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Recent advancements in ‘omics’ techniques have enabled generation of genomic resources much 

efficient and cost effective manner. The improvement in sequencing technology, particularly next 
generation sequencing (NGS) techniques has reduced the sequencing costs and thus brought many 

more crop genomes within range of analysis. Outputs from genome sequencing projects are further 

being enhanced by advances in functional genomics technologies, including transcriptomics, 
proteomics, metabolomics and bioinformatics. Taken together, the new biosciences enabled molecular 

phenotyping, and the integration of multiple datasets provides the foundation for plant systems 

biology. If we go to history of genomic resources generation it started with the first detailed genetic 

map and sequencing efforts occurred in the 1980s and in the 1990s, Arabidopsis mutant collections, 
gene libraries and genomic resources were developed and shared. The complete genome sequence of 

Arabidopsis was published in 2000. Since then genomics research on crop plants and their botanical 

models are generating high quality whole genome sequences, expressed sequence tags (ESTs), genome 
survey sequences, mutant lines, expression profiling resources etc. Ultimately, these genomic 

resources are utilized for developing better cultivars either through marker assisted breeding or by 

genetic transformation for transgenic crop development. 

 

Molecular markers, Core set, QTL mapping and marker assisted selection 

 

With the invention of PCR machine in 1990s, the use of molecular marker for genetic diversity study 
and DNA fingerprinting of crops varieties and germplasm started. Simultaneously study of many 

agronomically important traits such as yield, quality, biotic and abiotic stress tolerance also started. 

Division of Genomic Resources, ICAR-NBPGR is generating and utilizing the SSR and SNP markers 
for characterization of different Agri-horticultural crops. In case of Indian rice varieties, suitability of 

SSR and SNP markers were studied (Singh et.al, 2013). Based on this outcome, 729 varieties of rice 

conserved in the gene bank were also analyzed using SSR makers (Singh et.al, 2016) to study the 

genetic diversity trend in Indian rice. In another study, 662 accessions of rice germplasm originating 
from Arunachal Pradesh, conserved in the National Gene bank, NBPGR were analyzed using SNP 

markers to study the genetic diversity and population structure (Roy Choudhury et. al, 2017). In case 

of medicinal plant, Giloe (Tinospora cordifolia) genomic SSR (g-SSR) markers were developed and 
utilized to study genetic diversity of different giloe species (Paliwal et. al., 2016). Thirty six genome 

wide unlinked SNP markers distributed across the 12 rice chromosomes, were used to develop a core 

for 6,984 rice accessions, originating from NE and 2990 accessions originating from east coastal areas 
of India. A core set of 701 accessions was obtained from NE collection, which accounted for 

approximately 10% of the total collection (Roy Choudhury et. al, 2014); similarly for coastal plain 

collections, a set of 300 accessions were constructed (unpublished) and both core sets represented 

99.0% of the allelic diversity.  
 

Most of the agronomically important traits are controlled by many genes and are known as 

quantitative, polygenic or complex traits. A QTL is a genomic region of any genome that contains 
genes associated with a particular quantitative trait of interest. The mapping of such regions associated 

with a specific trait is difficult because of the large number of QTLs gets identified for a particular trait 

and further possible interactions between QTLs, epistasis adds additional sources of variation. 
Molecular markers are generally used to map and tag desire genes. In case of rice, SSR markers were 

used to map aroma (Singh et. al, 2007, Amravati et. al, 2008) and grain length (Singh et al, 2012) 

QTLs using RILs population. Further, candidate genes responsible for aroma were identified using 
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combined approach of QTL mapping and transcriptome profiling (Pachauri et. al, 2014). A successful 

application of molecular markers is in Maker Assisted Breeding (MAS). To assist breeding procedures 
a tight association between the markers and the major genes or the QTLs is necessary; therefore, the 

construction of a genetic map with molecular markers linked to the major genes or QTLs of agronomic 

interest requires dense mapping so that, recombination between the molecular marker and gene of 

interest can be avoided. During the last decade, considerable progress has been made in mapping and 
tagging many agriculturally important traits with molecular markers, which form the basis for marker-

assisted selection.  

 

EST resources development 

 

Expressed Sequence Tags (ESTs), the expressed portion of a genome is single-read sequences of 
approximately 200–800 base pairs (bp) generated from randomly selected cDNA clones; this is a low-

cost alternative to full genome sequencing. ESTs were first reported during the 1980s (Putney et al., 

1983), still ESTs are being used for purposes like discovery of novel genes, verification of gene 

predictions and comparative genomics. In recent years, the less-expensive sequencing technology such 
as NGS has generated ESTs in an exponential number for many plant species. Creation of a cDNA 

library and analysis of ESTs are efficient approaches to identify genes. For example, significant fruit 

EST resources were widely used to identify genes involved in fruit ripening, flavor development, 
control of color, the synthesis of chemicals and the generation of aroma (Crowhurst et al., 2008; 

Schaffer et al., 2007; Vecchietti et al., 2009). The increasing number of ESTs from different types of 

organisms deposited in dbEST database of NCBI provides an opportunity for diversity analysis of 
unexplored plant systems and phylogenetic relationship. Publicly, available EST sequences have 

become particularly attractive resource for the identification of SSR markers. The main advantage of 

EST–SSRs over genomic SSRs is that the EST-SSRs detect variation in the expressed portion of the 

genome and hence they are expected to have higher chance to be associated with phenotypes.  

 

Transcriptome resources development 

 
NGS has made genome sequencing easy for many model and non-model plants. The increasing 

number of ESTs has led to the identification and annotation of thousands of plant genes. RNA-seq or 

Whole Transcriptome Shotgun Sequencing receives increasing interest for transcriptome analysis. The 

microarrays-based gene expression studies are now being replaced by RNA-seq, which can identify a 
rare transcript without prior knowledge of a particular gene. Furthermore, it can provide information 

regarding alternative splicing and sequence variation in identified genes. In the last 10 years, RNA-seq 

has become the platform of choice for transcriptome and widely applied to obtain mass sequence data 
for gene discovery, molecular marker development and transcriptional analysis in a number of plants. 

In case of Giloe (T. cordifolia) transcriptome approach has been used to develop EST markers (Singh 

et. al., 2016) and several ESTs were assigned to different gene families including transcription factors. 
To validate our transcripts dataset, the novel EST-SSR markers were used to assess the genetic 

diversity among germplasm of T. cordifolia. These EST-SSR markers were found to be polymorphic 

and also showed cross- species transferability. The annotated transcripts associated with terpenoids 

biosynthesis were also mapped on backbone of biosynthetic steps of MVA (mevalonic acid) and MEP 
(methylerythritol 4-phosphate) pathway (Singh et. al., 2016). 

 

Genome sequencing projects  
 

In the last 16 years, the release of several complete or draft genome sequences has opened new 

opportunities for studying genomes and gene evolution of many other crop plants and has addressed 
fundamental issues related to adaptation and functional modulations. As per records of NCBI till 

February 2018, almost 275 plant species whole genome sequencing has been completed. Furthermore, 
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genome sequencing of such plant species is also useful in generating genome-wide molecular tools to 

assist crop improvement (Barabaschi et al., 2012).  

 

Genomic libraries/ DNA Banks  

 

High-throughput genome sequencing of eukaryotic organisms have traditionally used large inserts 
genomic libraries prepared in bacterial artificial chromosome (BAC), yeast artificial chromosome 

(YAC) or PI artificial chromosome (PAC) vectors. Of these, BAC vectors are usually preferred 

because of limitations of other vector systems. BAC-by-BAC sequencing provides systemic and 
efficient strategy for complete genome sequencing than the shotgun sequencing approach. The BAC 

libraries have become the main vehicle of genomic resource for developing physical maps and map-

based gene cloning. Division of Genomic Resources, ICAR-NBPGR, New Delhi has genomic resource 
repository which mainly stores genomic DNA, different DNA libraries, primer and sequence 

information etc. (www.  

 

Candidate gene identification and positional cloning 
 

Availability of genomic resources in public domain help molecular biologists to identify candidate 

genes in the genome sequences using bioinformatics approach and subsequently clone those from the 
related species by PCR amplification and sequencing. A candidate gene approach has been used for 

isolating plant genes that regulate specific traits. Based on map information and observations, several 

QTL have been associated to candidate genes. For instance, QTL for fruit shape, fruit weight (Frary et 
al., 2000; Liu et al., 2002) and fruit sugar contents have been cloned from tomato and functionally 

validated by using transgenic approach. Hence, this approach can also be extended for other important 

horticultural traits in future.  

 

Comparative genomics in crops 

 

Comparative genomics is the study of relationship between structural and functional attributes of 
genomes across different species. The sequence information of several horticultural crops deposited in 

public databases can be utilized for both basic and applied research in related genera. This will help in 

elucidating evolutionary relationships among different species and developing better phylogenetic 

classification. Comparative genomic approaches have been utilized Brassicaceae (Hall et al., 2002; 
Lysak and Lexer, 2006) and many other crops including horticultural crops.  

The Comparative genomics based gene discovery was studied for PGP-19, a protein that plays 

important role in the auxin transport. This study was conducted to identify PGP19 ortholog(s) in wheat 
and performed structural and functional characterization to study its function in regulating plant height 

and other agronomic traits. ‘True’ functional orthologs of the Arabidopsis PGP19 gene were identified 

from various monocot and dicot plant species by detailed bioinformatics analysis. Various orthologs 
also showed a high level of structural similarity in their 3D protein structure (unpublished). In wheat 

the gene has three copies, one each on the three homoeologs. Both virus induced gene silencing as well 

and stable RNAi resulted in reduced plant height (unpublished). Upon stable silencing of the gene, an 

unexpected result of increased floret and seed number was observed and this effect was heritable 
which was observed in three successive generations (unpublished). This comparative genomics based 

study showed that PGP-19 gene present in Arabidopsis and Wheat were conserved except that it was in 

three copies in wheat. However, in case of wheat it besides plant height it was also showing increase in 
seed number.  The functional divergence of a duplicated gene may be one of the major reasons for 

functional variation among the orthologs genes. 

 
The development of plant genomic has opened a new era in the germplasm research and functional 

genomics are expected to deliver a wealth of information about gene functions. Together, these 
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developments will promote the progress of germplasm research, which will lead to rapid discovery of 

genes and diversity protection. 
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