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Abstract 

Drought is one of the most common environmental stresses that affect the growth and 

development of plants. Thus, developing drought-resistance crop-plants with enhanced 

productivity and improved water-use efficiency is the most promising solution for alleviating 

future threats to food security. The aim of this study was to identify the promoter elements which 

were drought responsive as well as up-regulated under drought conditions. In this we have taken 

SSH libraries data of drought analysis. The ESTs taken downloaded from NCBI were processed 

through CAP3 assembly leading to the consensus sequences. The duplicates from the consensus 

were removed using CD-HIT EST. The consensus sequences were used as the query and total 

proteins of the chickpea genome sequenced by ICRISAT was used as database. The unique 

sequences were used for the isolation of the promoter sequences. The promoter analysis was 

done using the genomatix software suite.  In genomatix software suite Model Inspector was used 

to Search for promoter modules. We based our conclusion on the percentage of actual motifs 

passing through various filtering steps in comparison to random controls and found no 

significant percentage differences. Furthermore, even for motifs without general orientational 

preference across all its instances, individual genes and their regulation via promoter elements 

may very well depend on the correct orientation of such a motif as it may be possible that gene-

specific additional factors impose constraints on the orientation of a motif in a particular genomic 

context that are not evident when probing for genome-wide preferences. 
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Introduction 

Drought is one of the most common 

environmental stresses that affect the growth 

and development of plants (Bray et al., 1997). 

The global scarcity of water resources has 

already become a severe environmental 

problem worldwide. Poor water management, 

increased competition for limited water 

resources, and the uncertain threats associated 

with global warming all highlight the looming 

water crisis that threatens agricultural 

productivity worldwide. It has become urgent to 

elucidate the responses and adaptation of crops 

to water stress, and improve the drought 

tolerance of crops (Zhang et al., 1997). 

Identification of new genes and metabolic 

pathways involved in plant adaptation to 

progressive drought stress at the reproductive 

stage is of great interest for agricultural research 

(Bray et al., 1997). 

Moreover, agro-ecological conditions expected 

to deteriorate, due to foreseen global climatic 

changes, towards reduced availability and 

increased variability of water resources. The 

ever-increasing human population that is 

expected to exceed 9 billion people by 2050 

(http://www.fao.org/wsfs/world-summit/en) 

together with the loss of agricultural land, poses 

serious challenges to agricultural plant research. 

Thus, developing drought-resistance crop-plants 

with enhanced productivity and improved water-

use efficiency is the most promising solution for 

alleviating future threats to food security (Peleg 

et al., 2011, Claeys et al., 2013, Nakashima et 

al., 2014a).Plants have evolved various adaptive 

mechanisms to cope with drought stress at 

multiple levels such as molecular, cellular, 

tissue, anatomical, morphological and whole-

plant physiological level (Abebe et al., 2010, Van 

et al., 2010, Peleg et al., 2011). Transcriptional 

profiling analyses, in various species, have been 

widely used to identify drought-related genes 

(Ding et al., 2013, Bray et al., 1997).These 

experiments resulted in condition- and/or 

genotype-specific genes with little overlaps 

across studies (Van et al., 2010, Peleg et al., 

2011, Ding et al., 2013).  

Recently many efforts have been focused on the 

molecular response of plants to water deficit 

stress using various model plants (Deyholos et 

al., 2010, Ingram et al., 1996).Many genes 

respond to drought at the transcriptional level, 

and their products are thought to function in 

drought tolerance and response (Shinozaki et 

al., 1997, Bohnert et al., 1995, Bray et al., 1997). 
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Some stress-inducible genes have been used to 

improve the stress tolerance of plants by gene 

transfer. Although hundreds of genes have been 

found to be involved in abiotic stress responses 

and a number of them have been well 

characterized the functions of the majority of the 

genes remain unknown and there are probably 

more genes yet to be discovered (Shinozaki et 

al., 1999, Umezawa et al., 2006, Shinozaki et 

al., 2000).  

Plant response to drought stress is a complex 

course, and several mechanisms known as 

drought escape, drought avoidance and drought 

tolerance are involved in adapting the 

environment of water deficit (Zhang et al., 1997). 

A great number of dynamic responses to water 

deficit at physiological, biochemical, and 

molecular levels are presented in plant, thus 

enabling them to survive under drought 

environmental conditions (Franca et al., 2012, 

Yamaguchi-Shinozaki et al., 2006). Recently, 

expanding transcriptome data sets have 

uncovered a global picture of stress responsive 

genes in Arabidopsis(Urano et al., 2009), rice 

(Rabban et al., 2003), maize (Zheng et al., 

2010) wheat (Aprile et al., 2009)and other 

plants. These transcriptome data revealed that 

drought stress induced genes not only function 

to protect cells from drought stress through the 

production of important enzymes and metabolic 

proteins (functional proteins), but they also 

regulate signal transduction and gene 

expression in the stress response (regulatory 

proteins). The functional proteins include late 

embryogenesis abundant (LEA) proteins, a 

variety of transporters, enzymes involved in 

osmoprotectant synthesis, fatty acid metabolism, 

cellular metabolism, carbohydrate metabolism 

and secondary metabolism. Regulatory proteins 

that are activated in response to water stress, 

including transcription factors (TFs) such as 

DREBs (dehydration-responsive element-

binding proteins), AREBs (ABA-responsive 

element-binding proteins) and NAC proteins, 

have been identified in plant (Yamaguchi-

Shinozaki et al., 2006, Nakashima et al., 2009, 

Fujita et al., 2011). Besides, many genes 

involved in growth and development, such as 

chloroplast, cell wall and plasma membrane 

proteins encoded gene, were down-regulated in 

response to drought stress (Fujita et al., 

2011).The main aim of our study was to identify 

the promoter elements which are drought 

responsive as well as up regulated under 

drought conditions 
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Materials And Methods 

Identification of drought-inducible candidate 

genes 

In this we have taken SSH libraries data of 

Deokar (Deokar et al., 2011)drought analysis. 

The sequences were collected from the NCBI 

using the key words “drought stress and (library 

name)”as shown in Table 1.The ESTs taken 

downloaded from NCBI were processed through 

CAP3 assembly leading to the consensus 

sequences (http://biosrv.cab.unina.it/webcap3/). 

The duplicates from the consensus were 

removed using CD-HIT EST (http://weizhong-

lab.ucsd.edu/cdhit_suite/cgi-bin/index.cgi).The 

consensus sequences were used as the query 

and total proteins of the chickpea genome 

sequenced by ICRISAT was used as database. 

Among the blast hits first three hits were taken 

up for further analysis. Among these hits after 

removing the duplicates, the unique sequences 

were used for the isolation of the promoter 

sequences. The Promoter sequences were 

taken up to 2000bp from the transcription start 

site (TSS) using python script in linux operating 

software. 

 

 

Promoter Analysis 

Genomatix software Suite 

(http://www.genomatix.de/?s=f20e11dd1e6f63a7

1b7591e2c41f991f) was used to analyze the 

selected promoters. In Genomatix Software 

suite, MatInspector tool was used to search 

putative transcription factor binding sites among 

the promoters drought inducible gene. Quality 

thresholds are the number of binding sequences 

(at least 4) and the number of matrix matches 

expected in a random sequence of 1000 bp (<5).  

Plants Matrix library was used to identify the 

transcription factor binding sites. 

Motif Identification 

An automatic motif finding and score matrix 

generating program, MEME 

(http://www.sdsc.edu/MEME/meme/website/ 

meme.html) (Bailey & Elkan, 1994), was used to 

identify the motif elements common to the 

drought-inducible promoters. MEME analysis in 

linux environment was used (http://meme-

suite.org/doc/meme.html?man_type=command). 

Two Types of motifs were analyzed i.e i) 

Revcomp and ii) Pal. 
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Results 

Drought-inducible candidate genes 

 In our study we have considered only the SSH 

libraries of Deokar (Deokar et al., 2011), for two 

reasons. The SSH libraries developed were 

taken from the samples those were experienced 

the drought under the field conditions. The 

samples also include RIL population developed 

from the cross between ICC 4958 and ICC1882. 

The data was compared with the present data 

available with NCBI database, since the data 

gets gleaned over the years. So, before for any 

analysis we have thoroughly checked the 

available ESTs. Once the ESTs were finalized 

we used the same set as a query against the 

chickpea genome database. Even though, 

chickpea genome was sequenced by two 

independent groups (Varshney et al., 2013, 

Parween et al., 2015), we have used only one 

database i.e ICRISAT chickpea Genome 

available at the NCBI. With Blasting with the 

genome we are able to identify the genes which 

were upregulating and downregulating with 

respect to drought. In this analysis we have 

identified a total of 3141 upregulating genes and 

2741 downregulating genes. Further these 

genes were screened for the presence of the 

2000bp upstream promoter  

Promoter ananlysis 

In genomatix software suite Model Inspector 

was used to Search for promoter modules. A 

total of 8484 (promoter modules) matches were 

found in 2096 sequences. Sequences searched: 

2166 (4334166 bp upregulated genes).A total of 

10178 (promoter modules) matches were found 

in 2554 sequences. Sequences searched: 2638 

(5278638 bp). (downregulated genes).As there 

was a difference in number of sequences used 

for search of the promoter modules, we 

calculated the percentage of the promoter 

modules present based on the number of the 

sequences. The Fig 1 is representing the 

percentage of the promoter modules in the their 

respective conditions (up or down regulated).In 

both the cases there were 70 promoter modules 

identified and the surprisingly fact is both 

upregulated and downregulated genes promoter 

have same type of modules in total (Fig 1). So 

we further proceeded to identify the motifs using 

these promoter sequences 

Drought Responsive Motif elements 

Two type of motifs were analyzed i.e Revcomp 

and Pal. In revcomp, the algorithm considers 

both the given strand and the reverse 

complement strand when searching for motifs in 

a complementable alphabet (i.e, DNA) (Fig 2 
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and Fig 3) whereas in pal method it only look for 

palindromes in complementable datasets. 

MEME averages the letter frequencies in 

complementary columns of the motif (PSPM) 

together. For instance, if the width of the motif is 

10, columns 1 and 10, 2 and 9, 3 and 8, etc., are 

averaged together. For DNA the averaging 

would combines the frequency of A in one 

column with T in the other, and the frequency of 

C in one column with G in the other. (Fig 4 and 

Fig 5). Five motifs identified in revcomp method 

in both upregulating and dwonregulating 

promoters. Two motifs were identified in Pal 

Method method in both upregulating and 

dwonregulating promoters. 

Discussion 

Drought is a major environmental stress factor 

that affects the growth and development of 

plants. Drought or soil water deficit can be 

chronic in climatic regions with low water 

availability or random and unpredictable due to 

changes in weather conditions during the period 

of plant growth. (Rosegrant and Cline, 

2003).Thus, an understanding of drought stress 

and water use in relation to plant growth is of 

importance for sustainable agriculture.  

To large degree, the expression of genes is 

regulated at the level of transcription initiation 

mediated by the specific binding of protein 

transcription factors (TFs) to short DNA 

sequence motifs located in gene promoter 

regions, the DNA-sequence region upstream of 

genes. Employing both experimental as well as 

bioinformatic (Bailey et al., 2006, Tompa et al., 

2005, Luehr et al., 2012, Agostini et al., 2014) 

methods, hundreds of cis-regulatory motif 

sequences, partly also along with the 

identification of the associated transcription 

factors binding to them, have been determined 

across all model organisms and associated 

database resources have been created  

Intensive research activities have been devoted 

towards understanding the principles governing 

the specific recognition of DNA-motifs by protein 

transcription factors, their positional preferences 

relative to transcription start sites, their mode of 

action - whether to act as single entities or in 

combinations of different TFs and associated 

motifs , as well as their evolution . In turn, the 

principles gleaned from these studies have been 

applied to identify additional motifs. 

With regard to study design, we were able to 

demonstrate that motif presence irrespective of 

orientation leads to significant statistical effects 

documenting motif activity with regard to gene 

expression regulation and thereby serving as a 
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positive control (Table 2). Notable progress has 

been made toward this end by utilizing modern 

genetics and functional genomics approaches 

such as transcriptomics, proteomics and 

metabolomics and consequently, various 

drought stress responsive genes have been 

identified and characterized in crops. These key 

genes mainly code for proteins that have either 

metabolic or regulatory roles, such as those 

involved in detoxification, osmolyte biosynthesis, 

proteolysis of cellular substrates, water channel, 

ion transporter, heat shock protein (HSP), and 

late embryogenesis abundant (LEA) protein. On 

the other hand, the regulatory class primarily 

comprises of tfs (AREB, AP2/ERF, NAC, bzip, 

MYC, and MYB), signaling protein kinases 

[mitogen activated protein kinases (MAPK), 

calcium-dependent protein kinases (CDPK), 

receptor protein kinases, ribosomal protein 

kinases, and transcription regulation protein 

kinases] and protein phosphatases 

(phosphoesterases and phospholipase), which 

synchronize signal transduction and expression 

of genes during stress responses (Wani et al., 

2013). Several of these regulatory genes 

including tfs were found to play essential roles in 

multiple abiotic stress responses via regulating 

downstream stress-responsive genes. Tfs 

regulate gene expression through binding to cis-

regulatory elements in the promoter region of 

different stress-related genes (Nuruzzaman et 

al., 2013, Franco-Zorrilla et al., 2014).  

Tfs Can Induce a Range of Stress 

Responsive Genes in Plants 

In recent years, a wide range of TF families 

holding relevance with drought stress response 

have been identified (Anbazhagan et al., 2015). 

During the signal transduction, tfs directly 

regulate the expression of the associated genes 

via serving as molecular switches. These tfs 

interact specifically with cis-elements located in 

the promoter region of the genes they regulate. 

In plants, a large proportion of genes in the 

genome (up to 10%) potentially encode tfs 

(Franco-Zorrilla et al., 2014), which are 

categorized into different gene families such as 

AREB, DREB, MYB, WRKY, NAC, and bzip 

based on the distinct structure of their DNA-

binding domain (Golldack et al., 2011, Jin et al., 

2014). 

AREB/ABF tfs 

Several research groups have elucidated the 

molecular mechanism related to drought stress 

transcriptional networks in plants. Under osmotic 
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stress conditions, detailed molecular analyses 

have found abscisic acid-responsive element 

binding protein (AREB)/abfs (ABRE binding 

factor) as a major transcriptional activator 

modulating the expression of genes during ABA 

signaling (Maruyama et al., 2012). ABA-

responsive gene expression is controlled by a 

conserved ABRE (PyACGTGG/TC) cis-element 

in its promoter region. 

AP2/ERF tfs 

APETALA2/Ethylene Response Element binding 

Factors (AP2/ERF) family covers a large group 

of plant-specific tfs and is characterized by the 

presence of a much-conserved AP2/ERF DNA-

binding domain (Song et al., 2011). This domain 

binds with the GCC box, which is a DNA 

sequence having role in the ethylene-responsive 

transcription (Rashid et al., 2012).AP2/ERFBP. 

Based on the number and similarity of AP2/ERF 

domains, the family is further categorized into 

four major subfamilies: AP2 (Apetala 2), RAV 

(related to ABI3/VP1), DREB (dehydration-

responsive element-binding protein), and ERF 

(Rashid et al., 2012, Sharoni et al., 

2011).Apropos of the plant abiotic and biotic 

stress response, ERF and DREB subfamilies 

have been extensively studied. Induced, 

respectively, by cold and dehydration, 

DREB1/CBF (with 11 genes in rice) and DREB2 

(six genes in rice) function in ABA-independent 

manner (Srivastav et al., 2010, Nakashima  et 

al., 2014a).  

Interactions among Multiple tfs 

Drought stress is an unpredictable event and it 

varies in severity and duration. This results in 

both general and specific effects on plant growth 

and development. Thus, plant response toward 

drought stress is dynamic, which involves 

multiple stress perception and signal 

transduction pathways, which may crosstalk at 

various steps in the pathways (Lenka et al., 

2011).For this reason, plants have evolved 

complex regulatory mehanisms, including 

metabolic adjustment and gene expression 

toward physiological and morphological 

adaptation (Baldoni et al., 2015). 

Drought responsive gene promoters contain a 

DRE/CRT motif where ABA-independent 

DREB/CBF TF binds and act as a coupling 

element for ABRE in ABA-dependent gene 

expression (Singh et al., 2015).It was already 

shown that DREB1A/CBF3, DREB2A, and 

DREB2C proteins interact with AREB/ABF (Li et 
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al., 2015).Thus, there exists a crosstalk between 

ABA-dependent and independent signaling and 

regulatory pathways. Under osmotic stress 

conditions, AREB/ABF tfs and snrk2s regulate 

the transcriptional activation of DREB2A gene, 

suggesting a complex interaction between 

DREB and AREB regulatory regions at the 

transcript and protein level (Kim et al., 2011). 

Similar interactions were also reported in 

between AREB/abfs and nacs. In addition, 

regulation of ABA-dependent gene expression of 

ABRE regulons by SNAC tfs was confirmed 

when Jensen (Jensen et al., 2013) reported that 

Arabidopsis SNAC transcription factor ATAF1 

directly modulates ABA biosynthetic gene 

NCED3. By contrast, SNAC gene promoter 

contains ABRE region (Nakashima et al., 2014b) 

Under dehydration and osmotic stress, 

ANAC096 was also found to interact with 

ABF2/AREB1 and ABF4/AREB2 (Xu et al., 

2013).  

Motif pairs 

Cis-regulatory motifs were reported to frequently 

operate in combination. Hence, we investigated 

whether orientation effects become apparent 

when considering motif pairs. For this analysis, 

we further reduced the motif set to only those 70  

motifs (not considering the core-promoter motifs) 

that are truly not contained in any other (longer) 

motif even when considering all possible 

sequence variants associated with ambiguous 

bases as part of the motif definitions (see 

Methods). Otherwise, two motifs would be found 

unduly coupled (found in the same promoter) as 

the same mapping positions are (possibly) 

identified. Furthermore, deciding which of the 

two respective transcription factors binds to this 

region may be ambiguous. At the same time, 

this lessened the penalty associated with the 

multiple testing corrections as the number of 

possible pair’s scales quadratically with the 

number of motifs. We first probed all detected 

motif combinations found in the upstream 

regions of the same gene for statistical 

enrichment (gene set overlap) and then 

examined all eight possible relative orientations 

of two motifs with respect to their sequence 

order (position in the upstream region) and 

orientation (forward or reverse-complement).  

 

Conclusion 

Plant response to drought is a complex process 

comprising many changes from morphological to 
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molecular level. Under drought stress, many 

transcription factors operate both exclusively 

and cooperatively forming a web of interactions. 

In this article  we have identified some of the 

promoter elements which acts as a binding sites 

for major transcription factors that play a pivotal 

role in drought stress response and tolerance. 

 

Tables  

 

Table 1 Comparison of published data and current available data on NCBI 

Upregulated  ESTs Downregulated  ESTs 

Library name Publication  NCBI Library name Publication  NCBI 

AS1-1 807 1424 AS2-1 877 940 

AR1-1 1424 793 AR2-1 940 845 

AB1-1 576 503 AB2-1 576 529 

BULK1-1 423 421 BULK2-1 429 427 

TOTAL 3230 3141 TOTAL 2822 2741 

 

 

 

Table 2 Summary of Consensus sequences from drought SSH library 

 Upregulated  ESTs  Downregulated  ESTs 

Contigs 286 253 

Singlets 1414 1802 

Total  1700 2055 

Consensus  1650 2012 
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Table 3 Summary of Promoter sequences selected for analysis 

 

 

 

 

 

 

 

 

Figures 

 

Fig 1 Promoter elements identified in drought responsive genes (both up-regulating and down-

regulating) in chickpea  

 

 Upregulated  ESTs  Downregulated  ESTs 

Query 1650 2012 

Hits 3336 4300 

Unique  2171 2649 

insufficient upstream data 5 11 

promoter (2kb upstream region) 2166 2638 
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Fig 2 Motifs identified in drought responsive genes which are upregulating under drought in 

chikpea (revcomp method)  

    

  

Fig 3 Motifs identified in drought responsive genes which are downregulating under drought in 

chikpea (revcomp method) 
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Fig 4 Motifs identified in drought responsive genes which are upregulating under drought in 

chikpea (pal method) 

 

 

 

Fig 5 Motifs identified in drought responsive genes which are down regulating under drought in 

Chickpea (Pal method) 
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