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Summary

Copy number variant (CNV) identification from next generation re-sequencing (NGS) data is
still in its infancy. In this study, we describe a set of CNVs identified from NGS data of 80
Holstein bulls using a multi-sample approach. In total, 847 CNV regions covering 7.36% of
the bovine genome were detected. Most of the detected variants were copy number gains in
comparison to the bovine reference genome UMD3.1. Some variants were found to be copy
number losses or copy number gains in different samples. The CNVs were not equally
distributed over the genome, which could possibly indicate CNV hotspots. Further analysis of
the data will allow the creation of a validated CNV dataset that can be analyzed for
associations between genomic variations and phenotypes of interest.
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Introduction

Although most research in quantitative genomics of cattle currently relies on single-
nucleotide polymorphism data, other sources of genomic variation may also be important
(Fadista et al., 2010). Structural variants (SV) include balanced events like inversions and
translocations, but also unbalanced events like insertions, deletions, and duplications.
Duplications of DNA segments longer than 50 base pairs are commonly referred to as copy
number variants (CNVs). Human geneticists discovered numerous associations between
CNVs and diseases (e.g. Gambin et al., 2016). Although only few association studies have
been conducted with cattle genotypes, effects of CNVs on phenotypes of importance have
been documented (e.g. Xu et al., 2014). CNVs can be discovered using signal intensities of
array data, but next-generation sequencing (NGS) information allows for discovery of all SV
categories (Alkan et al., 2011). In this paper, we describe CNVs identified from NGS data of
80 Holstein bulls and their properties.

Materials and Methods

Data set

Whole genome re-sequence data of 80 Holstein bulls were used in this study. Forty-eight key
male ancestors of the North American Holstein population were sequenced within the
Canadian Cattle Genome Project and are described in Stothard et al. (2015). The other 32
bulls were selected for their genetic diversity (Butty et al, in preparation) and sequenced
within the Efficient Dairy Genome Project (EDGP, http://genomedairy.ualberta.ca/, last
accessed 24-09-2017).
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Sequencing, alignment and quality controls

Sequencing for the EDGP samples took place on an Illumina HiSeq 2000 platform. The
alignment pipeline followed the quality filter of the 1,000 Bull Genomes Project protocol
(http://www.1000bullgenomes.com/, last accessed 28-09-2017). FastQC (version 0.11.5) was
used for further quality control (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/,
last accessed 18-09-2017). Reads were trimmed using both software programs
TrimmomaticPE version 0.35 (Bolger et al., 2014) and cutadapt version 1.13 (Martin, 2011)
The BWA version 0.7.12 (Li and Durbin, 2009) was used to align the reads against the bovine
genome assembly UMD 3.1 (Zimin et al., 2009). Local realignment was done with GATK
version 3.5 (McKenna et al., 2010) and amplification duplicates were marked using Picard
version 2.0.1 (http://broadinstitute.github.io/picard/, last accessed 18-09-2017).

Structural variant identification

The version 1.20.1 of the structural variant identification software program cn.MOPS
(Klambauer et al., 2012) was used with its default parameters to identify CNV. The software
program was used to analyze multiple samples in parallel and was able to parse CNV based
on both technical and biological properties. The identification model was based on a mixture
of Poisson distributions. Variant identification was unaffected by read count variation on each
chromosome. A recent comparison of CNV detection software performance suggests that the
multiple sample read depth approach used by cn.MOPS can yield better results than single
sample methods that employ read depth, paired end, or split read detection methods (Keel et
al., 2017). Overlapping or contiguous CNVs were collated to form CNV regions (CNVRs).

Descriptive analysis

Means of the different variant groups were compared two by two using a two-sided Student’s
t-test assuming unequal group variances. Bonferroni correction was used to adjust for
multiple comparisons for an experimental-wise significance level of 0.05.

Results and Discussion

Alignment of NGS sequences

On average, 98.62% of the 29 billion 150bp long reads were mapped to the UMD3.1 bovine
reference genome (Zimin et al., 2009). This was higher than read mapping rates obtained in
other bovine studies, as for example in Boussaha et al. (2015). The coverage of the newly
aligned sequences after duplicate removal ranged from 27.7 to 45.2X with an average of 38X.

Structural variant identification

CNVs were defined as insertions and deletions longer than 50kb and called with the software
program cn.MOPS on whole-genome sequence data of 80 Holstein bulls. In total, 847
CNVRs were identified, from which 557 were exclusively copy number gains in comparison
to the reference genome UMD3.1. 156 were exclusively copy number losses, and the other
134 were found both as copy number gains and losses. So, most identified CNVRs were gains
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in comparison to the reference genome UMD3.1.
These were on average shorter than the losses, in agreement with previous studies based on
genotype array or whole-genome sequence data (e.g. Fadista et al., 2010). Significant
differences in length between the type of CNVRs might not be biologically relevant as these
are compared to the reference genome, the DNA of a single Hereford cow, and could solely
arise from the identification approach used. For this reason, the variants identified need to be
further investigated using other methodological approaches and, if possible, validated.

Table 1 Summary of the identified CNVs per type: copy number loss (CNL) and copy number gain (CNG).

CNL CNG Mixed CNL and CNG

Average number of
supporting samples 2.87 (±3.67)a 2.88 (±5.09)a

CNL CNG

9.62 (±11.86)b 16.82 (±14.89)c

Average length 230 kb (±315)a 150 kb (±168)b 564 kb (±666)c

Total length 35,931 kb 83,650 kb 75,628 kb
Proportion of genome 1.36% 3.16% 2.85%
Proportion covering a
gene or QTL 94.23% 93.18% 89.55%
a.b.c Significantly different averages by two-sided Student’s t-test after Bonferroni correction
for an experimental-wise significance level of 5%

There was an unequal distribution of the CNVRs: for example, only few CNVRs were found
on chromosome 20, whereas chromosome 7 is almost fully covered by CNVRs. This could
indicate the presence of CNVRs hotspots, a fact already mentioned by Fadista et al. (2010),
but that needs further investigation. Between 89 and 95 percent of the identified CNVRs
encompass at least one gene or QTL, a promising result regarding the possible detection of
variants having an influence on traits of interest for the dairy cattle industry. In a next step,
combining results from different identifications software programs may allow better
definition and validation of the CNVRs presented.

Conclusions

High coverage whole genome sequence data from Holstein cattle suggests the presence of
hundreds of CNVRs, many of which overlap with genes and QTL. The identification of these
regions may be an important step towards a more complete picture of the genetic architecture
of economically important traits. Here we present descriptive statistics of CNVRs identified
using NGS data of 80 Holstein bulls. Combining these results with the CNVRs identified on
the same 80 Holstein bulls with other software programs relying on different detection
approaches will facilitate validation and functional annotation of the identified CNVRs.
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