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Research in this laboratory focuses on the interactions
of genes that control cellular differentiation, particularly
those which affect differentiation of epidermal cells in Ara-
bidopsis thaliana. In this species, root epidermal cells dif-
ferentiate into root-hair cells or hairless cells. Leaf epi-
dermal cells differentiate into trichomes, guard cells, or
pavement cells; all of which can accumulate anthocyanin
pigments.

One of the regulators of epidermal cell differentiation,
the MYB gene CAPRICE (CPC), represses the expression
of the homeodomain-leucine zipper gene GLABRA2 (GL2)
in root-hair cells. Analysis of CPC::CPC:GFP transgenic
plants indicated that the CPC protein moves from hair-
less cells to root-hair cells nuclei. We expressed CPC ec-
topically using promoters specific for other cell-types, and
demonstrated that CPC protein also moved from root-hair
cells to hairless cells, but not from stele to epidermis. We
identified a sequence in CPC protein which is responsible
for cell-to-cell movement. Using yeast two-hybrid screen-
ing, we isolated CPC-interacting factors that likely regu-
late the cell-to-cell movement of CPC. One of the isolated
factors, FACTOR INTERACTING WITH CPC (FIC), did
not bind with a series of truncated/mutated CPC protein
that are defective in cell-to-cell movement, suggesting that
FIC is involved in CPC movement. FIC proteins were pro-
duced from each of two transcripts, designated FIC« and
FICS, but only FICa encoded protein that actively bound
to CPC. Using GFP fusion constructs, we found that both
FICa and FICS proteins were initially localized in hairless
cells and gradually accumulated in hair cells. We are now
constructing knock-down mutants using RNAi to better
understand the role of FICs in root epidermis development.

To provide genetic tools that would help determine
the mechanism (s) of cell-to-cell movement of CPC, we
screened for mutants in which cell-to-cell movement of
a CPC:GFP fusion protein was inhibited. In one candi-
date mutant, FN20-4, no GFP fluorescence was observed
in root-hair cells and root hairs were abnormally short.
In FN20-4, a chromosome translocation occurred between
chromosome 1 and chromosome 5, and a part of chro-
mosome 5 was deleted. We are analyzing which loci are
involved in the cell-to-cell movement of CPC protein in
FN20-4.

We found four CPC-like Myb sequences in the Ara-
bidopsis genome (TRY, ETC1, ETC2, and CPLS3). Like
the cpc mutant, the number of root-hairs in ¢pl8 was also
slightly decreased. There was no change in root-hair num-
bers in either etcl or etc2. We constructed double and
triple mutants to clarify the function of each gene. These
results suggest that CPC-like R3 MYB genes cooperatively
regulate several aspects of epidermal cell differentiation in
Arabidopsis.

WEREWOLF (WER) encodes an R2-R3 type Myb pro-
tein, which is a repressor of root-hair formation. To un-
derstand the difference between activation and repression
by MYB transcription factors in plants, we made chimeric
constructs between CPC and WER. As a result, the WER
R3 motif was able to substitute for the CPC R3 motif, but
the CPC R3 motif did not substitute for the WER R3
motif.

To analyze the involvement of bHLH genes in epidermal
cell differentiation, we investigated GL3 and its two homo-
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logues, EGL3 and AtMYC1, and found that they coopera-
tively regulate trichome initiation positively and root hair
formation negatively. In situ RNA hybridization showed
that the GL3, EGLS3, and AtMYC1 genes were preferen-
tially expressed in root-hair cell files, which is consistent
with expression in promoter::GUS plants. These mRNA
expression patterns, however, could not simply account for
their function as negative regulators of root hair initiation,
so we examined the localization of the three bHLH proteins
through the use of GFP fusion proteins. Under the control
of its own promoter, AtMYC1:GFP fluorescence was ob-
served mainly in the cytoplasm of root-hair cells, similar
to the results with promoter::GUS;whereas GL3:GFP and
EGL3:GFP fluorescence was observed clearly in the nuclei
of both root-hair and hairless cells. This result suggested
that both GL3 and EGL3 proteins move from root hair
cells to hairless cells.

We also examined the binding characteristics of the
three bHLH genes with TTG1. Yeast interaction assays
revealed that GL3 and EGL3 interacted strongly with
TTGI1, but AtMYC1 did not. These results indicate that
AtMYC1, GL3, and EGL3, which have similar mRNA ex-
pression patterns and cooperatively regulate epidermal cell
differentiation, have quite different protein properties.

The ttg2 mutant has defects in trichome development
and seed coat tannin accumulation. TTG2 is expressed
in trichomes, seeds coats and hairless cells of developing
roots. There are several putative Myb binding sites in the
TTG2 promoter. We analyzed transgenic plants carrying
a deletion series of the TTG2 promoter::GUS and found
that two Myb binding sites were important for regulation
of TTG2 expression. WER, GLABRA1 and TRANSPAR-
ENT TESTAZ2 encode R2-R3 Myb proteins and regulate
differentiation of hairless cells of roots, trichome forma-
tion and tannin accumulation in seed coats, respectively.
A yeast one-hybrid assay showed that these R2-R3 Myb
proteins bind the Myb binding sites of TTG2, indicat-
ing that Myb proteins directly regulate T7TG2 expression.
We constructed pTTG2::TTG2:SRDX transgenic plants
to clarify the role of TTG2 in roots. The TTG2:SRDX
chimeric protein is thought to act as dominant repressor.
In pTTG2::TTG2:SRDX transgenic plants, GL2 expres-
sion was repressed in roots. The plants were glabrous, de-
veloped ectopic root hairs and had defects in anthocyanin
and tannin accumulation. These results suggested that
there are genes redundant to TTG2 in Arabidopsis and
that TTG2 and these as yet cryptic genes regulate GL2
expression positively.

In collaboration with the Plant Functional Genomics
Research Group at RIKEN Genomic Sciences Center, we
produced a comprehensive description of the phenotype of
the Ds transposon-tagging lines. Our goal is to develop a
more complete understanding of epidermal cell differenti-
ation in Arabidopsis by characterizing the mechanisms of
intercellular signal transduction and the role cell position
plays in determining cell fate. We hope that the results of
our research will provide insights into the diverse ways in
which cellular differentiation is carried out by plants, and
will pay dividends in the improvement in the growth of
crops, including yield enhancement, or the ability to grow
under conditions of environmental stress.

Research Subjects

1. Analysis of cell-to-cell movement of CAPRICE (CPC)
2. Analysis of CPC-type MYB genes in Arabidopsis
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3. Characterization of epidermis-specific bHLH genes of
Arabidopsis

4. Molecular genetic analysis of TRANSPARENT
TESTA GLABRA2

5. Regulatory factors for anthocyanin biosynthesis in
grape cell culture

6. Phenotypic analysis of Ds transposon-tagging lines in

Arabidopsis
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