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A worldwide bread wheat core collection arrayed in a 384-well plate. F Balfourier, 
V R l  P St l h nk  F Exb t Vin n  P S dill  G B t t J K ni  C R l  O 

Worldwide wheat core collection 372CC

V Roussel, P Strelchenko, F Exbrayat-Vinson, P Sourdille, G Boutet J Koenig, C Ravel, O 
Mitrofanova, M Beckert, G Charmet (TAG 2007)

Clermont-Ferrand GRC
Sampling of 

Bread Wheat collection

12 000 accessions

4000 accessions

Genotyped

Sampling of 
372 accessions

by 
 f d  12 000 accessions
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maximization of diversity 

Core-collection

PhenotypingPhenotypingGenotypingGenotyping



372 CC 372 CC GenotypingGenotyping
Analysis of diversity and linkage disequilibrium along chromosome 3B of bread wheat (Triticum

GenotypingGenotyping: : 
570 570 DARTsDARTs

y y g q g (
aestivum L.). . Horvath Horvath A, A Didier, J Koenig, F Exbrayat, G Charmet, F Balfourier (TAG 2009)(TAG 2009)

-- 570 570 DARTsDARTs
-- 271 271 SSRsSSRs
-- 400 400 SNPsSNPs

Carte génétique

Cimmyt+Icarda  Nepal  Eastern Europe Asia  Western Europe 

GeneticGenetic Structure Structure analysisanalysis: 5  : 5  fundingfunding populations populations 
relatedrelated to the to the geographicalgeographical originsorigins of accessionsof accessions



372 CC 372 CC PhenotypingPhenotyping
Agronomic characteristics, grain quality and flour rheology of 372 bread wheats in a worldwide core 

372 CC deeply phenotyped for: ¤ CV. LANDRACE 23944
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 Elasticité

collection. Bordes J, Branlard G, Oury F-X, Charmet G, Balfourier F. (JCS 2008)
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372 accessions

Core-collectionFlourFlour and and 
DoughDoughDoughDough
qualityquality

GenotypingGenotyping PhenotypingPhenotypingyp gyp g h notyp ngh notyp ng



FlourFlour and and doughdough qualityquality: association : association studystudy
Use of a worldwide wheat core collection for association analysis of flour and dough quality y g q y
traits. J Bordes, C Ravel, J Le Gouis, G Charmet and F Balfourier . ( JCS 2011, in press)

Observed traits in 372CC
- proteins content
- viscosity
- hardness
- florrflorr colorcolor

L*, a* et b*
- Rehological values

Mi h d Al hMixograph and Alveograph

ALVEOGRAPH TEST

Great Great numbernumber of of significantsignificant associations associations atat the the wholewhole genomegenome scalescale



NitrogenNitrogen use use 

EfficiencyEfficiency

372 accessions
EfficiencyEfficiency

Core-collectionFlourFlour and and 
DoughDoughDoughDough
qualityquality

GenotypingGenotyping PhenotypingPhenotypingyp gyp g h notyp ngh notyp ng



ResearchResearch of new of new specificspecific allelesalleles for for lowlow--inputs inputs tolerancetolerance
(Support: FUI SDD)

Use of a worldwide wheat core collection for association analysis of tolerance 
to less nitrogen fertilizer. (In prep).

372 CC Yield and its components 
observed in 3 locations x 2 level of 
Nitrogen : 

- high level (N+) 

- Low level (N-)

yield Low input tolerance

ClearClear variabilityvariability for for tolerancetolerance to to lessless nitrogennitrogen fertilizerfertilizer
SeveralSeveral significantsignificant geneticgenetic associations associations observedobserved for for thisthis traittraitSeveralSeveral significantsignificant geneticgenetic associations associations observedobserved for for thisthis traittrait



Grain Grain 
structure:structure:structure:structure:
Amylose/Amylose/

AmylopectineAmylopectine
ratioratio

NitrogenNitrogen use use 

EfficiencyEfficiency

ratioratio

372 accessions
EfficiencyEfficiency

Core-collectionFlourFlour and and 
DoughDoughDoughDough
qualityquality

GenotypingGenotyping PhenotypingPhenotypingyp gyp g h notyp ngh notyp ng



Grain structure : amylose/Grain structure : amylose/amylopectineamylopectine ratio ratio ( B, ( B, JallaisJallais) ) 
(Support: ANR NOMAC – coll. BIA Nantes)

Sub-sample of 372CC maximized 
for amylose/amylopectine ratio 

Diversity 
Maximisation  at 
63 SSR locusfor amylose/amylopectine ratio 

- NIRS approach
- molecular approach

Wx: Waxy
SS: Starch Synthase
BE: Branching Enzyme
AGPase : ADP Glucose 

63 SSR locus

Pyrophosphorylase
α et β-amy:  α et β-amylases

Multispectral imagery to predict grain amylose content 
8 illumination conditions x 4 channels RGB = 32 channels

OutcomeOutcome: new : new phenotypingphenotyping technologytechnology –– breadbread withwith lowlow glycemicglycemic indexindex

Wheat kernel cutting Multiway imaging 
Multivariate image analysis

ulice     

OutcomeOutcome: new : new phenotypingphenotyping technologytechnology breadbread withwith lowlow glycemicglycemic indexindex



Grain Grain 
structure:structure: GluteninsGluteninsstructure:structure:
Amylose/Amylose/

AmylopectineAmylopectine
ratioratio

and and 
bread makingbread making

qualityquality

NitrogenNitrogen use use 

EfficiencyEfficiency

ratioratio

372 accessions
EfficiencyEfficiency

Core-collectionFlourFlour and and 
DoughDoughDoughDough
qualityquality

GenotypingGenotyping PhenotypingPhenotypingyp gyp g h notyp ngh notyp ng



GeneticGenetic components of components of breadbread wheatwheat qualityquality (C Ravel, S Lafarge)(C Ravel, S Lafarge)

(Support: FUI QualitNblé)
Glu-A1- Alvéographe (W)

220

240

260

372 CC description  for les High 
m l cul  i ht lut nins

160

180

200

W

molecular weight glutenins

Réponse des haplotypes-Glu-A et Glu-D/Alvéographe (W)
350

c (nul) b a

Allèles

120

140

250

300

350

100

150

200W

ca cb cd bd ad ba aa

haplotypes

50

Important Important allelicallelic diversitydiversity relatedrelated to to doughdough qualityqualityImportant Important allelicallelic diversitydiversity relatedrelated to to doughdough qualityquality



Grain Grain 
structure:structure: GluteninsGluteninsstructure:structure:
Amylose/Amylose/

AmylopectineAmylopectine
ratioratio

and and 
bread makingbread making

qualityquality

NitrogenNitrogen use use 

EfficiencyEfficiency

ratioratio

EarlinessEarliness

372 accessions
EfficiencyEfficiency

Core-collectionFlourFlour and and 
DoughDoughDoughDough
qualityquality
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A genome wide association analysis enabled to identify the main chromosomal 

EarlinessEarliness components components (J (J LegouisLegouis, M Rousset), M Rousset)

 genome w de assoc at on analys s enabled to dent fy the ma n chromosomal 
regions determining components of earliness in wheat. J Le Gouis, Bordes J, Ravel C, 

Heumez E, Faure S, Praud S, Balfourier F, Allard V, Rousset M (TAG, submitted)

(Support: ANR Wheatperformance)
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Grain Grain 
structure:structure: GluteninGluteninstructure:structure:
Amylose/Amylose/
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EfficiencyEfficiency

ratioratio
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EfficiencyEfficiency
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Linkage disequilibrium studies (C. Feuillet, C. Ravel)
(Supports:ANR Exegese Blé, FUI SDD,  PRA )

LD at the 3B chromosome level in 372 CC 

Low but 
significant LD 
in centromeric

Decrease of r² 
~20cM, with
differences

betweenand telomeric
(3BS)

regions

between
geographical

genepools

(TAG, 2009, 119:1523-1537)

LD at the  R locus (Rph7-Fhb1) level
(3.2 Mb on 3BS8 deletion bin)

LD at the gene level along Rph7 
gad1 hga2 hga3hga1 ( )gad1 hga2 hga3hga1

Intra-gene
r² values ranges

from
0 49 t 0 81

LD within 600 Kb differences between

0.49 to 0.81;
Heterogeneity
between genes

LD within 600 Kb, differences between 
geographic
origins: Europe (600 Kb) vs Asia (400 Kb) 

(TAG, 2010, 121:1209-1225)
0                    100                          200           300                        400                       500                        600                      700 kb0                    100                          200           300                        400                       500                        600                      700 kb

gad1 hga3hga2 hga1

(Chromosoma, 2010, in press)



Further studies and targetsFurther studies and targets

•• Dwarf genes Dwarf genes Coll INRA-JIC/NIAB ( E Wilhem) ( E Wilhem) Rht genes diversityRht genes diversity

•• NAM B1/ GPC NAM B1/ GPC –– Grain proteins content Grain proteins content Coll Uppsala University Coll Uppsala University ––pp pp ypp y
SuèdeSuède (J. Hagenblad, M. Leino, C. Ravel, J. Le gouis)(J. Hagenblad, M. Leino, C. Ravel, J. Le gouis)

•• SKR SKR –– wheat x rye crossability wheat x rye crossability (C. Feuillet, S. Hofmann, T. (C. Feuillet, S. Hofmann, T. y yy y ( , ,( , ,
Gerjets, P. Sourdille, A. Bouguennec)Gerjets, P. Sourdille, A. Bouguennec)

•• SNPs diversity SNPs diversity (C Ravel, P Martre (C Ravel, P Martre --QualitNblé)QualitNblé)yy (( Q )Q )
Influence of Transcriptional Activator Spa on Grain Protein 
Composition, dough  viscoelasticity and grain hardness. Ravel C, P 
Martre,I Romeuf, M Dardevet, R El-Malki1, JBordes, N 
D h t  D B l  F B lf i  G Ch m t  (Pl t Ph i l  Duchateau, D Brunel, F Balfourier, G Charmet  (Plant Physiology 
2009)

•• Extend of LD at different genome scales Extend of LD at different genome scales (E. Paux (E. Paux –– 3BSeq, Digital)3BSeq, Digital)

•• Starch granules size Starch granules size –– (G. Branlard) (G. Branlard) Analysis and identification of Analysis and identification of 
starch granules size related to grain compositionstarch granules size related to grain composition

•• Metabolites and nutrition valueMetabolites and nutrition value-- (G. Branlard) (G. Branlard) Genetic and Genetic and 
environmental factors associated to human nutrition valueenvironmental factors associated to human nutrition value



CoreCore collection = Population of collection = Population of managablemanagable sizesize
ConclusionsConclusions

CoreCore collection = Population of collection = Population of managablemanagable size……size……

1) Widely genotyped on the whole genome size 
and showing a great genotypic variability

2) phenotyped for a large number of traits
d hibiti  i t t h t i di it f  and exhibiting an important phenotypic diversity for 

these traits

usefullusefull for associationfor association geneticgenetic studiesstudies……usefullusefull for association for association geneticgenetic studiesstudies……

……offeringoffering avantages avantages comparedcompared to biparental populationsto biparental populations
l hil hi     idid t  f th  t  f th  ……polymorphicpolymorphic on a on a widerwider part  of the part  of the genomegenome

……..for a for a largerlarger numbrenumbre of traits of traits 

….….wellwell adaptedadapted to the to the studystudy of of numerousnumerous targetedtargeted traits    traits    
……and ……and impliedimplied in diverse in diverse scientificscientific projectsprojects
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