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Implications of mosaicism for deleterious de novo mutations in 
artificial insemination bulls
Genetic defects in cattle – identification, finding the mutation and managing it in breeding plans
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The number of genetic defects is increasing constantly …
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§ Increasing levels of inbreeding result in the phenotypic manifestation of 
recessive alleles (Garcia-Ruiz et al. PNAS. 2016)

§ Genome-wide association and homozygosity analyses enable the rapid mapping 
of inherited disorders (Charlier et al. Nat Genet. 2008)

§ Large-scale genotype data uncover homozygous haplotype deficiency     
(Vanraden et al. J Dairy Sci. 2011)

§ The analysis of sequencing data using bioinformatics approaches reveals 
putatively deleterious sequence variants (Charlier et al. Genome Res. 2017)
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The number of genetic defects is increasing constantly …
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§ Avoid the mating of closely related individuals
§ Exclude carrier animals from breeding (Jung et al. BMC Genomics. 2014)

§ Avoid matings between carrier animals (Vanraden et al. J Dairy Sci. 2011)

§ Consider a selection index of genetic properties (Cole. Genet Sel Evol. 2015)

§ Use pre-implantation genetic diagnosis (Kasinathan et al. Sci Rep. 2015)

§ Apply genome-editing technologies (Hoyos-Flight et al. Transgenic Res. 2017)
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… and so is the number of approaches to account for them in 
breeding programs
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§ Avoid the mating of closely related individuals
§ Exclude carrier animals from breeding (Jung et al. BMC Genomics. 2014)

§ Avoid matings between carrier animals (Vanraden et al. J Dairy Sci. 2011)

§ Consider a selection index of genetic properties (Cole. Genet Sel Evol. 2015)

§ Use pre-implantation genetic diagnosis (Kasinathan et al. Sci Rep. 2015)

§ Apply genome-editing technologies (Hoyos-Flight et al. Transgenic Res. 2017)

§ Dominant genetic traits aren’t a threat to livestock breeding, are they?
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… and so is the number of approaches to account for them in 
breeding programs
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The case «Energy P» 
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The case «Energy P» 

4900 inseminations 
before the first 

descendants were born

1700 pregnancies
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The case «Halvar PP»
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The case «Halvar PP»

1394 inseminations 
before the first 

descendants were born

731 pregnancies



||Animal Genomics  |  Institute of Agricultural Sciences 28.08.2017Hubert Pausch 10

An accumulation of «Bulldog»-calves among the progeny of 
«Energy P»

Progeny Number
Stillborn 57 (20.7%)
Normal 218 (79.3%)
Total 275 (100%)

Bourneuf et al., submitted
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An accumulation of calves with osteogenesis imperfecta among 
the progeny of «Halvar PP»

Bourneuf et al., submitted

Progeny Number
Stillborn or died within 48 h 254 (34.7%)

Normal 477 (65.3%)
Total 731 (100%)
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§ One affected calf per condition and both sires were sequenced at between 10-
and 20-fold coverage

§ Assuming dominant inheritance, the mutations are expected to be heterozygous 
in affected calves and not present in 1150 unaffected animals from the 1000 bull 
genomes reference panel

§ Osteogenesis imperfecta
COL1A1: p.Ala1049_Pro1050delinsSer

§ Bulldog
COL2A1: p.G996S
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Mining sequencing data to pinpoint causal mutations

Bourneuf et al., submitted
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Detection of mosaicism for both mutations in the sires using 
Sanger and pyro-sequencing

Bourneuf et al., submitted
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Detection of mosaicism for both mutations in the sires using 
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§ Epidermolysis bullosa in the progeny of a Jer x Hol bull (Ford et al. J Invest Dermatol. 2005)

§ Lethal chondrodysplasia in French Holstein cattle (Daetwyler et al. Nat Genet. 2014)

§ Lethal chondrodysplasia in Danish Holstein cattle (Agerholm et al. BMC Vet Res. 2016)

§ Facial dysplasia in Danish Holstein cattle (Agerholm et al. BMC Genet. 2017)

§ Young bulls with excellent genomic profiles are used for more than 10.000 
inseminations before the first descendants are born
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Mosaicism for deleterious de novo mutations is not a new 
phenomenon – why bother? 
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§ Epidermolysis bullosa in the progeny of a Jer x Hol bull (Ford et al. J Invest Dermatol. 2005)

§ Lethal chondrodysplasia in French Holstein cattle (Daetwyler et al. Nat Genet. 2014)

§ Lethal chondrodysplasia in Danish Holstein cattle (Agerholm et al. BMC Vet Res. 2016)

§ Facial dysplasia in Danish Holstein cattle (Agerholm et al. BMC Genet. 2017)

§ Young bulls with excellent genomic profiles are used for more than 10.000 
inseminations before the first descendants are born

§ Can mosaicism for deleterious de novo mutations be detected before 
affected calves are born?
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Mosaicism for deleterious de novo mutations is not a new 
phenomenon – why bother? 
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§ Bulls are not routinely sequenced before they are used in artificial insemination
§ The reliable prediction of the deleteriousness of new mutations with e.g., SIFT or 

PolyPhen is not possible
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The early detection of mosaicism for deleterious de novo
mutations is a difficult task at best

«We conclude that for de novo […] 
mutations found by genome 

sequencing, half those inferred as 
deleterious correspond to nearly 

neutral mutations that have little 
impact on the clinical phenotype […]»
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§ Mosaicism for de novo mutations is pervasive1 and can be a serious threat to 
livestock breeding

§ Mosaic carriers of deleterious dominant mutations can be used for (tens of) 
thousands of inseminations before the first affected calves are born

§ Reliably classifying the deleteriousness of de novo mutations is (currently) not 
possible

§ The heavy use of individual sires in artificial insemination seems inappropriate 
(and irresponsible?)
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Conclusions and implications for breeding programs

[1] Harland et al. preprint at bioRxiv. doi:10.1101/079863
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Collaborators ...
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Thank you for your attention!

I’m hiring PhD students and PostDocs!


