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Content of this presentation

� Principles of Genomic Selection (GS)

� Potential effect of GS on inbreeding / 
conservation

� Future perspectives
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Genomic selection: revolution of evolution?
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Introduction – Genomic Selection
� Genome of animal X (Markers A,B,..,J, possibly associated with 

QTL):

� Total breeding value animal X = A1 + A2 + B2 + B2 + … + J1 + J2
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Genomic Selection – the process
Reference dataset:

1000+ animals with known
genotypes (SNPs) and reliable EBVs

↓
Obtain EBVs for SNPs

↓

Accurate GEBVs young selection candidates
↑

Young selection candidates with known genotypes (SNPs) 
but WITHOUT performance records
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GEBVs: Sources of data (1000+ animals)
Phenotypes

GEBVs

SNP 

(haplotype) effects

SNP-phenotype 
association

Polygenic 
(residual) BV

Animal-phenotype 
association

Deriving missing genotypes

Constructing marker haplotypes

Check / reconstruct pedigree
Pedigree SNPs
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Marker density determines capt. phen. variance
� Including haplotypes / IBD increases accuracy at low 

marker density

1Calus M.P.L., Meuwissen T.H.E., De Roos A.P.W., Veerkamp R.F., Accuracy of 
genomic selection using different methods to define haplotypes, Genetics 178 
(2008) 553–561. 
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How does GS alter selection?
� SNP becomes unit of selection

� ‘Local’ selection pressure depends on estimated 
marker BVs
� Alleles with large favourable effect are more often 

selected
� Selection still on total breeding value (i.e. animal)

� Conservation generally aims at neutral genetic 
variation – follows infinitessimal model
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Distribution of gene effects

� In the model:
� BayesB (Meuwissen et al., 2001): unequal gene effects
� Polygenic model with Genomic relationship matrix (GRM): equal

gene effects

� Reliability GEBVs of BayesB only 1% higher than GRM 
(Van Raden et al., 2008). 

� Reliability BayesB substantially higher for traits influenced
by large QTL (DGAT) (Van Raden et al., 2008)
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Pedigree vs. marker relations
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Potential impact on inbreeding

� Reliable BV early in life
� Distinguish between related animals at young age (i.e. 

emphasis on Mendelian sampling (Daetwyler et al., 
2007) (∆F ↓)

� Potential to decrease generation interval (F ↑)

� Genotype information allows calculation (and 
prediction) of inbreeding
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Future perspectives

Are more markers needed depending on the objective?

� Increasing accuracy of GS:
� More phenotypes may have a greater impact (Meuwissen et al., 2001)

� Within or across breed GS:
� In cattle, 50k SNPs sufficient within a breed; ~300k required across 

breeds (De Roos et al., 2008)

� For conservation purposes:
� Low density SNP chip
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Future perspectives

� Use of low density SNP chip (300 - 1500) to ‘pre-
screen’ populations (Habier et al., 2008)
� In a few years whole populations may be genotyped

� Parents genotyped using high density SNPs

� Combine low & high density, to ‘derive’ high 
density genotypes for selection candidates
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Conclusions

� GS enables within family selection, and decreases 
generation interval

� Available marker density may be sufficient within 
breeds, not across breeds

� Low density SNP chips may enable genotyping 
whole populations
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