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“From the genome to the field :  
how to improve the isolation of genomic regions 

of interest for plant breeding. “ 



   Created in 2004 by INRA  (French National Institute for Agricultural Research) 
 

 

The French Plant Genomic Center  

 A dedicated structure to assist plant genomic programs 
  Distribute the genomic resources at the international level 
  Provide high quality research material and efficient tools and services for 
studying plant genomes 
  Develop innovative solutions 
  Develop genomic projects in collaboration  
  Host scientists in the frame of collaborations 
  

ISO 9001:2008 
Octobre 2005 



Genomic Libraries available at CNRGV 

 
- 157 Genomic Libraries  
- 15 M unique clones 
 



Services at CNRGV 



Interactions with laboratories around the world  
 

 Since January 2011  : 2 617 240 clones distributed   



– Member of the International Wheat Genome Sequencing Consortium  
(IWGSC) and reference centre for wheat genomic resources 
 
– Member of the International Barley Sequencing Consortium (IBSC) and 
reference centre for barley genomic resources 
 
– Reference center for Medicago truncatula genomic ressources   
 
- Involvement in the sunflower sequencing project with Canada and USA 
(Genomics of Sunflower - HELIAGENE) 
 
- Involvement in the sugarcane sequencing project (Sugarcane Genome 

Sequencing Initiative)  
 

- Involvement in the oil palm  sequencing project 
 

International Collaborations 
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Genome’s exploration is one of the strategic 
approaches for better understanding plant evolution 

and plant improvement and adaptation 
 
 



What do we expect from genomics? 

From the plant The objectives The applications 

- Genes inventory  
 
- Genes Localisation 
 
 
 
 
 
 
 
 
 
- Sequencing 

 
- Function  

Construction of elites genotypes by: 
 
- producing molecular markers 

 
- Identifying  candidate genes for 

QTL analysis 
 

- Identifying favorable alleles 
 



Various targets for crop improvement 
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The size of a genome doesn’t reflect the complexity of the organism 

Genome exhibits high levels of diversity 

- Repeat elements (>80 % in maize, barley, sunflower, wheat etc …) 
- Polyploïdy 

Medium size of 
plant genomes 
~ 6.000 Mb 

Presenter
Presentation Notes






Sequencing strategies for complex genomes  

- Using genomic libraries (BAC ) 
 

- Whole Genome Shotgun  

Two main sequencing strategies :   



BAC by BAC SHOTGUN 

1- Genome 
fragmentation  

2- paired end 
Sequencing 

3- Sequences 
Assembling by 
contigs 

4- Combined data to 
assemble contigs 
into scaffolds 

1- Construction of  
BAC libraries 

2- Physical map 

3- MTP selection  

4- BACs sequencing 

Genome sequencing strategies 



ADN HMW 
partial 

digestion 

Rearraying  
Characterization 

BAC libraries 

BAC libraries :  
the starting point for various scientific questions 

« Sizings » 

Elution of DNA 
fragments  

(100-250kb) 

Ligation in pIndigo-
BAC vector + 

Transformation  

Young and frozen 
vegetal material  

Encapsulation 
Nuclei 

Cell nuclei 
extraction 

Genome  
annotation  

-Gene identification 
from large insert clones  
-Disease locus isolation 
and characterization  
-Positional cloning 

‘de novo’ Genome 
sequencing 

Biodiversity 
exploration 

-Polymorphism study  
-Genome evolution 
-Genetic variability 
-Biodiversity 
-Plant improvement 



Plant Genomes available 
Name Genome size (Mb) Ploïdie Sequencing strategy- 

coverage 
Year 

Arabidopsis thaliana 125 Diploïde BAC – 15x 2000 
Rice (Oryza sativa ssp. 

Japonica) 
389 Diploïde BAC - 10 x 2002 

Sorghum bicolor 770 Diploïde WGS – 8,5x 2009 
Grapevine (Pinot noir cv 

PN40024) 
487 Dihaploïde WGS – 8,5x 2007 

Soybean 1 100 Diploïde WGS – 8x 2010 
Brachypodium 300 Diploïde WGS – 8x 2010 

Poplar 485 Diploïde WGS – 7,5x 2006 
Maize (B73) 2600 Diploïde BAC – 6x 2009 
Cuncumbere 367  Diploïde WGS – 72x (NGS) 2009 

Medicago truncatula 500 Diploïde BAC  2011 
Lotus Japonicus 472 Diploïde BAC – 8,4x 2008 

Tomato 950 Diploïde BAC + NGS 2012 
Potato 840 Dihaploïde WGS – 70x (NGS) 2011 
Melon 450 Dihaploïde 454 (13,5x) 2012 

Strawberry 240 Diploïde WGS – ×39 (NGS) 2011 
Apple 742 Dihaploïde WGS – 16,9 x (NGS) 2011 

Papaya 372 Diploïde WGS – 3x 2008 
Peach 220 Dihaploïde WGS – 7x 2013 
Barley  5 100 Diploïde BAC  + WGS 2012 

Wheat in progress  



Sanger Sequencing  

Automated Sanger 
Sequencing  

High Throughput 
Sequencing Technologies 

1977 
1986 

2005 
2014 

The Next Generation ? 

1983 

Era of DNA sequencing 
begins : Maxam/Gilbert and 
Sanger described sequencing 

techniques. 

First DNA sequencer launched 
by Applied Biosystem.  

Output :  1000 bases per day. 

Launch of the Genome Sequencer 2G 
system by 454 Life technologies based 

on pyrosequencing technology. 
Output : 20 millions bases per run. 

Single molecule sequencers like 
the MinION will provide us 
more and more bases in less 

time.  
 

1980 

1953 

DNA double helix  
Description 

1996 

High Throughput Genotyping 

Affymetrix released the first 
commercial SNP array targeting 

about 1,500 human SNPs. 

2000 
First Plant Genome Sequenced / 
Draft sequence Human  genome 

Arabidopsis Thaliana 

Source=http://downhousesoftware.wordpress.com/201
3/12/18/one-base-at-a-time/ 

RFLP Genotyping 

. 

Source=http://www.dkfz.de/gpcf/24.html 

High quality X-ray crystallography data by 
R. Franklin and  

M. Wilkins allowed Watson and Crick to 
elucidate double helix structure of DNA. 

The Evolution of Sequencing 
Technologies 

Will it be possible to sequence a whole genome in a USB key? 

White etal.,  described the first 
polymorphic RFLP marker and 

proposed methods for mapping the 
human genome 

Kary Mulls et al., 
developped PCR. 

PCR 



-> Despite the progress made with the NGS technologies we still don’t have enough 
reference plant genomes with high confident data (false conclusions ?)  
 
-> third-generation sequencing technologies ? 

The Next-generation DNA sequencing technologies  
- Complex plant genomes sequencing projects became possible 
(many billions of bases per day for hundreds or thousands of dollars per gigabase instead of 
millions or billions of dollars per gigabase) 
 
 
 

but de novo assembling of plant genomes remains challenging 
- Size of the reads 
- Repeated elements / Gene families are difficult to assemble and may collapse into a mosaic 
- How to assemble these genomes accurately? 



The challenges / The expectations 

- Target specific Genomic regions 
 

- Manage diversity 

- Size / 
diversity 

- Reduce the 
complexity 

- Focus / 
Target / 
Markers 



Diversity of the living world 

DNA : shared by all living organisms 
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Thank you for your attention 

http://cnrgv.toulouse.inra.fr/ 
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Maize lines 

Only 25% sequence 
shared between 
genotypes 

COMPARATIVE ANALYSIS OF A GENIC REGION:  
THE BRONZE LOCUS 
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