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Motivation

 Single-Step Genomic BLUP frequently results in inflated genomic 
predictions

 ad hoc remedies were proposed

 ω -, τ - scaling

 data-pruning, etc.

 however, underlying mechanisms remain unclear
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Background

 computing the standard H matrix includes an implicit step of 
imputation (Fernando et al., 2014)
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covariance of observed and imputed gt‘imputation residual‘



Background

 computing the standard H matrix includes an implicit step of 
imputation (Fernando et al., 2014)
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A12A22
-1(gc-μgc): imputation of gene contents (GC) for 11* animals

(ungenotyped)



Background

 computing the standard H matrix includes an implicit step of 
imputation (Fernando et al., 2014)

 Single-step genomic BLUP conceptually comprises two estimation 
steps

 estimation of gene contents using all observed genotypes

 estimation of gEBV using all phenotypic data
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Background

 Simulation study:

 exploring effects of implicit imputation in single-step genomic 
BLUP

 genotypes without phenotypes improve the predictive ability of 
the system by imputing phenotyped animals without genotypes

 however, the quality of imputed genotypes varies
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see also contribution to poster-session, EAAP 2017



Background
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see also contribution to poster-session, EAAP 2017

with increasing number of genotyped offspring the
true genotype of an ancestor is imputed with higher 
accuracy



Definitions

 selective genotyping
 animals are selected for genotyping based on a breeding value 

containing Mendelian Sampling (MS) information

 selective imputation 
 selective genotyping as introduced by imputation
 genotypes of frequently used sires and dams are imputed with 

high accuracy (only )

 reference set
 a group of animals contributing informative ties between 

phenotype and (observed or imputed) genotype
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Hypothesis I

 selective genotyping in the reference set can have a negative 
impact on quality and unbiasedness of genomic predictions

 the effect should already be observable in standard two step 
genomic applications
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Evidence from Empirical Data: Two step

 Fleckvieh, routine application, forward prediction (4 y)

10

b1

MY PY

Relreal

MY PY

raw .87 .89 63 63

b1: regression slope ITB GEBV-Test (Mäntysaari et. al, 2010)
Relreal: realized reliability (VanRaden et al., 2009)



b1: regression slope ITB GEBV-Test (Mäntysaari et. al, 2010)
Relreal: realized reliability (VanRaden et al., 2009)

Evidence from Empirical Data: Two step

 Fleckvieh, routine application, forward prediction (4 y)  
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b1

MY PY

Relreal

MY PY

raw .87 .89 63 63

scaled .93 .96 63 63

Scaling of predicted values

• to compensate for negative effects of selective genotyping 
in reference population

• uses systematic difference between PA and EBV (reference 
animals) as indicator/measure of (pre-)selection on MS
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Evidence from Empirical Data: Two step

 Background: selected reference population

12

pre-genomic

post-genomic

>

 pre-genomic: ~600 bulls per year tested

 ≥1998: approx. completely genotyped

 <1998: selective genotyping (~second 
service sires only)
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Evidence from Empirical Data: Two step

 Background: selected reference population
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pre-genomic

post-genomic

>

 pre-genomic: ~600 bulls per year tested

 ≥1998: approx. completely genotyped

 <1998: selective genotyping (~second 
service sires only)

 pruning of birthyears < 1998



Evidence from Empirical Data: Two step

 Fleckvieh, routine application, forward prediction (4 y) 
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b1

MY PY

Relreal

MY PY

raw .87 .89 63 63

scaled .93 .96 63 63

pruned .92 .94 62 61

b1: regression slope ITB GEBV-Test (Mäntysaari et. al, 2010)
Relreal: realized reliability (VanRaden et al., 2009)



Conclusion I

 selectively genotyped sires from older birth years inflate genomic 
predictions if they are included in the reference

 omitting these sires reduces inflation and has only a small impact 
on reliability

 similar effects can be observed with scaling, depending on the 
measure of selectedness of reference
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Hypothesis II

 in Single-Step Genomic BLUP selective genotyping of reference 
animals should have a similar impact as in Two-Step GBLUP

 selective genotyping can occur in two ways

 directly or
 as a consequence of selective imputation

 as a consequence pruning of genotypes should have a different 
effect from pruning of data (phenotypes)
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Evidence from Empirical Data: Single Step

 Background: Effects of pruning
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pre-genomic

post-genomic

>

 pruning of genotypes only
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Evidence from Empirical Data: Single Step

 Background: Effects of pruning

18

pre-genomic

post-genomic

>

 pruning of genotypes only

 selective imputation reestablishes the 
effects of selective genotyping



 pruning of genotypes only

 selective imputation reestablishes the 
effects of selective genotyping

 pruning of data

 reduces the negative impact of 
selective imputation and improves 
quality of GEBV
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Evidence from Empirical Data: Single Step

 Background: Effects of pruning
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Evidence from Empirical Data: Single Step

 Fleckvieh, test application, forward prediction (4 y) 
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b1

MY PY

Relreal

MY PY

raw .81 .80 64 61

pruned: P .91 .89 65 61

b1: regression slope ITB GEBV-Test (Mäntysaari et. al, 2010)
Relreal: realized reliability (VanRaden et al., 2009)



Evidence from Empirical Data: Single Step

 Fleckvieh, test application, forward prediction (4 y) 
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b1

MY PY

Relreal

MY PY

raw .81 .80 64 61

pruned: P .91 .89 65 61

pruned: G .82 .80 64 61

b1: regression slope ITB GEBV-Test (Mäntysaari et. al, 2010)
Relreal: realized reliability (VanRaden et al., 2009)



Conclusion II

 Single-Step

 shows similar effects of selective genotyping

 estimates are generally more inflated than in two step

 removing older animals (P+G) from selectively genotyped birth 
years reduces inflation considerably

 removal of genotypes only is not sufficient

 information restored from ‘historical’ A11 block is selective
 reestablishes negative effects of selective genotyping on 

genomic estimates
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General Conclusion

 selective genotyping 

 often neglected as a potential source of inflation

 still an aspect to consider 

 elite cows (genotyped or selectively imputed)

 (unintentional) preselection for cow reference population

 Single Step genomic prediction

 implicitly restores information of pruned genotypes by 
imputation

 therefore, pruning of genotypes is not sufficient

 data-pruning (P+G) appears to be the only way to control 
negative effects

23



Thank you for your attention

We gratefully acknowledge:

 Arbeitsgemeinschaft Süddeutscher Rinderzucht- und 
Besamungsorganisationen for financial support within the research 
cooperation „Zukunftswege“

 Contributors of the genotype pool Germany-Austria

24



25



Evidence from Empirical Data: Single Step

 Fleckvieh, test application, forward prediction (4 y)

 additional results 
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b1

MY PY

Relreal

MY PY

raw .81 .80 64 61

pruned: P .91 .89 65 61

pruned: G .82 .80 64 61

expected .91 .93 -- --

pruned: P plus .92 .92 66 62

two-step
(plus cow gt)

.93 .95 65 63

b1: regression slope ITB GEBV-Test (Mäntysaari et. al, 2010)
Relreal: realized reliability (VanRaden et al., 2009)



Evidence from Simulation

 strong effects of phenotypic preselection: cow reference
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