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Introduction

The intensive use of elite sires in modern dairy cattle breeding has significantly accelerated
genetic gain. However, it has also increased the risk of propagating deleterious recessive alleles
through common ancestry (Cole et al., 2025). Recessive lethal variants are particularly
impactful as they result in the loss of homozygous offspring during gestation or shortly after
birth, leading to substantial economic losses and reduced fertility rates (VanRaden et al., 2011).
Because these alleles are masked in heterozygous carriers, they can reach relatively high
frequencies within a population before being detected.

Several recessive lethal haplotypes are segregating in the Norwegian Red (NR) cattle
population. Today, the breeding programme includes routine genomic testing to monitor and
manage carrier status of these variants. These include a deletion on chromosome 12 (BTA12)
associated with fetal death and abortion (Olsen ef al. 2011; Kadri et al. 2014), the AH1/PIRM
syndrome (Venhoranta ef al. 2014), a deletion on BTA23 linked to stillbirth (Sahana et al.
2016), and the AH2 haplotype, which contributes to early embryonic loss (Null ef al. 2017).
Recent research in Nordic Red has further identified homozygous deficient regions overlapping
these known deletions, as well as a region corresponding to Brown Swiss haplotype 2 (BH2)
and a novel locus on BTA18 with a significant effect on non-return rates (Wu et al. 2020).
These findings underscore the importance of ongoing genomic surveillance in managing the
mutational load of commercial cattle populations.

In this study, we perform a comprehensive haplotype search in NR cattle following the
methodology of Jenko ef al. (2019), utilizing a large dataset of genotyped NR animals. Our
results confirm the presence of the well-known deletion on BTA12 and confirm the presence
of a recently discovered recessive lethal haplotype on BTAS associated with early embryonic
death. To characterize the BTAS8 haplotype (BTA8H), we utilize whole genome sequence for
fine mapping and insemination records for validation. These analyses identified a splice region
variant in the Polr3d gene as a strong candidate for the causative mutation. This finding
provides new insights into the genetic factors underlying reproductive failure in this breed.

Materials & Methods

We performed a genome wide search for recessive lethal inheritance using a dataset of 240,279
NR genotypes. These samples were imputed to 45,253 single nucleotide polymorphism (SNP)
sites using Flmpute 3.0 (Sargolzaei et al., 2014). To identify regions of homozygous
deficiency, a single SNP sliding window approach was applied to construct a comprehensive
haplotype library. Each haplotype in this library consisted of 20 consecutive SNPs. We
extracted these haplotypes and assessed the deviations between observed and expected
homozygous counts.

Statistical analysis. The expected number of homozygous individuals under the assumption
of Hardy Weinberg Equilibrium (Enwe) was calculated as: Env.=p>N, where p is the observed
haplotype frequency and N is total number of genotyped animals. Additionally, the expected
number of homozygous individuals based on the observed carrier frequency (E.) was
calculated as: E.~q*(N/4), where ¢ is the observed carrier frequency. To strengthen the
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evidence for lethality, these results were further evaluated with a pedigree-based test designed
to track the inheritance of the haplotypes from carrier parents to offspring. Using available
pedigree and genotype information, we identified matings between carrier parents (mq), as
well as matings between carrier sires and non-genotyped dams whose sire was identified as
carrier (mgmgs). The expected number of homozygous offspring from the pedigree (Epes) was
calculated as: Epeq=(msa/4)+(Msmgs/8).

For each haplotype we performed one-sided binomial tests of whether the observed number of
homozygotes was less than the expected (Epwe, Ec, and Epeq). A haplotype was considered
significant candidate for recessive lethality if the -logi10(p-value) was greater than 10 for all the
three tests. To ensure the independence of the identified signals, we required a minimum
distance of 50 SNPs between neighbouring significant regions. If multiple significant
haplotypes were found within this range, only the one with the lowest p-value was retained.

Validation and fine mapping. To validate the biological effect of the candidate haplotypes,
we analysed 4.8 million insemination records spanning the period from 2004 to 2022. The
impact on fertility was quantified by evaluating non-return rates (NVRR) at 35 (NRR35), 56
(NRR56), and 100 (NRRI100) days. This longitudinal validation approach allowed us to
determine the developmental timing of the lethal effect by observing the window in which
return to service occurred in carrier-to-carrier matings.

We performed fine mapping within the 3 Mb region surrounding the identified candidate
haplotype to search for potential lethal genes and candidate sequence variants. Genes in the
region were extracted from Ensembl Release 115 (Dyer et al., 2025) and mouse phenotypes
associated with the genes were retrieved from the Mouse Genome Database (Baldarelli et al.,
2024). Sequence variants from Run 8 of the 1000 Bulls (Hayes & Daetwyler, 2019) were
annotated using the Ensembl Variant Effect Predictor (VEP). For 320 Norwegian Red bulls in
Run 8 we computed the correlation between genotype calls and BTA8H carrier status for each
sequence variant in the region.

Results

The genome-wide search for recessive lethals identified four significant candidate haplotypes
located on chromosomes 1 (BTA1H), 8 (BTA8H), 12 (BTA12H), and 16 (BTA16H). Among
these, BTA8H and BTA12H exhibited the strongest evidence for lethal inheritance.

Table 1. Statistics for candidate recessive lethal haplotypes identified in Norwegian Red

Haplotype BTAIH BTASH BTA12H BTA16H
Haplotype frequency (%) 2.7 2.6 3.7 3.1
Observed homozygotes 13 0 5 75
Observed heterozygotes 1,320 12,644 17,737 14,947
Eve ! 177 166 328 237

E.! 176 166 327 232
Epea’ 83 77 147 154
-log1o(p-value)nwe 57.5 72.2 131.9 34.1
-logio(p-value). 57.2 72.3 131.7 32.7
-logio(p-value)ped 20.8 33.4 54.9 12.0

! Enve: expected homozygotes based on Hardy-Weinberg Equilibrium; E.: expected homozygotes based on carrier
frequency; E,.q: expected homozygotes based on pedigree information.

As shown in Table 1, BTA8H was characterized by a complete absence of homozygous
individuals in a population of 240,279 animals, despite an expectation of approximately 166
homozygotes based on both Hardy-Weinberg equilibrium and observed carrier frequencies.
This resulted in highly significant -logio(p-value) exceeding 70 for the population-based tests
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and 33 for the pedigree-based validation. While BTA12H also showed a severe deficiency of
homozygotes (5 observed versus 328 expected), BTA16H showed 75 homozygotes, suggesting
it may be a semi-lethal rather than lethal variant.

Validation using 4.8 million insemination records confirmed the reproductive impact for two
of these four haplotypes (Table 2). For BTA8H, matings between confirmed carriers resulted
in a significant reduction in NRR at all time points compared to non-carrier matings. The
NRR35 for BTA8H carrier matings was 0.702 compared to 0.755 for the non-carrier and for
NRR100, this dropped to 0.511 compared to 0.586 in the non-carrier. This cumulative decline
of 7.5% in NRR100 is consistent with early to mid-gestation embryonic loss. A similar effect
was observed for BTA12H, where NRR100 dropped to 0.523 in non-carrier matings.
Conversely, both BTATH and BTA16H showed no reduction in NRR for carrier matings,
which, combined with the higher number of observed homozygotes in Table 1, suggests these
two loci do not impact prenatal survival in the same manner.

Table 2: Number of inseminations (N) and non-return rates (NRR) at 35, 56, and 100 days for
candidate haplotypes by mating type

Haplotype Mating type N NRR35 NRR56 NRR100
BTAIH Non-carrier mating 4,231,187 0.754 0.653 0.586
Carrier mating 21,354 0.748 0.642 0.572
BTA8SH Non-carrier mating 4,081,764 0.755 0.653 0.586
Carrier mating 29,173 0.702 0.583 0.511
BTA12H  Non-carrier mating 3,583,775 0.756 0.656 0.589
Carrier mating 114,944 0.726 0.605 0.523
BTAI6H  Non-carrier mating 4,461,942 0.753 0.652 0.584
Carrier mating 7,909 0.766 0.673 0.605

Fine-mapping of BTA8H was done in the region 68.5-71.5Mb (reference ARS-UDC1.2). In
the Ensembl database this region contains 38 protein-coding genes and 18 RNA genes. Mouse
knockouts of four of the protein-coding genes Chmp7, Polr3d, Slc25a37, and Xpo7 are
embryonically lethal (Mouse Genome Database). The knockout of Polr3d in mice is early
embryonic lethal, while the other three confer lethality at later development stages. In Run 8
of 1000 Bulls this region contains 17,193 SNPs & indels with a MAF>0.01 among 320 NR
bulls and 32 of these variants have a high correlation (r>>0.95) to BTA8H carrier status.
Looking at these 32 variants in ~1500 public bulls in 1000 Bulls Run 8 we find that 17 of them
are rare (MAF<0.02) in other breeds than NR and are intergenic (10 variants) or intronic (6
variants) except for a single variant in the Polr3d gene. This variant, rs460084491, is a splice
region SNP (8:69562522 G>T) and stands out as a strong candidate causal mutation.

Discussion

The confirmation of a presence of recessive lethal haplotype on BTAS8 adds to the catalogue of
deleterious variants managed within the NR population, alongside well-characterized defects
such as the BTA12 deletion. The high frequency of these alleles, despite their lethal nature, is
often attributed to the historical use of popular sires and the masking effect in heterozygotes.
While the BTA12 defect is causing losses in the early and mid-gestation (Olsen et al., 2011),
our analysis of NRR35 to NRR100 suggests that the BTAS8 candidate primarily impacts early
gestation survival. This pattern of early embryonic loss is similar to the AH2 haplotype
identified in Ayrshire cattle (Null et al., 2017) and the HH2 haplotype found in Holsteins
(VanRaden et al., 2011), both of which result in significant reductions in conception rates due
to early pregnancy failure.



The identification of a candidate causative variant in Polr3d is of particular interest, as it targets
a core component of the transcriptional machinery. This gene is essential for RNA polymerase
IIT activity. RNA polymerase III is fundamental for the synthesis of transfer RNAs and other
small nuclear RNAs essential for cellular development and protein synthesis (White, 2011).
While many bovine lethals, such as Brachyspina, Arachnomelia syndrome, or CVM result in
complex physical syndromes and late-term abortions (Agerholm et al., 2007), disruptions in
core transcriptional machinery often result in the early embryo death observed in our NRR
data.

Interestingly, BTA1H and BTA16H did not follow the expected phenotypic profile of a lethal
recessive. Despite showing a deficiency of homozygotes according to the methodology of
Jenko et al. (2019), the observation of 13 and 75 homozygous individuals, respectively,
combined with the lack of a reduction in NRR, suggests these two loci may be semi-lethal or
potentially neutral variants or haplotype is imperfectly tagging the lethal mutation. This
underscores the necessity of combining homozygosity inheritance searches with large-scale
phenotypic validation from insemination records to avoid the misclassification of haplotypes.

Conclusions

This study confirms the presence of a recessive lethal haplotype on chromosome 8 in the
Norwegian Red cattle population. The total deficiency of homozygous individuals and the
corresponding decline in non-return rates provide robust evidence that this haplotype causes
early embryonic lethality. Fine-mapping efforts point to a candidate causative mutation within
the Polr3d gene. The genomic screening for this variant will enable more precise mate
allocation, allowing the breeding program to actively reduce the incidence of embryonic loss
and enhance the overall reproductive efficiency of the NR breed. Future studies should focus
on the functional validation of the Polr3d splice variant to confirm its molecular impact on the
developing embryo.
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