREHIFNZ X L CHEBEREE
25D LW ) AIEEMED R ST,

BB, B OEIT ARRL O4yHEREME
Mrofmx & U TBIIERMRER P CTh 5,

(2) ARR1 &SI THD 5-AGATT-3% 6
S —FOANTTBE—F¥—0O FHElIc e &
r> H2B-YFP @A X o R0 Eh a— KT 5
DNA MR Z o272 W/IE LR —4% —#Ex+
(TCS6-nYFP) %1EpkL7-, £7-. DR5 7
nE—4%—4& b AL H2B-tdTOMATO =
— K DNA Wt &#flAaa b LR —% —ik
¥ (DR5-ntdTOMATO) #1{ERkL7-, =
NoOVR—F—8BafrEIrA X XF
WZEHA L, ENOEEEBEREOF NG ZNE
WEIE S 7T VS ERERTH Dk & %k L
2o £ LT, TNLFEERBAZ#HIT 5 bt
HZEIZEY, MLA—¥—BaEREIZ

HIoHvaA XTHREER LI, £OBEOR
WZBITFA2FNENDOLR—F — IO~
— &K 21T, (£ IWEERBREOR D
RS 2=, B DR5-ntdTOMATO =
LS54 —F T FNDNRE— 2 ERT
"9, £ TCS6-nYFP LAY A FA=
VT DN E TR,

DRS-ntdTomato

6TCS-nYFP

%] 2

ZDOEF=H—FRTiX, tdTOMATO B LW
YFP O h i) A F8 e 0D 7 k%I
JIETHDT, ML DL 7 FADMENR
7Ty RBLOE Y T A NTHEDL
N3, ZOZEIZELY, EnFENov 7 Fn
DO E N R T 5 &2 60
Do Flr. A—FT VT FNLEHA NBA
=2 TV ORRRER 72 284k % R U AE ) (#
ETERAWNTIYTNAH A LATHETDHZ LN
TX 5,

5. ETrpggIam L5
(WFFEAFHE . WFFEHE K ONEEEIT7EE 12
ES )

UdERsRm3C) (G5 1)

@ Aki, S., Nakai, H., Aoyama, T, Oka, A,
and Tsuge, T. (2011) AtSap130/AtSF3b-3
function is required for reproduction in
Arabidopsis thaliana. Plant Cell Physiol.
52:1330-1339. doi: 10.1093/pcp/pcr077

(EHAY)

@ Luo, Y., Qin, G., Zhang, J., Liang, Y,
Song, Y., Zhao, M., Tsuge, T., Aoyama, T,
Liu, J., Gu, H., and Qu, L.-J. (2011)
D-myo-inositol-3-phosphate affects
phosphatidylinositol -mediated
endomembrane function in Arabidopsis
and 1is essential for auxin-regulated
embryogenesis. Plant Cell 23:1352-1372.
doi: 10.1105/tpc.111 (&EFHA D)

® She, K.-C., Kusano, H., Koizumi, K,
Yamakawa, H., Hakata, M., Imamura, T,
Fukuda, M., Naito, N., Tsurumaki, Y.,
Yaeshima, M., Tsuge, T., Matsumoto, K.,
Kudoh, M., Itoh, E., Kikuchi, S,



Kishimoto, N., Yazaki, J., Ando, T., Yano,
M., Aoyama, T., Sasaki, T., Satoh, H.,
and Shimada, H. (2010) A novel factor
FLOURY ENDOSPERM? is involved in
regulation of rice grain size and starch
quality. Plant Cell 22:3280-3294. doi:
10.1105/tpe.109 (&FHA V)

@ Sato, K., Maki, Y., Imai, K.K., Aoyama,
T., Goto, D.B., and Yamaguchi, J. (2010)
Control of endoreduplication of trichome
by RPT2a, a subunit of the 19S
proteasome in Arabidopsis. J. Plant Res.
123: 701-706. doi:
10.1007/s10265-010-0321-x (&#HiA V)

(® Taniguchi, Y.Y., Taniguchi, M., Tsuge, T,
Oka, A., and Aoyama, T. (2010)
Involvement of Arabidopsis thaliana
phospholipase D2 in root hydrotropism
through the seuppression of root
gravitropism. Planta 231:491-497. doi:
10.1007/s10425-009-1052-x (&#HiA V)

PRk Gr2 54)

O FiH&EE, ZHET-, RREmE, Fil
g T UEBRZITISE LT-HREHREIC
BUF % PIP5SK OF&RE]. H AR AR
2« 2012 S 20124 3 H 16-18 H

CREVEZE RS, HENT)

@ ZZEfnfd, TS (Ll K AE.
PPy . ARER—ER. TEREERRIC K DA
N A = ZHREROFEE AL ORE ),
PSR FEEE 46 [EIRE. 2011 4F 11
H1-2H (FHERT, HiARE)

@ fRAYERE, HILEE B 3, AR
BB, THARRPN A — 2 040 O AT AL IZ B
THHTE-TAA DV TIVEA DA A=
7| R bR R 46 Bk, 2011
F11H 1-2 B (FEE R, AR

@ E¥EE, HKEER, Zamr. BH
R, R R, FEs . DHlao it
TR B oy BRI EAER . 5 24 (1]
WEMINEE S R A, 2011 4E 9 A 19-20
B CRRUKRZ:, BHD)

® FLES, TR RIC ST 5
VHRE Y SO E] B - BT
7 a— V) — X —FR T e 7T A
VURT T A, 201149 H 15 B FRGK
SN Gl

©® ZrRiT. KIBE. RORER., MRz
B, HILER, TvaAf XFXF R AR
Y R—¥ D 18 a OB FANT . B
AR AEFRE4s - 2011 4EFEAESS . 2011 4F
3 A 11 B (B AW AERFA R — L=
1)

@ fHEES, AR EE, ZHKT. hiE
Mz, FliESs . TRERKICIEE L
PIP5K Bn1-Oi%Re ] | 55 23 [RIHEMARE >

%L(\

VARV T L 2010 11 A 26-27 B OL#B
R HEBI)

LR, KA, AR i
. Fsd, Tva A XF KT RAR
U 3—F D1 B n T OB PN, 56
23 FREMIRE > AR Y v A 2010 4F 11
H26-27 0 CRUR:, AT

© FEER, HKEE, LREf. BH
EE R M. FIssE, Lo
TEREIE A3 1T DALIENEH O > 7T v ],
5 23 MREMNEE > v R YT 4, 2010 4F 11
H26-27 B CR#RTF, ZHT)

LR, B FEZ, FI W, B
%, HEk—B, [ —Y RYA M A=
DERF & ABEME ) RS TS5
45 K%, 20104 11 H 5 H (K,
S IR

@ Naoko Anzai, Yohei Ohashi, Masatoshi
Taniguchi, Tomohiko Tsuge, and Takashi
Aoyama, “Genetic analysis of an Arabidopsis
taliana PX-PH-type phospholipase D gene,
PLDzetal.”, Cold Spring Harbor Asia
Conference "From Plant Biology to Crop
Biotechnology", October 25-29, 2010 (Suzhou
China)

@ Takashi Aovama, Yukika Wada, Naoko
Anzai, and Hiroaki Kusano, “Regulatory
mechanism for shaping plant cells.”,
International Symposium on Young
Researcher Global Leader Training
Program, Shizuoka University, October
7-8, 2010 (Hamamatsu Japan)

@ Yukika Wada, Hiroaki Kusano, Keiko
Yasuda, Tomohiko Tsuge, and Takashi
Aoyama, “Function of PIP5K genes in
the root hair elongation responsive to

environmental stimuli.”, The 19tth
International Sympojium on Plant
Lipids, July 11-16, 2010 (Cairns,
Australia)

S ER ., RIS, ZHT. i
HEZ. FIESE . TERERBIGE LR
Eff R 5 PIPSK Efs 7 OffEl. A
AR B2 + 2010 AFFEFESS . 2010 4
311821 H (REACKS:, REAIR)

@® Yukimi Y. Taniguchi, Masatoshi
Taniguchi, Naoko Anzai, Yukika Wada,
Yohei Ohashi, Tomohiko Tsuge, and
Takashi Aoyvama, “Biological function of
the Arabidopsis PX-PH-type
phospholipase Ds, PLD{1 and PLDC2.”,
The 3rd Asian Symposium on Plant
Lipids and The 22nd Japanese
Symposium on Plant Lipids, November
27-29, 2009 (Yokohama, Japan)

LS TR AR ORI 2 B %
UUNEE Y 7T v, #RRY: - HF 70




— VY — X =BT m ST A
R A, 20094 11 A 11 H GERKFE,
o] U,

(XFE] Gr24F)
@ Aoyama, T. (2009 Phospholipid
signaling in root hair development. in
“Root Hairs, Excellent Tools for the Study
of Plant Molecular Cell Biology” (eds.,
Emons, AM.C. and Ketelaar, T. Springer,
Berlin Heidelberg New York) pp171-189.

(Z Dfh)

R B —
http://rdb. kuicr. kyoto—u. ac. jp/research
ers/view/aoyama+takashi

6. HFZEHAE

(1) WrgefRaEE

FHil L (AOYAMA TAKASHI)
AR - (LRI - Hid%
&5 - 80202498

(@) WHFEsr i
mL

(3) HAEMTIEH
mL



