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Detailed analysis of mortality rates in the female progeny of Holstein bulls allows the discovery of new dominant genetic defects

We analyzed juvenile mortality rates per sire family for four different periods in a population of Holstein heifers born between 2017 and 2020 in France and Wallony. The global mortality rate from birth to one year of life was 11.8% in the population of 1,001 sires, while it reached 30.6% and 19.9% in the progeny of two bulls, Mo and Pa, respectively. Various investigations were carried out on these two bulls and their progeny, including clinical examination, karyotyping, genetic mapping, and whole genome sequencing. Mo was found to carry a partial translocation from BTA29 to BTA26 while Pa was mosaic for a dominant nonsense mutation in the GATA6 gene causing cardiac outflow tract defect in its progeny.

Introduction

Reducing juvenile mortality in cattle is important for both economic and animal welfare reasons. Previous studies have revealed a large variability between breeds and sire progeny groups (e.g. [START_REF] Leclerc | 23rd Renc Rech Rum[END_REF], with some extreme cases due to dominant mutations causing various syndromes among the descendants of mosaic bulls (Bourneuf et al. 2017). The purpose of this study was twofold: to fine monitor calf mortality at the level of sire families within the French and Walloon Holstein populations, and to use this information to detect genetic defects that might have been overlooked by lack of specific symptoms.

Material & Methods

Analysis of mortality rates at different ages in the progeny of individual sires.

Information on the pedigree, sex, date of birth, date of death, and cause of death (either natural or slaughter) of Holstein animals were recovered from the French and Walloon databases. To focus on the most reliable data, only female calves born between 2017 and 2020, which remained on their farm of birth during their first year of life, were selected. The final data set comprised 2.25 million daughters from 1001 sires. The size of the half-sib families ranged from 100 to 37,839 individuals, with a mean of 2,246. Natural mortality rate was computed during the first year of life and for four sub-periods (perinatal, postnatal, pre-weaning and postweaning) corresponding to distinct causes of death (Table 1; Santman-Berends et al, 2019).

Clinical examination.

Nine calves (both sexes) sired by two half-brother bulls (Mo: n=3 and Pa: n=6) that showed very high mortality rates were necropsied. Gross phenotypic description was also available for eight and seven additional presumably affected calves of each sire, respectively.

Molecular characterization of the genetic defects of sires Mo and Pa.

Mo was karyotyped to screen for chromosomal abnormality while Pa was dead at time of the study and thus not available for blood sampling. Illumina Bovine SNP50 phased and imputed genotypes from Pa and 203 of its progeny were extracted from the French genomic evaluation database. Assuming a dominant inheritance with somatic mosaicism in Pa, we performed transmission disequilibrium tests for 16,487 informative markers, 14 progeny that died before 50 days of age (incl. four necropsied), and 189 half-sib controls still alive at 2 years. We then sequenced the genome of one case with Illumina technology (150 bp paired-end reads), processed the data in accordance with the guidelines of the 1000 Bull Genomes Project (Hayes and Daetwyler 2019), and we used 5,116 genomes from run 9 of the latter project as controls.

Results and discussion

The natural mortality rate of heifers during their first year of life was of 11.8% on average, with 4.2% for perinatal, 2.9% for postnatal, 3.1% for pre-weaning and 3.2% for post-weaning mortalities (Table 1, Figure 1). These rates were lower than most of those reported in the literature (e.g. [START_REF] Leclerc | 23rd Renc Rech Rum[END_REF], probably because we considered only females and sex is known to have a significant effect on juvenile mortality. Interestingly, natural mortality rates per period and per half-sib family showed approximately normal distribution suggesting quantitative inheritance. Yet we observed outlier families with possible mono or oligogenic inheritance of excess mortality and focused on the worst sire per category. A different etiology was suspected for the excess of mortality observed among Pa's progeny, since the peak of mortality was later than for Mo's daughters and the symptoms were different. Indeed, necropsy of six affected calves revealed persistent truncus arteriosus (Figure 3, A) and symptoms compatible with heart defects in seven additional cases. To gain insights into the molecular basis of this defect we analyzed Illumina Bovine SNP50 genotypes from 14 calves that died prematurely and 189 half-sib controls that had been genotyped for genomic evaluation.

Table 1 Mortality rates in % for the worst bull per category (bolded) vs population means

In doing so, we mapped the locus on BTA24 between positions 19,770,957 and 37,706,580 on ARS-UCD1 assembly. Subsequent sequencing of the genome of a necropsied calf and filtering for variants observed in 5116 control genomes revealed a single heterozygous candidate variant within the interval: a thymine-to-adenine substitution in exon 2 of GATA6 predicted to introduce a premature stop codon (chr24: g.34,187,181T>A; GATA6 p.417K>X). If translated the mutant protein would lack about 30% of amino acid sequence including important functional domains (ZF2, NLS and TAD3; Figure 3). Interestingly the loss of GATA6 heterozygosity has been associated with various defects of differentiation, development, and function of the heart in vertebrates, including abnormal septation of the aortopulmonary trunk (e.g. Kodo et al. 2009 and Figure 3, B). In conclusion, by focusing on the progeny of extreme bulls for juvenile mortality, we have described bovine models for two syndromes also observed in humans. Our results demonstrate the suitability of our method to reveal genetic defects that are hardly detectable with traditional heredo-surveillance. Beyond this proof of concept, the calculation of mortality rates at different ages for the whole population of bulls pave the way for future detection of QTL associated with juvenile mortality.
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 1 Figure 1: Histogram of distribution of mortality rates for each period of death
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 2 Figure 2. Karyotype of sire Mo (A) and synteny between BTA 29 and HSA11 (B).

Figure 3 :

 3 Figure 3: Bovine heart with persistent truncus arteriosus (A) and scheme of GATA6 with bovine mutation p.417K>X and deleterious variants reported in human (B).
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