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Abstract

Confirmed by phenotypic records, several studies across different breeds in different locations have
linked missing homozygous pattern with several defects in the functional system and recessive
genetic disorders. Recessive genetic diseases are expressed when the recessive alleles appear in
a homozygous state for an individual. One of the indicators to detect the recessive allele is through
haplotypes, which have a normal frequency in the population, but never occur in the homozygous
state. In this study, we used SNP genotypes of 220 Austrian Tyrol Grey cattle and 80 Italian Tyrol
Grey cattle to identify the haplotype blocks (Hapblocks) that possibly carry genes causing recessive
disorders. Hapblocks with missing homozygous state in the population were statistically tested as
to whether this is very unlikely in Hardy-Weinberg equilibrium. Eight out of all hapblocks passing
the threshold had functional genes which are crucial in maintaining the metabolism, production,
reproduction, and health of the individuals. These hapblocks had a high frequency of above 13% but
never appear in homozygous state. Thus, these are foreseen as potential source of genetic defects.
Our finding in this analysis can be used as a reference for further study in haplotype analyses of
inherited recessive disease for other cattle breeds.
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INTRODUCTION

The recessive disorder can manifest itself if the
haplotypes carrying harmful recessive alleles get
in the homozygous state. As a result, the onset
of the defects can happen during embryonic,
pregnancy, or post-natal stages leading to lethal or
non-lethal risks. In the population, the recessive
haplotype appears in normal frequency, but almost
never occur in a homozygous form in the healthy
individual. The existence of this haplotype in the
population is due to carrier animals which are

heterozygous and not directly affected (Sahana
etal, 2013).

Finding the causal variants for recessive
disorders has became feasible through missing
homozygous haplotype pattern in population with
the availability of genotyping method using Single
Nucleotide Polymorphism (SNP) chips. Confirmed
by supportive information of pedigrees and
phenotypic records, the pattern of haplotypes can
be inferred that never appear in the homozygous
state.
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Several haplotypes were linked to recessive
disease in USA dairy population (VanRaden
et al, 2011). Posit haplotypes corresponding to
Holstein, Jersey, and Brown Swiss, had reduced
the conception rate by 3.2, 3.7 and 3.4 percent,
respectively. It also increased the percentage of
stillbirth calves up to 1.8 percent in the Holstein
breed. As reported by Fritz et al. (2013), the similar
adverse effects towards calving rate, up to -9.89%,
were also detected in Holstein, Montbeliarde and
Normande in the French population. In addition, a
study utilizing Next Generation Sequencing (NGS)
data supported the linkage between missing
homozygous haplotypes with embryonic lethal
variants compromising fertility in Belgian beef and
New Zealand dairy cattle (Charlier et al., 2016).

In Tyrol Grey Cattle, 31 cases of calves, aged
of 3-5 months, with degenerative axonopathy
having nervous system defect leading to unstable
movement and losing control of hinder part of the
body have been reported (Drogemuller et al., 2011,
Solkner et al, 2009). Genome-wide association
study (GWAS) and haplotype mapping were carried
out investigating the causal reason. They found
haplotype carrying a silent SNP within MFN2
gene was associated with the onset of this defect.
Murgiano et al. (2014) found chondrodysplasia
dwarfism in seven calves, aged of one week to
2.5 months. The affected animals had shorter
limbs with twisted femur bones causing difficulty
to maintain the quadrupedal stance. Another case,
identified homozygosity of haplotype carrying
one bp deletion in the MOCOS gene causing reinal
failure (Xanthinuria) with uroliths deposit in the
kidney of affected animals (Murgiano et al.,, 2016).

Due to previous studies associating several
recessive defects with missing homozygous
haplotype pattern which confirmed by the
phenotypic records and pedigrees. We carried out
the similar procedure to predict possible hidden
defects in our dataset of Tyrol Grey cattle without
using phenotypic records. With our genotype
dataset presuming all genotyped animals were in
the state of normal health, we analyzed the missing
homozygous pattern based on observed and
expected homozygous counts to find haplotypes
associated with known defects.

MATERIALS AND METHODS

Genotyped data were provided by University
of Natural Resources and Life Sciences, Vienna,
and the University of Bern from previous projects,
therefore animal health and welfare permission
was not necessary for the current study. Genotyped
data were comprised of 100 Illumina Bovine SNP
50K v1 and 120 lumina Bovine SNP HD of Austrian
Tyrol Grey cattle, and 48 Illumina Bovine SNP 50K
v2 and 32 Ilumina Bovine SNP HD of Italian Tyrol
Grey cattle.

Merging the data sets was carried out referring
to all markers in Bovine Taurus Autosomal (BTA)
1-29 of llumina Bovine SNP 50K v1 by using PLINK
software (Purcell and Chang, 2017), discarding
other markers which not found in the reference
SNP chip. Applied standard quality control kept
only individuals and SNP markers with call rates
higher than 0.9, with no limitation on minor allele
frequency and Hardy-Weinberg equilibrium
parameters. In the remaining dataset, 276 cattle
with 44035 markers were retained corresponding
to a total genotyping rate of 0.966.

Phasing and statistical haplotypes estimation
steps were carried out using SHAPEIT2 software
(Delaneau et al., 2017). For correcting markers with
overlapping physical position, adding a single base
was implemented for the second same marker.
This software generated two output files with the
extension of (hap) and (sample). To fit for the
next procedure, it was converted into (.phase),
(.samples), and (.markers) using Unix code provided
by the GHap authors.

The GHap package (Utsunomiya and Milanesi,
2017) in R software was used to call block of
haplotypes (Hapblock) from phased SNP data and
to calculate its observed and expected homozygous
haplotype numbers. Hapblocks were generated by
scanning window of 500 kb and sliding step every
100 kb. Generated hapblock was the result of the
possible combination of allele markers within the
window. The expected homozygous (E.Hom) was
calculated following function of sample size (n) and
the frequency of the hapblock in population (p).

E.Hom = np2 1)

QQman package in R was used to visualize the
peak of hapblocks significance in Manhattan plots.
The significance was calculated based on the
deviation of observed from the expected hapblocks.
Physical regions of hapblocks passing the threshold
of P-value were annotated towards gene functions
using reference genome of Bos Taurus UMD 3.1.1 on
NCBI database.

RESULTS

In this study, we generated 704,550 hapblocks
across 29 BTA. They were generated based on
the allele combinations of markers within the
scanning window. As seen in figurel, hapblocks
were represented as points across the genome.
Ninety-three hapblocks with missing or less
homozygous genotypes passed threshold of P-value.
Physical regions of these hapblocks were further
investigated to link with harbored gene functions.
All dots below the threshold, indicating statistically
concordance between expected and observed
homozygous haplotypes.

The eight hapblocks out of ninety-three passing
the threshold have functional genes as listed in
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Chromosome

1: Haplotype blocks with lower observed than expected homozygous

. Hapblocks list with annotated functional genes

BP1 BP2

CHR Mb) (Mb) ALLELE N FREQ O.HOM O.HET E.HOM RATIO P-Val Genes

3 89.6 90.1 BAABABBBBBBAB 72 013 0 72 4.70 5.70  0.0091 PRKAA2

5 99.9 1004 ABBAB 99  0.18 95 8.88 3.29 0.0069 OLR1, CLEC7A
12 183 18.8 ABBB 163 0.30 11 141 2407 209 0.0024 CYSLTR2

15 355 360 BAAABBBABBAAABB 88  0.16 1 86 7.01 401 0.0072 KCNJ11, NUCB2
19 33.8 343 AABABBBBBB 76  0.14 0 76 5.23 6.23  0.0053 ADORA2B

19 348 353 BBAAAAABBB 77 014 0 77 5.37 6.37 0.0047 SLC5A10, SREBP1
19 363 36.8 BABABBABBBB 74 0.13 0 74 4.96 596 0.0070 CACNA1G

26 397 40.2 AABABBBAAA 76 0.14 0 76 5.23 6.23  0.0053 GRKS

Tab. I. The number of alleles for each hapblock
can be different due to the number of markers
found within the 500 kb scanning window. These
eight hapblocks are observed 72 to 163 times in the
population (N) and corresponding to frequency of
0.13 t0 0.30 as seen in column (FREQ).

We found one, three and one hapblocks with
missing homozygous genotypes in chromosome
three, nineteen, and twenty-six, respectively. The
average shrinkage ratio expected-to-observed
number of homozygotes for these five hapblocks is
6.1. This mean homozygosity for these hapblocks
are 6 times less observed than what expected.
Meanwhile three hapblocks were found in
chromosome five, twelve, and fifteen, with less
observed homozygous genotypes than what
expected. The average shrinkage ratio for these
three hapblocks is 3.1, almost half of the expectation
for those with missing homozygous genotypes.

Genes found within regions of these hapblocks
are remarkable importance for metabolism. The
functions of genes will be explained briefly here.
PRKAA2 gene, which is encoding the a2 catalytic
subunit of the AMP-activated kinase (AMPK)
regulating the metabolism of glucose and fatty
acid (Zhang et al,, 2011). The product of OLRI gene
has a functional role in preventing the damage of
the arterial endothelium by degrading the bad

cholesterol, ie., oxidized low-density lipoprotein
(LDL). Due to its function in lipid metabolism
activity, polymorphism in 3> UTR of this gene is
also associated with meat marbling and milk
production (Wang et al.,, 2013). A variant of amino
acid from CLEC7A, SNP c.589A>G, encodes bovine
Dectin-1 which together with Toll-like receptor
(TLR) can provoke a proinflammatory response
towards Mycobacterium sp. infection (Pant et al,
2014). An amino acid produced by CYSLTR2 gene
is a leukotrienes receptor for LTC4. The LTC4
function is to stimulate PGF2a secretion at the end
of regular reproduction cycle of cattle (Korzekwa
et al, 2016). Different allele expression of KCNJj11
gene has a potential impact on the phenotypic
variation of meat properties, ie. tenderness, as
found in Nellore beef cattle (de Souza et al, 2016).
Polymorphism of NUCB2 gene in Chmese cattle
breeds are associated with growth traits, including
body weight, body length, heart girth, and average
daily gain at 24 months (Li et al, 2010). Receptor
from ADORA2B gene is required for the purinergic
stimulation of cilia beat frequency, a mechanism
which is vital for the lung clearance and part of
pulmonary defense (Allen-Gipson et al, 2011).
Expression of SLC5A10 gene from SGLT family is
primarily found in kidney, because it is essential
for transporting elements like sodium and glucose
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against the electrochemical gradient (Zhao et al,
2005). SREBP1 gene has an important role in the
biosynthesis of fatty acids and cholesterol and
lipid metabolism.  The polymorphism of this
gene affects the fatty acids composition of muscle
and carcass in Simmental bulls Xu et al, 2013).
CACNA1G gene has wide effects on cellular levels
towards the physiological process. The process is
including neuronal excitability, muscle excitation
and contraction (Walsh et al, 2009). GRK5 gene
plays a role in the cardiac signaling events. The
expression of this gene is profoundly in the heart
and is responsible for pathological hypertrophic
transcription (Hullmann et al,, 2014).

DISCUSSION

The expected homozygosity in our study is
a function of sample numbers multiplied by
the square of the frequency of that hapblocks
in the sample population. Expected number of
homozygous will increase following the number of
genotyped animals in the study. Our expectation of
homozygosity is at maximum of 24.07 for hapblock
CHR12_B169 as indicated in column (E.HOM). While
expectation in other studies are higher such 30 for
HH1, 33 for HH2, 131 for MH1, and 26 for MH10
in two Holstein and two Montbeliarde populations,
respectively (VanRaden et al, 2011; Fritz et al,
2013). These two studies had a higher expectation
for homozygosity due to a larger dataset compared
to ours. Studies carried out by Vanraden et al.
(2011) used 58,453 genotyped animals in USA
Holstein population and Fritz et al. (2013) used
16,833 genotyped animals in French Montbeliarde
population. While in our study, a small number
of 300 genotyped animals leads to a more modest
expectation of homozygosity for the hapblocks.

Increasing numbers of genotyped animals can
lead to either of two consequences towards the
missing homozygous hapblocks. First, frequency
of hapblocks will increase in the population with
still no homozygous animals. Thus, it makes
the evidence that the hapblock indeed carrying
recessive alleles. Second, increased number of
genotyped animals brings several homozygous
animals for that suspected missing homozygous

hapblocks eventually. Thus, missing homozygosity
for that hapblocks is simply due to low number of
genotyped animals.

Generating thousands of genotyped animals
from the whole population for Tyrol Grey breed is
not feasible. Not only because genomic data is not
widespread yet in the genetic management system
of this breed, but also, due to the fact that this only
a small breed with 18,096 Tyrol Grey cattle in 2017,
0.9% Austrian population. (Kalcher et al., 2018).

Number of observations (N) for these eight
hapblocks, was at least observed 72 times in the
population with the frequency is ranging from 13
to 30 percent (FREQ). The hapblock frequency was
relatively higher than those in previous studies, such
for MH10 (2.5%), and NH1 (18%) in Montbeliarde
and Normande breeds, respectively (Fritz et al,
2013). A higher frequency of hapblocks found in
this study, which were missing in homozygous
form points to potential hidden disorders caused by
mutations of genes lying in these particular regions.

Due to the hapblocks frequency of higher than
13% with no observed homozygous, we were
suspecting these hapblocks carrying a harmful
mutant allele. If such harmful mutation occurs,
it could lead to change in the gene’s transcription,
and in turn, lead to dysfunction of the organism.
Therefore, in a healthy individual, we could
not see these hapblocks in a homozygous state.
Nevertheless, we foresee these hapblocks as
a potential source of defects and new recessive
disorders.

Verification of haploblocks with  missing
homozygous linked to negative or positive effect
of those genes are not viable due to limitation
in phenotypes. Interestingly we did not detect
regions with already known recessive defects
particularly those been found in Tyrol Grey cattle,
ie, chondrodysplasia dwarfism, xanthinuria,
and degenerative axonopathy. In assumption that
hapblocks carried recessive alleles are relatively
high in frequency, but never occur in homozygous
state in healthy individuals. Thus, our founding
suggests that hapblocks carrying previously known
recessive alleles are not frequent in the population
of Tyrol Grey population.

CONCLUSION

In this study, we detected deviation pattern of observed hapblocks from what was expected with
scanning window of 500 kb of the Tyrol Grey cattle genome. We detected hapblocks with missing
homozygous pattern pointing out several essential functional genes. Many of the genes were linked
to essential metabolic processes, thus these genomic regions could be foreseen as potential source
of genetic defects. Interestingly, we could not find any missing homozygous hapblocks linked to the

already known recessive diseases.
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