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BEMHY ORIE, WENICHEYARLT XX AT TRLABARGTRINE W) &£
FAT R EHWEEE2RoTWE, 2070, B0k 2R T 5
LMY O BTG T H A ETHEYEWICEIREVWLZIT TR L, 203
BRZLLIC, BELVHRWIIEAGZRINTELIRELERT A LI,
VeI EETH 5.

Bzt 2HBET IR, RAZREERCDE LTELREFHMZRET
5. HYWHZIT LR EICEDHFRIPRE> TWEEHY BHELIFATVS
2, BIZHEK ETRECENEROEZE L2 T2 PFOoMET 5272012, BIC
B 2ENBHUNOEEESH B THR T 0RFEICHETHS. &
ZAHD, B, RPFEHEBZREBL-ZY FYOERERBELHWT, B
PRGDEHFRICHET 2KGEESBEMICTEH S, 2OV Ky
DEREEBE L, WPBHOZRERWEDIIAGTBECES * BIZET 5
DIZHEL TS, LrL, KpBEEREEBECHETAINREEIA L, k5B
BOAMACET AEBHARZELZ i, MYOLBHE OREL W
L, ¥-2h%HHT2LTEETHS.

ZF 2 CARFERTE, O My ORRERM (ageoropum) T FIVT, K4
RERERELZAETL 00BN ZIT, DTOoHR2E.

EI1E ROKSTBEHEBRROM

MRICPDELKSBEFTECITLORERERA, KoGEBRSTIC
PDEBEKEFL v IWVEERS BICL 7.
BOKDBENKRF VY VARIZEDDDODPE»ZRET S 72012,
YVEF—LVEEFEZ 1 mm ORKEIOERFERED LV IIHEFOR
BN ATE &8, ZORHIICYVE b= V2 EFTRVWERRZAEINLSE T
LI, MBOMMICKETF VY Y VEZANBHICEE L. FORE,
0.5-1.5 MPamm ' DK RTF ¥ I ¥ VEDHFET T, RiFVIVE P VEXF &
EEHACE L, RoOKSEHEDY, RECBT HIKAEROEZE AL THE
BT230THA I EAPWOTRSENA(Fig. 1). = OJF o BIHE % 8
BLIHER VYIVEF - VERFLECIAEMHE, LUHEZL4BERHECON
PHROLN, FO% 23 BEITLICEMOEBREE) BT —EDY X2 %
HBol-BHTHs I EePHELPIC R o/Fig 2). ¥/, VIVE M=V ZEA
PERFZROMEFICEZZEE, BEHERoohldr o722 b, B
TSRS HE % BT 5 2 & PNEENICEEH S - (Fig. 1).
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EHEEZRL, AT EASEELZRIALICOV. ZRIE, BETEED
DR BENVHEL, BOKTEBVFENEREICL o TIAZIATWE 2L 2R
WL TW5, 22T, ENREZEFEICRARTHEYOBVICB VT I KRFTEEE
BHTAHIEZRITT LD, 7V A¥ 9 PETTIAB Y Fo DR
BT EHF M ZEEL &, KSBBEORH L T L7

FORE, EHRCENEBRZRITIAODZYFVORE, 2) 2%y
FEHAWCENEREZFTLHET L, YVE N —VERFRBIZ L - TEEL
KOBEERTLICREIEPTHLPICED, MR ETER 2T KSR
HERRERVHEY b, KSBEENEHEO I VAL IR oFig 3).
RICEoT, MANENOFHERET KB KTEHEERROMEL ICE % B
Wiz, ‘

28 ORGSR MERIEZER O R

BHICEET3EEZIONZIANITLOKSEEICETSIEH
ERRETL £

WMEORBENC AN AR BECMEL 2546, BRI AINVI T AERF
ERAHINCEML, FORBIZAIN YT ABREFEL 25 DIEo THKRL
72, AT AL AR ORI, YVIVE F—VBEBIZ X o TKET
VXY NENRELALAZ Lo TBIABMUKSTEE)LVH 3 BREN
RS PSRl 72, RIRBIZ IV YT AOEBMFRIHT S KA
MNADOBEBLZTSIER, COINVY AR IBOFEHMIZ, BERT ¥
Ty VICHE L T0.05MPa &\ T DTRLRAKX LA Mbo72 L &,
BRIBEINL ZEFTHLP 2ok, EHIC, AINVVYT2LFL—-FHO
EGTA, 3BHOIN Y T LADAF v Fx v RZznv7avh—BIXTA4 4 7+
TOREBERE Lz, TOER, Ko EHIE, EGTA OFREIIC ko THE
XN, EGTA 2 VY7 ATEERZ A2 L ICX o THIE L(Fig. 4. %72
IV IADAF Y FX v RZNTOvH—D 1 OTHHHEILST V7 Vicko
TASBHEIIHEEIN, 13/ 7+ T7TOMNBIZX o TIRESI N
IHNOLDEREDIS, KSBERHEICE ANV YT ABEATRTHY, ANV
TAAF VORBELZ AL -HBRRAPEETHS ZEPHLP IR 072,
¥/, KAMVABANY DAL AEMERETZDE, Thdlsnviy
ADOHIBANDRAZIEET 2720 THEEEZ LN

BEICEBETREEAODMDIA—FLOKSEEICSTSIEH
EHET L .

STFTAV F—=TTIRNVLE IAA OHBANICBIT 2 BEFRE,LS, K
SR REBLTVWARTRS; —F Yy PHBACBWTRENICO/F LT
W5 I EHFHES P D EEERIC(Fig. SA), F—F YU FFOHIEICES L
TWB EEZLNBMIEBEORBM/NE OBRIAPFENLL TVE I EFHL R



B Fig. 1. Root curvature caused by water
w 20 potential gradients. Gradients in water
g I i potential were applied to either the root cap
2 cVs (A) or the elongation region (B) of roots of
o 10 - the ageotropum pea mutant. S agar block
2 - conlaining sorbitol; C agar block without
: of | %~ _ _| sorbitol. Curvature was measured 6 h after
0 b L iniial exposure to the gradient in water
5 T : graciol
S 40l i potential. The plus sign in degrees
* l curvature indicates curvature away from the
sorbitol agar block, and the minus sign
20 t——p————  indicates curvaure toward the sorbitol
Gradient in water potential (MPa) source. Each datum represents the mean +
SE.
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Fig. 2. Kinetics of hydrotropic curvature caused by a water-potential gradient in the root cap.

A plain agar blocks were symmetricaly applied to both sides of the root cap (control); B an

agar block containing sorbifol (-1 MPa) was applied to one side of the root cap and a control
plain agar block to the other side (sorbitol). Positive values indicate curvature away from the
sorbitol agar biock.

Fig. 3 Induction of hydrotropism in the

i ageotropum -B roots of Alaska and ageofropum peas by
M.,,.,,) sorbitol-agar blocks on clinostats. Roots

5 v (Vertical L
s JJJ ﬂag&m&? P s (}Dm) were hydrotropically stimulated by

- s sorbitol-induced gradient of water
i i T potential on a horizantal clirostat (A) or a
| | (m 3-D clinostat (B). Root curvature was
Ahska stationary) measured 6 h after the start of treatment.
P A [ Positive values indicate root curvature
g i T away from the sorbitol agar block. P

T plain-agar blocks containing no sorbitol
s were placed on both sides of the root
cap; S an agar block containing sorbitol
was placed on one side of the root cap

HH

P S P S P S P S P S and a plain agar biock was placed on the
opposite side. Vertical bars indicate the
mean + SE.
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Fig. 4 Inhibiion of sorbitol-induced curvature of pea roots by
1h 1h EGTA and its recovery by calcium. Roots were pretreated with
—_— | | — a 10 plof each soluions for 1 h, then hydrotropically
% @ S T stimulated bysorbitol-induced gradient of water potential
- \ directly inthe root cap zone. Black bars indicate the curvature
of the roots treated with sorbitol agar treatment. White bars
| T indicate the control, treated with plain agar block. Root

curvature was mesured 6 h after finishing drug pretreatment.
Positive values indicate root curvature away from the sorbitol
T -
L 1T
1

agar block. S an agar block containing sorbitol (-1MPa) was
placed on one side of the root cap and a plain agar biock was
placed on the opposite side. Vertical bars indicate the mean +
SE.
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TREATMENTS

Fig. 5A A time-course study of the movement of PH] in
hydrotropically responding ageotropum roots. Roots were

" o—HWP hydrotropically stimulated. For counting of the radio activity ,

—e—LWP 8-mm porfions of the apical roots were longitudinally halved

for 12 roots. Closed and open circles indicate the sides of

s the lower (LWP) and higher (HWP) water potentials,
respectively.

Fig. 5B Corfical micratubles (MTs) in hydrotropically responding ageotropum roots stained
with anti-iblin antibody. Roots were hydrotropically simulated. MTs in Epidermal and coriical
cells of elongation zone of the contral root have arranged transversely to the cell axis (A).
MTs in the epidermal cells of the higher water potentials (HWP) have re-arranged (B), while
those in the side of lower water potential (LWP) arranged transversely o the cell axis as well

as inthe control (C).
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Fig. 5C A time-course siudy of the differential expression of PS-IAA4/5 in hydrotropically
responding ageotropum roots. Roots were hydrotropically stimulated . For RNA extraction, 8-
-mm portions of the apical roots were longitudinally halved for 40 roots (40 halves weighed
more than 400 mg).The upper Northern blotting sheet shows the PS-IAA4/5 accumulation in
the root halves of the LWP side, while the lower shows those of the HWP side.

Ps-EXGT1 MGSSFWTVEL 50
soybean FSVWT-~VEV 48
Azuki MGSSLW~TEL 49
Consensus MGSS-W~VEL E 50
Ps-EXGT1 100
soybean 98 .
Azuki 99
Consensus 100
Ps-EXGT1 150
soybean 148
Azuki 149
Consensus 150
Ps-EXGT1 200
soybean 198
Azuki 199
Consensus 200
Ps-EXGT1 250
soybean 248
Azuki 249
Consensus 250
Ps-EXGT1 293
soybean 292
Azuki 292
Consensus 294

Fig.6A Alighment of the amino acid sequence of Ps-EXGT1. Ps-EXGT1cDNA and the
corresponding genes from other plant speces, soybean and Azuki bean.



IZ7% o 72(Fig. 5B). ¥72, F—F TV VIUBELTREFP LA TS 1AA4/5 EE
FOEBRPKTIBHICIZMOBHIE>TEHTLIEVEHLP IR o 72
(Fig. 5C). O Zedb, KABBEORERICALO hAMBOREEREICH
—F T UHFEE L TWATERMEIRER S .

H3E MOKSIT BT 5 IREL B

KOBEURBEEBCEIIREERZENL, 22 B {ABRESRD
BEEEBEF, ZLI/ISTLNIVTHEFLE.

KGBEICBNWT, ERICREEEEFIEIZBOMEN 2 EERNEFE N
ETHEL, AT 74 VU ZERL TEZEMET CHE L. #
DFER, BOMEWRIIEWT, BREEFSVWEXRRFZMT 2T, BBl
DEEFFEE 2600% KENWZ EFHS TR Y, BOKSBHEICEBT 5 EIZ
M ORENZMEERICL o TRI A I EIBREI N,

ZFZT, MEBOMEICEENCHEDLI MBERETHLEEZONLL Y
FEIF O o7V VBB REXCGT) OEIZTFREHE LKSEE OB T BT
L7, 7, UV FEFIus/ Vvl VEEBBEEEEF L HRAEITS WIS %
ageotropum L.~ F7/»H RT-PCR EICLX - THEL, FoeETREL .
ChHru—r% Ps-EXGTI L& l, FHBTORRE LN, F-HELEE
CDORRE ) —FUETENLZE TS, Ps-EXGTI ZHERROMHBENEA LS
MNMTELEBLTWAEILIHL2LR D, MEMECEH(BEZEZa—-FL
TV I BREFRD THWI LR SN 72Fig. 6A). 72, ROKSEH
DEBE ODEBERE L L2 A, KGBEHEICL 2BOEHICHEN, BI%
B KGHEIC X o TmRNA OEBREFB ORI CRENICEGTL I L
LI o7z (Fig 6B). $72, ZD& %, mRNA EH/EICIE-> T EXGT
NI FFICREMBTELRAL TV ZEHLP IR Y, ZOHKE
i in situ N TV IFAE—T a VITICE o TOHERTH 2 & 25T X 72 (Fig.
6C, D).

TED

AKFETHL PR 2 EZ DL, ASBEURBBRBOTTVEHEE
L, #N% Fig.7 iR L7-. |

Thbb, KoHE(Water gradient)z &St L7281, ZEDry)Z#ET,
KGDE(Wet) FIANZJEM L, EOKSERERT. 2 OEHNIZKTHIES
HEZLNTHS 34 BHASNSELTrLEDLAL LR, 6-8 REARIC
BHAEORNOY—-2%202 5. 20%, ZORBMIE—ED )X L2Ho
THEE L, BRBICATOSEVWFRIHEET S, KFTAERFEZLNTHS,
OO 6 BEOICA L EDUTOA-GDAFY THRIADDEEZD
N5, A BIIES 1-2 mm ORERoot cap) il BV THFRDKTHE 2 IR



Arbitrary unit
Arbitary unit

6 1 2 3 4 8tk 0 T 2 3 4 8
Fig. 6B A time-course study of the differential expression of Ps-EXGTT in hydrotropically
responding ageotropum roots. Roots were hydrotropically stimulated. For RNA extraction, 8-
mm portions of the apical roots were longitudinally halved for 40 roots (40 halves weighed
more than 400 mg). Changes in Ps-EXGT1 accumulation on the side of the higher water
potential (A) and those on the side of the lower water potential (B). The upper inset of
Northem blotting sheet shows the Ps-EXGT7 accumulation in the root halves of the higher
water potential side and those of the lower water potential side.

wma 100 1M

Fig. 6C The expression of the EXGT in hydrotropically responding ageotropum roots stained
with anti-EXGT antibody. Roots were hydrotropically stimulated for 6 h. Eight-mm porfons of
the apical roots were longitudinally sectioned.
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Fig. 6D Detailed in situ hybridzation pattem of Ps-EXGT1 in hydrotropically responding
ageotropum roots. Roots were hydrotropically simulated and observed 3 h after the application
of water potential gradient. The expression was much stronger on the side of the lower water
potential than on the higher water poiential. Sense probes were hybridized as back-ground

control.



$5. ZOBE, 0.5 MPamm ' AT OKRETF ¥y VET/EMZHET 5. B:

KA EEZ L 2REHBERNICHBA POV ALt VBTATS.
OWNIEMICERENLZF v VAV EMTH. C: BETASGR S KD

L7:%%, firE 5 (Elongation zone) Z &L HIEM T4 — F ¥ Y (Auxin) DR
ESHBEL D, ZOBE, F—FTVVEKGERT VT UBEEWEICE L
#1695, D: HOMEFICBWT, KET V¥ v VBl DM 0 FE %

ANEMTOEMPIENT 5. E: BHORGICKEILo T, KRF¥ Iy U
BWflofmEFICBVT, RENCHREOMEREICIESE T Y FRIF
Oy vEBEREXGTEET OEESF—BWICEAT 5. F: BEdK
SEBEE &% LT, EXGT BaFidA %2 e d 4 BRUNICERE A, 20
¥ NI HKREET . G:EXGT ¥ V37 ORENZBAEDY, HBEOREEE

T HE L TKRGSBESERT 5.

C: Auxin redistribution

N

Root cap Elongation zone

A: Sensing of a D: MT rearrangement
Water gradient

E: DifferenYiaI expression

B: Calcium ion influx * of EXGT gene

F: Diffe rental expression

Wlet Drly of EXGT protein

Water gradient G: Differential growth(bending)

Fig. 7 A hypothesis for the mechanism of hydrotropism in seedling roots.

DEORER»L, ASREIRBRBIZLE2ARF VI Y VHABROEZIC X o
THEL, ZRICL o TERT D ARIFERIERO MM Td 2 EW T2
EENT, EXGT I X 2 Ml 0BHEE S X CHllRE O REMNEDOBRINE
Lo REEREEZFREL, TORFOWMETORFEZD 5Vidy 7T
WAGERBEIC ANV Y I AB I —F Y U BELRREZELTNREI LN
oI Ro e, Fi2, KGBUHEORBRICLERZKET ¥ Yy VAR 0.5
MPamm' LT THAIEPFHLPICRY, TRIEHTRED LZVIZHETD
FHIHEELBAARF Y VY VAR TH L L5, BOKSFEHERZER
RTAX MLV ARBEDOLDICERELTWSLE DLEZ bR
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BOKDEYEL, HPAGEEA P VAR AT 272 0CBET 2 EZ2 00 TWE, LaL, ROM
BAMBENBYEIC L > CFHEN, BOKSEUELET 5720 DERRYHL ShTnihro/cl
EbHY, FOEBBBIIOWTRIZLEALHLMIZENR TRV, RIFFRIE, =¥ FyoEHEMERE
REREE RV TROKGEUEERR LML T 5 L L b, KOBUERBEBECBI VT 7 A1
YEA-FR T OREEFL,ICL, 51T, FORBERELHET 5 MBEREEL T 702
LT, Z0BETRBRLADBEOBMBEZHLPICLADDOTH %,

ITHE—IC, ROKGBUERBOLOOKRT ¥ v VAR ZRE L, BEICBT5 0.5-1.5 MPa mm™ O
KEF Vo v VERPIEOKRSEEZFRT AL, T2, WEICASHARL Y —DFETHI L%
RWZL7e 8510, SRERR, IEEME, 29 /A5y 2B, S, #EkETiE, BomE
FIKRGTEYE & ENREOHEEHOREL L TRESNDL I LER L,

ETUC, ROKGEECBT2EHNERICOWTIRE LR, Vi st et —F2 00
BRSO RBUCEE RS Z B2 L T LI EFHONCh o7z ANV T L, FNYTLF
L= Al AVYILF % Y RVEER, IV TAALF ) T 7R ERBOENRS, ASEEOR
BUZBREIZ BT NI NS 7 LA RTH Y, KGHAEPHET LAV T 5F v 2 VDR
IS X o TESTDREM LA N7 b A F Y ORBARAPEG TS5 L 2R L, E6I, FML—¥—
KRR, A —F T UHIEELET (PS-IAA4/5) DREBURNT, Ml DRBHYNE DRLGDBEED» 5, K
JEMEE BB L COBIRTIEA —F 2 U dMRAISA L, AN IE L CEASHTA — % 2 ViR
BEDWIHPEL T, RWEERSFESNLZ LWL, LT,

=, KOBUCBIAREREOHMALHO 2T 572010, MlBERRETHL Ty FHIF Y
07V h BB RET 2 Bk L (PS-EXGT 1 i L7z) , ZOWERN217T) L& biZ, PS-
EXGT 1 ORI EKRGRUDERE N Lz £OKE, PS-EXGT 1 HPHROMERREICHERES L,
KIPTEEDFEI L BE LT, €0 mRNA OERENVRENICEE TS Z EFHLPIR o7,

PED X5, REFRIFBICBIT 2 KPEUERRLZELL, 20RBUr»PLLEREHHAL, &
COTROKFRUEDBHBED T TV ERB L7z, T2, BOKEZHET 2 MlERERET O
RSB L7 L DBROKREV, TALOBBICL o T, BOBRERE LBERED A7 =X 4124
THE5BOMBOERFRHIFTE L2 TR L, PEBRME CORBKREET COEYEE D20
DROBEHIIAE D CHRNDIRADTERIC R 5720 LA > T, FERR-FAR, ARLOFHC
LT, Ht (B%) oFUiR5ETHETLI 0L HELY,



