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Introduction

Peri-calving mortality represents a significant source of loss in dairy cattle. This period
corresponds to a critical physiological transition, combining rapid metabolic adaptation,
initiation of lactation, and increased disease susceptibility (Goff, 2006). Despite improvements
in management and selection, a substantial proportion of heifers are still culled or die shortly
around first calving (Goff, 2006). Deleterious variants affecting survival are often rare, recessive,
and with incomplete penetrance, making them difficult to detect using standard genome-wide
association approaches (Charlier et al., 2008).

The aim of this study was to search for haplotypes and candidate variants associated with
increased mortality around first calving in the French Holstein population. To reach that goal,
we chose the homozygous haplotype enrichment/depletion (HHED) approach, which has
shown to be very efficient for juvenile mortality (Besnard et al., 2024). A second goal was to
characterize the effects of the candidate variants on the survival trajectories and routinely
recorded traits.

Material & Methods

Phenotype definition. Pedigree, fertility, and mortality records were extracted from the French
national bovine database for Holstein cattle. Cases were defined as heifers that died or were
culled within £14 days around first calving. Controls were cows that successfully completed at
least two full lactations.

Case—control balancing at the sire level. To account for extreme family size imbalance
inherent to cattle populations, all procedures were performed within sire families. For each bull,
the case/control ratio among its descendants was computed. To remove patterns incompatible
with recessive inheritance, bulls with extreme ratios (> mean + 1.96 SD across sires) were
discarded. After filtering, the global case frequency among remaining descendants was
estimated (3.2%), corresponding to an expected ratio of 31 controls per case. Balancing was
then performed within each sire family using a 1:31 case—control ratio, by drawing at random
a constant proportion of 31 control relatives for each case (if available) among genotyped
female progeny. The final dataset comprised 7,677 bulls, representing 8,525 cases and 264,275
controls.

Genotypes and haplotype construction. SNP-array genotypes were available for all selected
females. A total of 102,067 individuals had both parents genotyped, and an additional 118,139
had the sire and maternal grandsire genotyped. Genotypes were phased and imputed to the
BovineSNP50 array using Fimpute3. Marker positions were based on the ARS-UCD1.2 bovine
genome assembly. Sliding haplotypes of 20 markers (approximately 1 Mb), incremented by one
marker, were constructed across 45,514 informative SNPs (with minor allele frequency > 0.01).
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HHED analysis. HHED analysis was performed following Besnard et al. (2024). For each
haplotype, the observed and expected numbers of homozygous individuals was calculated from
ancestral genotypes, considering either animal-sire-dam or animal-sire-maternal grandsire. For
animal-sire-maternal grandsire, expected counts incorporated haplotype frequencies estimated
within birth-year cohorts based on animal maternal phases to account for temporal changes in
allele frequencies. Observed and expected counts were summed across all informative trios for
cases and controls separately.

Statistical testing and filtering. Only haplotypes with a total observed count > 10 in cases
were tested. Deviations between observed and expected counts were evaluated using >
statistics. To limit population stratification bias, only haplotypes that had an enrichment in case
and a deficit in controls were retained. Statistical significance was fixed at 0.05 after Bonferroni
correction, assuming the number of independent tests approximately equal to the total number
of tested haplotypes divided by 20. The corresponding threshold was -logio(P)=4.91. To avoid
spurious isolated signals, haplotypes with fewer than 10 significant neighboring haplotypes
within a 10 Mb window were excluded.

Variant detection. For each significant haplotype, variants located within a 20 Mb window
were extracted from sequence data of 247 Holstein and 1,156 total sequenced animals.
Association between haplotypes and variants was assessed using R? correlation. Variants
specific to the Holstein breed with R? > 0.5 were annotated using Ensembl Variant Effect
Predictor (release 110). Only variants predicted to be deleterious were retained. The haplotype
with the highest -log10(observed) was selected.

Survival analysis. For one of the selected haplotypes, mortality curves were estimated using
females born at least six years prior to data extraction to avoid right truncation. Daily mortality
rates were calculated according to haplotypic status.

Effects on routinely recorded traits. Haplotype effects on routinely recorded traits were
estimated using yield deviations from French national genetic evaluations. Linear mixed
models included haplotype status and year of recording as fixed effects, and a random polygenic
effect based on the pedigree relationship matrix. Group differences were assessed using
Student’s t-tests with Bonferroni correction. Effects were expressed in genetic standard
deviation (GSD) units. Analyses were performed using the BLUPF90 suite.

Results & Discussion

Detection of survival-associated haplotypes. HHED analysis revealed five distinct genomic
regions significantly associated with mortality around first calving (Table 1). Observed
—logio(p-values) ranged from 6.77 to 68.10. All detected haplotypes showed a marked
enrichment of homozygous individuals among cases (+20% to +251%) and a depletion among
controls (—35% to —51%), indicating reduced survival beyond the second lactation. Differences
in signal strength across loci suggest variable penetrance, likely reflecting incomplete linkage
disequilibrium between haplotypes and causal variants or genuine biological variability in
mutation effects.



Table 1. Haplotype selection for each distinct locus detected in HHED analysis, with the
calculated cases and controls observed/expected and the corresponding p-value
Haplotype  Chr Position Observed Observed -logio(p)  Expected  Expected

(BP) Controls Cases Controls Cases
R66C11P85 11 8,5052,992 54 35 68.102 110 10
R66C5P25 5 25,270,625 488 52 12.218 908 40
R66C4P23 4 22,702,596 42 11 9.295 81 4
R66C5P105 5 104,625,971 72 14 8.434 91 6
R66C23P17 23 17,384,397 523 45 6.773 809 38

Identification of candidate variants. For each haplotype, at least one deleterious variant with
strong association (R? > 0.5) was identified (Table 2). One variant corresponded to the known
BLIRD mutation in /TGB7 gene (OMIA:002872-9913; (Besnard et al., 2024; Dutheil et al.,
2025), validating the approach. Four additional candidate variants were identified in genes with
plausible biological relevance, including /QSEC3 (stop-gain), DNAHI1 (in-frame insertion),
DDXI and YIPF3 (missense variants).

Table 2. Candidate variant for each of the haplotypes with R? correlation > 0.5 with the haplotype

Haplotype = Chr Position (BP) Allele Allele Alt R? Annotation Deleterious Gene

Ref annotation
R66C11P85 11 82,697,842 G A 0.72  Miss. variant MODERATE DDX1
R66C5P25 5 26,807,079 G A 0.60 Miss. variant MODERATE ITGB7
R66C4P23 4 30,529,924 G GAGTTTT 0.71 Disruptive in- MODERATE DNAHII
TGGAAAA frame
CTTGGAA insertion
TTTGGAA
R66C5P105 5 107,125,141 C T 0.96  Stop gained HIGH IQSEC3
R66C23P17 23 17,058,974 G A 1 Miss. variant MODERATE YIPF3

Focus on DDXT variant. The strongest signal corresponded to a haplotype on chromosome 11
associated with a missense variant in DDXI. The variant was available on the EuroGMD SNP-
array, thus among 34,664 genotyped individuals, haplotype-based detection showed high
specificity (~99.8%) but moderate sensitivity (~50%), highlighting the presence of recombined
haplotypes carrying the deleterious allele, leading to incomplete association. This shows the
value of directly genotyping the causal variant.

Knockout mouse models have demonstrated embryonic and preweaning lethality associated
with DDX] deficiency, underscoring its essential role. The identified variant results in a
Pro—Leu substitution within its SPRY domain, which mediates protein—protein interactions,
notably between DDX/] and DDX21, (Kellner and Meinhart, 2015). This complex plays a role
in type I interferon signaling (Zhang et al., 2011), suggesting that subtle alterations could impair
stress or immune responses during the calving period.

Mortality curves revealed a sharp increase in mortality around first calving for DDXI
homozygous carriers. One month after calving, mortality reached 17% in homozygotes,
compared to 3% for animals of both other genotypes. By five years of age, cumulative mortality
reached 40% in homozygotes versus 12% for both other genotypes. These results indicate
substantial economic losses, as affected heifers are reared through the unproductive period only
to be lost just before or shortly after entering production.



Morphological changes in DDX1 homozygotes, specifically smaller stature and narrower chest
width, increase the risk of feto-pelvic disproportion during the first calving. This physical
constraint, alongside a potentially weakened interferon-mediated immune response, leads to the
observed 17% mortality rate. Because affected heifers appear healthy throughout the rearing
period, their death at the onset of production results in a total loss of investment. Targeted

selection against the DDXI variant is necessary to mitigate these losses and improve herd
health.

Conclusion

This study demonstrates that HHED analysis effectively identifies cryptic recessive defects,
such as the five genomic regions discovered here, which standard analysis often overlook.
Characterization of the DDXI variant revealed severe peri-calving mortality and growth
retardation in homozygotes, while heterozygotes remain unaffected. Integrating these variants
into routine genotyping panels will enable proactive breeding management to eliminate at-risk
matings, together with reducing frequency directly improving herd longevity and production
efficiency.

Acknowledgement
This study is part of the WELCOW project funded by APIS-GENE (Paris, France)

References

Besnard, F., Guintard, A., Grohs, C., et al. 2024. Genome Biol 25, 248. https://doi.org/10.1186/s13059-024-
03384-7

Charlier, C., Coppieters, W., Rollin, F., ef al. 2008. Nat Genet 40, 449-454. https://doi.org/10.1038/ng.96

Dutheil, L., Gausseres, B., Besnard, F., et al. 2025. Veterinary Quarterly 45, 2566997.
https://doi.org/10.1080/01652176.2025.2566997

Goff, J.P., 2006. Journal of Dairy Science 89, 1292—1301. https://doi.org/10.3168/jds.S0022-0302(06)72197-X

Kellner, J.N., and Meinhart, A., 2015. Acta Crystallogr F Struct Biol Commun 71, 1176—1188.
https://doi.org/10.1107/S2053230X15013709

Zhang, Z., Kim, T., Bao, M., et al. 2011. Immunity 34, 866—878. https://doi.org/10.1016/j.immuni.2011.03.027



https://doi.org/10.1186/s13059-024-03384-7
https://doi.org/10.1186/s13059-024-03384-7
https://doi.org/10.1038/ng.96
https://doi.org/10.1080/01652176.2025.2566997
https://doi.org/10.3168/jds.S0022-0302(06)72197-X
https://doi.org/10.1107/S2053230X15013709
https://doi.org/10.1016/j.immuni.2011.03.027

