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Deux types d'orge

e 2-row vs. 6-row
* 1 gene/30.000 genes

Six-rowed barley originated from a mutation in a
homeodomain-leucine zipper I-class homeobox gene
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GENOMALT: CONTEXTE

La France est le 2e exportateur d’orge brassicole dans le monde

1,97 million d’hectares d’orge en 2021, soit 21 % de la surface céréaliere sur 120 000
exploitations. 10,4 M de tonnes produits, dont 5,7 M exportées. Les orges de brasserie
représentent plus de 4 millions de tonnes soit plus d’un tiers du total

La culture de l'orge d’hiver 6 rangs brassicoles est une particularité frangaise qui est
grandement responsable de la compétitivité de |la filiere Orge-Malt-Biere

La plupart des schémas de sélection variétale 6RH utilise la production d’haploides
doublés (HD) comme méthode d’accélération

Sources : SSP, FranceAgriMer, Malteurs de France

Au niveau producion mondiaie dorge par pays e #30 % #19 #70 %
mondial, |

4° céréale = | ’\q =

132 Mt/an '

17/05/2022



GENOMALT: CONTEXTE

De l'orge au malt...

La malterie francaise compte 14 unités de production regroupées en 3
groupes qui sont les 3 premiers mondiaux.

En 2020/2021, 1,6 million de tonnes d’orges de brasserie ont été
transformées en 1,4 million de tonnes de malt. Depuis 1967, la malterie
francaise est le 1ler exportateur mondial de malt. La France exporte 80 % de

sa production de malt soit 1,2 million de tonnes par an.
Sources : FranceAgriMer, Malteurs de France

Du malt a la biere...

Des nombreuses brasseries ont été créées en France ces dernieres années.
Aujourd’hui, avec plus de 2 300 brasseries la France est le 1er pays
européen en nombre de brasseries. La brasserie francaise emploie 7 900
personnes.

La consommation francaise de biere est de 22 millions d’hectolitres en
2020, soit une consommation de 33 litres par habitant et par an. Cette
consommation place les Francais dans les plus faibles consommateurs de

biere européens, juste avant |'ltalie.

Sources : Brasseurs de France, Brewers of Europ .
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Les criteres de qualité brassicole (maltiere)

Qualité brassicole de l'orge:
e Calibrage: taille des grains pour avoir une bonne teneur en amidon = % grains > 2.5mm
* Protéines: sufficament pour “nourrir” les levures. mais pas trop (filtration): 9.5a 11.5%

* Bglucanes (fibres solubles): colmatage des filtres. trouble de la biere (mais recherchées pour
nutrition humaine)

Qualité du malt:
* Taux d’extrait: quantité de matiere solubilisée au brassage
* Friabilité

* Pouvoir diastasique: activité des amylases dont beta essentiellement
Les tests de micromaltage sont long/couteux/exigeants en grains

Intérét des prédictions génomique en (pre)selection

17/05/2022 - -



MATERIALS

259 breeding lines (DH) from SECOBRA

315 breeding lines from RAGT

105 « founder lines ». i.e. registered varieties freely available under UPOV agreement

PHENOTYPING: 2 harvest Years 2018-2019

SECOBRA: 3 locations Thoiry. Auffay. Warmeriville. 2018: 1872 plots; 2019: 1327 plots
RAGT: 2 locations Cupperly and Premesques. 2018 & 2019: 904 plots

Each compagny evaluated its own material + part of founder lines (88 in common)

Variables avallable in most locations: Yield (dt/ha). protein content (%). thousand
grains we|%1 % ). test welght(Kg/hI) Calibration %) heading (days from january
1st). plant height (cm)

Malting traits evaluated from a single location by breeder & by year (no replicate)
Later in winter: malt-related traits: Friability. extract. viscosity & B-Glucan
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GENOMALT: Materiel et méethodes

SNP cartographiés par

chromosome

Genotyping Infinium HD iSelect (JHI) 50K .

* SECOBRA 44 040 SNP 4000 :;:

« RAGT 40 705 SNP (QC) o .

* I[n COMMON 38 366 SNP 2500 4H

* Discarding SNP with NA>20% 38 223 SNP o -

* Discarding SNP with Het > 0.05 36 612 SNP 1000 -

« Discarding SNP with MAF <0.01 24 945 SNP o

Keeping SNP mapped on 1H-7H 24 101 SNP

Pairwise LD - Chromosome 7H

Data pre-processing
 Homogeneising codes A/A to A:A. C/Cto C:C etc
* Recoding minor allele -1. heterozygotes 0. major allele +1
* Computing relationship matrices (GMALT.K)
* Quality control by checking LD heamaps
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Graphical display of global K matrix

Nuage globalement sphérique: pas
de structure clairement tranchée.

Conséquence du germplasm limité
a R6H, serait différent si R2vsR6 ou
Hiver vs printemps

Large chevauchement des deux
sélectionneurs, avec variétés au
milieu, mais début de divergence
génétique Fst =0.03 (vs 0.09 a 0.15
aux USA)
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ANALYSES OF FIELD DATA
2-YEARS 2018-2019



Site:Block ***: Spatial adjustement: site by site

Trait: Yield
# e.g. Yield_RAGT2019 PRE.MO= =/ | =1 | = -
SpATS(response="Yield".spatial="SAP( allll |l III Il Al III [ e |-
X.Y.nseg=c(10.20)).genotype="GENO". T | ||||| I &
data=RAGT2019 Pre. U T LT
control=list(tolerance=1e-03)) . || ‘II | L, II ‘II | [ " l
- Fitted Sp:tial Trend Genoty[::c BLUEs Histigram
‘__' _—10 =7 I ” [T =0 g ]
Then assemble spatially adjusted plot N !
data into a dataframe: GMALTSPAT )_m_||||| ||'| " 2s
Not applicable to malting traits (no h e |” I| |I ﬁj 1.
replicate) 10 20 30 40 I‘IIEIIZIEI SIEI 4IIJ| Dj4m
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Merge the spatially adjusted Dataset:

* GMALT2YEARSPAT=rbind(GMALT2018SPAT.
GMALT2019SPAT)

* 6 Traits: Yield. Prot. TestW. TGW. Cal. Head)

Global ANOVA on spatially corrected Data e.g.

* Yield2YEAR.LM=Ilm(Yield~Year + Year:Site + GENO+
GENO*Year + GENO*Site . data=GMALT2YEAR.dtf)

« anova(Yield2YEAR.LM)

ANOVA on raw data for malt-related traits

* Friability2YEAR.LM=Ilm(Friability~Env+ GENO+ GENO*Env.

data=GMALT2YEAR.dtf) (Env = year*geno)
* Anova (Friability2Year.LM)

17/05/2022
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Combined analysis of Data 2018+2019

F Yield TestW | TGW | Cal Visco | BGglu
(Res=1148
df)

Year (1) 1282 274
Site/Env (4) 99 716 1280 218 281

Year*Site 845 149 546 309 76 632
(4)
Y*GENO 1.23 1.14 1.28 1.28 1.29 1.39
(664)

Site*GENO 1.12 1.10 095 1.09 154 098 28 19 4.1 3.9
(1243)

17/05/2022 .Y
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Combined analysis of Data 2018+2019

% SUM OF SQUARES

B GENOTYPE mE GxE m Environment

19,5
58 16,5
17 64
25

YIELD PROT TESTW TGW CAL HEAD FRIABILITY EXTRACT VISCOSITY BGLUCAN

Estimation of main GENO effects with model:

* Yield2YEAR.LM=Ilm(Yield~ Year + Year:Site + GENO .
data=GMALT2YEARSPAT)

* Yield2YEAR.ADJ=Yield2YEAR.LMScoefficients[3:712]
 Add Grand Mean n to get relevant value
* Look at « genetic » correlations

L P
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Genotypic correlations: favourable or neutral

correlation of genotypic adjusted values PCA graph of variables
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GENOMIC PREDICTIONS



GBLUP cross validation
=5

Yield
Prot
TGW
TestW
Cal

Head
Friability
Extract
Viscosity

BGlucan

17/05/2022

0.556 /0.012 0.530/0.026 0.431/0.023

0.515/0.014 _ 0.215/0.032

(N = 105)

0.490/ 0.056
0.379/0.064
0.585/0.048

0.350/0.072
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Effect of size of training set

Fredictive ability

a Predictive ability GBLUP for Yield
05 - g
: 5 7 = =
- il
04 o - gg -
T B
e F_‘ o)
02 - \J E
CV in whole dataset
. i CV by breeder's set
00 -
l l l I l l I
N=50 N=200 N=300 N=400 N=500  N=610
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Size of training set

0.8
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0.8
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b

Predictive ability GBLUP for Friability
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CV in whole dataset
CV by breeder's set
I T T I
N=200 N=300 N=400  N=500

Size of training set

N=610

Predictive abilities of breeder’s subsets > random subsets (particularly varieties)

Genetic diversity of higher quality of phenotypes?

e
®9 [N ]
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FPredictive ability

Effect of number of markers

Effect of Marker number on predictive ability
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0.8
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LD decay on chromosome 1H

2e+07
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Distance in bp

8e+07
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GBLUP cross population validation

17/05/2022

Yield
Prot
TGW
TestW
Cal

Head
Friability
Extract
Viscosity

BGlucan

0.394 / 0.075 0.254 /0.101 0.248 / 0.107
0.509 / 0.097 0.250/0.095

0.408 / 0.095

0.332/0.111

ooooo
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GBLUP random CV vs cross pop validation

17/05/2022

1.0

0.6

0.6

0.4

0.2

0.0

s randomCV
e BRE1+2t0F0O

Yield Ptot TGW  TestW Cal Head

.....

Friab. Extract Visco BGlu

20




Predictive abilities of other genomic models

Yield
Prot
TGW
TestW
Cal
Head

Friability

Extract
Viscosity

BGlucan

17/05/2022

0.551

0.613

0.837

0.775

0.853

0.652

0.895

0.753

0.769

0.851

0.742

0.783

0.915

0.880

0.923

0.807

0.946

0.868

0.876

0.922

0.446 / 0.022 0.443 / 0.026 0.338 /0.030

0.667 /0.012 0.669 /0.015 0.627 /0.011
0.662 / 0.012 _ 0.647 / 0.017
0.693/0.013  0.690/0.013 0.639/0.021
0.522/0.022  0.519/0.018 0.511/0.019
- 0.789 / 0.008
0.654/ 0.009 0.650/ 0.010
_ 0.697 / 0.007 0.657 /0.015
0.753 / 0.009 0.722/ 0.015

0.677 / 0.009

0.805/ 0.011

0.669/ 0.009
0.700 / 0.009

0.761 / 0.009
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Take-home message

* Reliable phenotypic data, despite small and unbalanced design
* Most genetic correlation are favourable to breeder’s goals
 Few genetic divergence between breeder’'s germplasms

 High GBLUP predictive abilities of malt-related traits, either with
random CV or independent validation

* (including major QTL detected by GWAS as fixed term does not
improve PA)

* No clear advantage of merging breeders’ data to improve PA. Small
training set of 105 varieties give high PA

Few differences along prediction models, EGBLUP slightly better

RESULTS HIGHLY ENCOURAGING FOR ROUTINE USE OF GS

L P
17/05/2022 . e 22

.....




SECOBRA
Amélie Genty

Pierre Pin
Guillain Cresté
Pierre-Marie Leroux

17/05/2022

INRAE
Gilles Charmet
Sophie Bouchet

IFBM
Marc Schmitt

Catherine Colin
Sophie Schwebel

RAGT 2N

Bruno Claustres
Nathalie Leroy
Christopher Burt
Regis Dupont
Mathieu Tison
Gaetan Touzy

23




07/05/2022




	Diapositive 1 Sélection génomique pour prédire rendement et qualité brassicole en orge d’hiver six rangs
	Diapositive 2 Deux types d’orge
	Diapositive 3 GENOMALT: CONTEXTE
	Diapositive 4 GENOMALT: CONTEXTE
	Diapositive 5 Les critères de qualité brassicole (maltière)
	Diapositive 6 GENOMALT: Materiel et méthodes
	Diapositive 7 GENOMALT: Materiel et méthodes
	Diapositive 8 Graphical display of global K matrix
	Diapositive 9 analyses of field data  2-years 2018-2019
	Diapositive 10 Site:Block ***: Spatial adjustement: site by site
	Diapositive 11 Combined analysis of field Data 2018+2019
	Diapositive 12 Combined analysis of Data 2018+2019
	Diapositive 13 Combined analysis of Data 2018+2019
	Diapositive 14 Genotypic correlations: favourable or neutral
	Diapositive 15 GENOMIC PREDICTIONs
	Diapositive 16 GBLUP cross validation
	Diapositive 17 Effect of size of training set
	Diapositive 18 Effect of number of markers
	Diapositive 19 GBLUP cross population validation
	Diapositive 20 GBLUP random CV vs cross pop validation
	Diapositive 21 Predictive abilities of other genomic models
	Diapositive 22 Take-home message
	Diapositive 23 Acknowledgements
	Diapositive 24

