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Introduction 

Single-step GBLUP evaluations combine phenotypic records, pedigree and genotypes to 

predict genomically enhanced breeding values (GEBVs; Aguilar et al.  2010; Christensen and 

Lund, 2010). Whereas known parents is often a requirement for animals to be included in a 

pedigree-based BLUP evaluation (Westell et al., 1988), single-step evaluations would allow 

inclusion of genotyped animals with unknown parents. 

Genotypes for females with unknown parents are at present not included in the Polish national 

genetic evaluation (Centre for genetics, 2026). However, once available, GEBV of such 

females could unveil their potential as production animal or for breeding in the herd to produce 

recruitment heifers. 

As the properties of GEBV for such animals are not well documented, the aim of this study 

was to investigate the effect of missing parent information by masking pedigree for a subset of 

genotyped animals, predicting GEBV using the masked pedigree and compare with GEBV 

predicted using the complete pedigree. 

 

Materials & Methods 

Data. After edits, data comprised 77.6 million test-day milk yield records for 4.2 million cows 

with a first calving between 1995 and 2024. These cows had on average 2.1 lactation, and 9.1 

test-day records per lactation. Edits were applied to ensure that outliers were removed, that all 

cows had test-day records from first parity, that test-day records were in contemporary groups 

(herd – test-day) with minimum size of three, and that contemporary groups without any 

phenotypic variation were discarded. Heterogeneous variances of test-day observations were 

adjusted for through a simple phenotypic adjustment procedure using herd – year as stratum 

definition, according to the EuroGenomics Golden Standards for production traits 

(EuroGenomics, 2022). De-regressed MACE breeding values for 151 thousand bulls were 

included. 

Pedigree was traced for three generations and comprised 5.9 million animals. Unknown parents 

were assigned to unknown parent groups (n=212) constructed based on country of origin, birth 

year and selection path. The largest and smallest group contained 42 and 176,947 animals, 

respectively. The number of pseudorecords per UPG (Legarra & Aguilar, 2025) ranged 

between 21 and 672,714. 

Genotypes were available for 238,754 animals and 40,681 markers. Of these, 32,731 genotypes 

were for bulls with a de-regressed MACE breeding value, 9,981 of which also had daughters 

with test-day observations. In addition, there were 75,966 genotyped cows with test-day 

observations. 
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Genetic evaluation. The model for evaluation was a single-trait multi-lactation random 

regression test-day model with lactations included as separate traits. The model included fixed 

effects of herd-test-day, herd-year of calving, and age-season of calving, and random genetic 

and permanent environment effects fitted with fourth order Legendre polynomials. Unknown 

parent groups were also fitted, as random effects and using the altered QP model approach 

(Masuda et al., 2022). De-regressed MACE breeding values were included as pseudo-

phenotypes for bulls, with weights that reflect the amount of extra information in the MACE 

de-regressed breeding values, following Bonifazi et al. (2023) and Eding (2024). 

Single-step evaluations were carried out using the blupf90+ suite of programs, applying the 

APY algorithm (Lourenco et al., 2020). The BLUP90IOD3 program was used to solve the 

mixed models and the program ACCF90GS3 to approximate reliabilities including genomic 

information. The core for the APY consisted of 18 thousand animals; this size is related to the 

number of independent chromosome segments in Holstein cattle and this number of core 

animals allowed to capture 99% of genetic variation in simulated populations with effective 

population size (Ne) up to 200 (Pocrnic et al., 2016). 

The list of the core animals was created prioritizing animals from the reference population 

common across seven different trait groups in the Polish national evaluation. This list was then 

supplemented with a selection of the most popular AI bulls. 

Breeding values for random regression coefficients were used to calculate breeding values for 

lactation (305-day) yield, which were subsequently combined into one milk yield breeding 

value per animal (with weights 0.3, 0.25, 0.45 on lactation 1, 2 and 3, respectively). 

Reliabilities were obtained by calculating reliabilities for random regression model without 

genomic evaluation (Bermann et al., 2024) for the weighted lactation yield index and 

combining those with genomic information following Bermann et al. (2022). 

 

Experimental setup. Either 10% or 40% of genotyped Polish females without offspring were 

chosen to have their pedigree masked, resulting in 9,509 and 38,036 animals with masked 

pedigree. Masking was done in three different ways: mask the male parent, mask the female 

parent and mask both parents. Masked parents were assigned to unknown parent groups. For 

each level of masking, three sets of GEBVs were calculated using the masked pedigree and 

these were compared with GEBVs calculated using the original pedigree (without masking). 

GEBVs for masked and non-masked animals were examined, correlations, means and standard 

deviations were calculated. 

 

Results 
Correlations between GEBVs for animals with masked pedigree where high (≥ 0.99). GEBVs 

were lower when pedigree was masked, and the mean difference between breeding values with 

complete and masked pedigree ranged between 24 kg and 80 kg milk (relative to a genetic 

standard deviation of 855 kg) and was larger with 40% masking compared to 10% masking 

(Table 1). Interestingly, GEBV differences were on average larger when one parent was 

masked than when both parents were masked. Breeding values for non-masked animals were 

virtually unaffected. 
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Table 1. Mean and SD of difference between GEBV from masked pedigree and complete 

pedigree and percentage females with small change, for two levels of masking (10% and 40%) 

and masking sire, dam or both parents. 

Masked 

parent 

10% masking  40% masking 

Mean (kg) SD (kg) %small 

change1 

 Mean (kg) SD (kg) %small 

change1 

Sire -40 41 55%  -75 59 28% 

Dam -40 43 52%  -79 63 26% 

Both -24 52 60%  -47 66 41% 
1  Percent of masked females with EBV difference smaller than 45 kg, 45 being 10% of the SD of GEBV for 

cows in the base population. 

 

Reliabilities were lower when one or both parents were masked, more so for 40% masking 

compared to 10% masking, albeit the change was relatively small (Figure 1). The decrease was 

largest when both parents were masked and smallest when only the dam was masked. 

Reliabilities using the original pedigree (without masking) were on average 0.85. Reliabilities 

for non-masked animals were almost unaffected. 

 

  
Figure 1. Boxplot of difference between reliability of GEBV from masked pedigree and 

complete pedigree, for two levels of masking (10% and 40%) and masking sire, dam or both 

parents. 

 

Discussion 

Inclusion of genotypes of animals with one or both parents unknown did not seem to have 

harmful effects on breeding values for other animals. For animals with one or both parents 

unknown, the breeding values were on average lower when those parents were assigned to 

unknown parent groups. This suggests that absence of known parents does not seem to give a 

too optimistic estimate of the genetic potential of these animals if included in the genomic 

evaluation. The relatively small differences also indicate that no dramatic changes are too be 

expected once the parents can be assigned and included in the genomic evaluation. 

Breeding values of females with masked parents were more dependent on solutions for 

unknown parent groups as masked parents were assigned to unknown parent groups. The 

construction of unknown parent groups was the same independent of masking, and another 

grouping strategy might affect the change in breeding values for animals with one or both 
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parents unknown. Nevertheless, the masked parents were assigned to large unknown parent 

groups and the solutions for these groups were unaffected by masking (result not shown).  

Masking the sire had larger impact on reliability than masking the dam, which was expected 

as reliabilities of sires are typically higher than for dams in dairy cattle breeding schemes. The 

largest reduction in reliability occurred when both parents were masked, as expected. The 

change in reliability was nevertheless small on average as most of the information to calculate 

breeding values stems from genotypes. Interestingly, the pattern of change of GEBVs was not 

the same as the pattern in change of reliability, with the smallest average change in GEBV 

when both parents were masked. The SD of GEBV change was however largest. 

Only parents of Polish females were masked in the experimental setup. Lack of complete 

parentage information is most common for this category of animals and together with their 

potential for production or breeding formed the motivation for this setup. These females can 

be interesting, especially when genotyped, as a high genomic breeding value would indicate 

their suitability as production animal or for the herd breeding program to produce replacement 

heifers. Early publication of a genomic breeding value, before the correct parents can be 

assigned, would thus allow for an early decision whether to keep the female.  

The results of a genomic test for an animal without one or both parents unknown offers the 

possibility for parentage discovery. Successful parentage discovery requires that the parents 

have been genotyped as well, a condition that is not always met. In such cases, the possibility 

to detect more distant ancestors, maternal grandsire for example, exists (Nani et al., 2020). 

 

Conclusions 

Inclusion of genotyped animals without pedigree in a single-step GBLUP evaluation resulted 

in slightly conservative GEBVs but did not affect GEBVs of other animals. Reliabilities for 

genotyped animals were dominated by the genomic information, and reduced only slightly 

when one or both parents were missing. 
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