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The CNRGV has been created in France in 2004 by the French National Institute for Agricultural Research (INRA). 
It’s a non-profit center dedicated to the scientific community. It is both a repository centre for plant genomic resources (such as BAC and cDNA libraries) and a service provider. More than 100 genomic
libraries from model and crop species are currently available. 
We carry out services such as BAC library construction, that can be associated to our efficient 3D-pools production and screening methods. 

Our processes are certified under ISO9001: 2000. Any exchanges of resources is ruled by Material Transfer Agreement
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16 BACs have been identified with genetic markers, and their ends have been sequenced. The polymorphic BES 
have been mapped with the 106 available RIL lines, very close but after ORS613 marker, probably because of lack 
of recombination events in the region. 
LIPM laboratory is currently mapping 1774 F4 lines chosen to be recombinant in F3 in the ORS613 - HT189 region 
with the polymorphic BES markers in order to restrict the QTL interval, and their phenotyping is in progress.

Ribosomal RNA gene

Sunflower genome size
3500 Mb
2 Mb / cM on average

New BAC screenings are being processed with the BES derived - markers to extend BAC contigs in both 
genotypes with the aim to produce new genetic markers and enrich the genetic map. 

Throughout this process, we aim to cover the whole interval where the QTL is genetically present with 
overlapping BACs. The sequencing of the MTP of these BACs and their annotation will further lead to 
identification of candidate genes for resistance to downy mildew.

CNRGV is involved in numerous projects on various model and crop species including :

- Wheat and barley improvement: TriticeaeGenome FP7 (1)
- Tomato: Physical mapping for sequencing of chromosome 7 (2)
- Sunflower: SunyFuel et Mildew (3)
- Medicago: Various projects as Medicago Stock Center (4)
- Eucalyptus : Eucalyptus BAC libraries as tools to identify and characterize genomic sequences involved in wood formation (5)
- Pepper : PHYTOSOL-2 Functional confirmation of candidate genes for a broad-spectrum resistance QTL against Phytophthora in Solanaceae (6) 
- Rapeseed improvement (7)
- Chicory Genetic and physical mapping of the S-locus (Asteraceae) (8) 
-Sugarcane genome sequencing (9)

Macroarray production on XRQ genotype library

41472 clones spotted in duplicate / filter  
4 filters to screen the whole library  (441 384-well plates)
Mix of several labeled probes 
Radioactive detection
Automated analysis software

24 Column pools

1 superpool

32 Plate Pools
16 Line Pools

Three dimensional pools (3D-pools) production on XRQ genotype library 

Cloning in bacteria 
Colony picking

XRQ BAC library

Four dimensional pools (4D-pools) amplification on HA335 genotype library (ii):

Whole genome amplification
Dilution 

Dean, F.B Genome research, 2001

BAC library construction on resistant XRQ genotype:

The libraries, tools and techniques presented above as well as similar tools produced on numerous plant species 
are available for scientific community. See more information and make your own request for specific genomic 
tool or service - or set up of collaborative project - on our web site :  

http://cnrgv.toulouse.inra.fr/
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* Tourvieille de Labrouhe et al, 2008 Euphytica
** Vear et al, 2008, Euphytica.
*** Bouzidi MF, Franchel J, Tao Q, Stormo K, Mraz A, Nicolas P, Mouzeyar S. A sunflower BAC library suitable 
for PCR screening and physical mapping of targeted genomic regions. Theor Appl Genet 2006, 113:81-89

Screening of recombinant lines by HRM:

[i] This project is partially supported by PROMOSOL (French association for the promotion of oil crops: CETIOM, ONIDOL,OLEOSEM)
[ii] Genoplante BAC library

CNRGV Dedicated Genomic tools

BAC Fingerprinting

170 000 clones 
Insert size ~90 kb
5.8 X genome
HindIII, partial digest

Quality tests and
characterization

148 000 clones
Insert size ~  118 kb
6X genome
HindIII, partial digest
4D pools

PCR Genotyping based on melting
curves analysis

PCR run on LC480

Robotic handling
Pools of clones transferred in 384well plates 
and amplified By Ph29 polymerase

14 blocks of 32 plates (0.41X/block)          
14 PCR reactions + 72/positive block 
to screen the whole library (5.8X)

XRQ BAC library filters

XRQ BAC library pools
Under process

Genotype YDQ is derived from HA335, and is not 

expected to harbour a quantitative resistance

BAC library and Pools have been produced in 
Clermont Ferrand (Bouzidi et al, 2006***)

Extracted DNA pools have been amplified in CNRGV 
to provide higher sensitivity and DNA stocks

32 blocks of 12 plates (0.19X/block)

32 PCR reactions + 40/positive block to 
screen the whole library (6X)

Ha335 BAC library

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A A 1 17 P9 P25 A 1 17 P41 P57 A 1 17 P73 P89
B B 2 18 P10 P26 B 2 18 P42 P58 B 2 18 P74 P90
C C 3 19 P11 P27 C 3 19 P43 P59 C 3 19 P75 P91
D D 4 20 P12 P28 D 4 20 P44 P60 D 4 20 P76 P92
E E 5 21 P13 P29 E 5 21 P45 P61 E 5 21 P77 P93
F F 6 22 P14 P30 F 6 22 P46 P62 F 6 22 P78 P94
G G 7 23 P15 P31 G 7 23 P47 P63 G 7 23 P79 P95
H H 8 24 P16 P32 H 8 24 P48 P64 H 8 24 P80 P96
I I 9 P1 P17 I 9 P33 P49 I 9 P65 P81
J J 10 P2 P18 J 10 P34 P50 J 10 P66 P82
K K 11 P3 P19 K 11 P35 P51 K 11 P67 P83 SP3
L L 12 P4 P20 L 12 P36 P52 L 12 P68 P84 SP3
M M 13 P5 P21 M 13 P37 P53 M 13 P69 P85
N N 14 P6 P22 N 14 P38 P54 N 14 P70 P86
O O 15 P7 P23 O 15 P39 P55 O 15 P71 P87
P P 16 P8 P24 P 16 P40 P56 P 16 P72 P88

column pools
plate pools
row pools

Block 1 Block 2 Block 3

Total digestion of BACs by 
EcoRI restriction enzyme

Fingerprint profiles are 
used to confirm
overlapping between
contiged BACs

Ha335 BAC library pools
1 2 3 4 5

A P1: R1: C1: C9: D3:
1,2,3 A,B,C,D 1,2,3,4,5,6 5,11,17, 23 13,14,15,16,17,18

B P2: R2: C2: C10: D4:
4,5,6 E,F,G,H 7,8,9,10,11,12 6,12,18, 24 19,20,21,22,23,24

C P3: R3: C3: D5:
7,8,9 I,J,K,L 12,13,14,15,16,17,18 1,7,13,19

D P4: R4: C4: D6:
10,11,12 M,N,O,P 19,20,21,22,23,24 2,8,14,20

E P5: R5: C5: D7:
1,5,9 A,E,I,M 1,7,13,19 3,9,15,21

F P6: R6: C6: D8:
2,6,10 B,F,J,N 2,8,14,20 4,10,16,22

G P7: R7: C7: D1: D9:
3,7,11 C,G,K,O 3,9,15,21 1,2,3,4,5,6 5,11,17,23

H P8: R8: C8: D2: D10:
4,8,12 D,H,L,P 4,10,16,22 7,8,910,11,12 6,12,18,24

column pools
plate pools
row pools
diagonal pools
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Downy mildew is one of the potentially most dangerous diseases of sunflower in Europe. Total resistance genes have already been used in breeding and overcome by this obligatory parasite 
oomycete. But a major QTL « Horizon » confering quantitative resistance to race 710 has also been detected in 2005. 
This quantitative resistance to sunflower Downy Mildew was further studied on a larger population of recombinant inbred lines (RIL XRQ resistant * PSC8 susceptible) not carrying efficient 
major resistance gene, in fields naturally infested by the pathogen. The major quantitative trait locus (QTL) localized on linkage group 10 has proven to explain almost 40% of 
variation (*Tourvieille et al., 2008 **Vear et al, 2008), and is not linked to any of the known race-specific resistance genes called Pl genes. Its support interval is 5 cM long. The 
resistant phenotypes of the recombinant plants are currently being evaluated in order to restrict the QTL support interval. 
Below is described how CNRGV genomic tools are being used to progress toward a physical map linked to an enriched genetic map, as a first step to the positional cloning of the QTL. 

The French Plant Genomic Resource Center
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