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Brassinolides and IAA induce the transcription of four a-expansin genes
related to development in Cicer arietinum >
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Abstract

Four different cDNAs encoding a-expansins have been identified in Cicer arietinum (Ca-EXPA1, Ca-EXPA2, Ca-EXPA3 and Ca-EXPA4).
The shared amino acid sequence similarity among the four a-expansin proteins ranged from 67 to 89%. All of them display common
characteristics such as molecular mass (around 24 kDa), amino acid numbers, and also the presence of a signal peptide. The transcription
pattern of chickpea a-expansin genes in seedlings and plants suggests a specific role for each of the four a-expansins in different phases of
development or in different plant organs. High levels of Ca-EXPA2 transcripts coincide with maximum epicotyl and stem growth, indicating
an important involvement of this particular a-expansin in elongating tissues. Ca-EXPA3 would be related to radicle development, while
Ca-EXPA4 seems to be involved in pod development. A considerable increase in the level of all Ca-EXPA transcripts accompanied the indole
acetic acid (IAA) plus brassinolide (BR)-induced elongation of excised epicotyl segments. This IAA + BR induction was seen even for the
chickpea expansin genes whose transcription was not affected by IAA or BR alone.
© 2004 Elsevier SAS. All rights reserved.
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1. Introduction

Plant cell growth is accompanied by the modification and
expansion of cell walls, which are composed of cellulose
microfibrils tethered together with hemicelluloses and em-
bedded in a matrix of pectins and structural proteins [2].

A class of proteins called expansins promote cell wall
loosening in vitro and catalyze wall extension and stress
relaxation in a pH-dependent manner [31]. Biochemical and
biophysical data indicate that expansins bind to the surface of
cellulose microfibrils, thereby disrupting the hydrogen bonds

formed with xyloglucan molecules and allowing the cell wall
to extend (for a review, see [12,15,27]).

Expansin genes have been identified from many species
and are highly conserved in gymnosperms and, among the
angiosperms, in both monocots and dicots [11,21,26]. Their
pattern of expression indicates that they are closely related to
cell growth and tissue differentiation (for a review, see [5]).
The occurrence of multigene families of expansins suggests
that different expansins play unique developmental or tissue-
specific roles [6,7,10,19,44]. It has been suggested that most
of the expansin genes characterized could be involved in cell
expansion during tissue growth [1,8,16,21,38]. Expansins
are also expressed in tissues where cell wall disassembly is
occurring instead of cell growth [4,9,40].

The regulation of expansin activity by plant hormones has
been well documented. In this sense, auxin-induced acid
growth response relies on the activity of expansins for wall
loosening and cell elongation [28,31,32]. In addition, plant
hormones regulate a-expansin gene expression. Examples
are the tomato a-expansins Le-EXPA1 and Le-EXPA2; the

Abbreviations: ABA, abscisic acid; BR, brassinolides; IAA, indole ace-
tic acid; GA, gibberellin.

> The nucleotide sequences reported in this paper have been submitted to
EMBL/GenBank database under accession numbers: Ca-EXPA1,
AJ291816; Ca-EXPA2, AJ291817; Ca-EXPA3, AJ489608; Ca-EXPA4,
AJ489609.

* Corresponding author.
E-mail address: bdr@usal.es (B. Dopico).

Plant Physiology and Biochemistry 42 (2004) 709–716

www.elsevier.com/locate/plaphy

0981-9428/$ - see front matter © 2004 Elsevier SAS. All rights reserved.
doi:10.1016/j.plaphy.2004.07.004

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov


deepwater rice a-expansin Os-EXPA4, and the soybean (Gly-
cine max) ß-expansin Cim1, which accumulate in response to
ethylene, auxin, gibberellin and cytokinin, respectively
[8,14,39]. The regulation of expansin genes by brassinolides
(BR) has been less studied, although some a-expansin genes,
such as At-EXPA5 and At-EXPA8 from Arabidopsis have
been recently referred as BR-inducible genes using DNA
microarray analysis [17,35].

The present paper reports the isolation and identification
of four complete cDNAs—Ca-EXPA1, Ca-EXPA2, Ca-
EXPA-3 and Ca-EXPA4—encoding four different a-expansin
proteins from chickpea. Their transcription was investigated
during epicotyl and root development as well as in several
plant tissues. In order to elucidate the relationship between
the Ca-EXPA genes and hormone-regulated growth, their
transcription was studied in epicotyl sections under treatment
with gibberellin (GA), abscisic acid (ABA), indole acetic
acid (IAA) and BR.

2. Results

2.1. Chickpea �-expansin clones

Four clones, named Ca-EXPA1, Ca-EXPA2, Ca-EXPA3
and Ca-EXPA4, with high sequence similarity to several
a-expansins were found in a chickpea cDNA library cons-
tructed with RNA from 5-day-old chickpea epicotyls and
screened as described in Section 4.

All Ca-EXPAs were full-length clones with sizes of 1291,
1034, 1497 and 1270 bp, respectively, the non-coding re-
gions being those that mainly contributed to such differences.
The proteins deduced from the chickpea Ca-EXPA clones,
named a-expansin 1, 2, 3 and 4 (EXPA1, EXPA2,
EXPA3 and EXPA4), had a significant level of shared amino
acid sequence similarity with one another and also with other
published plant a-expansins. Fig. 1 shows the alignment of
the four amino acid sequences, where the high degree of
similarity can be observed. The four chickpea a-expansin
proteins had the characteristic expansin motifs; namely,
conserved Cys residues in the N-terminal region of the pro-
tein (marked with an asterisk in the figure), conserved se-
quences (marked with a line in the figure) including a puta-
tive catalytic domain with the His-Phe-Asp (HFD) motif in
the central portion of the protein, and conserved Trp residues
in the putative cellulose-binding domain in the C-terminal
region (marked by “+” in the figure). EXPA3 and EXPA4 are
the closest at amino acid sequence level (89% similarity).
EXPA1 and EXPA2 show a lower degree of similarity: about
67% between each other and around 70–75% with respect to
the other chickpea a-expansins. The most differentiated re-
gion was found at the N-terminal region, where the predicted
N-terminal hydrophobic signal peptide is located, as deter-
mined by Signal P [36]. After release of the signal peptide
(marked by an arrow in Fig. 1), the four mature proteins were

quite similar in their molecular mass (24.14–24.51 kDa) and
in their amino acids number (224–228). A basic predicted
isoelectric point (9.13, 7.89, 9.15 and 8.80 for EXPA1,
EXPA2, EXPA3 and EXPA4 respectively) was another com-
mon characteristic of the four chickpea a-expansins.

Chickpea EXPA2, EXPA3 and EXPA4 did not present
any N-glycosylation site. Although the lack of
N-glycosylation site is a charasteristic of most a-expansins
described, EXPA1 had a putative N-glycosylation site at
amino acid 202 (asn-ser-thr-leu).

2.2. Phylogenetic tree

The differences among chickpea a-expansins are clearly
seen in the phylogenetic tree compiled using the four dedu-
ced proteins and other plant a-expansins based on protein
sequence alignment (Fig. 2). a-Expansins appear separated
in four different phylogenetic branches named A, B, C and D
according to Link and Cosgrove [28]; chickpea Ca-EXPA1,
Ca-EXPA3 and Ca-EXPA4 appear in group C. This clade
contains a-expansin genes with heterogeneous expression
patterns. Some members are transcribed in multiple tissues,
such as Le-EXPA5 [1] and At-EXPA5 [42], while others
appear to have more specialized roles, as At-EXPA10 [12].

Fig. 1. Alignment of the four deduced a-expansin amino acid sequences of
the Ca-EXPA clones. Sequences were aligned using the Clustal method in
the MegAlign program, part of the Lasergene sequence analysis software
program available from DNASTAR (Madison, WI). Shading indicates
amino acid identity with respect to the majority. An arrow indicates the
putative signal sequence cleavage site. Conserved Cys residues are marked
by an asterisk. Conserved sequences are marked by a line. Conserved Trp
residues are marked by “+”.
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Ca-EXPA2 appears in branch A, together with many
a-expansin genes that are expressed in rapidly growing tis-
sues (Fig. 2). Thus, Cs-EXPA1 and Le-EXPA2 are expressed
in elongating hypocotyl in cucumber or tomato. Other
a-expansins within the A clade are expressed in expanding
fruit tissue in species such as cherry, apricot, strawberry and
tomato.

2.3. Tissue specificity in seedlings and adult plants

In order to determine the transcription level of each chick-
pea expansin gene, specific probes consisting mainly of the 3′
untranslated regions were prepared for each cDNA with a
view to minimizing any potential cross-hybridization, accor-
ding to Southern blot analysis (data not shown). Study of
expansin gene transcription in seedling organs disclosed a
specific pattern of transcription for each gene (Fig. 3). Ca-
EXPA1 transcript level was very low in all seedling organs. A
similar low transcription was found for Ca-EXPA4, although
unlike Ca-EXPA1 no transcript was detected in hooks. Ca-

EXPA2 and Ca-EXPA3 transcript were mainly detected in
epicotyls and radicles, respectively. None of the expansin
genes showed transcription in cotyledons, except for a very
low level of Ca-EXPA3 mRNA. It should be noted that the
level of transcription of Ca-EXPA1 and Ca-EXPA4 was low
in seedlings as compared with transcription in adult plants,
while Ca-EXPA3 mRNA levels in radicles reached the hi-
ghest value among all the plant organs studied.

Ca-EXPA1 and 2 transcription along the stem internodes
from 11-day-old plants showed a correlation with the inter-
node elongation rate, the highest mRNA levels being obser-
ved at the 4th internode, just below the apical one, thereafter
decreasing towards the basal one (Fig. 3). By contrast, the
mRNA levels of Ca-EXPA3 and 4 followed the opposite
pattern, decreasing from the basal internode (1st) to the
apical young one (5th).

The transcription pattern of Ca-EXPA clones in chickpea
plants was broad. Ca-EXPA1 did not show significant trans-
cription in any part except the internodes. The other three
expansin genes showed high transcript levels in the reproduc-
tive organs, the most significant being the flowers for Ca-
EXPA2 and pods for Ca-EXPA3 and 4. The immature pod was
the organ with the highest mRNA levels for Ca-EXPA4. The
higher transcription in immature pods compared with mature
ones should be noted. A very low signal or even no signal at
all was detected for all the genes studied in other plant
organs, including the leaves, dry seeds and roots. Ca-EXPA3

Fig. 2. Phylogenetic tree of the deduced amino acid sequences encoded by
plant a-expansin genes. Alignments was made using the Clustal method.
Sources of the a-expansin sequences are as follows: At-EXPA5, At-EXPA6
and At-EXPA10 from Arabidopsis thaliana; Bn-EXPA from Brassica napus;
Ca-EXPA1, Ca-EXPA2, Ca-EXPA3 and Ca-EXPA4 from C. arietinum; Cs-
EXPA1 and Cs-EXPA2 from Cucumis sativus; Fa-EXPA2 from Fragaria
ananassa; Le-EXPA1, Le-EXPA2, Le-EXPA4, Le-EXPA5, Le-EXPA8, Le-
EXPA9, Le-EXPA10 and Le-EXPA18 from L. esculentum; Nt-EXPA1 and
Nt-EXPA4 from Nicotiana tabacum; Os-EXPA1, Os-EXPA3, Os-EXPA7 and
Os-EXPA12 from Oryza sativa; Pt-EXPA from Pinus taeda; Ps-EXPA1 from
Pisum sativum; Pa-EXPA1 and Pa-EXPA2 from Prunus armeniaca; Pav-
EXPA1 and Pav-EXPA2 from Prunus avium; Pc-EXPA5 from Prunus cera-
sus; Rp-EXPA13 from R. palustris and Tv-EXPA3 from T. versicolor. The
branches were named A, B, C, and D according to Link and Cosgrove [28].

Fig. 3. Northern analysis of Ca-EXPAs mRNA transcription levels in diffe-
rent parts of C. arietinum seedlings and adult plants. H, hook; E, epicotyl;
M, mesocotyl; C, cotyledon; R, radicle. Internodes are numbered 1–5 from
the basal to the apical one. L1, young leaves; L2, mature leaves; P1,
immature pods; P2, mature pods; F, flowers; S1, immature seed; S2, dry
mature seed; r, adult roots. Signals were quantified and normalized accor-
ding to 18S rRNA hybridization. Integrated optical density (IOD).
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and 4, unlike Ca-EXPA1 and 2, were expressed in immature
seeds (Fig. 3).

2.4. Transcription pattern during epicotyl growth

Since Ca-EXPA2 transcript level was high in epicotyls, the
temporal transcription pattern through epicotyl growth was
examined. RNA was extracted from epicotyls ranging in age
from 2-day-old (when epicotyl emergence starts) to 8-day-
old (when the rate of growth starts to fall) (Fig. 4). The
Ca-EXPA2 transcript level increased with the epicotyl elon-
gation rate, being lower in 2-day-old epicotyls and reaching
the highest value in 5-day-old epicotyl (Fig. 4). The Ca-
EXPA1, Ca-EXPA3 and Ca-EXPA4 mRNAs levels were very
low throughout epicotyl growth and no variations were ob-
served with epicotyl age (data not shown).

2.5. Transcription pattern during radicle growth

Because of the high Ca-EXPA3 transcription found in
4-day-old chickpea roots, we decided to evaluate the changes
in Ca-EXPA mRNA levels in radicles at different develop-
mental stages in order to determine whether one of these
expansins might be involved in radicle elongation. Total
RNAs were extracted from radicles of 2, 3, 4 and 5-day-old
seedlings and were subjected to RNA Northern blot analysis.
Older roots were not studied since secondary roots were
initiated on day 5 after germination. As shown in Fig. 5,
Ca-EXPA3 mRNAs were detected at each developmental
stage studied, with no significant changes along radicle
growth. Ca-EXPA1 and Ca-EXPA4 transcript levels, although
low, increased with radicle age; contrariwise, Ca-EXPA2
transcripts decreased in that period. Owing to the low values
found in Ca-EXPA1, 2 and 4 transcription in radicles, mRNA

controls from the fourth internode (for Ca-EXPA1 and 2) or
immature pods (for Ca-EXPA4) were used to check that
efficient hybridization had taken place.

2.6. Effect of hormone-induced elongation on �-expansin
gene transcription

To determine the relationship between growth-regulating
hormones and chickpea a-expansin transcript accumulation,
excised subapical epicotyl segments (10 mm long) were
allowed to elongate in vitro, in either the presence or absence
of IAA, BR, GA3 and ABA. The growth of excised chickpea
epicotyl segments was seen to be significantly stimulated by
exogenous application of IAA and BR. Growth promotion
reached 11.7% with IAA after 8 h of treatment. BR induced
the elongation of epicotyl segments by itself (8.8%) and also
enhanced IAA-induced elongation (17.9%), although its ef-
fect on elongation was more pronounced after 8 h of treat-
ment. Neither GA3 nor ABA caused changes in the rate of
chickpea epicotyl elongation [34].

IAA treatment of epicotyl segments elicited a significant
increase of Ca-EXPA2 and Ca-EXPA4 transcript levels at
4 and 8 h of treatment (Fig. 6). Little or no effect was
detected for Ca-EXPA1 and Ca-EXPA3, except for Ca-
EXPA3 at 8 h. Neither GA3 nor ABA affected the levels of
chickpea a-expansin transcripts. We also investigated the
effect of BR and the combination of IAA and BR. Like IAA,
treatment with BR alone induced the transcription of the
corresponding Ca-EXPA2 and Ca-EXPA4 genes but had little
effect on Ca-EXPA1 and Ca-EXPA3 gene transcription. Des-
pite this, it is important to note that a considerable increase in
the level of all Ca-EXPA transcripts accompanied the IAA
plus BR-induced elongation of excised epicotyl segments
(after both 4 and 8 h of treatment). This induction was obser-
ved even for chickpea a-expansin genes whose expression
was not affected by IAA or BR alone (Fig. 6).

3. Discussion

Screening of a Cicer arietinum cDNA library revealed the
presence of at least four different cDNAs encoding

Fig. 4. Northern analysis of Ca-EXPA2 mRNA transcription levels in epi-
cotyls from seedlings grown in water. Numbers refer to days after sowing.
Signals were quantified and normalized according to 18S rRNA hybridiza-
tion. IOD.

Fig. 5. Northern analysis of Ca-EXPA mRNA transcription levels in radicles
from seedlings grown in water. Numbers refer to days after sowing. RNA
control from the fourth internode (4I) or immature pod (P1) were used to
check the correct hybridization for Ca-EXPA1 and 2, and for Ca-EXPA4,
respectively. Blots were hybridized with 18S rRNA as a loading control.
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a-expansins: Ca-EXPA1, Ca-EXPA2, Ca-EXPA3 and Ca-
EXPA4. The presence of multigene families of expansins has
been reported in several plant species. The large number of
expansins poses intriguing questions regarding the function
of these proteins and the significance of their redundancy,
and determining the pattern and control of each expansin
gene expression is the first step in elucidating the function of
individual expansins. Several studies on a-expansin gene
expression have been published recently; the results suggest
that expansin genes are expressed differently, depending on
the tissue used and the stimuli imposed, and that they are
mainly associated with growth. Thus, Wrobel andYoder [43]
reported the differential transcription of three a-expansins in
Triphysaria versicolor. Likewise, several a-expansins have
been identified in cotton [18] and in tomato, strawberry and
pear fruits, with a different pattern of transcription during
fruit growth and ripening [1,19,20].

The four a-expansins analyzed in C. arietinum show
common characteristics. In fact, most plant expansins are
very homogeneous as regards both length and weight [44].
However, it should be noted that unlike most a-expansins,
which are not glycosylated proteins, EXPA1 from C. arieti-
num have a putative N-glycosylation site. EXPA-3 from Ly-
copersicon esculentum has also been reported to have an
N-glycosylation site [1]. To date, we do not know whether

they are glycosylated, and the role of glycosylation, if indeed
it occurs, is not clear as regards the function of a-expansins
[13].

From our results in transcription studies, it seems clear
that the corresponding chickpea EXPA2 gene is the most
closely related to epicotyl growth, as seen from its high level
of transcript in this organ (Fig. 3). Additionally, a rela-
tionship between Ca-EXPA2 mRNA level and epicotyl
growth was observed (Fig. 4). In agreement with the putative
function of EXPA2 in epicotyl growth, it should be noted that
it is the only chickpea a-expansin that is included within
phylogenetic group B (Fig. 2), according to the classification
of Link and Cosgrove [28]. This group contains a-expansins
related to fast-growing tissues, such as Cs-EXPA1, Le-EXPA2
and Pt-EXPA, which are expressed in elongating hypocotyls
of cucumber, tomato and pine, respectively [3,21,42].

The transcription pattern of chickpea a-expansin genes in
seedlings and plants could indicate a specific role for each of
the four a-expansins in different phases of development or in
different plant organs. Thus, in seedlings these a-expansins
would be related to elongating organs but not to meristematic
or reserve tissues, and while Ca-EXPA2 shows the highest
transcription in epicotyls, Ca-EXPA3 is highly expressed in
radicles (Fig. 3). In plants, an important role of EXPA1 in
internode growth could be speculated since no significant
hybridization was detected in any other organ studied, either
from seedlings or from adult plants (Fig. 3). Finally, stress
should be placed on the strong transcription of some of the
chickpea Ca-EXPA in reproductive organs (Fig. 3). The high
level of Ca-EXPA4 transcription in immature pods, together
with the difference in transcript levels between mature (P2)
and immature pods (P1), indicates the possible involvement
of EXPA4 in pod development.

Although it has long been speculated that cell elongation
in roots is caused by expansins, as far as we know there is
only one report addressing a root-specific a-expansin gene in
soybean Gm-EXPA1 [25] that could be responsible for root
elongation. In chickpea, although no a-expansin transcript
was detected in adult roots, Ca-EXPA3 showed a high level of
transcripts in radicles (Fig. 3). Also, EXPA3 shows a high
degree of similarity with expansins involved in root growth
such as EXPA13 from Rumex palustris (Q8L5S1, 83.6%
similarity) or EXPA3 from T. versicolor (Q9M517, 83.5%
similarity) [43]. No variations were detected in Ca-EXPA3
transcription along radicle growth (Fig. 5), indicating that
this a-expansin gene may be necessary for root development,
although not directly related to root elongation.

An interesting result was the response of chickpea
a-expansin genes to treatment with growth-regulating hor-
mones. The effect of hormones on expansins have been
studied in different plant materials [28,31,32], and a rela-
tionship of some hormones with the induction of expansin
genes has been reported [8,14,39]. In chickpea, BR induces
epicotyl subapical segment elongation and also enhances
auxin-induced elongation [33], as has been reported for other

Fig. 6. Northern analysis of Ca-EXPA mRNA transcription levels in suba-
pical epicotyl sections of C. arietinum after 4 and 8 h of treatment with plant
growth regulators, as described in Section 4. C, untreated sections used as
control. B + I, Brassinolides plus IAA. Signals were quantified and norma-
lized according to 18S rRNA hybridization. IOD.
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materials such as azuki bean epicotyls [29] or cucumber
hypocotyls [22]. BR growth induction in chickpea was well
correlated with the induction of Ca-EXPA transcription, this
induction being higher when BR and IAA were present
simultaneously (Fig. 6), suggesting that expansin genes are
involved in BR-induced elongation. This effect was common
to all four chickpea a-expansins cDNAs, even though some
of them had low levels of transcription in epicotyl sections.
Although some a-expansin genes, such as At-EXPA5 and
At-EXPA8 from Arabidopsis have been described as BR-
inducible genes using DNA microarray analysis [17,35],
there are few reports of the induction of a-expansin gene
transcription by BR in relation to organ elongation. By
contrast, treatment of tomato hypocotyl segments with BR,
which promotes tissue elongation, causes no increase in
Le-EXPA2 mRNA levels [3]. Further studies are necessary to
establish whether other a-expansin gene(s) may be related to
brassinosteroid-induced elongation.

Chickpea a-expansin genes were also induced by IAA in
epicotyl segments, the most significant effect being observed
in the case of Ca-EXPA2; this supports the involvement of
chickpea EXPA2 in epicotyl growth. The induction of expan-
sin expression by IAA seems to be common for most expan-
sins, such as in tomato [3] or cucumber [30]. By contrast,
there is no general effect of GA3 on plant a-expansins. Thus,
the expression of specific expansin genes in rice is correlated
with the induction of rapid internode elongation by giberel-
lins [7,23,24]. However, in chickpea, GA3 has no effect on
epicotyl elongation [33] and does not affect Ca-EXPA trans-
cript levels (Fig. 6), showing that probably GAs induce
expansin gene expression only in systems where GAs induce
elongation.

In summary, the transcription pattern of chickpea expan-
sin genes suggests a specific role for each of the four expan-
sins in different phases of development or in different plant
organs. The accumulation of Ca-EXPA2 mRNA indicated an
important involvement of this particular expansin in epicotyl
and stem elongation. Ca-EXPA3 would be related to radicle
development, while Ca-EXPA4 seems to be involved in pod
development. The considerable increase in the level of all
Ca-EXPA transcripts that accompanied the IAA plus BR-
induced elongation of excised epicotyl segments suggests
regulation of chickpea expansins by these hormones.

4. Methods

4.1. Plant material

Chickpea seeds (C. arietinum L. cv. Castellana) pre-
viously sterilized in 0.1% (w/v) sodium hypochlorite were
germinated in water in the dark at 25 °C and 80% relative
humidity on glass plates covered with filter paper. The
growth period ranged from 2 to 8-d. Epicotyls and radicles
were collected from 2- to 8-day-old and from 2- to 5-day-old

seedlings, respectively. Different plant tissues were collected
for studies of gene transcription: hooks, epicotyls, mesoco-
tyls (root–epicotyl junction zone), cotyledons and roots from
4-day-old seedlings. Stems of 11-day-old plants, grown in
the light, were divided into five internodes, numbered
1–5 from base to apex. Roots from 11-day-old plants and
folioles, pods, flowers and seeds from adult plants were also
collected. Immature folioles (L1) were those coiled up and
smaller than 4 mm, whereas mature folioles (L2) were those
who were fully expanded and larger than 4 mm. Immature
pods (P1) were 1-cm long green pods whereas mature pods
(P2) were full-grown green pods (about 2.5 cm). Immature
seeds (S1) were green seeds from mature pods. Finally,
mature dry seeds (S2) were also studied.

4.2. Plant growth regulator treatments

After 4 d of growth in water, subapical 10 mm epicotyl-
sections were excised. After rinsing in distilled water for 1 h,
subapical sections were immersed in a 10 mM potassium-
citrate buffer (pH 6.0) in the presence of 10 µM IAA, 10 µM
GA3, 10 µM ABA or 0.2 µM BR for 4 or 8 h. Control sections
were immersed in 10 mM potassium-citrate buffer (pH 6.0).
Three different sets of 50 segments each were used in each
treatment.

4.3. RNA and genomic DNA extraction

For RNA extraction, 5 g of frozen material was ground in
liquid nitrogen and resuspended in 10 ml of extraction buffer
[10 mM Tris–HCl (pH 8.0), containing 1% (w/v) triisopropyl
naphthalene sulfonic acid, 6% (w/v) 4-amino salicylic acid
and 5% (v/v) phenol mixture (500 g phenol, 70 ml meta-
cresol, 0.5 g 8-hydroxyquinoline, 150 ml distilled water)].
Samples were extracted as described in Muñoz et al. [33].
Genomic DNA was isolated using the Plant DNA isolation
kit (Roche, Germany) from 1 g of 14-day-old chickpea plant
folioles.

4.4. Isolation of �-expansins in a chickpea cDNA library

RT-PCR and genomic DNA PCR amplification were used
for the isolation of several chickpea a-expansin fragments.
These fragments were used for the isolation of full-length
a-expansins by screening a chickpea cDNA library. Total
RNA extracted from 5-day-old etiolated epicotyl was used to
synthesize first-strand cDNAs, using the Superscript II
preamplification system for first-strand cDNA synthesis (Gi-
bco BRL, USA) using oligo dT as primer, and was subse-
quently used as a template for PCR amplification. Genomic
DNA isolated from leaves was also used as a template for
PCR amplification. Degenerated PCR primers used in PCR
amplification of both cDNA and genomic DNA were desi-
gned with reference to the conserved amino acid sequences
of 34 expansins. The sequence of the upstream primer was 5′
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TG GG(A/G/T) GG(A/G/T) GCT TGT GG(A/G) TA(C/T)G
3′ and that of the downstream primer was 5′ (C/G)(A/T)
(C/T)TG CCA GTT (C/T)TG (C/G/T)CC CA 3′. The two
oligonucleotides corresponded to the amino acid sequences
of MGGACGYG and NWGQNWQ. The PCR reactions
were subjected to 30 cycles of 94 °C for 1 min, 55 °C for
1 min and 72 °C for 2 min. The amplified cDNA fragments
were cloned into pGEM-T easy vector (pGEM Vector Sys-
tem from Promega) following the manufacturer’s instruc-
tions. The fragments were sequenced as described below.
Three different a-expansin fragments were obtained: Expan
8 (from genomic DNA PCR amplification) and Expan 30 and
Expan 36 (from RT-PCR of 5-day-old epicotyl total RNA).
The cDNA library used was constructed in the Uni-ZAP XR
vector from poly (A)+ RNA extracted from epicotyls of
5-day-old etiolated chickpea seedlings grown in water as
described by Muñoz et al. [33]. A mixture of Expan 8, Expan
30 and Expan 36 fragments was used as probe for the scree-
ning of this cDNA library. The probe was labeled with 32P
using the Random primed kit (Roche, Germany).

4.5. DNA sequencing and deduced protein sequence
analysis

Plasmid DNA was prepared using the Wizard plus SV
miniprep kit (Promega, Madison, WI, USA) based on the
alkaline lysis method [41]. Sequence analysis was performed
automatically using the dRhodamine terminator cycle se-
quencing ready reaction kit on an ABI Prism 377 genetic
analyzer (both from PE Biosystems, Norwalk, CT, USA).
The DNA and deduced protein sequences were compared
with other sequences in the EMBL/GenBank and Swall data-
bases, respectively, using the FASTA algorithm [37]. Align-
ment and the phylogenetic tree of the four chickpea and other
plant a-expansins were obtained using the Clustal method
from the MegAlign program: part of the Lasergene sequence
analysis software available from DNASTAR. Putative signal
peptides were analyzed based on the SignalP 2.0 program
[36] and putative N-glycosylation was analyzed at the Prosite
web page (http://www.expasy.ch/prosite).

4.6. Northern analysis

Northern experiments were performed as described in
Muñoz et al. [33]. cDNA fragments from the 3′ non-coding
end of the clones were used as specific probes to minimize
any potential cross-hybridization among a-expansin mR-
NAs. cDNA specific probes were amplified by PCR in a
GeneAmp PCR system 9700 thermocycler (PE Biosystems),
cleaned by the High Pure PCR product purification kit (Ro-
che, Germany), and labeled with 32P using the Random
primed kit (Roche, Germany). Total RNA (10 µg per lane)
was electrophoresed, transferred onto Hybond N nylon mem-
branes (Amersham Pharmacia Biotech, UK), and hybridized
using the radiolabeled specific probes. After hybridization,
membranes were washed twice with 2× SSC, 0.1% SDS at

42 °C for 5 min each and twice with 0.1× SSC, 0.1% SDS at
42 °C for 20 min each. The autoradiographs were analyzed
on a Bioimage 60S Image Analyzer (Millipore, Bedford,
MA, USA, Visage 4.6K Software). Subsequent hybridization
of the blots using a 500 bp fragment from 18S rRNA as probe
was used as internal control to determine the relative
amounts of RNA per lane. Northern experiments were per-
formed at least two times each.
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