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ABSTRACT

Genealogical information is an essential tool for
carrying out any genetic improvement program. The
objective of this study was to determine the accuracy of
pedigree information in the Mexican registered Holstein
population using genomic data available in Mexico and
for the US Holstein population. The study included
7,508 animals (158 sires and 7,350 cows) that were born
from 2002 through 2014, registered with Holstein de
México, and genotyped with single nucleotide polymor-
phism arrays of different densities. Parentage could not
be validated for 17% of sires of cows and 12% of sires
of bulls. Most (79%) of the dams of cows and the dams
of bulls had no genotype available and could not be
validated. A parentage test was possible for only 6,104
sires of cows, 139 sires of bulls, 1,519 dams of cows,
and 33 dams of bulls. Of the animals with a parentage
test, parent assignment was confirmed for 89% of sires
of cows, 92% of dams of cows, 95% of sires of bulls, and
97% of dams of bulls. Parent discovery was possible
for some animals without confirmed parents: 17% for
sires of cows, 2.5% for dams of cows, 43% for sires of
bulls, and 0% for dams of bulls. Of the 7,795 progeny
tests, 777 had parent conflicts, which is an error rate
of 9.97% for parental recording in the population, a
rate that is similar to those recently reported for other
populations. True parents for some progeny conflicts
(15%) were discovered for the Mexican population,
and the remaining parents were assigned as unknown.
Expected effects of misidentification on rate of genetic
gain could be decreased by half if genealogical errors
were decreased to 5%. This study indicates that geno-
typing and genealogy recovery may help in increasing
rates of genetic improvement in the Mexican registered
Holstein population.
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INTRODUCTION

Genealogical information is an essential tool for car-
rying out any genetic breeding program. Its accuracy
and completeness influence the reliability of EBV as
well as the estimation and control of inbreeding rates
(Israel and Weller, 2000; Harder et al., 2005; Heaton
et al., 2014) and genetic standard deviation (Banos et
al., 2001).

Different methodologies have been used for parentage
verification of cattle since its start in the 1960s. Ini-
tially, blood typing was used throughout the world as
a regular part of cattle breeding programs (Stormont,
1967). Although this method was effective for progeny
exclusion (approximately 96%; Rendel, 1958), it was not
easy to apply because of the complexity associated with
handling of blood samples; blood parentage testing was
only possible with fresh blood, which required special-
ized assistance and made the test expensive. Addition-
ally, retrospective analysis was not possible (Bowling,
2001). In the early 1990s, short tandem repeats of DNA
known as microsatellites began being used for parent-
age verification (Usha et al., 1995); their success was
based on their high degree of polymorphism, which
made them useful for paternity testing (Eggleston-
Stott et al., 1997) with high accuracy (~99%) when
a set of microsatellites was used (Usha et al., 1995).
Blood typing and microsatellites worked for parentage
exclusion, but validation or discovery of ancestry was
not possible (Usha et al., 1995; Bowling, 2001). More
recently, a different type of DNA marker known as SNP
has been adopted; SNP are highly attractive because
they are abundant, genetically stable, and amenable
to high-throughput automated analysis (Heaton et
al., 2002). In cattle, a set of approximately 100 SNP
is used for parentage verification with an accuracy of
>99%. However, the usefulness of a particular set of
parentage SNP varies by breed depending on the minor
allele frequency of each SNP and context sequences, as
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these intrinsic molecular properties affect SNP testing
(Heaton et al., 2014).

Single nucleotide polymorphisms are not exclusively
used for parentage verification. For genomic selection
they are also used as a third source of information in
genetic improvement programs in different species.
In Mexico, pedigree accuracy needed to be evaluated
for the genomic selection program that was initiated
in 2012. Because the Mexican Holstein population is
largely derived genetically from US and Canadian Hol-
stein populations (Garcia-Ruiz et al., 2015), genomic
data from US Holstein cattle have been used for the
Mexican Holstein parentage verification program. The
objective of our study was to determine the accuracy of
pedigree information from the Mexican Holstein popu-
lation using genomic data available for Mexican and US
Holstein populations.

MATERIALS AND METHODS

The parentage testing program included 7,508 animals
registered with Holstein de México, AC (Querétaro,
México); the 158 sires and 7,350 cows were born from
2002 through 2014 and genotyped with SNP arrays of
different densities (Table 1). Genotypes were used after
quality control analysis with parameters established for
the US dairy cattle population (Wiggans et al., 2011),
which excluded genotypes with a call rate of <90%
and a departure from Hardy-Weinberg equilibrium.
Procedures used to assess and discover parent-progeny
relationships were those used for the US population
(Wiggans et al., 2010). All SNP in common between
parent and progeny were compared. An imputed geno-
type was used for the dam if she had not been geno-
typed but had sufficient genotyped progeny. Opposite
homozygous alleles between parent and progeny were
designated as a SNP conflict. A heterozygous progeny
with both parents homozygous for the same allele also
was designated as a SNP conflict. The threshold for
declaring a parent-progeny conflict was when 0.47% of
the SNP in common were conflicts.

Table 1. Percentage of genotyped animals in the Mexican Holstein
population that were included in parentage testing by chip density
and animal sex

Chip density (no. of SNP) Female Male
200 33.76 0.00
9,000 6.22 0.00
29,000 20.40 0.46
50,000 9.12 0.35
77,000 23.01 1.29
150,000 3.93 0.03
777,000 1.43 0.00
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Mexican and US Holstein ancestor genotype data-
bases were used for parentage testing and discovery.
Results were classified as confirmed, conflict, or not
testable. The not testable class included animals with
no genotyped ancestors. The conflict class included
animals for which the reported dam or sire was not
correct, although parent discovery was possible later for
some of these animals.

The effect of parentage error on genetic gain was
measured as in Visscher et al. (2002). Two levels of
parentage error were examined (the current level and
a possible level) as well as different heritabilities (0.10
to 0.30) and different numbers of progeny per bull (10,
20, or 50).

RESULTS AND DISCUSSION

Parentage Validation Not Possible Because
of Incomplete Information

Table 2 shows results of parentage testing of Mexi-
can animals for 4 relationship categories: sires of cows,
dams of cows, sires of bulls, and dams of bulls. Among
the animals included in the study, 17 and 12% of sires
of cows and bulls, respectively, did not have a parent
genotype available for parentage validation. Although
most of the Holstein genetic material used in Mexico
comes from the United States and Canada, the Mexican
Holstein population has also received genetic material
from Italy, France, England, Spain, New Zealand, and
other countries. Genotypes for some of that material
were not available for parentage testing. If a databank
of genotypes could be assembled for international pa-
ternity tests for Al bulls as in the GENOEX initiative
presented by Interbull (Diurr et al., 2014), more ex-
tensive parentage validation and even parent discovery
might be possible, which would increase gain in genetic
improvement of dairy cattle worldwide. For most dams
of cows and bulls (79% for both sources), a genotype
was not available for testing because most dams of cows
are from Mexico and have not been genotyped as a re-
sult of limited genomic testing programs for females in
Mexico, lack of biological samples, and the short time
that SNP markers have been used as part of genetic
improvement programs. The males that were tested for
parentage were Mexican sires, and no biological samples
were available for their dams.

Parentage Validation

Parentage testing was only possible for 6,104 sires
of cows, 139 sires of bulls, 1,519 dams of cows, and 33
dams of bulls. Of the 7,795 parentage tests, 777 were
conflicts, which is a 9.97% rate of parental recording
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Table 2. Numbers of animals with confirmed parentage after testing, animals with discovered parents after parentage conflicts, and animals not
tested because of lack of parental genomic information by source of information

Animals with parentage conflicts (no.)

Animals with confirmed

Information source parents (no.)

Parent discovered

Animals without parentage

Parent not discovered testing (no.)

Sires of cows 5,457 110
Dams of cows 1,397 3
Sires of bulls 132 3
Dams of bulls 32 0

537 1,246
119 5,831
4 19
1 125

error for animals that could be tested. Errors in record-
ing of parents can result from many sources: on the
farm, at Al centers, in genotyping laboratories, or even
genotype format (McClure et al., 2018). Determining
the cause of parentage errors for the Mexican Holstein
population was not possible with the data available for
our study.

Cow sire was confirmed for 89.4% of the animals. Sire
discovery was possible for 17% of cows with sire con-
flicts (10.6% of cows with parentage tests) because sire
genotype was available and use of that sire was reported
for that herd. For the remaining 83% of cows with sire
conflicts, sire discovery was not possible because the
sire’s genotype was not available in the genome bank,
probably because the sire was from another country
or was a nongenotyped local sire. The conflict rate for
sires of cows in the Mexican population was similar to
the 7 to 12% reported recently for other populations.
An incorrect sire was detected for 7% of the German
Angeln dairy cattle population (Sanders et al., 2006),
and a rate of 7 to 9% was reported for pedigree errors
nationally in Ireland (McClure et al., 2018). For Hol-
stein cows sired by AI bulls, the error rate was 11% in
the United States (Banos et al., 2001) and 12% in Israel
(Weller et al., 2004).

Cow dam was confirmed for 92% of animals. The
percentage of parentage conflicts for dams of cows was
lower (8%) than that for sires of cows. However, the
percentage of discovery was also lower (2.5%), perhaps
because of the limited number of Mexican cows with
genotypes and the wide use of sires for which genotypes
were not available. For dams of cows, parentage confir-
mation and discovery results from other countries were
not available for comparison.

For bulls, parent confirmation was 95% for sires and
97% for dams. Parentage testing was limited for bulls
and the 5% conflict rate for sires of bulls was half of
that for sires of cows. Nevertheless, sire discovery was
possible for 43% of conflicts, perhaps because only bulls
that are sons of elite sires are kept for reproductive
purposes. For dams of bulls, parentage was confirmed
for 97% of animals tested, but the dam could not be
discovered for the 1 conflict observed. Differences in
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parentage error rates between cows and bulls could be
because bulls usually are the result of specific matings
and greater attention is given to that cow at Al service
and calving (Spelman, 2002).

Effect of Paternal Errors on Rate of Genetic Gain

Pedigree errors have negative effects on genetic se-
lection and improvement and, thus, directly affect the
improvement rate for economic value of germplasm.
With a paternal error rate of 10% (as currently found
in the Mexican population), heritability of 0.10, and 20
progeny per bull, a 7% loss of genetic gain is expected;
that loss decreases as heritability or progeny per bull
increases (Figure 1). If the implementation of genomic
testing caused the paternal error rate to decrease to
5%, the expected loss of genetic gain would decrease by
half, on average, especially for higher heritability and
larger numbers of progeny per bull (Figure 2). Similar
results have been reported for other populations. A sto-
chastic simulation with a 10% paternal error rate and
a trait with a heritability of 0.25 showed that genetic
gain decreased by 4.3% per year (Israel and Weller,
2000). In a simulation with the same heritability and
error rate, genetic variance decreased approximately
8% for progeny-tested bulls and approximately 14% for
progeny-test bulls (Harder et al., 2005). In other studies
with similar conditions, a decrease in EBV reliability
was observed (Harder et al., 2005; Sanders et al., 2006).

Banos et al. (2001) determined the effect of paternal
rate error for US Holstein cows (11%) on genetic evalu-
ation and estimation of genetic parameters and EBV
for bulls across countries. Their results showed a higher
decrease (approximately 11% for production traits) in
national genetic gain than that reported by Israel and
Weller (2000) and up to 18% in losses of genetic gain
for international evaluations. Additionally, standard
deviations of sire transmitting ability decreased by 8
to 9% and estimates of inbreeding coefficients were re-
duced by approximately 7 to 14% (Banos et al., 2001).

Based on the results in simulation studies and for
other dairy populations, a decrease in genetic gains of
approximately 4 to 11% was expected in Mexico, with
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Figure 1. Loss of genetic gain in a population with 10% paternity
errors by heritability and number of progeny per bull.

the negative effect directly dependent on trait herita-
bility. A trait with lower heritability will have higher
losses of genetic gain than a trait with higher heritabil-
ity (Harder et al., 2005).

Although just a few of the parental conflicts in the
Mexican population were corrected (approximately
15% discovery), the use of SNP parental tests will
still decrease the adverse effects of incorrect pedigree
information by assigning missing parents to problem
animals. The effect of missing information is less than
that of wrong parentage assignment (Sanders et al.,
2006).

Program to Increase Parentage Validation
for Mexican Holsteins

Holstein de México samples 1 of every 300 registered
females in the herdbook, all embryo donors, at least
1 embryo-transfer product per flush, and all regis-
tered sires. These animals are genotyped and tested

0.05 + — 10 progeny/bull
== 20 progeny/bull

£ 0.04 - -+« 50 progeny/bull
S
2
g 0034  TTte—
= I T
L el
o [teeen,,. T ——
B 0024 Tt
o | e
7 S R L L T
& | e,
=1 0.01 -

0.00 T T T 1

0.10 0.15 0.20 0.25 0.30
Heritability

Figure 2. Loss of genetic gain in a population with 5% paternity
errors by heritability and number of progeny per bull.
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for parentage if the ancestor genotype is available.
Unfortunately, parentage testing is not always possible
because most semen used in Mexico is imported and
no agreement exists for providing genotype information
for parentage testing of imported sires. Collaboration
between foreign Al companies and Holstein de México
could help to improve the possibility of progeny testing.
Another incentive for Al companies that distribute ge-
netic material in Mexico to provide genotypes is the op-
portunity for increased sales if breeders know that they
can perform parentage tests. Another viable option for
Holstein de México is to participate in the GENOEX
program, which has a parentage SNP-exchange data-
base that member countries can access to perform par-
entage verification tests based on 200 SNP specified by
the International Society for Animal Genetics (2013).
Benefits of GENOEX participation currently may not
outweigh the additional costs of becoming a service
user because the proportion of sires with information
useful for the Mexican Holstein population presently is
unknown.

The percentage of Mexican animals with a parent-
age test will increase in future years as breeders use
genomic testing, a service that includes parentage test-
ing. Additionally, as part of genomic evaluation service,
Holstein de México has created a bank of collected hair
samples, which could increase the possibility of future
parentage tests, especially for dams of cows.

Benefits of increasing the accuracy of pedigree infor-
mation for the registered population are expected to
extend to commercial herds. The pedigree error rate
for dams in commercial herds can be substantial, which
has a negative and additive effect on the rate of genetic
gain (Harder et al., 2005).

CONCLUSIONS

Percentage of pedigree errors reported in the Mexi-
can Holstein population (approximately 10%) was in
the range reported in other populations. This error rate
is expected to result in a loss of genetic gain from 2 to
8%, depending on the heritability of the trait and the
number of progeny per bull. This loss of genetic gain
could be decreased to 1 to 4% if the error rate was
decreased to 5%. These results show the advantage of
improving the quality of pedigree information through
the application of a continuous parentage verification
and discovery program. Because of the extensive use of
international genetic material in Mexico, access to an
international genotype database is necessary to support
parentage testing and discovery or at least acquisition
of genotype information for Holstein animals imported
into Mexico. Additionally, the Mexican Holstein popu-
lation should continue routine parentage testing and,
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if possible, increase the proportion of animals being
tested. Genotyping of Mexican cows must continue to
encourage testing of dams of cows and bulls. These
actions could help improve the Mexican genetic evalua-
tion program and allow breeders to make more accurate
selection decisions.
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