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History

 1990s: QTL mapping & marker-assisted selection
too few markers, QTL have too small effect

 2001: GS theory by Meuwissen, Hayes & Goddard 
too few markers available, too expensive

 2006: GS using   3,000 SNPs
need more markers

 2007: GS using 50,000 SNPs
need more reference bulls

 2008: 1,500 → 4,000 bulls
 2009: 4,000 → 16,000 bulls (EuroGenomics)



EuroGenomics

 European partners
CRV Nld/Bel
VIT/DHV Deu
UNCEIA Fra
Viking Genetics Dnk/Swe/Fin

 World’s largest reference population
18,300 progeny tested bulls 
5-15% increase in reliability

 Joint R&D and SNP chip ordering



Combining SNP chips

 CRV custom 50K chip, others BovineSNP50
20K in common → ‘impute’ missing 30K

 1000 key sires 2x genotyped
 Imputation by Tom Druet (U of Liege)
 CRV 50K → BovineSNP50 <1% errors



Combining SNP chips

 CRV custom 50K chip, others BovineSNP50
20K in common → ‘impute’ missing 30K

 1000 key sires 2x genotyped
 Imputation by Tom Druet (U of Liege)
 CRV 50K → BovineSNP50 <1% errors

 3K → 50K ~3% errors
some loss in reliability

 50K → 777K <1% errors
600 key sires 2x genotyped



Breeding program

 Selection intensity ↑ generation interval ↓
 2600 bulls genotyped, 170 progeny tested (1:15)
100 Black-and-white NLD, BEL
 40 Red-and-white NLD, BEL
 30 Black-and-white USA, CZE

 Large embryo program
sell >4000 embryo’s with buy-back contract
from nucleus and breeders

 Large scale genotyping to find elite bull dams
 >50% use of young mating sires



National evaluation

 1st official release genomic EBVs in August 2010

 Combines direct genomic EBV & traditional EBV
cows : GEBV = DGV & EBV
heifers : GEBV = DGV & parent average
proven bulls : GEBV = DGV & EBV
young bulls : GEBV = DGV & pedigree index

 Young bull GEBV not biased due to dam info



Genomic EBV August 2010
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top 50 nvi bulls of CRV =

6 proven + 44 young



reliability nvi
 Atlantic young 60% 233
 Impuls proven 80% 233
 Improver proven 81% 176
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Reference populations of cows

 Increase reliability for traditional traits
fertility, hoof health

 GEBVs for new traits
feed intake & feed efficiency
oestrus behaviour (pedometer)
subclinical ketosis (acetone, BHB)
milk fatty acid & protein composition 

 Need 10,000s cows
 Increase benefit of genotyping for farmer



Multi-breed genomic selection

 Combine favourable traits
Holstein production x Jersey fertility (New Zealand)

 Crossbreds have lot of variation
detect best crossbred with genomics

 Across-breed genomic evaluation needs:
large multibreed reference population
very high marker density (777K)



Summary

 CRV is early adopter of genomic selection
 Full implementation in breeding program
 Official GEBVs since 2010
no biases due to bull dam info
results according to expectation

 EuroGenomics partner
large reference population, joint R&D

 Future reference population
cows, novel traits, multiple breeds
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