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Who am I?

PhD - Wageningen University & Research
e Animal Breeding and Genomics

e 'Multi-population genomic prediction’

Postdoc - Wageningen University & Research
e Genomic prediction for crossbred performance

® Long-term effects of Genomic Selection
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Genomic selection

Prediction
equation with
marker effects

Genomic
breeding
values

SELECTION CANDIDATES



Reference population

Prediction
equation with
marker effects

REFERENCE POPULATION

Reference » Accuracy of
population GEBVs

WAGENINGEN

EEEEEEEEEEEEEEEEEEE



Size of reference population




Use information across populations?
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Differences between populations

e Linkage disequilibrium between markers
and causal variants
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Differences between populations in LD

DOT
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Differences between populations

e Linkage disequilibrium between markers
and causal variants

e Allele frequencies of causal variants

e Effects of causal variants
e Environment different
e Non-additive effects
> Genetic correlation between populations
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Differences between populations

e Linkage disequilibrium between markers
and causal variants

e Allele frequencies of causal variants

e Effects of causal variants
e Environment different
e Non-additive effects
> Genetic correlation between populations

e Close family relationships are absent
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Across-population genomic prediction

‘ 1033 Holstein 1
(HF)

105 Goinhite 147 Meuse-Rhine-
Headed (GWH) Yssel (MRY)
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Across-population genomic prediction

800k chip
300 causal
‘ Lo A K variants
Groningen White Meuse-Rhine-
Headed (GWH) Yssel (MRY)
~ 25 000
markers
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Across-population genomic prediction

Accuracy

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Within population

-

\_

MW Equal gene effects

\
Across population
\
HF HF HF
4 \ 4 4
HF GWH MRY -/

WAGENINGEN

IIIIIIIIIIII ESEARCH

Wientjes et al., GSE, 2015



Across-population genomic prediction

MW Equal gene effects

Differences in LD
and allele
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Across-population genomic prediction

17 M Equal gene effects
0.9 - Il Correlation gene effects 0.8
0.8 - Correlation gene effects 0.4

| 800/0 o
) o N 80°%

~0” < Accuracy of across-population
‘/ genomic prediction is much lower than

within-population genomic prediction

% Differences in effects of causal
variants reduce accuracy
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Effect of properties causal variants

Causal variants

Moderately low

allele frequency
(~1in 8)

Very low allele

frequency
(~1in 13)

Extremely low
allele frequency
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Accuracies of predicting breeding values

Gene effects randomly sampled

B Moderately low Allele Frequency
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Accuracies of predicting breeding values

Larger effects for genes with lower frequency

1.0 B Moderately low Allele Frequency
i A Very low Allele Frequency

0.9
M Extremely low Allele Frequency
0.8

®/ Accuracy of genomic prediction depends
on genetic architecture of trait

0.1

0.0

EEEEEEEEEEEEEEEEEEE Wientjes et al., GSE, 2015



Multi-population genomic prediction

Accuracy of across-population genomic
prediction is low...

, but what if we combine populations in
one reference population?
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Multi-population genomic prediction

Genomic breeding values

Wientjes et al., GSE, 2015




Multi-population genomic prediction
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Multi-population genomic prediction

0.8 -
B Holstein Friesian
0.7 7 M Jersey
0.6 -
_05 ] Lo i T
‘.@r’ Multi-breed genomic prediction
mainly focusses on information from the
breed itself
0.0 I m
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Can we predict accuracy?

Important when designing breeding programs
e Who to genotype?

Wientjes et al., Genetics, 2016



Pop. B
Reference
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Pop. A
Reference

*Np 4 @animals

Pop. B
Reference

*ny p animals

Derived equation

1 population in reference
- Equal to Daetwyler et al. (2008)

Pop. C
Selection
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M_ across populations

‘Effective number of estimated effects’

Pop. B +H— | — M_,=4
Pop. C | | | — I M,=5

Pop.B-C ~H+H+++HHHHHH M, =18
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M_ across populations

‘Effective number of estimated effects’

Pop. B +H— | — M_,=4
Pop. C | | | — I M,=5

Pop.B-C ~H+H+++HHHHHH M, =18

Relationship matrix

1 Pop.
°BC  Var(G) B

t P%p.

M
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Results of validation

QTL randomly sampled

888888888

000000000

Empirical accuracy
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Results of validation

QTL with low MAF
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Results of validation
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Combining populations

Populations of:
e Different countries
e Different breeds
® Bulls/Cows
® Measured for different traits

e Different generations
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Combining populations?

Number of individuals population 2

Same breed in different environments

40,000 60,000 80,000 100,000

20,000

o

.
.
[
.
[
[
'
[
[
[
[
[
[
[
[
v
[
[
.
.
.
.
.
'

I
|
I
|
I
I
I

I
i
i
i
i
i
i
i
i
i
i
i
i
i
I
i
i
i

,
! - _-

I
I
; 'l
’t

|
|
|
I
I
I
|
|
I
I

.
’ .' ”
FEENCA P
ot -

‘Iké‘ | |
0

2,000 4,000 6,000 8,000

Number of individuals population 1

WAGENINGEN

UNIVERSITY & RESEARCH

10,000

g = 1.0
rs =0.8
re =0.6
g = 0.4
g = 0.2




Combining populations?
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Combining populations?

Beneficial, when:
®* Closely related populations
®* Population itself is small

®* A large number of individuals is added

l Depends on genetic correlation
between populations!!
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Genetic correlation between populations (r,)

'‘Correlation between breeding values of two
individuals with the same genotype in the
two populations’

Pop. 1 Pop. 2
I +2 +1 ‘
o« -l +2 4@
' -2 -1

+1 +1
-2 -1
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Estimation of rg

" Multi-trait model
e Each population different trait
"REML

Requires relationships between populations
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Relationships between populations

Theoretically defined relationships:

le:’l Z1Zé
G New = 2. 2p1i(1 = p1i) V2201 (1 — p11) VX 2p2:(1 — pay)
) Z,Z; 7,7
-\/Z 2p1;(1 — p1i) \/Z 2p2i(1 —p2y) 2 2p2i(1 —pyy)
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Relationships between populations

Theoretically defined relationships:

[ AVA ] 7,7,
2 2p1i(1 = p1i) \/Z 2p1i(1 — p1;) \/Z 2p2i(1 = p2i)
G_NeW = 22Z1 { Zzzé ]

VY 2p1i(1 — p1i) VX 202:(1 — p2y) 2.2P2i(1 — p2y)

VanRaden - method 1
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Relationships between populations

Theoretically defined relationships:

[ 7.7, J [ Z,Z,
2. 2p1i(1 — p1y) \/Z 2p1i(1 — p1y) \/Z 2p2i(1 — p2;)

GNew=}py—""—— -

7,7 7,1

Q/Z 2p1i(1 = p13) /2 2p2:(1 — p2;) 2. 2p2i(1 — pai)

- G_Chen: Scaling factor across populations: A
Z 2 \/P1i(1 — P1)P2i(1 — p2;)

\_ Base when populations separated Y,
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Estimated genetic correlation

Allele frequency differences between populations of
causal loci REPRESENTED by markers

5 =
Marker density/Consistency in LD
has almost no effect
b3
Causal loci HD markers LD markers VLD markers
e G New e=== G Chen G_Erbe
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Estimated genetic correlation

Allele frequency differences between populations of
causal loci NOT REPRESENTED by markers

Q
-

g‘iﬁﬁﬁﬁ .

Marker density/Consistency in LD
has almost no effect

atic correlation

Es
0.0

Causal loci HD markers LD markers VLD markers

e G _New e=== G _Chen G_Erbe
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Conclusion

Combining populations
beneficial when:

* Closely related populations
®* Population itself is small

®* Many individuals are added

Genetic correlation between
populations:

* Important parameter

®* Unbiasedly estimated with G_New
* markers represent properties causal variants
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