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Studies on a novel plant hormone that works in a hydrolase type receptor HTL
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Strigolactones (SLs) were originally characterized to be root derived signals for parasitic and symbiotic interactions,

yet are now well known to be endogenous hormones that regulate shoot branching. D14, which is a member of o/f3

hydrolase super family, was characterized to be the SL receptor in plants. There is a closely related homolog of D14,

which is called to be HTL/KAI2 in Arabidopsis. HTL/KAI2 was identified as a receptor of smoke-derived germination

inducer, Karrikin (KAR). However, KARs are not endogenously occurring in plant tissues, and also Atl/kai2 knockout

mutant shows longer hypocotyl phenotype. Thus, it is thought to be that there is an unidentified hormone that is working

in the HTL/KAI2 pathway. In this study, we focused on HTL in a model basal plant, Marchantia polymorpha (MpHTL).

Toward identification of the endogenous ligand of MpHTL, we first tried to identify a synthetic agonist that can

specifically interact with MpHTL. Moreover, we tried to establish an efficient bioassay method to identify the endogenous

ligand molecule using MpHTL and its signaling partner protein.
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Fig.1. The signaling mechanism of HTL pathway.
Upon the perception of KAR or unidentified ligand
molecule by HTL, HTL forms a signaling complex
with SMAX1 (repressor) and D3/MAX2 (F-box).
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Fig. 2. Chemical structures of debranones that
can interact with MpHTL.
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Fig. 3. Germination assay using Arabidosis WT
(Col-0) and the transgenic line expressing MpHTL
in the ht/ mutant back ground. Thermoinhibition
of the WT seed germination was rescued by the
MpHTL agonist. However, the germination of the
transgenic plants expressing MpHTL was not
rescued by the agonist treatment.



(ZAFAET D SL & NFH DN L 2 A 5 SRR 3
HTL #ICVER T2 Z LI X - TRIFMENEIES
HTEPHBINTWS, LT, ZOEERZHHH
L TC.MpHTL 2 A L7=v 1 A X F X B sk
FE-725, AMFFE TR L7 MpHTL 7 ==X MK
BNZHFET DN ENERAE LT, TORER, 7a2=
A R OEGIZ L o> THRFAEORIE TR & 720
-7= (Fig.3),
FREOREREMNS  MpHTL BANIZ L > ToaA X )
A7 D htl ZERARORBI DA S e hro T2 A
ELTIE, WED Y FOLFEEOMEICL DD
TiE7e< . B=ad 7O HTL B u A X FXFITBT
L TisiZERF & O £E<HEMERT 2 Z &3tk
W2 EIZED LW HEEMENRE X BN, v rA X
T RXF D HIL OfE FaERKICB N T, V7 Ly
W=7 L LT SMAX] BRIEESNTEYD, &

S5IT.SMAX] v XxF Ak ET 5K+ L LT,

F-box % /X7 EThHhDH MAX2 BRES N TV D,
Ko T . ZOREHLNIT H72DIC, BE=24 HTL
LA XFTAFICEBT L THREERT+THD
SMAX1 & D EAEM Z BEREY — A 7 v NiE%
ANWTHRD L L L, 26020 TIE, BIfE
EBREEITHT TH D,

Flo, WEV T RERET DDA FT
A REWETHHNT, E=a 7O HTL £ EB=F
7@ SMAX1 AV va 7k Wz EEREY — A T )
v RREMRESTZ 2L L L, 2HHICHONTHE
TEERZETH T 5, RERIZIBWTL, 31,
MpHTL & MpSMAXI1 ZFHL L7-FERHCR LT, A
FRCRESNEZT T=2 MY FERINT S 2 21
X0 WMEOHEEANFEZND NG EZH 5
2%, 209 2T, T=ar okt %
W+ % Z & TliFROMEERPFES LU, N
BV Ty RERERT DEOBREICHND Z &2 Al i
ThdreBEZTND,

TN T, AREOEEMBREIRNTZEEIC, E=
AT OEFIZED LD REENRKITIND DNEY
ENZTAHTEHI, ALz ERoT7T =X MMyT
E=I7 QAR 72 5 TNT CRISPR-CASY 15T
2T U N LT RIEERICE ST 58 BRE21T -
Teo BREBRIZOWTIR, HALKRFRIZE - BEZDME
LT D& I, ZORFE, T A=A My
T, mphtl REIBZEFAR, BARINTHICK L TH,
1 uM ORETHABHREFEMOICMS Z LRGN E

STz, ZOB. mphtl 1%, AL L T2
A M T LTI EORBEN 2R LT, 262,
mphtl RIFZZFRILTIE, BRIAED NS < 72D 2 212N
Z. BERERDEHEIZS LTS BN D X9 7eKE
BEZRLTEY (BER2), Kicxhd 2081 R
ERRONIZL D RRIHEZRL TS, 5k, 5
b7 A=A NOBEGREZ I HITIRS T 57 E
LT, ARENE =T 0EFIZRIZTTEEIZON
TEYFEHCTHR T BER D D,

==

AWFFEIZ T, DI4° HTL 264 57 T =R b3+
NRIEENTNWDET 77 ) VHORMLE=37
HTL (Z/ERFRER Sy F &2 R 2 Lok Lz, —
FT. BT I =AY FEFABALTS .,
MpHTL % Bl ® 1= v A XF XA 2 AR
B ZERBBOBHN RSN Z b, #
BURDEM L 72 v o T EIRNE, WA I Rk
WENRREARD LN Z LY, TROGESaENA
T OMEERICIER S 5, L9 ATREMEA FE,
ZORIZOWVWTIE, ERRO@EY ., SH%EERY — A
7V y RIEEHWTRIEZIT) TETH D, Fi.
Y= HIL £ oA XFXFRZOM, &5
@ HTL & F % b L 7= /5 5. SMAX1 & O AAE
HICBET 5 & PREINIHEKIC, E=a 7Tk 1
T BOBBARLONSZEERHBLTND, X
ST, ZOT I /Evaf XFAFRICERIH
HZ TR, vaS XF R el BREROFRBI A
FIMHC& 2 WHEMEA B D, HTL 12V T, SMAXI &
OMAMERICEERMERICE L TdohE el @
HRBRNTZD, ZOEIZONTHEASBFITNL T
ETHD,

AWFFE TR LT I=2 by o&K5RERICE
WO, BERABHBEEAA R SN, ZOfF
A, mphtl ERRICH L CTHHALNTWATRZD, F
E LT =R My L o OREIIWER R AT
DB X bND, Bolt, SLBIC RN 7o oAk s
THDLATFNTT )74 REOATFNVEEZRET D
Zlick v, SL BEESY 1A% HTL #REKICE) < BRO Ky
BHEEZLV@EDDL I N HED 2 ERRE ST
(BB S), LoT, AR S 7z MpHTL 7
A=A RNERDBTTT ) THONTH, AFLEE
PrELTZ A 7OIEMEBECAK L TR Y, Kb
G WD Z L2 XD MpHTL (Z%F3 2 R B8



IOV EELZENHREEND, AT NVERER O
AMERNT, B=a 72 b L7cBEOEEIC N
TH R FEMITHREFT L ThE 7z,

UEnXoic, WERLECDOREICITESL M
STEHDOD, WNAEKRLVE L DEROBIZHHL & 7o
LHTHAHH, V=T HTL IZEfT+27 2= 5
FORIEICEITDHE L HIZ, Ko TEFIHLIEZ
LT, P=d4 HTL o aA XF2XF 0D hil % F#d
HIRZ2WELHIZ DWW T, FIE SR & O A
TERICIER S D &) Z N R ST,

5| LR

(1) Fukui K., et al, New branching inhibitors and their
potential as strigolactone mimics in rice, Bioorganic &
Medicinal Chemistry Letters, 21 (16) 4905-4908, 2011
(2) Fukui K., et al, Synthetic agonist of HTL/KAI2 shows
potent stimulating activity for Arabidopsis seed
germination, Bioorganic & Medicinal Chemistry Letters,
29 (17) 2487-2492, 2019

(3) Toh S. et al, Thermoinhibition uncovers a role for
strigolactones in Arabidopsis seed germination, Plant

Cell Physiology, 53 (1), 107-117, 2012

(4) Mizuno Y., et al, Major components of the
KARRIKIN INSENSITIVE2-dependent signaling
pathway are conserved in the liverwort Marchantia
polymorpha. The Plant Cell, in press

(5) Yao J., et al, Desmethyl butenolides are optimal
ligands for karrikin receptor proteins. New Phytologist,
230 (3), 1003-1016, 2021

EEREK

1. Takeuchi J, Fukui K., Seto Y., Takaoka Y., Okamoto
M., Ligand-receptor interactions in plant hormone
signaling. The Plant Journal, 105 (2) 290-306, 2021

2. Mashiguchi K*., Seto Y*,
Strigolactone biosynthesis, transport, and perception.
The Plant Journal, 105 (2) 335-350, 2021 (*=co-first
author)

3. WP, IWAERI, ANV IT 7 hrox
B IARGROBENL 2 FEY OERTRE,
55, 110-115, 2020

4. I, WS, ILDERER, Ao A Y
A7 NAMEHBIEA =R L, LT EEY),
58: 673-680, 2021

Yamaguchi  S.,



