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Abstract

HAHB4 is a sunflower gene encoding a homeodomain—leucine zipper (HD-Zip) transcription factor. It was previously demonstrated that this
gene is regulated at the transcriptional level by several abiotic factors and hormones. A previous analysis in the PLACE database revealed the
presence of four putative ABREs. In this work these four elements and also one W-box and two root-specific expression elements were char-
acterized as functional. Site-directed mutagenesis on the promoter, stable transformation of Arabidopis plants as well as transient transformation
of sunflower leaves, were performed. The analysis of the transformants was carried out by histochemistry and real time RT-PCR. The results
indicate that just one ABRE out of the four is responsible for ABA, NaCl and drought regulation. However, NaCl induction occurs also by
an additional ABA-independent way involving another two overlapped ABREs. On the other hand, it was determined that the W-box located
5" upstream is responsive to ethylene and only two root-specific expression elements, among the several detected, are functional but redundant.

Conservation of molecular mechanisms between sunflower and Arabidopsis is strongly supported by this experimental work.

© 2008 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Genes containing homeoboxes have been isolated from many
eukaryotic organisms including fungi, mammals, and plants
[6,16,27]. They encode transcription factors containing a home-
odomain, a conserved 60-amino-acid motif. Plant homeobox
genes can be classified into several families according to se-
quence conservation and structure in and outside the homeodo-
main [2,6,36]. Members of one of these families have a distinct
feature: they code for proteins termed homeodomain—leucine
zipper (HD-Zip), because they contain a homeodomain associ-
ated with a leucine zipper, a coiled-coil structure involved in di-
merization [2,18,29,33,35]. These proteins are involved in

Abbreviations: HD, homeodomain; Zip, leucine zipper; LPF, large pro-
moter fragment; ABA, abscisic acid; ABRE, ABA responsive element; W-
box, WRKY-binding element.
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regulating developmental processes associated with the
response of plants to environmental conditions [5,6,37].

Little is known about promoters from other species than the
model ones and also about the conservation of the functional-
ity of their cis-acting elements. Several cis-acting elements are
described in different genes as functional [10,19,23,31,38,
39,40,42,43,45]. However, some of them are present in other
genes but do not show any sign of activity. Even more, genes
that are responsive to a certain external stimuli do not exhibit
the same cis-acting elements [1,14,44]. Therefore, the same
sequence may be active in response to alternative factors
within different promoters, whereas a similar response may
be mediated by different boxes in each promoter [48,49].
ABRE (ABA responsive element) is a cis-acting element de-
scribed in several promoters as responsive to this hormone
[39] and W-box is a cis-acting element recognized by
WRKY transcription factors, involved in pathogen related
responses [11,30,50,52]. Some of these W-boxes are also re-
sponsive to ethylene [30]. Regarding HD-Zip encoding genes,
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little or nothing has been described about cis-acting elements
directing the response to abiotic stress factors or hormones. On
the other hand, regulation of sunflower genes, especially those
encoding transcription factors is a poorly explored subject al-
though the agronomic importance of this crop. It is worth not-
ing that recent progress has been done on the knowledge about
cis-acting elements involved in the abiotic stress response in
this plant [3,10].

HAHB4 is a sunflower gene encoding a transcription factor be-
longing to the subfamily I of HD-Zip proteins. Its expression is
regulated by ABA, drought, salt stress and ethylene [15,28].
Transgenic Arabidopsis plants either ectopically/constitutively
expressing it or expressing this gene after induction by hydric
stress exhibit drought tolerance [4,9] and a delay in senescence
[28]. In a previous work, the isolation and a partial characteriza-
tion of two forms of this gene promoter from a sunflower hybrid
line were described. The analysis in the PLACE database revealed
the presence of four ABRE:s in this promoter, two of them over-
lapped in complementary strands. Both promoter forms showed
the same behavior as responsive to drought and salt stress as
well as to ABA. It was also shown that this promoter is also re-
sponsive to ethylene, indicating that regulation of the expression
by all these external factors occurs at the transcriptional level
[8,28]. Transformation of Arabidopsis plants with constructs in
which this promoter was successively shortened allowed to deter-
mine that for the expression in the root vascular cylinder the re-
gion comprised between 1000 and 1200 is needed and
a minimum of 800 bp upstream the transcription initiation site
are necessary to detect a response to ABA, high salt concentration
or water stress.

In this paper we deeply analyzed the sunflower HAHB4
promoter. Besides the four putative ABREs, we detected in
the PLACE database the existence of one W-box and several
different root-specific elements that have already been identi-
fied and characterized as functional in promoters of other
genes [12,13,25,34,41,46,47]. Then, we demonstrated which
ones among these elements were functional. The studies
were performed doing mutational deletions within the pro-
moter followed by the obtention of transgenic plants with con-
structs bearing these different segments fused to the reporter
gene GUS. Arabidopsis plants were stably transformed while
sunflower leaves were transiently transformed. The use of
both Arabidopsis and sunflower, helped to elucidate whether
this response is conserved between species. Alternative

Table 1
Primers used in the construction of mutants and chimeras

techniques allowed us to determine that ABA, salt and drought
responses share an ABA-dependent pathway. However, salt re-
sponse involves an additional alternative pathway. The func-
tionality of the W-box detected in the 5’ extreme was
demonstrated as well as that of two redundant root-specific
boxes among the several present in this promoter.

2. Methods
2.1. Plant material and growth conditions

Arabidopsis thaliana Heyhn. ecotype Columbia (Col-0) was
purchased from Lehle Seeds (Tucson, AZ). Helianthus annuus
L. (sunflower cv. contiflor 15, from Zeneca) seeds were grown
on soil in a culture room at 28 °C. Growth conditions were
previously described [28].

2.2. Reporter gene constructs and Arabidopsis
plants transformation

The construct used as control bearing the whole HAHB4 pro-
moter fused to the GUS reporter gene cDNA in the pBI 101.3
vector (LPF:GUS) as well as constructs —318 and —416 were
previously obtained as described [8]. Mutant and chimerical
constructs in which one box or an entire segment are deleted
were performed using LPF:GUS as template following the tech-
nique described in Ho et al. [22]. Essentially, in every case, two
flanking DNA segments surrounding the element to be deleted
were amplified by PCR in separate reactions using for the up-
stream segment (segment A) PROTT26 as 5’ primer and a spe-
cific reverse primer and for the downstream segment (segment
B) IPCR8 as 3’ primer and a specific forward primer (see primer
sequences in Table 1). The two specific primers have an overlap-
ped region of 18 bp. The resulting products were mixed in a Taq
polymerase buffer and 0.5 mM of each dNTP, 2.5 mM MgCl,
and 5 units of the Taq DNA polymerase. Hybridization and ex-
tension of the overlapping segments were carried out following
this program: 10 cycles of 30 s at 94 °C, 90 s at 62 °C and 2 min
at 72 °C. After that a normal PCR amplification was performed
using IPCR8 (5-CGCGGATCCGAGGGTTTGATAAGTGAT-
3’) and PROTT26 (5-GCGGTCGACACCTGGCACATCG-
TATCTT-3’) as primers.

Double and triple mutant segments were obtained using
simple mutants as probes. Mutated PCR products were cloned

Specific reverse primers used

Construct Specific forward primers used

Mut ABRE-5' 5'-CACCTACAATCAATTCACACTTCACCA-3'
Mut ABRE-m 5'-GTCTGGATCAAACATCAGGTCTCTCCC-3'
Mut ABRE-3' 5'-ATAACCAAATAAACGTACAACTGACCA-3'
Mut W-box 5'-TTTCCTTTTTCATATTAAAAGTAGTAGCCC-3'
Mut root A 5'-GTATCTTATTTGTCGTTTCCAACACACC-3'
Mut root B 5'-CATACTTTTGTGCGATCGGAAATTTTA-3'
LPF A6:1 5'-TCGGGATACCAACGCGTACACCTGTGC-3'
LPF A2:1 5-TTTGTTTGCCAACGCGTACACCTGTGC-3'
LPF A2:4/3:1 5'-TTTGTTTGCGATGCGAACGAGTGGTTT-3'

5'-CCGCCTTTGCAACGCGTACACCTGTGC-3'

5-GTGAATTGATTGTAGGTGTGTTGTGGT-3'
5'-CTGATGTTTGATCCAGACAAAGGCGGA-3
5'-GTACGTTTATTTGGTTATGTCGATTCT-3'

5'-TTAATATGAAAAAGGAAATGAAATTGGTGA-3

5'-AAAGCACAAATAAGATACGATGTGCAG-3'
5'-CGATCGCACAAAAGTATGGTTAAACCA-3
5-TACGCGTTGGTATCCCGATGTGGTGAA-3'

5'-TACGCGTTGGCAAACAAAAGTACAAGT-3
5-GTTCGCATCGCAAACAAAAGTACAAGT-3'
5'-TACGCGTTGCAAAGGCGGACTTAGGTT-3'
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directing GUS expression in pBI 101.3 restricted with Sal and
BamH. The resulting constructs were introduced into Agrobac-
terium tumefaciens strain LBA4404, and transformed bacteria
were used to obtain transgenic Arabidopsis plants by the floral
dip procedure [7]. Plants transformed with pBI101.3 or
pBI121 were obtained in a similar way and used as negative
and positive controls respectively.

2.3. Transient transformation of sunflower leaves

Sunflower leaf disks (eleven mm in diameter) were sub-
merged in Agrobacterium tumefaciens (strain LBA4404 grown
overnight and then incubated during 4 h in 100 uM acetosyr-
ingone, 10 mM MgCl,) suspension (at a 0.5 DO density) sup-
plemented with 15 pl/l of Silwet L77 and subjected to vacuum
during 1 h. After washing in order to eliminate remaining
cells, the disks were placed in fresh liquid MS (24 h later sup-
plemented with 250 mg/l cefotaxime) for a period of 3 days.
After washing with PBS, the samples were freezed with liquid
nitrogen and total RNA isolated for analysis. For each con-
struct, two disks originated from different plants were ana-
lyzed and the experiment repeated at least twice. As
a control of the infiltration test, GUS reporter gene expression
in these experiments was measured by histochemical assays as
previously described [8].

24. Plant treatments

For water stress treatments, 14- to 20-day-old plants grown
in Petri dishes were placed on filter paper during 2—3 h until
water stress was clearly observed. Then, total RNA was
extracted as described below. Control plants were kept in
MS-dishes. To analyze induction by ABA, the plants (14- to
20-day-old) were placed in 100 uM ABA for 4—6h and
then harvested for RNA isolation. Treatments with NaCl
(150 mM) were carried out in the way described above.

For ethylene treatments, 21-day-old Arabidopsis plants,
grown in Petri dishes were changed to a new dish where the
MS media was supplemented with 20 or 40 pM ACC, and
maintained during 1 h until they were harvested for RNA iso-
lation and analysis. Sunflower transiently transformed leaf
disks were treated in the same way applying 15 min of vacuum
to facilitate the contact.

2.5. RNA isolation and real time RT-PCR measurements

RNA samples for real-time RT-PCR were prepared with
Trizol® reagent (Invitrogen™) and qRT-PCR analysis was per-
formed as previously described [28].

3. Results

3.1. Analysis of HAHB4 promoter in the
PLACE database

The analysis of both forms of the HAHB4 promoter with
the PLACE database (http://www.dna.affrc.go.jp/PLACE)

allowed the identification of putative responsive elements in
accordance to previously reported expression studies. No re-
markable differences turned out between these two forms. Be-
sides the presence of four putative ABREs (two of them,
almost in the same position of the DNA complementary
strands, position —286/—292, from now on called site M), an-
other one located in position —161/—167 (now called site 3’)
and the last one in position —1143/—1149 (named site 5)
from the transcription initiation site, the informatic analysis
revealed the existence of a W-box element located at position
—1103/—1109, and many different root-specific expression
boxes along the whole sequence. Based on the results obtained
with deleted constructs, some of them were chosen for further
analysis as described below. Other elements were also de-
tected by sequence analysis but they were not taken into con-
sideration because they bear no relation with the actual
knowledge arisen from the expression studies performed. A
schematic representation of the localization and the corre-
sponding sequence of each identified functional element in
the whole promoter is showed in the figure corresponding to
each analysis.

3.2. Only one of the four ABREs showed to
be responsive to ABA

Since HAHB4 expression is regulated by ABA [8,15], we
decided to analyze the four ABREs in order to determine
whether they were functional in this sunflower promoter.
The analysis was carried out by doing deletion mutation of
each one separately. Considering that the two forms of this
promoter showed the same ABRESs located at equivalent po-
sitions, we decided to perform the full analysis only with one
of them, the large form, called LPF. Each construct, bearing
a promoter mutation and directing the reporter gene GUS,
was used to transform Arabidopsis plants and to transiently
transform sunflower leaves. In both cases, the plants were
treated with 100 uM ABA and GUS transcript levels were
measured by quantitative RT-PCR. The results showed that
Arabidopsis plants transformed with the control construct
as well as with the 5-ABRE or M-ABRE mutants present
higher levels of GUS transcript after ABA treatments com-
pared with RNA levels measured in untreated plants
(Fig. 1B) while mutants in the 3’-ABRE showed a loss of in-
ducibility by the hormone. Double and triple mutants were
obtained showing that only the double mutant 5' + M still
responded to ABA while the mutants including the 3'-
ABRE were no longer inducible, indicating that the 3'-
ABRE is the only functional cis-acting element, at least
out of these four detected in this promoter by the use of
the PLACE database (Fig. 1B).

Sunflower leaves were transiently transformed with the
same constructs and their analysis corroborated the results ob-
tained with stable transformed Arabidopsis plants. Similar in-
duction ratios were observed with control, 5'-site or M site
simple or double mutated constructs and no induction at all
when 3’-mutants were tested (Fig. 1C), what indicated the
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Fig. 1. ABA, drought and salt responses of the HAHB4 promoter involve different cis-acting elements. A: Schematic representation of the ABREs localization in
the HAHB4 promoter (LPF ). The indicated positions are related to the transcription initiation site. ABREs sequences are marked in upper cases, the surrounding

sequences in lower cases and the deleted region signaled as “

. B: GUS RNA transcript level in plants transformed with the indicated constructs

subjected to treatments with 100 uM ABA (light gray bars), hydric stress (dark gray bars) or NaCl (white bars) compared with the level measured in control con-
ditions for the WT construct (black bars). Plants transformed with pBI 101.3 and pBI 121 were used as negative and positive controls respectively. C: GUS RNA
transcript level in sunflower leaves transiently transformed with the indicated constructs subjected to treatments with 100 pM ABA (light gray bars), hydric stress
(dark gray bars) or NaCl (white bars) compared with the level measured in control conditions for the WT construct (black bars). Transient transformations with the
host cells (Agrobacterium tumefaciens LBA 4404) or with the same cells carrying pBI121 were carried out as negative and positive controls respectively. Mut 5/,
Mut 3’ and Mut M indicate a construct where the entire promoter (LPF) fused to GUS was mutated in each of the sites.

existence of a high conservation of this element’s functionality
between both species.

3.3. Drought response seems to occur via an ABA
dependent way while NaCl response involves an
additional alternative ABA-independent pathway

Arabidopsis plants transformed with the constructs de-
scribed above were subjected to severe water stress and subse-
quently GUS transcript levels were measured by quantitative
RT-PCR. The results, shown in Fig. 1B indicate that the
same cis-element located 3’ in this promoter is responsible
for drought response while the mutations of sites 5’ and M,
as well as double mutations not involving the 3'-site, did not
alter GUS transcript levels in stress conditions. Accordingly,
similar results were observed when sunflower leaves were
transiently transformed with the same constructs (Fig. 1C).

On the other hand, the response to salt stress turned out to
involve a different mechanism. In this case, the 3’-ABRE
seemed to be essential for this response: its mutation caused
a significant decrease in GUS transcript levels, both in Arabi-
dopsis and sunflower. However, mutation in the M-ABRE, un-
til now apparently irrelevant, caused insensitiveness to the salt

treatment in transgenic plants, indicating that also a second
ABA-independent mechanism is taking place in the regulation
of HAHBA4.

3.4. The putative W-box located in position —1103/
—1109 is responsible for the ethylene-mediated response

Regulation of HAHB4 by ethylene at the transcriptional
level was recently reported [28]. The analysis of this gene pro-
moter revealed the presence of a W-box (see above). In order
to elucidate whether this was a functional cis-acting element,
a mutant construct was obtained where the six-nucleotide-
box was deleted. Arabidopsis plants and sunflower leaves
were transformed with this construct and they were subjected
to treatments with ACC 20 or 40 uM, an intermediate com-
pound in ethylene biosynthesis. GUS transcript levels were
measured in treated and untreated transformed plants as well
as in the plants transformed with the non-mutated segment
used as control, and the results are shown in Fig. 2. Transcript
levels of GUS measured in these samples indicated that the
mutation of this site abolished ethylene responsiveness and
therefore that this W-box is responsive to ACC.
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Fig. 2. The W-box located in the 5’ extreme of the HAHB4 promoter is func-
tional and responsive to ACC. A: Schematic representation of the location of
the W-box detected by bioinformatics analysis in the promoter region of the
HAHB4 promoter. The box sequence is marked in upper cases, the Gurroundmg
sequences in lower cases and the deleted region signaled as *

B: GUS transcript levels in Arabidopsis transgenic plants (black bars) or in
transiently transformed sunflower leaves (gray bars) subjected to a treatment
with ACC (20 or 40 uM) compared with the level of the same transcripts mea-
sured in control conditions for the WT construct. Plants transformed with pBI
101.3 and pBI 121 were used as negative and positive controls respectively.
Mut indicates a construct where the W-box was deleted in the entire promoter
(LPF) fused to GUS.

3.5. Two root-specific-expression boxes act
independently and exhibit redundant functions

Histochemical staining shown in Fig. 3 indicates that the
entire promoter fragment, LPF, directs GUS expression in
the roots central cylinder and in the growing lateral roots as
well as in the vascular system of leaves (Fig. 3A). In order
to determine which of the identified cis-elements were active,
plants were transformed with serial deletions of the promoter,
previously obtained [8], and histochemical analysis was per-
formed. This analysis revealed that when the first 300 bp of
the promoter were tested, no activity was detected (Fig. 3B).
A minimum of 400 bp upstream the transcription initiation
site was necessary and sufficient to conserve the organ-specific
activity showed by the entire promoter (Fig. 3C). Five putative
cis-acting elements (one CTCTT, —386; two ATATT, —235
and —14; one CACCTG, —85 and ACTTTA, —60) reported
as directing root-specific expression in other promoters are
located between —400 and the transcription initiation site.
Only one of these boxes is located between —300 and —400
(CTCTT). The fact that the construct —300:GUS did not

exhibit any activity suggested that this element (located in
—381/—386) may be responsible for root-specific expression.
On the other hand and in order to further analyze this pro-
moter, chimerical constructs with different segments of this
promoter were used to direct GUS expression in Arabidopsis.
Two of these chimerical constructs, containing the 100 bp up-
stream the transcription initiation site plus the regions of
600 bp or 200 bp located in the 5’ upstream terminus of this
promoter bear six putative boxes (one ACTTTA, —1047; one
ATATT, —1096; one CTCTT, —1181; one CACCTG, —1202
and two CAACA, —1166 and —1156). Plants transformed
with these constructs showed a similar histochemical pattern
compared with the construct —400:GUS regarding the expres-
sion in the central cylinder of the roots and the vascular system
(Fig. 3D,F). These observations indicated the existence of an
extra active element located upstream —1000 since the seg-
ment comprised between —416 and —301 (see above) is not
included in these chimeras.

Simple mutant constructs in which each putative root-direct-
ing box was deleted (ACTTTA, —1052/—1047; ATATT, —1100/
—1096; CTCTT, —1184/—1181; CACCTG, —1207/—1202;
CAACA, —1170/—-1166; CAACA —-1160/—1156; CTCTT,
—390/-386; ATATT, —239/-235; ATATT -—18/—-14;
CACCTG, —90/—85 and ACTTTA, —65/—60) or double mu-
tants in which two repeated boxes were deleted (ACTTTA,
—1052/—1047 plus ACTTTA, —65/—60; CTCTT,—1184/
—1181 plus CTCTT, —390/—386; ATATT, —1100/—1096 plus
ATATT, —239/—-235; CACCTG, —1207/—1202 plus CACCTG,
—90/—85 and CAACA, —1170/—1166 plus CAACA —1160/
—1156), were obtained and analyzed in Arabidopsis transgenic
plants. None of them, apart from the two mutants described be-
low, in which the boxes located in positions —381/—386 and
—1182/—1187 were deleted (not shown and Fig. 3 J), showed
adistinctive expression pattern compared with the one exhibited
by the control construct by histochemical analysis (data not
shown), indicating that none of them are functional as tissue-
specific cis-acting elements in the HAHB4 promoter.

As it can be observed in Fig. 3H,I, none of both simple mu-
tants, in sites —381/—386 and —1182/—1187, caused any effect
in root expression. However, a third construct, carrying the dou-
ble mutant, A plus B, showed a great loss of function (Fig. 3E),
indicating that both elements are redundant. Therefore, the pres-
ence of at least one of them is essential to direct gene expression
in the central cylinder of roots and leaves vascular system.

Comparing the tissue-specific GUS expression directed by
the chimeras A6:1 and A2:1 with that of the construct A2:4/
3:1, it could be observed a difference in the lateral root initi-
ation staining. The two first ones showed no expression in
this tissue while the third did so, suggesting the existence of
one or more cis-acting elements responsible for this tissue-spe-
cific expression localized in the segment comprised between
—416 and —301.

4. Discussion

The analysis performed with the PLACE database of the
HAHB4 promoter revealed that it exhibits numerous cis-acting
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Fig. 3. The two putative root-specific expression cis-acting elements are functional but redundant. Histochemistry of GUS in Arabidopsis plants transformed with:

A: LPF:GUS (entire HAHB4 promoter region); B: deleted construct

—318:GUS; C: deleted construct

—416:GUS; D: chimerical construct delta 6:/:GUS; E: double

mutant in root-specific sites; F: chimerical construct D2:/; G: chimerical construct D2:4/3:1; H: LPF:GUS mutated in the root site A; I: LPF:GUS mutated in the
root site B. J: Schematic representation of the location of the mutated roots-specific motifs detected by bioinformatics analysis in the promoter region of the
HAHB4 promoter. The box sequence is marked in upper cases, the surrounding sequences in lower cases and the deleted region signaled as

For each construct, schematized in the right panel, expression was analyzed in roots (left panel) and in leaves (middle panel). Root-specific expression cis- actmg

elements are in blue, whereas those mutated are shown in red.

elements, described as responsive to a wide range of abiotic
and biotic factors as well as to a set of hormones. The only re-
markable difference between the two forms of this promoter is
a DRE (drought responsive element) only present in the large
form (LPF) at position —864. DREs are described as reactive
to osmotic stress in several drought responsive genes, and
sometimes interact with ABREs [32,49]. Since the same be-
havior was observed in plants transformed with each of the
two forms when they were subjected to water stress, ABA or
high salinity, it seems unlikely that this element exhibited
functionality in this promoter.

Among the four putative ABREs, only one, located nearest
the transcription initiation site, showed a response to ABA
while the other three are not responsive to the hormone treat-
ments. A peculiar behavior was observed in plants trans-
formed with the 5 mutant when they were treated with
ABA (an enhanced expression compared with non-mutated
plants) but not when they were subjected to high salinity or
drought (Fig. 1B,C). This observation led us to conclude
that this element plays the role of a negative regulator. It is
difficult to explain such phenomenon in a different way. How-
ever, no bibliographic reports describe ABREs playing such
a role. Experimental artifacts are discarded since the experi-
ment was repeated several times both in Arabidopsis and
sunflower.

As it has been reported by other authors [17,51], ABREs
may act together with coupling elements. In this promoter
one of such elements (ACGCGT) is localized at position

—99/—93 near the 3'-ABRE and probably conforming
a ABRE-CE module [23,24,52]. Considering that they were
not deleted or mutated in this work and that they are present
in the wild type constructs, it is possible that they interact
with the 3’ ABRE. It would be necessary to mutate them in or-
der to corroborate this hypothesis. However, it is clear that the
deletion of the 3’ ABRE by itself is enough to observe a loss of
function. On the other hand, salt induction involves an
additional ABRE that did not respond to the hormone action,
indicating the existence of two separate pathways, one ABA-
dependent and one ABA-independent. A short sequence,
similar to a DRE minimal core (CCGAC) where the second
position is changed (CGGAC), is present near the M ABRE
(=306 in LPF). Although such a sequence was not identified
as functional [49], it cannot be ruled out the possibility that it
interacts with the M ABRE in order to regulate the response to
salinity. It is clear from the obtained results that both salt-
responsive ABREs exhibit non-redundant functions since the
mutation of any one of them caused the loss of responsiveness
to salinity, even if the other one remains untouched. Moreover,
these observations suggested that a cooperative mechanism
involves these two elements. Besides, it was possible to
establish the relationship between drought and ABA in the
regulation of this gene and the existence of an additional inde-
pendent signal transduction pathway involved in the response
to high salt concentrations. Previous reports supported the idea
that such elements act in alternative ways depending on the
gene promoter in which they are present [49].
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The W-box present in this promoter showed to be involved
in the response to ethylene. Its deletion abolished of the re-
sponse to the treatments with this hormone, indicating that
this W-box is responsible for the ethylene regulation of
HAHB4, probably acting together with trans-acting elements
such WRKY transcription factors.

Regarding organ-specific expression, a considerable num-
ber of putative boxes were identified by the analysis in the
PLACE database. Only two out of them could be character-
ized as functional in the vascular system, which actually ex-
hibit a redundant activity, what suggests how significant the
expression of HAHB4 may be in roots. Staining in the leaves
vascular system also disappeared when the two boxes were
deleted, probably due to the loss of expression in the root
central cylinder and the concomitant loss of transported
dye. This hypothesis was confirmed when leaves and roots
from the same plants were subjected to histochemistry in
separate tubes (not shown). Interestingly, this cis-acting ele-
ment (CTCTT) was described as participating in the activa-
tion of the leghemoglobin encoding gene in infected
legume root nodules and not specifically directing central
cylinder expression [13,46] indicating that this box is impli-
cated also in an alternative activity, at least in this promoter.
Regarding the expression in lateral roots initiations, we were
able to determine that elements directing such expression
may be present in the segment comprised between —416
and —301. However, none of the mutants of the known
root-specific sites present in this segment showed a differen-
tial expression pattern, what suggests that other unknown cis-
acting elements are responsible for such expression. Little is
known about expression in roots of homologous genes. The
Arabidopsis genes that bear closest resemblance to HAHB4,
ATHB7 and ATHBI2, are responsive to ABA, salt or drought.
However, no further information is available about functional
cis-acting elements in these genes promoters [20,21,26,33].
On the other hand, it is well known that genes encoding tran-
scription factors from other families are regulated by ABA as
a result of cooperative mechanisms, different from the one
described here [48,49,52].

One important conclusion arisen from the experimental
data is that recognition of cis-acting elements is strongly con-
served between Arabidopsis and sunflower, especially those
responsive to external factors, such as ABA, ethylene, salinity
or drought. Almost identical results were obtained analyzing
stable transformed Arabidopsis or transiently transformed sun-
flower leaves. In the case of tissue-specific expression we are
not able to test such expression since stable sunflower trans-
genic plants would be needed and up to now, no ordinary pro-
tocols to obtain them are available. However, the fact that
external factors regulation seems to be conserved between spe-
cies suggests that it would be worth trying to use chimerical
promoters as biotechnological tools combining sequences in
order to achieve a desired expression pattern of a certain
gene. Regarding HAHB4 regulation, it was possible to identify
the boxes responsible for ABA, drought, salt and ethylene re-
sponses as well as the two boxes that direct expression in
roots.
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