
Australian Journal of Basic and Applied Sciences, 5(12): 1481-1488, 2011 
ISSN 1991-8178 
 

Corresponding Author: Bouzerzour Hamenna, Depart of Biology and Plant Ecology, Faculty of Life and Natural Sciences, 
Ferhat Abbas University, Setif, 19000 (Algeria). 
E-mail: hbouzerzour50@gmail.com 

1481 

Study of Barley (Hordeum vulgare L) Transcript Profiles Under Water Stress 
Conditions 

 
1Fahima Neffar, 2Catemare Mare, 3Bouzerzour Hamenna 

 
1Depart of Biology, Faculty of Life and Natural Sciences, Hadj Lakhdar University, Batna, 5000 

(Algeria). 
2Istituto sperimentale perla Cerealicoltura Sezione di Fiorenzuola d'Arda (Italy) (Italy). 

3Depart of Biology and Plant Ecology, Faculty of Life and Natural Sciences, Ferhat Abbas University, 
Setif, 19000 (Algeria). 

 
Abstract: To understand the gene network controlling tolerance to drought stress, an experiment was 
conducted to study transcription profiles of two Algerians and one Italian barley (Hordeum vulgare L.) 
cultivars. A number of important genes, reported to be involved in the regulation of cold stress, were 
differentially expressed under drought stress conditions in the different cultivars studied. Some genes 
(CBF6 and WRKY51) expression appeared to be genotype and growth stage dependant, showing no 
transcripts in Fouara cultivar at the 1st and the 7th growth stages and under all drought stress treatments, 
but exhibited transcripts in Nure at both growth stages and under stress and unstressed treatments, 
while transcripts of these genes were absent at an early growth stage in Tichedrett. 6G2 was expressed 
under moderate and severe droughty conditions, in the three cultivars. Similarly the GAD, the P5CS, 
and the SSADH genes were specifically expressed under severe drought stress conditions which 
suggested that in an effort to maintain a continued supply of water, under severe drought stress 
conditions, the three genotypes under study actively accumulated osmolytes by triggering the above 
mentioned genes. From a more practical standpoint, the results suggest that caution should be exerted 
when transcriptome information obtained under conditions of water deficit imposed at an early growth 
stage are intended to be used for environment characterized by terminal drought stress, such as the case 
of the high plateaus of Algeria. The results indicated also that regulation of the CBFs expression is 
more complex than expected and as it appears to be mediated by different developmental and 
environmental signals. 
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INTRODUCTION 
 
 Durum wheat (Triticum durm Desf.) and barley (Hordeum vulgare L.) are grown, in Algeria, under rainfed 
conditions, on the high plateaus, where drought represents a major limitation to crop production. Yield gap 
between irrigated and rainfed trials indicated that grain yield reduction owing to water deficit ranged from 24 to 
80%, depending on rainfall amount and distribution patterns (Chenafi, H., 2006). Barley is grown by small 
farmers in a livestock - cereal production system. Low yield or crop failure of this crop had negative 
consequences on the durability of this agro system. Development of high yield and drought-resistant cultivars 
has been slow to not say nil, because of the presence of large genotype x environments interaction, causing 
inconsistency in yield performance in different environments, and the lack of specific methods for screening 
large numbers of genotypes for both yield potential and stress tolerance (Kadi, Z., 2010 ; Benmahammed, A., 
2010; Meziani, N., 2011). Efforts are being made for a better understanding of plant drought tolerance 
mechanisms through molecular approaches (Diab, A.A., 2004 ; Cattivelli, L., 2008). Plants are thought to have 
common mechanisms, not only in terms of molecular and cellular responses, but also in terms of the 
biochemical and physiological responses, to adapt to stresses (Kang, J.Y., 2002).  
 The increased public availability of sequence data, favored extensive studies on expression profiling to 
identify genes involved in the responses to abiotic stresses (Hazen, S.P., 2005). Several genes whose 
transcription was associated with drought stress have been identified (Talamè, V., 2007). Most of these genes 
appeared to play essential roles in protecting plants from drought, cold or salinity through stress perception, 
signal transduction and transcriptional regulatory networks (Rabbani, M.A., 2003). Contribution of genomic-
assisted breeding to the release of drought-resilient cultivars is somewhat marginal, even though some success 
has been reported. QTLs associated with root morphological traits have been incorporated using marker-assisted 
breeding (Bouche, N., F. Hillel, 2004). Progress has been made in developing transgenic plants over-expressing 
transcription factors involved in the regulation of stress-inducible genes (Shinozaki, K., 2003 ; Hu, H., 2008).  
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 The C-repeat-binding proteins (CBFs) are transcriptional regulators up-regulated by cold and water deficit. 
They possess the ability to activate a cascade of endogenous genes encoding proteins, which significantly 
improved survival under severe drought. Investigations conducted to better understand stress tolerance 
mechanisms, at the molecular level, may facilitate the effective use of genomic approaches to improve stress 
tolerance and selection efficiency under less favorable environments (Zhang, J.X., 2000 ; Tuberosa, R., S. Salvi, 
2004). In fact, when plants are subjected to drought stress, they attempt to adapt to the new environment by 
changing gene expression pattern after perceiving stress signals (Bensemane, L., 2011). So, genes with altered 
expression are probably those involved in the pathways of plant responses to drought. The objective of the 
present study was to investigate changes in transcription profiles of genes (CBF’s, GAD, P5CS) induced by 
moderate and severe drought-stress treatments in three contrasted barley genotypes (Hordeum vulgare L.), under 
controlled environment. 
 

MATERIALS AND METHODS 
 
Plant Materials And Experimental Treatment: 
 Three barley (Hordeum vulgare L.) genotypes: Tichedrett, Fouara, and Nure were used as plant material for 
the transcription profiles study. Tichedrett is a North African six-row type landrace, largely adapted to the 
eastern high land of Algeria, where a livestock-cereal agricultural system is practiced (Bensemane, L., 2011). 
Tichedrett is a tall, late heading, low yielding and drought tolerant cultivar (Bensemane, L., 2011). Fouara is a 
six-rowed cultivar, recently released by the Institute of Field Crop (ITGC), Agricultural Research Station (ARS) 
of Setif. Its pedigree is Deir alla106/Strain205//Gerbel. ICB85. 1376. 0AP. 1AP. 2AP (Bensemane, L., 2011). This 
new cultivar showed specific adaptation to the eastern mid plain of Constantine where it exhibited high grain 
yield. Nure is an Italian two-row winter type cultivar, having a good drought tolerance and wide adaptation 
(Rizza, F., 2004). A pot experiment was arranged in a randomized complete block design with three treatments, 
well-watered, moderately drought stressed and severely drought stressed, and three replications of 27 pots each 
(3 pots per genotype per treatment) under controlled conditions in a greenhouse at the Istituto sperimentale per 
la Cerealicoltura Sezione di Fiorenzuola d'Arda (Italy). 
 Seeds of the three genotypes under study were surface-sterilized and pre-germinated in Petri dishes for 48 h 
at room temperature in the dark. Three healthy seedlings per tested genotype were transplanted into a 2.0 litter 
pot, 10 cm in height and 13 cm in diameter, filled with 1.5 kg of sterilized peat moss (80%) sand (20%) mixture 
whose field capacity, wilting point, and available water content were determined. Drought stress treatments 
applied corresponded to 95, 40 and 20% of the soil water holding capacity (SWC). Potted seedlings were grown 
with a 10 h daylight at 20°C and a 14 h dark period at 15°C, under well watered conditions (95% SWC), until 
the 6th – 7th leaf stage corresponding to 16 - 17 Zadoks growth stage (Zadocks, J.C., 1974). After this growth 
stage, pots were left to reach the targeted drought stress by withholding water application. Pot soil moisture was 
maintained with the required amounts of water by weighing pots and watering plants daily, when needed. 
Duplicate leaf tissue was sampled from each drought stress treatment for RNA extraction and gene expression 
analysis. Leaf tissue was placed in aluminum foiled bags and placed in liquid nitrogen at – 80°C, ground to fine 
powder and kept in cold until use.   
 
Transcription Profiles Analysis: 
 Leaf total RNA was extracted by using Trizol reagent following the manufacturer’s protocol (Invitrogen, 
Karls-ruhe, Germany). RNA was purified using the Rneasy Kit ( Qiagen, Hilden, Germany), and RNA yield and 
quality were determined  with Beckman DU 640 spectrophotometer. cDNA was synthesized from 3 µg of total 
RNA and 1µl Oligo-dT primer, using Promega kit (PolyAT-tract mRNA Isolation System IV; Promega, 
Madison, WI, USA). A reverse transcriptase MMLV-RT enzyme was performed on a real-time cycler. cDNA 
quantification was determined with a QubitTM – Fluorometer (Invitrogen) using Quant-it Assays procedure.  The 
forward and reverse sequences of the primers used are indicated in table 1. These primers have 14 to 26 bases 
long with 40 to 60% (C+G).  RT-PCR was performed using Platinum Taq DNA polymerase (Invitrogen) with 
SYBR green. Cycling conditions were 4 minutes at 94°C, 30 cycles of 10 s at 95°C, 15 s at 60°C, and 20 s at 
72°C, followed by a melting-curve program (72°C–95°C with a 5-s hold at each temperature). Expression levels 
of genes of interest were calculated relative to actin using the comparative quantification analysis method 
(Schmittgen,  T.D., 2000).  
 
Results: 
CBFs Genes Expression :  
 HvCBF1 is expressed in the three genotypes under moderate and severe water stress, with an over 
expression observed in Fouara cultivar. However mRNA traces of HvCBF1 were also found in the 7th leaf aged 
control plants grown under 95% SWC. This gene was not expressed in the 1st leaf aged control plants of the 
three tested genotypes (Figure 1). This suggested that this gene exhibited a developmental expression. 
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Differential expression of these genes was reported in the literature. Hence  Skinner et al. (2005)  noted that 
HvCBF1 gene was fully expressed under cold and drought stresses but not under salt stress conditions. Under all 
drought stress treatments, HvCbf6 gene was no expressed in Fouara but showed a low expression in Nure and 
Tichedrett. HvCBF2 gene was not expression in the control as well as in the drought stressed treatments. De 
Leonardis et al., (2007) mentioned that HvCBF2 gene was no induced under slow dehydration rate.  
 
Table 1: Gene code, accession number, forward and reverse specific primer sequence and amplicon  size of the RT-PCR analysis.  

Genes Accession  Primers  #bp  
6G2 AY 465427 F    GGGTGCATACAGGACATGGAGGAT 

R    CCCGTGGTTGCTCGATTTTGTGC 
1196 

HvCBF1 
 

AF 418204 
AY 785837 

F    GGATGCTCATTGCCCCTCCT 
R    AGCCCCAACACTCCTTCGGA 

323 

HvCBF4 
 

AF 298230 
AY 785849 

F    ATGGACGTCGCCGACATC 
R    TTAGCAGTCGAACAAATAGCT 

675 

HvCBF2 
 

AF 442489 
AY 785841 

F    CGCAAGAGATCAAGGACGCC 
R    GCCTGGTGGAAGAACACAGC 

362 

HV-CBF6-Mx 
 

AY 785859 
AY 785860 

F    AGCTGGTCCTGAGCGACATG 
R    GCTCTGTTTCCCCAATTTGCAC 

286 

HvWRKY 38 CAD 60651 F    CCGTCAAAGCCTGCGCAGACAAAGC 
R    ATGTTACAACCTCCCTCGCCG 

150 

TaWRKY 51 TC 237337 F    GGACGAGCAGGTGGCCATCAG 
R    CAGCTCGCGGCCGAGACGCT 

360 

P5CS Ta 7091.1.S1_at F    TATAGCTCAATGGCATGCACCCTCG 
R    TCTGCACCTAGACCGAAGCGAAGTCC 

212 

Ta-Ornithina  
 

Ta Affx.3441.1.S1_at F    CAGCGACGATGAGATCACCGTG 
R    TGCCACAGCTGATGATCAGAAGCAC 

271 

Hv-DHN8 AF 043093  genomic 
AF 181458  cDNA 

F    AGAAGAAGGAGGAGGAGGACAAG 
R    AGAAGCCTTTCTTCTCCTCCTCG 

524 

Hv-GAD  TC 130833 F    TGCCGGAGAACTCGATCCCCAAG 
R   TTCTGGAGCTCGGTGGTGAC 

201 

Hv-GABA–T  TC 149893 F    ATTCACAGCTGGATGGCAGAGC 
R   AGGAAGATGGAAGCGCCAGTAGTG 

520 

Hv-SSADH  TC 132154 F   CTACGACGGGAAGACCATCGAG 
R   ATGCTGGTCCAACCTTTCTGG 

446 

ICE1 TC 104574 F    CTGAGCAATGCAAGGATGG 
R    GACACAGGGTAGTGACATCAGG 

311 

Hv-Actine TC 131417 F    ATGTGGCCATCCAGGCAGTGCTTT 
R    TGGTCTCATGGATTCCAGCAGCTTCC 

455 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: HvCBF gene expression at the 1st and at the 7th leaf growth stages under well watered (IRR)  moderately 

(S1) and severely (S2) drought stressed conditions  
 

ICE1 protein is a constitutive transcription factor that regulates the induction of CBF3 gene under low 
temperature conditions. ICE1 binds specifically to the recognition sequences in the CBF3 promoter and 
activates CBF3 expression in the cold (Chinnusamy, V., 2003). ICE1overexpression, in transgenic Arabidopsis 
plants, increased both CBF genes expression and tolerance to low temperatures (Dong et al., 2006). The results 
of this study indicated that ICE1 gene was expressed in the three genotypes at the 1st leaf stage. At the 7th leaf 
growth stage the expression of this gene, under well watered and drought stressed treatments, was under 



Aust. J. Basic & Appl. Sci., 5(12): 1481-1488, 2011 

1484 

regulated (Figure 1). This suggested that this gene is relatively less sensitive to water deficit than to cold stress. 
WRKY gene expression differed among the tested genotypes. Hence in Fouara cultivar, Ta-WRKY51gene 
expression was weak under well watered conditions, and showed higher expression as water deficit intensity 
increased. In Tichedrett and Nure, this gene was expressed only under moderate water deficit treatment. Its 
expression diminished as drought intensity increased in Nure. Hv-WRKY38 gene is less expressed in the three 
genotypes at the 1st leaf growth stage. In contrast, at the 7th leaf growth stage, transcript of this gene appeared in 
non-stressed and stress treatments, in the three cultivars. These results indicated that this gene is not induced by 
drought at the 7th leaf growth stage, in any of the tested genotypes (Figure 2).  

 

 
 
Fig. 2: WRKY gene expression at the 1st and at the 7th leaf growth stages under well watered (IRR)          

moderately (S1) and severely (S2) drought stressed conditions. 
 
6G2, P5CS and GAD Genes Expression: 

The early cold-regulated (e-cor) 6G2 gene which is usually induced under cold and drought stress in durum 
wheat as reported by Mastrangelo et al., (2005), was not expressed at the 1st leaf stage in the genotypes.  At the 
7th leaf growth stage, transcript of this gene were still absent under well watered conditions in Fouara. This gene 
was over expressed under severe water stress in Tichedrett and Nure, but exhibited a mild expression in Fouara. 
Under moderate drought, it was expressed in Fouara and Nure but not in Tichedrett (Figure 3).  

 

 
 
Fig. 3: 6G2 gene expression at the 1st and at the 7th leaf growth stages under well watered (IRR)             

moderately (S1) and severely (S2) drought stressed conditions (ND = not detected). 
 
 The Δ1-pyrroline-5-carboxylate synthetase (P5CS) gene is induced specifically under severe drought stress. 
The P5CS over expression lead to high proline accumulation concomitant to an improvement in plant drought 
tolerance (Zhu, Q., 2010). P5CS gene transcripts were present under severe water stress conditions, in 
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Tichedrett, compared to their expression, under the same growth conditions, in Nure and Fouara (Figure 4). The 
Ornithine δ-aminotransférase (OAT) gene transcripts were apparent at the first leaf stage and their expression 
intensity increased at the 7th leaf stage, mainly at severe water deficit (Figure 4). 

 

 
 
Fig. 4: P5CS and OTA genes expression at the 1st and at the 7th leaf growth stages under well watered (IRR), 

moderately (S1) and severely (S2) drought stressed conditions. 
 
 The γ-Aminobutyric acid (GABA) is a four-carbon non-protein amino acid. In plants, GABA is mainly 
metabolized via a short pathway composed of three enzymes, called the GABA shunt because it bypasses two 
steps of the tricarboxylic acid cycle. The pathway is composed of the cytosolic enzyme glutamate 
decarboxylase (GAD), the mitochondrial enzymes GABA transaminase (GABA-T) and the succinic 
semialdehyde dehydrogenase (SSADH).The regulation of this conserved metabolic pathway seems to have 
particular characteristics in plants. Interest in the GABA shunt in plants emerged mainly from experimental 
observations that GABA is largely and rapidly produced in response to biotic and abiotic stresses. Under stress 
free conditions, the intracellular content of GABA is very low. It increased significantly under cold, drought, 
heat choc or hypoxia (Bown, A.W., B.J. Shelp, 1989; Mazzucotelli, E., 2003). In the present study the GAD is 
induced under drought stress. In the three genotypes under study, the GAD gene is more expressed in Tichedrett 
and Nure, under severe drought stress, than in Fouara (Figure 5). The GABA Transaminase (GABA-T) is not 
expressed under all treatments, after 30 cycles, and shows up after 35 cycles, under stress conditions in the three 
varieties (Figure 5). The SSADH gene was expression in all the genotypes and under all treatments. 
 

 
Fig. 5: GABA-shunt genes expression at the 1st and at the 7th leaf growth stages under well watered (IRR), 

moderately (S1) and severely (S2) drought stressed conditions. 
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Discussion: 
 Plant adaptation to drought is to a greater extent under transcriptional control with some processes regulated 
by abscisic acid (ABA), while others are ABA independent. Transcription factors involved in the adaptation to 
drought stress and that trigger gene expression are important to identify. One class of transcription factors that 
plays an important role, in both ABA - dependent and ABA - independent pathways, is the CBFs binding 
factors. Expression of CBF genes is low under normal growth condition but increases under cold or drought 
stress (Haake,V., 2002). The CBF genes have been successfully used to engineer abiotic stress tolerance in a 
number of different species, and it was discovered that over expression of the CBF genes in transgenic plants 
produced, in addition to increased stress tolerance, dark-green, dwarfed plants with higher levels of soluble 
sugars and proline (Gilmour, S.J., 2000). The results of the present study indicated that the three genotypes 
consistently showed significant contrasts in transcription profiles, and so were appropriate plant materials for the 
study. By comparing gene expression patterns, between drought-stressed and unstressed plants of the three 
contrasting barley genotypes, differentially expressed genes were identified in Tichedrett, Fouara, and Nure. 
Among them, CBF1 gene showed similar expression patterns in all three genotypes, at the 7th leaf stage, under 
non stressed and stressed conditions, but not at the 1st leaf stage. CBF1 gene seems less sensitive to drought 
stress, but it is to developmental stage.  

The CBF6 gene expression appeared to be genotype dependant, since it showed no transcripts in Fouara 
cultivar at the 1st and the 7th growth stages and under all drought stress treatments, but exhibited transcripts in 
Nure at both growth stages and under stress and unstressed treatments, while transcripts of this gene were absent 
at an early growth stage in Tichedrett only. WRKY51 appeared to be both growth stage and genotype dependant 
for its expression. This gene was present in Fouara cultivar, at the 1st and 7th leaf growth stages, and under 
unstressed and stressed conditions. But it was only expressed under moderate and severe water stress conditions 
in Tichedrett and Nure. WRKY38 behaved as a constitutive gene, expression itself under all stress conditions 
and growth stages experienced in the present study. 6G2 was expressed under moderate and severe droughty 
conditions, in the three cultivars. Similarly the GAD, the P5CS, and the SSADH genes were specifically 
expressed under severe drought stress conditions.  

These results suggested that in an effort to maintain a continued supply of water, under severe drought 
stress conditions, the three genotypes under study actively accumulated osmolytes by triggering the above 
mentioned genes. The inactivation, in Arabidopsis, of the SSADH gene resulted in necrotic cell death under 
environmental stresses, and abnormal accumulation of reactive oxygen intermediates (AL-Quraan, N., 2008). 
P5CS is the enzyme responsible for the accumulation of proline in plants, whose levels are known to increase in 
response to drought stress in many plants (Hasegawa, P.M., 2000). Osmoprotection appears to be one of the 
mechanisms triggered in the three barley genotypes at the 7th leaf growth stage, under severe water stress. The 
results indicated also that the CBFs genes behaved differently, dependant on genotype, growth stage and 
drought stress severity. Such variation in genes expression has been reported elsewhere (Ozturk, Z.N., 2002).   

 
Conclusions: 
 This study indicated changes in expression profiles that varied according to growth stage, drought stress 
severity and genotype. A number of genes involved in the accumulation of osmolytes are expression under 
severe water deficit in the three genotypes studied. From a more practical standpoint, the results suggest that 
caution should be exerted when transcriptome information obtained under conditions of water deficit imposed at 
an early growth stage are intended to be used for environment characterized by terminal drought stress, such as 
the case of the high plateaus of Algeria. The results mentioned above indicated also that regulation of the CBFs 
expression is more complex than expected and as it appears to be mediated by different developmental and 
environmental signals. 
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