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ABSTRACT:  The aim of this study was to characterize 
the distribution of CNV and CNV regions in the Nelore 
cattle genome. A total of 1,561 animals, finished in feedlot 
conditions, were used. The PennCNV algorithm was used 
for copy number variation (CNV) detection. The CNV 
regions (CNVRs) were appointed by overlapping 73,073 
CNVs, identified by the CNVRuler program. The 6,399 
CNV regions estimated in the present study cover 
approximately 8.80 % of the bovine genome. Considering 
the total of CNVRs obtained by CNVs of all sizes, 35.7 %, 
41.0 % and 23.3 % of the CNVRs were copy insertion, 
copy deletion and both (insertion and deletion), 
respectively. This study confirms the existence of major 
structural variations or CNV regions in the Nelore cattle 
genome. 
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INTRODUCTION 
The search for DNA variations, that directly 

influence the genetic variation of productive traits, remains 
an important research area in beef cattle genetics. The 
sequencing of the bovine genome, resulted in the discovery 
of thousands of SNP (single nucleotide polymorphisms) 
markers which assumed a central role over the last years 
(Kijas et al., (2011)). Recently, the scientific community’s 
focus in using arrangements with thousands of SNPs to 
study the cattle genome structure (Bae et al., (2010)).  It is 
known that other types of DNA polymorphisms can have 
substantial contributions to disease manifestations as well 
as trait variations (Redon et al., 2006). 

Structural genomic variation, a newly recognized 
source, known as copy number variation (CNV) is gaining 
interest in genomic studies. The CNVs have proven to be 
important to explain the phenotypic variability for 
productive traits and disease susceptibility. Recently, 
several cattle CNV maps were constructed using different 
methods (Fadista et al., (2010); Bae et al.,( 2010); Liu et al., 
(2010);Hou et al., (2011b); Bickhart et al., (2012)). Thus, 
the aim of this study was to characterize the distribution of 
CNV and CNV regions in the Nelore cattle genome. 

 
MATERIALS AND METHODS 

Initially, 3,022 Nelore cattle finished in feedlot 
conditions with an average age of two years were used. The 
animals belongs to 10 farms located in the Midwest, 
Southeast, Northeast and North of Brazil and participate in 
the CRV-Paint, DeltaG and Nelore Qualitas breeding 
programs. The BovineHD BeadChip with more than 
777,000 SNPs was used to genotype the animals. Samples 
with call rate below 90% were excluded. The process of 

CNV identification was achieved analyzing genotype data 
through the GenomeStudio 1.0 software, which analyzed 
each SNP individually. The CNV detection was performed 
using the PennCNV algorithm (Wang et al., (2007)), which 
considers multiple information sources from the genotype 
data. In order to maintain sample quality, samples with 
standard deviation of LRR (Log R ratio) above 0.30, BAF 
(B allele frequency) higher than 0.05 and waviness factor 
higher than 0.01, were excluded from the analyses (Liu et. 
al, (2013)), reducing the number of animals to 1,561. The 
CNVRs were identified using the CNVRuler program 
overlapping the CNVs, (Kim et al., (2012)). The 
“recurrence 0.1” parameter (areas with low density are 
excluded, < 10% of CNVs, to compose an estimated end 
region) was used, which leaves a more robust delimitation 
of the beginning and end of regions. The “Gain/Loss 
separated regions” option was additionally used, which 
compiles the region based on the genotype (gain or loss of 
copy number) instead of composing regions ignoring the 
event type. 
 

RESULTS AND DISCUSSION  
A total of 73,073 CNVs were found in 1,561 

samples (animals) with an mean length size of 60.03 kb, 
with a maximum of 994kb and minimum of 1.01kb, which 
is in agreement with Feuk et al., (2006), which defines 
CNV as a DNA segment having 1 kb or more in length.  

A total of 6,399 CNVR's spread across autosomal 
chromosomes were identified. These CNVR's covers 8.80 
% of the total length of the bovine genome (UMD_3.1, 
2,649,685,063 pb). This value is higher than that found by 
Liu et al. (2010), which used 17 beef cattle of different 
breeds and found 1.57 % of CNVRs in relation to the 
bovine genome using an array with 35,000 SNPs. The 
BTA29 and BTA13 had the highest and lowest CNVR 
coverage, being 13.37 and 6.32%, respectively (Figure 
1).The mean CNVR length size was 36.4 kb, ranging from 
0.65 to 1310 kb (Figure 2). There was a higher CNVR 
incidence on chromosomes BTA1 (483), BTA6 (381) and 
BTA2 (380). The chromosomes that presented the lowest 
CNVR incidence were the BTA25 (85), BTA27 (104) and 
BTA28 (117).  Coverage of chromosomes by CNVRS was 
proportional to their sizes, and the smaller chromosomes 
showed lowest scopes for CNVR (Figure 2). Some authors 
found similar results, such as Hou et al., (2011b) whom 
found 682 CNVRs in 539 animals, which had an mean 
length size of 204.9kb, using an array with 55,000 SNPs  

Additionally, CNVs were considered with a 
minimum size of 10kb, 50kb and all sizes, which resulted in 
1,365, 4,459 and 6,399 CNVRs, respectively. Considering 
the total of CNVRs obtained by CNVs of all sizes, 35.7 %, 



41.0 % and 23.3 % of the CNVRs were copy insertion, 
copy deletion and both (insertion and deletion), 
respectively. The chromosome 24 showed the highest 
insertion percentage, representing 44% of the events; 
whereas the chromosomes 18 and 12 had the highest 
percentages of deletion and mixed regions (insertion and 
deletion). The 6,399 CNVRs identified were submitted to 
the VEP tool of Ensembl. The results indicated that 16.3% 
of the CNVRs were within coding regions, suggesting that 
exons regions were duplicated. Also, 3.4% of the CNVRs 
were in “upstream” or “downstream” regions, 33.5% in 
intragenic, 5.7% in intron variant and 1.4% in no 3’ or 5’ 
primer variant, that were related with no coding exons. 

 
CONCLUSION 

This study confirms the existence of major 
structural variations or CNV regions in the Nelore cattle 
genome. This major structural variations could provide 
tools for the genetic improvement of Nelore breed. 
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Figure 1. Copy number variation regions coverage by chromosome in percentage. 
 

 
Figure 2. Number and mean length size of copy number variation regions by chromosome. 
 



 


