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Abstract
Sex misassignment of animals in breeding programmes can arise from sources such as misidentification and data-entry errors. The
objective of this study was to develop a test for checking sex using Single Nucleotide Polymorphism (SNP) chip genotypes on
chromosome X. All animals in this study were genotyped using the GeneSeek Genomic Profiler LD v3 (GGPv3) SNP chip. After
filtering, 16478 sex-verified animals (15703 cows and 775 bulls) were available in the training set. The proportion of heterozygous
SNPs on chromosome X was used to predict sex. The distribution of heterozygosity was bimodal in the training population with
a clear gap between 0.01 and 0.03. Using the heterozygosity cutoff of 0.02 resulted in 100% and 99.6% prediction accuracy for
males and females, respectively. Additional analysis determined that four incorrectly classified females were either XO or inbred.
The test was validated on an independent set of 2212 animals, which resulted in seven animals for which the predicted sex differed
to the recorded sex. Physical examination of these animals revealed that the predicted sex was correct in all cases. The method
developed is a useful addition to quality control of genotypes obtained as part of a genomic selection programme.
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Introduction

Achieving high genetic gain in breeding programmes
depends largely on the accuracy of animal data. However,
data errors occur: for example, average misparentage of dairy
calves is estimated at 23% (DairyNZ, 2012). A less-studied
error type is misassignment of sex. Physical inspection is
the traditional method for determining an animal’s sex,
however, selection decisions are increasingly being made
remotely using DNA information. With the increasing
availability of SNP genotypes for genomic selection, it
is possible to detect and correct sex misassignments with
available data for little additional cost.
Females possess two X chromosomes and can,
therefore, have heterozygous genotypes for chromosome
X SNPs. The pseudoautosomal region (PAR) is a region
of homology between the X and Y chromosomes (Flaquer
et al. 2008). Males may appear to be heterozygous for
SNPs in the PAR but should be hemizygous for all other
chromosome X SNPs because they only have one copy of
chromosome X. Several tools exist to predict sex using
genotyping data as part of quality control for genomewide associations studies: PLINK (Purcell et al. 2007),
GenABEL (Aulchenko et al. 2007), pyGenClean (Perreault
et al. 2013), GWASTools (Gogarten et al. 2012), and
SNPflow (Weissensteiner et al. 2013). However we were
unable to find any published studies in which cattle sex
was tested using these tools. The main objective of this
study was to develop a test based on the proportion of
heterozygous SNPs (heterozygosity) on chromosome X to
predict sex in dairy cattle.

Materials and methods

A population of sex-verified animals was generated
from all animals (n=37871) with valid (sample call rate of ≥
0.95) GeneSeek Genomic Profiler LD v3 genotypes by only
retaining females with lactation records and males with an

LIC bull code (physically examined prior to purchase). Any
animal that was unable to be parentage tested against at
least one parent was excluded. For the remaining animals,
those that failed parentage testing were excluded as their
DNA sample may be potentially misidentified. In total,
15703 females and 775 males were “sex-verified”.
The sex-verified animals were used to select a set
of informative SNPs from the 1487 SNPs mapped to
chromosome X. Firstly, SNPs with greater than 10%
missing genotypes were identified as poor quality and
excluded. We then identified and excluded SNPs for which
more than 1% of males were heterozygous, because they
were uninformative for predicting sex. The 1% threshold
allows for genotyping errors which may misclassify a small
percentage of homozygous SNPs as heterozygous (Hong et
al. 2012; Nielsen et al. 2011).
We need to detect and exclude uninformative SNPs
(displayed > 0.01 heterozygosity in the sex-verified
males) as they are likely to be PAR SNPs or SNPs that
are heterozygous due to mistakes in the genotyping or the
alignment process. However, the lower the Minor Allele
Frequency (MAF), the smaller the chance of observing a
heterozygous SNP and this decreases the chance that such
SNPs will be identified and excluded. We chose to exclude,
based on MAF, any SNP with a less than 99% chance
of being correctly identified as uninformative. Through
simulation we determined that for our training population
of 775 males we could achieve our goal by excluding SNPs
with MAF < 0.015.
The heterozygosity of the informative SNP set was
examined for the sex-verified female and male populations
in the training set. Visual inspection of the histogram was
used to determine a test threshold for separating males
and females. Animals with a heterozygosity of less than
the threshold were classified as male and those with a
heterozygosity of greater than or equal to the threshold
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were classified as female.
The test was used to predict sex for an independent
validation set of 2212 animals that were genotyped using
GGPv3. The sex of these animals had been routinely
recorded on the LIC database by farmers. As with the
training dataset, samples and SNPs with a call rate of less
than 0.95 and 0.9, respectively, were excluded. For animals
where the predicted sex differed from their recorded sex,
two additional tests were undertaken. Firstly, called SNPs
for the 19 Y chromosome SNPs available on GGPv3 were
counted. If less than or equal to five Y SNPs were called,
the animal was classified as female and if 17 or more SNPs
were called, the animal was classified as male. Animals
with between five and 17 SNPs called would be classified
as inconclusive but none were observed. Secondly, LogR
ratio values of the entire genotyping batch were read into
Golden helix SVS (Golden Helix, Inc., Bozeman, MT)
from Illumina final reports. Batches of genotyping were
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kept separate to avoid batch effects. Using a genetic marker
map that contained only the informative SNP set, the
following parameters were used to ensure a single segment
was generated from chromosome X: univariate analysis,
maximum segments per 10k markers=1, minimum
number markers per segment=20, maximum pairwise
segment p-value=0.005. The resulting segmentation file
contained the average LogR ratio for the chromosome
X segment generated in each animal. The average LogR
ratio was examined for male and female animals separately
to determine how many copies of chromosome X they
possess. The average intensity of the Y chromosome was
not examined in this study due to the low number of Y
chromosome SNPs on GGPv3.

Results

Of the 1487 available genotyped SNPs on GGPv3
that map to chromosome X, 420 SNPs had a MAF of ≥

Figure 1 The distribution of the proportion of heterozygous animals for SNPs across chromosome X for female and male
cattle. All 1487 SNPs before filtering for females (a) and males (b) ; Final informative set of 349 SNPs for females (c) and
males (d).
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Figure 2 Histogram of the proportion of heterozygous SNPs for the informative SNP set for male cattle (white bars) and
female cattle (grey bars).

Table 1 Details for the four cattle in the training dataset whose sex was incorrectly predicted.
Animal Verified sex
A
Female
B
Female
C
Female
D
Female

Predicted sex Y chromosome Number of X chromosomes
Male
No
No data1
Male
No
No data1
Male
No
XX
Male
No
X

Pedigree
Recent common ancestor
Recent common ancestor
Dam unrecorded2
NA

Number of offspring
1
1
4
1

LogR ratio unavailable
No dam was recorded for this animal on database

1
2

0.015, 1094 SNPs had ≤0.01 heterozygosity, and 349
SNPs satisfied both criteria and became the informative
SNP set. Figure 1 shows the proportion of heterozygous
female and male animals for SNPs along chromosome X:
all chromosome X SNPs (a and b) and informative SNPs
(c and d).
Figure 2 shows that all sex-verified males had a
proportion of heterozygous SNPs below 0.01, and the
majority of sex-verified females had a proportion of
heterozygous SNPs above 0.03. Using a threshold of
0.02, the test predicted females in the training dataset with
99.96% accuracy and males with 100% accuracy. Four
females were incorrectly predicted to be male: all these
animals had a heterozygosity of 0 (i.e., all SNPs in the
informative set were homozygous). Further information
about each animal is presented in Table 1.
The pedigrees for animals A and B revealed that
in both cases their dam and paternal grand dam shared
the same sire. The informative SNPs on chromosome
X for each animal, her sire, and her maternal grand sire
were genotypically concordant, suggesting that the
homozygosity on chromosome X was due to two copies

of the same ancestral X chromosome passed on by the
common ancestor. LogR ratio data indicated that animal
C has two copies of chromosome X however she had no
dam recorded on database, therefore, we could not perform
the same pedigree genotypic concordance check. Animal D
had one X chromosome and did not have a Y chromosome
and was therefore suspected to have an XO karyotype.
For the independent validation set of animals, seven
animals out of 2212 had a recorded sex that differed from
their predicted sex. All seven animals were sex-verified by
physical examination which showed that the sex predicted
by the test was correct for all cases. Three of the animals
were incorrectly recorded as female, were completely
homozygous for the informative SNP set, and tested
positive for the Y chromosome. Figure 3 shows an example
of a misidentified female having an average LogR ratio
consistent with having one X chromosome. Four animals
were incorrectly recorded as males, had high heterozygosity
for the informative SNP set, and tested negative for the Y
chromosome. These four animals had average LogR ratios
consistent with having two X chromosomes (i.e., similar to
females); two of these are shown in Figure 3.
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Figure 3 Box plot of the average LogR ratio for the
informative SNP set for validation male and female cattle
from one genotyping batch. Two animals were misidentified
as males and another animal was misidentified as female

Discussion

We have developed a test to predict sex in NZ dairy
cattle from genomic information. The test correctly
identified seven animals that had been misassigned sex
records in the independent validation set (2122 animals),
indicating that this is an accurate test for the current dataset,
in which all animals are genotyped on GGPv3.
A literature search identified a number of tools that
use genotypes to predict sex on a variety of platforms. The
majority checked sex based on proportion of heterozygous
SNPs on chromosome X in combination with a check for
the presence of a Y chromosome (Gogarten et al. 2012;
Perreault et al. 2013; Purcell et al. 2007). PLINK requires
the user to supply a set of SNPs which excludes PAR SNPs
as the input and has an in-built tool for achieving this by
discarding SNPs beyond specified boundaries. However,
this method does not take into account the mistakes caused
by incorrect probe binding or inaccuracies in alignments
to the chromosome X reference genome. In contrast, our
method selects SNPs that are likely to be informative by
only including SNPs that displayed ≤ 0.01 heterozygosity
in males regardless of position on the X chromosome. Our
method and others (for example GenABEL (Aulchenko et
al. 2007)) which use customized SNPs for the test population
are likely to yield more accurate sex prediction than simply
using chromosome X SNPs with SNPs excluded beyond
certain cutoff positions.
Sometimes, checking the proportion of heterozygous
X chromosome SNPs alone could lead to an incorrect
prediction of sex. Example cases include animals with
sex chromosome aneuploidies and females where two X
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chromosomes are identical by descent (IBD). Manually
checking for the presence of a Y chromosome and the
number of X chromosomes adds another level of confidence
to the test.
We identified two animals where the same bull
appeared on both sides of the pedigree. By tracing the X
chromosome from the ancestral bull through the animal’s
sire and by checking the concordance between the animals
with their respective ancestral bull, we were able to
determine that the similarity of the two X chromosomes
was due to receiving the same X chromosome from both
sides of the pedigree. Therefore, the two X chromosomes
are likely to be IBD and this explains the low proportion
of heterozygous SNPs on chromosome X for these
females. In our study just two females were detected to
have IBD X chromosomes (another was suspected but
unable to be verified) out of 15703 sex-verified females.
The vast majority of genotyped females were sourced
from progeny-test herds chosen to represent the NZ dairy
population, indicating that the prevalence of these females
in the national herd is also likely to be very low. This is
expected as the industry has preventative measures such as
DataMATE™ to limit inbreeding in the national herd (LIC,
2016).
In the training population, one animal possessed one
copy of the X chromosome and no Y chromosome. It is
very unlikely that we would be able to detect differences
in LogR ratio as the result of mosaicism or chimeraism,
therefore, we suspect that the animal in question has an
XO karyotype. In general, domestic XO karyotype animals
seem to be sterile (Chandley et al. 1975; Di Meo et al. 2008;
Iannuzzi et al. 2000; Prakash et al. 1995; Romano et al.
2015; Smith et al. 1989; Zartman, Hinesley & Gnatkowski,
1981). Although the potential XO karyotype female has
one recorded lactation, we were unable to rule out the
possibility of a sample misidentification as she had already
died and could not be resampled. Therefore, we could not
confirm her fertility status.
The test offers high accuracy while using existing
genotype information and, therefore, offers quality control
for little additional cost. Database accuracy is an important
factor in genomic selection. In addition, having the correct
recorded sex is important to ensure all male calves from
contract matings are considered as potential service
bulls and some are not missed simply because they were
misassigned as females. Sex chromosome aneuploidies
are not often considered when selecting animals for
genetic improvement, possibly due to the large amount of
time and resources needed for karyotyping. Our current
test could be extended to routinely examine the number
of copies of X chromosomes and the presence of a Y
chromosome, providing a fast and low-cost way to detect
sex chromosome aneuploidies. This could help improve
our understanding of the physical manifestations associated
with sex chromosome aneuploidies and how they affect the
fertility of New Zealand dairy cattle.
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Conclusion

Our study demonstrates the feasibility of applying
a sex checking test based on genotyping information in
dairy cattle. This will improve database accuracy and may
enhance genetic gain in the New Zealand dairy herd.
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