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r
Review: Genomic evaluations 4
A Genomic evaluations for top animals

A Bull dams and bull calves
A Genotypings selected based on EBV (NTM)

ABull damdéds own production has
genomic index
ANeither i tdés sons genomic i n:i
A Concept:

Genotype x SNP solutions = breeding value
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&
Abbreviations

A BV =Breeding value
A True breeding value

A EBV = (Nordic) breeding value estimate
A Estimated breeding value

A DGV (Genomic value based on SNP effects)
A Direct Genomic Value
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Reliability of Genomic evaluations

@

Reliability, Holstein

. DGV
Pedigree Progeny test EBV
Trait iIndex EBV
Longevity 0.1771 0.21 \ 0.50
Fertility 0.2071 0.22 \%4\ 0.60
)
Calving difficulty 0.18 - 0.26 \6/4\ 0.60
Z
Udder health 0.17 - 0.25 \ 70\ 0.70
S>>
Protein-index 0.31-0.38 \0%\ 0.90 -0.98!
Yield-index 0.31-0.38 \ 0.90
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, €
Genomic value | Breedi ng” V

A Not all genes detected by our SNP panel

A Not all SNP i1 effects are correct

A Estimation model might be too simple:
noise by epistatic and dominance effects

A Not enough bulls and recombination in
reference bull EBVs
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Combining: @
Genomic and Performance information

More information is obtained if also the classical
relationships are utilized

Reasons:

1. More animals in (Nordic) evaluations than in
estimation of DGVs

A Some candidates have no sires etc.
2. More records in full pedigree than in sire evaluation
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@

Abbreviations

A GEBV (SNP effects + information from EBVs )

A Genomic Enhanched Breeding value
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GEBV =DGV & EBV
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Genomic relationship matrix G

A EBVs methodology is bas
matrix among animals

@

ed on additive relationship

A Resemblance between animals related

50%

Relationship

o|o

N
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Genomic relationship matrix G

@

A Additive relationship matrix could be replaced by

Genomic relationship matrix
A Resemblance between all animals

54%

I
—

N

Daughter 1

el
53 °
%

Daughter 2

Genomic
Relationship
matrix

G
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Example bull pedigree from Finnish AY

Backgard

V. Record

M.Tina

N. Verneri

K. Kelli

K.Etroni

J. Resiina

/ "\

»

K. Rex

Backgard

= sm = Nordisk Avisveerdi Vurdering A Genomic selection Workshop 22.10.2009

13



Example bull pedigree from Finnish AY

Backgard

V. Record

N. Verneri

M.Tina / \

@

K.Amyri

K. Kelli

J. Resiina

Backgard

~Half sibs
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Genomic and Additive Relationships

—

o

N. Verneri K.Kelli A.Leksus K. Rex V.Record J. Resiina

N.Verneri | 1 0.56 0.53 0.33 0.30 0.30
(1.03)

K.Kelli 48 1.01 0.30 0.56 0.54 0.54

(1.04)
A.Leksus .56 0.37 1.1 0.18 0.18 0.16
(1.02)
K.Rex 20 0.55 0.20 1.09 0.37 0.31
(1.04)
V.Record 31 0.59 0.22 0.45 1.17 0.31
(1.04)
J.Resiina | 21 0.54 0.18 0.29 0.33 1.07
(1.02)
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Genomic and Additive Relationships

—

o

N. Verneri K.Kelli A.Leksus K. Rex V.Record J. Resiina
N. Verneri | 1 0.56 0.53 0.33 0.30 0.30
(1.03)
K.Kelli 48 1.01 0.30 0.56 0.54 0.54
(1.04)
A.Leksus .56 0.37 1.1 0.18 -7 Lo B 6
(1.02) / .Q\
K.Rex .20 0.55 0.20 .09 0.37 0.31
[laon
V.Record 31 0.59 0.22 0.45 1.17 0.31
(1.04)
J.Resiina 21 0.54 0.18 0.29 0.33 1.07
(1.02)
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@
Combining all animals into G

ADGV uses fArelationshipsodo among
reference set and relates them to candidates

A Some error exists in estimation of oft

A If relative not genotyped, then
an average (additive) relationship
should be used: COMBINING DGV & EBV

[& G and A can be combined directly

O. Christensen et al. 2009, A. Legarra et al 2009, ]
|. Misztal et al 2009
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&
Derivation of GEBV

First approach:

GEBV = bl*DGV + bZ*EBVsubset t bB*EBVnationaI
A EBV_,.iS a EBV thatis calculated using animals in reference data set only
A Used in USA and the Netherlands (Van Raden method)

A They try to minimize the covariance between DGV and
EBV, .iona When the SNP solutions for DGV are calculated

Second approach: GEBV=b*DGV + b,*EBV  .ional

A DGV and EBV are weighted based on accuracy and covariance

A We use EBVs of reference bulls in calculation of DGVs, this leads high
correlation between EBV,,.. and EBV | iional
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o
Weights in combining EBV and DGV o

GEBV = bl*DGV T bz*EBVnationaI

A To derive b, and b, we need to know the accuracies
of DGV and EBV, 4iona @nd their correlation

Consider EBV being PA (Parental Average)

A Accuracy depends whether sire (in reference group)
has already daughter information

A Correlation between DGV and EBV also depends
whether sire of candidate has daughters
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DGV reliability for young sires

Table 1. r2gggy gy for all bulls in the test data, and expected

reliability obtained from prediction error variance

Trait Sires included in Sires excluded from
reference data reference data
Expected 1‘3GEBV1EBV Expected rQGEwEEV
reli reli
Fertility | 0.566 0.412 0.487 0.326
Protein 0.528 0.412 0.493 0.367
Udder-h |0.557 (0.435 0.486 (0.335

——
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r
Correlation between PA and EBV o

Holstein Sire in reference group | Sire not in reference

PA-EBV PA-EBV
Fertility 0.71 0,54
Protein 0,58 0,47
Udder health 0,70 0,50

=m sm = Nordisk Avisvaerdi Vurdering A Genomic selection Workshop 22.10.2009

21



@

We need to predict over generations!

Bulls born 2009

- Sires can be born
2006

- No progeny test for
4 sire of bull until next
year

Waiting

3ull sire | ==\ Bull

° GEBV

[ I I I I I |

2000 2002 2004 2006 2008 2010 2012
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@
Reliability of GEBV

Correlation Reliability

amm amm = Nordisk Avisveerdi Vurdering A Genomic selection Workshop 22.10.2009




Critical for combining 7,

DGV and EBV
A Reliabilities:
A Reliability of EBV needs to be estimated from full Nordic
data!

A Reliability of DGV !
? From validation tests R?
? From selection index PEV = (R1 + 12, G1)!
? From posterior distribution of DGVs

A Unbiasedness:

APA and DGV means have to be 0
A Should we decide not to use bull dam EBVs in PA!

amm amm = Nordisk Avisveerdi Vurdering A Genomic selection Workshop 22.10.2009 24




@
Selection and genetic progress

Dairy Cattle breeding T overlapping generations

A Need to be unbiasedly evaluated
old sires, young sires
young heifers, old cows to be culled

A Unbiasedness requires methods that estimate genetic
trend correctly

A BLUP accounts selection if visible in data
A Selection on DGV ?
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oy MTT
O

Phenotypic trend = Genetic + Environmental trend

A In correct _ R
. Nvironmental ditfrerence
model: Herd
Mean
9700 kg

A Selection on DGV A EBVI E[BV]
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I @
Back-blending of DGV into EBV 7

A Incorporates DGVs into EBV calculations
A Assures right genetic trend in EBVSs

A Improves accuracy of EBVs also for
non-genotyped relatives

A Consider bull dam with 3 genotyped sons
A Heifer with genotyped (bull) dam
A Makes EBV+DGV combining unnecessary
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Blending methods

1. Back-transform DGV into equivalent daughter
performance (EDP)

A Ducrocg and Liu 2009, Liu et al. 2009

2. Consider DGV as a correlated trait
A Mantysaari et al. (not implemented yet)

3. Combine G matrix and A matrix in BLUP breeding
value estimation

A Christensen et al. 2009, Mistzal et al 2009, Legarra et al. 2009
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Back blending challenge

Liu et al.
AEDP= AEqg_Daugh _ Pei aAveragedREl=
AEDC = fiEffective daughter

= lamda * REL/(1-REL), lamda=(4-h?)/h?

A Let REL=0.4, h2=0.25 A EDC=10

A BUT: genotyped animal with progeny will get way
too much DGV contributions

Ducrocq and Liu:
A EDC are iteratively discounted downwards

A Animal with 3 genotyped sons A EDC=5.3
A But: Animal with 10 genotyped sons A EDC < 0.00
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Bi-variate approach @

A Two trai-tsafRE®Vatnrda intDAGV

A DGV hasah2~0.997 1.00
r-g,Trait"DGV = \/RELDGV

A Requires 2 consecutive evaluations
1. EBVrun (+ DGV computation)
2. Bi-variate blending run
( same with Ducrocg and Liue)
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Example of blending

mecrbull M coifmg — Augud 21-2F P E66Y - Bacclana - Spuin

Combining genomic and classical information in national BLUP evaluations

V. J'.i'n...'ru:qr". aa .i'.i'u:

"IN R T B B INRA, Gendtigre Awireale of Biofogie fatdgnative, 78 152 Jovwe-ro- Semx, Fromes
TVIT, Heddrwwp {27288 Yieroen, Germony

wefvarard. e rarcg B feaa v feare

Abstract

Blcnding posomic information with classical porformamces inte a joim BLUFP analysis has somc
appcalimp featurcs. in partioubr s simplicity and @x potcnt@l ability (o acoount for gonomic

=z Pour permettre de calculer I'ISU selon les mémes modalités méthodologiques que les races Prim”Holstein, Normande et Montbéliarde,

of young simcs. A simplc approach consists in computisg spocific gonomic cguivalon
costribions and gonomic cquivalom danghtcr porformances. Two cascs anc prescotcd homr

on the way genomic cvahmions are podormed: wsing prediciion cquations or BLUP wxh

mlaiinship matrx. It & shown thmough a small cxample that gonomic EDC skould be con

caution to avoid doublc-cousting, cxpocially whon closcly relatcd animals arc gonotypod. Ol A
results amd inflagcd roliabilitics ac ohdaincd. /

Cc D

& @

Figure 1: pedigree used for the numerical
example (circled individuals are the genotyped
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Example:
Blending using genomic EDC method
_ Iteration 1 Genomic Final
g True Harris & EDC reliability
'S | Reliability| Johnson (V4 (Harris &
< ! Johnson)
1 0411 0.414 9.56 0.400
2 0.203 0.224 0 0.191
3 0.439 0.438 8.78 0.400
4 0.508 0.508 5.33 0.400
5 0.445 0.445 8.51 0.400
6 0.445 0.445 8.51 0.400
7 0.487 0.487 6.61 0.400

Table 1 : Reliabilities of the animals from the
numerical example, with naive EDC (columns 2
and 3) or with the strategy proposed (column 5). -
Column 4 indicates the final genomic EDC at
convergence (starting value = 10).
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Example:

Blending using genomic EDC method

File Edit View Go Help

_ Iteration 1 Genomic Final

g True Harris & EDC I'Cllablllty

'S | Reliability| Johnson (V4 (Harris &

< ! Johnson)
1 0411 0.414 9.56 0.400
2 0.203 0.224 0 0.191
3 0.439 0.438 8.78 0.400
4 0.508 0.508 5.33 0.400
5 0.445 0.445 8.51 0.400
6 0.445 0.445 8.51 0.400
7 0.487 0.487 6.61 0.400

Table 1 : Reliabilities of the animals from the
numerical example, with naive EDC (columns 2
and 3) or with the strategy proposed (column 5).
Column 4 indicates the final genomic EDC at
convergence (starting value = 10).

Ducrocqg and Liu (2009) added
7 more genotyped progeny to the
animal 4

A Accuracy of animal 4 A 0.49

A EDC ofanimal 4 A 0.0
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. r,
Example: /
Blending using bi-variate method
Animal | Accuracy Accuracy | Reliability
oDG\o O0GEB\) 0GEB\)
1 0.99 0.630 0.396
2 0.63 0.398 0.159
3 1.00 0.629 0.396
4 1.00 0.629 0.396
) 1.00 0.629 0.396
6 1.00 0.629 0.396
7 1.00 0.629 0.396
8 0.99 0.629 0.396 Adding 7 more genotyped
9 0.99 0.629 0.396 progeny to the animal 4
10 0.99 0.629 0.396 A Accuracy of animal 4 A 0.40
11 0.99 0.629 0.396
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Combining and back-blending (&
simultaneously

Genomic EDC and bi-variate methods can do both
combining and back-blending

A The EBV from o0pseudod BLUP
Information included

Combining G matrix and A matrix in BLUP breeding
value estimation (Christensen 2009)

A Outmost elegant solution that combines features of
complicated BLUP-models and GBLUP
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