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Abstract

In many countries, single-step genomic models are replacing conventional pedigree-based models for
routine valuation. Those models use all available information on the animals’ phenotype, genotype, and
pedigree. Pedigree data still has a huge impact on estimated genomic breeding values (GEBV), and it is
also important to consider information about the structure of the pedigree. The foremost aspect of
pedigree editing is dealing with missing parents' information. The choice of method of handling missing
parents can affect the prediction of breeding values. This work investigates three scenarios of pedigree
data: 1) Pedigree real (P_Real) — pedigree from the routine evaluation, 2) Pedigree 2010 (P_2010) —
at least 20 and 10 percent of dams and sires born before 2019 were set randomly to missing, respectively,
3) Pedigree 4020 (P_4020) — at least 40 and 20 percent of dams and sires born before 2019 were set
randomly to missing, respectively. Moreover, for those pedigrees, three approaches to defining missing
parents were used: 1) Raw pedigree (RP) — missing parents IDs set to missing, 2) Genetic groups (GG)
— missing parents replaced by unrelated GG, which are defined based on year of birth, sex, and country
of origin, 3) Metafounders (MF) — missing parents replaced by MF, which correspond to genetic groups.
Relationships within and between metafounders were estimated from genomic information of
descendants. The genomic breeding values for fat yield were estimated using the single-step test-day
SNP-BLUP model, implemented by the MiXBLUP software. Although GEBV prediction was similar
across scenarios, expressing missing parents by GG or MF impacts the genetic trend, especially in
situations of limited pedigree completeness. Removing parent information led to reduced precision
results across the methods of handling missing parents, since P_Real scenario demonstrated highest
accuracy results. Compared to RP and GG, MF scenarios resulted in higher genetic trends. Insufficient
pedigree completeness, especially among ungenotyped individuals, leads to an overestimation of the
genetic trend. Completeness of pedigree information and a large number of genotyped individuals
improve the reliability of evaluations. Modeling missing sires with MFs is less effective than assuming
unrelated GGs if pedigree information is very incomplete. Therefore, the best method to model missing
parents depends on completeness of pedigree.

Key words: single-step models, genetic groups, metafounders, validation

Introduction genotype, and pedigree. Invariably, one of the
The single-step model becomes the standard main components in routine genomic evaluation
procedure of most national routine evaluations of dairy cattle is the structure of the pedigree
of dairy cattle (Legarra et al., 2014, Méntysaari (Bradford et al., 2019). To reduce the bias due
et al. 2017). The single-step model combines all to missing information in the pedigree, genetic
available  information, 1i.e., phenotype, groups are used to associate individuals with
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missing parents with different categories
(Westell et al., 1988, Legarra et al., 2007). An
alternative to genetic groups to deal with
missing information in the pedigree are the so-
called metafounders (Legarra et al., 2015).

In this study, we focused on a single-step
random regression SNP-BLUP test-day model
for fat yield in the Polish Holstein population.
The primary objective of this study is to
evaluate various methods for handling missing
parents and different levels of incompleteness
in the pedigree data based on validation results,
average GEBV trends, and GEBV comparisons.

Materials and Methods

This study is based on Polish national
evaluation data for fat yield from April 2024
(Table 1). Two phenotype files were analysed:
full data set— 63,615,019, and truncated data set
— 58,446,695 test-day records. A truncated data
set was created by removing the records for the
youngest individuals, i.e., the last 4 years from
the phenotype file. Genotypes that include
48,118  single-nucleotide =~ polymorphisms
(SNPs), were available for 113,019 cows and
68,972 bulls, that is 181,991 animals. The
pedigree was extracted up to the third
generation from animals with phenotypes and
genotypes, including 4,712,143
(4,569,044 cows and 143,099 bulls).

animals

Table 1: Number of test-day records, genotypes, and
animals in the analysed data sets for fat yield.

Data Sex Number of  Number of

animals records

Phenotype Cows 3,707,727 63,615,019

Full data set

58,446,695

Truncated

data set

Genotype Cows 113,019 181,991
Bulls 68,972

Pedigree Cows 4,569,044 4,712,143
Bulls 143,099
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To deal with missing parents we used three
approaches: 1) RP — raw pedigree with missing
parents IDs set to missing; 2) GG — genetic
groups with missing parents replaced by
unrelated genetic groups, which are defined
based on year of birth, country of origin and sex;
3) MF - metafounders with missing parents
replaced by metafounders, which can be
considered as genetic groups with relationships
estimated from genomic information of
descendants. Based on pedigree from routine
evaluation, the three approaches of different
pedigree completeness was used: 1) P_Real —
pedigree from routine evaluation, with ~ 5.6%
of missing sires and ~ 15.3% of missing dams;
2) P_2010 — minimum 20% of dams and 10%
of sires born before 2019 was set to missing
based on P_Real; 3) P 4020 — minimum of
40% of dams and 20% of sires born before 2019
was set to missing based on P_Real. Only the
parents' IDs were removed, as the manipulation
involved animals born before 2019; therefore,
the pedigree of the youngest validation animals
remains the same across scenarios.

For animals with missing parents in the
pedigree, the genetic groups were implemented
based on country of origin, year of birth, and
sex. Individuals born before 1961
removed from the pedigree data. Over 70% of
individuals included in the pedigree had both

WEre

parents. Each genetic group contained a
minimum of 20 animals. Group “-31” (Polish
males born between 2010-2019) had the largest
number of missing sires (1,002,069), whereas
group “-32” (Polish females born between
2010-2019) had the most missing dams
(174,954).The following single-step random
regression test-day SNP-BLUP model (Liu et
al., 2004; Liu et al., 2014) was applied:

y=Xh+W f+Vp+Vu+e,

where y is a vector of cows’ test day records for
fat yield from the first three lactations, A is a
vector of fixed effects of herd-test-day-parity-
milking frequency, f is a vector of fixed
lactation curve coefficients which was modelled
by the Wilmink function (Liu et al., 2004), p is
a vector of permanent environmental effects
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expressed as random regression coefficient
coefficients of the Legendre polynomials, u is a
random additive genetic effects also described
by the random regression coefficients of the
Legendre polynomials.

The GEBVtest method was used for
validation (Méntysaari et al., 2010). The full
and truncated data sets have been prepared for
validation. The full data set contains all
phenotypic data, while the truncated data set
includes all phenotypic data except for the last
4 years of data. Validation cows were defined
as cows whose records were removed for a
truncated data set; however, validation bulls
were defined as sires born between 2017 and
2019, and having more than 20 validation
daughters. The test was implemented separately
for validation cows and bulls, used the linear
regression:

GEBVf=b+ b GEBVp +e,

where GEBVT represents the vector of GEBVs
predicted based on the full data set, while
GEBVp represents GEBVs predicted based on
the truncated data set, by represents the
intercept, which indicates a systematic bias in
the model’s prediction, and b; represents the
regression slope, the dispersion of prediction
compared to actual results. The R coefficient is
one of the results of linear regression and serves
a measure of prediction accuracy, it indicates
the percentage of variance in the GEBVp
explained by GEBVT.

Validation results were computed for the
first three lactations, and the total genomically
enhanced breeding value (GEBV) defines as:

GEBVt=0.5GEBV,+0.3GEBV,+ 0.2GEBV;

where GEBV; is GEBV for the 1y lactation,
GEBV, is GEBV for the 2,4 lactation and
GEBV; is GEBYV for the 3,4 lactation.

Single-step genomic evaluations were
conducted using MiXBLUP 3.0 (Vandenplas et
al., 2022)

Results & Discussion

Validation results are reported for 482,810
validation cows and 562 validation bulls.
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Figures 1-3 show validation results for all
divided by method,
genotyping status. Figure 1 shows the by of the
dam and sire. We observed similar results for all
scenarios; the values are close to 0, which is
expected. Figure 2 shows the by value, which is

scenarios sex, and

similar for every scenario for validation cows,
with b; in the range of 0.96 (P_Real MF
ungenotyped) to 1.1 (P_2010 MF genotyped).
However, for validation bulls, all results are
similar, except for ungenotyped validation bulls
in the scenarios P_4020 and P_2010 for MF.
For these latter categories, we observed an
overestimation of by at 1.27 (P_2010) and 1.33
(P_4020). This may be due to a lack of pedigree
connection for ungenotyped bulls, due to a
higher percentage of incomplete pedigrees.
Figure 3 shows the R? ranging from 0.66 to
0.90 for every scenario. Lower values were
observed for ungenotyped validation cows;
however, for genotyped validation cows, R? is
more stable and similar across scenarios. For
ungenotyped validation bulls, we observed a
trend where R? increased from RP through GG
and MF. However, for genotyped validation
bulls, the R? value is similar for P_Real. In
contrast, for MF, the R? values for P_4020 and
P 2010 are lower than in other scenarios
involving missing parents.

Figure 4 compares full and truncated data
sets for validation bulls divided by scenarios
and genotyping status. In each case, the points
cluster together to form an extended cloud
centered on the diagonal; however, as parental
information is gradually eliminated, the cloud
dispersion becomes wider, especially for
ungenotyped individuals. The effect is slight
under P_Real, becomes evident in P_2010, and
reaches its peak in P_4020, when ungenotyped
validation bulls from the RP, GG, and MF
deviate the most from the diagonal. All of these
that information
protects the accuracy of prediction when the
incompleteness of pedigree is high: prediction

patterns  show genomic

for genotyped validation bulls remains strong
even when up to 40% of dams and 20% of sires
are set to unknown, whereas missing parental
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information links weaken the stability of GEBV
for ungenotyped validation bulls.

Figure 5 shows the average GEBV trend for all
scenarios divided by sex. Since 2000, the mean
GEBYV has increased gradually; however, after
2010, when genotyping became widely used in
Poland, the increase became more pronounced.
Compared to cows, bulls exhibit a steeper
trajectory, indicating that the sire pathway is
under more selection pressure. Both sexes show
the same scenario ranking, with MF producing
the highest averages, followed by GG and RP.
However, as pedigree completeness declines,
the gap between scenarios widens, underscoring
the fact that the way missing parents are handled
can significantly skew the perception of genetic
progress. It is crucial to handle incomplete

Validation Cows

pedigrees robustly to prevent overestimating or
underestimating the selection response.

Conclusions

The results demonstrate that the method used to
close pedigree gaps can significantly affect the
predictions of GEBV. Regardless of the
pedigree scenario used, the real pedigree
yielded the most reliable validation results.
However, for individuals without genotypes,
with pedigree
incompleteness introduced observable over-
dispersion; this effect was more pronounced for
sires than for dams and was most noticeable in
the MF group.

scenarios increased
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Figure 2. Slope (b:) for validation individuals divided by sex and method.
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Figure 3. Reliabilities (R?’ for validation individuals divided by sex and method.
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Figure 4. Comparison of GEBV for validation bulls across scenarios, divided by genotyped and ungenotyped
individuals.
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Figure 5. Average GEBV trend divided by sex and method.
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