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Molecular mechanism for auxin-mediated regulation of cell division plane in land
plants
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The plant hormone auxin plays critical and versatile roles in the growth and
development of all land plants. My recent study identified WIP family as a common auxin-responsive
gene in land plants. To investigate the role of auxin-WIP pathway in land plants, this study focused

on the liverwort Marchantia polymorpha of which genome encodes only a single WIP gene (MpWIP).
Expression analysis revealed that MpWIP was highly expressed in the ventral side of apical meristem
and gemma cup. Loss-of-function mutants generated by CRISPR/Cas9 method showed reduction of rhizoid
elongation and dense formation of gemma cups. RNA-seq analyses using the mutants and overexpression
lines identified downstream candidates of MpWIP. Comparison with published transcriptome data from
Arabidopsis thaliana provided insights into the conserved role of WIP family in land plants.

WP



¥ X C—19. F—19—1, Z—19 (5@

1. WHFEBLE S PO

REMITAD 5 EAERTC B & E LT AK BB O . M LW SIRAB LRI S 415 e b~
HEH U, FPR OB TR & 808 (il 2 i & 845 L C & 7o, A O] il e
CHRENBE T E R oo, MR Rm O & - (7 OfEIEE O O a-° iR 71 & TRk
HHLEERERTH D, A—F IR TORE LM ORECBOTEHEMN>EE L EE L
RIETHANVELTH Y MESREHIEIC 5L CVD[1], LA —F itk > Thlx
B SNOBIBEFRIOEMRED L S5 L THilasHiE 2 H#E L T3 b it s T
WIRIND T,

WEDWETA )y « &« P MITILB T 24— % v VIEEBIRT- & LT CCH2 55 R 74 =
— K32 WIP 7 7 I U —WEE SN TW[2], WIP 138 TRIIC B Thk 2 2238 B O3
KD BFERR EL AR Z S B3], R rA X T XFT ORRAEITBN T, WIP2/4/5
JURRCA— % & > O Tl TR 7y ZE R W 2 IR R A IS5 Z LR ST
WDMN, ZFDLT A=A LNTIHLNT > TR T2 [4],

2. WEDB

% OFEWFEI Y ) AHPICEED WIP % 5Okt LB =7 I WIP % 1 av—DHt, >, T
7 fEATICI W T B =35 WIP O RIBEREKZER LTI L Z A, wip ZRRITE AR I
D HEEMEATASRE (BRIRIK) 2Bk LT, PRI
B el D WA b e ) fagiand
%) LAATLT o KRR & 3 B
B OIS HO X CRB 5 = L RTx 5 & ap | WP —|EESR—~ [T
2[5, EBEOHEN LA —F T oESENTE | 4
UHISOMRAR TR A 72 2 L Ny v CTNiE[6,7), | T—F >~

TS I L D ARRFTE TIEIARREIE R 3BT WIP A3
F—F T O T TG R & g 5y 5L DR % i)
LCnaoTBont Bz (J1), €=arickly | B RAGORER
% WIP OFSREMRIA % B & L=, arnes & Lang

3. WED Tk
BRZENT 2720, AR TIZE =7 WIP © (1) B Y — Offffr, (2) HReciZE ik
ORI, (3) THREETORIE L FEREAT 2 71 L7c, LUFICHEORE M &2 k4 5,

(1) WIP FELZ — 2 OfEt

WIP % L XTBNND, EZTHIEL TWAMNERDL=D, WIP & LR—F—X X IBD
BG S R E e WIP BED T 0 —4—TCTRET L7 ¥ —% wip BRIKITEAT S, BR
RO A FEER L7T- T BEEERI7: WIP & L /R B DIFZE B R 2 — R0 — % 2 iz &
5P A e BEEE I X AR TH L NTT S,

(2) WIPBERECKE R DR BRI

VEH B D wip BERERBRRICIN 2., WIP % #FE M\ EIR R4 2R 2 1B L, BRI IR 12
B LU CHIIASZEICET 2 R8N0 502 5T 5, BAARRCITHIINEE 280 kEs L, dt
FEOSBAPREEIZ X D Z-stack B D ZRTEIR 2 S U C il 2 sE I i3 5,

(3) WIP Fiti s 1D FRIE & BEREMRNT

WIP [FHRER T CThHD & TFHSIN TR, EHEE 7 OR B 2 N U CAa oy 24 HilE1 2 B
brEtEZOND, 2T (2) THER L= WIP BERESRZ L %2 IV 7= RNA-seq f#fric X W WIP
O FHEia T2 FET 5, FESNZ FiEa 1709 b, BRI E I BEE 3 5 K172 Siia
Sy ZAE OFIENCE P © Z 9 72 [AF12-5U T, CRISPR/Cas9 1% % PV THERE R FBRK 2 VERE L. #llia
Sy AR HIEOMRARTE AT 31T DA% B 2 B & M2 5,

4. WFIEERH

(1) WIP Bl ¥ — > OfiFHT

9 wIp aEe—Z —{fl# T T WIP & GUS Oft&Z I BEIEBRTH0 X —ZERL L.
wip ZBRARIZE A UTz, & OfER wip & BAROTZRER A EE U7 E R3S S v, BERER 72 WIP &
URIBEFEBR L TNDZ LR ENT, ZOKEHWT GUS et ZfTo7- L 2 A, BEWRIK
D TEU Y ZHERE O BRI . FRIRIRDONER, FAEFROEMEIFICB W CTHRORENR A S, 2 b0



FEAE T WIP 23BERE L TV D 2 EDVRIR S N7z, IRICHI L1 T WIP OZEE) 25~ 2 720,
GUS ORI ITHEH v 7B % LiR— 2 — W TR OVER 2 3 I -, BRI O Z v
X7 & (Citrine, tagRFP, GFP,mNeonGreen) , % > /X7 E@E D FHiE (NK, CK), B THLAH
Z{E (T-DNA A, BREEAHL 2 ) 2 L7223, WTHOHEIZEW T, ZRIKRO R 25548
AT DRI O NS, BETRE IR L T D 2 ERREbN D KRB 2RI L
‘Boniholz,

(2) WIP BEREUZERE O R BRI

7 wip FERERFBRRIC DWW TREM 72 RBIBIFRAT 21T - 7=, & OFER wip B RARITIER KD T ik
BNz T, B OFEENME T2 KB 2R Lz, RS wip 28 BARITARF IO
R TIZR B OMEICRE RS D Z ENRBINTZ, 2O il 4—% v 55
B D b XEF ST, EMRIEDEE FRICHONT S ERBICHT 21T o728 2 A, SO
WENER SN D TOMBIZEAR EED SRR, HEEMMNE S 725 DITHE > THIRIE
B BENESLIRDICLDZERNHLMNI -T2,

WIZHF] (=R b u b y) (RFEIC B &G 2 8RR 5 R 2 T WIP OREPESk %
YER% L7z, qRT-PCR OfHE, i 8 BE[ T WIP O 80 (FRRE R £ 2N 6 iz, Z 0
RN L ORI EZ T X b A UG EBICREET S &, THiR, v F2Hh0ICEEL T
e B8R WEBI 2R Lo, HAIOWRE Z T 5 & BRI _FRRESCRIRIE N B R S e
K7D LWV o T BERE KRB BR L I3 O KRB N BIEL ST,

(3) WIP Fiti#{s 1 DRIE & HEREfAT

(2) TBIEITHWTZ WIP OSREREZS BAR L 358 ) 5 B 2 T RNA-seq FEFT 2470
WIP Ttk DK AT, BPAM EERRO BT 1EB B £7213 280 B OZERE %
. EEI 2,137 7203 3,036 OFRBIAERIS T (DEG) 2 S 47z, @EIFEBUK O T
TIXEAHE 4 B OAEL i L, 3T 5421 ® DEG ##H L7z, Zh b DB I2on
TR SNDBEREZ AT & 2 A, BENERIKT EH L, FEFEE CIK T4 2 86 TR
HIRVEIE T RN . BlAIE T —% Y VAESKREIE T Téh D T44 =° YUCCA2, ROP &
7F U T HA TR E ORI R B85 1. GCAMI % & e bRIRETE I BE 59 2 i
BRTBA SN, FARELNTT —F &2 v A X+ X0 WIP BFEIFEBED RNA-seq 7
—Z[BlE M LIz 2 A, FICET B TORER SR a A XF X7 TH WIP (2L 0 IEH
KTFLTWABZERHLNITo T,

(4) £&0

AFFEDRRBIZ LV B =280 ThH WIP BEERKOIFEE, BIROME, MIRIEEAL &%
R EZ BT Z RO o7, 2D LITA—F 2 -WIP BRI e FREY DT
HFORAED—D>THDH T L ZREBE L TN D, FIHRIELEEE V72 RNA-seq 2> 5 WIP Fii
K7z 2 BEE L, vaA XX T Lol o WIS RAG S vz WIP FitK 1O fF
TEDTREENT-, YYIDOFHEETEEITT L LT TERN 720 DD, [ FAEY) O F AL Ik
W FOENEITATOOEELMAEGEDL I ENTERLLEETZD.5HBOMITIZL Y WIP
BT DREREIZ DWW T 1 L UL TOEMEHE D IE, - RATIZ FE EAEY DI HE & K5
2NN 5 LSS

<5 FH3CHER>

D Kato H, Nishihama R, Weijers D, Kohchi T. Evolution of nuclear auxin signaling: lessons from genetic
studies with basal land plants. J Exp Bot. 2018;69(2):291-301.

@ Mutte SK, Kato H, Rothfels C, Melkonian M, Wong GK, Weijers D. Origin and evolution of the
nuclear auxin response system. Elife. 2018;7.

@  Appelhagen I, Huep G, Lu GH, Strompen G, Weisshaar B, Sagasser M. Weird fingers: functional
analysis of WIP domain proteins. FEBS Lett. 2010;584(14):3116-22.

@ Crawford BC, Sewell J, Golembeski G, Roshan C, Long JA, Yanofsky MF. Plant development.

Genetic control of distal stem cell fate within root and embryonic meristems. Science.

2015;347(6222):655-9.

Barnes CR, Land WJG. Bryological papers, II The origin of the cupule of Marchantia. Bot Gaz.

1908;46(6):401-9.

Eklund DM, Ishizaki K, Flores-Sandoval E, Kikuchi S, Takebayashi Y, Tsukamoto S, et al. Auxin

Produced by the Indole-3-Pyruvic Acid Pathway Regulates Development and Gemmae Dormancy in

the Liverwort Marchantia polymorpha. Plant Cell. 2015;27(6):1650-69.

(@ Ishizaki K, Nonomura M, Kato H, Yamato KT, Kohchi T. Visualization of auxin-mediated
transcriptional activation using a common auxin-responsive reporter system in the liverwort
Marchantia polymorpha. J Plant Res. 2012;125(5):643-51.

Roldan MVG, Izhaq F, Verdenaud M, Eleblu J, Haraghi A, Sommard V, et al. Integrative genome-
wide analysis reveals the role of WIP proteins in inhibition of growth and development. Commun Biol.
2020;3(1):239.

©



3 3 2 0

Bowman John L. Flores Sandoval Eduardo Kato Hirotaka

13

On the Evolutionary Origins of Land Plant Auxin Biology

2021

Cold Spring Harbor Perspectives in Biology

a040048 a040048

DOl
10.1101/cshperspect.a040048

Kato Hirotaka Mutte Sumanth K. Suzuki Hidemasa Crespo Isidro Das Shubhajit Radoeva 6

Tatyana Fontana Mattia Yoshitake Yoshihiro Hainiwa Emi van den Berg Willy Lindhoud Simon

Ishizaki Kimitsune Hohlbein Johannes Borst Jan Willem Boer D. Roeland Nishihama Ryuichi

Kohchi Takayuki Weijers Dolf

Design principles of a minimal auxin response system 2020

Nature Plants 473 482
DOl

10.1038/s41477-020-0662-y

Kato Hirotaka Yasui Yukiko Ishizaki Kimitsune 228

Gemma cup and gemma development in Marchantia polymorpha 2020

New Phytologist 459 465

DOl
10.1111/nph.16655

4 0 1

s s ,Dolf Weijers,

WIP

85

2021




, Dolf Weijers,

-WIP

2020

Hirotaka Kato Sumanth Mutte Tatyana Radoeva Emi Hainiwa Hidemasa Suzuki Yoshihiro Yoshitake Minami Katayama Ryuichi
Nishihama Takayuki Kohchi Dolf Weijers

Design principle of auxin response system in Marchantia polymorpha

83

2019

Hirotaka Kato Sumanth K. Mutte Emi Hainiwa Hidemasa Suzuki Yoshihiro Yoshitake Minami Katayama Isidro Crespo Shubajit
Das Tatyana Radoeva Mattia Fontana Mark Roosjen Simon Lindhoud Johannes Hohlbein Jan Willem Borst Roeland Boer
Ryuichi Nishihama Takayuki Kohchi Dolf Weijers

Design principles of a minimal auxin response system

Marchantia Workshop 2019

2019

https://ww.kobe-u.ac.jp/research_at_kobe/NEWS/news/2020_05_16_01.html







