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In the beginning there was Hordeum ?5(%/
spontaneum
Nowthere IS ........ HOrdeum vulgare*

2n=2x=14
5.3 Gbp
~32.000 genes

Nature 2012 Oct 17. doi: 10. 1038/natur911543

Self-pollinated (hermaphroditic)

* Technically speaking spontaneum and vulgare are both
subspecies of H. vulgare
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Inflorescence type

« 2-rowed vs. 6-rowed
* 1 gene/30.000 genes
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Six-rowed barley originated from a mutation in a
homeodomain-leucine zipper I-class homeobox gene
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Why barley? - Sgﬁ/\/
Beverage. food. feed

World annual production
2016-2021 # 150 Mt
Rank by countries

1) EU (# 55 MT)

2) Russian Fed # 20 Mt
3) Germany # 11 Mt

4) France # 10 Mt

5) ...

@ \
SECOBRA I p.4
recherches
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Malting process

Steeping, Germination, Kilning
Time (~3 — 7 days)
temperature (500 — 3500)
Moisture (10% — 50%)

Barley malt

The base of beer and spirits

The highest diastasic power (vs wheat and others)
Colour and taste according to Temperature

The economic driver of barley
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Barley malting quality
 (Calibration: to achieve fast and homogeneous germination % > 2.5mm

That’s why 2-rowed barley are often preferred for malting
 Proteins: enough to feed yeast, but not in excess (can make beer cloudy)

9.5a11.5%

Malt quality traits

« Extract rate: yield in malt per barley unit %

 Friability (for grounding)

 Diastatic power (a-amylases activity) to convert starch into fermentescible

sugers
« Bglucans (soluble fibre, healthy component in human diet): Excess causes

wort viscosity and filtering problems

Micro-malting tests are long and seed-demanding
Usefulness of genomic prediction for early selection

SECOBRA p. 6
recherches
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Genomic selection

More avantages if/when:

-GEBYV for sex-specific traits (e.qg.
MILK)

-Traits costly to evaluate

-Trait can be measured only after
animal death or plant harvest

-Traits expressed late, e.g. longevity

INRAZ

Reference population

Known [( ‘
genotypes
and phenotypes

1

Prediction equation

Genomic breeding value =
VVIX] + W

X, + W X

Selection candidates

Marker

genotypes

N

Selected breeders
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Goddard & Hayes Using genomic ;
Nat. Rev. Genet. 2009 breedlng values
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> Why FSOV GENOMALT

Winter barley is the second most cultivated small
grain cereal in France #1.2 Mha.

6-rowed barley for malting purpose is ~specific to
France and largely contributes to the competitivity
of the barlet-malt-beer food chain in France (80 %
of malt is exported).

Most breeding schemes for 6-rowed barley
improvement are based on doubled haploid
production (microspores in vitro culture)
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» FSOV GENOMALT : Materials & phenotypes

 GENOTYPED total 679)
e 259 breeding lines from Breeder 1
e 315 breeding lines from Breeder 2
* 105 « founder lines », i.e. registered varieties freely available under UPOV agreement

« PHENOTYPED 2 Years Field trials (2018 & 2019 harvests, treated management)
* Breeder 1: 3 locations
* Breeder 2: 2 locations
* Each compagny evaluated its own material + part of founder lines (88 in common)

e Agronomic variables available in most locations: Yield (dt/ha), protein content (%), thousang
grains weight (g), test weight (Kg/hl), Calibrage (%), heading (days from january 1st), plant
height (cm)

* Malt-related traits: Only a single location/breeder/year, no replicate: Malt friability, malt
extract, wort viscosity and B-Glucan content
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> FSOV GENOMALT : Genotyping

e Quality control and Cleaning genotype data Infinium HD iSelect (JHI)

50K .
SNP cartographiés par

BREEDER 1 44 040 SNP
* BREEDER 2 40 705 SNP (QC) chromosome
* In COMMON 38 366 SNP 5000
* Discarding SNP with NA>20% 38 223 SNP 4500

« Discarding SNP with Het > 0.05 36 612 SNP 2000 1

* Discarding SNP with MAF <0.01 24 945 SNP 3500 m2H
+ Keeping SNP mapped on chrom 1H-7H 24 101 SNP 3000 = 3H
* Fairly even distribution among chromosomes (mapping on 2500 4H
barley reference map V2) 200 m SH

1500 —
1H 2H 3H 4H 5H 6H 7H 1000 S
2860 2877 4604 2505 4282 3777 3962 502

* Homogeneising codes A/A to A:A. C/Cto C:C etc
* Recoding minor allele -1. heterozygotes 0. major allele +1 (for rrBLUP package):

=]
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> Graphical display of Principal coordinates analysis F 5&/\/

CMD-SCALE of GENOMALT lines from 24 101 SNP
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> ANALYSES OF FIELD DATA
2-YEARS 2018-2019

Data cleaning and pre-treatment
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> Pre-treatment: Spatial adjustement: site by site

# e.g. Yield Breeder2019.M0= Trait: Yield
SpATS(response="Yield".spatial="SAP(X.Y.nseg=c(10.20)).genot ~ __ *r&= Fitted data || fosdule
ype="GENO" data=BRE1_2019.dtf, control=list(tolerance=1e- IIIH /Y. |I IJ |
03)) |

|| I’ o e
|

X X X

120

110

— 100

Then assemble spatially adjusted plot data into a dataframe:
GMALT2YEAR.dtf
Not applicable to malting traits (no replicate)

— 80

- &0

Fitted Spatial Trend Genotypic BLUEs Histogram
o

=

* Global ANOVA on spatially corrected Data e.g. -

* Yield2YEAR.LM=Im(Yield~Year + Year:Site +
GENO+ GENO*Year + GENO*Site .
data=GMALT2YEAR.dtf) 1

* anova(Yield2YEAR.LM) R ERE RS

X X Genotypic BLUEs

@ :
SECOBRA I F B M p.13
recherches
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> ANOVA on spatially corrected Data F S@iﬁ/\/

Yield TestW TGW Friability Visco
(Res 1148
df)

Year (1) 12822 274

Estimation of main GENO effects

----------

Site/Env (4)

Year*Site 845 149 546 309
(4)

Y*GENO 1.23 1.14 1.28 1.28
(664) NS NS * *
Site*GENO  1.12 1.10 0.95 1.09
(1243) NS NS NS NS

GENO MAIN EFFECT >> GxE

INRAZ
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Yield2YEAR.LM=Im(Yield~ Year

76 + Year:Site + GENO .
data=GMALT2YEARSPAT)

1.29 Yield2YEAR.ADJ=Yield2YEAR.L

* MScoefficients[3:712]

1;54 3-*8 1-9 il-l 2-9 Add Grand Mean p to get

relevant value
Look at « genetic » correlations

m==) GS on ADJUSTED MEAN

@
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> ANOVA on spatially corrected Data

% SUM OF SQUARES

B GENOTYPE m GxE m Environment

21,6

23

55,3

YIELD PROT TESTW TGW CAL HEAD FRIABILITY EXTRACT VISCOSITY BGLUCAN

RA G T Yoo [FEM -

2n
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> Genotypic correlations: favourable or neutral FS%M

correlation of genotypic adjusted values

108 116 3% 42 48 122 125 80 200 500 Variables factor map (PCA)
L1111l I Ll 111l L1111l L1111l
i |92
Yield - 0
-0.32 o1e 0.28 e -0.18 -0.061 r g
84
82
Prot
-0.15 : -0.40 -0.35 020 028
TestW =
0.28 0.39 -0.03 ore 0.36 -0.083 012 |

i# TGW
13 ’ 0 77 0358 2018 0.27 029 -
b &
o]
- 90 d
- 80 o~
017 -0.061 - 70 = o
L 60 o Friabilit
50 E
()]
-0.059 -0.029
Friability

TTTTTTT
ZEERE

0.77 -0.85
-0.38 -0.49
Viscosity 1.9
0.90:%
. 1.7

1.6

o8] [BGlucan
o Dim 1 (39.58%)

16 1.8
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> GENOMIC PREDICTIONS
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> GBLUP cross validation

Two vs single breeder Varieties only

TRAIT randomCV (N=679) BRE1+FO.CV (N=364) | BRE2+FO.CV(N=420)

) Vield 0.556/0.012  0.530/0.026  0.431/0.023  0.490/0.056
Prot 0.515/0.014 0.215/0.032  0.379/0.064

Cal 0.598 / 0.020

FounderCV (N=105)

0.350/0.072

Head 0.113/0.104

‘ Friability
Extract

Viscosity

BGlucan

INRAZ
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> GBLUP cross validation ? 5?3\//

a Predictive ability for Yield b Prediction ability for Friability
9 - ® . @
) — © - T -"""—-’F!
o o /-
=) =
8 il - - T/_‘_ L
o P o ! T
o T
z 9. / =
3 ° e |7 4
® 2 - ) i
B = - %
3 @ 8
& o @ random sampling
- subset from origin
8 1 o
o | : — 1
: E random sampling |
& subset from origin g |
1 T T I | T 1 T T T I |
N=50 N=200 N=300 N=400 N=500 N=678 N=50 N=200 N=300 N=400 N=500 N=678
Size of training set Size of training set
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N > GBLUP cross validation FS&/M

Effect of Marker number on predictive ability

o o ——— . e e—
S —— i
S ns
_ ! .
P~ | ——
(=] T —1
: o]
= ! T
s 8 a ;
M —_ E — -1
° | —— — —0 ———— —
R . — == T
E o _:_ ! 1
S ! _
1

£ < R ——— N

L] 1

= B viel

o3| ! [ Friability

(] 1

o

L]

| | | | | | | | |
M=50 M=100 M=200 M=300  M=1000 M=2000 M=5000 M=10000 M=24101

Size of training set
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> GBLUP across-population validation

BRE1+2toFO BR1+FOtoBR2 | BR2+FOtoBR1 BR1toFO BR2toFO FOtoBR1 FOtoBR2

Yield 0451  0.184  0.172 0.338 0.210 0.256 0.125
Prot 0.496  0.163  0.347 0.584 0.240 0.444 0.143
TGW 0417 0585  [0613 0369 0.595 0.203
Testw/ 0.444  0.429 0.580 0.546 0.452 0.325
cal 0573 0477 0525 0.536 0.404 0.325 0.248
Head 0.499  0.423 0.485 0.515 0.358 0.243
rriabiey - [O78ANIN 0,666 (0720007610 0683 0172000 o.587
Extract 0523 0532  [0643 057630 0.500 0.488
Viscosity 0465 |0636 0.545 0.586 0.378
sclucan 0537 (0682 [0756NNN| 0604 (0647 | 0.475
INRAZ
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» Comparison of 5 prediction methods by random CV

TRAIT Broad randomCV | RandomCV | RandomCV | RandomCV | RandomCV
sense h? (upper GBLUP BC LASSO HGH RF
bound)

Yield
Prot
TGW
TestW
Cal

Head
Friability
Extract
Viscosity

BGlucan

INRAZ
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0.595
0.667
0.568
0.798
0.804
0.603
0.888
0.817
0.762
0.851

0.771
0.817
0.753
0.893
0.897
0.794
0.942
0.904
0.872
0.922

0.556  0.557 0.470
0.692  0.691 0.644
0661 0666 0631
0714  0.713 0.671
0522  0.523 0.521
0696 0699 | 0.688

0698 0695 0.653
0762 [0.764 | 0.707

RAGT

2Zn

0 542
0.495
0.652
0.655 0.619
0.661
0.515
0.802 0.765
0.677 0.685
0.685 0.662
0.753 0.713
V )
v secoems [ [5V]
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> Take-home messages

* Despite a relatively small experimental design, malt-related traits show
high repeatability over environments

* Predictive ability of malting traits are high and accurate, either within
(CV) or across population

. (2|50A())0 markers seem to be enough to achieve optimal predictive ability

* Different GS modles give similar predictive abilities

* In this particular case, there is no obvious gain in PA for malting traits by
merging data from two breeders

* High PA can be obtained using a small training set of # 100 varieties

* These results are very encouraging to successfully use genomic
prediction on malt-related traits in 6-roxed barley breeding
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