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Abstract

The increasing level of inbreeding in dairy cattle populations can be a concern for researchers,
producers, and artificial insemination (AI) companies. High inbreeding levels can lead to the
accumulation of deleterious recessive variants, depression of the mean value of economically important
traits, and a reduction in available genetic diversity in the population. Advancements in reproductive
technologies and the integration of genomic information into genetic evaluations have contributed to
rising inbreeding levels. Given the global interest in inbreeding, there is a need to monitor inbreeding
trends and develop strategies to manage its adverse effects while ensuring continued genetic progress.
The objective of this study was to measure the current trends in genetic and genomic relationships among
Canadian Holstein cows and international Holstein bulls. Pedigree and genotype data were provided by
Lactanet Canada (Guelph, ON). Genotype information was available for 168,995 animals, for which a
pedigree of 616,258 animals was extracted. Among genotyped animals, 8,491 bulls were born between
2000 and 2023, and 131,139 cows were born between 2010 and 2024. The average pedigree
completeness index of all genotyped animals was greater than 99%, with a maximum pedigree depth of
30 generations. Genetic relationship values were estimated using pedigree data (R-value) and genomic
data (GR-value). R-value and GR-value represent the expected and realized percentage of shared DNA
between an animal and a defined reference population, respectively. This was done by iteratively tracing
back the gene contribution of an animal to the reference population. In this study, the reference
population was defined as currently active cows and heifers enrolled in milk recording without a
documented left-herd date on the latest test day in April 2024. Results show a yearly increase in
relationship within the reference and bull populations. The average genetic relationship between bulls
and the reference population ranged from 9.3% to 26.5% (R-value) and from 12.9% to 40.8% (GR-
value). Among bulls, those with United States registration codes had the highest relationship value with
active Canadian cows and heifers, with R-value and GR-value estimates of 20.8% and 30.4%,
respectively. Conversely, bulls registered in the Czech Republic had the lowest average relationship
values, with R-value and GR-value estimates of 17.1% and 24.3%, respectively. Selecting sires with
low average relationship values among defined reference populations as a mating strategy could reduce
or maintain inbreeding at acceptable levels while preserving genetic diversity.

Key words: Genetic relationship, inbreeding diversity, Holstein, dairy cattle

129


mailto:bmakanju@uoguelph.ca

INTERBULL BULLETIN NO. 61. 21-22 June 2025, Louisville, Kentucky, USA

Introduction

The availability of genotype information has
driven rapid advancements in breeding
programs across most intensive dairy producing
particularly following  the
implementation of genomic selection (Garcia-
Ruiz et al.,, 2016; Miglior et al., 2017).
Moreover, the international exchange of
genotypes among partner countries has been
reported to produce higher gains in reliability

countries,

estimates of breeding values for economically
important traits (Schenkel et al., 2009). These
exchanges contribute not only to the increase of
genetic progress, but also to greater genetic
relatedness of animals across and within
countries. This increased genetic connectedness
leads to rising levels of inbreeding within a
given population.

Increased inbreeding can reduce genetic
variation, which may limit the response to
selection, lower the mean value of
economically important traits, and promote the
accumulation of deleterious recessive alleles.
Ultimately, this can increase the frequency of
genetic defects and result in substantial
economic losses for producers. Therefore,
monitoring relatedness and inbreeding levels
within a population is important for sustainable
genetic progress. One approach to monitoring
genetic relatedness within a population is by
estimating genetic relationship values between
actively producing cows and currently available
sires. Genetic relationship values measure the
proportion of DNA an animal shares with a
predefined reference population and can be
estimated using either pedigree information (R-
values) or genomic data (GR-values).

As pedigree and genotype information
accumulates, genetic relationships among
animals in a population can be more accurately
estimated. These relationships depend on both
the number of descendants an animal
contributes to the active population and the
that
active

number of ancestors have many
the population.

Consequently, genetic relationships are bound

descendants in
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to change continuously as actively producing
animals are culled or lost from the population.
Increased availability and wuse of young
genomic sires can reduce the heavy reliance on
proven sires, which may subsequently lower the
average relationship values for proven sires. An
analogous way to capture this dynamic is
through the expected future inbreeding (EFI),
which is approximately half the average genetic
relationship between a sire and a random
sample of active cows. The objective of this
study was to assess the current average genetic
relationship trend between active foreign and
domestic sires and currently active Canadian
Holstein cows using both pedigree and genomic
information.

Materials and Methods

Data

Pedigree and genotype data were provided by
Lactanet Canada (Guelph, ON, Canada)
following the April 2024 evaluation release. In
addition, herdbook records for active milk-
recorded cows and heifers were provided. The
reference population used for analysis was
defined as active cows with a recorded test date
in April 2024, as well as heifers up to 30 months
of age that were registered in the herdbook and
had no recorded left-herd date.

In total, there were 616,258 animals in the
pedigree, which included all known ancestors
for the genotyped animals traced back 20
generations. The pedigree completeness index
(PCI) for all animals in the pedigree was
estimated going back five generations and only
animals with a PCI greater than or equal to 90%
were retained for further analyses.

Genotype data were available for a total of
146,698 animals linked to the pedigree. Of
these, 8,504 were bulls with birth year between
2000 to 2023 and 138,194 were active cows or
heifers that had not been culled from the herd
with birth year between 2010 to 2024. All
animals had genotypes on the S0K SNP panel
(Illumina Inc., San Diego, CA, USA). Quality
control was performed to retain autosomal SNP
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with a call rate greater than 95%, a minor allele
frequency (MAF) greater than 5%, and a
difference between expected and observed
heterozygosity less than 0.15 (Wiggans et al.,
2009). In addition, only genotyped animals with
a five generation PCI greater than or equal to
90% were included in the final dataset, resulting
in 8,491 bulls and 131,139 active cows and
heifers retained for further analyses.

Statistical analyses

Genetic relationship values between each
animal and the reference group were estimated
in accordance with the method developed by
Van Doormaal et al. (2003). This was then
modified to incorporate genomic information
for estimation of GR-values. The first step was
iterative  estimation of progeny gene
contribution of each animal to the reference
population for the sire and dam separately.

m m
Csi =Zl/2Cl, Cdi =Zl/2Cl
i=1 i=1

where C,; and Cy; are the i individual progeny
gene contribution to their sire and dam,
respectively, C; is the contribution of the i

€y

individual with an initial starting value of 1 for
all active animals and 0 for all other animals,
and m is the number of animals in the pedigree.

C; if S;=0andD; =0
0.75C; + 0.5C;; if S;#0andD; =0 @
0.75C; + 0.5Cy; ifS;=0andD; £ 0
0.75C; + 0.5Cy; + 0.5C;; if S;#0and D; =0

where R; is the total value of the i* individual
that reflect the genetic relationship to the
reference group, and S;and D; are the sire and
dam of the /" individual, respectively, and when
0 it indicates unknown parent. The R-value is
then defined as:

(3

R;
Rval; = o
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where Rval; is the percentage
relationship value of the i individual and 7 is
the total number of animals in the reference
group.

For

genetic

the genomic relationship values,
equation (1) was modified to use the realized
marker-by-marker similarity between progeny
and parent, instead of assuming the expected
value of 0.5 used for pedigree. In this case,
actual SNP genotypes were used to estimate the
proportion of identical-by-state (IBS) alleles
shared between parent and offspring.

Results & Discussion

The distribution of genotyped active cows and
heifers is presented in Table 1. Notably, 45.7%
of the reference population represents heifers
that have not calved. Including heifers in the
reference group is essential to represent the
expected future breeding population of active
females. Furthermore, approximately 7% of
cows were seven years of age or older,
suggesting that older animals tend to leave or
are culled from the herd. This dynamic turnover
contributes to ongoing changes in the genetic
relationship values estimated within the
population.

Among genotyped bulls, those under the age
of four accounted for 30.7% of the total
genotyped bulls (Figure 1). This attests to the
impact of genomic selection, which allows for
early selection of bulls rather than the expected
five years for progeny proven time (Schaeffer,
2006). This could contribute to diversification
of the pool of available bulls and influence the
estimated genetic relationship values within the
population.
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Table 1: Age distribution of the reference group as
of April 2024.

Age (year)  Number of Percentage of
active cows and  total
heifers

<1 3,394 2.6%

1 28,073 21.4%

2 28,499 21.7%

3 23,775 18.1%

4 18,264 13.9%

5 12,620 9.6%

6 7,947 6.1%

7 4,155 3.2%

8 2,169 1.7%

9 1,214 0.9%

10 527 0.4%

>10 502 0.4%

The average annual genetic relationship per
year (Figure 2) trend showed a steady increase
over time, mirroring the pattern observed in the
estimated increase in pedigree inbreeding
reported by Van Doormaal (2024). Although,
genomic relationship values were
approximately 1.5 times higher than the
pedigree relationship values, both increased in
parallel from 1990 to 2024. Specifically, R-
values increased from 14.6% in 2010 to 21.4%
in 2024, while GR-values rose from 20.7% to

31.3% over the same period (Table 2).

800
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Birth year
Figure 1. Distribution of the number of genotyped
sires across birth year from 2000 to 2023.
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Increase in both genomic and pedigree
relationships suggest a concurrent increase in
inbreeding levels within the population over
time. Based on the estimated genetic
relationships, the expected pedigree future
inbreeding (EFI) and genomic future inbreeding
(GFI) was estimated as half the R-values and
GR-values, respectively. The EFI increased
from 7.0% in 2010 to 10.6% in 2024, while GFI
increased from 9.9% to 15.5%. These estimates
aligned with the estimated pedigree inbreeding
coefficients for the corresponding period and
ranged from 6.6% to 11.1%.
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Figure 2. Annual average genetic relationship values
per year based on pedigree and genomic information
from 1990 to 2024. Blue line with triangles and red
line with circles are pedigree and genomic
relationship values, respectively.

Additionally, the observed correlations for
pedigree inbreeding coefficients (Fped) with R-
values and GR-values were moderately high at
0.77 and 0.76, respectively (Table 3). These
findings suggest that genetic relationship
measures can serve as a sufficient proxy of
inbreeding levels and can be effectively used to
inform mating strategies and selection decisions
with the consideration of reducing inbreeding
within the population.
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Table 2: Average pedigree and genomic
relationship values, pedigree and genomic future
inbreeding estimated from relationship values and
inbreeding coefficients across birth year from 2010
to 2024.

Birth R-value GR- EFI GFI Fped
Year (%) value (%) (%) (%)
(%)
2010 14.6 207 7.0 9.9 6.6
2011 152 214 73 10.3 6.8
2012 15.6 22.1 7.6 10.7 7.1
2013 16.3 23.1 7.8 11.0 74
2014 16.7 23.8 8.1 11.6 7.5
2015 177 254 84 119 78
2016 18.2 262 89 12.7 8.1
2017 189 27.3 9.1 13.1 8.6
2018 19.3 280 95 13.7 838
2019 19.8 288 9.7 140 93
2020 20.3 29.6 99 144 97
2021 20.6 30.0 10.1 14.8 10.1
2022 21.0 30.6 10.3 15.0 10.4
2023 21.2 30.9 10.5 15.3 10.8
2024 214 31.3 10.6 15.5 11.1

This analysis identified the degree of
relationship between each countries’ bulls and
the active Canadian cows and heifers. Results
showed that bulls registered to the United
States, Belgium, and the Netherlands had the
highest average genetic relationship with the
Canadian reference population, with R-values
0f20.8%, 20.7%, and 20.2% and corresponding
GR-values of 30.4%, 30.1%, and 29.3%,
respectively (Table 4).

Table 3: Correlation coefficients between pedigree
and genomic relationship values and pedigree
inbreeding.

R-value  GR-value Fped
R-value 1
GR-value 0.99 1
Fped 0.77 0.76 1

These findings indicate frequent exchange
of genetic materials between these countries
and Canada. In contrast, two decades ago, bulls
from Spain (11.4%), Japan (9.4%), and Italy
(9.4%) had the highest R-values with active
Canadian cows in 2004, which may indicate a
shift in bull selection (Van Doormaal et al.,
2005). in 2004, the average
Canadian bull R-values with active Canadian

Moreover,

cows was estimated to be 11.7% and currently
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in 2024 it has increased to 19.4%, indicating an

increase in genetic relatedness and, by
extension, inbreeding. Additionally, a wider
range of R-values (4.2% to 11.4.%) was
observed between international bulls and active
Canadian cows in 2004, which had substantially
narrowed by 2024 (17.1% to 20.8%). This
pattern indicates that the Holstein breed across
countries has become increasingly similar over
time, which is likely due to the frequent
international exchange of genomic material and

the widespread adoption of genomic selection.

Table 4: Properties of countries with genotype bulls
that are connected with the active Canadian cows
and heifers.

Country Number Number R- GR- EFI GFI

of Bulls of value value (%) (%)

Daughters (%) (%)

CAN 3,022 50,107 194 281 97 140
AUS 14 902 9.1 273 96 137
BEL 10 8 20.7 30.1 103 15.1
CHE 50 361 20.0  29.1 10.0 14.6
CZE 10 0 17.1 243 85 122
DEU 121 461 196 284 98 14.2
DNK 21 57 175 253 88 126
ESP 5 50 194 280 9.7 14.0
FRA 82 108 19.1 27.7 9.6 13.9
GBR 49 415 194 279 97 139
HUN 19 3 174 249 87 124
ITA 111 571 19.0 275 9.5 13.7
NLD 225 3,944 202 293 10.1 147
USA 4,745 57,120 20.8 30.4 104 152

The average genetic relationship values
varied across bulls, ranging from approximately
10% to 25% for R-values and 14% to 36% for
GR-values (Figure 3). This variation highlights
the opportunity for strategic selection of bulls
that are less related to the reference population
to manage and minimize inbreeding levels.
Additionally, Al companies can support this
effort by diversifying bull selection pools and
offering sires that are less genetically related to
specific herds or producers. Figure 4 presents
the genetic relationship values of the top 100
lifetime performance index (LPI) bulls, with R-
values ranging from 19% to 25% and GR-
values from 28% to 36%, reflecting a
considerable genetic contribution to the
population. This is expected because bulls with
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high LPI tend to have more daughters and
shared ancestry, which ultimately increases
their genetic relationship with the active cow
and heifer population.
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Figure 3. Distribution of relationship values of genotyped bulls with the active cows and heifers in the Canadian
Holstein population using pedigree and genomic information.
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Figure 4. Distribution of relationship values for the top 100 LPI bulls in April 2024 with the active cows and
heifers in the Canadian Holstein population using pedigree and genomic information.
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Conclusions

Genetic  relationships ~ within ~ Canadian
Holsteins have steadily increased over time,
corresponding with the observed rise in
Additionally, genetic
relationships between international bulls and

and heifers have

inbreeding levels.
active Canadian cows
increased, with differences between countries
narrowed. The United States remains the major
contributor of bulls to the active Canadian
population. Among available bulls, variation
exists in the genetic relationships with the active
cows and heifers. This variation affords the
opportunity to select less related bulls that could
help manage and minimize inbreeding at the
population level without trading-off the desired
genetic gain. Finally, preventing the continued
rise in inbreeding will require collaborative
efforts from academia, Al companies, and
producers.
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