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AGR, an Agravitropic Locus of Arabidopsis thaliana, Encodes a Novel
Membrane-Protein Family Member

Kaname Utsuno, Toshiharu Shikanai, Yasuyuki Yamada and Takashi Hashimoto
Graduate School of Biological Sciences, Sara Institute of Science and Technology, Nara, 630-0101 Japan

Mutations in the Agr locus of Arabidopsis thaliana

impair the root gravitropic response. Root growth of agr

mutants is moderately resistant to ethylene and to an auxin

transport inhibitor. Vertically placed agr roots grow into

agar medium containing IAA or naphthalene-1-acetic acid,

but not into medium containing 2,4-D. Positional cloning

showed that AGR encodes a root-specific member of a

novel membrane-protein family with limited homology to

bacterial transporters.

Key words: Arabidopsis thaliana — Auxin — Ethylene —

Membrane protein — Root gravitropism.

Plants sense the vector of gravity using starch-filled am-

yloplasts as the statolith (Sack 1991). In the root tip, amylo-

plasts within the columella root cap sediment in the direc-

tion of gravity initiating the root gravity response, which

ultimately generates an asymmetrical auxin distribution

within the elongation zone (Evans 1991). According to the

Cholodny-Went hypothesis, IAA accumulates along the

lower side of the elongation zone of horizontally-placed

roots, and inhibits cell elongation there, thus causing the

downward bending of the roots. The mechanisms that gen-

erate IAA redistribution after gravity perception are not

known, but the characterization and molecular cloning of

several gravitropic loci in Arabidopsis thaliana is a promis-

ing approach. The agr mutant possessing impaired root

gravitropism is unique among the many abnormally gravi-

tropic mutants because its defect is restricted to the root,

yet root growth is inhibited by exogenously supplied auxin

as in the wild type (Bell and Maher 1990). The agr col-

Abbreviations: ACC, 1-aminocyclopropane-l-carboxylic
acid; CAPS, cleaved amplified polymorphic sequence; Col, Col-
umbia; EST, expressed sequence tag; Ler, Landsberg erecta;
NAA, naphthalene-1-acetic acid; ORF, open reading frame;
RACE, rapid amplification of cDNA ends; RFLP, restriction frag-
ment length polymorphism; RT, reverse transcription; TIBA,
2,3,5-triiodobenzoic acid, YAC, yeast artificial chromosome.

The nucleotide sequence reported in this paper has been sub-
mitted to the GenBank under accession number AF093241.

Corresponding author: Takashi Hashimoto, e-mail: hasimoto
@bs.aist-nara.ac.jp

umella cells also develop normal amyloplasts (unpublished

observations). The AGR locus may thus represent a step be-

tween gravity perception and auxin redistribution in the

roots. Here we report on the further characterization of the

agr mutant and the molecular cloning of the AGR locus us-

ing a map-based approach.

Phenotypic characterization of five agr alleles—Since

complementation tests showed that agr is allelic to eirl

(Roman et al. 1995) (data not shown) and wav6-52 (Okada

and Shimura 1990), five agr alleles, agr-1, agr-2, agr-3 (Bell

and Maher 1990), wav6-52, and eirl-1, were phenotypically

characterized, eirl-1 is in the Columbia (Col) background,

while the other alleles are in the Lansberg erecta (Ler) back-

ground. The root gravitropic response of the wild types

and agr mutants was assessed by measuring curvature after

gravistimulation at 135 degrees to the vertical (Fig. 1).

Wild-type roots (Ler and Col) sharply responded to the

change in the gravity vector, whereas the response of agr

roots was severely impaired. The severity of the mutant

phenotype was difficult to rank in a defined order, but a

replicate experiment (not shown) confirmed that agr-1 and

wav6-52 are strong alleles, while agr-3 and eirl-1 retain a

residual gravitropic response. The gravitropic response of

the stem and hypocotyl, and the phototropic response of

seal*: 10 roots

Fig. 1 Distribution of root growth directions. Wild-type and agr
mutants were grown aseptically under continuous white light (80
fimo\ m~2 s~') on Arabidopsis mineral nutrient agar (Haughn and
Somerville 1986) with \% sucrose for 3 d at 23°C. The agar plates
were then rotated to an angle of 135° and kept in the dark for one
day. The angle between each root tip axis and the vertical was
measured.
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•1112 Molecular cloning of AGR

Table 1 Root growth of wild-type and agr seedings

Ler

Col

agr-1

agr-2

agr-3

wav6-52

eirl-1

IAA

3

77.6±5.3

77.4±5.8

74.2±5.5

76.3±4.2

69.3±6.0

73.0±5.2

73.1±6.2

(nM)

10

70.4±7.6

71.2±4.9

71.8±5.3

68.3±4.9

66.7±4.6

58.6±5.3

72.8±4.5

10

72.7 ±

68.6 ±

96.2±

94.4±

78.2±

104.5 ±

92.3 ±

ACC

5.7

4.9

9.4

12.8

6.4

8.1

10.5

(nM)

100

42.1 ±4.1

46.1 ±2.6

68.0±6.0

73.1±7.5

57.2±6.7

70.0±5.9

80.5 ±4.7

1

93.6 ±

97.5±

94.6±

108.4±

106.3 ±

108.3±

104.0±

TIBAC

8.3

7.9

8.3

8.9

7.0

8.3

10.1

uM)

10

37.1±3.4

40.2±5.3
56.1±3.9
56.5 ±4.6
53.3±5.5
59.6±5.1

60.1 ±3.4

Three-day-old seedlings grown as described in Fig. 1 were transferred onto agai medium containing IAA, ACC, or TIBA, and grown for
a further 3 d. Root growth rate (mean±S.D.) was normalized to root growth on unsupplemented medium as 100%. At least four concen-
trations were tested for each compound, but the data from two representative concentrations are shown.

the root appeared to be normal in all five agr alleles (data

not shown).

IAA, naphthalene-1-acetic acid (NAA), and 2,4-D in-

hibited root growth to the same extent in both wild types

and all 5 agr mutants (Table 1 and data not shown), agr

root elongation was somewhat more resistant than the wild

types to 2,3,5-triiodobenzoic acid (TIBA), an inhibitor of

auxin transport which inhibits cell elongation and causes

agravitropic phenotypes in wild-type roots (Sussman and

Goldsmith 1981) (Table 1). As previously reported for eir

IAA

l l •

NAA

. 1

|

2,4-D

I . .

no auxin

•

Fig. 2 Growth response of root tips on agar media containing auxins. Three-day-old seedlings grown as in Fig. 1 were transferred to
the agar medium containing 33 nM IAA, 660 nM NAA, 10 nM 2,4-D, or no auxin, and grown on vertically oriented plates for a further
2 d under 16 h-light/8 h-dark illumination. Arrows indicate the position of the root tips at the time of transfer. (A) Wild-type Ler roots
continued to grow on the surface of the agar medium containing 33 nM IAA. (B) agr-2 root tips bend into the agar medium containing
33 nM IAA. (C) A side view of B. (D) Twenty roots were assayed for the bending response for each genotype per treatment. The number
of main roots that bent into the agar medium was scored and shown in bar graph-form, a; Ler wild-type, b; Col wild-type, c; agr-1, d;
agr-2, e; agr-3, f; wav6-52, g; eirl-1, and h; auxl-7.
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Molecular cloning of AGR 1113

mutants, the root growth of all five agr alleles was more re- Although the auxin response of root growth was not

sistant than that of the wild type to l-amin6cyclopropane- different between wild types and agr mutants, agr roots did

1-carboxylic acid (ACC) which is converted to ethylene in show a characteristic bending phenotype toward the auxin-

planta (Table 1). containing agar medium. When seedlings were transferred

122.1 CM

centromere TSB1 Chromosome 5 mJ69

123.2CM 123.2CM

mf70 ^ m i 4 1 8 LFY3

YAC clone 9E2

RFLP market* mrSS

Recombinants

AGR locus (-80kb)

B moUcd«r mirk.™ TF2-1 TF2-5
I I

1 10M> '

ATG fltop

k • • • •inta-

Fig. 3 Map-based cloning of AGR. (A) wav6-52 (Ler) was crossed to the Col wild type, and DNAs from F2 agr seedlings were pre-
pared for RFLP and PCR analysis as described (Dellaporta et al. 1983). YAC clone 9E2 was identified after screening the CIC YAC
library (Creusot et al. 1995) using RFLP markers mi69, mi70, and mi418 as hybridizations probes. Standard methods for the growth of
yeast, hybridization conditions, and YAC analysis were used (Rose et al. 1990, Ward and Jen 1990). A contig of 9 PI clones covering the
region between mi69 and mi418 was constructed after screening the Arabidopsis genomic PI library (Liu et al. 1995). The information
on the CAPS markers generated during the fine mapping (Shikanai et al. 1996) will appear on the AtDB web site (http://genome-www.
stanford.edu/Arabidopsis/aboutcaps.html). The wav6-52 allele has a polymorphism at UL3-2 (5 -CTCTAAG, instead of 5'-CTCTCAG
in the Ler wild type), and this polymorphism was detected by direct sequencing of the genomic PCR products. Recombination break
point analysis indicated that AGR is located between TF2-1 and UL3-2. (B) An Arabidopsis sub-genomic library was made from MUL3
in a binary cosmid vector pOCA28 (c.f. Olszewski et al. 1988). Four overlapping cosmid clones were screened and introduced into eirl-1
plants by a vacuum infiltration protocol (Bent 1994). Cosmid 1 rescued the agravitropic phenotype of eirl-1 roots, and the correspond-
ing wild-type genomic sequence was obtained (http://www.kazusa.or.jp/arabi/chr5/status/released.html). Direct sequencing of the
two genes located on the left side of cosmid 1, after PCR amplification from the eirl-1 genome, detected a mutation (see text) in the puta-
tive AGR gene consisting of 9 exons. The 6.8-kb EcoKl-Sacl wild-type DNA fragment containing this gene was cloned into the pBHOl
plant transformation vector, and introduced into eirl-1 plants as above. The other gene was predicted to encode a homolog of extensin
(ORF1). (C) Complementation of the eirl-1 mutation by a binary vector containing the AGR gene. After the seedlings were grown for 3
d under light, the agar plates were rotated to the angle of 90° and then grown in the dark for one more day. Arrows indicate the position
of the root tips at the time of rotation. Left to right: Col wild type, eirl-1, and eirl-1 transformed with the 6.8-kb wild-type AGR gene.
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1114 Molecular cloning of AGR

onto the agar surface of vertically oriented agar medium

containing IAA, NAA, or 2,4-D, wild-type roots continued

to grow downward on the agar surface (Fig.2A, D). At

high auxin concentrations, root growth on the surface was

inhibited but still apparent. All five agr roots, however,

grew into the agar medium containing 33 nM IAA or 660

nM NAA (Fig. 2B, C, D). Notably, 2,4-D tested at concen-

trations between 10 and 100 nM caused neither wild-type

nor agr roots to grow into the 2,4-D-containing agar

(Fig.2D), and higher 2,4-D concentrations severely in-

hibited root growth. This bending response does not simp-

ly result from the agravitropic nature of agr roots, since

auxl agravitropic roots which are presumably defective in

auxin uptake (Bennet et al. 1996) do not show similar ben-

ding phenotypes (Fig. 2D). Because IAA and NAA are pref-

erentially transported out of cultured tobacco cells through

an auxin efflux carrier, while 2,4-D largely diffuses out

(Delbarre et al. 1996), this bending phenotype of the agr

roots may indicate that a reduction in AGR function inter-

feres with the carrier-mediated efflux of exogenously-sup-

plied auxin.

Positional cloning of the AGR gene—We mapped

AGR to the bottom of chromosome 5 between the molecu-

lar markers mi69 (122.1 cM) and mi70 (123.2 cM). A yeast

artificial chromosome (YAC) clone, 9E2, with a 580-kb in-

sert, hybridized to mi69 and mi70 probes, and also to a

neighboring marker, mi418 (123.2 cM). A contiguous map

(contig) of overlapping Pis covering YAC 9E2 was con-

structed (Fig. 3A). Fine-scale restriction fragment length

polymorphism (RFLP) analysis of agr recombinants in-

dicated that the^lGi? gene was located in an approximately

80-kb region flanked by the molecular marker TF2-1 in PI

clone MHM17 and UL3-2 in MUL3.

An overlapping cosmid contig covering MUL3 was

made, and these cosmids were introduced into the eirl-1

mutant (Fig. 3B). Only cosmid 1 rescued the agravitropic

defect of eirl-1 roots (data not shown). Sequence data

from the cosmid 1 region revealed that two intact open

reading frames (ORFs) were present on the left side of

cosmid 1 but not in an overlapping cosmid 2. Genomic se-

quencing of these two candidate genes in eirl-1 identified a

mutation at a splicing acceptor site in one of the candidates

(see below for details). The 6.8-kb wild-type genomic frag-

ment containing this putative AGR gene was introduced

into the eirl-1 mutant. Tl and T2 kanamycin-resistant seed-

lings containing the transgene had a root growth phenotype

identical with the wild type (Fig. 3C), demonstrating that

this is the AGR gene.

AGR encodes a novel membrane-protein family mem-

ber with limited homologies to bacterial transporters—

The longest cDNA obtained was 2,232 nt long, and con-

tained a predicted ORF encoding a 647 amino acid 69.3

kDa protein (Fig. 4). Comparison of the predicted amino

acid sequence with sequences in GenBank identified several

highly homologous sequences in the Arabidopsis genome.

Three such homologs found in database entries from the

Arabidopsis Genome Initiative were referred to as AEH1

(for Arabidopsis EIR1 Homolog), AEH2, and AEH3, ac-

cording to the nomenclature used by Luschnig et al. (1998).

AEH1 and AEH3 are located at 31.9 cM and 114.23 cM on

chromosome 1, whereas AEH2 is at 33.26 cM on chromo-

some 5. No phenotypically identified mutants map at these

genomic regions. Mutants with altered responses to auxin

transport inhibitors (tirl to tir7; Ruegger et al. 1997) do not

correspond to the defects in the three AEHgenes either (M.

Estelle, and our unpublished results). There are several

other homologous sequences in the Arabidopsis and rice ex-

pressed sequence tag (EST) databases (data not shown). In

total, there are at least five AEH genes in Arabidopsis. No

close homologs were found in DNA databases other than

from plants, indicating that AGR and its homologs form a

novel protein family specific to plants.

Alignment and hydrophobicity analyses (Fig. 4 and

data not shown) of the predicted amino acid sequences of

AGR, AEH1, AEH2, and AEH3 show that the amino and

carboxyl terminal regions are homologous. The central hy-

drophilic regions are divergent, and AEH2 even lacks the

entire central hydrophilic region. Five membrane-spanning

regions were identified in each of the amino and carboxyl

termini of these four proteins. Computer-assisted motif

search PSORT (http://psort.nibb.ac.jp:88OO/helpwww.

html) predicted a potential amino-terminal signal peptide

that may be cleaved after Ser61, although this cleavage

would remove the first two transmembrane domains which

are highly conserved among the AEHs. Similar computer

searches did not predict amino-terminal signal peptides for

AEH2 and AEH3. Several integral membrane proteins do

not possess amino-terminal signal peptides (Dalbey et al.

1995). Therefore, the putative signal cleavage site predicted

for AGR may not actually be used. Several potential JV-gly-

cosylation sites are present in these sequences (data not

shown).

The conserved transmembrane regions at the amino

and carboxyl termini show limited similarity to several bac-

terial membrane proteins, and the amino acid sequence

of a representative bacterial transporter mdcF is aligned

in Fig. 4. The mdcF gene is a member of the malonate

operon, and is predicted to function as a malonate trans-

porter (Hoenke et al. 1997). The homologies to bacterial

transporters suggest that AGR may function as a mem-

brane-localized transporter.

Molecular analysis of agr mutations—Molecular de-

fects in the five agr alleles were determined by sequencing

the PCR-amplified AGR locus from the mutant genomes

(Fig. 4). Missense mutations caused a Gly539 to Asp sub-

stitution in the strong allele agr-1, and a Gly541 to Glu sub-

stitution in wav6-52. These two glycine residues in a trans-

membrane domain are strictly conserved in AEH 1, AEH2,
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Molecular cloning of AGR 1115

agr-3: M^I(ATG-*ATA) agr-2: W-*stop(TGG—TAG)
L_ T

AGR

AER1
AEH2

AEH3

:SSH ISSFHK3HGG GLNS

— -RSF YGO G-GTNM

AGR

AEH1

AEH2 SDVQVDNIHI E

AEH3

mdcF

SSREPOT R A S S S I Q T D F 265

RGSNIVHSDF 253

135

NNHFgHGGGG 253

131

A G R YAHFNASKAP SPRHGYTNSY GGAGAQPGG-

AEH1 Y SHHQFP GGRLSNFGP-

AEH2 — -
AEH3 SOTLQFYNGS HEIHFCHGDL GGFOFTRPGL GASPRRLSGY

mdcF

KAGRGORSMS

-CAMASSPRF E-

341

0 309

TPVWMKSPAA 339

131

GVK

KAP

AGR SYPPPtJPME? QSTS

AEH1 SYPAPKPEF3 TGNK'

AEH2 - - -

AEH3 MHWE3G0RHJJ AKDING^VPE

mdoF

KESGOGGSa GGVaVGGQNK EHNHFVWSSS ASPVSEANA- KNAMTRG SSTD—VSTD PKVSIPPHDN 425

ENHHHVGKS H SNDAK ELHMFVWGSN GSPVSDRAGL QVBNGANEQV GKSDQGGAKE IRMLISDHTQ 395

AAPQA- 374

131

AGR IATKAHQNLI ENMSPGRKG- HVEMDQE

A E H 1 NGENKAGPMN GDYOGEEE3E RVKEVPN

AEH2 -
AEH3

mdcF

NN GGK-SPYHQK KG3

LR KLRCH3TAEL NPKEAI

-TAAOJjJGA SHEEGAAGK- DTTPVAAlQ-

--AVSIACQjj
.0 EQSG;

agr-1 :G—D ivav6-52:G—E

(GGT-*GAT) (GGA^GAA)
T

Fig. 4 Alignment of deduced amino acid sequences of AGR, the three putative homologs AEH1, AEH2, and AEH3, and a probable
bacterial transporter mdcF. Residues are boxed to indicate amino acid identity (in black boxes) or functional conservation (in shaded
boxes; L, I, V, M; A, S, T; F, W, Y; N, Q; D, E; and K, R). AGR cDNAs were cloned by 5'-RACE and 3-RACE from wild-type root
RNA (ecotype Ler). The AEH sequences were deduced from the genomic sequences by predicting the probable splice sites. Black lines
below the mdcF sequence correspond to the 10 potential transmembrane domains shared by all five proteins. An arrow indicates the
potential cleavage site for an A'-terminal signal peptide in AGR (see text). Mutations in the four agr alleles are also indicated above the
AGR sequence (mutated bases are underlined).
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1116 Molecular cloning of AGR

and AEH3 (Fig. 4), and also in two AEH proteins encoded

by partial Arabidopsis ESTs (35D8T7 and 121L8T7; data

not shown). In agr-2, Trp30 was mutated to a stop codon,

thus terminating translation prematurely. In the agr-3

allele, He was substituted for the translation initiator Met.

Since agr-3 is a weak allele, a downstream methionine (e.g.

Met7) might instead be used for translation initiation. The

molecular defect in eirl-1 was a G to A transition in the ab-

solutely conserved 3' splice junction in intron 5, as reported

by Luschnig et al. (1998). PCR primers designed from the

amino- and carboxyl-terminal domains of AGR, however,

amplified wild-type levels of AGR cDNA after reverse tran-

scription (RT)-PCR from eirl-1 root RNA (data not

shown). Sequencing of the RT-PCR product revealed that

the splice junction in eirl-1 (caagTG; the mutated base is

underlined) was shifted downstream by one base relative to

the wild-type junction (cagGTG). This alteration in the

splice site is expected to cause a frame-shift within the

AGR ORF, resulting in a truncated AGR protein in which

the carboxy terminal 129 amino acid residues are replaced

by 3 amino acid residues. Since eirl-1 roots show weak

gravitropic response, the truncated AGR protein may still

retain residual AGR activity.

Expression of AGR and its homologs—PCR primers

were designed from the amino- and carboxyl-terminal se-

quences that are specific to AGR and the three AEHs. RT-

PCR analysis of various Arabidopsis organs detected spe-

cifically amplified DNA fragments of the expected size for

each pair of PCR primers (Fig. 5). PCR amplification of

Arabidopsis genomic DNA produced DNA fragments of

larger sizes due to the introns in the central regions (data

not shown), indicating that our RT-PCR analysis detected

amplification from RNA. Representative RT-PCR prod-

ucts were partially sequenced and found to match the DNA

sequences of the expected genes (data not shown), in-

dicating that the PCR conditions specifically amplified the

intended sequences. The RT-PCR analysis showed that

AGR is specifically expressed in the root. The expression of

AEH1 appears to be constitutive. AEH2 is mostly express-

ed in the whole stem and very weakly in the flower, whereas

AEH3 is expressed in the root, and the upper part of the

stem which includes elongating tissues (but not in the lower

part of the stem without elongating tissues), and weakly in

the flower.

We have cloned the Arabidopsis Agravitropic locus

gene AGR and showed that AGR is a root-specific member

of a novel membrane protein family. The similarity of the

membrane-spanning domains of AGR and its homologs to

several bacterial membrane transporters, and the bending

response of agr root tips into agar medium containing aux-

ins which are transported by the efflux carrier, suggest that

AGR (and possibly other members of this family) may func-

tion as an auxin transporter. While this manuscript was in

preparation, Luschnig et al. (1998) reported the cloning of

Root Hypocotyl Lower stem

Rossete Upper stem Flower

Y T

AGR

AEH1

AEH2

AEH3

T137

Fig. 5 RT-PCR expression analysis of AGR and its homologs in
wild-type plants. Gene-specific PCR primers were designed and
used to amplify total RNA by RT-PCR from root and hypocotyl
of seedlings, and rosette leaf, upper stem, lower stem, and flower
of mature plants. PCR products were blotted onto membrane
filters and hybridized with 32P-labeled gene-specific DNA probes.
As an amplification control, the 7757 gene that is constitutively ex-
pressed in all Arabidopsis organs (An et al. 1996) was used. PCR
conditions were: 30 s at 94°C, 30 s at 57CC, and 1 min at 72°C, for
40 cycles. PCR-primers used were: 5'-AAGAATGCTATGACA-
AGAGG and 5-AACATAGCCATTCCAAGACC for AGR, 5'-
CAATATGATCACATGGCACG and 5-TGAAGAGCTTATAG-
CCCGAG for AEH1, 5-AACCATGATAAATTGTGGAG and
5-ACTCCAGAGCTGCGTAGTAG for AEH2, 5-AAAGATGA-
TAACGGGAAACG and 5-GTTGTGTGAATCATAGGCCC
for AEH3, and 5-GTTCCCAACTTCCTCTTAGCAA and 5-CT-
TCTTTTGTCTGAACCACCGCA for T137.

AGR (referred in their paper as EIR1) from a transposon-

tagged allele eirl-3, and gave several additional lines of evi-

dence that AGR may be the auxin efflux carrier: agr roots

are insensitive to an elevated level of endogenous auxin,

and fail to induce an auxin-inducible gene in the expansion

zone; and expression of AGR in yeast confers resistance to

fluorinated indolic compounds. Increased resistance of agr

root growth to ethylene suggests a possible interplay be-

tween auxin and ethylene in root gravitropism. Analysis of

double mutants have shown that agr partially suppresses

the inhibition of root growth by the ethylene mutants, Ctrl

and eto3 (Roman et al. 1995, Luschnig et al. 1998), and agr

is defective in the ACC-induced expression of an auxin-re-

sponsive promoter in roots (Luschnig et al. 1998). It has

also been reported that the ethylene-insensitive mutant ein2

and the root-specific auxin-resistant and agravitropic mu-

tant auxl are both resistant to ethylene and the auxin-trans-

port inhibitors, 7V-l-naphtylphtalamic acid and TIBA

(Hobbie and Estelle 1994, Fujita and Syono 1996). In

etiolated pea stem briefly exposed to red light, ethylene was

proposed to inhibit the lateral migration of IAA in re-

sponse to gravity (Kang and Burg 1972). Taken together,

ethylene may inhibit active auxin transport, for which
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AGR is a critical component.

Auxin is thought to move in an acropetal direction

through the stele of the root. In the root cap region, it has

been proposed that auxin is transported laterally and then

basipetally through the epidermal tissues to the elongation

zone (Estelle 1996, Lomax et al. 1995). A modified version

of the Cholodny-Went hypothesis states that auxin is dis-

tributed asymmetrically in the root cap upon gravistimula-

tion and transported away from the root tip into the elonga-

tion zone, where cell elongation is inhibited at the lower

side with a supra-optimal auxin level (Hasenstein and

Evans 1986). According to this model, AGR may be local-

ized at the basal side of each epidermal cell in the region be-

tween the root tip and the elongation zone. Root tip ben-

ding of agr mutant roots toward exogenous IAA and NAA

(Fig. 2) might result from an accumulation of exogenously

supplied auxin in the epidermis at the agar-facing side of

the elongation zone, which is normally prevented by the

pumping out of the exogenous auxin through the wild-type

AGR function. Since 2,4-D is not transported by the efflux

carrier and passively diffuses out of the cells (Delbarre et al.

1996), this synthetic auxin may not induce such root tip ben-

ding in either wild type or agr mutants. Immunohistochemi-

cal localization of AGR, or expression analysis of an

epitope-tagged AGR gene in transgenic roots, should

precisely define the cellular localization of AGR, and may

clarify the existence of an AGR-mediated auxin flow in

root gravitropism. Other members of the AGR/EIR1 fami-

ly might also be involved in the transport of small mole-

cules, including auxin. Since auxin is implicated in the regu-

lation of various aspects of plant growth and development,

such as cell expansion, apical dominance, vascular differen-

tiation, lateral root development, phototropism and gravi-

tropism, AGR homologs may be involved in auxin-regulat-

ed processes other than gravitropism and cell elongation.

Characterization of AGR and other AGR/EIR1 members

should advance our understanding of auxin-related plant

processes.
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