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The next generation sequencing platforms

Can they offer solutions forCan they offer solutions for

ò genetic enhancement of our cropsó

emerged  as major unavoidable 

tools

For genomics

Genomics has applications in many areas 
of modern biology



Hazell and Wood (2008)

With the present global trends in cereal yields

2009

No substantial increase in yield in recent years

(modified)
Genetic enhancement of crops is the only option



Projected production needs 

Food grain production has to be increased 

from 235.4 mt to 281.1 in the next ten years

Required annual growth rate is 1.9% 

as against current 0.62 %

2007 2020



V Increasing yield potential 

VReducing the gap between potential and realized yield

80ô90ô01ô Need 

Potential yields have plateaued 

Biotic / Abiotic 
constraints



Genetic enhancement 

Centers around our abilities to

Bring together superior alleles of desirable 
traits in to an elite genotype

Of the crops 

http://www.buzznet.com/tags/little/photos/?p=1


Traditional 
domestication 

Classical breeding 

Transgenics & 
molecular breeding 

Emphasis is on allele mining and pyramiding
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bring traits 
other wise not possible ..

Can Genomics

provide better solutions

to hasten this process

&

http://www.j2fi.net/wp-content/uploads/2009/09/dilemma.jpeg


Genomics 

Provides new avenues

Genetic enhancement of our crops
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for

might

discovery of new genes, QTLs, alleles

So possibility of..



Started on 

Caenorhabditis elegans

25,498  genes

165 Mb 

13,600 genes 

100 Mb 

19,000 genes  
120 Mb

Arabidopsis Drosophila

Rice 

420 Mb 
32-50,000 genes  

466 Mb 
46,022-55,615 genes  

Indica   Japonica



Many more crops 

Poplar Maize 

2,800 Mb 

32,000  genes

550 Mb 

45,555 genes

Sorghum

658Mb

745 Eukaryotic Genome Sequencing Projects Selected: 
Complete - 22, Assembly - 333, In Progress - 390 

Allium cepa 

Arabidopsis lyrata Avena sativa 

Beta vulgaris Brassica napus 

Brassica nigra 

Brassica rapa 

Capsicum annuum 

Carica papaya 

Citrus maxima 

Coffea arabica 

Daucus carota Triticum aestivum 

Solanum lycopersicum

Solanum tuberosum

Glycine max 



Genomics

Structural genomics

Functional genomics

Comparative genomics

Transcriptomics MetabolomicsProteomics etc.

Several interrelated activities broaden the scope 

Aim:

At reaching gene expression to phenotypic out come

http://gallery.biorust.com/showimage.php?i=4413&original=1&c=
http://plantandsoil.unl.edu/croptechnology2005/UserFiles/Image/siteImages/CGEcycleLG.jpg


Some of the initiatives 

Sequencing 

- Functional genomics

South campus, DU
NRCPB 
South campus, DU
NRCPB - IARI

sequence initiatives
NIPGRNIPGR

Realising the importance 

DBT & ICAR initiated several programs



South campus DU
NRCPB 
NIPGR

South campus DU
NRCPB ðIARI
NIPGR

CPRI - ShimlaCPRI - Shimla



Molecular breeding and transgenesisMolecular breeding and transgenesis

- Emerging as two potential

tools for 

Genetic enhancement of our crops



Genomics

Provided

Genome sequence Functional genomics

Input phenomenal 

Race is on two fronts 

Validation 

by different tools

Phenomenal
tools to

molecular breeding

MAS Basis for transgenics



Molecular breeding
Besides transgenics substantially 

augment the breeding progress 

Drought 

Yield 

Multigenic 
traits

Projected cumulative genetic gain over a 20 years in Maize
(adaptation to drought)

G. O. Edmeades

http://images.google.co.in/imgres?imgurl=shige-wallpaper-images.web.infoseek.co.jp/jpg.image/flower.img/fw-rice-1024.jpg&imgrefurl=http://shige-wallpaper-images.web.infoseek.co.jp/fauflo/flowers4-e.html&h=768&w=1024&sz=77&tbnid=9vmsKEiJ_20J:&tbnh=112&tbnw=149&start=1&prev=/images%3Fq%3Drice%2Bplant%26hl%3Den%26lr%3D%26ie%3DUTF-8


Convincing evidence 

Some Success stories 
Abroad and India 

2 BB res donor

1 Pusa Basmati1

3 BB res selection  

Bacterial blight 

resistant selections 

with aroma & yield

12333

CCMB : DRR



this technology can offer the progress 
which is rather not encouraging 

Phenomenal gap between QTLs and MAS

Inspite of the phenomenal promise



Phenomenal gap between QTLs and MAS

In spite of the phenomenal promise this technology can 
offer the progress is rather not encouraging  
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This gap between QTL and MAS is much 
greater for drought tolerance traits
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Chapman et al.,  2005

Timelines for Yield improvement by different breeding strategies

Validated linked markers is a constraint  



What could be the reason for slow progress in MAS?

üInabilities to develop high density linkage maps

ÅLack of robust co - dominant marker systems
ÅCost effective genotyping facilities 

üLack of accurate phenotyping facilities

Lack of robust 

- Biostatistical tools

- Bioinformatic tools



What limits

- Identification of Validated QTLõs for complex traits  

Trait specific 

Map population

Genomic 

resources

Genotyping

Phenotyping
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especially especially 

in crops of national interest in crops of national interest 

Like pulses etc

Genomic information 

is

Genotyping option 

And 



Number of EST-SSRs
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Lack of co - dominant markers is still is 
major limitation in many crops

Genome projects major contribution
is new generation markers



Marker systems 
SSR and SNP marker discovery 
phenomenally increased

in species with genomic information

options for the discovery of 
new generation markers

Structural genomics brings 
in unlimited

Rice: SSRs
2200 in 2002

after the genome information

18828 in 2005 


