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Abstract Vigna mungo (Urdbean) is cultivated in the

tropical and sub-tropical continental region of Asia. It is not

only important source of dietary protein and nutritional

elements, but also of immense value to human health due to

medicinal properties. Yellow mosaic disease caused by

Mungbean Yellow Mosaic India Virus is known to incur

huge loss to crop, adversely affecting crop yield. Contrasting

genotypes are ideal source for knowledge discovery of plant

defence mechanism and associated candidate genes for

varietal improvement. Whole genome sequence of this crop

is yet to be completed. Moreover, genomic resources are

also not freely accessible, thus available transcriptome data

can be of immense use. V. mungo Transcriptome database,

accessible at http://webtom.cabgrid.res.in/vmtdb/ has been

developed using available data of two contrasting varieties

viz., cv. VM84 (resistant) and cv. T9 (susceptible). De novo

assembly was carried out using Trinity and CAP3. Out of

total 240,945 unigenes, 165,894 (68.8%) showed similarity

with known genes against NR database, and remaining

31.2% were found to be novel. We found 22,101 differen-

tially expressed genes in all datasets, 44,335 putative genic

SSR markers, 4105 SNPs and Indels, 64,964 transcriptional

factor, 546 mature miRNA target prediction in 703 differ-

entially expressed unigenes and 137 pathways. MAPK,

salicylic acid-binding protein 2-like, pathogenesis-related

protein and NBS-LRR domain were found which may play

an important role in defence against pathogens. This is the

first web genomic resource of V. mungo for future genome

annotation as well as ready to use markers for future variety

improvement program.
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Introduction

Vigna mungo (Urdbean), the orphan legume crop under

‘Fabaceae’ family, is an inexpensive key source of dietary

protein and also considered as ‘‘the poor man’s protein’’

among different pulse crops (Kakati et al. 2010). This

legume is widely cultivated in the tropical and sub-tropical

regions of Asian continent for its edible seeds. Seeds of V.

mungo are important source of dietary protein, starch,

mineral elements, vitamins, higher level of folate and iron

(Sharma et al. 2011). V. mungo has medicinal properties

like, antihyperlipidemic and antihyperglycemic relevant in

treatment of type 2 diabetes (Kaur et al. 2015). This pulse

is also important due to anti-cardiovascular disease and

anti-cancerous properties (Campos-Vega et al. 2010).

There is steep decline in the productivity in V. mungo

due to several biotic stresses among which stress due to

viruses are predominating (Naimuddin et al. 2011). Among

the viral diseases, Yellow mosaic disease is the most

destructive and widely distributed, caused by Mungbean

Yellow Mosaic India Virus (MYMIV). This disease is

transmitted by the vector Bemisia tabaci (whitefly) (Kundu

et al. 2015). MYMIV belongs to family Geminiviridae and

genus Begomovirus, having bipartite genomes (Reddy et al.

2015).
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Management of MYMIV is often done through foliar

spray of dimethoate which has concerns for health hazards

beyond prescribed concentration (Davies et al. 2008). In

order to develop viral resistant varieties, pathways and

genes associated with these traits must be deciphered.

Since whole genome sequencing of this crop is yet to be

done, the available transcriptome data can be an econom-

ical and valuable source of candidate gene discovery.

Though very limited studies, where just two candidate

genes (Qazi et al. 2007) and in another study, having virus

challenged transcriptomic response confined to a single

genotype (Ganguli et al. 2016) are reported, there is a need

to carry out such investigations on contrasting genotypes

which would be a better source of candidate gene discov-

ery. Moreover, there is no report on molecular markers

from differentially expressed transcripts having potential to

be used as functional domain markers.

The present work aims at profiling differentially

expressed genes in leaf tissue of two contrasting genotypes,

i.e., VM84 (resistant) and T9 (susceptible) of V. mungo,

discovery of genic region SSRs, SNPs and Indels, tran-

scription factors and prediction of microRNAs targets

along with the development of transcriptome based web

genomic resources.

Materials and method

Pre-processing and de novo assembly

Four sets of RNA-seq data of V. mungo was retrieved from

NCBI SRA database. First two datasets pertained to con-

trasting genotypes viz., VM84 (infected resistant,

SRX1082731) and VM84 (mock inoculated control resis-

tant, SRX1032950) and second two datasets were T9 (in-

fected susceptible, SRX1058327) and (mock inoculated

control, SRX1058325). All these Illumina datasets were

pre-processed using Trimmomatic tool version 0.33 for

removal of low quality reads (phred-score B20 and reads

with ambiguous bases ‘N’), trimming of bases from 50 and

30 end and adaptor sequences (Bolger et al. 2014). Quality

assessment of raw and trimmed reads was carried out using

FastQC tool (http://www.bioinformatics.babraham.ac.uk/

projects/fastqc/). Further, these clean and filtered reads

were used for de novo assembly using short read assembly

program Trinity Release v2.0.6 (Haas et al. 2013). CAP3

assembler was used to reduce redundancy (Huang and

Madan 1999).

Identification of differential expressed genes

Mapping and alignment of high quality reads onto refer-

ence de novo assembly was performed by using bowtie tool

(Langmead et al. 2009), to obtain the read density which

provides the gap free alignment. Reads with maximum two

mismatches were allowed to map the de novo assembled

transcriptome. Abundant estimation and calculation of

expression values were performed using ‘RNA-Seq by

Expectation–Maximization (RSEM)’ tool (Li and Dewey

2011). Calculation of expression values of each transcript

were based on fragments per kilobase of exon per million

mapped reads (FRKM). EdgeR package (Empirical anal-

ysis of Digital Gene Expression in R) (Robinson et al.

2010) of Bioconductor was used to calculate the differen-

tial expressed genes applying filtering criteria of p value

0.01 and log fold change210 to get the significant genes.

Annotations and functional categorization

of differential expressed genes

Homology search of differential expressed genes against

NCBI non-redundant database (nr.32) (ftp://ftp.ncbi.nlm.

nih.gov/blast/db/) with Blastx algorithm having threshold

expected value 1e-3 was done using Standalone local ncbi-

blast-2.2.31? (Camacho et al. 2009). Blast2Go Pro version

3.1 software (Conesa et al. 2005) was used for functional

categorization and gene ontology of genes in three sub

categories i.e. biological process, molecular function and

cellular component. Kyoto encyclopaedia of genes and

genomes (KEGG) analysis of unigenes was performed by

Blast2Go software which provides the pathways and

enzyme classification number (EC). Transcriptional factors

(TF) were identified from de novo assembly of V. mungo

using PlantTFDB (Jin et al. 2016) (http://planttfdb.cbi.pku.

edu.cn/).

SSR and SNP mining

Identification of SSRs was performed by using perl script

of MISA-MIcroSAtellite identification tool (Thiel et al.

2003). Ten repeating units for mono-, 6 repeating units for

di- and 5 repeating units for tri-, tetra-, penta- and hexa

nucleotide criteria were taken for mining the SSR markers

and PRIMER3 tool (Untergasser et al. 2012) was used to

design primer sets for database entry.

Also, we identified the SNPs and Indels from V. mungo

resistant VM84 and susceptible T9 cultivars separately. All

reads of different samples were aligned and mapped to de

novo transcriptome reference assembly using Burrows–

Wheeler Aligner (BWA) tool (Li and Durbin 2009). For

calling SNPs and Indels in the mapped reads, SAMtools

package was used (Li et al. 2009). The filtering criteria

used for mining SNPs/Indels were 159 depth (Uitdewilli-

gen et al. 2013), quality score of 30 (Liu et al. 2014; Yu

and Sun 2013) and 2 SNPs were allowed within the

flanking region of 50 bp on each side.
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MiRNA target prediction of DEGs

The miRNA target predictions of V. mungo from differ-

ential expressed genes were done against the fabaceae

family crops. 1545 mature miRNA sequences were

retrieved from miRBase database release 21 (Kozomara

and Griffiths-Jones 2014) (http://www.mirbase.org/).

MiRNA Target prediction of V. mungo DEG’s was carried

out by using MiRanda-3.3a tool (http://www.microrna.org/

microrna/getDownloads.do).

Development of web genomic resources

All the analysed results were catalogued in the online

relational database of V. mungo, available at http://webtom.

cabgrid.res.in/vmtdb/. It is based on ‘‘three-tier architec-

ture’’ having a client tier, middle tier and database tier. To

browse and query the database user can go through the

developed web pages in client tier. Different tables having

transcripts/contigs, SSRs, variants, miRNA targets corre-

sponds to MySQL database in the database tier. For data-

base connectivity, query execution and fetching, server

side scripting has been done using PHP in the middle tier.

Primer3 has also been integrated at the backend for primer

generation of the selected SSR markers.

Results and discussion

Quality control and de novo assembly

After removing 4,332,250 poor qualities reads from the

four sets of data, 154,742,250 (97.2%) cleaned and good

quality reads with phred score BQ20 were retained for de

novo assembly. A total of 308,523 contigs using short read

algorithm were generated by Trinity assembler. After

applying CAP3 assembler on Trinity assembly results for

the removal of redundant sequences, 240,945 contigs were

finally taken for further analysis. Total GC content found in

assembly was 39.74% with N50 of 1759 bp. Minimum and

maximum contigs lengths were 201 and 22,103 bp

respectively. Figure 1 represents the sequence length dis-

tribution of the contigs produced by CAP3 assembly.

Abundance estimation and identification

of differential expressed genes

A total of 10,672, 10,209, 475 and 746 differentially

expressed genes (DEGs) were obtained in analysis of

transcriptomic sets, viz, infected VM84 vs. infected T9,

infected VM84 vs. control VM84, infected T9 vs. control

T9 and control VM84 vs. control T9, respectively. Up and

Fig. 1 Sequence length

distribution of de novo

transcriptome assembly of V.

mungo
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down regulated genes in each set of comparison is pre-

sented in Table 1. Common and unique DEGs of all the

four sets are depicted by Venn diagram (Fig. 2). A total of

26 unigenes were common in all the four sets used in

comparison, while 1774, 1417, 155, 395 unigenes were

unique to infected VM84 vs. infected T9, infected VM84

vs. control VM84, infected T9 vs. control T9 and control

VM84 vs. control T9, respectively. Maximum of 8637

unigenes were common in sets of infected VM84 vs.

control VM84 and infected VM84 vs. infected T9.

Venn diagram shows that no DEGs were common in

infected VM84 vs. infected T9, infected T9 vs. control T9

and control VM84 vs. control T9 (Fig. 2) reflecting dif-

ferent response mechanism operating in these contrasting

genotypes. Maximum numbers of DEGs were observed in

VM84 infected vs. T9 infected and VM84 infected vs.

VM84 control i.e., 10,672 and 10,209, respectively

(Table 1).

We observed higher expression of Salicylic acid-binding

signalling protein in resistant variety VM84 as compared to

susceptible T9 in response to MYMIV infection. This

signalling further triggers Mitogen-Activated Protein

Kinase (MAPK) gene in cascade to trigger plant defence

mechanism (Slaymaker et al. 2002). This has already been

reported in other crops like tobacco, Arabidopsis thaliana

and tomato (Pedley and Martin 2005).

We found an interesting observation that few pathways

and associated genes of yellow mosaic virus are well

conserved in other crop families like leguminosae and

solanaceae. For example, Salicylic acid pathway is also

reported in tomato (Miozzi et al. 2014), chilli (Kushwaha

et al. 2015), capsicum (Gongora-Castillo et al. 2012) and

tobacco (Czosnek et al. 2013). Similarly, NAC gene family

is also reported in chilli pepper biotic stress resistance

pathway (Oh et al. 2005). MAPK pathway is also reported

in tomato against other geminivirus like crinivirus (Kaur

et al. 2017).

Among the 26 differentially expressed genes in all the

four datasets, upregulated terpene synthase was obviously

expected due to its terpene molecule generalized role in

defence against biotic stresses (Gershenzon and Dudareva

2007). Similarly, MYB TF is also highly expressed which

is known for mediating and controlling both biotic as well

as abiotic stress (Ambawat et al. 2013). Among other

common set of genes, viz., U-box domain-containing pro-

tein 33-like isoform X2, cap-binding protein-like protein,

mitochondrial import receptor were found highly expres-

sed which is expected in metabolically active tissue against

MYMIV challenge (Endo and Kohda 2002). Rest 21 are

hypothetical proteins.

We found many pathogenesis-related proteins in our

study, such as PR1 gene whose role is already impli-

cated in plant immunity in very same crop of V. mungo

(Kundu et al. 2015). Similarly, PR4 protein which was

found in our study also and known for protecting the DNA

and RNA from degradation during the host–pathogen

interaction is also reported in Capsicum chinense (Gue-

vara-Morato et al. 2010). These pathogenesis-related pro-

teins were found highly expressed in infected VM84 vs.

infected T9, infected VM84 vs. control VM84 and control

VM84 vs. control T9.

In the three datasets, viz, infected VM84 vs. infected T9,

infected VM84 vs. control VM84, and control VM84 vs.

control T9, all the NBS-LRR proteins were found highly

expressed. We found higher expression of resistant

(R) genes which are well known in plant offering specific

resistance. These proteins have nucleotide-binding site

leucine-rich repeat (NBS-LRR) domains which provide

resistance to plant from various pathogens like viruses,

bacteria, fungi etc. (Głowacki et al. 2011). Conformational

modifications in NBS domain stimulate the exchange of

ATP with ADP which further triggers downstream signal-

ing (DeYoung and Innes 2006). This clearly indicates that

Table 1 Upregulated and

downregulated genes at each

stage specific comparison study

Comparison stage Upregulated Downregulated Total

Infected VM84 vs. infected T9 10,285 387 10,672

Infected VM84 vs. control VM84 9971 238 10,209

Infected T9 vs. control T9 260 215 475

Control VM84 vs. control T9 377 369 746

Fig. 2 Common and unique DEGs of all the four datasets
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MYMIV susceptibility in the genotype T9 is due to lack of

R gene expression which is also reported in previous

studies (Kundagrami et al. 2009).

Calreticulin is the special kind of protein of endoplasmic

reticulum (ER) chaperone system, which was found up-

regulated only in response to MYMIV challenge in resis-

tant variety (VM84) indicating its critical role in plant

immune system as reported in previous studies of Tobacco

mosaic virus (TMV) (Caplan et al. 2009). Lack of N

immune receptor may cause plant death in virus attack

(Garg et al. 2015). Similarly, in chaperone system,

Calmodulin (CaM) associate with the Ca2? signalling has

also been reported to be involved in plant defence against

various pathogens (Cheval et al. 2013). Similar role has

been reported for tobacco calmodulin-like protein having

binding ability with dsRNA to act as viral related RNA

silencing suppressors (RSSs) inhibiting RNAi which is the

unique defence mechanism of host plants against the viral

attacks (Nakahara et al. 2012).

Functional characterization and pathways analysis

of DEG’s

Blast homology search of all the four sets of DEGs

revealed maximum hits with four species viz., Phaseolus

vulgaris, Glycine max, Solanum tuberosum and Solanum

lycopersicum. Blast results of all the four sets of differen-

tial expressed genes data and whole transcriptome assem-

bly are given under the supplements heading of the

database link (http://webtom.cabgrid.res.in/vmtdb/). We

obtained four sets of unigenes 8107, 7679, 371 and 570

from infected VM84 vs. infected T9, infected VM84 vs.

control VM84, infected T9 vs. control T9 and control

VM84 vs. control T9 stage, respectively, which were used

for gene ontology and annotation. Gene ontology of DEG

was further categorized into three i.e. biological process,

molecular function and cellular component as depicted in

Fig. 3.

Fig. 3 Gene ontology of differential expressed genes of all datasets

(comparative study of V. mungo). Green colour showed the biological

process, blue colour represents the molecular functions and yellow

colour represents cellular components. a Infected VM84 vs. infected

T9; b infected VM84 vs. control VM84; c infected T9 vs. control T9;

d control VM84 vs. control T9 (colour figure online)
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Analysis of 240,945 contigs in PlantTF database

revealed 87,195 (36.18%) transcription factors. Highest

abundance was found for MYB family protein (9213 times)

followed by bHLH (8704 times), NAC (5953 times), ERF

(4520 times) and C2H2 (4293 times). Supplementary sheet

of identified transcription factors are given in database link

http://webtom.cabgrid.res.in/vmtdb/.

Transcriptional factors observed under study such as

bZIP, WRKY, myelocytomatosis related proteins (MYC)

and myeloblastosis related proteins (MYB) and NAC

family, have been reported to play role in signal trans-

duction during pathogen attack in other crops (Alves et al.

2014).

Using Blast2GO pro software, we identified the KEGG

(Kyoto Encyclopaedia of Genes and Genomes) pathways.

Differential expressed genes of all stages were mapped and

found 134, 132, 72 and 86 pathways were involved in

infected VM84 vs. infected T9, infected VM84 vs. control

VM84, infected T9 vs. control T9 and control VM84 vs.

control T9 datasets, respectively. We found ‘‘Biosynthesis

of antibiotics’’ pathway maximum number of time i.e. 149

and 147 in infected VM84 vs. infected T9 and infected

VM84 vs. control VM84 respectively, where as ‘‘Starch

and sucrose metabolism pathway’’ found the maximum

number of times in infected T9 vs. control T9 and control

VM84 vs. control T9, respectively.

KEGG pathways analysis was performed to understand

the biological function of differentially expressed genes.

The major pathways found in our study were pertaining to

phenylpropanoid biosynthesis, starch and sucrose metabo-

lism. Starch and sucrose metabolism plays vital role in

viral attack of crop as reported in studies of Manihot

esculenta Crantz crop infected with cassava mosaic virus

(Allie et al. 2014). Role of similar phenylpropanoid

biosynthesis pathway in potato plant defence against Po-

tato virus Y (PVY) infection has been reported (Kogovšek

et al. 2016; Kundu et al. 2015).

Markers identification

We have identified SSR marker from de novo transcrip-

tome assembly as well as all DEGs of the four datasets. We

found 44,335 putative SSR markers from de novo tran-

scriptome assembly. In DEG specific mining, we obtained

2464, 2287, 165 and 248 putative SSR markers in infected

VM84 vs. infected T9, infected VM84 vs. control VM84,

infected T9 vs. control T9 and control VM84 vs. control T9

dataset, respectively (Table 2). Primers of these SSRs are

present under the supplements heading of database link

http://webtom.cabgrid.res.in/vmtdb/.

The genic region SSRs can be used as functional domain

markers as well as in evolutionary, ecological, linkage

mapping, quantitative trait loci (QTL) exploration, genetic

diversity and comparative genomics studies. Similar use

has been reported for linkage mapping in V. mungo (Gupta

et al. 2008), varietal differentiation in black gram (Vigna

spp.) (Kaewwongwal et al. 2015).

The bulk of the discovered genic region SSRs can be

prioritized by narrowing down the number by mining

dataset specific DEGs. Such SSRs (Table 2) can be used as

functional domain markers for future association studies as

reported in crop like Pinus (Alisoltania et al. 2016). Till

date only a single genic region marker (RGA 1F-CG/RGA

1R) obtained in studies of contrasting genotypes V. mungo

challenged with yellow mosaic virus (YMV) has been

reported (Basak et al. 2005).

Table 2 List of SSR markers obtained from de novo transcriptome assembly as well as differential expressed genes of stage study infected

VM84 vs. infected T9, infected VM84 vs. control VM84, infected T9 vs. control T9 and control VM84 vs. control T9

De novo Transcriptome

assembly

Inf VM84 vs. inf

T9

Inf VM84 vs. con

VM84

Inf T9 vs. con

T9

Con VM84 vs. con

T9

Sequences examined 240,946 10,673 10,210 476 747

Identified SSRs 46,499 2609 2425 177 262

SSR containing sequences 37,847 2125 1987 135 196

Sequences containing more than

1 SSR

6824 385 350 30 49

SSRs present in compound

formation

2164 145 138 12 14

Mono 27,603 1452 1361 94 137

Di 9809 525 486 47 64

Tri 8530 604 551 33 59

Tetra 471 14 12 4 2

Penta 43 3 3 Nil Nil

Hexa 43 11 12 Nil Nil
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A total of 103,415 SNPs and 5890 Indels were mined

from genic regions of all the four datasets (Table 3).

Detailed information of SNPs and Indels with the flanking

regions is present in the database under supplements

heading (http://webtom.cabgrid.res.in/vmtdb/). It was

observed that 4105 SNPs and Indels were common in all

samples as shown in Fig. 4. Maximum number of variants

in form of SNPs and Indels were found TR026348 (gene

name: clustered mitochondria homolog).

These genic region SNP markers can be used in future

association studies. Similar approach to obtain genic region

SNP markers and trait improvement has been reported in

other crops like Ocimum basilicum (Gupta et al. 2010),

Seasme indicum (Bhattacharyya et al. 2014), Elaeis

guineensis (Tranbarger et al. 2012) and Camellia sinensis

(Sahu et al. 2012).

MicroRNA target prediction

MicroRNA controlling DEGs in each of the four datasets

was obtained successfully. We found 178, 130, 113 and

125 miRNA of fabaceae family regulating 346, 303, 24 and

30 differential expressed genes of infected VM84 vs.

infected T9, infected VM84 vs. control VM84, infected T9

vs. control T9 and control VM84 vs. control T9 datasets,

respectively.

List of Identified miRNA targets are present in the

supplements section of database (http://webtom.cabgrid.

res.in/vmtdb/).

Among these four datasets, only 12.6% miRNAs were

found to have common targets as shown in Venn diagram

(Fig. 5). Previous studies revealed that, both virus and host

encodes miRNA which play critical role in host–pathogen

interaction network and regulate gene at post transcrip-

tional level. These miRNAs control and manipulate the

biological process (Scaria et al. 2006). These miRNA

based targeted seed region of UTR can be further investi-

gated for polymorphism and association studies. Similar

miRNA polymorphism based studies have been reported in

many crops with trait improvement (Liu et al. 2013; Wang

et al. 2013; Mishra and Bertino 2009).

Database development

The developed web transcriptomic resources of V. mungo

catalogues detailed description of the transcripts/contigs,

markers and miRNA targets, which is of immense use to

Vigna breeders across the globe. The V. mungo Tran-

scriptome database (VmTDB) provides transcriptomic

information of two genotypes of V. mungo viz. VM84

(resistant) and T9 (susceptible) cultivars. It includes

240,945 assembled transcripts, differential expressed genes

and expression values of four datasets, i.e., infected VM84

vs. infected T9, infected VM84 vs. control VM84, infected

T9 vs. control T9 and control VM84 vs. control T9. Beside

this, it provides the information related to pathways, simple

sequence repeats, single nucleotide polymorphism,

Table 3 Number of SNPs and Indels shown in all samples of V.

mungo

Samples SNP Indels Total

VM84_infected 78,720 3267 81,987

T9_infected 9251 1089 10,340

VM84_control 7670 689 8359

T9_control 7774 845 8619

Fig. 4 Venn diagram of common and unique SNP and Indels in

infected VM84, control VM84, infected T9 and control T9

Fig. 5 miRNA target prediction of all datasets (comparative study of

V. mungo). Stage infected VM84 vs. infected T9, infected VM84 vs.

control VM84, infected T9 vs. control T9 and control VM84 vs.

control T9 are shown in blue, yellow, green and pink colors,

respectively (colour figure online)
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transcriptional factors, domain and families and miRNA

targets.

The V. mungo Transcriptome database (VmTDB) has

six utility tabs such as Home, Transcripts, Markers, Can-

didate genes, miRNA target and supplements. In ‘‘Tran-

script’’ tab, user can search expression values,

transcriptional factors, pathways, domains and families. In

‘‘Expression profile’’, search provides the information of

expression values in the form of FPKM and their blast hits.

In ‘‘TF’’, search provides the information of transcripts

which showed similarities with transcriptional factors

along with the hyperlinks attached to each transcript with

PlantTFDB (Plant Transcription Factor Database). In

‘‘Domain and families’’ tab, information of identified

domain and family of transcripts are hyperlinked with

database of EMBL-EBI Interpro. In ‘‘Pathways’’ tab, it

provides information of pathways with enzyme name and

enzyme ID which were found in differential expressed

gene of four datasets. Pathway maps are directly linked to

KEGG database. ‘‘Markers’’ tab includes the option of

SSR, SNP and Indels with details of these identified

putative markers. Under the tab ‘‘Candidate Genes’’,

information of differential expressed genes of all the four

datasets are catalogued. Under the tab ‘‘miRNA target’’,

information of putative miRNA targets which regulates

specific transcripts in all the four datasets are provided.

Figure 6 shows the schematic diagram of VmTDB.

Conclusion

This is the first report of V. mungo transcriptome using two

contrasting genotypes challenged against MYMIV depict-

ing host-parasite interaction at molecular level. De novo

transcriptome assembly exhibited 240,945 unigenes in our

studies. A total of 22,102 DEGs were found having 20,893

up- and 1209 down- regulated genes. The study reveals

systemic resistance pathways of V. mungo against viral

infection. A total of 64,964 transcription factors and 546

miRNA targets were found in regulation of 703 DEGs in

Fig. 6 Flow diagram of V. mungo Transcriptome database (VmTDB)
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all datasets and 137 pathways. Genic region marker dis-

covery revealed 44,335 SSRs and 109,305 SNPs and

Indels. Obtained genomic resources have been populated in

a database which is freely accessible for researchers and

molecular breeders. The listed candidate and pathway

genes can be targeted for future SNP discovery programs

and this database would be a supplementing tool in varietal

improvement program of this valuable nutritional health

crop in the endeavour of accelerated genetic gain.
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