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I. From QTL to genes. A metagenomicI. From QTL to genes. A metagenomic 
approach: Example of dietary fibre
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Dietary fibres are cell wall components, 
mostly Arabinoxylans (AX) in wheat

Arabinoxylans Arabinoxylans 
(AX)(AX) Water 

extraction

Enzymatic or
Water unextractible 

(WUWU--AXAX)   
Water extractible 

AX (WEWE--AXAX) Enzymatic or 
alkaline 

extraction

( )AX (WEWE--AXAX)

High viscosity 

Health effects  No effect on health reported

Soluble AX (WE-AX) Non soluble AX

Health effects  
blood cholesterol
blood glucose (type II 

diabete)

 No effect on health reported

Generally, fibres improve :

diabete)
gut cancers
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Satiety (obesity)
improved intestinal function



Genetic analysis of Flour WE-viscosity (predictor of WE-AX) 
Choice of two contrasted breeding lines to develop doubled haploids
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DNAchip hybridization to 
find differentially 
expressed ESTs
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Construction of genetic maps with SSR and 
DArTs markers
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A total of 3 meta-QTL were found from literature and new experiments
1B

 
7A

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

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

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

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

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

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 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 g w m 4 9 8  
x w m c 3 2 0  
x r z 1 6 6  
x c d o 2 7 8  
x g b x g 2 6 3  
x b c d 1 2  
x w c 0 0 6 5  
x c m w g 7 5 8  
x w m c 1 3 4  
x b a r c 1 3 7  
x b a r c 1 8 7  
x w g 8 2 2  
x b c d 3 8 6  
x b a r c 2 4 0  
x g b x 3 1 4 7  
x k s u f 4 3 _ d ' 3  
x g w m 1 3 1  
x g w m 4 0 3 _ d 1  
x b c d 1 8 8 9  
p 4 3 / m 6 2  
x b a r c 1 8 1  
x b c d 3 4 0  
x c d o 1 4 7 3  
x g p w 4 0 0 2  
x w m c 2 7 7  
x b a r c 1 7 4  
x g p w 7 6 0 3  
x p s r 2 0 1 9  
x b a r c 3 0 2  
x m w g 6 8 _ d 2  
p 3 7 / m 6 4  
x p c - b 4  
g l u b 1 _ d 2  
x g l k 1 3 6 _ d 2  
x m t a 1 7  
p 4 4 / m 5 4  
x p s r 3 2 5  
x w m c 1 5 6  
x f b b 1 8 0  
x c d o 6 3 7  
x p s r 6 4 8  
x m w g 9 3 8 _ d 3  
x f b b 3 2 9  
x f b a 2 4 5  
x m t a 1  
x f b b 9 0  
x g p w 7 6 4 6  
x g p w 4 4 1 0 _ d 1  
x f b b 2 5 5  
x p s r 1 6 2  
x c d o 3 8 8 _ d 2  
x g d m 1 2 6  
x g p w 8 1 0 4  
x p s r 9 6 7  
p 3 1 / m 5 3  
x f b a 3 4 _ d 1  
x g p w 4 1 1 5  
x m w g 7 3 3  
x b c d 1 1 5 0 _ d 1  
x k s u a 1  
x w m c 8 5 _ d 2  
m 1 7 / p 6 5  
x b c d 1 1 5 0 _ d 2  
x g w m 4 0 3 _ d 2  
x b c d 4 4 2 _ d 2  
p 3 9 / m 5 0  
x m w g 6 7 6  
x b c d 1 1 5 0 _ d 3  
x c d o 3 9 3  
x b c d 2 6 5  
x c d o 1 1 6 0  
p 3 2 / m 5 4  
p 3 5 / m 5 1  
p 3 8 / m 4 7  
p 4 1 / m 5 1  
x c d o 1 1 9 6  
x g p w 2 0 7 1  
x g p w 4 1 3 4  
x b c d 4 4 1  
p 7 8 / m 7 2  
x g b x g 1 6 0  
x w h s 1 7 9 _ d 2  
x b a r c 6 1  
x w b 1 8 8  
x g p w 4 4 1 0 _ d 2  
x c m w g 7 3 3 _ d 2  
p 7 8 / m 9 2  
x b c d 3 0 4  
x g w m 1 5 3  
x g w m 2 7 4  
m 6 7 / p 7 7  
x k s u g 3 4  
m 5 1 / p 6 5  
x g w m 2 6 8  
x g w m 1 2 4  
x b a r c 1 8 8  
x b c d 1  
x g l k 2 5 9  
x f b a 1 7 8  
x k s u e 1 1 _ d 1  
x m w g 9 8 4  
x m w g 6 9  
x f b b 2 7 5  
x b c d 2 1  
x f b b 2 6 0 _ d 2  
x b a r c 8 1  
x f b a 3 0 9  
x f b a 1 3 4  
x g p w 7 5 7 7  
x c f a 2 1 4 7 _ d 1  
x c f a 2 1 4 7 _ d 2  
x g p w 5 1 6 2  
x f b a 2 9 4  
x b c d 5 0 8  
x b c d 5 6 2  
x p s p 3 1 0 0  
x b c d 1 2 6 1  
x b c d 5 1 4  
x b c d 6 1  
x c d o 1 1 8 9  
x b c d 1 5 1 4  
x c f a 2 1 4 7  
x b c d 1 5 6 2  
x w m c 4 4  
x c f a 2 2 9 2  
x c d o 3 4 6  
x g w m 2 5 9  
x w m c 1 1 3  
x g p w 1 0 7 7  
x f b a 3 4 _ d 2  
x f b a 2 6 6 _ d 1  
x k s u i 2 7 _ d 2  
x g w m 1 4 0  
x m w g 9 1 2  
x k s u e 1 1 _ d 2  
x f b a 2 6 6 _ d 2  
x f b a 2 6 8  
x g w m 7 9 3  
x f b a 2 6 6  
x g p w 7 4 4 3  
x k s u l 2 7 _ d 1  
x k s u l 2 7 _ d 2  
p 3 6 / m 6 7  
x b a r c 8 0  

x g w m 4 9 8  
x w m c 3 2 0  
x r z 1 6 6  
x c d o 2 7 8  
x g b x g 2 6 3  
x b c d 1 2  
x w c 0 0 6 5  
x c m w g 7 5 8  
x w m c 1 3 4  
x b a r c 1 3 7  
x b a r c 1 8 7  
x w g 8 2 2  
x b c d 3 8 6  
x b a r c 2 4 0  
x g b x 3 1 4 7  
x k s u f 4 3 _ d ' 3  
x g w m 1 3 1  
x g w m 4 0 3 _ d 1  
x b c d 1 8 8 9  
p 4 3 / m 6 2  
x b a r c 1 8 1  
x b c d 3 4 0  
x c d o 1 4 7 3  
x g p w 4 0 0 2  
x w m c 2 7 7  
x b a r c 1 7 4  
x g p w 7 6 0 3  
x p s r 2 0 1 9  
x b a r c 3 0 2  
x m w g 6 8 _ d 2  
p 3 7 / m 6 4  
x p c - b 4  
g l u b 1 _ d 2  
x g l k 1 3 6 _ d 2  
x m t a 1 7  
p 4 4 / m 5 4  
x p s r 3 2 5  
x w m c 1 5 6  
x f b b 1 8 0  
x c d o 6 3 7  
x p s r 6 4 8  
x m w g 9 3 8 _ d 3  
x f b b 3 2 9  
x f b a 2 4 5  
x m t a 1  
x f b b 9 0  
x g p w 7 6 4 6  
x g p w 4 4 1 0 _ d 1  
x f b b 2 5 5  
x p s r 1 6 2  
x c d o 3 8 8 _ d 2  
x g d m 1 2 6  
x g p w 8 1 0 4  
x p s r 9 6 7  
p 3 1 / m 5 3  
x f b a 3 4 _ d 1  
x g p w 4 1 1 5  
x m w g 7 3 3  
x b c d 1 1 5 0 _ d 1  
x k s u a 1  
x w m c 8 5 _ d 2  
m 1 7 / p 6 5  
x b c d 1 1 5 0 _ d 2  
x g w m 4 0 3 _ d 2  
x b c d 4 4 2 _ d 2  
p 3 9 / m 5 0  
x m w g 6 7 6  
x b c d 1 1 5 0 _ d 3  
x c d o 3 9 3  
x b c d 2 6 5  
x c d o 1 1 6 0  
p 3 2 / m 5 4  
p 3 5 / m 5 1  
p 3 8 / m 4 7  
p 4 1 / m 5 1  
x c d o 1 1 9 6  
x g p w 2 0 7 1  
x g p w 4 1 3 4  
x b c d 4 4 1  
p 7 8 / m 7 2  
x g b x g 1 6 0  
x w h s 1 7 9 _ d 2  
x b a r c 6 1  
x w b 1 8 8  
x g p w 4 4 1 0 _ d 2  
x c m w g 7 3 3 _ d 2  
p 7 8 / m 9 2  
x b c d 3 0 4  
x g w m 1 5 3  
x g w m 2 7 4  
m 6 7 / p 7 7  
x k s u g 3 4  
m 5 1 / p 6 5  
x g w m 2 6 8  
x g w m 1 2 4  
x b a r c 1 8 8  
x b c d 1  
x g l k 2 5 9  
x f b a 1 7 8  
x k s u e 1 1 _ d 1  
x m w g 9 8 4  
x m w g 6 9  
x f b b 2 7 5  
x b c d 2 1  
x f b b 2 6 0 _ d 2  
x b a r c 8 1  
x f b a 3 0 9  
x f b a 1 3 4  
x g p w 7 5 7 7  
x c f a 2 1 4 7 _ d 1  
x c f a 2 1 4 7 _ d 2  
x g p w 5 1 6 2  
x f b a 2 9 4  
x b c d 5 0 8  
x b c d 5 6 2  
x p s p 3 1 0 0  
x b c d 1 2 6 1  
x b c d 5 1 4  
x b c d 6 1  
x c d o 1 1 8 9  
x b c d 1 5 1 4  
x c f a 2 1 4 7  
x b c d 1 5 6 2  
x w m c 4 4  
x c f a 2 2 9 2  
x c d o 3 4 6  
x g w m 2 5 9  
x w m c 1 1 3  
x g p w 1 0 7 7  
x f b a 3 4 _ d 2  
x f b a 2 6 6 _ d 1  
x k s u i 2 7 _ d 2  
x g w m 1 4 0  
x m w g 9 1 2  
x k s u e 1 1 _ d 2  
x f b a 2 6 6 _ d 2  
x f b a 2 6 8  
x g w m 7 9 3  
x f b a 2 6 6  
x g p w 7 4 4 3  
x k s u l 2 7 _ d 1  
x k s u l 2 7 _ d 2  
p 3 6 / m 6 7  
x b a r c 8 0  

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 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

A x Re, Ct x CS, R6 x C7 CI 6.3cM
R2 33.6%

Re x R, Ct x Cs

6B
x p s p 3 0 2 8
x f b b 1
p 3 4 / m 5 0 _ d 1

CI 9.3cM
R2 29.0%

x g p w 3 0 2 5 _ d 1

x g p w 3 0 2 5 _ d 2

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

MQTL

x g p w 3 2 2 4 _ d 1

x g p w 4 2 3 8 _ d 1

g 3 9 _ d
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

RER CtCs VxI

ARE R6C7

CI 9.9cM
R2 59 0%

V x I, R6 x C7

x g p w 4 2 3 8 _ d 2

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
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Metagenomic approach: combining mapping and 
expression data to find candidate genesexpression data to find candidate genes

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

7A
S1

-0
.8

9-
1.

007AS1-0.89-1.00

Riz Chro8 Riz Chro6 Blé 7A

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

7A
S

7A
S5

-0
.5

9-
0.

89
7A

S
8-

0.
45

-0
.5

9

7AS5-0.59-0.89

7AS8-0.45-0.597AS8-0.45-0.59

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

C
en

tr
om

er
e

C
-7

A
L1

-O
.3

9
0.

39
-0

.7
1

C
-7

A
S8

-0
.4

5C-7AS8-0.45

C-7AL1-O.39

7AL1-

0 39

BF474746
BE498538

BG263319
BG274300Co-locationAffymetrix wheat chip

10- lines 10+ lines
Affymetrix wheat chip

10- lines 10+ lines
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
cM 229,71 Xpsp3094 179
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
M 235 90 P78/M71 185

7A
L1

6-
0.

86
-0

.9
0

7A
L1

8-
0.

90
-1

.0
0

7A
L2

1-
0.

74
-0

.8
6

7A
L

7A
L1

-0
7A

L1
7-

0.
71

-0
.7

4

0.39-
0.71

7AL17-
0.71-
0.74

7AL21-
0.74-0.86

7AL
16-
0.86
-
0.90

7AL18-0.90-1.00

BF201318

1551 D

5383 6596 

3064 D

10
281551 D

5383 6596 

3064 D

10
28

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

RNAi

O E

3832 I

5383 genes 6596 genes

3532 I

73 candidates

19
263832 I

5383 genes 6596 genes

3532 I

73 candidates

19
26

OverExp

OverExp

RNAi

OverExp
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Candidate gene from 
MQTL h 6B

Candidate genes 6B

A G t 6B cereal synteny

Brachy
Rice

Sorghum

Wheat 6B
V x I

MQTL on chrom 6BAsso. Genet 6B 

y

2.4cM

R6 x C7Ct x Cs

ct749398-I9 

Xgwm608

Xpsr167

Xgpw1079

Xgpw4066

Xcfd13

ct748893

Xgpw4357

Xgwm219

Xgpw7250

Fine mapping allowed identification of flanking markers
Healthgrain Final Conference – Lund 5-7 May 2010Comparative Genomics in Cereals for Grain Viscosity Improvement in wheat

UMR1095 INRA – UBP “Génétique, Diversité & Ecophysiologie des Céréales”

Fine mapping allowed identification of flanking markers



II. Proteomics of endosperm and 
aleurone layer

INRA, Clermont-Ferrand, France
DTU Copenhagen DenmarkDTU,  Copenhagen, Denmark 
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Proteomics of aleurone layer proteins

3 10IPG

y

343 proteins were 
identified

These aleurone-specific spots are candidate genes for aleurone 
development composition or mechanical properties (e g friability)
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development, composition or mechanical properties (e.g. friability)



III Candidate genes forIII. Candidate genes for 
phytochemicals: example of folates
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Selection of candidate genes: folatesSelection of candidate genes: folates

GTP cyclohydrolase I GTP cyclohydrolase I 

GTP dihydroneopterin aldolase 
GTP cyclohydrolase I 

GTP cyclohydrolase I 

y y y y

 One enzyme for main steps of 

y p

Hydroxymethyldihydropteridine
pyrophosphokinase 

Chorismate

folate synthesis (from GTP, 
chorismate and THF 

l l t t )
ADC synthase

folylpolyglutamate synthase

dihydrofolate synthase 

Folatepolyglutamate) folylpolyglutamate synthase 

folylpolyglutamate synthase 

folylpolyglutamate synthase

Healthgrain Final Conference – Lund 5-7 May 2010

THF-polyglutamate

folylpolyglutamate synthase 



Association analysis using HD diversity screen data
HG collection - 156 lines of 

hexaploid wheat

Polymorphisms from  
12 candidate genes

Phenotyping (flour, 
bran, whole meal)

Eastern Asia

Mediterranean

Midel East and Central Asia

, )
South-East Europe + North
America
North-West Europe

South America+Africa

Genetic Structure (Pritchard et
Micronutriment 

content
Folates

Genetic Structure (Pritchard et 
al, 2000)

5 groups used as 
DHPA, GCH1, DHFS, 
HPPK, ADCS, FPGS

Phenolics
AlkylR
Sterols

… GénotypeGénotype

covariates
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Genetic Analysis Genetic Analysis (Tassel, (Tassel, 
Buckler et al 2006Buckler et al 2006))

… GénotypeGénotype
PhénotypePhénotype



GTPGTP
dihydroneopterin aldolase

GTP cyclohydrolase I 

GTP cyclohydrolase I 

GTP cyclohydrolase I GTP cyclohydrolase I 

GCH1 Genes GTPGTP

ADC synthase
dihydrofolate synthase

Hydroxymethyldihydropteridine
pyrophosphokinase

 Identification of the three

GCH1 Genes

Chorismate
Folate

Chorismate
Folate

ADC synthase
folylpolyglutamate synthase

folylpolyglutamate synthase

 Identification of the three 
homoeologous GCH1 genes

THF-polyglutamateTHF-polyglutamate

folylpolyglutamate synthase Assignation on 2A
2B
2D

2A 1 SNP i i l li N i i i h f l 2A copy: 1 SNP in a single line
2B copy: 1 SNP in a single line 
2D copy: 13 SNPs

No association with folate 
content
11 out of 13 associated2D copy: 13 SNPs 11 out of 13 associated 
with trienol (P-value from 
0.0042 to 0.0362)
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GTP
dihydroneopterin aldolase

GTP cyclohydrolase I 

GTP cyclohydrolase I 

GTP cyclohydrolase I GTP cyclohydrolase I 

GTPGTP
dihydroneopterin aldolase

GTP cyclohydrolase I 

GTP cyclohydrolase I 

GTP cyclohydrolase I GTP cyclohydrolase I 

DHFS Genes GTP

ADC synthase
dihydrofolate synthase

Hydroxymethyldihydropteridine
pyrophosphokinase

GTPGTP

ADC synthase
dihydrofolate synthase

Hydroxymethyldihydropteridine
pyrophosphokinase

DHFS Genes

6 i t d Chorismate
Folate

ADC synthase
folylpolyglutamate synthase

folylpolyglutamate synthase

Chorismate
Folate

Chorismate
Folate

ADC synthase
folylpolyglutamate synthase

folylpolyglutamate synthase

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

chromosomes
THF-polyglutamate

folylpolyglutamate synthase

THF-polyglutamateTHF-polyglutamate

folylpolyglutamate synthase

chromosomes

 4B copy
4D

no SNP
10 SNP b l d No association with4D copy

5A SNP

10 SNPs unbalanced
1 SNP

No association with 
folate content 
but association with 

5A copy no SNP stanol (P-values = 
0,000237)
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Exploitation of Results: markers

Marker assisted selection using linked or 
gene derived markersgene-derived markers

Example of marker assisted back-
crossingcrossing

Tranfer of high micronutrient alleles from g
exotic into adapted varieties
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Marker-assisted backcrossing (MAB)g ( )

 MAB has several advantages over conventionalMAB has several advantages over conventional 
backcrossing:
 Effective selection of target locig
 Minimize linkage drag
 Accelerated recovery of recurrent parenty p

1  2 3 4 1  2 3 4 1  2 3 4 

Target 
locus

RECOMBINANT 
SELECTION

BACKGROUND 
SELECTION

TARGET LOCUS 
SELECTION
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FOREGROUND 
SELECTION BACKGROUND SELECTION



Markers must be 
tightly linked to target loci!tightly-linked to target loci!

 Ideally markers should be <5 cM from a gene or QTL Ideally markers should be <5 cM from a gene or QTL
RELIABILITY FOR 

SELECTION
Marker A

QTL
5 cM

SELECTION

Using marker A only:

1 95%1 – rA = ~95%

Marker A Marker B

Using markers A and B:
QTL

5 cM 5 cM

Using markers A and B:

1 - 2 rArB = ~99.5%

• Using a pair of flanking markers can greatly improve 
reliability but increases time and cost
A li i V l i P i d Y i34 P i
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• Application to Valoris x Premio and Yumai34 x Premio



Exploitation of Results: Genes

Biotechnology for modifying gene 
expression (beyond the range found inexpression (beyond the range found in 

natural diversity)

Transgenesis of silencing or over-
expression of dietary fibre genes
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RNAi silencing of CSL6 gene in transgenic wheat

DNA‐delivery via gun
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Endosperm‐specific silencing in transgenic wheat

ADH intron

p p g g

Seq. specific inverted repeats
HMWG promoter Nos term

ADH intron

HMW Glutenin promoters

Hair‐pin ds RNA structure

HMW Glutenin promoters
1Dx5 (‐1141 +57) ::GUS gives endosperm‐specific expression detectable 12‐14 dpa

Healthgrain Final Conference – Lund 5-7 May 2010Lamacchia et al. (2001). Journal of Experimental Botany 52:243‐250.



308 T0 transgenic wheat lines
See Huw Jones poster for more resultsSee Huw Jones poster for more results

Target Enzyme

Plasmid ID No. GM plants 
generated

Totals per target 
enzyme Status

Seed  ready
Date

CSLD4 RNAi 8 C l t July ‘07

Putative Glucan 
Synthase

pCSLD4 RNAi 8
35

Complete July 07

pCSLF6 RNAi 13 Complete July ‘07

pCSLD4 RNAi + pCSLF6 
RNAi 8 (7*) Complete

July ‘07

pAHC1ESwithfullF6 6 Complete Oct ‘09

A ‘08

Putative Arabinosyl 
Transferase

pGT61_1 12 (8*) 
108

Ongoing Aug ‘08

pGT61+ pHMWAt13 6 Complete July ‘08

pRNAi#55p113 21 (11*) Complete July ‘08

pGT61_1 8 Complete May ‘09

M ‘09pRNAi#13p113 (LS. INRA) 4* Complete May ‘09

pRNAi#63p113 (LS. INRA) 9 (6*) Complete July ‘08

pHMWGT61-2RNAi 48* Complete Oct  ‘09

Putative Xylan
pHMWGT43RNAi 15 (12*) 

53
Complete Feb ‘09

pHMWGT43 2 O/E April 10Putative Xylan 
Synthase

pHMWGT43-2 O/E 4 On-going April 10

pHMWAt13 20 (15*) Complete Nov ‘07

pHMWGT47RNAi 14 (8*) On-going Dec ‘08

Putative Feryloyl
pHMW164RNAi 14 (12*)

57
Complete Nov ‘09

Feb ‘10Putative Feryloyl 
Transferase pHMW172RNAi 10 (8*) On-going Feb ‘10

pHMWFT3RNAi 8* On-going Feb ‘10

pUbi164RNAi 25 (21*) Complete July ‘09

UDP-Glucose
pAHC-UDPG-D 22 (21*)

55
Complete Feb ‘09

A il 09
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UDP-Glucose 
dehydrogenase pUDPG-RNAi 28 (27*) Complete April 09

pUDPG-antisense 5 (4*) Complete March 09



OUTPUTS AND CONCLUSIONS
1. Identification of new sources of genetic diversity for fibre and 

bioactive compounds (WP2.1 Z Bedö, J Ward)b oact e co pou ds ( edö, J a d)
2. Identify markers for QTLs for WE-AX fibres: marker assisted 

transfer of favourable alleles (Valoris, Yumai?) into breeding 
germplasm

3. Functional validation of candidate genes for WEAX fibres
4. Map-based cloning of major QTL for WEAX fibre: Perfect 

gene-derived markers
5. Markers developped in candidate genes for folates may be 

helpful for improving… bioactive compounds in connected 
pathways (pholics, tocols…)

6. Proteomics can help targetting genes for aleurone 
development/fragility/expression

7. Transgenesis for manipulating gene expression: improving 
the biosynthetic pathway of dietary fibrethe biosynthetic pathway of dietary fibre

8. All presentations available on 
http://www healthgrain eu/pub/Final conference
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http://www.healthgrain.eu/pub/Final_conference-
presentations.php
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