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Introduction

Genomic selection has become an integral component of dairy cattle breeding programmes
worldwide, enabling more accurate and earlier estimation of breeding values compared with
traditional pedigree- and phenotype-based approaches. In the United Kingdom (UK), national
dairy genetic evaluations currently rely on a two-step genomic evaluation. In this framework,
conventional estimated breeding values (EBV) are first obtained using pedigree and
phenotypes alone, followed by a genomic prediction step. While this approach has proven
robust and operationally feasible, with recent advances in computational feasibility and
growing interest in across-breed genomic evaluations for dairy herds, there is a compelling
need to adopt a single-step across-breed genomic evaluation approach within the UK dairy
industry.

Single-step, which integrates pedigree, phenotypic, and genomic information simultaneously
within a unified mixed model framework, offers several theoretical and practical advantages
over two-step procedures. These include improved consistency between genomic and non-
genomic evaluations, better handling of preselection bias, improved prediction accuracy, and,
consequently, accelerating genetic progress (Legarra ef al., 2014). Despite these advantages,
implementation of single-step evaluations at national scale presents some challenges,
particularly in relation to the estimation of genomic reliabilities. Direct computation of
genomic reliabilities in a single-step framework is computationally intensive, especially for
large-scale weekly evaluations involving hundreds of thousands to millions of genotyped
animals, as is the case in the UK dairy population. Recent guidelines from the ‘Interbull
working group on genomic reliability calculation (2024)’ provides a practical approach to
calculate genomic reliabilities using genomic effective daughter contribution (EDC) gain.

The objective of this study was to test and implement a computationally efficient approach for
approximating genomic reliabilities in a single-step framework for the UK dairy industry.
Specifically, we aimed to estimate genomic EDC gains for fertility traits following Interbull
guidelines to enable efficient routine implementation of genomic reliabilities within single-step
national evaluations. Two fertility traits of major economic importance, calving interval (CI)
and non-return rate at 56 days (NR56), were used as case studies.

Materials & Methods

Data. Two fertility traits were analysed in this study: calving interval and non-return rate at 56
days. Calving interval is defined as the number of days between consecutive calvings. Non-
return rate at 56 days measures the proportion of cows that do not return to service within 56
days after first insemination. A total of 4,725,264 phenotypic records were available for CI,
while 5,330,364 records were available for NR56. These records originated from the official
UK national dairy evaluations conducted in August 2025.

In addition to domestic phenotypic data, de-regressed proofs (DRP) were included for bulls to
incorporate foreign information for international sires with progeny in multiple countries.
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These foreign data were obtained from the August 2025 Interbull Multiple Across Country
Evaluations (MACE). In total, 145,950 and 112,875 de-regressed proofs were included for CI
and NR56, respectively.

Genotypic data was available for 881,402 animals for different dairy breeds and their crosses.
All genotypes were imputed to a common panel of 79,051 single nucleotide polymorphisms
(SNPs) using findhap.f90 software (version 3; VanRaden et al. 2013). This reference
imputation panel was derived by USDA (Al-Khudhair et al., 2021). The pedigree file,
generated based on five generations, comprises a total of 9,538,578 animals.

Analyses. To include MACE proofs with proper adjustments to avoid double counting of
domestic data, first, effective record contribution (ERC) was derived from the pedigree
reliability ~ of  the animal  (ERC=Ax(reliability/(1-reliability)); = where  A=(1-
heritability)/heritability). In the second step, the de-regressed proofs were calculated as follow:
ERC
DRP = PA + (EBV — PA) X ERC — ERC,.,
where PA is the parent average (VanRaden et al. 2009; Calus et al, 2016). To avoid double
counting of the national data (NAT) of bulls with UK daughters from Interbull (international,
INT) proofs, DRP were blended following Bonifazi et al. (2023):
DRP* = (dERCINT ) DRPINT) - (dERCNAT ’ DRPNAT)

dERC;yt — dERCyar

where dERC= ERC-ERCpa. These de-regressed proofs were used as pseudo-records with the
corresponding ERC as weights in the model. All associated fixed and random effects of this
model were implemented following Wall et al. (2003). Analyses were performed using MiX99
V25.0929 software (Strandén et al., 2017) with a single-step SNP-BLUP (ssSNPBLUP) model.
A residual polygenic effect accounting for 10% of the total additive genetic variance was
included to capture genetic variation not explained by the SNPs.

Pedigree-based reliabilities (Rell®?) were estimated using APAX software (version 25.0929)
following Jamrozik ef al. (2000). EDC were also estimated using APAX and were adjusted for
bulls with genotyped daughters to avoid double counting (Liu et al. 2024). Direct genomic
reliabilities (RelP"¢e™) for genotyped animals were computed using the SNP_ BLUP_REL
program (version 0.990; Ben Zaabza et al. 2020).

The theoretical genomic EDC gain for each genotyped animal (i) can be calculated as follow:
ReliDirGen RellPed
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An adjustment factor (f) derived from full vs reduced validation runs is still needed to avoid
any overestimation or underestimation of genomic reliabilities (Liu et al. 2024). A reduced
run was implemented with the validation group defined as bulls born after 2018. In the reduced
analysis, the phenotypes or DRP in the case of MACE bulls, were removed for cows born after
2020, and bulls born after 2018. The EDC adjustment factor is calculated as the ratio between
EDC of expected average genomic reliability and the average of the theoretical EDC for all the
validation bulls from the reduced run as described by Liu et al. (2024). With the adjustment

factor considered, the genomic EDC gain becomes:
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The average of the adjusted genomic EDC gain for the validation bulls can then be calculated
as:
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where n is the number of genotyped bulls. Which ultimately can be used to estimate the final
genomic reliability of genotyped animals for the routine evaluation using only pedigree

reliabilities and without the need to calculate direct genomic ones as:
Total
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Results & Discussion

This study aimed to approximate genomic reliabilities within a single-step genomic evaluation
framework while maintaining computational feasibility for routine evaluations. Direct
estimation of genomic reliabilities is computationally intensive, particularly for weekly
national evaluations that involve hundreds of thousands to millions of genotyped animals, as
is the case in the UK dairy industry. Therefore, the objective of this study was to estimate
average genomic effective daughter contribution (EDC) gains, following the Interbull Working
Group guidelines (2024), that can be used to derive genomic reliabilities in a computationally
efficient and timely manner.

Table 1 summarizes the results for validation bulls across breeds. Only bulls with a minimum
pedigree reliability of 0.30 in the full run were considered informative when comparing full
and reduced evaluations. The average pedigree reliability of validation bulls ranged from 0.12
to 0.19 in the reduced run and from 0.35 to 0.53 in the full run. In contrast, average direct
genomic reliabilities ranged from 0.55 to 0.77 in the reduced run and from 0.78 to 0.90 in the
full run. For both fertility traits, direct genomic reliabilities were consistently higher than
pedigree-based reliabilities as expected. Among breeds, Holstein bulls exhibited the highest
genomic reliabilities, which is attributable to the larger population size and more extensive
genomic reference population compared with other breeds. In fact, the high theoretical genomic
reliabilities for young candidates (when the reference population is large) and the reduced
variation of the theoretical genomic reliabilities among the genotyped candidates are the main
motivation for the efficacy and robustness of this approach as discussed by Liu et al. (2024).
On the other hand, Holsteins also showed the lowest adjustment factors, suggesting an
overestimation of genomic reliabilities. The adjustment factor, which quantifies whether
genomic reliabilities from the reduced run are over- or underestimated, ranged from 0.71 to
1.27 across breeds and traits. Values below unity indicate overestimation, whereas values
above unity indicate underestimation. This factor is therefore particularly useful for correcting
inflated genomic reliabilities and for deriving adjusted genomic EDC gains.

It should be noted that this approach offers substantial computational advantages. For the
dataset analysed in this study, the direct calculation of genomic reliabilities required
approximately 7.5 hours per trait, making routine weekly implementation impractical. In
contrast, the computation of pedigree reliabilities, required less than 10 minutes, even for very
large datasets. The analyses were done on a dual-socket Windows server equipped with two
Intel Xeon Platinum 8562Y+ processors with a total of 36 physical cores, 72 logical threads
and 1 TB of RAM. This efficiency arises from integrating rapidly computed pedigree
reliabilities (which account for variation in pedigree) while applying a fixed average genomic
EDC gain, thereby enabling timely delivery of results to industry stakeholders. Average
genomic EDC gains is a kind of a population parameter and depends on population structure,
genotyping strategies, and reference population size. Note that for example, despite Holstein
having the lowest adjustment factor, it had the highest average genomic EDC gain. Thus, it is
recommended to be updated annually or biannually to reflect gradual changes.



Table 1. Average genomic effective daughter contribution (EDC) gain for calving interval (CI)
and non-return rate at 56 days (NR56).

Trait  Breed Vall\iI;ila(t)it;)n Adjustmen  Average G.en.2 Average Ped.? Average Average Direct ~ Average Direct
bulls t factor (f) EDC gain Rel.*[*] Ped. Rel. [] Gen. Rel. [?] Gen. Rel. [?]

HOL’ 41,775 0.798 201.300 0.348 0.178 0.900 0.774
CI JER 666 1.077 137.233 0.393 0.164 0.828 0.707
GUE 15 0.897 98.956 0.362 0.177 0.810 0.674
AYR 104 1.195 107.814 0.494 0.134 0.784 0.566
HOL 31,226 0.798 307.707 0.347 0.189 0.887 0.766
NR5 JER 420 1.017 207.421 0.395 0.167 0.815 0.701
6 GUE 11 0.708 120.197 0.359 0.164 0.796 0.657
AYR 82 1.230 194.073 0.529 0.121 0.787 0.551

! Number; 2 Genomic; * Pedigree; # Reliability; ° Full run. °Reduced run. ”HOL: Holstein; JER: Jersey; GUE:
Guernsey; AYR: Ayrshire.

Conclusions

This study presents a practical and computationally efficient strategy for approximating
genomic reliabilities in single-step evaluations for the UK dairy industry. By estimating and
adjusting genomic EDC gains in accordance with Interbull guidelines and combining them
with rapidly computed pedigree reliabilities, it is possible to obtain genomic reliabilities
suitable for routine national evaluations even in very large populations. Overall, this work
supports the broader adoption of single-step genomic evaluations and contributes to the
development of computationally practical reliability estimation methods for dairy cattle
breeding programmes.
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