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> Why identifying recessive lethal/deleterious mutations?

* Most individuals carry roughly 100 loss-of-function alleles in their genome, and among them one
to five are predicted to be deleterious (MacArthur et al., 2012; Georges et al., 2019)

* In livestock, due to possible inbreeding, overuse of selected reproducers, or by genetic drift, the
probability of generating homozygous carriers could increase

- Production issues : declining fertility, declining offspring production.

- Animal (and breeder) welfare issues : increasing health problems, culling decision, facing
mortality.

Working hyp: Homozygous animals carriers of such mutations are never genotyped in genomic selection programmes
(not born, neonate lethality, not candidate)
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> Screening for deficiency of homozygous haplotypes (DHH) in genotyped populations

Based on 50k SNP genotypes from dairy sheep genomic selection programmes (mainly males)
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13 independent haplotypes (based on LD) > Segregation of 13 putative recessive deleterious/lethal mutations:
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How to explain these DHH? Recessive lethal mutations? Counter-selection of morphological/health defects?
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|dentifying mutations by whole-genome sequence analyses

Working hyp: Strong LD between the haplotype and the mutation
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2 ldentification and characterization of 3 causal mutations
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> Nonsense variant in CCDC65 gene
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CCDC65 mutation in human associated with
primary ciliary dyskinesia (OMIM #615504 ).

v chronic airway infections

v" male infertility
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> CCD(C65 at-risk mating
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Propionyl-CoA carbozylase (PCCA, PCCB) Biotin MMUT knOCk'OUt in mouse (MGI:3026845)

Methylmalonyl-CoA epimerase (MCEE)

> Nonsense variant in MMUTgene
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catalyzes the isomerization of methylmalonyl-CoA
to succinyl-CoA (mitochondria)
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> MMUT at-risk mating

Monitoring of 50 gestations
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» In utero growth retardation

» Impaired MMUT protein production
» mMRNA decay in liver

» No obvious methylmalonic aciduria
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> Single base pair duplication in SLC33A41 gene

(Hirabayashi et al. 2004)
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> SLC33A1at-risk mating
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Wilcoxon, p = 0.043
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> Conclusion et perspectives

» Reverse genetic screen: “easy way” to find relevant genomic regions hosting highly deleterious variants
(thanks to /1 GS genotyping data), but associated phenotype more complex to obtain (metabolic defects).

» ldentification of 3 recessive lethal variants in CCDC65, MMUT and SCLC33A1 with a huge impact on
lamb viability, health and welfare before weaning age.

» Supposed recessive variants in candidate genes to be confirmed as deleterious/lethal (/ID/1, ORCS5,
PREB, GPN1, EDC3), deleterious/health disorder (FCGR1A) or affecting breed standard/morphology
(ASIP, RXFP2).

» Genetic markers to manage the identified defects in French dairy sheep (available genetic diagnosis,
implementation on the Sheep Genome Consortium SNP chip)

» Improving breeding scheme: limiting lamb mortality and welfare issues
» Allele sharing with other national or international sheep breeds

» Potential animal models for human diseases (Ciliary dyskinesia, Methylmalonic aciduria, Spastic paraplegia,
Huppke-Brendel syndrome, ...)
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