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We have isolated the Arabidopsis thaliana ho-
eobox gene Athb-12, determined its structure and

ctivation domain, demonstrated that its promoter is
nducible in response to abscisic acid (ABA) treat-

ent, and characterized the cellular distribution of its
ranscripts. The single intron of the gene interrupted
he leucine-zipper domain region. The 5* regulatory
egion of Athb-12 can drive b-glucuronidase (GUS) ex-
ression in tobacco transgenic plants. Athb-12 gene
xpression was further examined using in situ hybrid-
zation to determine the cellular distribution of
thb-12 transcripts during ABA induction. A complex
attern of Athb-12 expression was observed, often as-
ociated with regions of developing vascular tissues.
nalysis of chimeras constructed from Athb-12 and

he DNA-binding domain of the Saccharomyces cerevi-
iae transcription factor GAL4 revealed that the acti-
ation domain of Athb-12 lies in the C-terminal region
amino acids 180 to 235). Taken together, our data
uggest that Athb-12 is a transcriptional activator im-
ortant in regulating certain developmental processes
s well as in the plant’s response to water stress in-
olving ABA-mediated gene expression. © 2001 Academic

ress

Key Words: abscisic acid; homeobox; transcriptional
ctivation domain; water stress.

The plant response to water stress leads to alteration
f the cellular metabolism and is correlated with sig-
ificant changes in gene expression (reviewed in 1–3).
any genes that respond to water stress are also in-

uced by the exogenous application of abscisic acid
ABA) (reviewed in 1–3). It appears that water stress
riggers the production of ABA, which in turn induces

1 Present address: Department of Biological Science, Ewha Wom-
n’s University, 11-1 Daehyung-dong, Seodaemun-gu, Seoul, 120-
50, Korea.

2 To whom correspondence should be addressed. Fax: 82-2-566-
831. E-mail: chun@mm.ewha.ac.kr.
133
enes that are induced by water stress are not respon-
ive to exogenous ABA treatment (4–7). This suggests
he existence of both ABA-dependent and ABA-
ndependent signal transcription pathways mediating
he response to water stress. The structural and func-
ional promoter analysis of ABA-inducible genes has
dentified several cis-acting ABA-responsive elements
ABRE) that mediate the ABA response of these genes
reviewed in 8).

Although a large number of water stress-inducible
enes have been characterized, homeobox genes involved
n water stress are poorly understood. Homeobox genes
re characterized by the homeobox, a conserved 180-bp
ucleotide sequence encoding a 60-amino acid DNA-
inding homeodomain composed of three a-helices. The
NA-binding property of homeobox proteins suggests

hat these proteins may regulate the transcription of
ownstream target genes (9). Three Arabidopsis ho-
eobox genes Athb-6 (10), Athb-7 (11), and Athb-12 (12)
ave been reported to be induced by water stress. They
re members of the homeodomain-leucine zipper (HD-
ip) family which has been found only in plants. To date,
t least twenty-one distinct members of the HD-Zip fam-
ly have been isolated from Arabidopsis, but their func-
ions are mostly unknown. Some of the HD-Zip proteins
ave been characterized as transcriptional activators (13)
r repressors (14) of downstream genes.
Our laboratory previously reported that the Athb-12
essage was induced by exogenous ABA treatment as
ell as by water stress (12). The ABA-mediated regu-

ation mechanism of Athb-12 involved in water stress is
nknown because information about the genomic
tructure of the Athb-12 gene, especially the promoter
egulatory region, has not been available. Analysis of
he molecular regulation of Athb-12 may advance our
nderstanding of how plants respond to environmental
tresses such as water stress. To understand these
egulatory mechanisms requires knowledge of the
0006-291X/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.



genomic structure, including the regulatory region of
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his gene.

ATERIALS AND METHODS

Isolation of Athb-12 genomic clones and sequencing. A Lambda
APII genomic library (Stratagene) containing partially digested
NA fragments of Arabidopsis thaliana Colombia was screened us-

ng the Athb-12 cDNA probe as previously described (15). Approxi-
ately 1 3 106 clones were plated at a density of 5 3 104 plaques per

late. A nylon membrane (Hybond-N, Amersham) was lifted and
creened with the labeled probe. The probe was labeled with
a-32P]dCTP (3000 Ci/mmol, Amersham) using the Random Prime
NA Labeling Kit (Boehringer Mannheim). The filters were hybrid-

zed with the radioactively probe and washed to high stringency (15).
ilters were exposed to X-ray film in presence of intensifying screens
t 270°C. Two positive clones were identified and recovered as
hagemids by in vivo excision (Lambda ZAPII Kit, Stratagene) as per
he manufacturer’s instructions. Approximately 1.1 kb of the coding
egion and 2.1 kb upstream were sequenced with ABI Prism 373
utomatic sequencer (Perkin-Elmer, Applied Biosystems).

Primer extension. Primer extension was carried out using an
ligonucleotide (59-GGTTTTCACCAGATCTTGTAAGTTTCTTGA-39,
E1) complementary to positions 158 to 187 of the Athb-12 coding
equence as described previously with minor modification (16, 17).
riefly, the oligonucleotide was end-labeled with [g-32P]ATP (3,000
i/mmol, Amersham Pharmacia Biotech) and T4 polynucleotide. In
0 ml of hybridization buffer (150 mM KCl, 10 mM Tris–Cl, pH 8.3,
mM EDTA), the radiolabeled primer was mixed with 15 mg of total
NA isolated either from Arabidopsis plants treated with ABA (the
nal concentration in the medium was 10 mM) or from yeast. The
ixtures were heated at 65°C for 90 min and slowly cooled to room

emperature. The reaction conditions were adjusted to 75 mM Tris–
Cl, pH 8.3, 37.5 mM KCl, 5 mM MgCl2, 10 mM dithiothreitol, 500
M each dNTP, and 100 units of Superscript II reverse transcriptase

Life Technologies, Inc.) in a final volume of 50 ml. The reactions were
ncubated at 42°C for 60 min and terminated by the addition of 1 ml
f 0.5 M EDTA. The extended products were recovered by ethanol
recipitation after RNase A digestion and phenol extraction, and
nalyzed on a 6% sequencing gel. The identical primer was used in
arallel sequencing reactions to determine the exact position of the
ranscription start site.

Construction of a chimeric Athb-12-GUS gene and plant transfor-
ation. Approximately 2.1 kb of the 59 upstream region of Athb-12

12) was fused to the b-glucuronidase gene (GUS) in the plant trans-
ormation vector pBI101 (Clontech, CA). The 2.1-kb fragment was am-
lified by PCR using the 59 oligonucleotide 59-CTCAAGCTT-
CTTAATGGTGCCAAATG-39 (introducing a HindIII site) and the
9 oligonucleotide 59-CTCTCTAGAGGTTTTCACCAGATCTTGTAA-
TT-39 (introducing a XbaI site) and subcloned in the HindIII and XbaI

ites of pBI101 to produce the plasmid p2.1. This Athb-12::GUS fusion
onstruct (p2.1) was mobilized into Agrobacterium tumefaciens GV3101
y means of direct DNA transformation (18). Transgenic tobacco plants
ere obtained by the standard leaf disc method of transformation (19)
nd grown in a controlled environment of 25°C, 80% ambient humidity,
ith day and night periods of 18 and 6 h, respectively. Leaf discs of
icotiana tabacum cv. Havana were infected with GV3101 Agrobacte-

ium tumefaciens strain containing Athb12::GUS fusion construct.
lant transformants were selected on MS agar medium supplemented
ith 500 mg/ml cefotoxime and 300 mg/ml kanamycin. Regenerated
lants were transferred onto the hormone free MS medium with 100
g/ml of kanamycin. T2 transgenic plants were used for characteriza-
ion.

Histochemical localization of GUS activity. Seeds used for GUS
nalysis were surface-sterilized, sown on sterile filter paper placed
n top of MS medium containing 30% sucrose and 400 mg/ml kana-
134
ycle. After 15 days, the filter paper and seedlings were transferred
o MS plates containing sucrose and kanamycin with or without 100
M ABA, and cultured for 5 days to minimize any potential stresses
ccurring during ABA treatment. Seedlings and hand-cut sections of
he transgenic tobacco plants were then stained for GUS activity.
istochemical localization of GUS activity in situ was performed
ccording to the method of Jefferson et al. (20). Samples were fixed in
.3% formaldehyde, 50 mM NaPO4 pH 7.0, 10 mM MES, 0.3 M
annitol, washed with 50 mM NaPO4 pH 7.0, and immersed in a
US reaction buffer (1 mM 5-bromo-4-chloro-3-indolyl-b-D-
lucuronide, 100 mM NaPO4 pH 7.0, 0.1% Triton X-100, 0.1 mM
FeCN, 1 mM EDTA). The samples were incubated in the dark at
7°C for 12 to 24 h. For better visualization of the stained samples,
hlorophyll was extracted from the seedlings with 100% ethanol or
cetone and seedlings subsequently stored in 50% ethanol. Photo-
raphs were taken under a stereomicroscope (Leica, Germany).

In situ hybridization. Six-week-old Arabidopsis plants were
laced in water with and without ABA (the final concentration of
BA in the medium was 10 mM). After 2–4 h, each sample was
eparated into roots and stems and cut into 1 cm long pieces. These
oots and stems were fixed, dehydrated and embedded in Paraplast
-TRA (Oxford, USA). Thin sections (10 mm) were prepared from
araffin-embedded stems and roots, and used for Athb-12 mRNA
ocalization as described previously (21). The pBluescript SK vector
ontaining the Athb-12 cDNA (about 400 bp) was used to make sense
nd antisense digoxigenin (DIG)-labeled Athb-12 RNA probes using
he DIG RNA-labeling Kit from Boehringer Mannheim. These were
hen fragmented to give probes of about 150 nucleotides before
ybridization (22). DIG-labeled Athb-12 RNA probes were hybridized
ith Arabidopsis stem and root sections. The hybridization signals
ere detected by incubating with an anti-DIG-antibody alkaline
hosphatase conjugate (DIG Nucleic Acid Detection Kit, Boehringer
annheim, Germany). Sections were counter-stained with 0.1%

afranin-Fast green to show anatomical structure.

Plasmid construction. Various segments of the Athb-12 gene
ere fused in-frame 39 to the sequence of the DNA-binding domain

DBD) of GAL4 (residues 1–143) which was under the control of the
east ADH1 promoter. These segments were generated by PCR using
fu DNA polymerase (Stratagene) and 59- and 39-primers containing
coRI and BamHI sites, respectively. The PCR products were di-
ested with EcoRI and BamHI and ligated into the corresponding
ites of pGBT9 (Clontech, CA). The fusion constructs were verified by
equence analysis.

Yeast cell culture and transformation. Saccharomyces cerevisiae
F7C (23) was grown in YPD [1% yeast extract, 2% peptone, 2%
-glucose, 1.8% agar (only in plate)] or synthetic minimal medium (SD)
0.67% yeast nitrogen base, 2% D-glucose, (103) amino acids dropout
olution deficient in tryptophan or histidine, 1.8% agar (only in plates)].
east was transformed with appropriate plasmids by the lithium ace-

ate method (24), and the transformants were selected on SD medium.
ranscriptional activation function of the pGBT9::Athb12 constructs
as investigated by b-galactosidase assay. Filter and liquid
-galactosidase assays were performed as described in the Clontech
rotocol.

ESULTS

solation and Characterization of the Arabidopsis
thaliana Homeobox Gene Athb-12

We screened approximately 1 3 106 recombinants
rom an Arabidopsis thaliana genomic library using a

32P-labeled Athb-12 cDNA probe. Two positive clones
ere isolated, each containing ;4 and 5 kb of the
rabidopsis thaliana genomic DNA. Restriction map-
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lones contained the entire Athb-12 cDNA sequence.
he genomic DNA insert was characterized by South-
rn blot hybridization, PCR and DNA sequencing. The
thb-12 gene spans ;1.1 kb and contains a single

ntron. The intron occurs in the leucine-zipper domain
egion. The entire DNA sequence of the Athb-12 gene is
hown in Fig. 1. Intron-exon boundaries were deter-
ined from the sequence discrepancies between

enomic DNA and cDNA. The presence of consensus
plice donor-acceptor sequences was confirmed (25).
uring the course of this work, the sequence of a
42-kb Arabidopsis genomic DNA from a BAC clone,
hich includes the Athb-12 gene, was released in NCBI
atabase (GenBank Accession No. AL138642).
The 59-flanking region of the Athb-12 gene was se-

uenced (Fig. 1) and its transcription start site deter-
ined by primer extension using the PE1 primer,
hich is located just next to the first codon, ATG (188).
ith total RNA from whole Arabidopsis plants used as

emplates, an extended product which terminated 87
ucleotides upstream of the translation start site was
bserved (Fig. 2). No signal was observed in the nega-
ive control where yeast RNA was used as a template
data not shown). Sequence analysis of the 59-flanking
egion identified a putative TATA box sequence and
he presence of previously characterized regulatory el-
ment sequences such as the ACGT sequence and the
rought responsive element (DRE) sequence (26). The
CGT sequence is the core element of A, C, G, boxes

27) and of ABRE sequences (28). The TATA box ele-
ent (TATATAA) is located at positions 236 to 230,

ossibly directing transcription from the indicated po-
ition 11. The ACGT sequence was found at positions
186, 2364, 2592, 2738, 2863, and 2872 and the
RE element (ACCGAC) was at position 2858. Re-

ently, MYC- and MYB-related transcription factors
solated from Arabidopsis have been reported to func-
ion as transcriptional activators in the promoter of the
rought- and ABA-inducible gene rd22 (29). The
thb-12 promoter also has two putative binding sites

CACATG) for MYC-related bHLH DNA binding pro-
eins at position 2607 and 2985, and three putative
ecognition sites (TGGTTAG) for MYB-related proteins
t position 2395, 2967, and 21666.

nalysis of the Athb-12 Promoter in Transgenic
Tobacco Plants

We have previously shown that Athb-12 transcripts
ere induced by exogenous ABA treatment (12). It

ndicates that the Athb-12 gene has an ABA-inducible
romoter. Thus, to determine whether the 59-flanking
NA associated with the Athb-12 gene was capable of

nducing the gene expression by exogenous ABA treat-
ent, the 59-flanking region of Athb-12 was fused to

he GUS reporter gene and the expression of this chi-
135
enic plants. This construct includes the sequence ex-
ending 2.1-kb upstream from the first codon, ATG
188). We carried out this promoter analysis in tobacco
lants because an Athb-12 homologue was observed in
obacco plants by genomic Southern blot analysis (data
ot shown). Histochemical staining of the transgenic
lants carrying the Athb-12::GUS gene construct is
hown in Fig. 3. Weak expression of the Athb-12::GUS
usion gene was observed in the shoot meristem region
f plants raised under normal growth conditions. In
ontrast, the ABA-treatment of transgenic tobacco
lants containing the Athb-12::GUS fusion gene
trongly induced GUS expression in stem, petiole,
eaves around shoot meristem, and elongation region of
he root. These results clearly indicate that the 2.1-kb
equence of the 59-flanking region of Athb-12 contains
ll cis-elements responsible for ABA regulation of
thb-12 gene. In particular, GUS staining was more
trongly detected in young leaf, at the junction of root
nd stem, and in lateral root. These expression pat-
erns of Athb-12::GUS fusion plants are distinct from
hat of pBI121 plants, in which GUS staining was
biquitous with no regard for leaf age or different
tructures of the stem or root. Furthermore, we exam-
ned by hand-cut sections the expression pattern of the
thb-12::GUS fusion gene in stem, leaf and root (Fig.
). GUS expression was detected in the vascular bun-
les and epidermis of stem and root, and in the vein of
eaf.

ellular Localization of Athb-12 mRNA Expression
in Arabidopsis Stem and Root

We next examined Athb-12 expression in Arabidop-
is plants by in situ hybridization to determine the
ellular distribution of its expression (Fig. 5). Sense
nd antisense Athb-12 riboprobes labeled with DIG
ere hybridized to Arabidopsis stem and root sections.
thb-12 transcripts were found clearly associated with

he vascular region of stem and root (Fig. 5). The hy-
ridization signals were localized to the vascular re-
ion and epidermis of stem and the vascular region,
ortex, and epidermis of root. No hybridization signal
as observed with the sense probe in the stem and root

ections (Fig. 5). In experiments where plants were
reated with ABA, the intensity of staining increased
ut the cellular pattern of staining did not differ from
hat of non-ABA-treated plants.

dentification of the Athb-12 Activation Domain

As homeobox proteins are well known for their role
s transcription factors, we next examined the tran-
criptional activity of the Athb-12 protein. The intact
east GAL4 protein is a strong transcriptional activa-
or of responsive promoters in yeast, whereas the
AL4 DBD alone is not. Thus fusion of the GAL4 DBD



Vol. 284, No. 1, 2001 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
136



t
f
t
t
m
f
y
s
t
y
t
p
G
F
G

r
a
t
i
A
g
G
c
A
c
c
6
a
a

d
a
1
2

u
a
l

A
f
P
a
a
u
a

p
T
b
A
t
p

Vol. 284, No. 1, 2001 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
o heterologous polypeptides provides an assay system
or transcriptional activation domains distinct from
hose involved in DNA binding (30). It has been shown
hat many transcription factors from plants and ani-
als have transcriptional activation domains that are

unctional in yeast (31–34). Therefore we used this
east one-hybrid assay system to determine the tran-
criptional activation domain of Athb-12. Various por-
ions of Athb-12 cDNA were fused to the DBD of the
east transcription factor GAL4 (Fig. 6A). The effect of
hese fusion proteins on transcription of a lacZ re-
orter gene linked to multiple upstream copies of the
AL4 DNA-binding site was determined (Fig. 6B).
ull-length Athb-12 (amino acids 1 to 235) fused to the
AL4 DBD leads to high-level transcription of the lacZ

FIG. 1. Complete nucleotide sequences of the Athb-12 gene and
ppercase and that of the intron is in lowercase. The deduced amino
bent arrow (11) and the putative TATA box underlined. The hom

eucine-zipper motif are boxed. The asterisk represents the terminati

FIG. 2. Determination of the transcription initiation site of the
thb-12 gene by primer extension analysis. Total RNA prepared

rom Arabidopsis plants treated with ABA was hybridized with the
E1 primer (see Materials and Methods). Extension products were
nalyzed by electrophoresis on a denaturing polyacrylamide gel
longside a sequencing ladder of Athb-12 genomic DNA prepared
sing the same primer. The extension product is indicated by an
rrow.
137
eporter gene. Deletion of the C-terminal 112 amino
cids of Athb-12 (Athb-12 1–124) eliminates transcrip-
ional activation, despite this construct containing the
ntact homeodomain and leucine-zipper domain of
thb-12. Interestingly, when only the C-terminal re-
ion (Athb-12 123–235) of Athb-12 was fused with
AL4 DBD, the transcription level of lacZ was in-

reased 1.5 fold compared to that of the full-length
thb-12. Transformed yeast containing various fusion
onstructs assayed by the filter lift assay gave results
onsistent with the above liquid culture assays (Fig.
C). These results indicate that the transcriptional
ctivation domain of Athb-12 is located within amino
cids 123–235 of the protein.
To better define and localize the Athb-12 activation

omain, we generated more DBD fusion constructs by
series of deletions in the C-terminal region of Athb-

2. Deletion of amino acids 209–235 (Athb-12 123–
08), 180–235 (Athb-12 123–179), and 151–235

59-flanking promoter region. The nucleotide sequence of exons is in
id sequence is shown. The transcription start site is indicated with
domain is shaded and the leucine and methionine in the proposed
odon. The putative polyadenylation signal is shown in boldface type.

FIG. 3. Histochemical localization of GUS activity in tobacco
lants transformed with Athb-12 promoter-GUS fusion construct.
he transgenic plants were stained with 5-bromo-4-chloro-3-indolyl-
-D-glucuronide after treatment either with (A and B) or without
BA (C). As a positive control, pBI121-transgenic plants were

reated in the same way as A, B, and C. The GUS activity in the
BI121 plants was the same after both treatments (D).
its
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Athb-12 123–150) in the C-terminal region eliminated
-galactosidase activity, whereas deletion of the
-terminal portions containing the homeodomain and

eucine-zipper from such DBD fusions (Athb-12 151–
35 and Athb-12 180–235) increased the transcrip-
ional activity of the fusion protein (Fig. 6B). Corrobo-
ating results were obtained with the filter lift assay
Fig. 6C). Thus the activation domain resides within
mino acids 180–235 of the Athb-12 protein.

ISCUSSION

We previously isolated a cDNA clone, designated
thb-12, that encodes a new member of the HD-Zip

amily. In the present study we have characterized the
rganization, genomic structure, and promoter func-
ion of the Athb-12 gene. We have also identified a
ranscriptional activation domain located in the
-terminal region. The Athb-12 gene spans approxi-
ately 1.1 kb and contains two exons. The leucine

ipper region is interrupted by the one intron at posi-
ion 96/97 of the leucine-zipper motif. The position of
his intron is interesting as there are reports that
ommon intron positions can be a useful marker to
dentify relationships among different homeobox genes
reviewed in 35). The recently identified Arabidopsis
thb-6 gene (10), which is one of the water stress-

FIG. 4. Athb-12::GUS gene expression in each different tissues of
ransgenic tobacco plants. Stem, leaf, and root were stained with
-bromo-4-chloro-3-indolyl-b-D-glucuronide overnight. Samples were
and-sectioned and observed under a microscope. GUS activity was
estricted to specific regions.
138
ith the second intron at the identical position 96/97 in
he leucine-zipper motif.

Previous Northern blot analysis revealed that
thb-12 mRNA was detected in stem, leaf, flower and
oot as well as in seedling (12). However, in situ hy-
ridization and promoter-GUS analyses showed a com-
lex pattern of Athb-12 expression. Athb-12 transcripts
re more strongly expressed in stem and petiole, and in
he junction of stem and root. In root, its expression
as high in lateral roots rather than in primary roots.

nterestingly, Athb-12 expression was strongly de-
ected in young leaf, whereas in mature leaf its expres-
ion was only weakly detected, mainly in leaf vein.
ome of the Athb-12 expression patterns are similar to
hose of the other Arabidopsis homeobox genes such as
thb-8 (36) and prha (37) which have been shown to be
xpressed in the vascular regions. Thus, Athb-12 may
lso have a role in vascular development as well as in
lants’ response to water stress. The expression pat-
ern of Athb-12 mRNA is distinct from that of Athb-6,
n that Athb-6 expression was restricted to regions of
ell division and/or differentiation in cotyledons,
eaves, roots, and capels. Thus, Athb-6 has been pro-
osed to have a function related to cell division and/or
ifferentiation in developing organs. The different
tructures and expression patterns of Athb-12 and
thb-6 genes indicate that both genes are regulated in
ifferent manners.
Since inspection of the amino acid sequence of
thb-12 revealed that the C-terminal region is as
cidic as those of many transactivators, including yeast
AL4 (38, reviewed in 39), we investigated whether
thb-12 could act as a transcriptional activator.
thb-12 fused to a heterologous DBD exhibited strong
ctivating properties. The deletion of the C-terminal
cidic domain abolished Athb-12 ability to function as

transcription activator, whereas deletion of the
-terminal region including the homeodomain and

FIG. 5. In situ hybridization analysis of Athb-12 expression in
tems and roots of Arabidopsis thaliana. Samples were hybridized
ith Athb-12 DIG-labeled antisense (1 and 2) or sense (4) riboprobe
fter treatment either with (1) without ABA (2). Each tissue was
tained with safranin and fastgreen (3).
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FIG. 6. Mapping of transcriptional activation domains in Athb-12 by fusion to the GAL4 DBD in a yeast genetic system. (A)
chematic diagram of a yeast one-hybrid assay system to determine the transcriptional activation domain of Athb-12. (B) Various
egments of Athb-12 were expressed as fusion proteins with the GAL4 DBD in strains bearing the GAL1 upstream activation sequence
UAS)-lacZ reporter gene as shown in the schematic diagram. GAL4 DBD alone was used as a negative control. b-galactosidase
ctivities were measured and expressed relative to the value obtained for the full-length Athb-12-DBD fusion. The results are the
eans 6 SE of 3 to 5 independent transformations. (C) The constructs were also assayed colorimetrically for b-galactosidase activity

y the filter lift assay. All yeast strains containing these fusion constructs grew in medium deficient in tryptophan, whereas only yeast
trains containing constructs b, d, h, and i grew in medium deficient in histidine. This indicates that the constructs b, d, h, and i
ontained the transcriptional activation domain of Athb-12.
139
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ctivity. Taken together with our findings that Athb-12
xpression is induced by ABA-mediated water stress
nd has a complex pattern during development, this
uggests that Athb-12 is a transcriptional activator
mportant in regulating certain developmental pro-
esses as well as in plants’ response to water stress
nvolving ABA-mediated gene expression. The studies
escribed here provide a starting point for the exami-
ation of the regulation of the Athb-12 gene in more
etail. Further work is required to define factors and
lements necessary for Athb-12 activation in response
o water stress.
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0. Söderman, E., Hjellström, M., Fahleson, J., and Engström, P.
(1999) The HD-Zip gene ATHB6 in Arabidopsis is expressed in
developing leaves, roots and carpels and up-regulated by water
deficit conditions. Plant Mol. Biol. 40, 1073–1083.
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