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The study of laboratory mammalian models (such as knock-out rodents) has dramatically improved our knowledge of the molecular basis of many phenotypes, 
including genetic disorders (MGI, OMIM databases).
Advantages: high reproductive rate, short intergenerational interval and ease of laboratory breeding. 
Limitations: specific strain (difficult to reproduce), embryonic lethality (difficult to observe), pathologies with incomplete penetrance and variable expressivity (genetic 
predisposition, environment, etc.)
Alternatives: study of natural genetic variations in animal populations in order to gain new insights into the mammalian gene functions and the pathological 
consequences of their inactivation. Ruminants are good models due to their effective fertility (by artificial insemination) greater than mice, better genetic diversity, 
similarities with humans (physiology, size, longevity...), high-throughput data (reference genome, functional annotation, WGS data from "1,000 genomes" projects, 
phenotypes ...)

1. Human‐Ruminant orthologous protein‐coding 
genes (PCG) database

2. Data preprocessing and analysis of WGS

Conclusion and prospects
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Identification of 1:1 pairwise protein-coding genes orthologous to human:

Based on the annotation, we kept pLOF frameshift (Fig. A,C), stop-gain (removed if located in the last 5% of the CDS, Fig. A,D), essential splice (Fig. A) and missense 
(SIFT score: deleterious, Fig. A,E) variants located in human-ruminants orthologous genes and having the same annotation between NCBI and Ensembl (SANE, Fig. 
F). After filtering, we retained 15,673 variants (among 180,506) in cattle, 20,244 variants (among 221,292) in goats and 5742 variants (among 90,742) in sheep.
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1) Remove duplicates 
(Kinship >0.354)

2) Detection of outliers
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• Creation of a human-ruminant orthologous gene database with an inventory of deleterious variants in cattle, goats and sheep 
• Specific focus on variants segregating in French breeds and located on nuclear genes encoding mitochondrial proteins           
   ~ 1000 genes (Rath et al., 2021)
• Development of haplotype tests to predict genotype status for all genotyped animals in each breed
• Prediction of putative consequences on life trajectories (fertility, embryonic/juvenile/adult mortality) and production traits
• Functional validation (in vivo and in vitro)
The study of natural variants in livestock, especially those located in genes poorly characterized in mammals, could 
provide valuable information on the molecular mechanisms that determine phenotypic variation 
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3. Genomic landscape of putative Loss‐Of‐Function (pLOF) and missense variants in ruminants  
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Enrichment of olfactory receptor activity (LOEUF=9) 

Tolerance score (LOEUF* score) Phenotype information

HumRumDB: Atlas of 16,409 orth. 16,854 orth.

ex: cattle

Karczewski et al. 2020
*LOEUF= loss-of-function observed/expected upper bound fraction
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