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Comparative study of the regulatory mechanisms
for hydrotropism in rice and lotus roots
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Plant roots exhibit tropisms such as hydrotropism and gravitropism and thereby avoid environmental
stresses in their terrestrial life. It has been shown that a plant hormone, auxin, plays an important role
in gravitropism. In gravistimulated roots, auxin transport changes so that more auxin accumulates in
the lower side of the horizontally reoriented roots. It has been shown that columella cells in the root
cap perceive gravistimulation, which causes a change in auxin transport and asymmetric auxin
distribution. Following graviperception in Arabidopsis roots, for instance, PIN3/PIN7 efflux carriers
localized in columella cells play an important role in transporting auxin to the lower side of the
gravistimulated roots. This redistribution of auxin causes differential growth of the roots and their
downward bending; namely, relative extension growth becomes less in the lower side than in the upper
side of the elongation zone. The involvement of auxin in root gravitropism in this manner is considered
to be mutual among plant species. In root hydrotropism, however, it has been suggested that the
dependency on auxin transport differs among plant species. For example, application of inhibitors of
auxin efflux and influx reduces hydrotropic response in cucumber roots but not in Arabidopsis roots.
In contrast, these chemicals are inhibitory to gravitropism in roots of both plant species.

To extend our knowledge on differences in the regulatory mechanisms of root
hydrotropism among plant species and to understand how auxin regulates root hydrotropism, this study
focused on Oryza sativa (rice; monocots) and Lotus japonicus (lotus; dicots), because these plants are
useful for molecular dissection of hydrotropism as model plants and for the application of
hydrotropism to agricultural purpose. In this study, | investigated the effects of various inhibitors of
auxin efflux, auxin influx, auxin response, and auxin biosynthesis on hydrotropic responses, and
compared them with the effects of those inhibitors on gravitropism in rice and lotus roots. Also, |
analyzed the role of the root cap in hydrotropism of the two plant species, with a special emphasis on
auxin regulation of hydrotropism.

Auxin transport in plants is composed of its cell-to-cell influx and efflux. 3-chloro-4-
hydroxyphenylacetic acid (CHPAA) and 2,3,5-triiodobenzonic acid (TIBA) are known to inhibit the
activities of auxin influx carrier AUX1 and auxin efflux carrier PINs, respectively. It has been shown
that p-chlorophenoxy isobutyric acid (PCIB) inhibits auxin-inducible degradation of Aux/IAAs that
are negative regulators of auxin inducible gene expression and are degraded by binding of auxin to
TIR1-AFBs. In the biosynthesis pathway of auxin, IAA, TAAL/TAR catalyzes a step from tryptophan
to indole-3-pyruvuc acid. L-kynurenine (Kyn) inhibits IAA biosynthesis by blocking the TAAL/TAR
activity. When rice roots were treated with CHPAA, TIBA, PCIB, and Kyn, their hydrotropic response
was significantly reduced in all of these treatments. Rice roots treated with these inhibitors reduced
their gravitropic response as well. Thus, rice roots require auxin transport, auxin action and auxin
biosynthesis for the induction of both hydrotropism and gravitropism. On the other hand, these



chemicals, except for Kyn, did not reduce the hydrotropic response of lotus roots. All of these
chemicals inhibited gravitropism of lotus roots. These results suggest that neither auxin transporters
(AUX1, PINSs) nor auxin receptor (TIR1/AFBs) are involved in the regulation of hydrotropism of lotus
roots. Because auxin binding proteins other than TIR1/AFBs have been reported, and because
hydrotropism is inhibited by Kyn but not by PCIB, it is likely that hydrotropism of lotus roots is
mediated by an auxin-signalling mechanism other than TIR1/AFBs pathway.

Next, I surgically removed the root cap to examine the role of the root cap in the regulation
of auxin transport for hydrotropism of rice. The removal of the root cap resulted in the reduction of
gravitropism in both rice and lotus roots, and placement of an IAA-containing agar block to the cut
surface failed in recovering gravitropic bending. On the other hand, removal of the root cap did not
decreased root hydrotropism in rice. In rice, further more, | extended the length of de-tipping and
confirmed whether hydrotropism can express or not. As a result, 0.7 mm de-tipping totally repressed
root hydrotropism, and this repression did not rescue by IAA application. These results suggest that
the root cap of both plant species has an apparatus for sensing gravity but not moisture gradients.

In conclusion, the results of this study demonstrated that the mode of auxin involvement
in hydrotropism differs depending on plant species. In rice roots, auxin transport is essentially required
for the induction of hydrotropism, and thus the root cap may be not required for the bending response.
However, lotus roots might possess a novel regulatory mechanism, independent of auxin transport and
TIR1/AFBs pathway, for hydrotropic response.



i SO AL R D E

M OIRIT. EHEMES UKD EEZRB SE T, @AM hE L, @RA ML 2%
B - [BORESDRe A AT D, Lo, BEARMEICHE LT, K EMEICBIT 20F 5813
Th7eun, AROEEMETIE, RO 2V 2 Tl CEAFMZKZ L, #HFRLVESTh
DA =% v OEEEORBENBENZL L, A—F 2 VBRI R > 72RO THE | ARE)
SRR~ R IEAIC L S, 2 OF—F 2 v OREE SR E 2 ET 5, 2h
(HERL L 7oA —% o v Dk - AR GEMEIC O EE TH L Z L RMEINTVWDR, K

FUTHHFEIZ Lo TR D Z EDVURIB SN T WD, & 2 THEMANIKIT, KO HHESR
BIMRE OREFERI 222 B O ST 27201, MO FBIBFOET V& L THILENT
WHA R E IV HIZER L, ROKGIEMEIZEB T A4 —F 2 0 DB 5-4 £ B - FEPFRY

\Z HCRSRAT LTz,

ZDFER A RARORG BT A —F o VEIK A L, 23BN EMEOSG AT
HZHDTHLMN, LY T HROKGIEMEX, O XS et —F 2 Va4 —F U Vg
LIFMSL L THREIND Z Ebnole, Thbb, =% v Uik, A —F L VIREOM
BRI DML, A 3 TIXE ST T T KO EHEORBL G B IZIHT 22, Iv=a s
Y CIXEDEEEZMHT 2 OO, KSEEZIHI LN L2 LT L, Loz, &
— X UESBIEROLEIT, 4 XL I YT ONTITHEEMEE K EEZ B
FlL7zZ &t v = 7 TR Z HIE 3 2 8T 0 4 — % o VIR A B O 1R RN
RSN, S5, A FRTIE, R 0.2mm (RE) ZkET 2 EENEETIESN
D08, AR EVEIXBRE SA4UT, R 0.7 mm LA EABRET D LR EEbREI NS Z L &
oM LT,

ui®#%i;m®mﬂ PEDOFEBURERE DSEFEIZ L > TR Y | A ROKITEMEITE S
JEHEDIA IR L TAH—F L VY AT A2 LE LT 50, TANRERKFEHTH
D\i%naﬁ@mﬂ I A — % o VIR IR 2. B0 FTHO A —F v IR

NTDHZEERALNT LI, ZROOMEIEL, ZhE TRIEHTH - 2RO K EMED S
B O ISR 0 Bt L OGS R O0 FRBEOMIICEIRT 2 b 0T, PRI AST
LU CHFRIGEN 24T D (S BRSO RE ) & Filk e AT 52 L &R LD, Lichio
T, PRI RIC L - TRIBEN 20T, it (Eafly) ofEimcs LTakk LR
Do





