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1.1 EMOLEARER
FAZREEYCH 2 ORERICIE, KR, KE, B

>

F 22 WN), Vv P), 2V vLa (K,

R

figg (S), Ay v L (Ca), v 727 L (Mg), R, wvK & ~v oy, #il, @in, =v
T, BF)TTFVEVSR 1THEORETNESLEL 22, ThbOREITRIE, HEHOERE
IIG U TS R ILR & M AR REICH ICKELSDHIND, YD LHL BRETT
RICE, ARICAYOKICHE KSR, KE, BEDIEHICH N, P, K, S, Ca, Mg B3I
n, WEMERBICRICIE, R FVHR Bk vy, W, #ifh v o, 2V TT Y, (—
oY TIZF F Y 7 L) ARolENG L, Sprengel 13, [HEWIZT RTCORBELEEZ ARV YD)
ICIRINT 2 DT, BEARERZERLTENLTEY, &AL L T ERERIHHEY O
ROFHICR 2 | LI IRDENERRBLZ L REROWINCE T, 3KREEHRTHZ N,
P, K RZEEF (-N, -P, -K) TIi, S, Ca, Mg DWINENWD+ 2, KIS, Ca, MgRZ
% (=S, —Ca, -Mg) TiE, N, P, K ORIEIME T2 12, flicd, -STREFEV 7T vt
Y v OWIREDEMT 5 23, 2D XS, HLERERPRZT 2L ZNLSLOREROPINE S 2
L3 2 REMERMEDRD bNTE Y, KEWRNO 2ERIEHICET 2,

1.2 {EWHRIVE VIZ & DRBERZREEHE O

KETLRORZIL, BENIC X 2 REZROMHLHEFIC L 2 REROMPHFER TR S 1, & Z
B0, WEPZEE D ETENRA % & 2720, ARBRIBIGEICCE 200, REDHE, 747
YA I NZTRECTETICMILT 2, BREFIFE~DEICA 1 = XL IFBE HFET 25, ZD 1D
ICHEY) R E v IC X BBREDEIGHIE 235 5, HEYIHR AL E Y LIE, % L DY NE L CHO ST
T, SKEWRECHEIEEE R TV S VREME TH 2 4 xR, iisLrEry D 1 OTH

24 —F T VIE-N CRICERT 228, va—F (FELX) ClA—FrvEEXMETT 5, 20



F—F v v oNEROELIIBORZIHEE RITT L FHlEND 5, 51T, KERZIEL LT
HON 2D HREIECTED 7 v v X EOBRRENIC Y A VE Y b oTWw5 9, 2D k)
IZ, RERZICHEIN MY T LE VBT 2IREEA I/ TONTE Y, Z oG IIMLEIC
ME2S e\, UT4E, A b Y I 27 b+ v (strigolactone: SL) b, % DFEARED-N °-P I L CHIN
TH5ZLEBWHLPICRo7 % UFICSLICEHT 2HAZE L0 5,
1.3 ZLaysALELTORMITASO MY

b e b & SLIE, REFEMEY O Striga BB B HEFHIFELFET 2WE (strigol) & LTT XD
B W) CHEEI N 1, 2 DRONISET, SL IV ORY S TN T, Sriga ED I
2T b, Orobanche J&=° Phelipanche J& DR EMEY OFRF S FHET 2 Z L BHL I I N 125,
o ORFAEMYIE, HO OHERLIE PV OME R LA SE 5 LT, [HEMEYDKIC
FEEZEN M RIS Y % K5E E 2 5, Orobanche J&7x & NI Phelipanche JEREY)IC 754
INBHEEMEYICIE, TEEML L EINTEHY, AT TRAREBENELZDZL LTS 1S
T, BO R ¢ 2 E ARG EMY OFKF 2 FHET 2l E E L CE T, ZEWEYIRAAS SL
T 200, FHTH o7z, ZDBRDOWMIEL S, 7T — 32 F 2 7 —HFRE (arbuscular mycorrhizal
fungi: AM H) DHEARDIE% SL 255584 3 2 & C, AM H & 5 T & oA RR % sl 1c 4 2 3t
DERIBE N 8, HEIC & > T AM A TR CH Y, 15 FMEW D o B & OB REY)
2T MRb Y, EHEP ) vin & OMEKER LK) & 16 TP 3 2 tHAAE o BRI
Hb, SLIFMEIC/TWMINTAMEE DEZFEST 2707 iAo 1 HTH2 WL
ey, WEEWENIZ DL AT L2 BEHA L CEFHEYOMNEZ RS 238G ko7 19,
L2 L, REEMYOIEBEFHYTH 27 22 AMEDOIEBIEWNTH 2T 778, 7H ¥R
WP SL ZFEAEL T3 2 L2 b 202 SLIIRENCANT 72> 7 F v DS & B A& E %2 iH 5 C

W % AJRETE DS RIR T T 2



1.4 WEMRILEDELTORMITSY by
Z DRI 2> BT ZEIRAZ BAR &2 I T M 22 ©, SLIZE e L 2 I 3~ 2 i) A v e v & LT

BRERINES X, YOG rhi, BEFOIREK L ZoffRIc k> TAT 2, @H, THIFHR
THOMEFOMEZIMHIL CEH Y, INZEHFEH L WS>, HELZYIRT 2 &, TEOMEF 3 H
R32, A—F 2294 74 = v BEFERAZHIHE S 2l A rEvE LTHIONTEY, H
TEBACIITEEF 2> o BLERMINIC 7] 22 o THRMERER T 05 4 — F o v iC X o THEF o RUR % (&
TRV A M A =V DEAKBHFEINSE® Y, Kohrny @R RN 2 Ry ERKL LT,
A4 2 Ddwarf (d), ¥ a4 XFXFDmoreaxillarygrowth (max) , =¥ F 7 Dramosusé =F =2 =7
Ddecreased apical dominanceZAH >N %, TN b DERKEFERICEH AR 2 B RKICHRAEDE -1
EREERZITO &, BREDOKZDPNOBPWAT 2008, F—Fv v, ¥4 4=V
Z R 2RICHRT 2VE BB 0NEFIE L CTw 2 A[REEDR SN2, bR A dual | 2e
RERAKRDIRNT 2 &, B %Wl 2 F L€ v & L TSLY20084F IC AR & 72224, SL
I X o Tl T B A id, MEEZ A L CHIfl S B Y, Z O N TR O RIR % #f
sz o@Mtre 07 7oy VRDBBEES 52, BEE TIC, SLICI3FT 2 D]
DA b SR ABER 2 5 5 2 & S S T\ b, HIFETIE, SLIZER, RE, EROME
SRR 2 RS2, IR, ANEMR, FETROMREIR Z 63 5303334, i FEClE, SLIZFED XK
R, EofREEORE, EOBREPEDME LMD X457, T5IC, SLIIA—F v oD
AHKEEEST 2 L CENEEEZNHIT 2 2 & CEREHE - ZBEA P L A~DIRE T 275 L,
% OBRBIGEICBG L Tw 304, asfiPoe A ) 7% 37 ICE 0 Th SLO ABERH RS
INTEHY, FARABROPEAZIMGEIL Cam=—% 4 X2/NE T 54

INLOHANL, SLIETLET IALE LTCOMEE LMYt LE Y & LCORRED2DDRE

RO DL Lo TS,



1.5 RbYISY brofEE L FEHE
L % strigol & Z DEBRIEDT AR A KT 27 b v o LTERSIRTEY 8, BHAET K

20 FEAELL EHEE X T B, SL DEEAEMKIE, 6-5-5 HERD L IE 7-5-5 HEBRO 3 BRIEF 7 b v

(ABCER) 2, =/ — NI —TLVEBENLTCAFALT T/ 74 PR DB]R) LfELTw5 (Fig.
1). SL ® CERDOVAREEDE NI X o T, afithid SL (% orobanchol % 4 7, BEZD SL I3 strigol
ZATWHEIND Y, BEE CICHEI N TV RATSL I, =/ — T —FrEiEL DERO
CQUAFRBOMEMEL T XCRIMTH 2“5, 2o X5 MK MY 272 F ~ (canonical
SL) ICA LT, Ji4E, SL ® ABC ED 5 b, B ED L <13 CER%Z b 722 WIEIAE 7 SL (non-
canonical SL) 23R 4 &L X LT\ 5, I LD 2> > 7z non-canonical SL 1, SL E& K D {4
T»H % carlactone (CL) TH 2 *, 72, CL ORI L L T carlactonoic acid (CLA) % methyl
carlactonoate 23 [F € X 11 C\» % ¥, % DAth D non-canonical SL & L T, 4 2V F % & ¥ % b avenaol,
t <7 Y25 heliolactone, F 7 -E W 275 zealactone & pyranozealactone, I Y I 27 ¥ b
lotuslactone 23 X ALTur 2 4853,

SL OEHGLEDRRES 11, ABC BROFEE, AMEE, =/ —1r 2 —7 v Ef, DERO C2'
AHFRFEE T NI =T VEKD R BLE L C3- CANIRFED “EIEEBHEST 2 %, $7z,
orobanchol & 4 7 & strigol X 4 7Ci%, MREFALEMEY) DFRGRLEGr oMl 7e & o A BEM: 0 i
INETe 5 %, SL OIGHEARMIE, YT ERNICETE L T b CL, CLA, methyl carlactonoate 7x
b N HLAYDKEEEPICE TN T 2R RIBE LT % 45,

1.6 XbYTSY FUDEER
P17 SL A& E M % Fig. 1 IC/~ L 72, all-trans-B-carotene D C9-10 % F14:{ 3 % p-carotene
cis-trans BYEACIESR % 2 — F 3% DWARF27 (D27) 12 X - C, all-trans-f-carotene %% 9-cis-f-carotene

ICHEMEL TN 5, D27 IFBENT 7 7 XA &2 —%Fib, 27 & b all-trans-B-carotene, all-trans-a-carotene,



all-trans-p, f-cryptoxanthin @ 3 {LEWIVFE & 725 2 & 2% in vitro THER I LT3 %%, X 5T,
p-carotene 2> L AEGHIN LY FNVEY O T T v VEDOEARIC, D27 5L Tnwa 000,
D27 O BHALKISGIT X o TH U 7z 9-cis-B-carotene 1%, KIC 2 fEEHD CCD T X % JRIGIC & - T SL Hif
iAo CL Ic&Zex D, £3, CCD7 I 9-cis-f-carotene % 9-cis-f-apo-10"-carotenal ICZffa L 6263
KIT, CCD8 (% 9-cis-B-apo-10'-carotenal % SL HilX{& CL ICZ8#13 % 4%, Z @ all-trans-f-carotene %>
5, 9-cis-f-carotene, 9-cis-f-apo-10'-carotenal % #FH L 7z CL ¥ TOREZRKIGL, p-carotene cis-trans
RYALEER, CCD7, CCD8 IC X o THEftIcfThivg , LA INL CLIF, ¥ 27 vl Pas0
%3 — N3 5 MAXI ODBALKIGIC X > TSLIc&fiE g, v uf XFXFTiE, ¥+ 27 v L P450
D CYP711A1 % 22— F§ 3% MAXI %%, CL % CLA ~ & 29 2 4, 4 3 TlZ, 0s01g0700900(0s900),
Os01g0701400 (0s1400), Os01g0701500, Os02g0221900, Os06g0565100 D 5 2D MAXI +Ew 7
(OsMAXI) HHERI N T3 &, TNH OsMAXI D 5B, CYPTIIA2 %2 — F§ 2% 05900 I X -
T CL 205 CLA ##%H L T 4-deoxyorobanchol (4DO) ~ & Ea X i1, CYP711A3 % 2 — N 3% 0s1400
IZ X 5T 4DO 2> 5 orobanchol ~ZE#i X 125 %, CLA (%, KFEIE D A F VILHEFEEEFR IC X 5 T methyl
carlactonoate ICEIE X 125 & F 2 L TH Y, methyl carlactonoate 7> & CLA ~D i i 1%, LATERAL
BRANCHING OXIDOREDUCTASE (LBO) 282 — N3 % 2-4 %V 7V X VERIRAEIEY A % o 7 F —
+ (2-oxoglutarate-dependent dioxygenase : 20GD) IC X o Tl X 1% 676, F 72 LBO I, methyl
carlactonoate % 1'-hydroxymethyl carlactonate ~& 254132 Z L 3 CT& % 9, b~ FDEAT 5 SL %
ST 5 &, 4DO B X L7 »ic HEIH 537, orobanchol 23EH I b Z L2, CL H LI
CLA 7%*5 orobanchol ~ & BT 2 R VEIET 2 AIREES R I N T Wiz, T ORIGIT,
CYP722C s 2 Z e Ao p L ro7z ¥ BREVWZ LI, FHFTL < FTENTIE
CYP722C iC X - T CLA 7> 5 orobanchol ZSEEE T 2 DITHf L, 7 %D CYP722C 1%, CLA #* b 5DS

BEAET S, CYP722C 7 7 2 V) —DELETDH, HEWIFEIC X - T SL @ C BRI ARHLERN 23 B 7%



% strigol X 4 7'® SL & orobanchol # 4 7' ® SL 23 & 41 5, CYP722C 23 strigol X 4 7 & orobanchol
ZATDSL EETE 2D, HYEZ L O CYPT722C flETAIO 7 I 7 BRI DE e & v 3
7B DNEREEDE A, BEEEOE WAL ZE I LT 3 ATREEL S 5 7, C RO VLIRREERD
fLDEWITIX, CYP722C 721F T K, LOW GERMINATION STIMULANT 1 (LGS1) % Bd%5-3 % nlHE
MW2d 2 7, Ivardix, K SL @ DS &IEHME) SL @ lotuslactone DM /T % FEAET 5, T
NoDSL OEBKICBES T 28K L LTHBOY + 2 1 L Pas50 (CYP722C) & 20GD Az hZh
Yt iz P, 7z, BB SL O3 T 2 IFHBIN) SL O S kRkIEEZ ER T 2 &, RHAID SL
LB KR DIFEREZ b D,
1.7 RMYITSY FUORE LIEHRIEE

SL HWMInZEOMMEX % Fig. 2 IC/R L7z, SL IGEMELETIX, V7 Ly d—L L THL
SUPPRESSOR OF MAX 6/7/8 (SMAXs) /D53 & TOPLESS/TOPLESS-like (TPL/TPR) 1T & - CTHi
ENTWw3 (Fig.2A) ™7, smax] 13> 0 4 X F X F CHEEX N2 ZBKT, ¥ v <=1 V57D HEAT
SHOCK PROTEIN 101 HHBIL 722 v ¥ 7B a—FLTEh, Yo XFXFTETOo0FED
TR I N T B 70, d53 134 A CHREEI NA2ZRAEKTH Y, SMAXL &SRR S 2 & v
7B a—FLTw3, D53 88 L T3 %EF — 7D ETHYLENE-RESPONSIVE ELEMENT
BINDING FACTOR-ASSOCIATED AMPHIPHILIC REPRESSION |%, TPL/TPR & OAH A {EH ic 4% 7
I TH %, TPL/TPR (3, B4 i) R v & v DIGE-CHYI O FKIE I B W CEIE TR AW T %,
SL 776 FClid, £ 9 SL Z&MD D14 iIcXk > T SL &I N3, DI4 Ra—FLTWw3 ap-
hydrolase (IR fEERTH , % OflICE D 2 3 DD T I/ EFHEL (Ser, His, Asp) 234 < fR1F
INTW3 77, SL 28 DI4 OB (K7 v b)) icAde, HEMNAL X5 DI4 XV 2 ED
SAREEDRZEL L, SMAXs/D53 EAHAERHTE %2 X 514 b (Fig.2B) 77, SL # %A L7z D14 I3,

Suppressor of kinetochore proteinl, Cullin, F-box ® 3 2D & v 3 7 DEAIKRTH 5 SCEMAXIDS L i



HAYEFI$ % (Fig.2B) . SCF (%, SMAXs/D53 Dt ¥ F v {Effix175, 2D 5%, F-box X527
H 13 SMAXs/D53 DRI HETH Y, SLIFRISEREEICIZ, MAX2/D3 232 — F3 % F-box & v
JENPGFET S, ¥ F v{LE sz SMAXs/DS3 13268 7077 Y —LTHfEENG, V7L
v % —D SMAXs/D53 233fE X3 & SLICEEE T ORI Z 5 (Fig. 2B), SL THHImEEZD
D14 (%, 2 v X7 EfEEL SLZAROMEICK T & & ICRAEL Tz SL 2K EST 2 7, 4
F O D14 1L, EIEZMNL CEE~LEXEINS S, SLZAMED D14 F, FHTHYICOBFEL T
BY, a7 EYNIDI4 2Rz, 2D, b EdH D SL OBEREIX AM E D E RIS % 1T
5ZLTHY, DI4 N L7 SL DREWIHRAE Y & LCOMREL, 27 Y S EHEY -~ &L
LRI Lz bl S T3
1.8 RERZTFICEFTRR YTV FoOEBZMLEE
Fek L7z X 51, SLITREBERZICIGE L CZOEARBHMT 5, KT, —PICS&E L Tms
% SL DFEAR L X DAY REENICOWTRAIIHESIfTON T E 2, ZOME, P ItbEL
THEM L 72 SL 23, B nzfifil L 7%, TEoEB(L 2T 2 2 L2 0hroTnd 3, Thbid,
HAREAT ) YV — ABWBE DD LRAWEY 2T T 5 v 7 3E O~ O R ERIC SL 238
HLCTw2AREHEEZ TR L T3, ERRIC, 440 SL RKIEZRECIMAMO 4 XA/ &<
758, IHic, SLIIEOMEREZREST 2 Y, EoMERE, EltzfdEs ¢ 2k, SL 28
A—F VLI FLVEMBERT S, L2LAMED, SLAY —RBETH 2 EDOERE X HilfH
T3 BB AR R KENC O WTII A TH 2, RERZFATHEMT 2 SL 1%, BREBREE~OEIG
ICHEAKE ZH-TwE EEZLNE 20 8, LN ARSI OMIIEE MR L 22, A
FHClE, SLBIEOEFANRLHEE I LTS, A3 REVD 1 DDA X 2N RIC, &0
KERZEBETCSL #4HE T 2005 H~4ER, —S TSL AT 32 L% A4 4 THDTH

U7z, 72, -S THEMNL 72 SL OB 7o 5% E] % 4 A D SL BHH IR AR % FH W CTRREE L 72,

10



all-trans-B-carotene

1L B-carotene isomerase (AtD27, D27)

9-cis-B-carotene

¢ CCD7 (MAX3, D17, RMS5, DAD3)

9-cis-B-apo-10'-carotenal+ B-lonone

¢ CCD8 (MAX4, D10, RMS1, DADT)

i,
E j: Om.i{ﬁj
carlactone (CL)

CYP711A2

carlactonoic acig:%:@

“c% (0s900)  "O° cvmzze‘ 1
L{“Q

4-d banchol (CLA)
CYPBTC:X':{:;O ancho 20GD1 Methyltrans-
(LBO) ferase

(031400)0 o CYP722C (unknown)

l CYP711A1, A2, A3 (MAX1, Os900)

5- deoxystrlgol

orobanchol methyl carlactonate strlgol
canonical strigolactone %&%E)) ¢ canonical strigolactone
(orobanchol-type) g (strigol-type)
0

1’-hydroxymethyl
carlactonate

non-canonical
strigolactone

Figure 1 Proposed SL biosynthetic pathway and SL chemical structures.

MAX: MORE AXILLARY GROWTH, D: DWARF, RMS: RAMOUSUS, DAD: DECREASED APICAL

DOMINANCE, 0Os900: 0Os01g0700900, OsI400: Os01g0701400, CCD:

carotenoid cleavage

dioxygenase, 20GD: 2-oxoglutarate-dependent dioxygenase, LBO: lateral branching oxidoreductase
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A  SL absence

Gene expression
P/ P

TPR TFs a >< >

B  SLpresence

Canonical SL

l

D14 D14

SMXL/D53 @2

ubiquitination
..

(=5 >

TPL/ | o _' Gene expression :_ .’h.
TPR TFs > D14 %b.\.p

degradation SMAX/D53

Figure 2 Proposed SL signaling pathway.
SL signaling pathway when SL absence (A) and SL presence (B). TPL/TPR: TOPLESS/TOPLESS-
RELATED, SMXL: SUPPRESSOR OF MAX2, TFs; transcription factors.
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F2E RBERZICHEELERAMNITZY FoOEEEDRERH

2.1 #E
KERZBEECER T 2MMIE, ZOBRBIICGE L T SL EAREZZLI ¢ 5, KERZOHT

HFFIC, -N, —PICHWT SLEARMEL CHMS 2, SLEERDOMINZ 5 RERZIGEZ,
N P I FTBILEHICHEINT 32024 FiciHhFonsg B, 1 DHO XA 7%, N, -P [
FTIGE L CSLEARBEMT 2 VAL, A4, 2LF, VXX, v —a—LFThHs 0%
8, 7272 L, ZOWYIB LA T 5T X COMMHSL ELEEXNEMT 200 Tldh v, 2 20HD XA
7N, PICOAIGELTSL EAESEML, N Tl SLEERBICELERVL T XY X7,
P b THBOM, LTHFV R FIIRNEE, I b PREREERHEHETI LTS
TNEZERTEL/-0, NTSLAEATILENRZVEEZLNLTNS 0 3 DHD X4 7,
—N, P WINOFKMATD, SL EARPEHLAEVETA -y, FYL VYU THD 2,
FTIA M= VL, 7+ A7 72— AL % 7w d 5 2 & TREOPINEED &R D
WTHd7 7 A2 —MMEET 5 2 & CERERE~NEIGL T»5 % KERZICHE L IRKHE
LOERL Y T RE—RD XS BRI AEE 2R R iYL, BRERE~EIGT 5729I1C SL
REET 2 SN, Thbb, SLAES»NEIGIT 2 2L T, REOBERBELE,
AM B DBEADIZFHEL THAET 2 2L THEFO IATAZBNL TnEeEZLNDS 2, F
B, N -PTHEET 24 ALY AT LI LTARL T EREZNMLS 22 & T, SL EER
I L 7 < 7 B 0,

-N &P ITIGE L7z SL EARDZ LI, SL EAAMERFORBIC L s THlfflafiTnb, N
ST oA A%, SL EAHEET D27 DEIEFHEEIZN, N BTEREHL2nb DD, DI7,
D10, 0s900 DFEHEBWCTITHET 5 2, —J7, PEHET DA 4 TIL, DI7, DI0, 0s900 75 & NIT

D27 DBIETHRIMEB LB TIET S 3, -N, P ICH T 5 SL AESELFORKHOE L, D%
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DSLEARBICOHFEL I LEIXONS, {1 AICBIT2 SLEAEZ-N &P & THKT S &,
P TSL %% KMME 22, IHiC, YVHL, 2LF, LEA, =) —I—=1LF, LV7iiEld
% SLEAEZ-NL-PLTHELTYH, -N&-P CHREE, 3 LIF-PTELIWML Y, —N, —P
ICH T2 SL EARDOHIT, NOFB% L RMERBAEE TRV, PICBWT-N LX) D SL
PEAERD L T LE, HYA-PICB W TSL 2 ERICHBICHLEL LTw5D%, -NTH SL 2%
RBICKLETHIICHEDL T, PIREELETETRVOLIIAHTS S,

TV RERZ B LT, SL AABERTORREBLZIUES R 220D 7 FVIRTDBFE
T EZLNS, SLELABEZMINEEZ-0D-N, P OFFHiL, HLEHETciTbhLs * -NT
SL AR L 2 WiEY)IE, HERICE T2 NEGEMETLTD, PEREIIEL LR
LTwa % bbb, HiEHIcEIT2PEREDKTAGIEERL ALY, M L2 OM~ XTI
5-RAvEVY ¥ —IC Lo T SLEAROHEMMMEI NS EFEZOLNE, PRaltd, ZD 2
Ay vy =0, A—F 2 THLAREIKRG EIE I N TV S %,

N, —PiZHF % SLEAROWFELEL—J7T, -N, —P LA DOKEITLHEDORZICHT 5 SL FE
ARICET MR 2HloR Lo TS, fDOKERZICHT 5 SL EEBEDOELERHTHS
&, VUK LTIE-N, —PICGE L TSLEARESIHEMT 225, K TiE SL NAERITIML 70 85,
LIFFY AP TIE-P OATSLEARMEIMLCEY, N, K, —Ca, -Mg IZIZEEL AR
“, SLEFEART S L TEORERZEMF~DHEIGEK > T 2[R 2 ERE T % &, MEYREIC X
S TIF-N, —P LA DORERZEMTD SL ZFEA L T 2 A[HEMEAE W,

KRETIE, BEASEKBERZICH TS SL EARBOOH LB TRIRBIT 2175 2 & T, 448

FDOMBELERBRZEWHITBWTSL ZH4EE LTWBAD0HL 2T L 72,
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2.2 RBAE
2.2.1 SEEM#

K572 4 % (Oryzasatival.) OEFES A7 V1%, FALRPEEE BFRET @Ltron
HELTWizAwiz, b~ (Solanum lyopersicum L.) D fihffi~ 4 — X — 71 —1%, National Bio Resource
Project-Tomato ICHIGE L THIEKF D L L T2 Wiz, £ 4 a2 (Raphanus sativus L.) 13,
mEE O (F—=F72, KRR %, Y AH L (Sorghum bicolor L.) 1%, #fE7 Y —v VL o—

(ZARER, dufhE) 27z,
2.2.2 #HEFZE

A S HET DO HETFALERIC 1L, —FEFIRIAE 0 2 (BRI EERT, BORTER) Ic AL T 2 ALY B 7242,

25%RAGERIE S+ V) 7 LW T 15 3w L, 7Y — v RV FWTHREKEZ TS [BlgEEL,
ST 25°CC 24 RFRIROK & & 72, B5aadBiis 0 40x130mm (AGC 77 7 7' 7 A, ##UR) 1cmid L
7= A A BIE R (Table 1) % % 0.6%FRIEH CHEIL X8, % 2~k L 7= F50E 1 % 1610 L
720 JEEEEE 130-180 wmol m?s™ D HHH 16 HERHE 25°C/HEHA 8 WEft] 23°CICERE L 72HEWI A v F 2 R — %
CLE303 (b I —#5T, SHE#H) <7 HERHEEE L 72, 4 2 O/KER I, Table 1 17K 3 HLAL © 4L
L, pH5.7 B L 72D %, 1 mM 2-morpholinoethanesulfonic acid % 7L 72#%, +—F 7L —7C
R L 720 & OWETEAKBRR Z 50 ml A4 T AN (v L, KR 1 60 ml Ak, 4 %
St % ot L C L o B S oS &2 1T o 72

FEECHHT 54 4 DT AR T 272010, WERKANEF ¥ VSR 45807 7 2ETHRN
T, 8:00-21:00 (25°C), 21:00-8:00 (20°C), {BJE 50% T, #14 » HEEHEE L, EAL 2T %I
HEL 72, IHE L 7= T 1 13RS IC ALC, 35°CICERIE L -8R 2R C 14 HISW R X &, EiRo

F—tFIAFYr =2 —CIRE LT,
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WA FEEZRHWEA FOFEF I, T IFAAVTH T Az N L 7255 9 40x120 mm
(IWAKD 12, 125ml ©+S 72 1Z-S /KPR &7z L, 3% 7 HREREGE L 24 A 0R% 2 o1
I TCAN, MTEEZHCTA 2% EE L (Fig. 8B), 14 HREFHT L 7=,

b~ b DT, 1%XREEREF P 7 LBRCT20BEEL, 7 ) — vy FRNTHEEKE W
TS [P L7 t%, 1/2MS K5HbICHRAE L °6, W57 23°CICERE L 724 ~ % 2 X — & FLI1-2000 (3
HEE LRk, HaER) < 2 HRE#ET L, G5 51-73 umol m?2 s D IARA 16 Wi 23°C/HEHH 8 WEfH
23°CICERAE L 724 A4 v ¥ 2~ — & FLI-2000 (BB L ERMK) < 8 HREIBHEE L7z, 2 D%, 0.1mM
Na;EDTA % 0.18 mM Fe (IlI) EDTA ICZH L 7-24% 1/2Hoagland /KEHE CEF 30 HBIKEE:S 2 17
272, XA ayv, YK LOMTIL, 6 HEWoK - U L 721, HEE 130-180 pmol m2s! @
I 16 WRERE 25°C/HEHA 8 IR 23°CICEE L 7P A~ F =~ — & CLE303 (+ I —HKL) TAKHH
Bl 7z, Z D&, Jeiliod b+~ b OFEERFICHIF L 72 1/2Hoagland O eRZ/KBHE T 14 HEI/KBERES %
To72%,

2.2.3 t&%

#% SL ® GR24 (Chiralix, Kerkenbos, Nijmegen, Netherlands) 137 & F ¥ ICIAf# S 4T 100 mM
ICEHES, FOREE 1 uM &7 5 X 5 IR L 72, SL D E B HTIC W 7 KR D SL
WEREEHEYET d,-4DO, dy-orobanchol, di-orobanchyl acetate 7 & UNIC dy-solanachol & SLEHER)ET 4DO,
orobanchol, orobanchyl acetate 7z & TNIC solanachol 1, KPRIFF 7 KK A aryBRIERLI A TR R
FRILERAC X Y 23 L CTIHW 2, SL WHIEEYE 70 & ONIC SLAREYHE 132 2 LUl — 5 v
IR X 2T, 10pgul & 7% X 5 IR L 72, GR24, d1-4DO, di-orobanchol, di-orobanchyl acetate,

di-solanachol, 4DO, orobanchol, orobanchyl acetate 7% © UNIC solanachol 1%, —30°CICfRE L 7=,
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224 RE)ISY FUDEESH
2.2.4.1 Yo TILORINE

KB HRIC i X 372 SL DY - EEIZLA T DFTiETIT o 72, Foilbd 2.2.2 33577k CRd# L 72
FTETA 22 FIE L 72KBRR 30ml 2 50 ml B4 TR (AT L) IS L T, SL NEEEHEY)

B D d;-4DO 7z & WNIC dy-orobanchol % 4% 100 pg I L 72, % D%, BEETF L% 6 ml Il 2 CHE-H

i

St % 2 BTV, B F A 2 U L CTERRQIIC L Y eIz & €72, % DF&, Sep-pak Silica
H—bY vy HT L1 ce (BE 100 mg, Waters, Milford, MA, USA) #%F\»7zE HHMH %2 LT O
T o720 FHL L 724 7 2T 15%EFE = F L /85% ~ % ¥ v CIRMEL 729 v 7L Iml & 1 —
F U7z, 15%0FE = 5 1/85% ~F ¥ v 2ml THEH L, T % flow-through 5 & L 72, 35%HBEE -
FNI65%~FH Y 1ml % 3[Am—FLT4DO Zint &7, 50%BEHET 7 1/50% ~F % 1 ml
% 3 [Blm — F L T orobanchol % A H & 47z, 4DO [H[43 7% © UNIT orobanchol [H[47 (1%, I8 MO F%
Speed Vac SPD 111V (Thermo Fisher Scientific, Waltham, MA, USA) % F\»CEaICHzZE & & 72,
TRTE S OV v TSN ABEEE = F v 300 pul 2RI L CTAEE X &, A4 7 Aici L
72o TOVEEER 2T TRIEEZE L 72, 2hic7 2 b =1 YA 10pul, milli-Q 7K 10 pl %12 TA
fRX BTy v INifikra~ 777 42 v 7 ZEESHED (liquid chromatography tandem mass
spectrometry, LC-MS/MS) % W7z T Iciiiil L 72, oW %2475 £ CZE X 2729 v 7' vid, —30°C
THRE L 72,
AL SL i - ERIIUTOFETITo72, #10.6 gFW OIRZH 10ml DT+ F VITEL,

d1-4DO 7z & NT dy-orobanchol # 45 100 pg AL CA Y ba v HREY F A4 F— (v b+ FAREHE
5, BHER) ZFWTREL 72, IR % Bond Elut Reservoir (Agilent, Santa Clara, CA, USA) %

FAwTAhilEL 72, 28R %

Faf

FRTIC X FERICHFE X 272, milli-Q 7K 4ml & 1 MHCI20 pl %
Mz CTHfig X 274, BFET TV 4 ml 2002 CRAGRGTECZ 2 BTV, BEEE T 5 AV HH 2 R AT

XY ERE ST, Z D%, OasisHLB 1 — U v 517 L 3ce (1S 60 mg, Waters) % 72
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EAETh A2 AT D& CfTo 7o FHHLL72A 7 202 10% T & b v CHEREI /23 7 3 ml %
B—FL, 10%7%FY3ml THHFL, ZhikGb4ET flow-through HiZr & L7z, 60%7 & kv 3
ml %2\ e—FLTSL2AHIE, ERXMICE Y ERUZES ¥/, ZDK, Sep-pakSilica 71—
MY v H T L Tee (BHIE 100mg, Waters) % v 7z B 2 LU 0 &b 7o 72, F{L L 7=
N7 LT 15%FEE T F L /85% ~F ¥ v TR LY v 70 Iml Zu—F L7z, 15%Fg 5L
/85% ~F v 2ml THHFL, ZN% flow-through Hi5; & L7z, 35%BEEE T F 1 /65%~F 4~ 1 ml
Z 3 e —FLT 4D0 g 27, S0%HHE T F1/50%~F %Y 1ml % 3 Hlu—FLT
orobanchol % A & & 72, 4DO [#H]5) 7% ©H UNIC orobanchol 57 1%, JaHE AR OB Speed Vac SPD 111V

(Thermo Fisher Scientific) % i\ CERICHZE & ¥ 72, JEEMZR O Y v 7 OVICHEE T 5L 300 pl
O CERE &, T A 7l (Waters) I L7z, 2 DEE% 2 [BIfT - TIREREME L 72,
AT & b =1 Yor 10 pl, milli-Q 7K 10 pl TEME S & 724~ 7L % LC-MS/MS 73 i ic il L 72,
M EATS £ TEHEXE2Y Y I, 30°CTHRE L 7=,
2.2.4.2 FEESW

LC-MS/MS IZ X 2 =T, B#EiRik 7 v~ 1t 27 7 Prominence (HiE) WCHifh 7 4

(ACQUITY UPLC BEH C18, 2.1x50 mm, 1.7 pm, Waters) % H{Y £ 17T, 3200 QTRAP® LC-MS/MS
v A7 L (Sciex, Framingham, MA, USA) MW CEBMT%1T > 72, LC OBEMHICIE, T+
=} Y v e milli-Q 7K1 0.05%BFIE % N 2 72 i1 % v, 3iE 0.4 ml min! THMT 21T 5 72, 4DO 7
rix, 7 =1+ YV LEE% 0min30%72> 5 8.5 min 70% & 2t X ¥ 7z, 4DO (Z{RFFFRERT 5.5 min T
FiH X 4172, orobanchol 73#T1%, 7t b=+ U ILEE % 0 min 20%, 4.5 min 40%, 7.5 min 70% & %4
ft.& 47z, orobanchol IZLRFFHREE 5 min THIHI X #1172, 4DO & orobanchol @ MS A 7+ v J5E/E 1,

Table 2 ISl Z /R L7z, W E/EICIZ Analyst 1.5.1 (Sciex) ZF\, TET — & OfifHTic i
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MultiQuant™ (Sciex) % F\>7z, 4DO, d;-4DO, d;-orobanchol 7z & UNIT orobanchol D i€ &4 HT1C 13,

WIND T T T AV M AF Y miz97 ERL 72,

2.2.5 BIFRBEMRHR
2.2.5.1 BREHRAREVF— FOER

A F D7 7 2 DNA #litti#%, Table3 IZ/R L 723851 ICD T, 2720 Thermal cycler (Thermo Fisher
Scientific) %\ CHIMIEAEE 94°C20 B, BVEME 94°C30 %, 7=—1V v 27 55C 30, ik
JG 72°C 30 BT 30 A 2 AfTo 7otk ERKIG 72°C 90 B1T 5 PCR ZfFCHiiE S &7,
NucleoSpin® Gel and PCR Clean-up kit (£ /1 734 4, #HEUE) % H\Ww T PCR EY % K#L L 7214,
TOPO cloning vector (Thermo Fisher Scientific) ICE A L7z, 77 & I F% Escherichia coliDH50 2 ¥
vT Y he (877784 4) ISl HiA g, SOC KM 37°CC 1 IFRHIEHERTEE L 722, LB K5H137°C
T 24 h FHEREL, 7A—FTVA A bau=—kL 2y avi{Tol, ENEETSHAAENE
DH5a % LB 5l 37°CCiRiEE#E (150 rpmmin”) L 72%%, NucleoSpin® Plasmid EasyPure (£ 77 7 ¥
A4) #HWTT I A2 I FEKEH L 7214, creating standard curves with genomic DNA or Pasmid DNA
templates for use in quantitative PCR (Thermo Fisher Scientific) % Z#IC 3x10° 2 =D 77 X I FiA
W LTz, ThE 1055 ORmML 2mBRIZHRE L, BT RBEAT OREBICH V7,
2.2.5.2 RNA i

TR T CHlll & 2724 0.6 g DR % 7Lk - FUIE % F W TRrfif L 727, RNeasy Maxi Kit (QIAGEN)
DFIHEICHE > T RNA 2l L7z, % D%, RNeasy Mini Kit (QIAGEN) D FiHE ICHE > T RNA
#FEHELL 72, 2200 Tape Station (Agilent) % F\»T RNA @ fWE g2 L 72,

A7 3IFVad v behic 2 emBEICY o729 v T 20mg 2, Yrva=T7E—X (g5
mm, 7X7 v, KB Z12ANz2ml =y Ry F2—7 (Watson, HEHD) IC AN, KRS

& CHiAG & 4, TissueLyser I (QIAGEN) % F\» T4 L 72 RNAprep Pure Plant Plus Kit (TIANGEN,
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Beijing, China) @ #tHHEICHE > T RNA Z i L 72, 2200 Tape Station (Agilent) % F\>C RNA @ 7
IV T 4 ZHERL T2,
2.2.5.3 B FRBEMH

Rever Tra Ace® gPCR RT Master Mix (TOYOBO) % F\» CHEBRE G % 1T\, cDNA DA% 1T -
7z ft\» T, THUNDERBIRD® Probe gPCR Mix (TOYOBO) # Fl\WCEEK Y 7L & 4 L PCR (qRT-
PCR) %fTo 72, &V v 7 ®D cDNA?2 ul iZ THUNDERBIRD Probe gPCR Mix 10 pl, forward primer
6 pmol, reverse primer 6 pmol, TagMan® Probe 4 pmol, 50xROX reference dye % 0.4 uliE& L, &
20 ul IC7x % X 9 I Nuclease Free Water % JIll 2. 72, StepOnePlus™ (Thermo Fisher Scientific) % Fv>—C
PIIEAVE M E % 95°C 20 B, VAR 95°C 1B & HHRIIG 60°C 20 #T 40 ¥ 4 7 L+ DA T PCR %
fTo7e. WERHEICIE, 2 v %5 v (Ub) BfnTZM\7z, f##TL 7% D3, DI0, DI4, DI7, D27,
Os5100, 0s900, Os1400, Os1500, Os1900 8T D77 4 ~—& TagMan 7'® — 7’| Table 3 IC7R
L7z,
226 HMEEESH

A3 00l g, > 2— 901 g 2ZHMT 7 0 v AEICAN, filffE 6 ml &i@EREIL/KEK 1 ml
%M A 7z, Titan MPS ~ A4 7 v v = — 73ARETLEE S 2 7 40 (PerkinElmer, MA, USA) % T
150°C 3047, 210°C 3043, 50°C 30 73 D& CRAHIL T £ 72, 7 7 A 7 4 )b X —GC-50 (Advantech,
Neihu District, Taipei, Taiwan) C 5 L 721%, XSERIES 2 ICPMS (Thermo Fisher Scientific) % Fi\><C
ek & &% RN L7z %%

2.2.7 #rETERHT

SEHIEMT (X, Excel (Microsoft, WA, USA) % L < (I SPSSstatistics 24 (IBM, NY, USA) % v

=1

THro 72, IEHMEDOKE ICIE, Kolmogorov-Smirnov #iE % F VS, 3 EUHTICIE FRREZ vz, —
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B OMIEIC 1 Student’s t-test % V72, % BEMRIE I 1 Tukey’s honestly significant difference (HSD)

ZHW7z,
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2.3 KRR
2.3.1 BASERRRZFDFFORERAMIISY FUEEER

A A fE S A H Y OFEEE RKEISAME (control), —N, —P, —-K, —-S, —Ca, -Mg £ 7zi¥—Fe T
7 HiEFEE L7z (Fig.3A). 2%, 2mm U LR L 20T 28 % HE L7z, —CalcklF 2501
2l%, control XV R L Tz (Fig.3B), fhdRKE R ZEMICEHEWTIE control & U b 431104
BEEMT 52 137K, N, K, -SicsBvTiF2mm U ECHRELEZSTO3BEINAr» o7
(Fig. 3B), —Ca TAEB L7724 #1C 1 uM DA SL @ GR24 ZAUH S 2 &, 5 F > o ffif (3] X
iz (Fig.3C), TNHLDMELBKERZEMTT HEFEEE L2 4 20 SLEERZFH~7 (Fig.
3D), A AGHES A A VL, FAESL & LT4DO % #4425 3, Control 151 % 4DO FEER I,
Kb E sz SLE (IRBHE) T0.05+0.05pgml?, T 6.6+2.6 pg g fresh weight (FW)
1TTH o7z, TNITH L T—Ca @ 4DO EARIIBBINE TIIMRERALT, BTld 3.7+3.5pggFW-
'CH Y, control ICHIF S SLAEER XY BIHD L7 (Fig.3D), —N, —P &-S I E1F % 4DO DA
&%, control IZHRTHINL TW7z, N ICF1F 5 4DO DFEA & IZHBHE T3 1.7£0.5 pgml ™,
HCIE#) 51.5£13.0 pg g FW' TH Y, —P @ SL EA R IIWBHE TIIK 6.5£0.8 pg ml!, HTITH
137.0421.4 pg gFW' TH - 7= (Fig.3D), —S D 4DO A& 13, REBHE TIFH 1.1£0.3 pgml!, R
TIZ# 15.783.0 pg g FW! TH o7z, K, —Mg, —Fe CHEWTIIRBHE, BE b1 4D0 EAEREIC
control & HE 273D LNz - 7= (Fig. 3D),
RIZ, =S ICHT 5 SL FELEEOHEMMEA A Y 4 7 VICFFRANRICE RO ZFTR 57291,
B D A A il H AR % control, —N, —P &—S T 7 HE#EF L7z (Fig.4A)., MfEH AKX, 4DO &
orobanchol ® 2 3D SL #EA T2, TN b D SL FEAERY LC-MS/MS %W Cohr L 7z (Fig.
4B), control ICF 1) % SLREZHEIX, 4DO 2% 0.42+0.07 pgml’, orobanchol 7% 0.21+0.07 pgml' T &
272, NIZkIF % SLIREBHEL, 4DO 2% 1.23£0.05 pgml™” (control @ 3.0 f5FEEHEMN), orobanchol

23 0.2840.09 pgml™ (control & [FIFEfE) TH o7z, —P ICH 1T 5 SLIRBHEIL, 4DO 2% 2.9+0.4 pgml-
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' (control @ 7.2 f5FEEEHEM), orobanchol 7% 1.0£0.1 pgml' (control @ 5.0 fFFEEHINN) TH - 7=,
-S ICHIF 5 SL HRBHEIL, 4DO T 1.7£0.2 pg ml" (control ® 4.3 fEFEEEEENN), orobanchol T
0.28+0.08 pg ml" (control & [FIFEE) TH -7z, control ICFF 5 SLIRANERIL, 4DO 23 90.9+57.7
pg gFW-!, orobanchol 7% 8.1+2.7 pg gFW'! TH - 7=, N ICF1F 5 SLIBAEREIL, 4DO 28 331.6+31.5
pg gFW (control D 3.6 fEFEEEHENN), orobanchol 2% 7.5+2.1 pg gFW™' (control & [RIFEfE) TH -7z,
—PICH T 5 SLIBRNARIX, 4DO 2° 356.5£50.2 pg gFW' (control ® 3.9 f5FEEEHENN), orobanchol 23
15.0+1.6 pg gFW-' (control @ 1.9 f5FEEERINN) TH - 72,-S IC B 1J 5 SLIRHNAE 1L, 4DO 25 233.0422.3
pg gFW (control @ 2.6 fEFEEEENN), orobanchol 2% 9.4+1.1 pg gFW™' (control & [AIfEEE) TH -7

(Fig.4B), 2N o DfER XY, 4 A MEHARKICE WTY, -N, P77 T4, -STH SL #E4E
BEMMI L 2 L2300 572,

SL AEER DAL, RERZICGEL TR 223, Z DIGEEIEYRIC L > TRE2 1 22
T, A AL BN TH-SITJEE LT SL AR ZIM S & 5 00 % FH~7z, FEICHEEL
7Y, AMBEOIEHEMYITH 2 44 a v, NICHIGEE T, -PICDA SLEARZRN S &
5 b=k, -N,-PHIJTICE T SLEERBEMNT 2V V7T LTH 5, HIELZDIE, 4DO, 5DS,
orobanchol, sorgomol, orobanchyl acetate & solanachol ® 6 ffi%HoD SL DRBHETH L, X4 a3V
YN LIE, RERZEFTHE L T2 un s AR EORBERZIEXFIE LIRD 72 14 HHICHE
M&fTo7z, b= ME, FUBHIEET SL 2z 3 2RICH W 2 SR ZSE I Lz 2, Z D
R, X4 a3 CHRIETEZSL ©5DSIE, —P, =S &&fFICE T control & lLRTHEICHIML T
720 5DS FEEEE T control ICFH T 0.6£0.2 pg ml!', —N IZHWT 0.7£0.2 pg ml' TH > 7zDITKF L,
—P Ci¥ 1.120.1 pg ml', —S Tl 1.1£0.3 pg mI' T» - 7= (Fig. 5A) . P~ b T3, orobanchol &
solanachol 23—P S&FCO AR CT& 72, —P I 351J % orobanchol ZEAE & 1, 0.8+0.6 pg ml!, solanachol

PEAER I 0.12£0.09pgml! TH - 7= (Fig.5B) . —J7C, control, —-N £-S Tl¥, &H 5D SL b
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HIRFRU TN TH -7 (Fig.5B) » VL4 L T C& 72 5DS & sorgomol I\ #LdH-N, —P, -SZ&
FEIZ 3BT control & LE_THEICHM L T\ 7z, control I3 1) % 5DS EAE X, 0.5£02pgml! T
» 7= (Fig. 5C) ., -N, -S ic¥ 1} 2% 5DS FEAEEIZ, 1.8+0.8 pg ml', —P i k1) % 5DS AR T
5.2+1.1 pg ml' T& -7z (Fig. 5C) . control I &1} % sorgomol FEA & X, 0.4+0.2 pg mlI"' TH - 7=
(Fig. 5C) . —N IZ$1F % sorgomol FEA &L, 0.91+0.08 pg ml', —P IZF1F % sorgomol A& 1T
2.0£0.6pgml!, =S IZEF 3 sorgomol FEAE R, 1.1:03pgml!' TH > 7 (Fig.5C) . ¥4 av, vV
VAL, b= D SLAHTTIE, WTNDLEMTD orobanchyl acetate (ZFHRFALLT TH - 72,
2.3.2 BMBAAURZICEFIZDRM)TASY FOELER LBIETFREMRIT
A A DIKFHE TIE, K2SO4 T 300 uM, +S micro-nutrients T 10 uM, &4 T 310 uM DFilE A A
VHBERE LCEHEENS (Table 1), 2 2T, SEE% 0, 10, 30, 110, 210, 310 pM & Z{b X
WK ETAEI L (Table 4), 7 HREHEEE L2 20 f 20 RBFM B X O 4DO ELEBEZ TN/
(Fig. 6A), BOE X%, SIEE 0, 10 uM T 7.7-8.4 cm, S 30 uM LA E T3 6.840.2 cm TH
D, SEEOETICXL > TIROMENFHEIN T/ (Figs.6BandC), > =2— FDEX 3 SIEE 0
UM T 192403 cm &b A<, SR 10 uM Tid 22.840.4 cm, S I 30 uM LA L Tid 24.940.6 cm
THY, SEBEIKTICL>Tya— DRI IFHEL & >7 (Figs. 6B and C), D7 nnu 7 4 )L
GEOIEEL 72 % SPAD 13, SIEE 0 uM T 30.8£0.8 L b KL, EoEETLTH Y, SiE
FE 10 pM Tl 34.7+0.8 T, S¥EE 30 uM BL_ETI3#7 37.5£1.0 TH > 7= (Figs. 6B and C), SL 4
i, WBHE, BHNERLDICSEE UM THRH %, ZIZ 4 0.5£0.06pgml’, 35.5+3.0pgg
FW'TH -7 (Fig.6D) . SiEME 10 uM T 4DO FEAELHEML Tk Y, HRBHED 0.2+0.03 pg
mi-, HRANAED 25.743.0 pg g FW!' TH 572, SRR 30 uM LA Ric 72 % & SL EEAERICK Z 21k

27 <, HRBHESF 0.013£0.009 pg ml, RNEED 9.4+2.5 pg g FW! TH - 7z (Fig. 6D)
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—SICk T % 4DO LB EDBIEFIC K o THIEI TN T2 D2~ 2 7-9Ic, SL BEE
LT OELTHIRES QRT-PCR ZHWTHNZ, 4 2E4E% 7 HREEREcAF X721, -S
KPR T 7 HREKEERSS L, B0 %3 LS AKFRKIC, KD B0 28 Lw-—S KIRRICEHE L 7=

(Fig. 7A) . BHilt% 1 HH ® 4DO A& & SL BhEE(R T DG R Z T L 72, —S @ 4D0O &I
WLV ERHEREL CTE Y, S ZHEAES 2 & B HICII 1/5 1 £ T L7 (Fig. 7B)., SL BHELE
T DR THRG B & T L 72455, SL AEABGEIS T D27 #3-S TEREL TEY, S T %
2 ETEDEEERIIN 1/5 LT L7z (Fig. 7C). 2@ D27 DG TR OZEH) 13 4DO FEA
BEPle R =V EIRL Tz, Z Ot SLAEGBGEIRTTH 5 DI7, DI0 & OsMAX] +En 7
D 05900, Os1400, Os1500, Os1900 & Os5100 TliI+S & -S TR E RZALIFFED LNk D - 7= (Fig.
7C). —/7, SLIEMImEEIET D DI4 & D3 13+S TEHWHRIHEZ/RL TH Y, -S TRIEHEED
KT L7 (Fig.70).

2.3.3 MBAAURZICEFTBDRAM)ITSY FOEGHRBREL TFILORE

42D EDMN-S %KL T 200 EH|R27201C, 4 3DIR%E 2 210, WFTORE S
Tt (+S) IRTEME (+SH4S) &, FAE+SIC, b5 —E-SIKETEM (+S/-S), Wil
L E-SIETEMNE (-S/-S) TENEFNHIE L 72 (Figs. 8A and B), +S/+S 72 & NIC+S/-S ICF
F oM B oM EERIIFRE T oD ICk L, —S/-S TIXFAEICHA L T (Figs. 8C and
D), RoOFfEERIY, TXTOLHTHEETH -7~ (Figs. 8C and D), SL DEREDHTIL LC-
MS/MS % i\ (Fig.8E), #id &= O E =74 1% ICP-MS % v C4T > 7z (Fig. 8F), 4DO j#
AL, +SMH4S 7 b NC+S/-S TR E & it <, BEBHED 02-04pgml!, BANEED 1.8-3.5
pg g FW' T» - 7= (Fig. 8E) ., —J7, —S/-S TII SL EABAELIWIML Ty, REBHER
1.1-1.5 pg ml!, RPN &2 51.0-63.7 pg g FW' TH - 7= (Fig. 8E) , +S+S DR &EIZ, i)

DR T 8.0-10.4mggDW' & [FIFESE T dH - 7z (Fig. 8F) . +S/-S DieWiE & &1L, +S iR 1% 11.8+1.4
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mg g DWW, —S DR 1T Z DFEFEE D 5.5+0.6 mggDW' TH - 7= (Fig. 8F), —S/-S T, Mif57
DIRT 3.0£0.3 mggDW' & FIFEETH -7z (Fig. 8F), H B IC 1) 2 E & &1L, +SH4S Tl
7.0£0.4 mg gDW, +S/-S Tl 4.7+0.2 mg g DW', =S/-S TiZ 2.0+0.3 mgg DW"' T&H - 7z (Fig. 8F),
27 a—2F, i EHrOR~EEEINDE L 7 FADTD12THE S, 22T, SLEAELYH
fidT 2 7 FNRFBRAI R —RATHLEPWEET 5 70I1C, A7 v —RUHERB-N, P, -SICHIF
% SLEAICHG 2 28w #flE LT, A7 v —XJRE 0, 0.01, 0.1, 1 mM LE L 727kHHE (-N,
—P, -S) TA AMfES A7 Y % 7 HREHEES L 72 (Fig.9A), Fii~D@ED X 7 o — 2 JUBx, <
70— ARZICX 2B NEIE2 19 4D0 FEE B R ERBINT LR, S THER T4 41
00l mM DA 27 u—ZXZMBY 3 &, KRB 12 F2E £ ¢ SL EAESHD L7 (Fig. 9B), —
JTC, 1mM A7 8r =X BT SL EAESEML 72 (Fig. 9B), -N THEBE T 54 11
0.l mM DR 27 u—RA%MES 2 L, RO 1/43 B % © SLEEELHA L7z (Fig. 9B), —P
THEET 24 A4I1C0.1mM DA77 a—R% T 2 &, RO 2/3 F2E F T L 72 (Fig. 9B),
N7ZLWIC-PICHVT, 001, 1 mM A7 v —RBXCTH SL EARL DT 2HANICH - 72
2, AEAZRRE®DLNAD» -7 (Fig. 9B),
2.3.4 REBRZICETBHXM)ISY FUELEOBEEDEL
SL BEE#E (L 77 & NC SL AR, -N, P, -SICGEL TEDREZH L TV 200H~5
TeDIT, KRETNEM L RERZECOBETRIIRE L SLEARDO I Z{T 57 (Fig.10), —N
T, D27, D17, DI0 DELTFILEL, control & LB L CITH#EL 72, —FF, 0s900, Os1400 13,
control & [UHZ L CKRE LZEEIAh >72, DI4, D3 OEMLTFIEL, control & HEE L T L
720 =P TlX, D27, D17, DI0, Os900 DiEInTFIIE 1L, control & KL CITHEL 720 —T7, Os1400
DIELTFRIIEIL, control & KL TR E ZE) I 7d o7z, DI4, D3 DB TFILEIL, control

CHER LT, b L IFRAERIICH 5720 —S TlE, D27, D10 DELTFFILE 2 control & FL#E
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LCIt#EL 7=o —J7, DI7, Os1400 DBEILTFILEL, control & LK L TR X Z#) 7 d -5 7=,
05900 DRI TFEHE L, control & HELL CTHA T 2EMICH 572, DI4, D3 DELFFHERITL,
control &KL THWA L7z, 2o OfREZBRERZBTHEKT 2L, P TIIMHEHAL 2T ~T
O SL AESHEGTORIRENTTHEL TH Y, N, —-S L L T 2 oRHEIFEECHML <
Wiz, -N T, D10 DEIETRIENE L CHEML Tz, S Tk, D27 BI5F2EmFEHL T»
e, ZORBBII-NELFERECTH -7, 72, SLIERMEEEET D DI4, D3 1%, -N, P,
S TN TORHEIWAT 2 2 L0355 o 7=,
2.3.5 RBRZEHAEHEEBORMIISY FUVEEE~DOEE

RERZICE > CEBTFRAEIZH T 2 SL BEEEE 23274 % (Fig.10), P iIZH1F % SL 4
ARGER T, D27 72 T% <, DI7, DI0< OsMAX]I DFIREDTTHET 2 7, Zh b OEETF
WX —v DEND SLELEBDOECICHERZ RITT LR ELILONS, EE —PIicEIT2 SLR
WAEIZ-S DR 105 TH o7 (Fig. 3D), 22T, P &-S%#lAadbe 32 & T, SLELREN
ARSI %2 O Tlx 7w & F 2 7= (Fig. 11), % Z T, control, —N, —P, =S, —-NP, —NS, —PS,
-NPS DZMTA * % 7 HIEHFET L 72 (Fig. 1), BOE X1, -8, -PS T9.0-10.1cm &b KL,
Z Dt DZ Tl 7.3+20.6 cm TH - 7= (Figs. 11Band C), > = — F DK XX, control, —P T 20.7-
238 cm (D EL, ZOMDEMTIE 18.340.7 cm TH -7 (Figs. 11B and C), SPAD [3I-P T
40.1£1.0 LR DML TIH Y, KT control &—PS 7% 35.4+0.8, —S A% 33.0+1.0, —NP & -NPS 73
26.7£0.9, —N & —NS T3 23.5+1.4 L& b LT/ (Figs. 11BandC), SL DREBHEIX, P T
6.5£0.7 pg m' L b % <, RWT, -NP, -NS, —PS, —NPS T 1.4+0.1 pg ml"' TH »7z, -N &-S
T, 0.3+0.05pgml' TH -7 (Fig. 11D), SLIBAAEREIX, —P ICH VT 96.8+10.5pggFW! LD

%<, RT-N, =S, -NP, —NS, —PS, —NPS T 31.4+4.2 pg g FW' TH - 7= (Fig. 11D),
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RIT, RERZOMABEDLEOHTH, SLEAEIPRDOIEML TP EAIFETEHEHL TW
%S A G 7--PS © SL BEEE T O ¥ E % qRT-PCR Z W THET L 72 4 2 4% 7 H
WFERBEH AT 27218, —PS/KBHE T 7 HREKBEREE L 724 2 D 5 B, HEEH L W+PS ki
WIT, 9 PR BT L \-PS KFHRICISHE L 72, 4tz 1| HH ® 4DO L& & SL BEE(R T Din
L& % T L 72, 4DO FEEB L, +PS T 30.6+8.1 pggFW, —PS T 114.9£13.9pggFW! TH - 7=,
—PS ICHBIF 5 SLAGHEIR T ORBE%+PS L Iik$ % &, D273 6315, DI71X2.11% DI0X
30.1 f%, 0s900 1% 5.0 fi%, Os1400 1% 3.6 f57CHE L T 72 (Fig. 12C), %7z, 0s1500 1% 2.6 f%, Os1900
12 3.0 %, 0s5100 1% 1.6 f5/UiE L T\ 7z (Fig. 12C), — /T, —PSCHF % SLIEFMIimEEE T O
FBRZ+PS LT 2 L, DI4TO03f%, D3 TO6GLREHARIFILZ, PSICBVT, P
LIES 2l d 2 2 &ic X b SLEAR~DRE X FN L 72 (Fig. 13A), Z DR, S @ AfEAl
L 72—P+S Tld 20.8+4.7 pg g FW', P O A% fitifll L 72+P-S Tld 31.248.4 pg g FW' TH - 7= (Fig.
13B), Z#IE P & SOMJTZMAEL 72+P+S & [AFRED SL AR TH -7z (Fig. 13B), T4 HD
KEBRMICE T 5 SLAEABGEIEF OB E 2T L7z, D27 DRBIEE, —P+S &2 b IC+P-S T
FRRETH Y, +P+S ICH T 2 RKIHED 38 15, —P-S BT 2HBED 0.5 57 o7, DI7 DFH
X, —P+S THP+S L FFEE O FHIE T T L 7z, +P-S TIZ+P+S D 1.5 ORI E S - 72, DI
DFEHIE L, —P+S T+P+S L FARBEOHKIEE T T L7z, +P-S TIX-P-SICBIF2RIHELD D
148 L T\ 7z, 0s900 DFILREIL, —P+S TIX—P-S &R TH o 7z, +P-S TII+P+S & [FIFLSE

DHFEBEICE KT L7,
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2.4 BE
2.41 BBAAVRZIHEELEA M) ISV FUEEBEMDA D =X L

ARETIX, -N, P, K, =S, —Ca, Mg B L V-Fe iCJo& L7440 SLEALARZFELZ, %
DFER, —S TH SIEHEOETICIG L T SL FEAENHINT 2 2 L 2L 510 7% 572 (Fig. 3D and
Fig. 5D), —-S iCHJ 5 SL EABOHMIL, S AHVZFchl, WEHAE LRI

(Fig. 4B), SL BELE(L T D RBUFNT 217 o 7245F, D27 28-S TEAEHL T/ (Fig.6C), X5
I, DI0 DFHEZ+S, —SHICHT 2 &, ¥WMT 23RN (Fig.10), T7khbb, D27,
DI0 BEFORHEOTTHEIC L > T-S ICHBIF 2 SL ELERBEML CwWieELLNE, -S DR
ikl EEciThn, WEH» L DML 20 S FARRITEZ i, o SL EARSHEMNT 5
t#z 51 % (Fig. 8and Fig. 9).

WAL ERENPRZ LIZEGTA A2 KT 5L, N, K, -S THTF 2082 BEINT, —Ca
TROPF OB L 72 (Fig.3B), —N, —-S I, ML 7= SLICX > THTF >l E &%z
bivd, —J, K&, SLEERIEML 2B 550 2808 L7z, (Figs.3Band D),
K ICBWTHT OB T 2L, AR MEIN TS 0, KICBEI AL AL, KEF
BERHERTH2ZF P )T LA EERINCRBEIINT 2 192, 4 2 e > GaEFlZRF Y 74, X
ML Lo THT 2% 2 193, GR24 UL 3 L —Ca 2B WTH T 2K WA L 72 (Fig.
3C), —CalcHF % SLFEAEIZ, control ICH T 2MAICH 2 (Fig. 3D) 34, Ca lZHEH X
NICK WREBITLHRTH 2720, —CallBIF RERZEFIL, LAECEEL & ORRER LA
BTELPTW L, HYOEXBETEARINEA—F2 ViE, —Ca THWT X DEERIFHAT 2
104105 oF—F > v E, SLOERKEFET 5720 1% —CallB W TH—F v v OlnkE ST
52 LICX o TSLEARNBYL, ST ORBEML 72 L3l TN s,

A A LS OREY) %N, —P, —S THIG L2 L EDSLEARY TR L 2R, ¥4 a2 v SLESE

E13-P, —S T control ® 2 fEREMIM L 7= (Fig. 5A), 777 FFTH 2 X4 a2 13 AM H & 4
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TEhRWV, ZD®, —P, =S THINT 2 SLIZL A4 a Vit LEVE LTORMEFAL TS L
EAbNb, F=FDSLEALRE, P TOAMIMLTEY, YA LICEIT S5 SLEERIL, N,
—P, —S TRTCTHML T/, THODHERXY, WYL > TBETERERZHEAR S Z

EBHL LI oTz, £z, N, P, =S T_CT SL EABPEINT 244, YALHLICETS
SL D& L, —P CTHRHEL <, N &-S TIHFETH 57 (Figs.5Band C), HTE T TICHE X
NTWBE-NLELWIC-PICIEE L7z SLEARIE, TXT-POABELL N, RERZOPTHEIC
—P CSL AEZELZE 2R e HElT N5,

S IZk )2 SL BEER T o RBIE, D27 FBELTUEL T\ (Fig.7C), Z Ofthd SL4EA
BOBE T 1%, +S L-SHITRE LB M %ev o7, —S TlE, D27 23 SL EAICH T 2 HE n&E %
Ho TV AREME S D 5, SATIIFtICE T2~ 4 7T LAITOME, -STEETLZvu4 X
FRAFICBWTD AtD27 DFIRELHEML THY, MAXI, MAX3 D-S TELETRIROLH 1L
BN oz I8 S 2 DAL T, YA XFXFICENTDH D27 BPEELREEZH->TW5
tEZLNS,

242 RM)ISY FOEEENEMT 5-OORERZ ORI

W FEEHCTA 28 EE T2 L, BoFEERITEUHXECER L7201 b b6 T,
+S/-S Gt Tl SL EEE B SN L 722> > 72 (Fig.8E), +S/-S &fFic s 2 IR0 s &1L, +S fll
DI TIZ+SHS St & FIREEE, —S IO Ti13-S/-S §F & RIRETH -7~ (Fig. 8F), —/7°C, il
BB E L, +SH4S SefF L +S/-S M CRBE TH o e DITH L, —S/~S TIFAEICHD L T
7o M EHD S ERIZ-S/-S TORMET LTz, TNHDOHELL, v 2— O S GEIMET
THILICX o TCSLEARPEMT2LExONS, T7abb, SLEEARBZEME ¢ %7-00D-S

Diakhrlt, va—FThEEEZLNS, KIS, N, P ORFHHND 2 —FTHBE LD

HML
null

WMEDD 5720 %, va— bR~ LEEI NS SL EANES 7 FARHFEL T b AlRelE%
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E ATz, SLEAMREDY 7P A ofEflie L TARERTIE, A7 v —RICEH L7, SLEAERE M
T35-N, P, SICBEWTRZ B —RZUHL 72458, N, P TIZ 0.1mM R 7 17 — ZJLHEC,

T3 0.0l mM R 71— QU SL EARMET L7z (Fig. 9B), ik ics T, Hick > T
I X 2%, SL 7210 Thl, A—=F v veH A b4 =v e wvo it v R
4z pfitiihTcnd, A—F > vid, SLAAKELRTORREERZHME 22519, fEoD
BRI X o TA—F o v HFHET 2 SLIREIEZ G2 2 & TR pn e &2 1% 34 b7
A=V, BEOMBIC K > TEBEL, B ziinse3 M, SLEHRISERIE, Bk o<l
flxh, SLICHNT 2RZUELZE NI L2 L TROPNEMIE S 2, 51, SLICKBEED
EAIREEAE, v a— 20U X o> Tk g 15, b oA S, FELEIZE 2 h
ZEMI G223 00-TED, Zid SL AMERLEIIL Cwa bl I s, EFE, fHY)
DY —NT 4T v Y XL%HE BB KT CIRCADIAN CLOCK ASSOCIATEDI (CCAI1) %%, SL B3
BETO7ae— 2 —EfiiciEA T2 ICX > TRHERIUES E, HornEIflss e
O Loz M, I I, CCALIINAWREDOREIC X - TREZ MR T2 M, $%bb, B
7 F % SLBEEELETICIEA S A vy Yy —E LT CCAI BIFEL TS, ThHDHR X

h, AZu—2MIC X 5T CCAI DELTRIAEIMET L, CCAI i< X3 SL BH#EL T DR

il

DICHED R o =45 R, SLEARSMEYLZEE 2505 (Fig.9B), EB, ®K&\E+H&MF
BOWTAZ =2 % LT SLAEGHELRTORREIIZEH L 15, L LA s, SLELE
BoZticxtd 3 227 v — RBEERFEE IR bk o7 (Fig. 9B), ZD7-0, KEXRZITG
BL72 SLIEEAREZMINS 2L 7 FA0TD, R7a—REWET I3 ERZFHEIHLETH
2, 2, KRERIVEONAHRIT, SLEEROEICH:Y 77 A5 L Twd 2L

R LT3 (Fig 9B),
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243 RIS FUELASDEMDSHELERBERZOEAGHE
BT RGO R Z R 5 &, P TIXTRTO SLAESGHERTORHFENE L S JUEL Tw

% (Fig.10B), —/5C, -N &-S Cl, D27, DI0 DEIEDOUELSILEL TH Y, DI7, 0s900 D
FIREF-P KT LR\, 2O E2bH, NALWIC-S &-P T, SLEARZXHMNE
237 FADORHD LAIZZ ORI R > T eI NG, ZOTICHWZRfEY A 7Y
Tl¥, orobanchol 28 1F & A K E e > 7z, TN, —N, —P, —SITBE L7z 0s1400 DFEIRE
JUER Wzt EZ LN S (Fig 10),
~PiCHB T % SL EARDEML, SLAGHER T CTH % D27, DI7, DI0, OsMAX] DBIEFFE
WHTLHET 2 2 ICERT 2 7, —J, -STIE D27 ORHENE LT %5, 2D, P L
—S ZAHA G DR /2-PS TlE D27 DFBELF L L JTtET 5 L & b iC, DI7, DI0, OsMAX] DEIR
THRIADTUET 5 720, SL EERIERIICIMNT 2 LHEIIL 72, LovL, EBRICIZ-PSICHWT
P X Vb SLEAESHEMNT 2 2 L IXRBD bNnr o7 (Fig.11), ZOFERIT, KERZOMAL
b SL EARICHNMMEN RS2 L ZRL TS, —PS ICHT 5 SL BhELEn 7O ¥
BN OFER, D27 720 T4 K, SLAEAHGELR T ORI L 72 (Fig.12), &AL 72 SL &
HBHGEETIE-P ICBWTIUHET 2 2, —S OFET D27 R ITHEL, P OETZ oMo SL
AEHEETORREDI UELZd0LEZONDE, 2D, S LV H-PSICHEWTSLEAR
DI B AN B 5 72—, —PS Ik T2 D27 OB T-HIRIZ-S BIMKZ DKL Y KT
LTz, 20 D27 BT RIAEDOEL-PS BT 5 SLAEEDOHHICR s NS, XK
KREZMEST 52 LIk b SLEAR~DOREL T 272012, PS TEFT LA XICP D
L<ix S ZMEIEL 7= (Fig. 13A), FRFE N LT, Eb LD —TOREZRMEIET 27517 Th SL
FEAREIMET L7z (Fig. 13B), Z#Ll, —P 7Zab NIC-S iIck T 5 SL EAEOREMIL, F—v 7

VI K o Tl T N 2 ATREME 2 R L T\ %, 7, R TR ORISR O, MES 288
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6 U CEBIETFRIROEHEH NN Z — VR R o7, 2D b, SOMEIEIC X T D102, P DfEtic X

2T 05900 DB THRENGHEE 2Y, SLEABRBPMETLEZbDEEZONS, BHAET TIT, #

BRZ BB I LD X5 RIEMIGELZ N LT SLEARZEMIE TV 200 IR HTH

277, KRETEHELN-HAIL, KEBRZICGE L7z SL EEBORIN A /1 = X L DfFIRIC D 78 23

5LEZD,

AKETIE, RERZICIGE LA XD SLEAEBOELICERH L, kL= X 51, #inL 7=

IR D L DI CEE D B DR EHEV DTERE I E R 5.2 5, T3, KRERZEREIC

WIGTA7-0D0EEL 7oA LTEZLLNT VS 2, FFEFNX LT, -SITBWTSL EL

BT 5 2 L3, AMEIRIIOMETH S, £ T TRETIE, —SIKILE LTINS 2 SL D

BTHEZHO 2T 2 2 2 HMICRE 2D 7o, £72, RERZFEMFICEWCHEOEMIRET 5,

EDEDBHET L TV ARECIHRWEEZZITELE AN LABELEED, ORI LRZL

DI EDMEN/NI LB e HFEZ LN TS, LF, EOMEOHIEIC SL BBHGLTnws L

D E Nz, £ 2T, SL EHR ML ROPHOBGRE X OCEDAEHIE A H =X L0 »TH

BxiT-o7,
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Table 2 lon source parameters of mass spectrometry.

Parameters 4DO  orobanchol
Curtain gas (psi) 10 50
Collision gas (psi) 4 3
lon spray voltage (V) 5500 5000
Temperature (C) 500 600
lon source gas 1 (psi) 40 30
lon source gas 2 (psi) 60 60
Declustering potential (V) 41 46
Entrance potential (V) 5 4.5
Collesion energy (V) 27 17
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Table 3 List of primers and TagMan probes for qRT-PCR.

Primer name*

5'-Sequence-3'

D3-F CCCAACCTCCGCAAGCT

D3-R GACGCAATCGCTGAACCG
D3-TagMan fF-TGGCGCCATGCTTGTTCAACCC-t**
DI0-F CTGTACAAGTTCGAGTGGCACC
DI0-R CCTCGTCCGTCTCCTCGTAC
DI10-TagMan fFCAAGGCCAGCGGCAAGATTG-t
DI4-F GCCTCTCCCCGGTTCTTG

DI4-R TGCTGTATCTCCTCCAGCTCG
DI14-TagMan ffACGACAGCGACTACCACGGCGG-t
DI7-F CCTCGTCCAGAAGCGTGAG

DI7-R TAGTGGGTGTCGGTGAAGGC
D17-TagMan fF-TCGTCGTGCCGGACCACCTCA-t
D27-F AGATGACCCTGCATTGAAGCA
D27-R GCAATTCACACCATGATTCTGC
D27-TagMan f~CCATGCTTCCGGACAAAATGCG-t
Os5100-F CTCTCCACCAGAAGGGCCTC
Os5100-R GAGATGATCGTGTTCCTCATCG
Os5100-TagMan f-TCTTCACAAGGGACGCGAGGTGGT-t
Os900-F CGTGAACCTCACGCTCGG

0s900-R TTCATTGCAGCCGTCCG
0s900-TagMan f~CAGCTTGACAGGATCGTCGCCGA-t
Os1400-F TGCATTGAGTGCGTGTCCA
Os1400-R GAAGCCGAGAGCGAGATCG
Os1400-TagMan ffACCTTGATGGCCAAGAGGACATAACATTCT-t
Os1500-F AAGTGCTCAAGAGGATTCCCG
Os1500-R CGATGCTGTCCATATGTGTTTTC
Os1500-TagMan f~CAAGATCGACCGGGTCAACCGC-t
Os1900-F TACGTGGACGCTCTGGTGG
Os1900-R TCTTGCCGATGATGTCGATG

Os1900-TagMan

f-TCCCCTTCTGCCAGCTCTCGCTGT-t

Ubi-F
Ubi-R
Ubi-TagMan

AAGGTCACCAGGCTCAGGAAG
GATCGAAGTGGTTGGCCATG
fFCAACAACGACTGCGGCGCG-t

*F, forward primer; R, reverse primer.
b

**f, FAM; t, TAMRA.
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A Pre-culture Hydroponic culture
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Figure 3 Effect of macro nutrlent deficlencles on number of outgrowmg tiller buds and SL levels.

WT seedlings were grown in hydroponic culture media without the indicated macronutrients for one
week. Outgrowing tillers (>2 mm) were counted in 2-week-old seedlings. A. Schematic diagram
showing the experimental conditions. B. Effect of nutrient deficiency on tiller bud outgrowth. An
arrowhead indicates the outgrowth of the second leaf tiller. n.f, not found. Bar: 1 cm. C.
Complementation by 1 uM GR24. Data are the means £+ S.E. (n = 3). *P <0.05 vs C (Student's z-test).
D. 4DO levels in root exudates and roots under nutrient deficinecies. Samples were collected on day 7
after transfer to hydroponic media, and 4DO levels were analyzed using LC-MS/MS. C, control. n.d.,
not detected. Data are the means = S.E. (n =4). *P <0.05, **P < 0.01 vs. control (Student's ¢-test).
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Figure 4 4DO and orobanchol levels in root exudates and roots of rice cv. Nipponbare seedlings.
A. Schematic diagram showing the experimental condition. B. Samples were collected on day 14 after
transfer to hydroponic culture medium (control, —S, or —P). 4DO and orobanchol levels were analyzed
using LC-MS/MS. C, control. Data are the means = S.E. (n = 4). Different letters indicate significant
differences (Tukey’s HSD, P < 0.05).
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Figure 5 SLs levels in root exudates of Japanese radish, tomato, and sorghum.

4DO, orobanchol, orobanchyl acetate (not detected), and solanachol levels in root exudates of Japanese
radish (A), tomato (B), and sorghum (C) were analyzed using LC-MS/MS. Blue and red lines indicate
nutrient presence and deficient conditions, respectively. C, control. n.d., not detected. Data are the
means = S.D. (rn = 3). Different letters indicate significant differences (Tukey’s HSD, P < 0.05).
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Figure 6 Phenotype and 4DO levels of WT rice seedlings at various S concentrations.

Samples were measured on day 7 after transfer to hydroponic media. A. Schematic diagram showing
the experimental condition. B. An image of rice seedlings grown under various S concentrations. Bar:
5 em. C. Rice root and shoot length, and SPAD. SPAD were measured at 3rd leaf. Data are the means
+S.D. (n=20). D. Samples were collected on day 7 after transfer to hydroponic media, and 4DO levels
were analyzed using LC-MS/MS. Data are the means + S.E. (n =4). Different letters indicate significant
differences (Tukey’s HSD, P < 0.05).
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Figure 7 SL levels and expression of SL-related genes in WT rice seedlings under S presence or
absence conditions.

A. Schematic diagram showing the experimental conditions. Red and blue bars indicate +S and —S
conditions, respectively. Seedlings were transferred to fresh +S or —S medium on day 14 of culture.
4DO levels and gene expression were analyzed on day 15. B. 4DO levels in roots. Data are the means
+ S.E. (n =4). C. Transcript levels of SL-related genes in roots. Data are the means + S.E. (n = 3). *P
< 0.05 (Student’s t-test).

42



Hydroponic culture

A Preculture (split-root assay)
— } |
0 7 14 days
N\|/ \|/ N\|/
+S || +S +S =S =S ]=8
+S/+S +S/-S -S/-S
C D (2, Shoot
C
=
ke
©0.11
go0.
= b
w
o
& 1
0 - T T
+S/+S +S/-S -S/-S
1.09 Root
C a
5 a @ ] a a
gO.S-
=
w
o
L
O..
+S/+S +S/-S -S/-S
E 3. Root exudates F§ 15 - Shoots
&)
g B 10
5 2] a 21 a
o ab g b
O 1 2 5 -
Pl : ]
©
04 3 o . _M
+S/+S +S/-S -s-s F +S/+S +S/-S -S/-S
90 - Roots . § 15 - Roo’tsb
3 S ]
o
5 60 - a ga 104 ab
E \5’ bc
8 30 A 5 5 1 c C
Q b b b b =
0 3 _
+S/+S +S/-S -si-s & +S/+S +S/-S -S/-S

Figure 8 Analysis of SL and S contents in rice seedlings by split-root assay.

A. Schematic diagram showing experimental conditions. After preculture, the root systems of wild-
type seedlings were separated into two parts and each part was put into either S-sufficient (+S) or S-
deficient (—S) hydroponic culture medium. B. A rice seedling in the split-root assay system.
Arrowheads: white, rice seedling; orange, bamboo stake; red, split roots. Bar: 1 cm. C. A photograph
of rice seedlings after cultivated using split-root assay. Bar: 5 cm. D. Fresh weight of shoot and roots.
Data are the means + S.E. (n = 3). E. SL (4DO) levels in root exudates and split roots. Data are the
means = S.E. (n =3). F. Total S contents in split roots and shoots. DW, dry weight. Data are the means
+ S.E. (n = 3). Different letters indicate significant differences (Tukey’s HSD, P < 0.05).
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Figure 9 Effect of sucrose containing hydroponic culture medium on 4DO levels without N, P, or
S.

A. Schematic diagram showing the experimental condition. Samples were collected on day 7 after
transfer to hydroponic media containing sucrose. B. 4DO levels in root of WT rice seedlings at various
sucrose concentrations in hydroponic media. Data are the means = S.E. (n =4). *P < 0.05 (Student’s #-
test vs 0 mM).
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Figure 10 Comparison of SL-related gene expression under N, P, or S deficiency.
A. Schematic diagram of experimental conditions. Blue and red lines indicate nutrient presence and
absent conditions, respectively. B. Heat map of SL-related gene expression. Box colors indicate relative

gene expression levels. C, control.
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Samples were measured on day 7 after transfer to hydroponic media. A. Schematic diagram showing
the experimental condition. B. An image of rice seedlings under combined N, P, and S deficiencies.
Bar: 5 cm. C. Rice root and shoot length, and SPAD value. Data are the means = S.D. (n = 20). D.
Samples were collected on the day 7 after transfer to hydroponic culture media, and 4DO levels were
analyzed using LC-MS/MS. C, control. Data are the means = S.E. (n = 4). Different letters indicate
significant differences (Tukey’s HSD, P < 0.05).
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Figure 12 SL levels and expression of SL-related genes in WT rice seedlings under PS presence

or absence conditions.

A. Schematic diagram showing the experimental conditions. Blue and red bars indicate +PS and —PS
conditions, respectively. Seedlings were transferred to new +PS or —PS media on the day 14 of culture.
4DO levels and gene expression were analyzed on day 15. B. 4DO levels in roots. Data are the means
+ S.E. (n =4). C. Transcript levels of SL-related genes in roots. Data are the means + S.E. (n = 3). *P

< 0.05 (Student's z-test).
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Figure 13 Effect of P and/or S fertilization on SL production.

A. Schematic diagram showing the experimental conditions. After 7 days-preculture, seedlings were
grown in —P—S hydroponic culture media for 7 days and transferred to new +P+S, —P+S, +P—S or —PS
media on the day 14 of culture. 4DO levels and gene expression levels were analyzed on day 15. B.
4DO levels in roots. Data are the means = S.E. (n = 4). C. Transcript levels of SL-biosynthetic genes
in roots. Data are the means + S.E. (n = 3). Different letters indicate significant differences (Tukey’s
HSD, P <0.05).
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DEERF & SL & DBARIIAHTH 2, -N FIFCTEBFT 22— ) DG, LI DMEI/NE L
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3.2 REAE
3.2.1 SEEM#

Kiffge cRV 724 4 (Oryza sativa L) 55, A7 D, HAR, Ei8E, SLAEAKK
BERKD d27-1, dI7-1, d10-1, d17-2, d10-2, SL TEHRImEREETAD di4-1, d3-1, d3-2,
ds3-1 1%, HALRFEIE REET L2008 L CukZni, WAy 7 2013, FK
RFWEBIR AHEBE BLEro0@EL CnizZwniz, WEAET 65 51k, AHERZEHR Bl
AT oL Cnizitni,

3.2.2 EiEARE
AR CHERAL 724 2 1%, 222 BEHE (p.15-16) ICFLHE S N7z L THES L 72,

3.23 &Y

GR24 (Chiralix) 1%, 2.2.3 (L&Y (p.16) ICEE S Nz L CHHBLL 7z, BR OEE/HTICH W
7= EKFEIE D BR WIEHEYIE d3-BL, d5-CS 72 & NC ds- epi-CS & BR EEHEYE BL, epi-BL,
CS, epi-CS 1%, OlChemIm ft (Slechtiteli, Olomouc, CzechRepublic) 7> & A L 7z, BR PEAZEHEY) &
LN BREFIZT 2 F= b Y AMICAREE T, 10pgul! 7225 X 5 ICEHRIL 72, BR EHHKH
FR D77 5 —)v (BRZ : brassinazole) (%, HKFARAEMBIEMIREIR REES &

T X033 LCEW, BRZ 37+ VICAEMIET 100 mM ICFHEL L 7=, SL EAHEER

TIS108'* & SL fERIsEAEA O KK094 1% B!, HURFRFBE A AEMBI A TRER AR
B oL, KRB EGR AR PR R X 5 L CIEV 72, TIS108
& KK094 137 & + v ICAMEE €T 100 mM IZFH%E L 72, GR24, BRZ, BL, KK094, TIS108 iC Tween20
CREALA T2, i) 2 1232 <, 22w 7 25 a4 v il ic mRE 0 L 72,
d-BL, d;-CS, ds-epi-CS, BL, epi-BL, CS, epi-CS, BRZ, TIS108 ¥ X (N KK094 1%, —30°CIC{RE

L7,
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3.2.4 SPAD )iflsE
KR 7T HE2»S 2 HEHE T, 3HEBICAAEIECEIN 70074 v G8ZHET S

72812 SPAD-502Plus (=2 =7 I /7 v &, H#H) % FwvC SPAD Z#lliE L 7= (Fig. 15) %2, #EH
DI, R & BRI O 3 2Pt E 2 E 3 B OMIE L 2z AEE 9 |2 HIE L 72,
325 52+ Vafy rOAEDAIE

—HRL 7 D5100 (=2 v, HHE) #HWCTA A7 IFY a4 v b &HFFE L, Imagel 1.52a (NIH,
NY, USA) ZHWTHEEHEL 7,

3.26 RMYTSU FUDOEERSH
L, 224 APV T2 b VvOEEMT (pp. 17-19) IR S Nz 7L THITL 72,0

3.27 75/ X7a4 FOEESH
3.27.1 B 7 ILDFinE

AFXT7IFVaA v PR OICESEERZEDF 2cm BEOI v T K 0.2 g FW 2K ER
THAE X ¥ 72, Wang b DHfE 1P 2 5F1C, 4°CICHIE SN2 {KIRZE C BRs ORHL%Z L 72, FL8E,
ABEH T Y TV L,80%7 & F = F Y b 10ml & NEFHEYE ds-brassinolide (d5-BL),
d;-castasterone (d3-CS), ds-24-epi-castasterone (ds-epi-BL) %% 1 ng A7z, X HIC C8 /7 LFIHE
Al (V= F AL R) 2 ITVERD 4ERMA, BT L, Co¥ v A2 FRT 2
7-®1Z, Bond Elut Reservoir (Agilent), OasisMAX3cc (fffl§F 60mg, Waters) & OasisMCX 3cc (18}
fi§ 60 mg, Waters) D 3 D& X &7 2 v T LA T LI, C8 /1 7 LFIEHIZ & v — F L 72, Claristep
Filtration System (Sartorius, Goettingen, Germany) % W CHE AL 7214, ER5RICI Y TL
ICHZE X7z, 2T b=+ YL 6ul, milli-Q 7K 14 ul THEME X 724 v 7 L% LC-MS/MS 5

Fricffal L 72,
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3.2.1.2 EEHW

LC-MS/MS I X 3 8 0W i, E#ERAK 27 v~ 27 7 Prominence (Bi) ICWiflh 7 A
(ACQUITY UPLC BEH C18, 2.1x50 mm, 1.7 um, Waters) % H{ Y {1, 3200 QTRAP® LC-MS/MS

27 L (Sciex) #FHWCERDNTZITo 72, LCEMHR, BEMHE LTT7 2 = V& milli-Q /K
1T 0.05%Ff % N 2 72 08 % Fitd 0.4 mlmin! TN 21T-> 7%, BRs 0#rld, 7R b=t U VREZ
0min30%, 7.0min70% & 2.3 ¥ 7, epi-BL (Z{RFFIRFRE] 4 min, BL (Z{RFFFFE 4.1 min, epi-CS 1%
TRFFIFE 4.4 min, CS (ZLRFFFFHE] 4.5 min TR X 1172, BRs @ MS 4 & VIHRDZMF 1L, Table 51
FEZ R L 720 S0WTHRAEICIE Analyst 1.5.1 Z W CER T — X DfFENTICIE MultiQuant™ (Sciex) %
vz, KEEBSWCTHHALZ7 727 A 44 v1%, d-BL IZ m/z 81, BL % m/z 95, epi-BL i3
m/z 95, d;-CS 13 m/z432, CS 13 m/z429, ds-epi-CS 1Z m/z432, epi-CS 1¥ m/z429 TH %,
3.2.8 BIZTFRBMBN
22.5 B TFIRMEHT (pp. 19-20) ICFLHE N7z 5k Tl TR 217 - 72, NERIZHEIC T,
Ubi S8 T %\ 7=, f#8T L 7= D3, D10, Di4, D17, D27, Os900, Osi400, UbiEinT D774~
— & TagMan 7' & — 7'(¥ Table 3 I/~ L7z, BCI, SPXI, SPX2&nT D77 4~—2& TagMan 7’1
— 71 Table 6 IZ/R8 L 72,
3.29 BEEKRLEESRGEEDRE

WR{kFE (H02) 1 Lima-Melo b D& ZS#F 1 3%, L) ZzHbIc 2em BREICY] o 729 v T
#J 70 mg % Amplex™ Red Hydrogen Peroxide/Peroxidase Assay Kit (Thermo Fisher Scientific) @ &iiHE
IZHE > TR X E 72, infinite® m1000 PRO (TECAN, Seestrasse, Mainnedorf, Switzerland) %
FWTHIE L 72, BREEFRL, milliQ 7K 30ml A7z 50 ml i=iLE (Watson) 1IC 4 4D LY % H.0

I 2 cm FEEICY) o 729 v T uH) 40 mg & AN, 25°CT 24 FEfERE (100 rpm) & & 72%%, ES-51
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(HORIBA, H#IF) ZHWCTHIE L7 (LD, 2D, 95°CT 1 KR L, 25°CE THEIL 729

VINDEBERMLEEREZHE L (L2), koo s LI/L2 a2 HitEE cER X 272,

3.2.10 #EEtfR#T
WEHENT I, 2.2.7 $REHENT (p.20-21) ICEE X N STETITo 7,
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3.3 REFER
3.3.1 MBAAVRZBDA )T FUERKDSITFOREREDEL

—S TS % SL O EMEMEEZHL 2 ICT 22008, 4 25FEY A H ) & SLAEARRIEE
Bk d27-1, d10-1 & SLIERIGERBE R dI4-1 2+S B L £ 13-S D/KPHE THET L T iF o8
Lrmu7 4 VER%ERT SPAD ZHlIE L 72, /T 280E, 7 HREHS b L < 13-S THEE L 721%, 3
HZlic 2 mm LA EICHREL 20T 20BOMEZIT -7 (Fig. 14A). A/ ) %+S THIGT 2
&, ORI HERGE & ML 72, —7F, S TEKET B &, HFooRIIECBETER
7o 72 (Fig. 14B), +S THIG L 72 d10-1, di4-1, d27-1 D43 F o803 HERGE & e L, o F
#Y LY b%D o7 (Figs. 14Band C), —S THET L 72 d10-1, di4-1 TEZTOOMENBIEIN
7B, Z D FORUIAS D 12 FRETH o7z (Fig. 14B), —S THIG L 72 d27 -1 T3 F ook
BEIE I N, ZOHTO8UI+S D 13 FEETH -7 (Fig. 14B), —S ICHBT 5 d27 -1 DT>
iz, ftho SLEFURAI0-1, di4-1 DX LAT &, ftho SL ERK dI0, di4 & H~CHEFICHA L
7= (Fig. 14C),

SPAD %, B3 HEXE ¥ 57201 7 HiEH+S THEFL, +Sd LAIF-SICBMEL 2%, 3HZ
LICHIEZ{To 72 (Fig. 15A), +S THHES L 7zHE e [E~T—S T 29 HRE#EE L7247 Y © SPAD
i, 17%RERAD LT\ 7z (Fig. 15B), —/7, —S THENF L 72 d10-1 @ SPAD 1%, +S THHKG L 7-KF
CIZIEFFEEECTH D, di4-1 D SPAD 1%, 5%FREIR L 72 (Fig. 15B), —S CTHHG L 72 d27-1 © SPAD
1, +S THKEL KD 10%RERD LTz (Fig. 15B), R cliis 2 L, -S TR L7z
771U O SPAD i b Ko7z, X 51T, 29 HHICH T % d27 -1 D SPAD 1%, o> SL Z¥4A d10
-1, di4-1 D 15%FEHAD L T 7z (Fig. 15C).

INFTICHESINTVBRY, SL ZERMEIIFD 2N OEIMNPLIEDEEIE 7 & ORI %2
HLTRT S, & AP, S THIELRZd27 -1 D\ F 28 %E LU SPAD %, d10 -1, di4-1 £V

I L7z (Fig. 14C and Fig.15C) . d27-1 D43\ F D41, SPAD 23843 % Did, -SFrEMNTH 3 2>
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IR D 72010, SLEARIHINT 258D 1 P TH d27-1 Z#HH L 7= (Fig. 16A and Fig.17A) ,

DAER, —P THEKF L7z d27 -1 D3 F 2% L SPAD 13, control & [FIFEETH -7 (Fig. 16B and
Fig. 17B), d27 -1 1 2 uM GR24 %L L T SPAD % #lI%E L 724558 (Fig. 18A), —S SfFTHI L 7=
FUHX LY b, X HICEOENMIMEHEL 7= (Fig. 18B), X 51T, d27 -1 BSL 2% EAT 5 & A
TERWERKTH 2L RERT 272010, SL DERBSWTZIT - 7245H, control, —S, —P W3
NDOEMETD d27-1 D 4DO IFRHRARLLT TH - 72 (Fig. 19),
3.3.2 RbYTSY FUICKBEDABEHIE

AXDEDMFEIL, EHLIEWHOLEHTH HERMIO LI O E 25Hl1F 2 2 & Thko 5 121,
SL ZHfRD L] O AFEIZEFAER & L TRE (723 ¥, EIRIC, SLERGEKDOH 2, 3, 4D L]
DAL, A A LKL T2HEBRERE L 2o Tz (Fig. 20A), #%355/F %2 kKBS 2 5 £
FEZICAEFELTH SLERKDE 2, 3, 4, SEEICHIT2 LI oML, A 18 fFREREL
72Tz (Fig.20B), MRDOERICIE, MHFRICRVICES PERT 28 22 H\v72, LI Off
FECHt 9 3 SL OB EZ TIN5 729012, GR24 % LI I L 72, GR24 RUIERFOL 2 32 L) o A
X, ¥4 A T27.3+4.6°, SLAEKT 80.1-91.0°CTH > 7z (Fig. 21C), 20 uM GR24 THLHE L 7z [Ff
DOEFEM D L] O AJEIL 5.840.7°, SLAEARERMAD LI OMfJEIX 13.2-254°TH - 7= (Fig. 21C),
—77, SL 1EMIGERBERMAKTIT GR24 I X 3 LT OMEDE IR, 754-90.0°0TH - 72

(Fig.21C), SL XIBICX > CLIDAERKEL AV Eo 2013, EHFHZRTHE»L>TH Y, 11 H

AL 2T R TCOBERETEEIC LI OAERKE L o7 (Fig. 220),

DI EDFER S, SL2SLI OAEZGIHT 2 C &35k TR X Nz, £ 2T, LI DAE %l
TEEADOREF~D SL D E LA L 72, —P ITIOE L7z LI DAFEERAICIE, BCI % SPXs 78 & D
WEERTAES 32 M, ChoDiERT & SL L oBfREH~ 572012, N, —P, —S THHEL

v AHYDOE 2 ED L] KB 5 I OB RN 21T - 72 (Fig. 23A). BCI 7= b NI
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SPx1 OB TRFEEL, AL AFF s TEREENED O -7 (Fig.23B), —N, S I
BF5 7 HHD SPX2 o¥B=l, control D 5.4-5.7 f57#E L 7223, % H 8 HHICIZ control & [FfE
i b, 9 HHICEWTD control & &b eh o7z, —HT, —P I L 2&fFics W THE
DD LN o Tz,

LI DAL, BRsICK > TKREL RS, il 72X 51, SL & BRs 3MHAFEMH L TE 2%
HlfEl s %, 22T, SLICX 3 LI OAEZEDOZE(L BRs L DHAMEHIC L > CHlIfI ST ED0%
BGFES 272912, BRsESMKHER D77 F V= (BRZ) % LI ICEBELEE L 72 (Figs. 24A).
Z DR, A AV, SLERMKL $IC BRZ REMKFRIC LT O AE25A L, 10 uM BRZ LB X
CHIFD5 LI OfEIZTAH Y Tld 6.8+0.9°, SL AERIRTI 37.2-59.3°L e b /& { 7> 7= (Figs.
24Band C), 10 y/M BRZ & 2 yM BL % [R[RfIC LI ICUUE 3 2 &, LT O AR X & [FFREIC
TKREL 7 >7 (Figs.24BandC), KIC, BRs IC X 3 L] D AE OHlfHIAS SL & [F—FRIKTH 2 2
AEd 272912, GR24 & BL % ¥ 71 Y @ LI ICRIRFUE L 72 LT O M1, R X Tl 28.8+3.4°,
20 uM GR24 HULEE X Tl 8.243.5°, 1 uM BL HUHALE X Tl 64.946.9°CTH 5 7= DICKT L, 20 uM
GR24+1 uM BL ZLER[X T3 17.6+15.2°& 72 - 7= (Fig.24D), BL R % 2 £i51C L 72 20 uM GR24+2 uM
BL ICH1F 5 LI AL, 23.0£112°¢ %> 7= (Fig. 24D), L] OAERAK &\ SL ABIKTIE, LI
IC BRs A& L T B AMREM A E X biviz, £ 2 CTLIICNAT % BRs A BRI & SL 28 B4A[H
THT 272912, BL, CS &ZNZNDORHYITH % epi-BL, epi-CS D 4 L4 % LC-MS/MS T
ER L7z (Fig.25A), 2D 4{LEYMD S5 H, 4 4D LI THH &7z BRs 13, CS DA TH - 7= (Fig.
25A), ZDOWNERIL, A AV, SL AFRDHE 2 FD L) T 17.8+1.9 pg gFW', % 3 ED L] T
8.5£1.8 pg gFW! THV, &L 5D L iKW THEEME SL Z2EMAMCTEZED LNRD -7z

(Figs.25Band C), —N, —P, —S &} % CS EARZF~745H, control, —N, —P Tl 1.2-2.0pg
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gFW! LIZISAEECTH > 72, —SICHT 5 CSEAEREIL, 3.8£1.7pggFW' TH Y, control & DHE
FIIFD b N7 o 7= (Fig. 25D),

RIZ, =N, P, =S IHF 2 L] OAELIOEH PN AEREZALHICT 572012, ROS D 1
D, O, B&%Z5H L7z (Fig. 26A), 3% 7 HHOH 2 FE LI I BT 2 H0, & &3, control T
26.6+0.7 uM gFW', —N T 23.1+1.9 uyM gFW"', —P T 28.1+1.2 uM gFW", —S T 27.8+1.7 uM gFW" &
FREETH - 7=, %9 HHICE T 5 Hy0, & &1, control T 24.0£1.9 uM gFW™!, —P T 22.5+0.5
uM gFW & [EfEECH > 7z, —J7 TN Tld 7.840.3 uM gFW"!, =S Tl 14.0£0.4 uM gFW' & control
L DAL T EHE% 11 HEICE T % H0, & &3, control T 0.92+0.01 uM gFW!, =P T 1.1%0.1
uM gFW-!, =S T 0.74+0.02 uM gFW! & [RIfEEETH > 72, —7J7 T-N Tld 0.41£0.05 uM gFW-' & control
XV L T, HEHFR 13 HHICE T 2 H0, & &, control 7z b NT-P Tl 0.281+0.005 uM
gFW! L RIFEECTH o7z, —T-N 72 5 KICT—S Tl 0.210£0.002 uM gFW' & control X Y I L <
Wiz, 1EZTER 20 HHICE T 3 Hy0, & & 13, control T 6.2140.07 uM gFW-, —N T 5.3+0.2 uM gFW-
I, =S T 5.1£0.1 yM gFW! L [FIFREETH 572, —J7 TP Tl 8.8+0.4 uM gFW-' & control & Y N L
Tw7z (Fig.26B), KIZ, ROS IC X o THIFEBE AR S T 2 ATREME A MGE S 2 7z @i, 25 2 3
LI ik 3 ERERHEZHE L 72 (Fig.27A). > A H Y, dI10-1, di4-1 DEREREEIZ, N,
—P, S ITHE L 72Z IO NS, A H Y TiE199-268%, dI0-1 Tl 17.1-26.3%, di4-1 T
1% 17.6-28.2%T® - 7= (Fig. 27B).

3.3.3 RERZICIBELERXM)ISY FUIC&2EDOAEOHIE

-N, —P, —SICIGE L THINT % SL © LI OfE~DFE R 27201, ¥ AAY & SLE
F{K%-N, -P, K, -S, —Ca, Mg THIGL T LI DAEZHT L7~ (Fig. 28), % DfEE, >
710 %N, —P, —S T#EHIET % & LI DAED control DESREICE /NI LR, Zofthoixs

RZICHET B LI DAER, control & %D 5 7d > 7= (Figs.28Aand B)., SL 2 BRI R ZIT)G
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EHLT- LI OAEOELIZBIR X D > 72 (Figs.28AandB), Hi# T, —N, —P, —S T 7 HE#HK;
L7zA4 4D SLELERDMZHL 2 L7 (Fig.3D), EDOMELIEZ{LLZDlX, -N, —P, =S T
6 HEHIE L7 4 A TH 2720, SLEAROZL 2R L 72#55%, control & HLELL TH ML T
7z (Fig.28C), LI ICHEWT-N, —P, —-SITEE L7z SLAEAHELTFORHNEOLEE 1D 5 D0 %
mfdE s A A ) TR (Fig. 29A), #3527 HEH T —P ITJEE L7 SL AAABEEG T
FRIOEIZFED 5NT, —S Tld OsMAX] DFBEH3GE & iz, #HE s HHo-P T, fftilL
723X T D SLAGHEIEFORBR TN L 72, —77, 3% 7 HH D-S T T L T\ 7z OsMAX]
DIEHLEIL, % 8 HHICIE control &[RRI IC R 572, % I HHD-P TIE, L 72T~
To SL GBI T ORRE IZEINL 72 (Fig. 29B), X 512, —N Ti¥ D10, OsMAXI, —S Tl
D17, D10, OsMAXI OFIARTTHEDFED b7z (Fig.29B), il L 723~ T oD SL AGHEIE T D
FINBEAMEIFHZ S HH, O HETHIML TWwWiz7z0, WA SLEXEML TWw 23 2 & 25l & /s,
ZZThHfEY AN Y O LIICEENSHNAE 4DO 5 L U orobanchol % E & L 7228, Wiie R
BT CH o7 (Figs. 30A and B), SL HHIZEE(ZT O D14, D31k, SHHZAZLIC9 HHICk
WC-P CRILEMIUEL 72 (Fig.31B), —/7, 8 HHDO-NIC¥1J 5 D14, D3 DFILEIZ, control
X YA L7z (Fig. 31B), LI OAEZFIfHT 2 SL 28 LI TIESGNT W25 D2, WTEDL L Tlin:
INTVLDrHR2720IC, SL AEGKEEA TIS108 & SL EMREEHER KK094 % 2 hZh
0, 0.1, 1, 10 pM &S A H Y, d10-1 725 T dI4-1 O LY ICTEENEL L T LY O AE % HE L 7=
(Fig.32A), % OfER, BpARI-ClE TIS108 72 & UNIC KK094 D& A 131352 1T 3, 26.2-28.3°TH -
7= (Figs. 32B and C), —/5C, TIS108 ZMULH L 7= d10 -1, dI4-1 Ti¥, LI O AHEPEUIEX D 3/5
FEEE/NE 72D, 1mMTIS108 ALHR[X T d10-1 25 56.8+7.7°, dI4-1 75 52.9+5.8° L ixb/NE L e o7z

(Fig. 32B), KK094 ZWLEL L 7= d10 -1, dI4-112BWTH, LI DAEIENIEX D 4/5 BRE/NE
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729, 1 mM KK094 ALEE[X C d10-1 75 47.9+8.8°, 0.1 mM KK094 WLEE[X T d14-1 % 65.7+8.1° & i b
IN& L o7 (Fig. 32C),

A TR IC X > CTREAMSPREICESRKE CEAR 2 35, 22T, LIJOMEICHT 5 SL OfEH
DD A A SR T FIRRICBIZR I N2 DL MICT 272000, s A7), HARN, Bk 5,
HY 7 AD L] OREEZFEL 72 (Fig.28). LI DAL, >4 4V B d /N 32.3°£10.1°TH -
= DR L, HARKEIX 80.7+12.4°, BEHK 8 513 70.9+9.2°, 71 ¥ T R 66.748.7°TH - 7= (Figs.33A and
B), HAW, B8, W I 7 R0 LI OMEIE, vAA VD258 KRE» o7, TOHELS
HAIES X UEAR 8 5 X 0 Bl X 1172 SLAESYAD LI OfEN X W K& 22 2 L AN S Lz,
HAN X b BEtx 7z SL ZFUKRD di7-2, dI10-2 © L] DAL, dI7-2 T 82.6£10.2°, di0-2 T
68.3:9.9°TH v, AR TH 2 HAW L FARETH -7 (Fig.33C), HAWE R L RICdI7-2 &b
GR24 1T X o TIED M S X o 3/10 A2 1< T L7 (Fig.33D), M8 5 L v itz h
72 SL ZRAK 453 © LT DA, 56.2+1.0°0L BpAERICTH 2 BN 8 B LIZIZFREE TH - 72 (Fig.
33E), INOHLOFERIY, HAWELZL CICENRS ST, v AAVX0d LIOAEIREL, %
NZND SLEFBKRTH 2 dI7-2, dI0-2, d53-1 & D LI DAIEDAIIFRD LD - 7275, GR24 i<
Ko TLIDAERINIK 25 iEvAAY, HRIGE di7-2 L THL Twiz, 22T, HAKE
ICBWVTH-N, —P, -SICIGE L T LI DAL 2 DH#i~ 72, control I3 T LI O AL
64.4£32°TH > 7= DK L, —N Tl 18.5£0.8°, —P Tl 32.4+1.8°L HEIT/INE 72> 7= (Figs. 34A
andB), —/7C, —S Ik F 3 LI DAL, 67.6£3.0°% control & [FIFLE TH - 7~ (Figs.34Aand B),
di7-2 ® L] OfElL, control T 56.0+4.1°TH Y, —N, —P, -S THHEF L TH KE AnZ{id7x <,
41.0-56.8°CTdH > 7= (Figs. 34Aand B), A Hh VY L HEix Y, HAKBTIZ-N, -PIEELTLI Dff
EDNE 72, =S Tl control & [FRED LI DFETH 2 L B3 0h o7, HRIEORICE T %

SL 4= ¥, 4DO & orobanchol % &+ T, control Tl 0.1-0.2 pg gFW!' TH o> 7=DIK L, -N
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Tl 9.6-10.7 pg gFW', =P Tl 70.8-81.6 pg gFW' L HEICHIM L Tz, —J7T, -SiCHIF 5 SL
FEA R 2.1-2.7 pg gFW' TH D, control & HER L CTHIMT ZHHIANIC S - 7223, AELEEIIRD L
Nz -7 (Fig. 34C), HAWD LI ick1) 25 SL EABGEE T OB RGN 21T > 72 (Fig.
35A), 7 HH, s HHICH % SL AABEMLR T X, control &N, —P, —S I THEZEMLED btk
otz 9HHEICE T 5 0s1400 DFHED, —N 72 b RIC-P TR L7z, —FT, Zoftho SL 4
HHGEE T OFIEL, control & LKL CTEB)L 722> > 72 (Fig.35B), —N, —P, —S THIE L 7z
A 71 Tl SL EGHGEE T OREIITEL T\w/22 (Fig. 29B), HARZ-N, —P, —-S TH%

LTh SLAEAKELRTOFRIEIT control & FFEE D L I L Tz,
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3.4 ER
341 BBAAVRZICHELTHENTSAMIISY FUOEEER

S Y DA RICAVI R 2 KERTH 5, MEYIIHEIRE L CHEA 4 v 2R 50 A%, &
TR A A LCRLT 3, IO EHRILEYE LT, ST I/ Mo RTAverFA=, #i
MALTEFRZE T2 P Y RTF POV RT AV, AT A=V EEINDE ST T /) v AT F
=V, BMEESZ 0% { o “RRBEY T b2 125, MYOEF ICEE R LHESREET
HDHSHRZT 2L, 4 ATEFTOOEDCIEDHAL, B, IFEVFERIA P LA~ DEFIPEK
T, B3E R0, BIWDT2 Y, CnNLOMERZIED > b, FFo0id L EoHIE, SL
DAEIERTH 2 B ol & D EZLfEE L FHPIL T3 138, 2 2 TRETIE, —-S TN
¥ 2% SL OEMEREZHELAICT 32010, -S KB T35 T oML EDELIcEH Lz, -S T
BEL7zv AR VI, 2mm BA ISR L7207 003815 g, SPAD 1d 26 HHICIZHA L 72 (Fig.
14Band Fig.15B), —J5C, di0-1 & di4-1 DT 21, +S D 12 FEEHIFL TH Y, HiTFoofE
DHER I N, MAT, =S THHEFL 72 d10 -1 © SPAD 13, —S O 2 REQWIRI T, di4-1 D
SPAD 1% 29 HHICBWCTHEICHA L7 (Fig. 14Band Fig.15B), 3 7&bbH, —SiCEF 502D
WO, SLick-oThHlHE Ty, EoElICOWTD SLICL oo TREEINZ Z L ZRLT
Wb, A FDMERZIEE LTHIONE T DDA L EDEAA SL Ic k> CHilflENns Z &%
NIWOTCOWMETH L, —HT, S THHEL 7 d27-1 D3O8, SPAD i, flho SL ZER{KD
dlo -1 & di4-1 &L CTied i L w7z (Fig. 14C and Fig.15C), —P iICB 1 23T o 0jd &
EoZUMREE, L7z SLIcX o CHlflENg 720 357, q27-1 %P THEEL TH o iF o8k
& TNIT SPAD I3 control & [AIFEfE T & - 7= (Fig. 16B and Fig.17B), RN Z LT, ZORERZ
FEIX, -SFHETH Y, —P TIFAE L%\ (Fig. 16Band Fig.17B). d27-1 1%, % 11 (KD 5 =
FYURAERRIBTELICL2 7L -4 7 P DBFERNTSL 2FEETE R o -ERKTH

D, DIFoDBIMPEL L Vo KB RIE, SL 7 e TH B GR24 WUHRIC X o ClhlfET 5 1%,
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—S THKEG Lo A A Y & d27 -1 % GR24 TUUIES 2 & o4 ) @ SPAD 132U L 722> > 7= DIk
L, GR24WLIEXIT 1T B d27-1 D SPAD IZRMIEX X 0 b & Syl L7 (Fig. 18B). —77, d27
I ITBEWTSL B EAE I NN IC SLIEEZERE T o T /z728, GR24 T X - T SPAD 2384
L7zrlBetEDnsd B, d27-1 D SLEAREZ ST Lz E 5, control 721 T7x { —P, —-S T b BHRA
LITFTH o7z (Fig.19C), TNo DIERP L, —SICEHT 3 d27-1 D43 F DDA & SPAD D 1%
SL DA THHT 2 2 & 3#EL v, SL BEATE o\ d27 -1 1%, SL & IFHIDERIC X - THiF>
DY & SPAD DI H3FHE X 41T B ATREMED R X 7z,
342 RMYITSY FUIZKDEDAEDHIHE

LIZEEDOMENKE %02 2 &2l 2 ¥, LiTiEcld, EHHOMIEEIZEL LI oMED
GR24 ~DILEWEZHME L T2 Y, SLICL 23 LI OMEOHIHA 1 = X LA R EmRIL

FHOFETHoTe 22T, AWFFECIZHAD L] OMEFERKT L SL oGz HE L7z, ¥

7z, RERZEMTHEMT 2 SL BEOHEI/NI L F 5 2 LI X 2IEEBREE~DRE LT
Lz £F, SLEBRKRCEOAENKEL K200 MHER L7z, SLEREATIRE 2, 3, 4ED LI D
FEEDR R &, BbEEAF 2 KRR D> & T HHCZE L C b RO RS R 23T 5 7z (Fig.20). Mz <,

AN Y B X OSLRIEZRMKICE T 5 LI O MEITMEIF% 12 HE IS W TRRIC 7R - 72 (Fig. 22),
DF Y, f#F% 612 HHTSLICX2E0AEOREINI NG LHHIL 2, 22T, BRI LI O
MEZGIET 2 K1 & SL & OBREZHFE L 7z, —P ICJSE L 2D AEOFIHICIE, SPXs % BCl
Vo IR F 253 5 1%, £ 2T, SLEABEMBEMT 2-N, SICHTH b DEET
DHNBDEET 2 DT AER, SPX2 DA-N, —S KILE LB TFRAXPAR LN D Do,
SL BB L2328 3% 9 HHICIX control & [FAIFEE OFIIE TH - 72 (Fig. 23D) . T DGR L Y,

SPXs, BCI & SLBIEEETRERBE LA nw e nhotz, Thbb, SLICX? LIDAE

HEE, o DIEERTF2PEEG LAaVloEEIc k> TitTbhTtnwa eExbhb,
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SL 12 X 284y h o filflic 1%, BRIGMIGERT LHAEM T 2, 22T, LI DAEOHIHICH
i7% SL & BR ORAfRICOWTH~_72, BRZIC X > T/NE K 7%x 57 LT DA 1T BL O RIRULEIC X
>TKAkEL>7 (Figs.24BandC), 10 yM BRZ LEE[X Ci%, SLAEKICE T 5 LI DAEIL, v
7Y DIFELUEKRE D57 (Figs. 24Band C)y Z D723, SLAFKICIH VT BRs 3 E R L T
LH[REMERZZ A DTz, L LD D, CSEARBZ AN Y & SLAERMKLE CTHIES 2 &, AEE
FFR® bNiedr o7z (Figs. 25B and C), ZNHDFER XY, A7 L3 SL 1T CS DEAKICHE
LCWAaWnWZ EBHL 2R o7z, SEERI NG CS EREIL, EITHIED A F ofth LR & Hik 3
L EBBAED B o 72 M2, 4 A S H ORI R 8 5 L KIS L CED AN e A A Y
TlE, CSEHEEBDVBELLSGVWHRRMEREZXONS, 2%V, CSICX-oTEDMELZ KX 20
2, SLEGDLIOAEZ/NS L S 2RTHREOMEER/NS VT FHR/T2LEZ N5, ERK,
BLIC X 2D AEZ K& ¢ 2 EMEMIZ, MBI D GR24 X > T HiH S 5 (Fig. 24D).
T HIC, CSEARII-N, P, SITEEHEL TZELL A (Fig.25D), ZNbDfiRzF LD L,
SL IC X % LI oAE ofilfflld, BRs ZEGK TIE72 <, BRs IHHIZERF L MHAFEH L T2 AHEkE
DRBE NI, EHIT, -N, —P, S ITB& L7 LI ofE0Z{icid, BRs 3543, SL EA
HBoZic k> CHilffldnsg 2 & ZHL 2T LTz,

N T L] OFED/NE K 72 2 BB P e BRI, @R ic X - TEL 32 ROS AHE DN R b
LAZRRGCZ L, AR EZETIEE L TRIZIL TV EIREDOREZIVTW S LHEHI X
TWwWp 2415, 22T, SLEARIEMT 2N, —P, —-SIZH1J2 ROS D 1 TH % H0, GED
ZAL % T ~7= (Fig. 26B), fEHH% 7-11 HHIC» T TTXRCOUMX T H0, GEMET L7z, fiE3F
% 6 HHOFEREE D S KPR~ DO X F L2 L 75> TOBATREM DS 2, & DT b 2
9 HHZ& L WNC 13 HEIC-N, -S ® H,0, &8 2% control X D HIKTF L7z, 252, PICBITD

H,0, & &% control & [FIFERE 2y, fEIFL 20 HHICHEMT 28R CTH o7, T72, HHO, DEEIC L -
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THIMT 5 2 L B3 HERI X 2 BB IRHIE 2008 L 724558, >4 A ), SLERKE I, N, -P,
—SITIBE L2ZMLIZA® b ieh > 72 (Fig. 27B) . #3% 9 HH L SL A ABUEE ORI BT
#3225 (Fig.29B), SLAEAHGELTORREL KD JLET 5-P B W T H,0, & & T control &
FRECThoTe, TNOLDOFERIY, BEIEICLZNHA ML AOBRIC SLITFEL ChirneF
Zbhb, BITH%ETlE, &K SL © GR24 MLERIC X > T ROS B BEAMET T 5 2 e AME I nTwn
% 1814 SEOfFFRIC X o T, WAESLICXZ2EDMEOHIE & A L A DBEILEIRA 2w &
EDBHO DL T o Tz,
343 RBRZEMHICEIIDEDODAE~ADAM)ITSY FroOERE

A 3% DELBERBRZZEMGTRIET 2L, N, P, =S TOAREDAEI/NE {2 -7 (Figs.
28A and B), -N, —P, —SCHF 2R TIE, SLEAEA control ICL~_THML 72 (Fig. 28C), ¥
7z, LI ick 1 % SL BEEm 11, 9 HE T/t L Tz (Fig.29B), L2 L, #iAIF 7 SL © 4DO
& orobanchol (%, LI 2»H B &ied -7 (Figs. 30A and B), e L7 X 912, 4 413 4DO %
orobanchol & \»- 7z canonical SL 7213 C7z <, CL *° CLA & \» 5 7z non-canonical SL b FE/EF 5 145,
TDZ L, N, P, -SICHWT LI DAERRWAS 2 DI1%, LI TEEAE TN TV S non-canonical
SL 28I L CTwv 22, b L < Id, MRTHELE X 4172 non-canonical SL 2% L ICHiE X LT 5 729 T
HrrEIZLND, 22T, SLAEAKHEER D TISI08 72 & Wi SL IEMRIGE EH D KK094 % LJ
ICEEAUE T 2 2 LT, L] OFEZGIHIT 2 SL 28 LI HR2IREE2HREL 72, 2o ofHEA
13 SL RIBERKTH 2 d10-1, dI4-1 OFRIENTIIFEL e 2 L AR X 7z, & 2 523, TIS108
& KK094 % LI WICHLEEF 2 &, v A A Y T LI OFEICE D e o7z0icxf L, SLEREKETIE
LI DAEN/NE L o7 (Figs. 32A and B), TN O DFERA S, LI ICEBELHE X /- TISI08 &
KK094 28, 3L b SLAEAKCIEAZEEL TV LI ARV, 5%, choofltdW% LI

WS B BRI IR S E L T B,
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LI OfEICET 24 A MERZEZH~2 &, HARKE, BK8S, #7920 LIofElk, +F
HYD2EDKED o7 (Figs.33AandB), TNOHDOMED 5%, HAM L Bk 8 5 Tld SL AR
RBHEEI N T2, LI oM HAREZ: D ICEAR 8 5 & SL ZRKRHTERRD o7
(Figs. 33C and D), HAIE%Z-N, —P, -S THHKi35 2L, N, P TORLI DAEI/NI 2D,
—S T3 control & [AIFEED LI ODAJETH - 7= (Figs. 34A and B), SLEERED-N, P TOAHFE
ICHEMM L, —S Tl control L HEZED p -7 (Fig. 34C), INHLOFERL Y, Al d, N,
—P CHML 7= SL2S LI OAEER/NE T2 LG TR 572, Fig.4B TlE, -SICHIF 5 HA
5D SL R4 &E 1 4DO 2% 233.0 pg gFW-!, orobanchol 2% 9.4 pg gFW! T&H 0, 4DO D %4 control &
D IEM L 7223, Fig.34C Tl 4DO, orobanchol & 3 IC control & A& &M FRD b WK T %
L 7572, Fig.34C O SL A B 2LD TH S L, control TiF 0.2 pg/gFW & 11T HHIFR S iE 72
S>7=DICX LT, —S Tl 2.7 pg/gFW & control D] 13 f5D N4 B TH -7 (Fig. 34C), DI &
XY, Fig. 34C B W CHE LIZEEENHD N d o723, -S THIELZHARICE W TH
SL EEARDEIMT 2MHAIICH 2 EZbNS, Thbb, —-SICHBT 2 SL EAROMIME, HAE
EX DoAY CHEETONT VLI EBNP o7z, TDX D A4 bR AE U FIA L
LC, #H54 2 DRILOMAAEDENRE 2 b5, ENIHFRFIENESE - BREERIR AT
BRELAARL T4 AT — 2 R—=ZARB L AT LICX D &, A AR 5 IR E L #
HORZEIC X o TR NS, Z OB 8 52 fthmnfl & Rhc % 3 A VIR Z Lic X o THAE
PEHEINCTwE, —7, vAHh )o@z 3R I 201> THEKS 5420 icHAR L
BT 2 T v, D LI RMEINTEZA XRBEDENIC L > TEOAEDE L SL
FROECHEL S EEZ D, AKICAY TR EZDMA v T 4 ZKTHSFEMZENA U 5 ATk
BB b, RERZIIGE L THEINT 2 SLAEDOMEICE 2 552 % Fig.36 ICE LD, KETD

ZfFcix, LJICHT 2 SLAEAKELETFORIIIMEFE L THDE (Fig.29), 2D/, EDOME
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ZK%E L3 (Fig.36), —/7, N, PEB XU I AV ICHBNTIZ-S TEDMEN/NE L &5 (Figs.
28A and B, and Figs. 29Aand B), ZHIZ LI IC BT 3 SL AEABEG T ORBRENTET 57-0TH
% (Fig.29), 7z, -PICH W TiL SL [HMIciEER T ORHED JTET 5 (Fig.29), #Hife L T,

W4 SL 8% SL DERZWEI T 22 e nFEZL LN, EOMEINIWE T IcHrins (Fig.

36),
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Table 5 lon source parameters of mass spectrometry.

Parameters BRs
Curtain gas (psi) 10
Collision gas (psi) 3
lon spray voltage (V) 5500
Temperature (C) 500
lon source gas 1 (psi) 70
lon source gas 2 (psi) 70
Declustering potential (V) 46
Entrance potential (V) 4
Collesion energy (V) 45

Table 6 List of primers and TagMan probes for qRT-PCR.

Primer name* 5'-Sequence-3'

BCI-F GGCAGTTGCAATACCAGCTTCT
BCI-R CCTGGGCTGTTGTGATCCAT
BCI-TagMan fF-TGGAAAGGCTCTCATTTT-t

SPXI-F CACCACCCACCGACCTCCTCTACAA
SPXI-R AGTGCCACCATTAACCAAGGA
SPX1-TagMan ffAGCAGCAGGAACTG-t

SPX2-F GGAGAGGCGATAGCACTAACGA
SPX2-R GTTCGTTCGTCGGCATGAG
SPX2-TagMan fF-TCGTGAAGGAATGCGAG-t

*F, forward primer; R, reverse primer.

#+f, FAM; t, TAMRA.
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Figure 14 Effect of S deficiency on number of outgrowing tiller buds.

A. Schematic diagram showing the experimental conditions. Blue and red lines indicate +S and —S
conditions, respectively. B. Outgrowing tillers over 2 mm were counted in 21-day-old seedlings. n.f.:
not found. Data are the means + S.E. (n=3). *P < 0.05 (Student's ¢-test). C. Total number of outgrowing
tillers. Data are the means + S.E. (n = 3). WT vs d10 -1 (¥), d14-1 (T), and d27 -1 () (ANOVA, P
<0.05).
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Figure 15 Effect of S deficiency on chlorophyll content.

A. Schematic diagram of experimental conditions. Blue and red lines indicate +S and —S conditions,
respectively. B. SPAD values indicating chlorophyll contents in the third leaves. Data are the means +
S.E. (n = 3). *P < 0.01 (Student’s #-test). C. Comparison of the SPAD values of WT and the d27 -1,
d10 -1, and d14-1 mutants. Data are the means = S.E. (n =3). WT vs d10 -1 (¥), d14-1 (), and d27 -1

(1) (ANOVA, P <0.05).
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Figure 16 Effect of P or S deficiency on shoot branching.

A. Schematic diagram of experimental conditions. B. Outgrowing tillers over 2 mm were counted every
3 days after transfer to hydroponic culture media. C, control. n.f., not found. Data are mean = S.D. (n
=8). *P <0.05 (Student's ¢-test vs C).
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Figure 17 Effect of P and S deficiency on chlorophyll content.
A. Schematic diagram of experimental conditions.B. Outgrowing tillers over 2 mm were counted every
3 days after transfer to hydroponic culture media. C, control. n.f., not found. Data are mean + S.D. (n

=8). *P <0.05 (Student's ¢-test vs C).
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Figure 18 Effect of GR24 on chlorophyll content under S deficiency.
A. Schematic diagram of experimental conditions. Blue and red lines indicate +S and —S conditions,

respectively. B. SPAD values indicating chlorophyll contents in the third leaves. Data are the means +
S.D. (n = 8). +S, —GR24 vs +S, +GR24 (*), and —S, —GR24 vs —S, +GR24 (}). *P < 0.05 (Student's ¢-

test).
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Figure 19 4DO levels in root exudates and roots of WT and d27-1 seedlings.

A. Schematic diagram of experimental conditions. Samples were collected on day 7 after transfer to
hydroponic culture medium (C, —S, or —P) and 4DO levels in WT (B) and d27-1 (C) were analyzed
using LC-MS/MS. C, control. n.d., not detected. Data are the means + S.E. (n = 4). Different letters
indicate significant differences (Tukey’s HSD, P < 0.05).
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Figure 20 LJ angle in ‘Shiokari’-background WT and SL mutants of rice seedlings.
A. Images of 30-day-old seedlings grown in the hydroponic culture media (r» = 60). B. Images of 40-

day-old seedlings in grown soil (n = 24). Arrowheads: white, 2nd LJ; yellow, 3rd LJ; orange, 4th LJ.
Bar: 10 cm. White circles indicate average.
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Figure 21 Effect of exogenously applied GR24 on LJ angle of ‘Shiokari’ background rice
seedlings.
A. Schematic diagram of experimental conditions. B. Images of the 2nd leaves of 12-day-old rice
seedlings with or without 20 uM GR24 treatment. Bar: 1 cm. C. second-LJ angle of seedlings treated
or not with GR24. GR24 were directly treated twice on the 2nd LJ on 6- and 9-day-old rice seedlings.
Data are the means + S.E. (n = 5, eight seedlings were used in each experiments). *P < 0.05 (Student's

t-test). n.s., not significant.
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Figure 22 Time-course analysis of LJ angle in the 2nd leaf of rice seedlings.

A. Schematic diagram of experimental conditions. B. LJ angle of WT ‘Shiokari’ and SL mutants. Data
are the means = S.E. (n =5). P <0.05: 410 -1 (*), d17-1 (}), d27 -1 (}), d3-1 (§), and di4-1 (])),
respectively (Student's ¢-test vs Shiokari).
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Figure 23 Expression of LJ-related genes in LJ under N, P, or S deficiency in cv. ‘Shiokari’.

A. Schematic diagram showing the experimental conditions. B-C. Transcript levels of BCI (B), SPX1
(C), and SPX2 (D) in the 2nd LJ. C, control. Data are the means + S.E. (n = 3, six seedlings per
experiment). P < 0.05: —P (*), and —S () (Student’s ¢-test vs C).
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Figure 24 Effect of BRs on LJ angle in SL mutants.

A. Schematic diagram showing the experimental conditions. B. Images of the 2nd leaves of 12-days-
old seedlings at various concentrations of BRZ treatment and 10 uM BRZ+2 uM BL treatment. Bar: 1
cm. C. LJ angle of BRZ and/or BL were directly treated twice on the 2nd LJ on 6- and 9-days old rice
seedlings. Data are the means + S.E. (n =5). D. GR24 and/or BL were directly treated twice on the 2nd
LJ on 6- and 9-day-old cv. shiokari rice seedlings. Data are the means + S.E. (n = 3). Different letters
indicate significant differences (Tukey’s HSD, P < 0.05).
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Figure 25 BR levels in LJ.

A. Chromatograms of brassinolide (BL), epi-BL, castasterone (CS), epi-CS and their internal standard
(IS). B. Castasterone levels of the 8-day-old rice seedlings 2nd LJ in Shiokari d10 -1, and di14-1. C.
Castasterone levels of the 3rd LJ in Shiokari and SL mutants. D. Effect of N, P, or S deficieny in the
2nd LJ. C, control. Data are the means = S.E. (n = 4). *P < 0.05 (Student’s #-test vs C).
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Figure 26 Effect of N, P, or S deficiency on H,O; production in the 2nd LJ of cv. ‘Shiokari’.
A. Schematic diagram showing the experimental conditions. B. H>O; levels in the 14- or 21-day-old
seedlings 2nd LJ of ¢v.’Shiokari’. Data are the means £ S.E. (n =4). *P < (.05 (Student’s ¢-test vs C).
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Figure 27 Percentage of electrolyte leakage in Shiokari, d10 -1, and di14-1 under N, P, or S
deficiency in cv. Shinkari.

A. Schematic diagram showing the experimental conditions. B. Membrane ion leakage were measured
in the 21-day-old seedlings 3rd leaf segment of cv.’Shiokari’, d10 -1, and d/4-1. Data are the means +
S.D. (rn=3). *P <0.05 (Student #-test vs C).

83



Rk el bl B S
B | .
EREEENER-
-l R
EREREC & EIER
 AIERERERSE
-HIIIIIEI-I

Shiokari d10-1 d17-1 d27-1 d14-1
Hc IZI—N -~ B-s D—K D—Ca ] Mg
120 1 n.s. n.s.
> B i
2 804 , E
c
© *
3 n.s.
5 40| |—
c
a1y
0 = T T T T T 1
Shiokari d10-1 d17-1 d27-1 d3-1 d14-1
120 1
E 80 A
o
[s))
=
O 40 *
[m)]
<t *
O T
C -N -P -S

Figure 28 Effect of macronutrient deficiency on LJ angle and SLlevels in “Shiokari”’-background

A. Images of the 2nd leaves of 12-day-old seedlings. Bar, 1 cm. B. Second-LJ angle under
macronutrient deficiencies. C, control. *P < 0.05 (Student's t-test). Data are the means = S.E. (n =5
eight seedlings per experiment). C. SL levels in roots under nitrogen, phosphate, or sulfate deficiency
in roots of 14-day-old seedlings. C, control. Data are the means + S.E. (n = 4). *P < 0.05 (Student's ¢-

test vs. C).
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Figure 29 Expression of SL-biosynthesis genes in LJ under N, P, or S deficiency in cv. ‘Shiokari’.

A. Schematic diagram showing the experimental conditions. B. Transcript levels in the 2nd LJ. C,

control. Data are the means + S.E. (n = 3, six seedlings per experiment). *P < 0.05 (Student's ¢-test vs.

Q).
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Figure 30 Chromatograms of canonical SLs in LJ using LC-MS/MS.

Blue peaks, authentic standard; red peaks, internal standard (IS). 4DO (A) and orobanchol (B).
Endogenous 4DO and orobanchol were not detected in LJ samples of 8-day-old seedlings grown under
—P.
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Figure 31 Expression of SL-signaling genes in LJ under N, P, or S deficiency in cv. ‘Shiokari’.
A. Schematic diagram showing the experimental conditions. Blue and red bars indicate C and —N, — P,
or —S conditions, respectively. B. Transcript levels in the 2nd LJ. C, control. Data are the means + S.E.

(n = 3, six seedlings per experiment). *P < 0.05 vs C (Student's ¢-test vs. C).
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Figure 32 Effect of exogenously applied TIS108 andKK094 on LJ angle.

A. Schematic diagram showing the experimental conditions. B and C. A SL-biosynthetic inhibitor,
TIS108 (B) and an SL-antagonist, KK094 (C) were directly applied twice at 0, 0.1, 1, 10 uM on the
2nd LJ on 6- and 9-day-old rice seedlings. Data are the means + S.E. (n = 3). Different letters indicate
significant differences (Tukey’s HSD, P < 0.05).
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Figure 33 Differences of LJ angle between rice cultivars.

Differences in LJ angle between rice cultivars. A. Images of the 2nd leaves of 12-day-old seedlings.
Bar: 1 cm. B. 2nd LJ angle measured with ImageJ. Different letters indicate significant differences
(Tukey’s HSD, P < 0.05). C. 2nd LJ angle in 12-day-old WT and SL-mutant seedlings with the
‘Nipponbare’ background. n.s.: not significant D. 2nd LJ angle in 12-day-old WT and SL-mutant
seedlings with or without GR24. E. 2nd LJ angle in 12-day-old WT and SL-mutant seedlings with the
‘Norin 8’ background. *P < 0.05 (Student's ¢-test vs each WT).
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Figure 34 Effect of N, P, or S deficiency on LJ angle and SL levels of ‘Nipponbarei’-background
rice seedlings.

Effect of macronutrient deficiency on LJ angle and SL levels in “Nipponbare”-background rice
seedlings. A. Images of the 2nd leaves. Bar: 1 cm. B. The 2nd-LJ angle under macronutrient
deficiencies. Data are the means + S.E. (n =5). *P < 0.05 vs each moch (Student's #-test). C. SL levels
in roots under N, P, or S deficiency in roots of 14-day-old seedlings. C, control. Data are the means +
S.E. (n=4). *P <0.05 (Student's z-test vs C).
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Figure 35 Expression of SL-biosynthetic genes in LJ under N, P, or S deficiency in cv.

‘Nipponbare’.

A. Schematic diagram showing the experimental conditions. B. Transcript levels of SL-related genes

in the 2nd LJ. C, control. Data are the means + S.E. (rn = 3, six seedlings per experiment). *P < 0.05 vs

C (*P < 0.05 (Student's #-test vs C).
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Figure 36 A proposed model on LJ angle regulation through SL signals.

Expression levels of SL-biosynthetic genes are low in nutrient sufficient condition, whereas they are
up-regulated in —N, —P (-S in Shiokari), probably stimulating endogenous SL production in LJ. SL
sensitivity of LJ is basically high, but the sensitivity is increased in —P. LB, leaf blade, LS, lead sheath.

92



WP DA b L RIGEICBT 2580 72 2 S HEE R, EA P LR EIEREY A F L 2 DliH
I L TRttt w3 AR T2 TH B B, 20w, YA EDL S LTAE
LAZBFIL T, EOXSICLCGHIET 200 %2HL»ICT 2082 H 25 5, RiffstTid, IFEY
A2 ML ZADOHFTHRERZICEHL T, EMFLE YD SL 240 L7286 A 71 = X L DRI % 1T -
oo HB2ETIE, N, PREIFTEL, -SEHEHTEIMLZA A2, SLEEERZHENIESC
LI L7 (Figs. 2-9), H3ETIE, KREXRZTHEML 72 SLIC X o TH T2 i & 7,
EoZLMEEX N, EVIEICARSL I ERFHL2IC L (Figs. 14-36), 1o OFER % Fig. 37 i1
F L0, REBETDEMTIR, SLELSEMEV 20, EYIREAICES 2R L, Eo¥id
BEIE L THAREERICIT O, EOMEERELTLILTZNERLCT S, —J, N, P &
b NC-S TlE, SLEAEARMSEMT 2 2L CTRONZREOREZI 720 Icn T2 MH L, 5
MERTDICEDEEREL ChdLEZLND, T/, EFRBEEAPLACILINA WX
ICEDAMEZ/NE K LT AEEN IS 228, H0, BB T & SL AEER IC IR EREBR A 2
WweFEz bbb,

TEY) 2728 —S CSLELEBZ RO DLERDH DLD7Z5 ) 2 SHELN-HR L, ioWfsEE b
D ED LT, fAICET D SORINE SL & OBf%R% Fig. 38 I ¥ & w7z, -S TlE, D27 Ex

TOFRHBERTUEL Tz, D27 DB TFHIIL, GRAS 7 7 IV —OEE KT CIHRATEK ICEE S

7

3% NODULATION SIGNALING PATHWAYI (NSP1) & NSP2 [ X o CIEICHIfHlE g 5, 2hb
NSPs I3-N, —P IC0& L= HHBEOLEE) I v, L LAAS, N, -PICSE L7 SL EAEOH
P iE NSPs DFEIEL L 72 5 146, Z D NSPs T X o CTHREAMTUEL 72 D271 X - T, SL EAR
BN %, BML 72 SL 1%, B2 S ST AM BRE & ot AfgiEy 7 e LCERT 3

B, WAELZAMBEIIN, P, SHRED IA T VEETMYNICHTET 2 9, 512, AM H i Myc-

93



77 Rx—CWENEFTF A Y ITHERRH L, HEMYIO NSPs ORBLEFHFET 5, Lo
T, NSPs T X % SLEEAERRMS, AN D S LRI KN ¢ 244 2 ABFET 5D TR
mouhrtE2 b5 (Fig.38), SLELEEOWNML, HEHCRERZZEHERT 2 L ICERT 2
(Fig.8), M L bns 7Fat LT, 27 u—RZERICERZIT- 288, 7o — 0
X SLIEMZ I L 7= 2 & 225 SLEARMINICIZ, 227 0 —2&BDKT %5 alaEME2 » % (Fig.
9), A7 =AM b SL~DY 7 FAMRiElR, CCALICL > Tiibhd EEz2 LN TS M F7z,
NSPs DFHUL AUXIAA I X > THHIfHI T2 198, Lo T, SIcfEI R v —2DJP 5[ &8 L
7Y, AUXIAA %A L 7z EHIRED NSPs OFB 2 Ut &, ko34 7 v 23HE8 L CTnw5 &F
%% (Fig.38), ¥ 7z, D27 H3—S ~Dj i IC EE a5 E| % H > T 2 lREME 2 R X v7- (Figs. 14-
19), SED X 51 SLEREKEOHFTY d27 TOREREEA b L RITHEFFIC 72 2 FEH 1L, BEA P LR
FHETHOMEINT VS O D27 1ET7 73 v VIBOERRICOESG L T 2729, d27 TR
FLRCIBE LT 7V v VBOESEBATE TN TLE S, SHEHL T A, 2k
AP L A~DHEIGICEE 2 ZE 2o T2, §2BER N LA ClRAICHRESER/L, 77
VY VIRDEARKEFHET B W, 2 D720, FEIEOMALITEZER P L A~DIER AL X5
2, ChoDMRAZE DB L, KETHKFCHEOTHREIC X > TIER b L 2~ A5
INTVE, ZUTHHBEA P LABEL AT D27ICX o TT 7o v VL SL BEA I 1
720G L T3, —JT, —SICHBWTITHER b LRIy & s 2 AlRetE»r » 5, 2 2 T,
D27 BInFREHAZFE T2 L1ck Y (Fig. 7), 77 ¥ ¥ Vg SL ZEA L TREICEIGL T
2LEZLND, LITAN, d27 TII SL BEETES, 77V VBEAKEDELSWA TS
720, REICGHIGTE o7z EXbND, DFD, SLEBEAPLRAD 2 ODBREA ML 2%
AL, BHOMEGICEEAREZH->THW3008 D27 TH 5 EE LD, 5%, D27 DWHR BRI

i) 5 2 LIk o T, BEREDORNLEINEZIT Y, X N L RCEmtEz M5 L7 F o

94



TEHZSATREIC 72 2 0 LnTe b,

BTE, LR o RERIIMHRICARL T2, ZOAREIZFEM T, N2318.7Tg, P 2% 5.1Tg,
K 2338.8Tg (Tg=102g) LHEMlTNTH Y, FricthFARTAE LE OB TI3ENE TEREO X
ZHELTHE 18, 20X ) ICHERENRZ L CES LT, (EYRESHNEETH 5, R
DNABEMD &% 72 £ > T B HES, REL - REBOMEISZE L o Tw, FifinlfEzb
FHEE (SDGs) ODHEE2 T, iz ¥ uicT 2 L2 HFL LTw3, & 25, EIREHARRE
EERB DA O BRAR OBLK 2019 FHlid ic I, 5 C 8 {2160 1A b D ADHIHICH L
ATEDY, 2D AEUL 2015 E SELBEML Tw 3, B2 EGNICHERT 272005 L LT,
bHRETIE, s—vyay FMIRRRRERELZITbHEL WS, Z0HED 1 DL LT, KFHD
EVIRSBEE D 7 WIEFIC X 2 Fifi 2 BRRIG 2 BIE L T 0, MY O REDEISEE ) RIS ©
PREDDH D PRI INT WS, b L, BIIEREREICEMNELZFFOMEW L < 2 g, #HE
Rt < H 28272 L HCOEYOBIE A AHEIC 2 2 EHEHI S N B, AFRCCTH D & T o 725K
RZEEHEIGICE T % SL OEMENEENL, 7RO L~ Tird 52, ik, (Yol

HRRICHESE LE2HMAD 12L& 2 5,

95



|
Nutrient sufficient condition : —N, -P, =S

Shoot shoot branching
branching v 1
:
|
1
\_ ! J
1 leaf senescence
| LS
1
1
——— I ——
I \
\_ 1 \ /
sL§ leaf :?ngle SLg
: [+]
o 1
|
\_ : /

Figure 37 A model of SL physiological role under N, P, or S deficiency.
In nutrient sufficient condition, plants can have many branches, green leaves, and wide leaf angle. In
contrast, SL levels increase under —N, —P and —S in rice (cv. Shiokari and Nipponbare) and sorghum.

Increased SL inhibits shoot branchig, promotes leaf senescence, and decrease leaf angle.
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Figure 38 A hypothetical model on adaptation to S deficient rhizosphere in plants.

A SL biosynthetic gene D27 is upregulated to produce SLs under S deficiency. SLs are released from
roots into rhizosphere and induce hyphal branching of AM fungi. AM fungi supplies water and several
minerals including sulfur (Blue arrow) to the host plants. AM fungi releases Myc-LCO factor to
accelerate gene expression of NSPs in the host plant. NSPs stimulate D27 expression. The loop might
be regulated by AUX/IAA for efficient S absorption via AM fungi from rhizosphere.

97



10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

SE MR

flff M, B %, BRI ML RESRERSE. SOKE R, 2010
Fol MEZ. I AT & LEV) O « ZEREEN R oW EHERPIER X <. RIL#A

b2, 2009

Gurjeet Kaur, Ruby Chandna, Renu Pandey, ef al. Sulfur starvation and restoration affect nitrate uptake
and assimilation in rapeseed. Protoplasma 2011; 248:299-311

EAE LT, MR RE. BT LY e v ORFE G, 2016

Vicente Rubio, Regla Bustos, Maria Luisa Irigoyen, ef al. Plant hormones and nutrient signaling. Plant
Mol Biol 2008; 69:361

Bradley Lucy, Hosier, Shanyn. Guide to Symptoms of Plant Nutrient Deficiencies. College of
Agriculture and Life Sciences, University of Arizona (Tucson, AZ) 1999

Anna Koprivova, Stanislav Kopriva. Hormonal control of sulfate uptake and assimilation. Plant Mol
Biol 2016; 91:617-627

Gabriel Krouk, Sandrine Ruffel, Rodrigo A Gutiérrez, ef al. A framework integrating plant growth
with hormones and nutrients. Trends Plant Sci 2011; 16:178-182

Noushina Igbal, Alice Trivellini, Asim Masood, et al. Current understanding on ethylene signaling in
plants: the influence of nutrient availability. Plant Physiol Biochem 2013; 73:128-138

Kaori Yoneyama, Xiaonan Xie, Hyun Il Kim, et al. How do nitrogen and phosphorus deficiencies
affect strigolactone production and exudation? Planta 2012; 235:1197-1207

C. E. Cook, Leona P. Whichard, Beverly Turner, et al. Germination of witchweed (Striga lutea Lour.):
isolation and properties of a potent stimulant. Science 1966; 154:1189-1190

Radoslava Matusova, Kumkum Rani, Francel W. A. Verstappen, et al. The strigolactone germination
stimulants of the plant-parasitic Striga and Orobanche spp. are derived from the carotenoid pathway.
Plant Physiol 2005; 139:920

Evgenia Dor, Koichi Yoneyama, Smadar Wininger, et al. Strigolactone deficiency confers resistance
in tomato line SL-ORT1 to the parasitic weeds Phelipanche and Orobanche spp. Phytopathology 2011;
101:213-222

Harro J Bouwmeester, Radoslava Matusova, Sun Zhongkui, et al. Secondary metabolite signalling in
host—parasitic plant interactions. Curr Opin Plant Biol 2003; 6:358-364

Thomas Spallek, Musembi Mutuku, Ken Shirasu. The genus Striga: a witch profile. Mol Plant Pathol
2013; 14:861-869

Parker Chris. Observations on the current status of Orobanche and Striga problems worldwide. Pest
Manag Sci 2009; 65:453-459

Pennisi Elizabeth. Armed and dangerous. Science 2010; 327:804-805

Kohki Akiyama, Ken-ichi Matsuzaki, Hideo Hayashi. Plant sesquiterpenes induce hyphal branching
in arbuscular mycorrhizal fungi. Nature 2005; 435:824-827

FRIL RRAC, R DEhfE. 7 — 2% 2 7 —HRHAEICE T 2 ERH 7P A WERA Y 35

98



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

7+ v, EYI LR 2006; 41:141-149

C. E. Cook, Leona P. Whichard, Monroe Wall E., ef al. Germination stimulants. II. Structure of strigol,
a potent seed germination stimulant for witchweed (Striga lutea Lour.). ] Am Chem Soc 1972;
94:6198-6199

Kaori Yoneyama, Xiaonan Xie, Hitoshi Sekimoto, et al. Strigolactones, host recognition signals for
root parasitic plants and arbuscular mycorrhizal fungi, from Fabaceae plants. New Phytol 2008;
179:484-494

Xiaonan Xie, Kaori Yoneyama, Yoneyama Koichi. The strigolactone story. Annu Rev Phytopathol
2010; 48:93-117

Mikihisa Umehara, Atsushi Hanada, Satoko Yoshida, et al. Inhibition of shoot branching by new
terpenoid plant hormones. Nature 2008; 455:195-200

Victoria Gomez-Roldan, Soraya Fermas, Philip B Brewer, et al. Strigolactone inhibition of shoot
branching. Nature 2008; 455:189-194

Lincoln Taiz, Eduardo Zeiger, I. M. Moller, et al. 7 4 /% A4 ' —HEY) A - Fo45. Gk,

2017

Mina Tanaka, Kentaro Takei, Mikiko Kojima, et al. Auxin controls local cytokinin biosynthesis in the
nodal stem in apical dominance. Plant J 2006; 45:1028-1036

Indiren Pillay, Railton lan D. Complete release of axillary buds from apical dominance in intact, light-
grown seedlings of Pisum sativum L. following a single application of cytokinin. Plant Physiol 1983;
71:972-974

Hiromu Kameoka, Junko Kyozuka. Spatial regulation of strigolactone function. J Exp Bot 2018;
69:2255-2264

Le Luo, Megumu Takahashi, Hiromu Kameoka, et al. Developmental analysis of the early steps in
strigolactone-mediated axillary bud dormancy in rice. Plant J 2019; 97:1006-1021

Yoram Kapulnik, Pierre-Marc Delaux, Natalie Resnick, et al. Strigolactones affect lateral root
formation and root-hair elongation in Arabidopsis. Planta 2011; 233:209-216

Carolien Ruyter-Spira, Wouter Kohlen, Tatsiana Charnikhova, et al. Physiological effects of the
synthetic strigolactone analog GR24 on root system architecture in Arabidopsis: another belowground
role for strigolactones? Plant Physiol 2011; 155:721-734

Tomotsugu Arite, Hiromu Kameoka, Junko Kyozuka. Strigolactone positively controls crown root
elongation in rice. J Plant Growth Regul 2011; 31:165-172

Huwei Sun, Yang Bi, Jinyuan Tao, et al. Strigolactones are required for nitric oxide to induce root
elongation in response to nitrogen and phosphate deficiencies in rice. Plant Cell Environ 2016;
39:1473-1484

Amanda Rasmussen, Michael Glenn Mason, Carolien De Cuyper, et al. Strigolactones suppress
adventitious rooting in Arabidopsis and pea. Plant Physiol 2012; 158:1976-1987

Yusuke Yamada, Soya Furusawa, Seiji Nagasaka, et al. Strigolactone signaling regulates rice leaf
senescence in response to a phosphate deficiency. Planta 2014; 240:399-408

Hiroaki Ueda, Makoto Kusaba. Strigolactone regulates leaf senescence in concert with ethylene in
Arabidopsis. Plant Physiol 2015; 169:138-147

Qiannan Hu, Shuoxin Zhang, Bingru Huang. Strigolactones promote leaf elongation in tall fescue

through upregulation of cell cycle genes and downregulation of auxin transport genes in tall fescue

99



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

under different temperature regimes. Int J Mol Sci 2019; 20:1836

Javier Agusti, Silvia Herold, Martina Schwarz, et al. Strigolactone signaling is required for auxin-
dependent stimulation of secondary growth in plants. Proc Natl Acad Sci U S A 2011; 108:20242-
20247

Xiaoming Li, Shiyong Sun, Chengxiang Li, ef al. The strigolactone-related mutants have enhanced
lamina joint inclination phenotype at the seedling stage. J] Genet Genom 2014; 41:605-608

Dajun Sang, Dongqin Chen, Guifu Liu, ef al. Strigolactones regulate rice tiller angle by attenuating
shoot gravitropism through inhibiting auxin biosynthesis. Proc Natl Acad Sci U S A2014; 111:11199-
11204

Francesca Cardinale, Paolo Korwin Krukowski, Andrea Schubert, et al. Strigolactones: mediators of
osmotic stress responses with a potential for agrochemical manipulation of crop resilience. J Exp Bot
2018; 69:2291-2303

Héléne Proust, Beate Hoffmann, Xiaonan Xie, et al. Strigolactones regulate protonema branching and
act as a quorum sensing-like signal in the moss Physcomitrella patens. Development 2011; 138:1531-
1539

Larry G Butler. Chemical communication between the parasitic weed Striga and its crop host. A new
dimension in allelochemistry. Allelopathy, Organisms, Processes and Applications 1995:158-166
Rebecca J Chesterfield, Claudia E Vickers, Beveridge Christine A. Translation of strigolactones from

plant hormone to agriculture: achievements, future perspectives, and challenges. Trends Plant Sci 2020

# HE, Kl 5h—. 2 MY T7 7 b v OMESERNE LY FIC BT 5040 B X OAEEEH].

L& 4= 2020; 58:571-578

Adrian Alder, Muhammad Jamil, Mattia Marzorati, et al. The path from fS-carotene to carlactone, a
strigolactone-like plant hormone. Science 2012; 335:1348-1351

Satoko Abe, Aika Sado, Kai Tanaka, et al. Carlactone is converted to carlactonoic acid by MAX1 in
Arabidopsis and its methyl ester can directly interact with AtD14 in vitro. Proc Natl Acad Sci U S A
2014; 111:18084-18089

Xiaonan Xie, Narumi Mori, Kaori Yoneyama, et al. Lotuslactone, a non-canonical strigolactone from
Lotus japonicus. Phytochemistry 2019; 157:200-205

V Tatsiana Charnikhova, Katharina Gaus, Alexandre Lumbroso, et al. Zeapyranolactone — A novel
strigolactone from maize. Phytochem Lett 2018; 24:172-178

Tatsiana V Charnikhova, Katharina Gaus, Alexandre Lumbroso, et al. Zealactones. Novel natural
strigolactones from maize. Phytochemistry 2017; 137:123-131

Xiaonan Xie, Takaya Kisugi, Kaori Yoneyama, et al. Methyl zealactonoate, a novel germination
stimulant for root parasitic weeds produced by maize. J Pestic Sci 2017; 42:58-61

Kotomi Ueno, Toshio Furumoto, Shuhei Umeda, et al. Heliolactone, a non-sesquiterpene lactone
germination stimulant for root parasitic weeds from sunflower. Phytochemistry 2014; 108:122-128
Hyun 11 Kim, Takaya Kisugi, Pichit Khetkam, et al. Avenaol, a germination stimulant for root parasitic
plants from Avena strigosa. Phytochemistry 2014; 103:85-88

Mikihisa Umehara, Mengmeng Cao, Kohki Akiyama, ef al. Structural requirements of strigolactones
for shoot branching inhibition in rice and Arabidopsis. Plant Cell Physiol 2015; 56:1059-1072

Kohki Akiyama, Shin Ogasawara, Seisuke Ito, et al. Structural requirements of strigolactones for
hyphal branching in AM Fungi. Plant and Cell Physiol 2010; 51:1104-1117

100



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Adrian Scaffidi, Mark T Waters, Yueming K Sun, et a/. Strigolactone hormones and their stereoisomers
signal through two related receptor proteins to induce different physiological responses in Arabidopsis.
Plant Physiol 2014; 165:1221-1232

Koichi Yoneyama, Xiaonan Xie, Kaori Yoneyama, et al. Which are the major players, canonical or
non-canonical strigolactones? J Exp Bot 2018; 69:2231-2239

Peter J Harrison, Sophie A Newgas, Flora Descombes, et al. Biochemical characterization and
selective inhibition of S-carotene cis-trans isomerase D27 and carotenoid cleavage dioxygenase CCD8
on the strigolactone biosynthetic pathway. FEBS J 2015; 282:3986-4000

Mark Bruno, Salim Al-Babili. On the substrate specificity of the rice strigolactone biosynthesis
enzyme DWARF27. Planta 2016; 243:1429-1440

Imran Haider, Beatriz Andreo-Jimenez, Mark Bruno, et al. The interaction of strigolactones with
abscisic acid during the drought response in rice. J Exp Bot 2018; 69:2403-2414

Haneen Abuauf, Imran Haider, Kun-Peng Jia, ef al. The Arabidopsis DWARF27 gene encodes an all-
trans-/9-cis-f-carotene isomerase and is induced by auxin, abscisic acid and phosphate deficiency.
Plant Sci 2018; 277:33-42

Junhuang Zou, Shuying Zhang, Weiping Zhang, et al. The rice HIGH-TILLERING DWARF'I encoding
an ortholog of Arabidopsis MAX3 is required for negative regulation of the outgrowth of axillary buds.
Plant J 2006; 48:687-698

Jonathan Booker, Michele Auldridge, Sarah Wills, et al. MAX3/CCD7 is a carotenoid cleavage
dioxygenase required for the synthesis of a novel plant signaling molecule. Curr Biol 2004; 14:1232-
1238

Yoshiya Seto, Aika Sado, Kei Asami, ef al. Carlactone is an endogenous biosynthetic precursor for
strigolactones. Proc Natl Acad Sci U S A 2014; 111:1640-1645

David R Nelson, Mary A Schuler, Suzanne M Paquette, et al. Comparative genomics of rice and
Arabidopsis. Analysis of 727 cytochrome P450 genes and pseudogenes from a monocot and a dicot.
Plant Physiol 2004; 135:756-772

Yanxia Zhang, Aalt D J van Dijk, Adrian Scaffidi, et al. Rice cytochrome P450 MAX1 homologs
catalyze distinct steps in strigolactone biosynthesis. Nat Chem Biol 2014; 10:1028-1033

Kaori Yoneyama, Kohki Akiyama, Philip B Brewer, et al. Hydroxyl carlactone derivatives are
predominant strigolactones in Arabidopsis. Plant Direct 2020; 4:¢00219

Philip B Brewer, Kaori Yoneyama, Fiona Filardo, et al. LATERAL BRANCHING OXIDOREDUCTASE
acts in the final stages of strigolactone biosynthesis in Arabidopsis. Proc Natl Acad Sci U S A 2016;
113:6301

Takatoshi Wakabayashi, Misaki Hamana, Ayami Mori, ef al. Direct conversion of carlactonoic acid to
orobanchol by cytochrome P450 CYP722C in strigolactone biosynthesis. Sci Adv 2019; 5:eaax9067
Takatoshi Wakabayashi, Kasumi Shida, Yurie Kitano, et al. CYP722C from Gossypium arboreum
catalyzes the conversion of carlactonoic acid to 5-deoxystrigol. Planta 2020; 251:97

itk e, KA IER, BAR =i #BWA MY 277 b v odal HizicfEH I

G BHERE & 2 ICHER. 1L & W) 2020; 58:628-634

Daniel Gobena, Mahdere Shimels, Patrick J Rich, ef al. Mutation in sorghum LOW GERMINATION
STIMULANT 1 alters strigolactones and causes Striga resistance. Proc Natl Acad Sci U S A 2017,
114:4471

101



73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

89.

Narumi Mori, Takahito Nomura, Akiyama Kohki. Identification of two oxygenase genes involved in
the respective biosynthetic pathways of canonical and non-canonical strigolactones in Lotus japonicus.
Planta 2020; 251:40

Honglei Ma, Jingbo Duan, Jiyuan Ke, et al. A D53 repression motif induces oligomerization of
TOPLESS corepressors and promotes assembly of a corepressor-nucleosome complex. Science
Advances 2017; 3:¢1601217

Rongxin Shen, Xingliang Ma, Haiyang Wang. SMXL6/7/8: Dual-function transcriptional repressors
of strigolactone signaling. Mol Plant 2020; 13:1244-1246

John P Stanga, Steven M Smith, Winslow R Briggs, et al. SUPPRESSOR OF MORE AXILLARY
GROWTH? 1 Controls Seed Germination and Seedling Development in Arabidopsis. Plant Physiol
2013; 163:318

Yoshiya Seto, Rei Yasui, Hiromu Kameoka, et al. Strigolactone perception and deactivation by a
hydrolase receptor DWARF14. Nat Commun 2019; 10:191

Hiromu Kameoka, Elizabeth A Dun, Mauricio Lopez-Obando, et al. Phloem transport of the receptor
DWARF14 protein is required for full function of strigolactones. Plant Physiol 2016; 172:1844-1852

Mikihisa Umehara, Atsushi Hanada, Hiroshi Magome, et al. Contribution of strigolactones to the
inhibition of tiller bud outgrowth under phosphate deficiency in rice. Plant Cell Physiol 2010; 51:1118-
1126

Wouter Kohlen, Tatsiana Charnikhova, Qing Liu, et al. Strigolactones are transported through the
xylem and play a key role in shoot architectural response to phosphate deficiency in nonarbuscular
mycorrhizal host Arabidopsis. Plant Physiol 2011; 155:974-987

Yusuke Yamada, Mami Otake, Takuma Furukawa, et al. Effects of strigolactones on grain yield and
seed development in rice. J Plant Growth Regul 2019

Mikihisa Umehara. Strigolactone, a key regulator of nutrient allocation in plants. Plant Biotechnol
2011; 28:429-437

MR B ME ZB/A KRERZIOCELTHEMT 2 A )77 b vofkdl 72708

A 2018;2:914-916

Kaori Yoneyama, Koichi Yoneyama, Yasutomo Takeuchi, et al. Phosphorus deficiency in red clover
promotes exudation of orobanchol, the signal for mycorrhizal symbionts and germination stimulant
for root parasites. Planta 2007; 225:1031-1038

Kaori Yoneyama, Xiaonan Xie, Dai Kusumoto, et al. Nitrogen deficiency as well as phosphorus
deficiency in sorghum promotes the production and exudation of 5-deoxystrigol, the host recognition
signal for arbuscular mycorrhizal fungi and root parasites. Planta 2007; 227:125-132

Juan Antonio Lopez-Raez, Tatsiana Charnikhova, Victoria Goémez-Roldan, et al Tomato
strigolactones are derived from carotenoids and their biosynthesis is promoted by phosphate starvation.
New Phytol 2008; 178:863-874

Yukihiro Sugimoto, Tomoki Ueyama. Production of (+)-5-deoxystrigol by Lotus japonicus root culture.
Phytochemistry 2008; 69:212-217

Huwei Sun, Jinyuan Tao, Shangjun Liu, ef al. Strigolactones are involved in phosphate- and nitrate-
deficiency-induced root development and auxin transport in rice. J Exp Bot 2014; 65:6735-6746
Kaori Yoneyama. Studies on effects of plant nutrients on strigolactone production and exudation.
Regul Plant Growth Devel 2013; 48:24-32

102



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Ml F. 7 7 A2 —RIERIC X 2 1Y) O =SS, L & Y 2006; 44:420-423

Kaori Yoneyama, Xiaonan Xie, Takaya Kisugi, et al. Nitrogen and phosphorus fertilization negatively
affects strigolactone production and exudation in sorghum. Planta 2013; 238:885-894

Huwei Sun, Jinyuan Tao, Shangjun Liu, ef al. Strigolactones are involved in phosphate- and nitrate-
deficiency-induced root development and auxin transport in rice. J Exp Bot 2014; 65:6735-6746
Mikihisa Umehara, Atsushi Hanada, Hiroshi Magome, et al. Contribution of strigolactones to the
inhibition of tiller bud outgrowth under phosphate deficiency in rice. Plant Cell Physiol 2010; 51:1118-
1126

Kaori Yoneyama, Takaya Kisugi, Xiaonan Xie, et al. Shoot-derived signals other than auxin are
involved in systemic regulation of strigolactone production in roots. Planta 2015; 241:687-698
Kazunari Kamachi, Tomoyuki Yamaya, Tadahiko Mae, ef al. A role for glutamine synthetase in the
remobilization of leaf nitrogen during natural senescence in rice leaves. Plant Physiol 1991; 96:411
Toshio Murashige, Folke Skoog. A revised medium for rapid growth and bio assays with Tobacco
tissue cultures. Physiol Plant 1962; 15:473-497

D. R. Hoagland, D. I. Arnon. The water-culture method for growing plants without soil. Berkeley,
Calif.: College of Agriculture, University of California, 1950

Ishara Perera, Ayaka Fukushima, Mako Arai, et al. Identification of low phytic acid and high Zn
bioavailable rice (Oryza sativa L.) from 69 accessions of the world rice core collection. J Cereal Sci
2019; 85:206-213

Shoko Hasegawa, Takuya Tsutsumi, Shunsuke Fukushima, et al. Low infection of Phelipanche
aegyptiaca in Micro-Tom mutants deficient in CAROTENOIDCLEAVAGE DIOXYGENASE 8. Int J
Mol Sci 2018; 19:2645

Li-Qing Chen, Xiao-Qing Qu, Bi-Huei Hou, et al. Sucrose efflux mediated by SWEET proteins as a
key step for phloem transport. Science 2012; 335:207

Guang Chen, Huimin Feng, Qingdi Hu, et al. Improving rice tolerance to potassium deficiency by
enhancing OsHAK16p:WOXI1-controlled root development. Plant Biotechnol J 2015; 13:833-848

B &—, Ea R REF. KFEDRE NPK WIGHEEHERS I DWW T —E&%%. dibE¥EMN
7% 2009:39-40
B, P B, B B HEE SR L AL 20T o8I MUE TRE. HARME

Y vh ESCERIT I R 2016; 56:54-55

A. C. Allan, P. H. Rubery. Calcium deficiency and auxin transport in Cucurbita pepo L. seedlings.
Planta 1991; 183:604-612

Pauline M. Tang, Fuente Rollo K. dela. The transport of indole-3-acetic Acid in boron- and calcium-
deficient sunflower hypocotyl segments. Plant Physiol 1986; 81:646-650

Alice Hayward, Petra Stirnberg, Christine Beveridge, et al. Interactions between auxin and
strigolactone in shoot branching control. Plant Physiol 2009; 151:400-412

Anjali S Iyer-Pascuzzi, Terry Jackson, Hongchang Cui, et al. Cell identity regulators link development
and stress responses in the Arabidopsis root. Dev Cell 2011; 21:770-782

Akiko Maruyama-Nakashita, Yumiko Nakamura, Takayuki Tohge, et al. Arabidopsis SLIMI is a

103



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

central transcriptional regulator of plant sulfur response and metabolism. Plant Cell 2006; 18:3235-
3251

Alice Hayward, Petra Stirnberg, Christine Beveridge, et al. Interactions between auxin and
strigolactone in shoot branching control. Plant Physiology 2009; 151:400

Jessica Bertheloot, Francois Barbier, Frédéric Boudon, et al. Sugar availability suppresses the auxin-
induced strigolactone pathway to promote bud outgrowth. New Phytologist 2020; 225:866-879
Bolaji Babajide Salam, Francois Barbier, Raz Danieli, et al. Sucrose promotes stem branching through
cytokinin. Plant Physiology 2021

Francois F Barbier, Elizabeth A Dun, Stephanie C Kerr, et al. An update on the signals controlling
shoot branching. Trends Plant Sci 2019; 24:220-236

Man-qing Tian, Kai Jiang, Ikuo Takahashi, et al. Strigolactone-induced senescence of a bamboo leaf
in the dark is alleviated by exogenous sugar. J Pestic Sci 2018; 43:173-179

Fang Wang, Tongwen Han, Qingxin Song, et al. The rice circadian clock regulates tiller growth and
panicle development through strigolactone signaling and sugar sensing. The Plant Cell 2020; 32:3124
Frangois Barbier, Thomas Péron, Marion Lecerf, et al. Sucrose is an early modulator of the key
hormonal mechanisms controlling bud outgrowth in Rosa hybrida. ] Exp Bot 2015; 66:2569-2582

AT AR, SRR EEh, ER AR MY (EFERLA, 2019

Shinsaku Ito, Ken Ito, Naoko Abeta, et al. Effects of strigolactone signaling on Arabidopsis growth
under nitrogen deficient stress condition. Plant Signal Behav 2016; 11:¢1126031

Maria Betsabe Mantilla-Perez, Fernandez Maria G Salas. Differential manipulation of leaf angle
throughout the canopy: current status and prospects. J Exp Bot 2017; 68:5699-5717

Tomoaki Sakamoto, Yoichi Morinaka, Toshiyuki Ohnishi, et a/l. Erect leaves caused by brassinosteroid

deficiency increase biomass production and grain yield in rice. Nat Biotechnol 2006; 24:105-109

RS 2, 7T SRER, i BRIl IEIEHIC B3 2 KRB EE - IR IC KIE RGO

OB KR E 1979:p127-134

Kojiro Wada, Shingo Marumo, Nobuo Ikekawa, ef al. Brassinolide and homobrassinolide promotion
of lamina inclination of rice seedlings. Plant and Cell Physiol 1981; 22:323-325

A FEdE. MRAR. RIEA L 2, 1990

Etsushi Kumagai, Norimitsu Hamaoka, Takuya Araki, et al. Dorsoventral asymmetry of
photosynthesis and photoinhibition in flag leaves of two rice cultivars that differ in nitrogen response
and leaf angle. Physiol Plant 2014; 151:533-543

Wenyuan Ruan, Meina Guo, Lei Xu, ef al. An SPX-RLI1 module regulates leaf inclination in response
to phosphate availability in rice. Plant Cell 2018; 30:853-870

Dugald C Close, Beadle Christopher L. Leaf angle responds to nitrogen supply in eucalypt seedlings.
Is it a photoprotective mechanism? Tree Physiol 2006; 26:743-748

AT =, EY) DR MBERICBE 3 20198 « 5 2 W KA O IES SLE o EEIIpTTE. HA

VEWIHEH4C 5 1961; 29:234-239

Li-Ying Zhang, Ming-Yi Bai, Jinxia Wu, ef a/. Antagonistic HLH/bHLH transcription factors mediate

104



128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

brassinosteroid regulation of cell elongation and plant development in rice and Arabidopsis. Plant Cell
2009; 21:3767-3780

Zhongming Fang, Yuanyuan Ji, Jie Hu, et al. Strigolactones and brassinosteroids antagonistically
regulate the stability of the D53—-OsBZR1 complex to determine FC1 expression in rice tillering.
Molecular Plant 2020; 13:586-597

Yuan Wang, Shiyong Sun, Wenjiao Zhu, et al. Strigolactone/MAX2-induced degradation of
brassinosteroid transcriptional effector BES1 regulates shoot branching. Dev Cell 2013; 27:681-688
Shinsaku Ito, Mikihisa Umehara, Atsushi Hanada, et al. Effects of strigolactone-biosynthesis inhibitor
TIS108 on Arabidopsis. Plant Signal Behav 2013; 8:¢24193

Hidemitsu Nakamura, Kei Hirabayashi, Takuya Miyakawa, et al. Triazole ureas covalently bind to
strigolactone receptor and antagonize strigolactone responses. Mol Plant 2019; 12:44-58

Syed Tahir Ata-Ul-Karim, Qiang Cao, Yan Zhu, et al. Non-destructive assessment of plant nitrogen
parameters using leaf chlorophyll measurements in rice. Front Plant Sci 2016; 7:1829

Lu Wang, Chunfeng Duan, Dapeng Wu, et al. Quantification of endogenous brassinosteroids in sub-
gram plant tissues by in-line matrix solid-phase dispersion-tandem solid phase extraction coupled with
high performance liquid chromatography-tandem mass spectrometry. ] Chromatogr A 2014; 1359:44-
51

Yugo Lima-Melo, Vicente T C B Alencar, Ana K M Lobo, et al. Photoinhibition of photosystem I
provides oxidative protection during imbalanced photosynthetic electron transport in Arabidopsis
thaliana. Front Plant Sci1 2019; 10:916-916

RIS &, 4 A KRS RIS 2, 2020

Anna Amtmann, Patrick Armengaud. Effects of N, P, K and S on metabolism: new knowledge gained
from multi-level analysis. Curr Opin Plant Biol 2009; 12:275-283

Dobermann A., Fairhurst T., Institute International Rice Research. Rice: Nutrient Disorders & Nutrient
Management. Potash & Phosphate Institute, East & Southeast Asia Programs, 2000

Salim Al-Babili, Bouwmeester Harro J. Strigolactones, a novel carotenoid-derived plant hormone.
Annu Rev Plant Biol 2015; 66:161-186

Hao Lin, Renxiao Wang, Qian Qian, et al. DWARF27, an iron-containing protein required for the
biosynthesis of strigolactones, regulates rice tiller bud outgrowth. Plant Cell 2009; 21:1512-1525
Masashi Asahina, Yuji Tamaki, Tomoaki Sakamoto, ef al. Blue light-promoted rice leaf bending and
unrolling are due to up-regulated brassinosteroid biosynthesis genes accompanied by accumulation of
castasterone. Phytochemistry 2014; 104:21-29

Takahito Nomura, Tatsuro Sato, Gerard J Bishop, ef al. Accumulation of 6-deoxocathasterone and 6-
deoxocastasterone in Arabidopsis, pea and tomato is suggestive of common rate-limiting steps in
brassinosteroid biosynthesis. Phytochemistry 2001; 57:171-178

Chizuko Yamamuro, Yoshihisa Thara, Xiong Wu, et al. Loss of function of a rice brassinosteroid
insensitivel homolog prevents internode elongation and bending of the lamina joint. Plant Cell 2000;
12:1591-1606

Tao Lu, Hongjun Yu, Qiang Li, et al. Improving plant growth and alleviating photosynthetic inhibition
and oxidative stress from low-light stress with exogenous GR24 in tomato (Solanum lycopersicum L.)
seedlings. Front Plant Sci 2019; 10

Xiaohua Zhang, Lu Zhang, Yuanpei Sun, et al. Hydrogen peroxide is involved in strigolactone induced

low temperature stress tolerance in rape seedlings (Brassica rapa L.). Plant Physiol Biochem 2020

105



145.

146.

147.

148.

149.

150.

151.

152.

153.

Kaori Yoneyama, Xiaonan Xie, Takahito Nomura, et al. Do phosphate and cytokinin interact to
regulate strigolactone biosynthesis or act independently? Front Plant Sci 2020; 11:438

Wei Liu, Wouter Kohlen, Alessandra Lillo, et al. Strigolactone biosynthesis in Medicago truncatula
and rice requires the symbiotic GRAS-type transcription factors NSP1 and NSP2. Plant Cell 2011; 23
James W Allen, Shachar-Hill Yair. Sulfur transfer through an arbuscular mycorrhiza. Plant Physiol
2009; 149:549-560

Bruno Guillotin, Mohammad Etemadi, Corinne Audran, et al. SI-IAA27 regulates strigolactone
biosynthesis and mycorrhization in tomato (var. MicroTom). New Phytol 2017; 213:1124-1132

Kai Xun Chan, Markus Wirtz, Su Yin Phua, et al. Balancing metabolites in drought: the sulfur
assimilation conundrum. Trends Plant Sci 2013; 18:18-29

Laura Ernst, Jason Q D Goodger, Sophie Alvarez, ef al. Sulphate as a xylem-borne chemical signal
precedes the expression of ABA biosynthetic genes in maize roots. ] Exp Bot 2010; 61:3395-3405
Frosina Malcheska, Altaf Ahmad, Sundas Batool, ef al. Drought-enhanced xylem sap sulfate closes
stomata by affecting ALMT12 and guard cell ABA synthesis. Plant Physiology 2017; 174:798
Muhammad Munir Usmani, Fahim Nawaz, Sadia Majeed, et al. Sulfate-mediated drought tolerance in
maize involves regulation at physiological and biochemical levels. Sci Rep 2020; 10:1147

Zhengxi Tan, Rattan Lal, Keith Wiebe. Global soil nutrient depletion and yield reduction. J Sustain
Agr 2005; 26:123-146

106



xE—%R

(1) PMMEREEF KE - RXEFISV) ITRRLERX, EFE

1. Masato Shindo, Koichiro Shimomura, Shinjiro Yamaguchi, Mikihisa Umehara, “Up-regulation of
DWARF27 is associated with increased strigolactone levels under sulfur deficiency in rice”, Plant Direct,
vol. 2, e00050, 2018

2. Shoko Hasegawa, Takuya Tsutsumi, Shunsuke Fukushima, Yoshihiro Okabe, Junna Saito, Mina
Katayama, Masato Shindo, Yusuke Yamada, Koichiro Shimomura, Kaori Yoneyama, Kohki Akiyama,
Koh Aoki, Tohru Ariizumi, Hiroshi Ezura, Shinjiro Yamaguchi, Mikihisa Umehara, “Low Infection of
Phelipanche aegyptiaca in Micro-Tom mutants deficient in CAROTENOID CLEAVAGE DIOXYGENASE
8”, International Journal of Molecular Sciences, vol. 19, 2645, 2018

3. Yusuke Yamada, Mami Otake, Takuma Furukawa, Masato Shindo, Koichiro Shimomura, Shinjiro
Yamaguchi, Mikihisa Umehara, “Effects of strigolactones on grain yield and seed development in rice”,
Journal of Plant Growth Regulation, vol. 38, 753-764, 2019

4. Masato Shindo, Shu Yamamoto, Koichiro Shimomura, Mikihisa Umehara “Strigolactones decrease leaf
angle in response to nutrient deficiencies in rice”, Frontiers in Plant Science, vol. 11, 135, 2020

5. Masato Shindo, Seiji Nagasaka, Shosaku Kashiwada, Koichiro Shimomura, and Mikihisa Umehara “Shoot
has important roles in strigoractone production of rice roots under sulfur deficiency”, Plant Signaling &

Behavior, in press, 2021

(2) PR FXIIBREICE TS, B

1. R, ER=8A, [RKERZIJSELTHEMT2A M) T2 b vokdEl), 72Uy

+£ 4, JtF&fE, vol.2, pp.84-86, 2018

(3) ERR=EICHITHHEE

1. Masato Shindo, Koichiro Shimomura, Shinjiro Yamaguchi, Mikihisa Umehara, “Sulfate deficiency
stimulates strigolactone production in rice”, The 22nd International Plant Growth Substances Association
2016, Toronto University, June 2016

2. Masato Shindo, Koichiro Shimomura, Shinjiro Yamaguchi, Mikihisa Umehara, “D27, a strigolactone
biosynthetic gene is required for adaptation in sulfate deficient condition”, Taiwan-Japan Plant Biology
2017, Academia Sinica, Taipei, November 2017

3. Masato Shindo, Koichiro Shimomura, Mikihisa Umehara, “Effect of strigolactone and brassinosteroid on
leaf angle in rice”, The 23nd International Plant Growth Substances Association 2019, Université Paris,

Paris, France, June 2019

4) BRZER - YURSOLEFIZEITHRR
1 EREECE, hAfEE T, DB, TAEERR, MR =B, [HBRRZEMFET D4 4Tl D27 D

EMABIC X o THER Y TT 27 F IS 2], 5 2 BEY)ORENTRE, HHERY,

107



10.

2016 9 H

MEREELE, tPREET, (LM, TR B ME=EA, [RERZEHFICE T D27 D05
FBUCHES TR MY T2 b oSN 2 1, 5 34 B H AWMLY A2, BHKE
2016 9 H

HEREELE, PAEET, LB, FATEEES, ILOERES, MR A, TR Z 50 oy
L7zA4 xD SLEAR], %51 MHEYLREIES, @AY, 2016 4 10 H

HEREEE

W

TR, LOERES, BR8N, TRERA A v RE RS LT 5

ALY FT 7 by oEHERERE ], 5 35 B WAy T EMER, REy =y 72T 4,

2017 4£ 8 H

MR, TREEEE, IHAERE, ME=8A, [#RA 4 Y RZIGEIGT 572012 D27 D

& R0 ETH B |, 562 MY LR Y2, BERERY, 2017 410 A

HEREECE, LR, RIRAEIR, MIEEER, TAEE R, IHOERER, MHE=HA, [440x

FUIT 7 vESKICE T BTG & REBRZ DA G DR DFE] | 5 36 B HAKE

X
NS
“\

MRy TAEVI Y2, SR LAaHPTEEE, 2018 4E 8 H

<

EREEE, THE B, WE=8A, WAL RZICHEET 572910 D27 D) & S 0%EET
H5], %4 REYDORENIES, FHRYE, 2018 4£9 H

HEREEE, THEEEL, WEEEA, (A A0EHEMICE TRV TTI I b ET T
AT7uA FOMAEM] 560 M HAMY EMYS, AlEKY:, 2019 43 H

ERREEE, TG, #H =%/, [Efficient nutrient absorption controlled by strigolactones in
rice] , 5 BIEYIOREWIES, IRERY, 201949 H

ERREE, THE—H, ME=8A, [KERZICELZESEHICA YT 7 Fvhsh

LR, 37 M H AR a2, RIS, 2019 £ 9 H

108



1ERREE, THE B, ME=8A, APV TI727vickosTHlfls 2 EilloRE

RZISEN] , FHoabE LY =, KIOKE, 20194114

5) BEE
12020 I FUEAERER B ARy

2. 54 [ WEPLFREIYS FRAX-HZE

3. 2019 fEJE FHERFERFDE KA

R
M
&l—
\Hﬂ[&

4. 2017 R HHERFPRFBE R BedE 2 4E

(6) Zofts
*

FIERY HIRE v o8 [RERZEHCHEMTS2 XMV T2 v oSBZAREE ] 2019

il
am

- TS E

PR 29 FRE, PR 30 4R, B X OCER3T AR HEERSE B TR

- [EBR AR IE B
The 23nd International Plant Growth Substances Association 2019, — it Fik AEYI L Ti2E 2

Taiwan-Japan Plant Biology 2017, —f&#k[1ik A\ H A £ B2 g 2

109



e

AWFEDZEIT7 b VICH LR D FFEICH 720, L DA ZiE - Wzl £ L7,

FRERAE LB ER T V2%, HAoZTIFEHifE L CEEZIH Y £ L 2R EREREBE
AR MR =EA i O X VLR L B E S, R0 & 2ici, WA A4 v
REZCIGELIZA NV T2 P v OEARZWGET 57 —~%2 52 CT &Y, oKL ZH0R
(7ZTnE Lz, REFGEZRIL, RESPRT —~2XET 5 2 L 2w/ 230, MRt
JERTH - FREET T v v aTy L TCHEE L, A0HD 2K {007 2 KD #IREY] 72 5 &
REZEY E Lz, MEEEPODRICG UL EL WITEEIL, ORAIZHEIES
Ll bic, REEEFIFEICHERRHICRY £ Lk, COoRBEREIC, SHbEEL TEWY
9,

BIIEEHB 2 B5 2R T V2720w E E L ARFEREREGAE MR AR ZBdR IS
TicE#HOBEZRLE T, MIEmCEEDHT G ZX T TLEZInE LAEEEZBORTERAKRE
B BHEmr Rtz BER L, AMBEERZEOFEHEREANA 4 v RBE N+
VAR BNEA EhiE#HoEERL £,

IR REGAEMPA ARG EEd TG i, fotEE L LTtE ol
ExRBY E L7z, 0 X VL L R E 3, BEREREBE MR A R MEEER
AR HREE Lo LN, RomMRer RE CEHSEE L, 3TAIE
HOWOEMKICHLEDL LT, IFHLEFi > TROMEZECTT XY, #¥I¥EOREZE LT/
IV F L%, FIICHPEHEITMEERTHY T, FROBMELZRL T, EEEITICITY
NI E L RERER LG GBATIERIER  RIRAER ML, R PR beAd ar ke
WrgEmlt  derbRE RiCE#HOEZRL 57

EWNADERT, Z DHEHSCT P34 2% £ L s #@RERAGR ARG ILnfE

110



RER fEd, BRARARAVIFERIE KILEH HLcECELs L B Ed, HExA O

T2IHEL TR WAL RFREGEMRANI eI #5E T L, AlhERYFRY R

AR FAEAT i, FORA R IREOR MBI EIHEBE iR AL

LEJES, SL b T L 2 NERERYEWE 2 0058 L T\ 72 72 7o RBRIFFSZ RS2 R A e A e BR 5

FREAWTERIBEE FOLRERS 18 )Z LR L B £ 97, BRAEGHEA, SLHEAZo#EL

THZ L L 200t RFAREG R AP A SR RAEE it FOURFEREBR A

FHEADTERIE RSO BB CHEFLR L LT E 9, b=t OfF &2 L CTIHW 2R

FAEMBRELREIR LI A LR L B E I, #EHETIC O W T IR EEZ BV L&

p=t

FUERKR AR EBL AU eRBdR L HIERE i, ESZRTERATEE N B A T FE A £

i AR L ECHEILR L BT E T, ERARICE T EETOTLE Y T — v a3 VO

il

\

BT, BELKDOT FPAAZ%H Y £ LS LR LB Una M. Rajagopalan {110 J&
CHMLH L BT E 3, FADIIEZ T T, RERDOERICH SO TIVELAEY= P YRR
FRMEARBIZ Belay T. Ayele 1B CHIILA L £ 9,

RRFEIE, PR 29, 30, 31 FREEHFERY I LM TSR OB EZ T CEMBL £ L7,
¥ 72, HRWYVEH S5 X YL EREI Y20 0 BBB X U7 7 v 2 CfTbh iz EEARED
FEMRBE OB ZTEE £ L, X510, BERFRARMRAAERENS OB EZ T C, L 0¥
RCHRRETIEDTEE Lie, EIOEHBL LIPS,

Befeic, FEBMEI ORISR - HHIC SWHITEE T L WA REET R E e hE K
T RICECEHHBL ETFE T, 2L TARMEOZITICH Y, Ll 2588 E w22 vl
KA E 0P A RICE IR L LIP3, ROPEEAREEZ L Z Tz 2w 2 KR IE#H o

BEezRLET,

111





