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We investigated the expression pattern of dehydration re-
sponsive element-binding protein-3 in tomato under different 
abiotic stresses. Full length LeDREB3 cDNA was isolated from to-
mato plant, followed by phylogenetic analysis based on deduced 
amino acid sequences that revealed significant sequence sim-
ilarity to DREB proteins belonging to diverse families of plant 
species. Southern blot analysis showed duplicate copies of 
LeDREB3 in the tomato genome while organ-specific expression 
profiling indicated constitutive expression of LeDREB3 in all test-
ed organs, which was particularly strong in flower. LeDREB3 ex-
pression was significantly induced by Nacl, drought, low temper-
ature and H2O2. Moreover, LeDREB3 was slightly regulated by 
treatment with ABA and MV. These observations suggest that the 
LeDREB3 gene may be involved in the response of the tomato 
plant to stress. [BMB reports 2009; 42(9): 611-616]

INTRODUCTION

Abiotic stresses such as salinity, drought, low temperature and 
ABA cause adverse effects on crop growth and productivity (1). 
Both low and high temperatures, dehydration and salinity 
cause metabolic damage, generate reactive oxygen species 
(ROS) and cause inhibition of photosynthesis (2). There exists 
a complex network of signaling responsible for plant adapta-
tion to such adverse environmental conditions, and the molec-
ular components of these pathways are currently being identi-
fied (3). In addition, plants have developed a variety of pro-
tective mechanisms for coping with these diverse, abiotic, en-
vironmental stresses (4).
    Dehydration responsive element-binding (DREB) proteins 
are important transcription factors induced by various abiotic 
stresses. All DREB proteins belong to the AP2 family and con-
tain a conserved AP2 domain that specifically binds to the DRE 
element (5). AP2/ethylene responsive element-binding proteins 

(EREBPs) compose a superfamily of transcription factors that ex-
ist mainly in plants and microorganisms (6, 7). Transcription 
factors containing the AP2 domain increase drought tolerance 
when overexpressed in Arabidopsis (8). Moreover, EREBPs play 
an important role in responding to phytohormone, pathogen at-
tack and environmental stresses such as cold, drought and high 
salt content (9). DREBs such as OsDREB from Oryza sativa and 
DREB1 from Arabidopsis are implicated in the response to 
abiotic stress (10, 11). AtDREB1A is only expressed at low tem-
peratures, while AtDREB2A responds to drought and high sal-
inity (12). Moreover, several DREB genes, such as OsDREB1C 
(10) and HvCBF2 (13), show constitutive expression.
    It has been demonstrated that accumulation of ClDhn mRNA is 
significantly induced in response to various abiotic stresses such 
as salt, wounding, chilling and light, at different time points within 
4-48 hrs post-treatment (14). However, orthologous genes from 
different species sometimes exhibit different expression patterns. 
Overexpression of DREB1 increased the tolerance of transgenic 
plants to freezing, drought and salt stresses (15, 16). The expression 
of drought/ABA-inducible genes such as wis18 in DREB1A trans-
genic tobacco plants was much stronger following water stress 
compared to expression without water deficit stress (17, 18).
    Tomato (Lycopersicon esculentum) is moderately drought- 
sensitive and also one of the most important vegetable crops in 
the world. Recently, tomato has been the subject of great con-
cern, specifically the molecular basis of its drought stress 
tolerance. This is despite its sensitivity to unfavorable growth 
conditions such as salinity, drought, cold and ABA conditions. 
Moreover, to the best of our knowledge, no reports have been 
published regarding the transcription factor LeDREB3 in tomato. 
Therefore, we isolated the LeDREB3 gene from tomato cDNA 
and analyzed mRNA expression in response to various abiotic 
and oxidative stresses.

RESULTS

Isolation and phylogenetic analysis of LeDREB3 
LeDREB3 (GenBank accession no. AF506825) was obtained by 
RT-PCR amplification of total RNA prepared from tomato leaf 
cDNA. The complete sequence of LeDREB3 was comprised of 
795 bp encoding 264 putative amino acids. Sequence analysis re-
vealed that the deduced amino acid sequences of the cDNA 
clone contain an Ap2/EREBP domain that is a potential tran-
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Fig. 1. (A) Deduced amino acid sequences of LeDREB3
and their alignment with Daucus carota (Accession 
no. BAF47193), Glycine max (Accession no. AAZ-
033880), Gossypium hirsutum (Accession no. AAT-
39542), Arabidopsis thaliana (Accession no. AAC-
49770) and Triticum aestivum (Accession no. ABC-
74511). *Represents conserved amino acids. Hypen 
was inserted within amino acid sequences to denote
gaps. (B) A phylogenetic tree based on LeDREB3 amino
acid sequences, showing the phylogenetic relation-
ship between LeDREB3 and other plant dehydration 
responsive element-binding proteins. Tree was con-
structed using the ClustalW method (Neighbor-joining
method).

scription activation domain (Fig. 1A). To determine whether 
LeDREB3 is a putative dehydration responsive element-binding 
protein, its predicted amino acid sequence was compared to 
those of previously characterized homologous dehydration res-
ponsive element-binding proteins. A homology search revealed 
that LeDREB3 was similar to many plant dehydration responsive 
element-binding proteins, especially in the DREB domains. The 
amino acid sequence of LeDREB3 was then compared with the 
other dehydration responsive element- binding proteins. The pu-
tative protein encoded by LeDREB3 shares 60% identity with 
Glycine max (AAZ03388), 54% identity with Gossypium hirsu-
tum (AAT39542), 60% similarity with Arabidopsis thaliana 
(AAC49770), 52% identity with Triticum aestivum (ABC74511) 
and 59% homology with Daucus carota (BAF47193).
    To investigate the evolutionary relationship among plant de-

hydration responsive element-binding proteins involved in stress 
response, a phylogenetic tree was constructed using the neigh-
bor-joining method and full-length amino acid sequences (Fig. 
1B). Results revealed that LeDREB3 was clustered with Zea mays, 
whereas other stress and dehydration responsive element-bind-
ing proteins were categorized into another branch. This suggests 
that the LeDREB3 gene codes a dehydration responsive element 
binding protein capable of responding to abiotic stresses.

Genomic organization and organ-specific expression of 
LeDREB3
To estimate the copy number of LeDREB3 in the tomato genome, 
DNA gel blot analysis was performed with tomato genomic DNA 
(Fig. 2A). The probe used was a 795 bp PCR fragment corre-
sponding to the C-terminal coding region of LeDREB3 cDNA. A 
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Fig. 3. RNA gel blot analysis of LeDREB3 mRNA in response to various stimuli (Fig. 3). Each lane contains 20 μg of total RNA extracted 
from the leaves of tomato plants. The probe used was a 795 bp fragment of the LeDREB3 gene. A, B, C, D, E and F time course analy-
sis of tomato leaves under salinity, drought, cold, ABA, MV and H2O2 treatments, respectively. Control plants (0) were subjected to no 
treatment. rRNA bands are shown in lower part of each panel indicating equal loading of RNA.

Fig. 2. Genomic organization and tissue-spe-
cific expression of LeDREB3. (A) Genomic 
DNA from tomato leaves was digested with
Xba1, Kpn1 and Sma1, and then hybridized 
with 32P-labeled probe corresponding to 
LeDREB3 cDNA. The DNA size markers are
indicated in kilobases. (B) Tissue-specific 
RNA expression of the LeDREB3 gene in to-
mato: LeDREB3 RNA (20 μg) levels were 
monitored in different plant organs (ML, ma-
ture leaves; GL, green leaves; S, stems; R, 
roots; F, flowers). The amount of EtBr-stained
rRNA was shown to verify equal loading of
RNA in each lane.

double-hybridized band was observed, indicating that two cop-
ies of LeDREB3 may exist in the tomato genome.
    The expression of LeDREB3 mRNA was examined in vari-
ous tomato tissues by RNA gel blot analysis using a 795 bp 
cDNA fragment as a probe (Fig. 2B). LeDREB3 was expressed 
in all tissues tested, with the highest expression in flower and 
lowest expression in the mature leaves of tomato plant. These 
tissue-specific LeDREB3 expression patterns are probably asso-
ciated with differential functions. Hence, diversity in the ex-

pression of tomato LeDREB3 proteins ensures their function in 
specific cells and tissues.

Expression of LeDREB3 mRNA in response to various abiotic 
and oxidative stresses
The expression of LeDREB3 in response to various abiotic 
stresses was analyzed in leaves by RNA gel blot analyses (Fig. 
3). The expression of LeDREB3 gradually increased until 12 h, 
thereafter declining until 48 h following salt stress (Fig. 3A). 
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Six and 12 h of salt stress generated higher expression fol-
lowed by a decline. Transcript levels of LeDREB3 were mark-
edly increased by 6 h of drought and were maintained until 48 
h (Fig. 3B). This indicates that the mRNA transcript level is 
highest after 12 h and 24 h of drought. In response to cold 
treatment, LeDREB3 mRNA levels were more or less similar 
until 12 h, but then dramatically increased until 48 h, reaching 
their highest level at 24 h (Fig. 3C). Expression levels during 
cold treatment were lower compared to salt and drought 
stress, but were more or less similar after 48 h of ABA treat-
ment (Fig. 3D). Therefore, there was no significant induction of 
LeDREB3 gene expression in response to ABA. There was also 
no detectable change in mRNA transcript levels following 
treatment with methyl viogen (MV), suggesting that MV does 
not influence mRNA expression (Fig. 3E). However, the mRNA 
expression level was gradually increased by H2O2 treatment, 
reaching its highest expression at 48 h (Fig. 3F). These results 
therefore present different expression profiles under different 
stress conditions upon induction of the LeDREB3 gene.

DISCUSSION

The transcription factor LeDREB3 was classified into the DREB 
subfamily based upon the amino acid sequence of its AP2 
domain. It turns out there are nine A-6 family members from 
the DREB subfamily in Arabidopsis (5). In addition, ZmDBF1, 
an A-6 group member from maize, has been identified and 
characterized (19). Here, we report that LeDREB3 is capable of 
binding to the DRE element (Fig. 1A). Southern blot analysis in-
dicated there are duplicate copies of the LeDREB3 gene in the 
tomato genome (Fig. 2A). This result is in agreement with the 
fact that highly homologous cDNAs originate from an ancestor 
of Lycopersicon esculentum. However, expression analysis of 
organ-specific gene expression under normal conditions re-
vealed several differences (Fig. 2B). Expression of At-DREB2A 
and AhDREB1 was observed to vary among roots, stems and 
leaves under normal growth conditions (12).
    We report the expression pattern of dehydration responsive 
element-binding protein-3 (LeDREB3) from a cDNA library ob-
tained from tomato plants treated with various abiotic stresses 
such as high salinity, drought, cold (4oC), 100 μM ABA, 100 
μM MV and 10 mM H2O2. Northern blot analysis demon-
strated that LeDREB3 is inducible under most of these abiotic 
stresses. Expression pattern analysis suggested that LeDREB3 
was induced by drought, high salinity, cold and H2O2, as op-
posed to a very small increase by MV and none by exogenous 
ABA treatment (Fig. 3). It was found that the response of 
LebZIP2 to salt and H2O2 gradually increased up until 24 h fol-
lowing treatment (20). In Arabidopsis and some crop species 
(e.g., rice, wheat, barley, Brassica), DREB genes are rapidly in-
duced in response to dehydration, cold and high salt (10, 21). 
In contrast, the DREB2-type transcription factor TaDREB1 from 
wheat responded poorly to drought, salinity and ABA (22). The 
expression of DREB2A and its homolog DREB2B were in-

duced by dehydration and high salt stress, but not by cold 
stress (23). As the DRE motif is involved in the response mech-
anism to cold or osmotic stress but not to ABA, it thus appears 
to control cold and dehydration-regulated gene expression 
through an ABA-independent pathway (24, 25). Furthermore, 
several stress-induced genes, such as rd29A in A. thaliana, are 
induced through an ABA-independent pathway (26).
    It has been demonstrated that drought and cold tolerance were 
enhanced in transgenic Arabidopsis plants over-expressing 
DREB2A and DREB1B, respectively, along with concomitant ex-
pression of target genes (12, 27). Moreover, the DRE element is 
essential for induction of rd29A gene expression by osmotic 
stresses such as drought and high salinity, as well as by low tem-
perature, but not in response to ABA (28). Likewise, our study 
showed that LeDREB3 was specifically induced by salt, drought 
and cold but not by ABA. Treatment with MV results in the for-
mation of choloroplast-associated reactive oxygen species (ROS) 
species and is used to study the general stress response in plants 
(29). All organisms produce ROS as byproducts of normal meta-
bolic processes, including superoxide anion radicals (O2

−), hy-
droxyl radicals (OH), hydrogen peroxide (H2O2) and singlet oxy-
gen (O2

1) (30). ROS, especially H2O2, have roles in the response 
of plants to abiotic and biotic stresses (31). Accurate regulation of 
H2O2 production and destruction is critically important to plant 
survival and is governed by mechanisms involving antioxidant 
proteins and novel signal transduction pathways.
    In the present study, we investigated the expression of the 
LeDREB3 gene during abiotic and oxidative stress by Northern 
blotting analysis. LeDREB3 gene expression was significantly 
induced by NaCl, drought, cold and H2O2, but not by the 
plant hormone ABA or MV, suggesting that the LeDREB3 gene 
is related to the abiotic stress response and may belong to an 
ABA-independent regulation system. The mechanisms under-
lying the activation of the abiotic stress response by LeDREB3 
remain to be fully elucidated.

MATERIALS AND METHODS

Plant material and growth conditions
Seeds of Lycopersicon esculentum L. were immersed in 20% 
(v/v) sodium hypochlorite for 10 min after surface sterilization 
in 70% (v/v) ethanol for 2 min, followed by rinsing three times 
with sterile distilled water. Seeds were germinated on Murashige 
and Skoog agar medium at 25oC for 16 h under light and 8 h 
under dark after extensive washing in sterile distilled water. 
Germinating seedlings were later transferred to pots containing 
soil, which were then transferred to a greenhouse. Six weeks 
old tomato leaves were used in experiments.

Application of abiotic stresses
To monitor the effect of salt stress, roots were removed from soil 
and soaked in a solution containing 250 mM NaCl for 0 
(unstressed control), 3, 6, 12, 24 and 48 h. Drought was induced 
by removing plants from plots and placing them on filter paper 
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at 25oC under dim light for various periods. For cold (4oC) treat-
ment, plants were placed in a 4oC refrigerator for the designated 
periods. For abcisic acid (ABA) treatment, roots were removed 
from the soil and submerged in a 100 μM (ABA) solution for in-
dicated times. For 100 μM methyl viologen (MV) and 10 mM 
hydrogen peroxide (H2O2), whole plants were removed from 
soil and kept on the appropriate solution for the indicated time 
periods. The samples were exposed to stress treatments for vari-
ous times and the treated leaves were cut from the plants, fro-
zen in liquid nitrogen and stored at −80oC until further use.

Isolation of the LeDREB3 gene from Lycopersicon esculentum
Six weeks old seedlings were collected and total RNA was iso-
lated using TRI-reagent according to the manufacturer’s in-
structions (MRC, USA). Total RNA was treated with 1 U DNase for 
10 min at 37oC, followed by a second round of RNA purification 
and cDNA synthesis from leaves. First-strand cDNA was synthe-
sized using M-MLV Reverse Transcriptase (Invitrogen) from 1 μg 
of total RNA treated with DNase in a 20 ml reaction volume. The 
reaction was initiated by incubating total RNA and the adaptor 
primer for 10 min at 70oC. The tube was then placed on ice for 5 
min before addition of the cDNA synthesis mix consisting of 1× 
cDNA synthesis buffer (Promega), 40 U RNase OUT, RNase in-
hibitor (Invitrogen), 1.5 U M-MLV RT (Promega) and DEPC-treat-
ed water. Following incubation for 60 min at 42oC, the cDNA 
was used as template for the amplification and isolation of the 
LeDREB3 gene using the forward primer (5'-ATGAATTCCCAAA 
TCTTTTCAACT-3') and reverse primer (5'-TTATAGAGAGGCCC 
AATCAATTTC-3'). The template was denatured at 94oC for 2 min, 
followed by 30 cycles of 94oC for 30 s, 60oC for 1 min and 72oC 
for 1 min, and a final extension 5 min at 72oC. To confirm the nu-
cleotide sequence similarity, the PCR product was extracted 
from the gel, purified, cloned into pGEM-T Easy Vector (Takara) 
and sequenced. Multiple alignment and construction of a phylo-
genetic tree were performed by the ExPASy program (Expert 
Protein Analysis System; http://www.expasy.org) proteomics 
server of the Swiss Institute of Bioinformatics.

DNA isolation and genomic DNA gel blot analysis
Genomic DNA was isolated from the young leaves of Lycoper-
sicon esculentum (32). Twenty μg samples of genomic DNA 
were digested to completion with Xba1, Kpn1 and SmaI. 
Digested genomic DNA was separated by electrophoresis on a 
1% agarose gel, denatured and then blotted onto a nylon 
membrane (Amersham Pharmacia, Uppsala, Sweden). Southern 
blotting was performed and membranes were hybridized using 
a fragment of the LeDREB3 cDNA probe labeled with [α32P] 
dCTP. Hybridization was performed overnight at 65oC in 5% 
dextran sulfate, 0.25 M disodium phosphate (pH 7.2), 7% 
(w/v) SDS and 1 mM EDTA. Following hybridization, the blot 
was washed twice with 2 x SSC and 0.1% SDS for 10 min at 
room temperature and twice with 0.1 x SSC and 0.1% SDS for 
5 min at 65oC. The blots were then dried and placed on X-ray 
film at −80oC for 1 week for development.

RNA isolation and Northern blot analysis
Total RNA was isolated from stress-treated and control tomato 
plants using TRI-reagent according to the manufacturer’s in-
structions (MRC, USA). After RNA extraction, 20 μg of total 
RNA were loaded with formaldehyde onto a 1.2% agarose gel 
and transferred onto nylon membranes (Hybond N+; Amersham), 
followed by blotting of RNA (33). RNA was immobilized by 
baking the membrane at 80oC for 2 h. To generate LeDREB3 
gene-specific probes, the coding sequence was amplified using 
two primers: forward (5'-ATGAATTCCCAAATCTTTTCAACT-3') 
and reverse (5'-TTATAGAGAGGCCCAATCAATTTC-3'). PCR 
was performed with an initial cycle of 94oC for 2 min, followed 
by 30 cycles of 94oC for 30 s, 60oC for 1 min and 72oC for 1 
min, and a final 5 min at 72oC. The PCR product was subjected 
to electrophoresis and the gel-purified product used as a probe. 
LeDREB3 was labeled with [α32P] dCTP for hybridization. Both 
the pre-hybridization for 1 h and hybridization for 16 h were 
performed in solutions containing 5 M dibasic sodium phos-
phate (pH 7.2), 5 ml of 15% SDS and 20 μl of 0.5 M EDTA 
(pH 8.0) at 65oC. The membrane was then washed twice with 
high stringency wash buffer (1 mM EDTA/40 mM NaHPO4, 
pH 7.2/5% SDS) at 65oC and the dried blots were placed on 
X-ray film at −80oC for a week. For tissue-specific expression 
of LeDREB3, total RNA was prepared from seedlings of tomato 
green leaves, mature leaves, roots, shoot and flowers.
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