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Discovery of breed-specific genomic content in beef and dairy breeds
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Summary

Breed development has been characterised by the emergence of breed-specific strengths
through both natural and artificial selection which has emphasised characteristics unique to
different functions and environments. Recent years have seen genomic selection become a
cornerstone in many breeding programs. Sequencing technology has also been advancing,
and newly available synthetic long read technologies can help resolve structural features of
the genome. This offers further insight into the comparative structure of genomic regions in
different breeds. Here we describe analysis of a preliminary study aimed at the identification
of breed-specific variation. We further describe these results in the context of future work
aimed at detailing the genomic landscape of multiple dairy and beef breeds.
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Introduction

Selection to improve breeds has become increasingly important with the global
intensification of farming, the pace of which has vastly increased with characterisation of
heritability’s and the associated development of breeding value estimation for selection
(Marshall. 1998). In recent years, genotyping has been used in the selection process and has
accelerated rates of improvement. Genomic analyses have collectively improved our
understanding of the underlying genetic mechanisms impacting phenotypic variation.
Sequencing technologies have improved and become cheaper, and this has allowed genomic
research in agriculture to become commonplace.

Domestic cattle breeds represent highly selected lines specialised for one or more of
milk yield, growth, beef quality, temperament, reproduction, and many other traits. Selection
and population bottlenecks has led to a reduction of within-species diversity in cattle (Bovine
HapMap Consortium. 2009). Artificial selection processes, as well as natural selection, can
lead to genomic regions of fixation, the process of which is termed a ‘selective sweep’.
Selective sweeps have been investigated in cattle breeds and in many cases shown to co-
localise with major QTLs (Qanbari et al., 2014).

Comparative studies between cattle breeds have occurred in French, Brazilian, and
Chinese cattle populations (Boussaha et al., 2015, Stafuzza et al., 2017, Xu et al., 2017).
Those studies have explored common and structural variant allele frequencies between
breeds, and identified many novel breed-specific variants in the process. These findings
improve our understanding of breed-specific variation, may improve our breed definitions,
and our assessment of crossbreed animals.

The coming wave of 3rd generation sequencing technologies includes synthetic long-
read sequencing offered by 10x Genomics, marketed as the ‘Chromium’ sequencing library
preparation method. Significantly cheaper than competing true long read technologies, the
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Chromium barcoding approach allows for the molecular phasing of haplotypes, and
improved detection of structural variants. (Zheng G et al., 2016). We expect these
improvements to capture additional breed-specific variation.

Here we outline a proposal to generate a breed-specific dataset to explore differences
between Jersey, Holstein-Friesian, and Angus cattle breeds. All three are commercially
important breeds for both New Zealand and global markets. We intend to call variants, locate
breed-specific regions, and perform comparative analyses between the breeds. In doing so we
hope to identify structural variation between breeds and understand some of the mechanisms
that define breed characteristics. In anticipation of these data, we have generated a 10x
Genomics Chromium sequence dataset, and present a preliminary analysis of these data,
focusing on cataloguing putative structural variants between Jersey and Holstein-Friesian
animals.

Material and methods

The 10x Genomics Chromium sequencing study is described by Keehan et al., and Couldrey
et al., (this issue). It incorporates the Chromium sequencing of seven New Zealand dairy
bulls comprising one Holstein-Friesian, one Jersey, and five crossbreed animals. These
animals were sequenced at 30x depth, with the purebred Holstein Friesian sequenced to 60x
depth (Keehan et al., this issue).

Library preparation, including the barcoding of reads, followed the recommended
standard procedure outlined by 10x genomics, further described in Keehan et al., (this issue).
Longranger software was used to generate alignments and call and phase variants. Sequenced
reads were assembled using Supernova which performs whole genome de novo assembly.
Both the Longranger and Supernova pipelines are developed by 10x Genomics, results and
further details of how each was used in this study are outlined in Keehan et al., (this issue).

Analysis presented by Couldrey et al., (this issue), generated a set of deletions from the
preliminary study of the seven Chromium sequenced individuals against the reference
genome, UMD3.1 (UMD3.1, INSDC Assembly GCA_000003055.3, Nov 2009), a Hereford
cow. These were used to call copy number variants (CNVs) on a population of 557 short-read
sequenced dairy cattle.

The CNV dataset (Couldrey et al., this issue), was further filtered to a set of 3,143
unique CNVs. To pass selection thresholds, all CNVs required a transmission rate greater
than 0.7 (Couldrey et al., 2017), and a length greater than 100bp. The CNVs with copy
number values greater than three were removed from the dataset to remove potential
repetitive elements. We analysed the copy numbers for each of our filtered CNVs in 209
16/16ths Holstein-Friesian or Jersey cattle (115 and 94 individuals, respectively) from the
short-read-sequenced dairy population.

For each CNV locus we found the mode of the copy number by breed using the 209
16/16ths sequences. In some cases, the distributions were multimodal. We classified CNVs as
fixed if their copy number distribution was unimodal for at least one breed, this reduced the
number of CNVs to 883. The correlation between breed and copy number for each of these
fixed CNVs was determined. Furthermore, we investigated these fixed CNVs to classify them
as homozygous deletions (homo-dels; copy number zero), heterozygous deletions (hetero-
dels; copy number one), and homozygous reference (homo-ref; copy number two).
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Results

The lengths of these 883 fixed CNVs were a minimum of 104bp, ranging upwards to
27,805bp, with a median length of 506bp. The genomic positions of these CNVs on the
bovine genome, UMD 3.1.79, revealed 204 CNVs intersect 201 gene regions, and 23 of these
intersect 44 exons. There were 162 CNVs with a strong (>0.5) correlation between
proportion Holstein-Friesian and copy number, and 2 CNVs with a very strong (>0.8)
correlation. The CNV with the highest of these correlations (Fig 1a) shows unique
distributions of copy numbers for each breed.

We found 464, and 575 CNVs were fixed in Holstein-Friesian and Jersey respectively,
156 CNVs were fixed in both breeds, of which 106 were fixed for the same allele. The
remaining 50 of these shared fixed CNVs were fixed for differing alleles. There were 16 gene
regions, including one exon (Fig 1b), intersecting these 50 regions. There were 53 homo-dels
in Holstein-Friesian, and 70 homo-dels in Jersey. 10 fixed CNVs were shared between the
two breeds. One of these intersected an exon on Chr X (Fig 1c), previously annotated by
Boussaha et al (2015). Table 1 presents a summary of the fixed CNVs.

Table 1: The table presents the number and proportion of homo-del, hetero-del, and homo-ref
alleles of the 883 fixed CNVs by breed, as well as shared; the number of CNVs which are
fixed for the same allele in both breed.

Jersey
CNVs

Jersey
proportion

Holstein-Friesian
CNVs

Holstein-Friesian
proportion

Shared

Total Fixed 575 - 464 - 156
Homo-del 70 0.122 53 0.114 10
Hetero-del 214 0.372 205 0.442 61
Homo-ref 291 0.506 206 0.444 35

Figure 1a-c. Each density plot shows the distributions of each breed’s copy number for a
CNV locus, red indicates the Holstein-Friesian breed, and blue the Jersey breed. 1a) the CNV
with the highest correlation between proportion Holstein Friesian and Copy Number, shows
Holstein-Friesians tend to have the homozygous-reference allele, and Jerseys are trending
towards the homozygous-deletion. 1b) presents the copy number distributions of an exon,
where Holstein-Friesian cattle have mostly the heterozygous deletion allele, and Jersey cattle
are homozygous for the reference allele. 1c) the CNV on ChrX intersecting an exon where
both breeds are trending towards being homozygous deletions for the allele. This potentially
presents a genomic difference between Hereford cattle and Holstein/Jersey cattle.

Discussion
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We have demonstrated quantitative differences between the genomic content of the breeds;
Holstein Friesian and Jersey. We have presented evidence of genomic regions being or
becoming fixed for different alleles between breeds, including where Holstein Friesian and
Jersey breeds are fixed for a homozygous deletion against the Hereford reference. There were
also 23 fixed CNVs impacting exons. The impact of these variants requires further analysis,
where it is possible these differences have been selected for during the ongoing development
of each breed, potentially influencing their breed-defining characteristics.

This preliminary experiment gives precedent for our upcoming experiment of further
Chromium sequencing and its potential to influence our knowledge of breed-specific
variation. We have recently initiated the sequencing of 15 Holstein-Friesian, 15 Jersey, and
20 Angus bulls. These 50 animals have been selected to represent each breed’s diversity in
New Zealand and will be used to explore breed-specific variation. The barcoding asset of
Chromium sequencing provides the power to detect previously unobserved or unresolved
structural variations which are a core aim of the project.
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