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Introduction

The intensive use of elite sires via artificial insemination (Al) has reduced genetic diversity in
dairy cattle. In the Normande breed, for instance, only eight bulls contribute to 50% of the
current gene pool, and average inbreeding over the past decade reached 5.7% (Minery, 2025).
This depletion favors the emergence of recessive genetic defects. Beyond visible abnormalities
monitored by heredity surveillance platforms, homozygous haplotype deficiency (HHD)
analysis has identified loci associated with embryonic loss and perinatal mortality (VanRaden
etal.,2011; Fritz et al., 2013), which can compromise herd profitability and breed renewal. To
date, carbamoyl-phosphate synthetase 2, aspartate transcarbamylase, and dihydroorotaseis
(CAD) the only gene in Normande cattle reported to carry a recessive mutation causing
homozygous deficiency and reduced fertility (Mesbah-Uddin ef al., 2019). Seven years later,
this study aims to update the catalogue of recessive genetic defects affecting reproduction in
the Normande breed by applying HHD analysis to an updated dataset more than three times
larger.

Materials & Methods

Animals and Datasets. This study integrated multiple datasets from French national databases,
including: (i) phased genotypes for 44,026 informative autosomal markers from the Illumina
BovineSNP50 Single Nucleotide Polymorphism (SNP) array, (i1) pedigree information, (iii)
life events (e.g., birth, artificial insemination, calving, death, and cause of death) and
performance traits, and (iv) whole-genome sequencing (WGS) data. Each dataset is described
in detail in the sections below.

Genetic Mapping. Among SNP array genotypes processed through the French genomic
evaluation pipeline (for details, see Mesbah-Uddin et al., 2019), 110,546 Normande animals
had genotypes available for both parents, and another 114,858 animals had genotypes available
for their sire and maternal grandsire. Sliding haplotypes of 20 markers (~1 Mb, incremented
by one marker) were analysed using the HHD method described in Mesbah-Uddin ez al. (2019).
Briefly, expected homozygote counts were estimated based on parental or grandparental
genotypes, assuming Mendelian transmission. Only haplotypes with an expected number of
homozygotes > 20 were considered. The probability of observing n homozygotes was assessed
using a Poisson distribution (R version 4.5.2, R Core Team). To account for multiple testing,
a Bonferroni correction was applied. Given that 656,260 haplotypes were tested, the
Bonferroni-corrected significance threshold corresponding to a nominal type I error rate of a
=0.05 was —logio(p) = 7.12.
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Effects of at-risk matings on embryonic loss and stillbirth. At-risk matings (carrier sire x
carrier dam) were compared to control matings for conception rate (CR), non-return rate at 56
days (NRR56), and calf survival at day 0, 7, and 30 of age (DCRO, DCR7, and DCR30). Each
trait was coded as success (1) or failure (0). Control matings were considered for carrier sires
mated to non-carrier dams to minimize population structure bias, and inseminations with sexed
semen were excluded. Cohort sizes ranged from 181 to 24,648 animals, depending on group
and trait (Fig. 1). Phenotypic effects were tested using a Chi-square test (R version 4.5.2, R
Core Team, 2022).

Effects on routinely recorded traits. The impact of a newly identified haplotype was assessed
by comparing heterozygous and non-carrier individuals across 41 morphological, production,
health, and reproductive traits. Analyses were conducted using BLUPF90 software (Misztal et
al., 2014) as described in Besnard et al. (2024), with yield deviations from French official
evaluations (https://geneval.fr/), which are corrected for non-genetic factors. Cohort sizes
ranged from 30,615 to 174,725 animals. Effects were expressed in genetic standard deviations
(GSD) based on genetic parameters from national genomic evaluations.

Detection, annotation and genotyping of candidate variants. Biallelic SNPs and indels
within £5 Mb of the target haplotype were extracted from 1,205 whole-genome sequences
(WGS) aligned to the ARS-UCDI.2 bovine genome assembly. This dataset included 5
heterozygous Normande bulls, 154 Normande wild-type bulls, and 1,006 wild-type individuals
from 19 other breeds. Haplotype dosage and variant genotypes were encoded as 0, 1, or 2
copies, and Pearson correlation coefficients were computed. Variants with R? > 0.5 were
annotated using Variant Effect Predictor (Ensembl release 115 (McLaren et al., 2016);
https://www.ensembl.org/info/docs/tools/vep/index.html), and only those predicted to be
damaging were retained (i.e., missense with a SIFT score < 0.05, stop-gain or loss, premature
start, start loss, frameshift, in-frame insertion or deletion, and splice site variants).
Pathophysiological information from human and mouse orthologs was obtained from the
Online Mendelian Inheritance in Man (OMIM, https://www.omim.org/) and Mouse Genome
Informatics (MGI, https://www.informatics.jax.org/) databases. Gene and protein functions,
including  structural domains and isoforms, were retrieved from  UniProt
(https://www.uniprot.org/) and Ensembl (release 115 (Dyer et al., 2025),
https://www.ensembl.org/index.html). Finally, a compelling candidate variant in the POMT2
gene was genotyped using a custom probe on the Illumina EuroGMD SNP array. Genotypes
were available for 94,727 Normande cattle and 1,275,893 animals from 20 other French breeds.

Results & Discussion

HHD screening and validation. Analysing phased Illumina BovineSNP50 genotypes from
225,404 Normande cattle, we identified two significant signals. The strongest signal, located
on chromosome 11 around 72 Mb, showed only one homozygote for the peak haplotype versus
170 expected (loss rate = —98.39%, adjusted p = 1.87 x 107*). This signal corresponds to the
previously reported damaging missense variant in the CAD gene (Normande NH7 haplotype;
Mesbah-Uddin et al., 2019). A second previously unreported signal was detected on
chromosome 10 around 89 Mb. The peak haplotype was observed in the homozygous state in
only one individual, compared with 54 expected (loss rate = —98.18%, adjusted p = 6.39 x
107'°). This new Normande haplotype, designated C10P89, is the focus of the present study.
To validate the adverse consequences of homozygosity for the CI10P89 haplotype, we
compared reproductive and survival performances between at-risk and control matings. Cohort
and group sizes are provided in Figure 1. Reproductive performance was moderately but

2


https://geneval.fr/
https://www.ensembl.org/info/docs/tools/vep/index.html
https://www.omim.org/
https://www.informatics.jax.org/
https://www.uniprot.org/
https://www.ensembl.org/index.html

significantly reduced in at-risk matings. The CR decreased by 5.1% compared with controls
(41.37% vs. 46.47%; Fig. 1A). Similarly, the NRR56 declined by 5.6%, from 66.57% in
controls to 60.93% in at-risk matings. These reductions indicate that matings between two
carrier cows significantly compromise the ability to establish and maintain pregnancy
following Al (y* test; p < 0.01 for CR and p < 0.05 for NRR56), although penetrance was not
complete.

In contrast to the moderate effects on fertility traits, survival was markedly reduced at all ages
tested (adjusted p < 0.05; Fig. 1C-E), with the largest difference between mating types
observed at birth (day 0). Survival at birth declined from 90.42% in control matings to 66.81%
in at-risk matings (Fig. 1C), indicating that the primary impact of this genetic risk manifests
during late gestation or the perinatal period.
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Figure 1. Effect of haplotype C10P89 on dam fertility and calf survival. Performance of
at-risk (carrier sire x carrier dam) and control (carrier sire x non-carrier cow) matings for
conception rate (A), non-return rate at 56 days (B), and calf survival rate at day 0 (C), 7 (D)
and 30 (E) of age. The numbers of inseminations and calves included in the analyses are
indicated on each bar. *, ** and *** denote p-values < 0.05, <0.01, and < 0.001, respectively.

Impact of C10P89 on recorded traits. Because some recessive deleterious alleles can, in rare
cases, increase in frequency due to heterozygous advantage rather than genetic drift alone, we
compared the performance of C10P89 carrier and wild type cows for 23 morphological, 6
production, 6 reproductive, 4 health, and 2 additional traits. This analysis revealed no
significant differences for any trait after correction for multiple testing (adjusted p > 0.05; not
shown), indicating that C10P89 can be selected against without adversely affecting current
breeding objectives.

POMT?2 stop-gain as candidate variant. Mining a large French WGS dataset, we identified a
stop-gain mutation in the Protein O-Mannosyltransferase 2 gene (POMT2;
Chr10:g.88499167C>T; POMT2 p.W334X, haplotype-variant R>=1) as the most compelling
candidate variant underlying the C10P89 haplotype deficiency. If expressed, the mutant protein
would include only the N-terminal 38% of the wild-type sequence, truncating key functional
regions such as the Mannosyltransferase-Interacting Region (MIR) domains (based on human
orthology) and is therefore predicted to lack functional activity (Fig. 2). Interestingly,
homozygous Pomt2 inactivation is embryonic lethal in mice due to disrupted a-dystroglycan
glycosylation and basal membrane formation (Hu ef al., 2011), while human loss-of-function
variants cause Walker—Warburg syndrome (WWS), characterized by brain, muscle, and eye
malformations with markedly reduced life expectancy (most children die before age 3; van
Reeuwijk et al., 2005). These phenotypes strikingly recapitulate the adverse effects observed
on fertility and juvenile survival rates in at-risk matings in cattle.
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Figure 2. Human (A) versus bovine (B) protein structure and domain alignment. White
squares are transmembrane domains, and purple squares are MIR domains. The red mark
indicates the location of the recessive mutation in bovine, and the grey area represents the
truncated portion of the protein.

Large-scale genotyping of the POMT?2 variant. Genotyping the candidate variant in 94,727
Normande cattle using a custom SNP array detected no homozygotes and estimated the allele
frequency at 1.8%. Notably, the single C10P89 homozygote identified in the initial HHD
screen was present in this cohort and found to be heterozygous for the variant, indicating that
a fraction of the ancestral haplotype (lacking the deleterious mutation) still segregates in the
population. Finally, across 1,275,893 animals from 20 additional French breeds, the variant
was observed in only nine Holstein individuals, most of which had Normande ancestry,
supporting a Normande-restricted origin for this defect.

Conclusion

In conclusion, we report a novel recessive genetic defect responsible for stillbirth and to some
extent embryonic lethality in Normande cattle associated with a POMT?2 stop-gain.

We recommend using genotype information from the Illumuna EuroGMD array to avoid at-
risk mating.
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