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Abstract 
Background: Legume is one of the worldˈs most important crop, it is consumed 
worldwide and play a significant role in the economy of producing countries. Legume 
crop productivity is severely affected due to various stress factors both biotic and 
abiotic(e.g. drought, salinity, cold, ethylene temperature, kinase cascade) these stress 
factors both biotic and abiotic significantly impact the production of crop in response to 
these, plants activates a number of defense mechanism that function to increase tolerance 
in adverse conditions. Therefore tracking the candidate genes responsible for stress 
tolerance through sequence similarity and functional studies is becoming increasing 
important for breeding and will act as useful resource for comparative genomics and can 
be further used as molecular markers or for genetic transformation to develop desired. 
Thus, research initiatives have been launch to produce genomic and transcriptomic data 
about legumes species(Cajanus cajan, Cicer arietinum, Pisum sativum and Lens 

culinaris). Results: Assembling the ESTs of Cajanus cajan, Cicer arietinum, Pisum 

sativum, Lens culinaris and by applying various bioinformatics tools, the detection of 
GC content through GC profile, prediction of ka/ks values using MEGA 5.0, identified 
legume genes under purifying and positive selection and phylogenetic relationship 
among various stress factors(biotic and abiotic) in four legume species. On these result 
we emphasize gene annotations and discuss various stress factors based on the categories 
defined. Conclusion: Identifying and mining genes involved in stress response represent 
a key step to unraveling and manipulating stress tolerance in legumes. Comparative 
analysis among the legumes within the same species and between species will enable us 
to identify species specific genes underlying stress response. Despite knowing that 
comparisons between these legumes species data should be carefully inspected, our 
initiative established possible transcriptome elements that could guide the legumes 
specific community in unraveling the molecular mechanism that distinguish these four 
extremely important legumes species. In addition, the annotation of legumes-
specific/stress prominent genes adds new element to genomic initiatives that our 
searching for traits (factors) that could differentiate legume each species from other. We 
believe that such data are a valuable aid to the interpretation of legume development,  



114 Sabeen Fatma et al.:  Comprehensive EST Based Analysis of Differentially Expressed Stress Genes/Factors in Comparative  
Mode Among Four Legumes 

 
providing insight that could help in legumes reading program 
and indicating potentialtargets for functional analysis and 
biotechnology products of such socially and economically 
important legume species. 

1. Background 

Legumes are valuable agricultural and commercial crops 
that serve as important nutrient sources for human diet and 
animal feed. The legume family is wide and incredibly 
diverse (Doyle and Luckow, 2003). It is the vital class of 
plant that provides protein in diet for significant proportion 
of human population. As for other protein-rich legume crop 
species, rapid genetic improvement of these species is needed 
to meet the increasing demand for protein food sources in the 
world. Legume constitute an important component of human 
diet in developing nations,the crop under study includesCicer 

arietinum, Pisum sativumand Lens culinaris Mof 
Hologalegina class (Cool Season Legume) and also include 
Cajanus cajan of Phaseolid class(Warm Season Legume). Of 
all the above include legume species, despite having an 
important role in food security majority of these legumes 
crop demonstrate low productivity due to various stress 
factors both biotic(eg bacteria. Fungi nematodes viruses& 
insects) and abiotic(eg drought, salinity, cold, extreme 
temperature, kinases cascades, accumulation of hormones 
such as ethylene(ET, Abscissic acid). These stress factors 
both abiotic & biotic significantly impact the production of 
crop in response to these, plants activates a number of 
defense mechanism that function to increase tolerance to 
adverse condition. Therefore, tracking the candidate genes 
responsible for stress tolerance through sequence similarity 
and functional studies is becoming increasingly important for 
marker-assisted breeding. Such candidate genes serve as 
useful resources for comparative genomics and can be further 
used as molecular markers or for genetic transformation to 
develop desired cultivars. Recent advancement in the 
technology has allowed development of various genetic tools 
and genomic approaches to identify genomic regions and 
genes/quantitative trait loci (QTLs) underlying plant stress 
response in many crop species (Varshney et al., 2005). 
Expressed Sequence Tags (ESTs) are sequenced portions of 
messenger RNA and provide a source for the discovery of 
new genes for comparative analyses between organisms. 
Many ESTs sequencing efforts have successfully provided 
insight into crop plant development (Marques et al., 2009). 
EST sequencing allows qualitative expression analyses by 
correlated EST frequency with desirable traits of plant 
species. It also constitutes an interesting tool for detection of 
tissues/stress specific promoters and genetic variation that 
may account for specific characteristics. Furthermore, EST 
analyses can provide targets for transgenes is, an interesting 
tool for genetic improvement of such a crop. In recent years, 
EST projects have been initiated for numerous plant and 
animal species, and have generated a vast amount of 
sequence information that can be used for gene discovery, 

functional genetic studies, andmarker development 
(Pashleyet al., 2006).The availability of EST data as on 
dated(01/11/2014) prompted us to perform a wide 
bioinformatics analysis. 

2. Material and Methods 

ESTs sequences of Cajanus cajan, Cicer arietinum, Pisum 

satvium, Lens culinariswere retrieved from NCBI home 
pagewww.ncbi.nlm.nih.gov. EGassembler(http://www. 
genome.jp/tools/egassembler/) is applied for contigs and 
singleton sequences generation in order to make searches for 
stress responsive factors (Ali Masoudi-Nejad et al., 2006).  

2.1. Sequence Analysis 

Standalone BLAST package, ncbi-blast-2.2.25+ from 
NCBI was used for homologs search analysis. All stress 
related genes were compared against all four legume’s CDS 
using BlastN program. Further, homology hits were filtered 
on criteria on >70% identity and E value cut-off ≤1E-50 
using in-house perl script. Finally genes were selected by 
using a criteria of presence of homologs in at least three out 
of four legumes species (Table:2). 

All selected stress factors were subjected for ka, ks value 
and ka/ks value prediction by MEGA 5.0 using Neighbor-
joining, Maximum likelihood and maximum parisomy 
method with 1000 replicates in Boot step test(Tamura et 

at.,2011). All position containing gap and missing sequences 
were not calculated. Sequence distances, ka and ks were 
calculated between all gene pair in each stress related gene 
by MEGA 5, sequences distances which indicate the extend 
of similarity between homologs (including orthologs and 
paralogs) was calculated by number of base substitution per 
site.  

2.2. Function Annotation Through Fast 

annotator 

The potential function of gene transcript, fast annotator 
site was applied, fast annotator pipeline to provide automatic 
annotation of nucleotide sequences via a web interface. The 
output file of fast annotator include the best hit in the NCBI 
non redundant database, GO term, EC number and Domain 
identity (Punta et al., 2012; Pruitt et al.,2007). Fast annotator 
allows users to assign protein functions, cellular location, 
enzyme activity and function domain to query sequence 
through an easy to use interface (Chen et al., 2012). 

2.3. GC Profile 

To evaluate the GC content of the stress responsive factors 
(genes), GC profile was applied (http://tubic.tju.edu.cn/GC-
Profile/). GC profile, an interactive web based software 
system available as a public resource dedicated to analyze the 
compositional heterogeneity of DNA sequences (Gao and 
Zhang et al. 2006). 
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3. Result and Discussion 

ESTs sequences available at NCBI EST database were 
used for identification of stress responsive genes. A total of 
~25,578 Cajanus cajan, ~46,441 Cicer arietinum, ~21,838 
Pisum sativum and ~10,341 Lens culinaris M were 
downloaded from NCBI database. These ESTs sequences 
show high redundancy. Using EGassembler software, these 
ESTs were assembled into 1402 contigs, 14,889 singletons of 
Cajanus cajan, 4451 contigs, 11,672 singletons of Cicer 

arietinum, 3451 contigs, 7794 singletons of Pisum sativum 
and 1071 contigs, 3818 singletones of Lens culinaris 
M(Fig:1).The average length of Cajanus cajan, Cicer 

arietinum, Pisum sativum and Lens culinaris were predicted 
through Geneious software (Table:1).These contigs were then 
used for similarity search against known candidate genes for 
stress responsive factor (abiotic & biotic) using BLASTN. 
After manually blast, 31 stress responsive factors (Genes) 
were selected for further analysis (Table:2) 

 

Fig. 1. Flow Diagram of bioinformatics procedure applied in four legumes species. 

3.1. Prediction of ka and ks Values and 

Phylogenetic Relationship 

Sequence distances, ka aswell as ks values were calculated 
for all possible 31 stress responsive genes in legume under 
the present study surveyed. It is well known that ka is smaller 
than ks in natural evolution because of conservation of 
functional coding genes therefore non-synonymous change 
was less frequent in mutation of nucleotides during 
evolution(Hurst, 2002;Nekrutenko et al., 2002) for protein 
coding sequences, the synonymous rate ks is often regarded 
as a major of underline mutation rate(Miyata et al.,1980), 
through it may be influenced by other factors (Williams and 
Hurst, 2002). 

To gain insight into the molecular and phylogenetic 
evolution of stress responsive genes in the four legumes 
species analyzed, estimated the rate of synonymous(ks, silent 
mutation) and non-synonymous(ka, amino acid altering 
mutation) substitution, generated by MEGA 5 analysis and 
performed the ka/ks test for positive selection of each gene. 
ka/ks is a good indicator of selective pressure at the sequence 

level. Theoretically, a ka/ks>1 indicates the rate of evolution 
is higher than neutral rate. Conversely a gene with ka/ks<1 
has a rate of evolution less than neutral rate (Yang and 
Bielawski, 2000). 

The estimated ka and ks for these stress responsive genes 
as the coalescence time for different stress responsive gene in 
this linage is quite similar, differences in relative rates 
between proteins should reflect in selection or mutations 
rates than time elapsed. The correlation between these ka and 
ks values is estimated (Fig:2). 

The ka/ks analysis allowed the detection of genes with low 
ka/ks ratio, such as those in coding protein H3, H2, 
Lipoxygenase, Stress induced protein, Aquaporin. The 
majority of these proteins have been shown to be highly 
conserved and to suffer strong positive selection (Roth and 
Liberles, 2006). The highest ka/ks includefactor/gene 
Glyceraldehyde-3 phosphate Dehydrogenase, Glycine 
dehydrogenase, AP2/ERBP and Dehydrin.These result are in 
accordance with previous reports which shows that genes 
acting in response to stress are often positively selected for 
diversification due to competition with the evolving effectors 
proteins of pathogens(Roth and Liberles, 2006; Stukenbrock 
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et al.,2009). This study once again underlines the importance 
and significance of the stress responsive genes for legumes 
species. Because of this reason, these genes have remained 

more conserved in speciation and rearrangement during the 
evolution of legumes species. 

 

Fig. 2. The ka and ks values of 31 Stress Responsive Factors Using MEGA 5.0. 

3.2. Evolution of GC Content 

Inorder to understand the evolution structure and function 
of the genes under study, it was important to know the GC 
content of the sequences. The GC content of all the 31 stress 

responsive factors were 44.03 in Cajanus cajan, 41.21 in 
Cicer arietinum, 42.30 in Pisum sativum and 42.05 in Lens 

culinaris as shown graphically in Fig:3 

 

Fig. 3. The GC Content of All Four Legumes Cajanus cajan, Cicer arientium, Pisum sativum and Lens culinaris Using GC Profile. 
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3.3. GO Annotation 

GO annotation is the most commonly used and well 
established functional annotation scheme. Here in GO 
annotation results are grouped according to biological 

processes, cellular component and molecular functions are 
plotted in three separated horizontal bar chart as shown in 
Fig:4 
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Fig. 4. GO Annotation Results are Grouped According to Biological Processes, Cellular Component and Molecular Functions. 

Table 1. Summary of four legumes species through Geneious Software. 

Legumes Contigs Average Contig Length Singlets Average Singlet Length Clusters 

Cajanus cajan 1402 597.9 14889 459.2 16291 

Cicer arietinum 4451 685.6 11672 468.3 16123 

Pisum sativum 3541 699.9 7794 492 11385 

Lens culinaris M 1071 968.9 3618 691.0 4689 

Table 2. List of 31 Stress Responsive Genes Analyzed in Four Legume Species. 

S.No Stress Responsive Factor Cajanus cajan Cicer arietinum Pisum sativum Lens culinaris 

1. 

Alcohal Dehydrogenase AF079499.1 NM_001255479.2 XM_003630356.1 XM_003602086.1 

 FJ914863.1   FJ914863.1 

 XM_003602082.1   AF079499.1 

2. 
Aldehyde Dehydrogenase NM_001249884.1 XM_003630762.1 XM_003595260.1 XM_003595260.1 

    NM_001249884.1 

3. 
AP-2 / EREB P transcription 
factor 

NM_001148270.2 JN595892.1 XM_003608516.1 XM_003611426.1 

4. 

Actin XM_003637460.1 NM_001279094.1 NM_001289231.1 JQ028731.1 

 NM_001249519.2 JQ028731.1  NM_001279094.1 

  X67666.1  X67666.1 

5. 

Aquaporin NM_001254121.2 XM_003591968.1 XM_003624529.1 XM_003629815.1 

 XM_003600815.1  NM_001255806.1 NM_001255076.2 

 KF770828.1   AJ243308.1 

6. Auxin Responsive factor  XM_003624415.1 XM_003593821.1 XM_003612885.1 XM_003624415.1 

7. 
Calmodulin NM_001250954.1 XM_004502222.1 XM_003617094.1 NM_001279096.1 

 AF030034.1  NM_001250954.1 NM_001250954.1 
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 NM_001279096.1  JX869966.1 AF030034.1 

8. 

Chlorophyll a/b binding 
protein 

NM_001279182.1 EF488077.1 X81962.1 EU041720.1 

 EU041720.1 XM_003596442.1 XM_003637291.1 NM_001279182.1 

 XM_003618434.1 NM_001253951.2  XM_003618434.1 

9. 
Dehydrin NM_001253177.2 U91970.1 EU121850.1 Z14145.1 

 U54703.1  KM652424.1  

10. DREB   HE647689.1 FJ223566.1 -------------------------- XM_003588416.1 

11. 

Glutamine Synthetase XM_003600654.1 XM_003600654.1 XM_003592590.1 M20663.1 

 L20248.1 M20663.1  XM_003600654.1 

 M10159.1 AF301590.1  X04001.1 

 AM238618.1    

12. Glycine Dehydrogenase XM_003588952.1 XM_003588952.1 XM_003588952.1 XM_003588952.1 

13. 

Glyceraldehyde-3 phosphate 
Dehydrogenase 

NM_001253117.2 XM_003601780.1 XM_003608827.1 XM_003601780.1 

 XM_003601780.1 NM_001253117.2 NM_001249200.2 NM_001253117.2 

  L07500.1 L07500.1  

14. 
Heat Shock Protein NM_001249683.1 KJ808806.1 U08820.1 XM_003621821.1 

 XM_003617828.1 XM_003621838.1 XM_003621821.1 KJ808806.1 

15. Histone H2B XM_010111630.1 XM_003606579.1 XM_003606962.1 XM_003625462.1 

16. Histone H3 XM_003608487.1 XM_003608487.1 XM_003628643.1 XM_003592420.1 

17. 
Late Embroyogenesis 
Abundant 

------------------ FJ226587.1 XM_003590357.1 XM_003604675.1 

18. 

Leucine zipper and w2 
Domain Containing Protein 

XM_003624134.1 XM_003624134.1 XM_003624134.1 XM_003624134.1 

 NM_001253130.1 NM_001253130.1 NM_001253130.1 NM_001253130.1 

19. 

Lipoxygenase NM_001250409.1 AJ276265.1 XM_003627154.1 X07807.1 

 XM_003627139.1 U84198.1 U84198.1 XM_003597511.1 

  XM_003627154.1 S76063.1 NM_001248454.1 

  GU942746.1  AF204210.2 

20. 

Malate Dehyderogenase XM_003638117.1 NM_001249732.1 NM_001289254.1 XM_003589977.1 

 X74507.1 NM_001279132.1  NM_001279132.1 

  XM_003589977.1  NM_001256362.1 

21. 

Mitogen Activated Protein 
Kinase 

XM_002306571.2 XM_003608053.1 XM_003594049.1 XM_003604087.1 

  NM_001248497.2   

  X70703.1   

22. 
MYB AB108649.1 DQ822949.1 XM_003607152.1 XM_003548266.2 

     

23. 

NADH Dehyderogenase AF451596.1 NM_001253992.2 XM_004505646.1 XM_003603962.1 

 FJ695012.1    

 AF451594.1    

 AF451592.1    



 International Journal of Agricultural Sciences and Natural Resources2015; 2(4): 113-134 121 
 

S.No Stress Responsive Factor Cajanus cajan Cicer arietinum Pisum sativum Lens culinaris 

24. 
Pathogenesis Related Protein JX475048.1 JX475048.1 JX475045.1 AF115574.1 

   AF137351.1  

25. 
Proline Rich Protein NM_001251664.1 AJ489610.1 XM_003601427.1 XM_003608694.1 

   X67427.1  

26. 

Phospholipase XM_003597846.1 XM_003597846.1 Y15253.2 XM_003597846.1 

   XM_003600732.1  

   NM_001248395.1  

27. 
Serine/threonine-Protein 
Kinase 

XM_006597089.1 XM_003624327.1 XM_003611756.1 XM_003602843.1 

28. 
Transcription Factor WRKY EU019586.1 EU049488.1 NM_001250742.1 ------------------ 

  EU019582.1   

29. Zinc Finger Protein XM_003638479.1 XM_003591078.1 XM_003630801.1 XM_003625476.1 

30. 

14-3-3 like Protein U15036.1 NM_001255222.2 XM_003629715.1 XM_003607752.1 

 NM_001252761.1 XM_003629715.1 NM_001248750.1 NM_001251494.1 

 XM_003615112.1 FJ225662.1   

31. 
Stress Induced Protein NM_001249109.2 XM_003618154.1 XM_003591163.1 XM_003591493.1 

    NM_001253157.1 

 

3.4. Functional Classification of 

Differentially Expressed Stress 

Responsive Genes and Prevalent Protein 

Families in Legumes 

Based on the result of functional annotation and GO 
analysis, we established functional categories to various 
stress responsive factors (genes) and its consequences in 
development, dehydration and environmental adaptation. 

3.4.1. Genes Involved in Regulatory Pathway 

(Cell Signaling and Transcription) 

Genes involved in cell signaling and transcription 
processing are known to regulate many cellular responses in 
an organism. Calcium is an element that is crucial for 
numerous biological functions. The calmodulin (CAM) 
family is a major class of sensors protein which collectively 
play a crucial role in cellular signaling cascades through the 
regulations of numerous target proteins. CAM is one of the 
most conserved proteins in all eukaryotes (Benoit et al., 
2006). The CAM gene have been found in Cajanus cajan 
(CcContig169), Cicer arietinum (CaContig3373), Pisum 

sativum (PsContig2187) and Lens culinaris (Lc Contig891) 
and ka/ks valuefor CAM is 0.533.The serine/threonine 
protein kinase are involved in disease response via a 
signaling cascade presumably conserved in plants (Zhang et 

al,. 2001) while somatic embryogenesis related kinases are 
associated with brassinosteroid signaling pathway that plays 
a key role in plant defense (Karlova et al., 2006).The ser/thr 
protein kinase have been found in Cajanus cajan 
(CcContig1092), Cicer arietinum (CaContig654), Pisum 

sativum (PsContig2310) and Lens culinaris (LcContig640) 
and predicted ka/ks value is 0.910.14-3-3 proteins a large 
family of protein found in all eukaryotes (Aitken, 2006 and 
Roberts, 2000). 14-3-3s plays a vital role in regulation of 
nitrate reductase, protein related to the plant growth and 
brassinolide signaling (Roberts, 2000) and the proton ATPase 
(Jahn et al., 1997). The interaction of these 14-3-3s with 
many proteins involved in K, N and S metabolism and show 
that 14-3-3 protein interaction alters the activities of target 
proteins in legumes. Thus it suggests a role for 14-3-3s in 
regulating multiple steps in N and S metabolism. The 14-3-3 
protein have been found in Cajanus cajan(CcContig789), 
Cicer arietinum(CaContig193), Pisum sativum(PsContig2284) 
and Lens culinaris(LcContig51) and ka/ks value is 
0.941.MAPs are involved in cell differentiation, division and 
stress response(Robinson and Cobb,1997) in plant a number 
of study have demonstrated that MAPKs signal both abiotic 
and biotic stresses, including cold and drought(Jonak etal., 
1996) wounding(Zhang and Klessig, 1998), hormoneaction 
(Ligterink and Hirt, 2001) and plant pathogen attack. The 
MAP kinase have been found in Cajanus cajan 
(CcContig432), Cicer arietinum(CaContig532), Pisum 

sativum(PsContig1630) and Lens culinaris(LcContig1067) 
and ka/ks value is 0.883.Actin is also involved in several 
basic developmental processes including the establishment of 
cell polarity, cell division, cell wall deposition and cell 
elongation(Mascarenhas,1993). These functions are of crucial 
significance to plant development as they play a pivotal role 
in Tyr kinase signaling, integrin signaling, TGFβ signaling, 
transforming growth factor and G-protein coupled reaction. 
The Actin have been found in Cajanus cajan(CcContig327), 
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Cicer arietinum(CaContig2044), Pisum 

sativum(PsContig3144) and Lens culinaris(LcContig10) and 
ka/ks value is 0.705. 

3.4.2. Transcription Factors(TF)Acting in 

Stress 

The families of transcription factors including MYB, 
AP2/EREBP, Leucine Zipper and W2 domain containing 
protein, Zinc finger and WRKY. 

MYB an important TFs that participates in plant responses 
to a stress belongs to the large MYB family, which contain 
functionally diverse protein(Dubosetal., 2010). MYB is 
transcriptionally induced by dehydration and this 
upregulation reversed upon rehydration (Uraoetal., 1993). 
The MYB have been found in Cajanus cajan(CcContig304), 
Cicer arietinum(CaContig2842), Pisum sativum(PsContig444) 
and Lens culinaris(LcContig257) and ka/ks value is 
0.964.AP2/EREBP TF- A2(APETALA2) and 
EREBPs(ethylene-responsive element binding protein) are 
genes form a large number of multigene family and that play 
a variety of role throughout the plant life cycle. It plays a key 
regulator of several developmental processes, like floral 
organ identity determination or control of leaf epidermal cell 
identity, to forming part of mechanism used by biotic and 
environmental stress. On the basis of sequence similarity 
AP2/EREBP-TFhave been found in Cajanus 

cajan(CcContig864), Cicer arietinum(CaContig534), Pisum 

sativum(PsContig2064) and Lens culinaris(LcContig673) and 
ka/ks value is 1.150.Leucine Zipper and W2 domain 
containing protein play a pivotal role in the response to 
drought,in modulation of plant growth and response to 
environmental signals. These genes also involved in several 
abiotic stress responses, meristem regulation, 
photomorphogenesis and root development(Arielet al.,2007). 
The Leucine Zipper and W2 domain containing proteinhave 
been found in Cajanus cajan (CcContig654), Cicer 

arietinum(CaContig2447), Pisum sativum(PsContig1902) 
and Lens culinaris(LcContig243) and ka/ks value is 
0.915.Zinc finger proteins are required for key 
functionsincluding cellular processes, transcriptional 
regulation development,pathogen defense and stress 
responses(Ciftci-Yilmaz and Mittler,2008). The Zinc finger 
have been found in Cajanus cajan(CcContig980), Cicer 

arietinum(CaContig555), Pisum sativum(PsContig17) and 
Lens culinaris(LcContig1070) and ka/ks value is 
0.855.WRKY TF- WRKY genes super family, one of the 
largest TF gene families has suggested to play important 
roles in the regulation of transcriptional programming 
associated with plant stress response(Rushtonet al,.2010). 
WRKY protein function via interaction with a diverse array 
of a protein patners including MAP kinase, 14-3-3 protein, 
calmodulin, histone deacetylases, resistance proteins and 
other WRKY TF.The WRKY TF have been found in Cajanus 

cajan(CcContig610), Cicer arietinum(CaContig934), Pisum 

sativum(PsContig1426) and ka/ks value is 0.686. This data 
suggest that interplay of the broad spectrum of TF possibly 
regulates multiple signaling cascades during immune stress. 

3.4.3.Gene Involved in Metabolism 

Developmental changes and stress response are often 
correlated with or result in adjustment in various metabolic 
pathways. The genes present in this class represented several 
biochemical pathways such as carbohydrates, fatty acid 
energy and N2 metabolism. The genes involved in 
Carbohydrate metabolism comprised ADH, GAPDH, Malate 
dehydrogenase, NADH were present. 

ADH enzyme activity can be used as a bio indicator for 
water logging stress in legume plant and there by playing an 
important role in flooding stress tolerance and signaling(El-
Enany et al.,2014). ADH activity is critical for the recycling 
of NADH and thus continuation of glycolytic 
pathway(Johnson et al.,1994). Plant cell have the 
physiological potential to trigger the mechanism under 
anoxia which maintains satisfactory energy loads under 
stress(Rawyler et al., 2002). Therefore plant expose to the 
flooding normally are exposed to the fermentation process as 
a secondary route available in plant metabolism for energy 
production. ADH, NADH activities increases in flooding, is 
resulting in the induction of anaerobic metabolism in many 
higher plants. ADH and NADH have been found in Contig 
Cajanus cajan(CcContig836,CcContig697), Cicer 

arietinum(CaContig81, CaContig3416), Pisum 

sativum(PsContig430, PsContig1897) and Lens 

culinaris(LcContig2, LcContig605) and ka/ks value are 1.014 
and 0.927.Glyceraldehyde-3 Phosphate 
Dehydrogenase(GAPDH)- plants must constantly respond to 
various environmental stresses during growth and 
development. The GAPDH genes that encodes the enzyme in 
the glycolytic pathway (Russell and Sachs,1989; Yang Yet 

al.,1993).The GAPDH have been found in Cajanus 

cajan(CcContig655), Cicer arietinum(CaContig665), Pisum 

sativum(PsContig750) and Lens culinaris(LcContig465) and 
ka/ks value is 1.980.Malate dehydrogenase(MDH) that 
catalysis the inter conversion of malate and 
oxaloacetate(OAA) coupled to the reduction or the oxidation 
of NAD pool. MDH also operate in three different pathway 
in plant(i)TCA (ii) Conversion of Gly to Ser, by reducing 
OAA to malate and proving a supply of NAD+ for 
GLDH(Journet et al.,1981).(iii)In the photorespiration in C4 
plant. Hence MDH plays a vital role in metabolism and in 
many pathways. The MDHgenehave been found in Cajanus 

cajan(CcContig937), Cicer arietinum(CaContig3128), Pisum 

sativum(PsContig529) and Lens culinaris(LcContig508) and 
ka/ks value is 0.922.Most of these enzymes are known to 
altered the expression in response to the stress(Laxaltet 

al.,1996 and Cushmanet al.,1989) many of these enzymes are 
involved in maintaining the metabolite pool that may drive 
the metabolic processes to overcome such stresses. 

(i). TheGenes Involved in Lipid Biosynthesis 

In plants, oxidative stress is one of the major causes of 
damage as a result of various environmental stresses. 
Oxidative stress is thought to be one of the major causes of 
cellular damage and cell death(Bartel,2001).Aldehydes 
comprises a major portion of the lipid peroxidation products 
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and are toxic because of their chemical reactivity. Increase 
aldehyde dehydrogenase activities represent one defense 
strategy in the detoxification of aldehyde(Yoshidaet al., 

1998). The over expression of ALDH improves stress 
tolerance most likely by scavenging toxic aldehydes and thus 
reducing lipid peroxidation. The ALDH have been found in 
Cajanus cajan(CcContig847), Cicer 

arietinum(CaContig3404), Pisum sativum(PsContig2732) 
and Lens culinaris(LcContig58) and ka/ks value is 0.814. 
The Activation of phospholipases is at the origin of the 
production of important defense signaling molecules such as 
oxylipins and jasmonate as well as the potent second 
messenger.It has found that phospholipase A and 
phospholipase C play an important role in the control of plant 
defense response to the attack of invading 
pathogen(Munniket al., 2009 and Laxalt et al., 2002). The 
reports identification of phospholipases allows a better 
understanding of its function during plant pathogen 
interactions.The Phospholipase have been found in Cajanus 

cajan(CcContig549), Cicer arietinum(CaContig336), Pisum 

sativum(PsContig10) and Lens culinaris(LcContig4333) and 
ka/ks value is 0.750. 

(ii). Amino Acid and Nitrogen Metabolism 

Glutamine synthase(GS) is the key enzyme involved in the 
assimilation of NH3 derived either from nitrate reduction, N2 
fixation, photorespiration, or asparagine breakdown. GS 
increases photosynthetic productivitiesunder N-
deficiency(Fuenteset al.,2001). The GS have been found in 
Cajanus cajan(CcContig624), Cicer 

arietinum(CaContig2545), Pisum sativum(PsContig750) and 
Lens culinaris(LcContig465) and ka/ks value is 0.757. 
Proline rich protein-proline is a multifunction amino acid and 
plays a role in carbon and nitrogen metabolism, cell signaling, 
nutrient adaption, and protection against osmotic and 
oxidative stresses(Lehmannet al.,2010). The plant used 
increased proline content for biosynthesis of physiological 
specific proteins or stress proteins(proline rich protein) 
(Ashraf and Foolad,2007). Thereforerapid accumulation of 
free proline in plants is typical response to a wide range of 
environmental stresses(Pavlikova et al.,2008). The proline 
have been found in Cajanus cajan(CcContig550), Cicer 

arietinum(CaContig3402), Pisum sativum(PsContig163) and 
Lens culinaris(LcContig117) and ka/ks value is 
0.972.Glycine dehydrogenasealso known as glycine 
decarboxylase(GLDC), is a multi protein complex, that is 
responsible for an important reaction of primary metabolism 
in all organism including plants. Glycine itself is a precursors 
for chlorophyll, glutathione, tryptophan, phosphatidyl choline 
and related phospholipid and ethanolamine. The role of 
GLDC in all the organism is to interconnect the metabolism 
of one, two and three carbon compounds(Douceet al.,2001). 
Therefore a malfunction of GLDC results in serious 
metabolic consequences. Plants are not able to perform 
oxygenic photosynthesis without GLDC and with reduced 
activity of these enzymes, will usually show severe growth 
retardation(Somerville,2001; Heineke et al.,2001). The 

GLDC have been found in Cajanus cajan(CcContig94), 
Cicer arietinum(CaContig168), Pisum sativum(PsContig3046) 
and Lens culinaris(LcContig74) and ka/ks value is 1.463. 

3.4.4. Genes Related to Heat Stress 

Plant must cope with heat stress for survival, so they 
develop different mechanism including the maintenance of 
cell membrane, stability, capturing the reactive oxygen 
species(ROS), synthesis of antioxidants, accumulation and 
osmoregulations of osmoticum, induction of some kinases 
that respond to stress, calcium dependent kinase proteins, and 
enhancing the transcription and signal transfer of 
chaperones(Wahid et al.,2007). The role of HSPs and stress 
induced protein in the folding of other proteins is important. 
(Morimoto and Santoro, 1998) indicated that HSPs protects 
cells from the injury and facilitate recovery and survival after 
a return to normal growth conditions. It has been found that 
the role of HSPs is to act as a molecular 
chaperones(Timperioet al.,2008). Regulating the folding and 
accumulation of protein as well as localization and 
degradation in all plants and animal species(Guptaet 

al.,2010). These proteins as chaperones, prevents the 
irreversible aggregation of other proteins and participates in 
refolding proteins during heat stress conditions(Trippet 

al.,2009). HSP and stress induced proteins have been found 
in Contig Cajanus cajan(CcContig684,CcContig622), Cicer 

arietinum(CaContig69,CaContig750), Pisum 

sativum(PsContig1869,PsContig262) and Lens 

culinaris(LcContig426,LcContig805) and ka/ksvalue are 
0.766 and 0.511. 

3.4.5. Phytohormone 

Auxin signaling is key to many plant growth and 
developmental processes from embryogenesis to senescence. 
The auxin pathway constitutes an essential component of 
plant biotic and abiotic stress tolerance mechanism. Auxin as 
an indicator of environmental signal in plant root 
development, emerging evidence also implicates auxin as an 
integral part of plants overall biotic and abiotic stress 
tolerance mechanism(Zhang et al.,2012; and Stirnberg et 

al.,2012). The Auxin have been found in Cajanus 

cajan(CcContig1046), Cicer arietinum(CaContig2021), 
Pisum sativum(PsContig404) and Lens 

culinaris(LcContig958) and ka/ks value is 0.851. 

3.4.6. Defense and Stress Responsive Gene 

Pathogen attack is often accompanied by the accumulation 
of elevated levels of transcript of diseases related protein, the 
PR gene. The involved of these proteins in plant defense 
responses is well known(Yasuda et al.,2001). PR are the 
heterogeneous group of plant proteins, inducible by biotic 
stresses(Van Loon et al.,2006; Sels et al.,2008). Some of 
these proteins are effectors against pathogens and insects, 
while other are involved in the reestablishing homeostasis 
after the stress(Van Loon et al.,2006). Many PRs are induced 
not only by pathogens but also by abiotic stresses, 
developmentally regulated are constituently expressed in 
some tissues(Van Loon et al.,2006). Many other proteins for 
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example universal stress protein, aquaporin, cold acclimation 
responsive protein were also identified, implicating their 
involvement in pathostress response despite their role in 
abiotic and other stresses.Aquaporin are membrane intrinsic 
proteins that faciliate and regulate the passive movement of 
water molecule down a water potential gradient (Maurel et 

al.,2008). Aquaporin seems to play a specifically important 
role in controlling transcellular water transport and hydraulic 
conductance in plant tissue(Javot and Maurel, 2002). 
Aquaporin also play a role in nitrogen metabolism. PR gene 
and Aquaporin have been found in Contig Cajanus 

cajan(CcContig830,CcContig256), Cicer 

arietinum(CaContig2090,CaContig1741), Pisum 

sativum(PsContig2873, PsContig709) and Lens 

culinaris(LcContig1024, LcContig988) and ka/ksvalue are 
0.972 and 0.430.H2B has been reported to affect leaf and root 
growth and seed dormancy(Fleury et al.,2007). H2B is also 
involved in the regulating the expression of key flowering 
times and plant development(Xu et al.,2009; Schmitzet 

al.,2009). Defense responses in the plants have been 
demonstrated to required H2B for both positive and negative 
regulations(Devoto et al.,2003; Trujillo and Shirasu,2010). In 
Arabidopsis H2B is a regulatory component of plant defense 
against necro tropic fungal pathogen(Dhawan et al.,2009). 
These results suggest that H2B is involved in multiple 
developmental processes and responses to biotic stress in 
plants(Hu et al.,2014). H2B have been found in Contig 
Cajanus cajan(CcContig924), Cicer 

arietinum(CaContig2294),Pisum sativum(PsContig2173) and 
Lens culinaris(LcContig28) and ka/ks value are 
0.259.Lipoxygenase(LOXs) LOXs are normally present in 
the seeds of plants(Siedow,1991). LOXs are almost 
ubiquitous and involved in various physiological processes. 
Therefore induction of the LOX genes during plant-pathogen 
interactions have been reported in several species and 
confirming, the function of LOXs in the defense against pest 
seems to be related to the synthesis of number of different 
compounds with signaling functions(Creelman and 
Mullet,1997). LOXs have been found in Contig Cajanus 

cajan(CcContig463), Cicer arietinum(CaContig2149),Pisum 

sativum(PsContig2444) and Lens culinaris(LcContig302) and 
ka/ks value are 0.312. 

3.4.7. Genes Related to Abiotic Stress and 

Detoxification 

Genes related to the abiotic stresses are potentially 
important in the recent scenario of harsh environmental 
changes such as the increase of extreme temperature and 
drought periods. This category includesLate Embroyogenesis 
Abundant(LEA), Dehydrin, DREB,Histone H3, Chlorophyll 
a/b binding protein(CAB). 

LEA genes codes for a diverse group of proteins that 
accumulate to high levels in seed development(Bakeret 

al.,1988). The expression of LEA genes can be induced by 
the application of absiccsic acid and by various abiotic 
stresses such as dehydration, osmoticstress, or cold in 
bothreproductive and vegetative tissues. LEA proteins have been 

detected in different stages of plant development in response 
to different water deficient conditions(salinity, freezing and 
drought). LEA have been found in Cicer 

arietinum(CaContig593), Pisum sativum(PsContig2980) and 
Lens culinaris(LcContig1) and ka/ks value is 0.819.Dehydrin 
which also belong to group of LEA proteins, are a family of 
instrincally unstructured plant proteins that accumulate 
during the late stages of embryogenesis, and play an 
important role in plant responses and adaptation to stress, 
dehydrin proteins are major components of response to 
several abiotic stress such as cold or drought in plant 
kingdom. Dehydrin have been found in Contig Cajanus 

cajan(CcContig469), Cicer arietinum(CaContig2990),Pisum 

sativum(PsContig3478) and Lens culinaris(LcContig357) and 
ka/ks value are 1.002.DREB proteins are important TFs in 
regulating abiotic stress related genes and play a crucial role 
in imparting stress tolerance to plant. Dreb genes are strongly 
and transiently induced by low temperature 
stresses(Thomashow,2002). The Dreb regulons can thus we 
used to improve the tolerance of various kinds of 
agriculturally important crop plant to drought high salinity 
and freezing stress by gene transfer(Charu and 
Prasad,2011).DREB have been found in Contig Cajanus 

cajan(CcContig825), Cicer arietinum(CaContig525), 
andLens culinaris(LcContig804)and ka/ks value are 
0.677.Histone H3 are the main protein component of 
chromatin they undergo extensive post translation 
modifications particularly acetylation, methylation, 
phosphorylation, ubiquition, ADP ribosylation which modify 
the structural,functional properties of chromatin.(Kimet 

al.,2008). H3 have been found in Contig Cajanus 

cajan(CcContig145), Cicer arietinum(CaContig1323),Pisum 

sativum(PsContig758) and Lens culinaris(LcContig440) and 
ka/ks value are 0.114.Chlorophyll a/b binding protein (CAB)-
different stressful environment, includes salinity, drought and 
heat causes generally a considerable reduction in content of 
important photosynthetic pigments, chlorophyll a and 
chlorophyll b. The extend of reduction in the content depends 
on the species, variety, duration of plant exposure and 
tolerance of the stress. Reduction in the photosynthetic 
pigment whether through the impairment in pigment 
biosynthesis or destruction of pigment may lead to 
impairment in electron transport and hence reduced 
photosynthetic capacity in most plant(Ashraf and Harris,2013) 
with all these explanation, Chlorophyll a/b binding protein 
acting as a potential stress responsive factors. CAB have 
been found in Contig Cajanus cajan(CcContig314), Cicer 

arietinum(CaContig240),Pisum sativum(PsContig2360) and 
Lens culinaris(LcContig380) and ka/ks value are 0.784.  

4. Conclusion 

We assembled ESTs from Cajanus cajan, Cicer arietinum, 
Pisum sativum, Lens culinaris and applied diverse array of 
bioinformatics tools to extract information about gene 
content features, transcriptome changes and novel stress 
responsive genes both abiotic and biotic factors. The results 
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concerning the prevalence of protein related to various stress 
related genes in all four crops under study. Identifying and 
mining genes involved in stress response represent a key step 
to unraveling and manipulating stress tolerance in legumes. 
Comparative analysis among the legumes within the same 
species and between species will enable us to identify species 
specific genes underlying stress response. Despite knowing 
that comparisons between these legumes species data should 
be carefully inspected, our initiative established possible 
transcriptome elements that could guide the legumes specific 
community in unraveling the molecular mechanism that 

distinguish these four extremely important legumes species. 
In addition, the annotation of legumes-specific/stress 
prominent genes adds new element to genomic initiatives that 
our searching for traits (factors) that could differentiate 
legume each species from other. We believe that such data 
are a valuable aid to the interpretation of legume 
development, providing insight that could help in legumes 
reading program and indicating potential targets for 
functional analysis and biotechnology products of such 
socially and economically important legume species.  

Appendix 

1. Phylogenetic Tree of Genes Involved in Regulatory Pathway (Cell Signaling and Transcription) 

a. Calmodulin 

 

b. Serine/threonine- Protein Kinase 

 

c. 14-3-3 like protein 
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d. MAP Kinase 

 

e. Actin 

 

2. Phylogenetic Tree of Transcription Factors (TF) Acting in Stress 

a. MYB 

 

b. Leucine Zipper and W2 Domain Containing Protein 

 

c. Zinc Finger Protein 
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d. AP-2/EREBP  

 

e. WRKY 

 

3. Phylogenetic Tree of Gene Involved in Metabolism 

a. Alcohal Dehydrogenase 

 

b. GAPDH 

 

c. Malate Dehyderogenase 
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d. NADH Dehyderogenase 

 

e. Phospholipase 

 

f. Aldehyde Dehydrogenase 

 

g. Glutamine synthetase 

 

h. Glycine Dehydrogenase 
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i. Proline Rich Protein 

 

4. Phylogenetic Tree of Genes Related to Heat Stress 

a. Heat Shock Protein 

 

b. Stress Induced Protein 

 

5. Phylogenetic Tree of Phytohormone 

a. Auxin Responsive 
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6. Phylogenetic Tree of Defense and Stress Responsive gene 

a. PR Gene 

 

b. Aquaporin 

 

c. H2B 

 

d. Lipoxygenase 
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7. Phylogenetic Tree of Genes Related to Abiotic Stress and Detoxification 

a. LEA 

 

b. Dehydrin 

 

c. DREB 

 

d. Chlorophyll a/b binding protein 

 

e. Histone H3 
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