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TRAINING

Aiming at: 
♦ Tailoring healthy grain foods
♦ Better use of European grain

Deliverables:
♦ Consumer expectations  

♦ Biotechnology toolkit for breeders
♦ Enabling process technologies 
♦ Mechanisms of health benefits
♦ Awareness of health benefits

EU FP 6 INTEGRATED PROJECT 2005-2010

HEALTHGRAIN:
IMPROVING CONSUMER HEALTH BY BETTER 

USE OF WHOLE GRAIN

43 partners, 11 of them being companies, whereof 7 SMEs Budget: 16 M €, subvention 10.5 M€

DISSEMINATION

DEMONSTRATION

MODULE 5
Dissemination and 
technology transfer

INDUSTRIAL PLATFORM

NUTRITIONAL INFORMATION 
NETWORK

MODULE 4             
Nutrition and Metabolism

MODULE 1
Consumer Research

MODULE 2
Grain Improvement and 

Biotechnology toolkit              

MODULE 3
Technology and Processing              

MANAGEMENT

Countries Involved:
FIN, BG, BE, AT, IT, DE, UK, HU, SZ, DK, PL, FR, SE, NL, IE 
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I. Screening  natural variation 
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Le grain de blé est source de 
nombreux micro nutriments



A L I M E N T A T I O N                    
A G R I C U L T U R E

E N V I R O N N E M E N T

Une variabilité intéressante existe pour de 
nombreux composants bioactifs
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Pour les fibres, la variation est 
surtout génétique (héritable)
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Total tocols

Var(Cultivar) Var(environment) Var(Error)

Total folates

Var(Cultivar) Var(environment) Var(Error)

Total sterols

Var(Cultivar) Var(environment) Var(Error)

Stanol

Var(Cultivar) Var(environment) Var(Error)

Mais ce n’est pas le cas 
pour tous les composés
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Analyse métagénomique de la teneur en 
fibres solubles: des QTL aux gènes
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Analyse génétique de la viscosité due aux arabinoxylanes solubles
Développement de lignées recombinantes à partir de parents contrastés

viscosite potentielle Clermont

vi
sc

os
ite

 p
ot

en
tie

lle
 L

e 
M

ou
lo

n

2.0 2.5 3.0 3.5 4.0 4.5 5.0

1.
5

2.
0

2.
5

3.
0

3.
5

4.
0

4.
5

Soissons

AO99001

CF9717

CF9804

CF9825

CF99003

CF99005

CF99007

CF99009

CF99016

CF99027
CF99031

DI9714
DI9812

EM99001EM99002

EM99003
EM99006

EM99012

EM99017

EM99021

EM99027

RE9819

RE99001RE99002

RE99003

RE99004

RE99006

RE99007

RE99009

RE99014

RE99016

RE99018

INTER-STATIONS 1999

effectif = 33       r2 = 0.87
moyenne x = 3.1       moyenne y = 2.5

1 2 3 4

0
10

20
30

40

POPULATION RE99006 x CF99007 (annee 2003)

viscosite potentielle

R
E9

90
06

C
F9

90
07

DNAchip hybridization to 
find differentially 
expressed ESTs



A L I M E N T A T I O N                    
A G R I C U L T U R E

E N V I R O N N E M E N T

Identification de 3 « meta-QTL » (régions chromosomiques marquées)
1B

 

A x Re, Ct x CS, R6 x C7

7A

CI 6.3cM
R2 33.6%

Re x R, Ct x Cs

CI 9.9cM
R2 59.0%

V x I, R6 x C7

6B

x g p w 4 0 6 1 _ d 1

x c d o 4 7 5 _ d 2

x g p w 3 1 4 0

x c d o 4 7 5 _ d 1

x c d o 1 3 9 5

x f b a 2 4 8 _ d 2

x g b x 3 4 8 0
x f b a 3 3 7 _ d 2
x c d o 9 6 2 _ d 2

x f b a 2 4 8 _ d 1

x k s u g 1 2 _ d 2

x g p w 7 1 8 5
x g p w 7 4 5 7

x g b x g 5 7 5
x f b a 3 5 4 _ d 2

x g p w 5 1 8 0 _ d 1
x g p w 4 0 6 1 _ d 2

x b c d 1 0 6 6 _ d 1

x f b a 6 9 _ d 2

x f b a 9 7 _ d 2

x f b a 3 3 7 _ d 1

x p s p 3 0 5 0

x g p w 5 1 8 0 _ d 2

x c d o 5 4 5
x g p w 2 1 0 7
x b c d 9 0 7
x f b a 1 7
x f b b 9
x g p w 4 3 3 4
x f b b 1 2 1
x g p w 2 2 3 3
x g p w 7 2 8 8
x f b b 2 7 8
x g p w 7 2 6 4
x g p w 2 2 9 7
x f b b 1 5 6
x g w m 2 3 3
x f b a 7 2

x f b a 3 1 1
x g p w 8 2 8 9
x g w m 3 5 0 _ d 1
x w m c 1 5 8
x g w m 4 7 1

x f b a 3 2 1
x f b a 3 2 2

x f b a 6 5
x g b x g 3 6 7

x g b x r 7 9 9
x f b a 9 3
x g w m 6 8 1

x o p a i 5
x p s r 1 1 9

m 8 3 / p 6 5
p 7 8 / m 6 9

x p s r 5 6 3
x w m c 1 6 8

p 7 8 / m 6 3

x g w m 6 6 6
p 7 8 / m 7 2

x p s r 4 9 0

x f b a 1 2 7
x p s r 3 8 6

x g w m 6 3 5
x g b x g 5 6 4

x w m c 3 8 8

m 6 5 / p 6 4
x g l k 6 1

x f b a 1 0 9

x c f a 2 0 4 9
x f b b 1 8 6

x f b b 6 7
x c f d 2 4 2

x p s r 5 5 8

x g w m 3 5 0 _ d 2
x g w m 6 0 _ d 1
x f b a 3 4 6
x f b a 4 2
x g w m 1 3 0
x g w m 5 2 6

x w m c 4 7 9

x s u n 1
x g w m 6 0 _ d 2

x a b c 1 5 8

x b c d 1 0 6 6 _ d 2

x f b b 2 1 8 _ d 2

x g 0 8 3 4
x f b b 1 6 6
x c f a 2 0 2 8

x g w m 2 7 6 _ d 2

x w m c 2 8 3
x w m c 8 3 _ d 1

x w c 2 0 2 8
x f b a 3 4 0

x p s r 9 5 2
p 7 8 / m 4 9 _ d 1

p 7 8 / m 4 9 _ d 2
x c f a 2 1 7 4

X c f p

x f b b 2 6 4
x w m c 8 3 _ d 2

x o a 8 5
x k s u g 1 2 _ d 3
x w m c 4 0 5

m 8 5 / p 6 5
x w m c 1 7

x c d o 5 9 5
x g p w 2 1 1 9

x g l k 3 5 6
x g d m 1 4

x c d o 1 7
x g p w 7 3 8 6
x g p w 7 4 8 6
x g p w 2 2 6 9
x g p w 3 0 3 8
x g p w 3 2 2 0
x f b a 3 6 3
x f b b 3 4 3
x w b 1 7 4
x g p w 2 2 6 4
x g p w 3 1 3
x g p w 4 4 1 0
x g w m 2 6 0
x s f r

x o p a 1 0
x c d o 5 0 6
x c d o 9 6 2 _ d 1
x f b b 1 4 5 _ d 2
x f b b 1 8 _ d 2
x g w m 6 3 1

x f b b 2 1 8 _ d 1
m 2 1 / p 7 6 _ d 1

m 6 7 / p 7 7
x r a 1 _ d 1
x r a 1 _ d 2
x w m c 1 4 3
x w b 1 0 8
x f b a 2 3 4
x f b b 1 9 3
x g p w 1 1 0 0

x w m c 1 0 7
x w m c 9
x g w m 5 7 3
x w m c 4 2 2
x k s u g 1 2 _ d 1
x w m c 2 8 6
x g p w 3 2 7 6
m 2 1 / p 7 6 _ d 2
x g p w 7 3 3 9
x g p w 2 1 0 3

x g p w 4 0 6 6
x f b a 3 5 4 _ d 1
x w m c 4 2 6
x g w m 2 7 6 _ d 1
p 7 8 / m 4 9 _ d 3
x g p w 2 0 9 2
x w g 2 3
x g p w 2 0 8 3
x f b a 6 9 _ d 1
x f b a 9 7 _ d 1
x g b x g 4 1 1
m 5 1 / p 6 5

x f b b 1 4 5 _ d 1
x f b b 1 8 _ d 1
x g p w 3 1 2 7
x g w m 2 8 2
x g w m 3 3 2 _ d 1
x g w m 6 3

x r z 6 8 2
x m w g 9 3 8

x w m c 1 1 6

x f b a 3 8 2

x c b
x w g 3 8 0
x g p w 4 1 0 0
x f b a 2 0 4
x g p w 2 3 3 3

x k s u d 2
x f b a 3 5 0
x c f a 2 0 4 0
x g w m 3 3 2 _ d 2
x p s p 3 0 9 4

x w m c 2 7 3
x p s r 1 4 8
x p s p 3 0 0 1
m 2 1 / p 7 6 _ d 3
p 7 8 / m 5 9
p 7 8 / m 7 1
m 6 2 / p 6 4

p 7 8 / m 6 8
x g b x g 2 1 8

x p s r 6 8 7
x p w i r 2 3 2

x f b a 1 3 4

x c d o 3 4 7
x g p w 4 0 5 0

x k s u h 9

x g p w 3 0 2 5 _ d 1

x g p w 3 0 2 5 _ d 2

x g p w 3 2 2 4 _ d 1

x g p w 4 2 3 8 _ d 1

x g p w 4 2 3 8 _ d 2

x p s p 3 0 2 8
x f b b 1
p 3 4 / m 5 0 _ d 1

x g p w 4 5 4 5

x f b a 4 0 _ d 1
x f b b 3 3 2

x g w m 4
x g p w 4 0 6 2
x f b a 7 8 _ d 1
p 4 0 / m 4 9
x g p w 2 3 0 2
x g w m 4 _ d 1
x g w m 1 9 2
x g p w 2 2 8 3
x g p w 2 1 6 6
x g p w 2 1 4 0

x w m c 1 7 3
p 3 5 / m 5 7
x m w g 5 8
m 2 1 / p 7 6
m 7 7 / p 6 4
x g w m 1 6 5
x p s r 9 2 7
x g p w 4 3 1 5
x b a r c 1 0 6
x b a r c 1 3 8
x g p w 4 1 8 2
x f b a 3 2 0
x g w m 3 0
x b c d 4 0 2
x f b b 2 2 7
x w m c 9 6
x g p w 4 2 5 1
x g p w 7 2 5 9
x g p w 4 0 4 0
x g p w 1 0 1 0
x c d o 1 3 8 7
x f b a 3 5 9
x f b b 1 7 6
x w g 4 6 4
x r z 5 7 4
x c d o 9 5 9
x w m c 1 7 3 _ d 1
x k s u f 8
x b c d 1 6 5 2
x f b a 4 3
x b c d 1 7 3 8 _ d 1
x f b a 1 4 7 _ d 1
x g w m 6 1 0 _ d 1
x g p w 4 4 4 8
x g w m 6 0 1
x g p w 2 1 2 2
x f b a 2 1 1 _ d 1
x g b x r 2 4 7
x g p w 7 5 6 5
x w m c 4 8
x w m c 4 9 1
x w m c 8 9
x b g l 1 4 8 5
x v u t p d i
x b c d 8 0 8
x a b g 4 8 4
x k s u h 9
x w m c 4 2 0
x b c d 1 7 3 8 _ d 2
x f b a 4 0 _ d 2
x f b a 7 8 _ d 2
x p s r 5 9 3
x b c d 8 _ d 1
x g w m 4 _ d 2
x f b a 1 4 7 _ d 2
x m w g 6 3 4
x f b a 2 1 1 _ d 2
x g p w 2 1 3 8
x w d 0 0 4
p 4 1 / m 6 0 _ d 1
x g w m 6 1 0 _ d 2
x b c d 8 _ d 2

x b c d 8 7 3
x f b a 6 5
p 3 2 / m 5 9
x c d o 9 4 8
p 3 5 / m 4 7 _ d 1
p 3 6 / m 4 9
x g w m 2 6 9
p 3 6 / m 4 7 _ d 1
x k s u g 1 2
x a g 1 2
p 3 4 / m 5 8
x f b b 2 7 8
x b a r c 1 7 0
x g w m 3 9 7 _ d 1
x w g 6 2 2
x g p w 7 0 2 0
x c d o 4 9 5
x g p w 2 2 7 9
x c f a 2 1 7 3
x g l k 7 5 2
x w m c 1 7 3 _ d 2
x g w m 3 9 7 _ d 2
x g l k 3 1 5
x b c d 1 2 8 5
x p s r 5 9
x g w m 6 3 7
x g p w 3 0 9 4
x p s r 9 1 4
x w m c 5 1 3
x w m c 2 5 8
x c s l 1 0 2
x c b
x m w g 7 1 0 _ d 1
x g l k 3 3 1
x g w m 1 1 1
x k s u e 3 _ d 1
x g l k 6 0 0
x p s r 9 3 4
x g l k 3 7 0
x b a r c 3 4 3
x w m c 4 6 8
x p s p 1 3 1 6
x g l k 3 5 4
x b c d 1 3 0 _ d 2

x c d o 5 0 6
x c f d 8 8
x g l k 1 2 8
x m w g 7 1 0 _ d 2
x c d o 4 7 5
x c d o 7 8 0 _ d 1

x g p w 3 2 3 8
x g p w 7 5 4 3
x g p w 7 1 6 7
x m w g 5 4 9
x a b g 3 9 0
x p s r 1 1 5 _ d 1
x b c d 1 6 7 0
x f b a 4
x g p w 2 3 3 1
x g p w 2 2 2 8
x g p w 2 2 4 4
x a k 4 6 6 _ d 1
x g p w 4 3 5 2
x w g 2 3 2
x w m c 1 6 1
p 7 8 / m 5 9
x g p w 7 2 5 3
p 3 6 / m 5 4
x p s r 1 1 5 _ d 2
x g w m 3 5 0
x c f d 2 5 7
p 3 6 / m 5 3
p 4 2 / m 5 1
p 3 5 / m 5 4 _ d 1
x w m c 2
x w m c 2 8 3
x p s r 4 7 0
x w m c 2 6 2
x k s u d 9 _ d 1
x g b x g 0 3 5
p 4 0 / m 6 0 _ d 1
x b c d 1 3 5 b
p 3 4 / m 4 8
p 4 0 / m 4 7
p 4 1 / m 6 1
x f b b 1 1 4 _ d 2
x g b x r 2 2 1
p 3 4 / m 5 0 _ d 2
x g b x 3 4 8 0
x g p w 3 0 7 9
x w m c 2 3 2
x k s u e 3 _ d 2
m 6 0 / p 6 4 _ d 1
m 6 7 / p 7 7
x f b a 2 3 1
x b c d 1 3 0 _ d 1
p 3 8 / m 4 7
p 4 1 / m 4 7 _ d 1
x g p w 3 5 6
x a b c 4 6 5
p 3 6 / m 4 8
x g b x g 1 4 1
p 3 4 / m 5 1
p 3 1 / m 5 2
p 4 1 / m 4 7 _ d 2
x p s r 4 9 0

x g p w 5 1 4 3
x f b b 1 5 4
x c d o 6 6 5
p 3 1 / m 4 9
p 7 8 / m 4 9
p 3 3 / m 4 9 _ d 1
x g p w 7 0 5 1
x g w m 1 6 0
p 3 5 / m 6 1
m 5 1 / p 6 5
m 6 0 / p 6 4 _ d 2
x p s p 3 1 1 9
x w b 0 7 8
x w m c 5 0 0
p 3 1 / m 5 7
p 3 9 / m 4 9
p 4 1 / m 5 1
x t a m 7 2
p 4 2 / m 4 7
x c d o 5 4 5
p 4 0 / m 5 5
x p s r 1 1 9
x g p w e 4
p 4 0 / m 6 0 _ d 2
p 3 3 / m 4 9 _ d 2
p 3 5 / m 4 7 _ d 2
p 3 6 / m 4 7 _ d 2
p 4 1 / m 6 0 _ d 2
x p s r 3 9 2 _ d 1
p 3 2 / m 4 8 _ d 1
p 4 0 / m 6 1
p 7 8 / m 9 2
p 3 1 / m 5 8
p 3 2 / m 4 8 _ d 2
x a b g 3 7 8
x a b g 7 0 4
x f b b 1 9 4
x p s r 1 6 0 _ d 1
p 3 5 / m 5 4 _ d 2
p 3 2 / m 6 2
p 3 2 / m 4 8 _ d 3
p 3 3 / m 5 5
p 3 1 / m 6 0
p 4 1 / m 4 7 _ d 3
p 3 1 / m 5 3
p 3 3 / m 5 4
x f b a 2 8 2
p 3 3 / m 6 0
x p s r 5 7 3
p 7 8 / m 6 8 _ d 1
x g b x 3 8 3 2
x f b b 1 1 4 _ d 1
x b a r c 7 8
p 7 8 / m 6 8 _ d 2
x w m c 2 1 9
x w m c 3 1 3
x w m c 4 9 7
m 6 5 / p 6 4
x p s r 1 6 0 _ d 2
x g p w 2 1 3 9
x k s u d 9 _ d 2
x b c d 1 9 7 5
x b a r c 3 2 7
x p s r 3 9 2 _ d 2
x g p w 5 0 9 5
x f b a 2 4 3
x g p w 1 1 0 8
x c b
x b a r c 5 2

x c d o 7 8 0 _ d 2
x g p w 4 1 5 3
x b a r c 3 1 5
x g p w 1 1 4 2
x g p w 3 2 8
x b a r c 1 8 4
x b c d 1 2 9
x g p w 8 0 7 4
x g p w 3 5 1
x g p w 5 0 9 4
x b a r c 7 0
x g p w 3 0 3 0
x c f d 3 1
x b a r c 1 5 3

x b c d 5 8 8

x f b a 2 5 3

MQTL

RER CtCs VxI

ARE R6C7

CI 9.3cM
R2 29.0%
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L’approche méta-génomique: combiner la 
cartographie de QTL avec des donnée 
d’expression pour trouver des gènes candidats

cM 0,00 Xcdo545 1
cM 0,10 Xgpw2107 2
cM 1,80 Xbcd907 3
cM 2,20 Xfba17 4
cM 2,30 Xfbb9 5
cM 2,30 Xgpw4334 6
cM 2,40 Xfbb121 7
cM 3,40 Xgpw2233 8
cM 4,10 Xgpw7288 9
cM 4,10 Xfbb278 10
cM 4,30 Xgpw7264 11
cM 4,40 Xgpw2297 12
cM 4,40 Xfbb156 13
cM 4,60 Xgwm233 14
cM 5,10 Xfba72 15
cM 5,30 Xfba311 16
cM 6,90 Xgpw8289 17
cM 8,20 Xgwm350_d1 18
cM 8,50 Xwmc158 19
cM 9,60 Xgwm471 20
cM 9,60 Xfba321 21
cM 9,60 Xfba322 22
cM 9,60 Xfba65 23
cM 9,60 XgbxG367 24
cM 9,60 XgbxR799 25
cM 13,27 Xfba93 26
cM 13,27 Xgwm681 27
cM 16,95 Xopai5 28
cM 20,62 Xpsr119 29
cM 24,29 M83/P65 30
cM 24,29 P78/M69 31
cM 24,29 Xpsr563 32
cM 28,50 Xwmc168 33
cM 42,65 P78/M63 34
cM 46,33 Xgwm666 35
cM 46,33 P78/M72 36
cM 46,33 Xpsr490 37
cM 47,70 Xgpw4061 38
cM 50,00 Xfba127 39
cM 50,00 Xpsr386 40
cM 50,00 Xgwm635 41
cM 51,92 XgbxG564 42
cM 53,84 Xcdo475_d2 43
cM 53,84 Xwmc388 44
cM 55,50 Xgpw3140 45
cM 55,76 M65/P64 46
cM 57,69 Xglk61 47
cM 58,40 Xfba109 48
cM 60,90 Xcfa2049 49
cM 61,70 Xfbb186 50
cM 61,70 Xfbb67 51
cM 62,10 Xcfd242 52
cM 65,37 Xpsr558 53
cM 68,90 Xcdo475_d1 54
cM 73,06 Xgwm350_d2 55
cM 73,40 Xgwm60_d1 56
cM 75,50 Xfba346 57
cM 76,90 Xfba42 58
cM 76,90 Xgwm130 59
cM 76,90 Xgwm526 60
cM 79,23 Xwmc479 61
cM 80,00 Xcdo1395 62
cM 83,00 Xsun1 63
cM 83,00 Xgwm60_d2 64
cM 86,00 Xabc158 65
cM 86,00 Xfba248_d2 66
cM 89,77 Xbcd1066_d2 67
cM 90,85 Xgbx3480 68
cM 91,39 Xfba337_d2 69
cM 92,47 Xcdo962_d2 70
cM 93,55 Xfbb218_d2 71
cM 93,70 Xfba248_d1 72
cM 95,17 Xg0834 73
cM 95,17 Xfbb166 74
cM 97,10 Xcfa2028 75
cM 97,32 Xgwm276_d2 76
cM 97,86 XksuG12_d2 77
cM 99,48 Xwmc283 78
cM 101,10 Xwmc83_d1 79
cM 105,70 Xgpw7185 80
cM 106,40 Xgpw7457 81
cM 107,26 XWC2028 82
cM 108,80 Xfba340 83
cM 108,80 Xpsr952 84
cM 109,71 P78/M49_d1 85
cM 113,33 P78/M49_d2 86
cM 115,60 Xcfa2174 87
cM 120,90 Xcfp 88
cM 129,40 Xfbb264 89
cM 131,07 Xwmc83_d2 90
cM 132,75 XOA85 91
cM 133,58 XksuG12_d3 92
cM 133,58 Xwmc405 93
cM 135,25 XgbxG575 94
cM 136,93 Xfba354_d2 95
cM 136,93 M85/P65 96
cM 137,30 Xwmc17 97
cM 138,10 Xgpw5180 98

cM 138,60 Xcdo595 99
cM 138,70 Xgpw2119 100
cM 139,20 Xbcd1066_d1 101
cM 139,20 Xglk356 102
cM 139,40 Xgdm14 103
cM 139,40 Xfba69_d2 104
cM 140,23 Xcdo17 105
cM 140,50 Xgpw7386 106
cM 140,60 Xgpw7486 107
cM 140,80 Xgpw2269 108
cM 140,80 Xgpw3038 109
cM 141,30 Xgpw3220 110
cM 141,90 Xfba363 111
cM 141,90 Xfbb343 112
cM 141,90 XWB174 113
cM 142,10 Xgpw2264 114
cM 142,40 Xgpw313 115
cM 143,20 Xgpw4410 116
cM 143,25 Xgwm260 117
cM 144,60 Xsfr 118
cM 147,30 Xfba97_d2 119
cM 148,65 Xopa10 120
cM 149,40 Xcdo506 121
cM 151,30 Xcdo962_d1 122
cM 152,70 Xfbb145_d2 123
cM 152,70 Xfbb18_d2 124
cM 154,50 Xgwm631 125
cM 155,40 Xfba337_d1 126
cM 155,40 Xfbb218_d1 127
cM 155,40 M21/P76_d1 128
cM 155,40 M67/P77 129
cM 155,40 Xra1_d1 130
cM 156,32 Xra1_d2 131
cM 156,62 Xwmc143 132
cM 156,62 XWB108 133
cM 157,00 Xfba234 134
cM 157,00 Xfbb193 135
cM 157,50 Xgpw1100 136
cM 157,84 Xpsp3050 137
cM 158,15 Xwmc107 138
cM 158,15 Xwmc9 139
cM 158,90 Xgwm573 140
cM 159,37 Xwmc422 141
cM 160,90 XksuG12_d1 142
cM 163,47 Xwmc286 143
cM 164,70 Xgpw3276 144
cM 165,18 M21/P76_d2 145
cM 166,50 Xgpw7339 146
cM 166,80 Xgpw2103 147
cM 168,50 Xgpw4066 148
cM 168,60 Xfba354_d1 149
cM 175,73 Xwmc426 150
cM 179,30 Xgwm276_d1 151
cM 179,81 P78/M49_d3 152
cM 181,90 Xgpw2092 153
cM 182,86 Xwg23 154
cM 183,30 Xgpw2083 155
cM 184,90 Xfba69_d1 156
cM 187,90 Xfba97_d1 157
cM 193,22 XgbxG411 158
cM 195,88 M51/P65 159
cM 201,20 Xfbb145_d1 160
cM 201,20 Xfbb18_d1 161
cM 201,20 Xgpw3127 162
cM 201,20 Xgwm282 163
cM 202,50 Xgwm332_d1 164
cM 204,30 Xgwm63 165
cM 207,70 Xrz682 166
cM 208,70 Xmwg938 167
cM 212,40 Xwmc116 168
cM 215,80 Xfba382 169
cM 221,60 XCB 170
cM 223,00 Xwg380 171
cM 224,30 Xgpw4100 172
cM 224,90 Xfba204 173
cM 225,40 Xgpw2333 174
cM 225,60 XksuD2 175
cM 225,90 Xfba350 176
cM 226,50 Xcfa2040 177
cM 229,71 Xgwm332_d2 178
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cM 234,80 Xwmc273 180
cM 235,90 Xpsr148 181
cM 235,90 Xpsp3001 182
cM 235,90 M21/P76_d3 183
cM 235,90 P78/M59 184
cM 235,90 P78/M71 185
cM 238,10 M62/P64 186
cM 244,69 P78/M68 187
cM 246,88 XgbxG218 188
cM 253,48 Xpsr687 189
cM 253,48 Xpwir232 190
cM 265,80 Xfba134 191
cM 273,90 Xcdo347 192
cM 275,80 Xgpw4050 193

285,20 XksuH9 194
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Allèle A  increases the A/X

Allèle A : decreases xylanase activity in the 
flour

Allèle G : increases β-glucans contents

High viscosity (1.97 for 
A allele/ 1.79 for G 

allele)
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Analyse de gènes candidats du 
métabolisme: exemple des folates
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Analyse d’association sur la panel de diversité 
HEALTHGRAIN

Polymorphisms from  
12 candidate genes

Phenotyping (flour, 
bran, whole meal)

Genetic Analysis (Tassel, 
Buckler et al 2006)

HG collection - 156 lines of 
hexaploid wheat

DHPA, GCH1, DHFS, 
HPPK, ADCS, FPGS

Micronutriment 
content
Folates

Phenolics
AlkylR
Sterols

… Génotype
Phénotype

Eastern Asia

Mediterranean

Midel East and Central Asia

South-East Europe + North
America
North-West Europe

South America+Africa

Genetic Structure (Pritchard et 
al, 2000)

5 groups used as 
covariates



A L I M E N T A T I O N                    
A G R I C U L T U R E

E N V I R O N N E M E N T

GTP

Chorismate

THF-polyglutamate

Folate

ADC synthase

dihydroneopterin aldolase

folylpolyglutamate synthase

GTP cyclohydrolase I 

GTP cyclohydrolase I 

GTP cyclohydrolase I GTP cyclohydrolase I 

dihydrofolate synthase

folylpolyglutamate synthase

folylpolyglutamate synthase

Hydroxymethyldihydropteridine
pyrophosphokinase

GTP

Chorismate

THF-polyglutamate

Folate

GTP

Chorismate

THF-polyglutamate

Folate

ADC synthase

dihydroneopterin aldolase

folylpolyglutamate synthase

GTP cyclohydrolase I 

GTP cyclohydrolase I 

GTP cyclohydrolase I GTP cyclohydrolase I 

dihydrofolate synthase

folylpolyglutamate synthase

folylpolyglutamate synthase

Hydroxymethyldihydropteridine
pyrophosphokinase

DHFS Genes

 4B copy
4D copy

5A copy no SNP

no SNP
10 SNPs unbalanced
1 SNP

No association with 
folate content 
but association with 
stanol (P-values = 
0,000237)

 6 copies expected 
 3 copies assigned on 4B, 4D and 5A 

chromosomes
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Marker-assisted backcrossing (MAB)

1  2 3 4 

Target 
locus

1  2 3 4 

RECOMBINANT 
SELECTION

1  2 3 4 

BACKGROUND 
SELECTION

TARGET LOCUS 
SELECTION

FOREGROUND 
SELECTION

BACKGROUND SELECTION

Utilisation de marqueurs pour le transfert
efficace d’allèles favorables d’une
source”exotique” dans un fonds adapté
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 Potentiel de rendement et stabilité du rendement
 Efficience de la photosynthèse

Indice de  récolte (0,6)

 Réduction d’intrants  (Ecophyto 2018…)

 Qualité du grain et des coproduits
 Contenu (%)  et composition en protéine

Amidon,  pailles    

 Santé (nutriments, contamination, 
allergenicité…)

 Adaptation au changement climatique
 Evitement (précocité)

Tolérance ( sécheresse, chaleur, froid…)

 Récupération post stress…

 Résistances durables aux pathogènes
« Les habituels » (virus, fungi)

 « Les nouveaux » (UG 99…)

 Les espèces invasives

Des cibles d’amélioration multiples


