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ABSTRACT 
 

Salinity has adverse effects on plant development and ultimately reduces the production. Very few reports 
are available for the genes induced by salt stress in plants. In this research the combined effects of gibberellic 
acid and salinity on gene expression of two Iranian chickpea cultivars using the differential display technique 
were studied. Twenty five gene fragments were found to be up-regulated in response to salt stress. Of these, 
seven fragments were selected for sequencing. Sequence analysis at GenBank Databases revealed that five 
fragments of varying size ranging from 150-250bp had significant homology to well-known genes(petA, ndh 
and psbA). These studies will obtain some insights into the role of these genes in the comprehensive molecular 
mechanisms of salt tolerance in agriculturally important crops.  
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Introduction 
 

Chickpea (Cicer arietinum L.) is the third most 
widely grown grain legume in the world after bean 
and soybean. The mediterranean origin of the crop 
imparts special significance to chickpea in the 
agriculture of this area, where it has multiple 
functions in the traditional farming systems. Besides 
being an important source of human and animal food, 
the crop also plays an important role in the 
maintenance of soil fertility, particularly in the dry, 
rainfed area [16]. In regions with a mediterranean 
climate, chickpea is sown in autumn or spring and 
grows during the cool, wet months of winter and 
spring [13]. 

Two main types of chickpea are recognized, i.e. 
(a) Desi type with small and brown seed, which 
accounts for nearly 90%; and (b) Kabuli type with 

bold and cream-colored seed, which is grown in 
around 10% area of the world production. Nearly 
90% of the crop is cultivated in rain-fed lands. 

The agronomical importance of chickpea (Cicer 
arietinum L.) is based on its high protein 
concentration 25.3–28.9%  for the human and animal 
diet, being used more and more as an alternative 
protein source [14]. 

Salinity is the major environmental factor 
limiting plant growth and productivity Globally, salt-
affected land, mostly resulting from natural salinity, 

accounts for more than 6% of the total land area and 
close to 20% of irrigated land. The detrimental 
effects of high salinity on plants can be observed at 
the whole-plant level as the death of plants and/or 
decreases in productivity.  

Accumulation of higher level of salts may 
adversely affect the areas of irrigated lands and now 
is the major environmental concern [11]. This 
mechanism acts as; hyperosmolarity of soil solution 
restricts water uptake by the roots and triggers 
transient changes in plant water relations and lead to 
water deficit [5]. Secondly, the accumulation of 
saline ions in the tissues leads to salt-specific toxic 
effects on plant metabolism [1]. As a consequence, 
physiological and biochemical responses in plants 
differ and cellular ionic balances are disrupted [4]. 
Effect of salinity on cotton is noteworthy e.g. on 
leaves, roots and stem [7], fruiting performance lint 
and biomass yield [3]. 

Plant hormones are active members of the signal 
cascade involved in the induction of plant stress 
responses. Abiotic stresses result in both altered 
levels of phytohormones and decreased plant growth. 
The decreased cytokinin and gibberellic acid (GA3) 
and increased abscisic acid contents observed in salt-
stressed plants led to the suggestion that salt stress 
induces changes in water relations and membrane 
permeability. An alternative strategy to ameliorate 
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salt stress could, therefore, be to use exogenous 
application of plant growth regulators [11]. 

State-of-the-art methods for analysing gene 
expression can be divided into two systems, those 
with a closed and those with an open architecture. 
While closed systems only allow analysis of 
predefined known genes, open systems allow 
analysis of the expression of genes that were 
previously unknown. The quality of closed systems 
therefore depends on the quality of the prior 
knowledge. A complete analysis of the transcriptome 
of a genome using closed systems is strictly 
dependent upon the completeness of knowledge of 
that transcriptome. In contrast to closed architecture 
systems, open systems require no a priori knowledge 
of the transcriptome. Therefore, open systems can 
identify novel transcripts in the absence of 
information on the modulation of expression of such 
a transcript [24]. The differential-display reverse 
transcription-PCR (DDRT-PCR) technique has been 
widely used in plants to isolate genes that are 
differentially expressed in response to various 
stresses. This technique is a suitable, low-cost 
technique to identify differentially displayed genes 
[25]. 
 
Materials and Method 

 
To study the interaction of salinity and 

gibberellic acid on two Iranian cultivars of 
chickpea(C.arietinum L. cv Jam and Kaka) were 

selected and an experiment was carried  in the 
greenhouse. Their seeds were obtained from 
Maragheh Dryland Agricultural Research Institute. 
The seeds sterilized previously in 1% sodium 
hypoclorite and germinated in distilled water, in the 
dark, at 25 ̊C and 80% relative humidity on glass 
plates covered with filter paper. The seeds 
germinated in pots containing sand and washed and 
sterilized in a greenhouse with an average 
temperature of 25 ° C and 18 ° C at night and a 16-
h/8-h light/dark regime. 

Plants for two weeks, were irrigated with 
Hoagland nutrient solution, after the plants were 
treated at three levels of gibberellic acid (0, 10 and 
20 mM GA) and two levels of salinity (0 and 80 mM 
NaCl). The plants were harvested after 14 days of 
treatment and those parts to be assayed collected. 
shoot were harvested and stored at –80 ˚C after Snap 
freezing in liquid nitrogen.  

In order to analyze gene expression, the total 
RNA using QIAGEN RNeasy plant Mini Kit 
(Cat.No.74904) according to manufacturer manual 
for RNA isolation. The leaves were collected from 
each individual plant and ground in liquid nitrogen 
with a mortar and the extract samples were. 
Extracted total RNA was quantified with a UV/VIS 
spectrophotometer (PG Instruments, T80+, UK). The 
RNA quality was assessed by running 2µg of the 
total RNA on a 1% (w/v) agarose gel (Fig 1) and 
further treated with RNase-free DNase to remove 
DNA.The total RNA was stored at -80˚C.

 
 

 
Fig. 1: quality of total RNA  

 
The first strand cDNA was synthesized from 1μg 

total RNA by means of reverse transcriptase 
(Fermentas Revert-Aid H Minus First strand cDNA 
synthesis kit, USA). Differential display PCR was 
performed in a 25μl reaction mixture including 1μg 
total RNA, 1μl of , 1 μM primer H-T11A (5'-
AAGCTTTTTTTTTTTA-3'), 200U of MMLV 
reverse transcriptase, 2μl of 10mM dNTPs and 4μl of 
5X first strand buffer [250 mM Tris (pH 8.3), 20 mM 

MgCl2, 250 mM KCl and 50mM DTT] and 
incubated at 65 °C for 5 min, 37 °C for 60 min and 
75 °C for 5 min. For PCR amplification, 2 μl of first 
reaction was mixed with 18 μl of buffer containing 
10 mM Tris–HCl (pH 8.4), 50 mM KCl, 1.5 mM 
MgCl2, 0.001% gelatin, 0.2 μM primers, 2 μM 
dNTP, 0.5 μl [α-32P] dATP, 0.2 unit Taq DNA 
polymerase. The random primers included H-AP1 
(5'-AAGCTTGATTGCC-3'), H-AP3 
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(5'AAGCTTTGGTCAG-3'), and H-AP6 (5'-
AAGCTTTTACCGC-3'). The reaction were 
subjected to 30 cycles of amplification at 94 °C for 
30 s, 40 °C for 2 min and 72 °C for 30 s, and with 
final extension at 72 °C for 5min. The PCR products 
(3.5 μl)were mixed with 2 μl of formamide loading 
buffer and heated at 80 °C for 2 min before loading 
on an 8% polyacrylamide sequencing gel. 
Polyacrylamide gel was silver stained according to 
Bio-Rad silver stain handbook. Ubiqitin was used as 
housekeeping gene to normalize data.  

 
Results: 

 

Using two anchored and four arbitrary primers, 
28 gene fragments were found to be induced 
although 20 were repressed in response to salt stress 
(Fig 2). Seven fragments were selected for further 
analysis. 

After direct sequencing product PCR, sequence 
analysis on GenBank Databases(Blastn) revealed that 
five fragments of size ranging from 150-260bp have 
significant homology with known genes (Fig. 3).  

The transcript in plants treated with salinity and 
gibberellin has high homology (87%) with petA in 
Brassica rapa, ndh gene in Arabidopsis 
thaiana(85%) and psbA gene in sweet orange (85%).

 

 
 
Fig. 2: The RT-PCR product in different treatments of two cultivars plants. 

 
T0:Control, T1:GA1, T2:GA2, T3:GA1+S, T4:GA2+S, T5:S(Salt) 
 

Discussion: 
 
Chickpea has worldwide importance as a 

primary source for natural protein production and it 
is greatly affected by high salinity. Differential 
Display method facilitates for up and down 
regulation, presence and absence of fragments, 
qualitative and quantitative difference and signals of 
varying intensity [25]. Induction or repression is 
compared in mRNA populations with a small number 
of products but quick output. This technique has its 
limitations such as variable (low) reproducibility, a 
significant incidence of false positives, under 
representation and redundancy of mRNA signals, 
frequent priming by the G/C rich 5’ primer at both 
ends and a bias for high copy number mRNAs.  

The fragment of 200bp Kaka cultivar has high 
homology(87%) with petA gene in B.Rapa. petA 

gene product is cytochrome f. Cytochrome f is one of 
the main subunits of an oligomeric membrane protein 
complex, the cytochrome b6 f, which is one of the 
major redox complexes of the thylakoid membrane. 

Recently, a role for cytochrome f in programmed 
cell death (PCD) has been hypothesized in cultured 
eggplant cells [15]. PCD is a genetically controlled 
process essential for development and stress response 
in plants and animals. Studies suggest that in the 
stress condition cytochrome f release from thylakoid 
membrane to cytoplasm and trigger cell death.  

ndh gene located in the chloroplast and 
expression of protein production is NDH-
dehydrogenase which is involved in the electron 
transport chain. These genes in kaka plants cultivar 
under salt stress expressed and not expressed in jam 
cultivar.  
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Fig. 3: Blastn result in salt stress samples.    

 
Photosynthetic electron transport can operate in 

two modes. In the linear mode, electrons are 
transferred from water to NADP via three major 
transmembrane complexes: Photosystem II (PSII), 
the cytochrome b6f complex (cyt bf), and 
photosystem I (PSI). NADPH so produced is used in 
the Calvin-Benson-Bassham cycle, where CO2 is 
fixed to produce sugars. Cyclic electron transfer 
involves only PSI and cyt bf and was first described 
by Arnon [1]. It involves electron flow to generate an 
electrochemical proton gradient across the thylakoid 
membrane without net production of reducing 
equivalents. It is known that most PSII reaction 

centers are localized in the appressed region of the 
thylakoid membrane, within the grana stacks [6,7] 
and that diffusion of plastoquinone (PQ) is restricted 
to small membrane domains, including a few PSII 
centers [8,] Consequently, PQH2 generated by PSII 
can only be reoxidized by that fraction of cyt bf also 
localized in the appressed region (≈47%) (6). It can 
be assumed that long-distance electron transfer 
between the appressed and nonappressed regions is 
mediated by plastocyanin (PC). PSI, in contrast, is 
localized at the margins of the grana and in the 
nonappressed membranes. In higher plants, there is 
the potential for spatial separation of cyclic electron 
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flow, in the nonappressed membranes, from linear 
flow, between PSII in the appressed membranes and 
PSI in the grana margins two major functions for 
cyclic electron flow are presumed. (i) ATP synthesis: 
The stoichiometry of proton pumping and ATP 
synthesis have long been debated; however, a 
consensus has now emerged that linear electron 
transport alone probably generates insufficient ATP 
to balance the ATP:NADPH consumption of the 
Calvin-Benson-Bassham cycle [3,4,11]. The shortfall 
is probably supplied by cyclic electron flow. At the 
onset of illumination of a dark adapted leaf, there is a 
rapid light-induced formation of ATP [12] which is 
obligatorily associated with the occurrence of a 
cyclic process. (ii) Control of light harvesting: 

Under strong illumination, cyclic electron flow 
increases, generating a large proton gradient required 
for the formation of nonphotochemical quenching 
(NPQ) within the antenna, protecting PSII against 
excess light. Electrons are transferred to 
plastoquinone via a plastoquinone reductase (NDH).  

The psbA gene, located on chloroplast genome 
and coding for Dl protein. Light stress and salt stress 
are major environmental factors that limit the 
efficiency of photosynthesis. salt stress inhibited the 
repair of the photodamaged PSII and did not 
accelerate damage to PSII directly. When the 
photosynthetic fixation of CO2 is limited, electrons 
from PSI tend to be transferred to molecular oxygen. 
This results in the production of superoxide and 
H2O2. 

H2O2 inhibits the repair of photodamaged PSII 
by inhibiting the synthesis of the precursor to the D1 
protein (pre-D1) at the translation step Normally, in 
chloroplasts, H2O2 is rapidly scavenged through the 
water–water cycle – namely, the reduction of H2O2 
by electrons from PSI [22]. However, if the water–
water cycle fails to scavenge all available H2O2, the 
remaining H2O2 inhibits the synthesis of PSII 
proteins in particular, the D1 protein [23].   

The results showed that petA, psbA and NDH 
genes expressed in Kaka cultivar under salt stress 
and repressed in Jam cultivar. This genes are 
candidacy for salt stress tolerance in chickpea plants.  
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