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World cereal production and uses

I Wheat leads the field . .
oriarons 2006 mnenares | ® WWheat is the most widely grown
0 50 100 150 200 250 WorIdWIde
e * |ts use for animal feeding is about
e 10% wordlwide, but 30% in Europe
Maize
Soyabeans
Pulses @ Alim. animale
Roots and B Semences
tubars -
Fruit O Alim. humaine
Vegetables 0O Exportations
Fibre crops W Stock
*Barley, rye, millet, etc
Source: Food and Agriculture Organisation Source : ONIC
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Animal feeding requirements

* Cereals are primarily a source of ENERGY (starch),
mostly for monogastics (unable to use cellulose). Animal
production (profitability) is correlated to

*Low cost = yield, low inputs
*High digestibility: problem of viscosity for poultry

* Protein content may be of interest (depending of the
price/availability of other sources): if not contlicting with
yield

* Protein quality (composition): lysin and methionin

e Mineral availability: phytase activity
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Yield and protein content

/ _ p
How to deal with the

(genetic) negative correlation
_ Y
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RENDEMENT-TENEUR EN PROTEINES SUR VALEURS MOYENNES

essais avec bles ameliorants

FERTILISATION N+: correlation = -0.83
FERTILISATION N: correlation =-0.85
Comparaison des 2 regressions : F(2,25) = 50 (P<0.001)
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COMBINED INDEX SELECTION ON YIELD AND PROTEIN
Up to now, protein % has rarely been used as selection criterion.

Use of quantitative genetics tools to predict the expected response to
Index selection with various economic weights W given to Yield vs
Protein

- Genetic material: breeding lines of INRA programme. Genetic
correlation -0.75

- Selection intensity = 20% (best lines crossed).

- Expected response to selection estimated from G and P
variance-covariance matrices. Gain=1*pP1*G*W
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With current payment for extra-protein % (bread-wheat: 3€/T)

Optimum economic weight leads to improve only yield (0.4T/cycle)
Correlative response of protein content is -0.4% per cycle

gain attendu pour le rendement gain attendu pour le revenu par hectare (optimum = 78)
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To achieve a balanced response on both yield and protein content,

Extra payment for protein should be 12€/T/%
Yet the expected response would be limited (0.25T/ha and 0.3% prot)

gain attendu pour le rendement gain attendu pour le revenu par hectare (optimum = 50)
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teneur en proteines (%)
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How to conciliate yield and protein content?

entification of breeding lines or cultivars with positive
grain protein deviation (GPD)
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DIGESTIBILITY

-~

\_

Problems with pentosan
VISCOosity In poultry

Genetics of cell walls
composition

~




Factors affecting starch digestion

Starch granule structure

Protein matrix Access
problems

Cell walls in particles

J (]

ot ‘ Viscosity
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Effect of kernel hardness
Carré et al 2005, British poultry Sci 46:66-74

Particle size ranges from ~500 um (soft varieties) to
~900 pum (hard wheats).

As expected, starch digestibility is negatively
correlated to grain hardness (r=-0.56)

Consequently, Apparent Metabolisable Energy
(AME,) Is also negatively correlated

However, grain hardness is strongly correlated to
pellet durability (r=0.84), which is often considered
as a desired trait to reduce food spillage
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Relationship between wheat starch digestibility
and particle size of wheat flours before pelleting

Starch digestibility

% y=95.5-0.41x ; R*2=0.42
97 ;
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% coarse particles (>1600 Lm)
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Effect of viscosity (RAYV) of wheats (55% in diets) on
starch digestibility in 3 w. broiler chickens.

Digestibility % 90 Effect of wheat RAV:
P=0.008
80
70
e Assayl
Assay 2
60
After Carré et al. 2002 © 1 2 3 RAV (mL/g DM)
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Problems with viscosity in birds diet

* A high dietary viscosity reduces the
digestibility of the various components

e Causes Iinflammation of the intestinal mucosa,
and Iinduces over-consumption of water Iin
birds (Carré et al, 1994).

* This over-consumption leads to more aqueous
excreta which exacerbate both sanitary and
environmental pollution problems (Carré et al,
1995).
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Arabinoxylans and B-D-glucans are the major
components of wheat endosperm cell walls and
have impacts on processing and nutrition

% cell wall Cell wall fibre

arabinoxylan 70
(1-3)(1—4)B-glucan 20 * are polymers of M, 104-10°
glucomannan 2-7  occur in water-soluble and
cellulose 2-4 water insoluble (ferulic acid
ferulic acid < cross-linked) forms

XX X - X X * have high affinity for water

VAN /\ « form viscous solutions

AA A AA

 affect intestinal absorption of
lipids

T T > ¢

* have other effects on colon
bacteria and composition
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Range of variation in bread wheat
HEALTH'GRAIN cOre- collection
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viscosite potentielle Le Moulon
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QTL analyses
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» Search for candidate genes of
endosperm cell wall composition

UDP -D-Glc UDP -D-GlcA

} ‘ UDP -D-Api

Phenylalanine
or tyrosine

Peroxidases

Lignin
pathway

UDP -D-Xyl = — — = — — — — — = -
Caffeoyl CoA
I CCoAOMT
COMT
Feruloyl CoA -@—» Feruloyl Glc __ - _@

Conifer
aldehyde

aldehyde
Dehydro
genase

UDP -D-Xyl %

A

e

Cytoplasm
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|dentification of candidate genes involved in arabinoxylans (AX) biosynthesis

a
Find matching EST contigs (eventually assignation NSF)
a
Design of specific primers
a
Assignation in deletion bin of CS

a

Polymorphism between parents of populations
a

Genes mapping and/or Difference in gene expression
a

Allelic variant in core collection

Association SNP polymorphism / trait variation for validation
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Candidate genes on
chromosome 7A

TA
gwm260
z cfa2028 Assignation on the deletion bin of €S
N i COMT
GT14
39 -
. _ Epi/
Bpw2233 4 genes in the bin C7AL1-0.39 ™ GH28
v gwm233
% Nepi7-1
: - GH17
- | .7 genes in the bin AL-0.39-0.71 -’TTl
] evmoss viscosity Nepi7-2a
28.5 h2=18% _
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Genome and allele specific markers

» Design of specific allele primers for genotyping HG core-collection

BDO2BEPI1_2R AGCAAGTCGCTGTCGGGAGGCGGCCCGCGCTGACGGTTTAT AIIeIe 1 prlmer' CCARGGATGGAACAGGGGTATGT
BDO21EPI1_2R AGCAAGTCGCTGTCGGGAGGCGGCCCGCGCTCACGGTTTAT. .. -CCARGGATGGARCAGGGGTATGT
BTO26EPI1_2R ﬂGCFlFlGTCGCTGTCGGGHGGCGGCCCGCGCTGHCGGTTTHCGGGHCCGﬂCTHCHHCF\CCHHGGHTGGHHCRGGGGTHTGT
BDOS2EPI1_2R HGCHHGTCGCTGTCGGGHGGCGGCCCGCGCTGHCGGTTTHTGGGHCCGHCTHCHHCHCCHHGGHTGGHHCHGGGGTHTGT
BTO37EPI1_2R AGCAAGTCGCTGTCGGGAGGCGGCCCGCGCTGACGGTTTAIL™ "MCCARGGATGGAACAGGGGTATGT
BDOSOEPI1_2R AGCAAGTCGCTGTCGGGAGGCGGCCCGCGCTGACGGTTTATC Allele 2 primer |CCANGGATGGARCAGGGGTATGT
BTOO9EPI1_2R AGCAAGTCGCTGTCGGGAGGCGGCCCGCGCTGACGGTTTATGGGACCGACTACARCACCARGGATGGAACAGGGGTATGT
BDO47EPI1_2R AGCAAGTCGCTGTCGGGAGGCGGCCCGCGCTGACGGTTTATGGGACCGACTACARCACCARGGATGGAACAGGGGTATGT
CONSENSUS  —=x-— ﬂGCF|F|GTCGCTGTCGGGHGGCGGCCCGCGCTIHCGGTTTFlIGGGHCCGHCTFlCHHCRCCHHGGHTGGHHCRGGGG
A A

-
» PCR on HG core-collection
With allele 1 primer With allele 2 primer
m— I IHGW32 ..... - I
Amplification = Allele 1 B No_ amplification = Allele 1

Amplification = Allele 2 -
] L9

" No amplification = Allele 2



post GENOMICS

g (Perfect) Marker Assisted
Selection

Inducing new variation
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Bioavailability of
minerals

Phytic acid and phytasic
activity
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Genotype and environment main effects on
mineral content (ANOVA: F values)

Df Yield Magnesium Zinc Iron

ASG-2 Year 2 5.9 ** 0.5 %* 1.7 NS 6.6 **
Genotype | 10 (. FF*x 13.7 *%%* 3.1%* 2.1 NS

Error 20

IS Location | 2 708 **** 71.8 **** | Q5 4 **** | 2B | *F**x*
Genotype | 50 3.2 FHx* 4.8 *Hx* 2.8 ***% | 1.4 NS

Error 100
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zinc content (ppm)

Relationship between the 3 minerals contents

n =51 correlation = 0.64 **** n =51 correlation = 0.49 ***
Zn =9.03 + 0.011 * Mg Fe =19.629 + 0.015 * Mg
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CONCLUSIONS

* The genetic variability appears to be high for Mg, Zn

and Fe, even in modern cultivars
— experimental cross CF99102 (high-MG) x EM01216 (low-

Mg)

* Heritability is hiigh for MG, moderate for Zn and low
for Fe, fortunately all these cations are positively
correlated (also with toxic ones?)

o (Genetic resources with high mineral content are often

exotic, unadapted lines or old landraces.
— Advanced backcross population developped from Apache
(recurrent) x Azteca67/
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Bio-accessibility of Mg in bran:
genetic variability

100 -

¢ Taldor (crouel 2000)
B Uli 3 (Allier 2000)
—— Supersoft (mo1)
X BNC 1999
—¥— Sponsor (¢00)

o)
o
\

o Aligre (Ménétrol 2001)

Mg solubilisé
(en % de la teneur totale)

—A— Bonpain (mo1)
—O6— Scipion (mo1)

® Soissons (mo1)
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Problems with Phosphorus in animal feeds

A total of 50-70% of grain phosphorus is in the form of
phytic acid phosphorus (Reddy et al, 1982).

e This phytic acid phosphorus cannot be wused by
monogastric animals (Sauveur, 1989; Pointillart, 1994).

 In consequence, the phytic acid phosphorus is not available
and therefore contributes to the pollution of surface water.

* Wheat, however, contains plant phytase whose activity
varies depending on the variety (Sauveur, 1989; Barrier-
Guillot et al, 1996a and b).

 This phytase is activated during digestion and liberates a
substantial amount of the grain phosphorus (Frapin and
Nys, 1993).

A high phytase activity is, therefore, to be sought after in
wheat
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Phytase activity in Triticale

Cultivar n Phytasic activity, UP / kg 2
DI134-2 4 1012 £ 102 a
Aubrac 6 1320+ 87 Db
Trimaran 6 1424 £ 125 Db
Capitale 4 1815+ 126 c
Calao 6 2146 + 145 d
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A low phytic acid mutant in maize
(Ipa241)

Ins P, or Phytic Acid

1 2 ¥ i 5 .
Q-P .
1 Bmigli2d L | QQJQ '?_F. r’..3
- - — il T -
Lpaidt/ ipa2dd .
I seitod . ﬁ} A .. .'-. ;‘

bin 1.02 [ wmcl222 a4 ipaddi
sesffed €

P=P( . 9 oM
O-p s §
pa2il a

Fig. 2 Assay for free phosphate (HIP phenotvpe) in dpa24]

‘ families. Single seeds from a given ear were crushed, extracted

and assaved for free P ousing o microtitre plate-based colorimetric

. . . molvbdenum staining assav. To allow for direct comparison,

Fig-4 Mappmg of the [pals] bous. Approximale distance of Iﬂll]}mg of Hour wetn Sxtzactad n 10 vol G HC104 N, sod a0 equal

lpa241 from ume 1222 is shown on chromosome 15 aliquot vol was tesied. The standards (5) contained 0, 0.20, 0.50,
1.50 and 3.0 yg of P

Genoty pe Seed dry weight® mg Total P° mg g" Pi free” mg g" Fhytic acid po mg g"
e 154 + 11 45+ 042 0.3+ 015 3T7+021
fppa 241 i 189 + 5 44+ 034 0.7 + 0.18 33+028
lpa 241 ipa24 1 179 + 6 46 + 047 33+ 040 0.4 + 0.32
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Contributions from
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and breeding Clermont-Ferrand F
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