
Nordisk Avlsværdi Vurdering Å

How to blend 
DGVs and EBVs

Esa Mäntysaari, MTT

Gert Pedersen Aamand, 
NAV

1



Nordisk Avlsværdi Vurdering Å

Acknowledge

NAV Implementation group

Guosheng Su

Ole Fredslund Christensen

Rasmus Froberg Brøndum

UIrik Sander Nielsen

Ismo Strandén

Esa Mäntysaari

Gert Pedersen Aamand



Nordisk Avlsværdi Vurdering Å Genomic selection Workshop  22.10.2009 3

Nordic Breeding population

BULLS

COWS

òReference populationò

Estimated Breeding values

Cows

BULLS

Review:  What this far?

SNP effect

Solutions



Nordisk Avlsværdi Vurdering Å Genomic selection Workshop  22.10.2009 4

Review:  What this far available

Nordic Breeding population

BULLS

COWS

Estimated Breeding values

Cows

BULLS

Genomic

Evaluations

Genotypes

SNP effect

Solutions



Nordisk Avlsværdi Vurdering Å Genomic selection Workshop  22.10.2009 5

Review:  Genomic evaluations

ÅGenomic evaluations for top animals

ÅBull dams and bull calves

ÅGenotypings selected based on EBV (NTM)

ÅBull damôs own production has no effect on itôs 
genomic index

ÅNeither itôs sons genomic index

ÅConcept:

Genotype x SNP solutions = breeding value
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Abbreviations

ÅBV     = Breeding value

ÅTrue breeding value

Å EBV   = (Nordic) breeding value estimate

ÅEstimated breeding value

ÅDGV (Genomic value based on SNP effects)

ÅDirect Genomic Value
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Reliability of Genomic evaluations

Reliability, Holstein

Trait
Pedigree 

index EBV

DGV
Progeny test EBV

Longevity 0.17 ï0.21 0.50

Fertility 0.20 ï0.22 0.60

Calving difficulty 0.18 - 0.26 0.60

Udder health 0.17 - 0.25 0.70

Protein-index 0.31 - 0.38 0.90    - 0.98!

Yield-index 0.31 - 0.38 0.90
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Genomic value Í Breeding Value

ÅNot all genes detected by our SNP panel

ÅNot all SNP ïeffects are correct

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

ÅNot 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

Å Some candidates have no sires etc.

2. More records in full pedigree than in sire evaluation   
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Abbreviations

ÅDGV

ÅDirect Genomic Value

ÅEBV

ÅEstimated breeding value  (for example NTM)

ÅGEBV (SNP effects + information from EBVs )

ÅGenomic Enhanched Breeding value

GEBV = DGV  &  EBV 
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Genomic relationship matrix G

ÅEBVs methodology is based on additive relationship 
matrix among animals

ÅResemblance between animals related

Dam

Daughter 1

Daughter 2

Sire
50% Relationship

matrix

A
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Genomic relationship matrix G

ÅAdditive relationship matrix could be replaced by 
Genomic relationship matrix

ÅResemblance between all animals

Dam

Daughter 1

Daughter 2

Sire
54% Genomic

Relationship

matrix

G
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Example bull pedigree from Finnish AY

K. RexV. Record

K. Kelli

N. Verneri

A. Leksus

Bäckgård

J. Resiina

M.Tina

K.Ämyri

K.Etroni

Bäckgård
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Example bull pedigree from Finnish AY

K. RexV. Record

K. Kelli

N. Verneri

A. Leksus

Bäckgård

J. Resiina

M.Tina

K.Ämyri

K.Etroni

Bäckgård

~Half sibs
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Genomic and Additive Relationships

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

N. Verneri 1

(1.03 )

0.56 0.53 0.33 0.30 0.30

K.Kelli .48 1.01

(1.04)

0.30 0.56 0.54 0.54

A.Leksus .56 0.37 1.1

(1.02)

0.18 0.18 0.16

K.Rex .20 0.55 0.20 1.09

(1.04)

0.37 0.31

V.Record .31 0.59 0.22 0.45 1.17

(1.04)

0.31

J.Resiina .21 0.54 0.18 0.29 0.33 1.07

(1.02)
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Combining all animals into G

ÅDGV uses ñrelationshipsò among all animals in 
reference set and relates them to candidates

ÅSome error exists in estimation of gij

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

ÅG and A can be combined directly
O. Christensen et al. 2009, A. Legarra et al 2009,  
I. Misztal et al 2009

][
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Derivation of GEBV

First approach:

GEBV = b1*DGV + b2*EBVsubset + b3*EBVnational

Å EBVsubset is a EBV that is calculated using animals in reference data set only

Å Used in USA and the Netherlands (Van Raden method)

ÅThey try to minimize the covariance between DGV and 
EBVnational  when the SNP solutions for DGV are calculated 

Second approach: GEBV=b1*DGV + b2*EBVnational

Å DGV and EBV are weighted based on accuracy and covariance

Å We use EBVs of reference bulls in calculation of DGVs, this leads high 
correlation between EBVsubset and EBVnational



Nordisk Avlsværdi Vurdering Å Genomic selection Workshop  22.10.2009 19

Weights in combining EBV and DGV

GEBV = b1*DGV + b2*EBVnational

ÅTo derive b1 and b2 we need to know the accuracies 
of DGV and EBVnational , and their correlation

Consider EBV being PA (Parental Average)

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

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

Su, G 11.8.2009
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Correlation between PA and EBV

Su, G 11.8.2009

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
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We need to predict over generations!

0

0,2

0,4

0,6

0,8

1

1,2

2000 2002 2004 2006 2008 2010 2012

Waiting

Bull

TOP GEBV

Bull calf

Bulls born 2009
- Sires can be born 

2006

- No progeny test for

sire of bull until next 

year

Bull sire
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Reliability of  GEBV 

Correlation Reliability

PA-DGV PA DGV GEBV

0,40 0,30 0,50 0,58

0,50 0,30 0,50 0,55

0,60 0,30 0,50 0,52

0,70 0,30 0,50 0,50
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Critical for combining 
DGV and EBV

ÅReliabilities:

ÅReliability of EBV needs to be estimated from full Nordic 
data!

ÅReliability of DGV !
? From validation tests R2

? From selection index PEV = (R-1 + ů-2
a G

-1)-1

? From posterior distribution of DGVs  

ÅUnbiasedness:

ÅPA and DGV means have to be òin lineò with the EBVs

ÅShould we decide not to use bull dam EBVs in PA!
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Selection and genetic progress

Dairy Cattle breeding ïoverlapping generations

ÅNeed to be unbiasedly evaluated 
old sires, young sires
young heifers, old cows to be culled

ÅUnbiasedness requires methods that estimate genetic 
trend correctly

ÅBLUP accounts selection if visible in data

ÅSelection on DGV ?

25
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Phenotypic trend = Genetic + Environmental trend

ÅIn correct
model:

ÅSelection on DGV Ą EBV ÍE[ BV ]

Genetic difference:

E[BV]

Environmental difference
Herd

Mean

9700 kg
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Back-blending of DGV into EBV

ÅIncorporates DGVs into EBV calculations

ÅAssures right genetic trend in EBVs

Å Improves accuracy of EBVs also for 
non-genotyped relatives

ÅConsider bull dam with 3 genotyped sons

ÅHeifer with genotyped (bull) dam

ÅMakes EBV+DGV combining unnecessary
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Blending methods

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

Å Ducrocq and Liu 2009, Liu et al. 2009

2. Consider DGV as a correlated trait

Å Mäntysaari et al. (not implemented yet)

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

Å Christensen et al. 2009, Mistzal et al 2009, Legarra et al. 2009

28
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Back blending challenge

Liu et al.

ÅEDP= ñEq_Daugh_Performò = (DGV ïaverage)/REL

ÅEDC = ñEffective daughter contributionò
= lamda * REL/(1-REL), lamda=(4-h2)/h2

ÅLet REL=0.4, h2=0.25 Ą EDC=10

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

Ducrocq and Liu:

ÅEDC are iteratively discounted downwards

ÅAnimal with 3 genotyped sons Ą EDC= 5.3

ÅBut:  Animal with 10 genotyped sons Ą EDC < 0.00
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Bi-variate approach

Å Two traits ñEBV-traitò and ñDGV-traitò

Å DGV has a h2 ~ 0.99 ï1.00

Å Requires 2 consecutive evaluations

1. EBV run ( + DGV computation)

2. Bi-variate blending run

( same with Ducrocq and Liué)

DGVDGVTraitg RELr =*,
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Example of blending
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Example:
Blending using genomic EDC method
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Example:
Blending using genomic EDC method

Ducrocq and Liu (2009) added

7 more genotyped progeny to the

animal 4

ĄAccuracy of animal 4 Ą 0.49

Ą EDC of animal 4 Ą 0.0
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Example:
Blending using bi-variate method

Animal Accuracy

òDGVò

Accuracy

òGEBVò

Reliability 

òGEBVò

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

5 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

9 0.99 0.629 0.396

10 0.99 0.629 0.396

11 0.99 0.629 0.396

Adding   7 more genotyped

progeny to the animal 4

ĄAccuracy of animal 4 Ą 0.40
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Combining and back-blending 
simultaneously

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

Å The EBV from òpseudoò BLUP round has genomic 
information included

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

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