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Introduction

Previous talk by Mohammad:

A review of the validation of national genomic evaluations
Interbull GEBV validation test since 2010
Tests if the national GEBV are unbiased — useful for GMACE and ....

GEBYV validation test includes also requirement R%;ggy > R%yen

In 2013/14: 74 breed/country/trait tests:
5 FAILED because of R%gggy > R%yen
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Introduction

In talk before Mohammad:

GMACE pilot #4: Adjusting the national reliability
Input data. (Sullivan and Jakobsen 2014)

What is the effect of size of reference pop to model based R?5gg,

exp(Grel,) =trait+ > rel _loc+ > rel _ for

: : Results from
Differences on R?;gg, values submitted to ITB and Interim

predicted by ref pop size:  -5.7 - +7.25 (protein) Reports 2013

Suggestion: For the stability of GMACE
the country submitted should be scaled towards the predicted
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Introduction

Goal of this presentation:

Relate the validation R?;cz, With the size of reference
population !

Interests:
Value of domestic and foreign MACE information

Behavior of R?;gg,, different traits
Behavior of R?;gg, different breeds

Behavior of R?;gg,, different evaluation models
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Accuracy of Genomic evaluation

Several equations exist for predicting the accuracy of DGV

Daetwyler et al, 2008; Goddard, 2009; Hayes et al. 2009; Goddard et al. 2011,
Meuwissen et al. 2013)

Generally reliability of prediction for the animals that have no phenotypes

themselves: ,
5 Nref *h

=W 5
Nref *h° + Me

DGV

where

w is the proportion of genetic variance that can be predicted by genomic
model

Nref is the number of animals with genotypes and phenotypes
h? is the prediction accuracy of the phenotypes

Me is the number of haplotypes segregating in the population
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Accuracy of Genomic evaluation

Several equations exist for predicting the accuracy of DGV

Daetwyler et al, 2008; Goddard, 2009; Hayes et al. 2009; Goddard et al. 2011,
Meuwissen et al. 2013)

Generally reliability of prediction for the animals that have no phenotypes

themselves: ,
2 _\ Nref *h
ooy Nref *h? + Me
where
w is the proportion of genetic variance that can be predicted by genomic
model

Nref is the number of animals with genotypes and phenotypes

hzis| Accuracy of observation: heritability or reliability
Me is the number of haplotypes segregating in the population
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Accuracy of Genomic evaluation (2)

The prediction generally fits poorly to our data

Erbe et al. (2013)
A Function Accounting for Training Set Size and Marker
Density to Model the Average Accuracy of Genomic Prediction

Used ML estimation to obtain R? prediction model parameters

We reparametrized the base model to the simplest form:

no2_ Nref
"¢V Nref + Me/h?

Me/h? were estimated with non-linear model
( using function nils in R)
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Accuracy of Genomic evaluation (2)

R 2_ Nref
Base Model DV = Nref + Me/h?
R 2_\ Nref
Model | DGV INref + Me/ 2
Nref
Rogy” = +W,R%esyv_
MOdel ” DGV Nref + Me/hZ 3 EBV-PA
2 Nref ,
Model [l RDGV =W Nref + Me/h? +W3R EBV-PA
2 Nref
MOdEl IV (RDGV — RZEBV—PA) :Wl Nref N Me/h2
Nref omestic +W Nref oreian
Model IV Roay” =W, Domest 2 foreig :
I\IrefDomestic +W2Nr6fforeign + Me/h
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Accuracy of Genomic evaluation (2)

R 2_ Nref
Base Model DV = Nref + Me/h?
R 204w Nref
Model | e @ref + Me/h?
Nref
Rogy” = +W,R%esyv_
MOdel ” DGV Nref + Me/hZ 3 EBV-PA
2 Nref ,
Model [l RDGV =W Nref + Me/h? +W3R EBV-PA
2 Nref
MOdEl IV (RDGV _RZEBV—PA):W]_ Nref N Me/h2
Nref omestic +W Nref oreian
Model IV Roay” =W, Domest 2 foreig :
NrefDomestic+W2Nrefforeign + Me/h
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Accuracy of Genomic evaluation (2)

R 2_ Nref
Base Model DGV Nref + Me/h2
R Nref
Model | bev "Nref + Me/h?
Nref
R 2_ W, R sy -
Model |l %Y Nref + |\/|e/h2
> Nref )
Model 11 Roey =W, Nref + Me/h? TSR
) Nref
Model IV (Rooy” —R’eev-pa) =W, Nref + Me/h?
Nref omestic +W Nref oreign
Model IV R, 2=W, pomee 2 ren___
NrefDomestic+W2Nrefforeign + Me/h
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Accuracy of Genomic evaluation (2)

R 2_ Nref
Base Model DSV = Nref = Me/h?
R 2_\ Nref
Model | "V "I Nref + Me/h?
Nref
RDGv2 = +W3R2EBV—PA

Model | Nref + Me/h?

2 Nref ,
Model i ooy @ref + l\/Ie/h2

Nref
Model IV R 2_R2qay oa) =W
(Rooy cBv-pn) =V Nref + Me/h?
Nref . +w,Nref._
Model IV R’ =W, Foones + Wy NIl orgn
Nref pomesic + WoNref i, + Melh
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Accuracy of Genomic evaluation (2)

R 2_ Nref
Base Model DV = Nref + Me/h?
R 2_\ Nref
Model | DGV INref + Me/ 2
Nref
Rooy = +W,R%eav
MOdel ” DGV Nref + Me/hZ 3 EBV-PA
2 Nref ,
Model [l RDGV =W Nref + Me/h? +W3R EBV-PA
Nref
Model IV W
*Nref + Me/h?
Nref omestic +W Nref oreian
Model IV Roay” =W, Domest 2 foreig :
I\IrefDomestic +W2Nrefforeign + Me/h
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Unfortunate Realism

Maanyy GEBYV tests....

> table(datasbrd,datastrt)/2
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But
Only limited number by trait (at maximum 17 per breed)
Only few on breeds other than Holstein

And the domestic vs. foreign information was too weak to
be used
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Therefore

prediction models were fitted:

8 traits: milk, protein, fat, fertility (ccl),
SCS, longevity, direct calving ease, stature

Holstein only
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Summary of model Fits:

Residual Mean Squares of Models

Fat

Protein
SCS

Fertility
Direct Calving
Ease

Direct Longevity

Stature

May 21. 2014

25,08
10,91
17,91

12,60 6,19 5,95 5,50
11,78 6,49 7,23 6,59
7,17 14,09 7,34 6,91
17,46 4,96 5,49 ok

24,29 16,24 10,74 10,13
9,58 7,34 6,46 6,07
8,13 20,37 4,49 4,06

L

Model w. R?cgy.,, @S @ covariable

and w as maximum reliability
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' 2 2
General view of R2.5y, and R2.gy pa o

Holstein

Protein GEBV validation reliability

100

Protein 3 -
Mean

R?5eRy 41% 8
Average increase

R%Gesv “R%epv-pa 18% ¥

20
\

Ordered by size of Nref
Clear indication of increasing

2 P2
R GEBV R EBV-PA ©
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' 2 2
General view of R%geg, and R%ggy.pa o/
Holstein

100

Milk 3 -
Mean

R?5eRy 46% 8
Average increase

R%Gesv “R%epv-pa 22% ¥

20
\

Ordered by size of Nref
Clear indication of increasing

2 D2
R GEBV R EBV-PA © o o

Milk GEBV validation reliability
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' 2 2
General view of R2.g, and R2 5y pao/

il

Fat GEBV validation reliability

100

Fat

Mean

R%cesv 44%
Average increase

R2GEBV _RZEBV-PA 23%

80

60
|

40

20
\

Ordered by size of Nref
Clear indication of increasing !

2 P2
R GEBV R EBV-PA © o

Interbull 2014 — Berlin - Germany
May 21. 2014



' 2 2
General view of R%ggy and R2ggy.pa =
Holstein

100

SCS

Mean

2
R%cesy 42%
Average increase

2 -R?2 0 F
Rcesv "R esv-pa 20% hd . I I

Ordered by size of Nref
Clear indication of increasing U

2 P2
R GEBV R EBV-PA ©

80

60
|

20
\

SCS GEBY validation reliability
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' 2 2
General view of R2.5y, and R2.gy pa o

"

Statue GEBV validation reliability

100

Stature S -
Mean

R°cesv 52% 5]
Average increase _
IZQZGEBV'RZEBV-PA 26% T

20
\

Ordered by size of Nref
Clear indication of increasing o

2 -R2
R GEBV R EBV-PA
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' 2 2
General view of R%gg, and R%ggy.pa =
Holstein

100

Fertility S -
Mean

R°Gesv 19% S
Average increase _
R®cesv “R%eav-pa 5% T

20
\

il

Fertility GEBV validation reliability

Ordered by size of Nref H
Moderate indication of increasing o | == ﬁ—!

2 -R2
R GEBV R EBV-PA
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' 2 2
General view of R%ggy and R2ggy.pa =
Holstein

100

Longevity
Mean

R°cesv 21% 8
Average increase

80

40

2 -R2 0)
R GEBV R EBV-PA 9%

Ordered by size of Nref
Weak indication of increasing ! — H H H

2 -R2
R GEBV R EBV-PA

20
\

Longevity GEBV validation reliability
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' 2 2
General view of R%ggy and R2ggy.pa =
Holstein

100

Calving ease

Mean Oo

R°Gesv 41% S

Average increase

R?cesv -R°esv-Pa 13% 7 I —

Ordered by size of Nref S

No indication of increasing R%ggy - H -
RZEBV-PA N

dlo GEBV validation reliability
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JERSEY

Fat

Mean

2
R GEBV
Average increase

2 -R2
R GEBV R EBV-PA
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100

80

46%

60
|

25%

Fat GEBV validation reliability
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JERSEY

Proteln
Mean

2
R GEBV
Average increase

2 -R2
R GEBV R EBV-PA
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Protein GEBV validation reliability
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JERSEY

100

Milk ]
Mean o
R%cegy 46% -
Average increase

R%Gesy "R%esv-pa 24% g

Milk GEBV validation reliability
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JERSEY

SCS

Mean

2
R GEBV
Average increase

2 -R2
R GEBV R EBV-PA
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18%
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SCS GEBY validation reliability
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R2.cqy VS. reference population o/
Holstein

Milk

8 () Original
() Base Model
. Model Il (R2(EBV) covariate
Clear difference between e
single populations and ©
populations in alliances ) -
In nref size N © ®
Not as clear in R%gggy - ® @ @
g 13 -
—4)
= I
5000 10000 15000 20000 25000

Size of reference population
Milk GEBYV validation reliability
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R2cegy VS. reference population

Holstein

Milk

Base model fitted

Underestimation of R2 in small
pop and overestimation in

large pop
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R2.cqy VS. reference population o/
Holstein

Milk

S () Original
() Base Model
. . . Model Il (R2(EBV) covariate)
When R? is predicted with a ) Model Il (only change)
model that has ]
2 inta-
R<cgy.pa @S COvariate: &
.. O (&) )
no underprediction © o ®
less overprediction : R ®
o |¥ & (9)
<+ - 13
(i;Q-if'..
—4)
= I
5000 10000 15000 20000 25000

Size of reference population
Milk GEBV validation reliability
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R2cegy VS. reference population

Holstein

Milk

When R?gegy -R%egy-pa
Is predicted

no underprediction

no clear overprediction
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R2.cqy VS. reference population o/
Holstein

Proteln

8 () Original
() Base Model
. oy . . Model Il (R2(EBV) covariate)
More variability than in milk T et e
especially in small pop ”
8 e,
In large pop values are lower - Y @
in mi i @ O ONCD
than in milk Ol
g ~ @ (13
(5) ~— (10)
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8
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o
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R2.cqy VS. reference population o/

Holstein

Protein

2 2
When R4gegy -R%egy.pa

Is predicted

no underprediction
no clear overprediction

VERY GOOD FIT
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R2.cqy VS. reference population o/
Holstein

Fat

S () Original
() Base Model
. . .y . Model Il (R2(EBV) covariate)
Again more variability than in ) Model Ii (only change)
milk °
especially in small pop! -
(8)
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Interbull 2014 — Berlin - Germany

May 21. 2014




R2.cqy VS. reference population o/
Holstein

SCS

8 () Original
() Base Model
. .y Model Il (R2(EBV) covariate)
Not much variability ) Model Il (only change)
Clear effect of Nref size °
2 2 8 (e 31)
Rcesv -Resv.pa . U
Shown . VD e
o | @ %o ©
e &
Reasonable GOOD FIT . o@P
5000 10000 15000 20000 25000
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R2.cqy VS. reference population o/
Holstein

Fertility
8 () Original
() Base Model
. .y . Model Il (R2(EBV) covariate)
Much more variability than in O Model I only change)
production traits ©
especially in small pop
Both Nref groups have values ~ | é
lower than production traits @
&)
2 2 ).
R_ GEBV -R EBV-PA s e T
Fits very poorly ®
. |®® ) ‘
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Size of reference population
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Interbull 2014 — Berlin - Germany
May 21. 2014



R2cegy VS. reference population

Holstein

Fertility

Much more variability than in

production traits
especially in small pop

Both Nref groups have values
lower than production traits

Model Il with estimate of

I 2
_covarlable for R%cgy.pa
IS much better

May 21. 2014

(7

100

80

60

3] 2N
e @

40

20

5000

Interbull 2014 — Berlin - Germany

10000

() Original
() Base Model

Model Il (R2(EBV) covariate)
() Model lll (only change)

10

T I I

15000 20000 25000

Size of reference population
Fertility GEBV validation reliability



R? vs. reference population Q
GEBV .

Holstein

Longevity

S () Original
() Base Model
Model Il (R2(EBV) covariate)
Values of RZ are low ©) Model Il (only change)
to very low °
' 2 _R2 N
Fit for R°gegy -R“egv-pa o
IS quite nice -
< | - 1\10:}
'1:]1‘ (9)
| @ P &
e ® @
® )
(3 -
= \
5000 10000 15000 20000 25000

Size of reference population
Direct Longevity GEBV validation reliability
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R2.cqy VS. reference population o/

Holstein

Stature

Values of R? are pretty much
In same level as w. production
Not excessive variability either

Fit for R%;ggy -R%zpy.pa

IS quite nice
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R2cegy VS. reference population

Holstein

Calving Ease

Values of R?are low
and very variable
Population 6 has a R? of 6%

i 2 2 -
Fit for R“eay -R°egv.pa -
Fits well to point 2 in low nref

For the large Nref the covariate
model is maybe better
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Model Il (R2(EBV) covariate)

() Model lll (only change)

20000

Size of reference population
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Conclusions

GEBV R? data does not fit directly to
theoretical accuracy prediction model
Large variation noice by populations
Maybe different models (also in validation bull data)
This can be somewhat modeled via R%zg,, pa

Clearly lower R? with low heritability traits
Also more variable
==> Genomic evaluation can be used to improve fertility

Would be reasonable to require more
just non-zero genomic gain.

Maybe A20% l.e. R%cgpy > 1.2*R2%,...
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