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ABSTRACT: Copy number variations (CNVs) are 
modifications in DNA structure comprising of deletions, 
duplications and insertions. The prevalence of CNVs in 
South African cattle populations is largely unknown. South 
African Nguni cattle are recognized for their ability to 
sustain harsh environmental conditions while exhibiting 
enhanced resistance to disease and parasites. The 
underlying genetic components thereof, are however not yet 
understood. Illumina BovineSNP50 Beadchip data was 
utilized to investigate CNVs in 56 South African Nguni 
bulls using PennCNV software. 436 copy number variation 
regions (CNVRs) are reported. CNVRs ranged from 44kb 
to 62Mb in size. 81% of CNVs were enriched for genes 
involved in a variety of functions including immune and 
cellular processes. CNVs may explain part of the 
phenotypic diversity and the enhanced adaptation evident in 
Nguni cattle. The exact mechanisms and effects of such 
CNVRs however must still be determined. 
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region; nguni cattle; bovine SNP50K 
 

Introduction 
Genetic diversity is composed of several forms of 

genomic variations, including single nucleotide 
polymorphisms (SNPs), structural copy number variations 
(CNVs) and variable number of tandem repeats (VNTRs) 
(Freeman et al. (2006)). Copy number variations are 
defined as modifications in DNA structure due to deletions, 
duplications and insertions that are greater than 1kb in size, 
that play a significant role in the genomic variability 
evident among both healthy and disease infected 
individuals  (Tuzun et al. (2005); Freeman et al. (2006); 
Redon et al. (2006)).  CNV have been observed to affect a 
greater percentage of genomic sequences relative to other 
forms of genomic variations (Zhang et al. (2009); Liu and 
Bickhart, (2012); Hou et al. (2012)).  The publication of 
two alternative cattle reference genomes (Btau_4.0 and 
UND3.0, The Bovine Genome Sequencing and Analysis 
Consortium, (2009)) has enabled new avenues of bovine 
genomics such as CNVs to be explored.  

Nguni cattle are recognized for their small frame 
size, diversely patterned and multi-coloured hides and 
enhanced adaptation to harsh environmental conditions and 
represents a distinct, conserved breed that has undergone 
little synthetic breeding (Bester et al. (2003); Horsburgh et 
al. (2013)). Very little research into the genotypic make up 
of Nguni cattle has however been performed. The 
development and elevated focus on intense selection 
programs have, however augmented genetic improvement 
in a number of breeds worldwide. Gaining an understanding 
of the multiple components of functional breed diversity 
and the subsequent implications thereof may have 

important inference on current breed management and 
genetic improvement practices.  

This study therefore comprises a preliminary 
investigation into the presence and characterization of 
CNVs in the genome of 56 South African Nguni bulls. 
Illumina BovineSNP50 genotyping methodology was used 
in conjunction with the PennCNV package to identify 
CNVs and subsequent genes that may be affected by the 
CNVRs.  
 

Materials and Methods 
Sample collection and genotyping. Genomic 

DNA was extracted by means of the Qiagen DNeasy Blood 
and Tissue Kit from blood samples of 56 unrelated Nguni 
bulls, sampled from throughout South Africa. The quantity 
and quality of extracted DNA was assessed by means of the 
Qubit and subsequently genotyped with the Illumina 
BovineSNP50 BeadChip containing 54,001 highly 
informative markers that uniformly span the bovine 
genome. Markers were clustered and genotyped by means 
of Illumina GenomeStudio software.  

Generation of CNV calls and quality control. 
The Log R ratio, SNP allelic ratio distribution (B allele 
frequency), G type, chromosome and position were 
exported from GenomeStudio for each animal for analysed 
by means of PennCNV software. PennCNV software 
utilizes a first order Hidden Markov Model, which assumes 
that the hidden copy number state at each SNP is subject to 
the copy number state of the most preceding SNP (Wang et 
al. (2007)) for high resolution CNV discovery with whole 
genome SNP genotyping data (Wang et al. (2007)). The 
Viterbi algorithm is subsequently utilized to determine the 
most probable sequence of hidden states chromosome by 
chromosome (Wang et al. (2007)). A dynamic 
programming algorithm, the Viterbi algorithm is applied to 
predict the Viterbi path which generates the most probable 
sequence of hidden states representing discrete copy 
numbers along the chromosomes (Xu et al. (2011)).  

A pfb file containing the Bovine 50K SNP position 
was created utilizing the compile_pfb.pl script. The 
detect_cnv.pl was run to detect CNVs on 29 autosomes. 
Genomic waves were adjusted by means of the –gcmodel 
option. The GC content within 1Mb region (500K per side) 
surrounding each marker was calculated and utilized to 
create the bovine gcmodel. The following script was 
therefore run: perl detect_cnv.pl -test -hmm 
./example/example.hmm -pfb BovineSNP50K.pfb -conf -
loh -log ./NgunirawG2.log -out . 
/detect_cnv_outputs/Nguni.rawG2 -minlength 1000 -lastchr 
29 -listfile . /Text_file/Nguni.txt -gcmodel bov.gcmodel. In 
order to minimize the rate of false positives, extensive 
quality control was applied by means of the filter_cnv.pl 



script. Only those CNVs that demonstrated a standard 
deviation (SD) less than 0.35, B allele drift of less than 0.01 
and waviness factor (Diskin et al. (2008)) of less than 0.04 
were kept. RefGene and refLink files downloaded from the 
UCSC website were subsequently utilized to scan those 
CNVs for the presence of genes as per PennCNV protocol. 
Overlapping CNVs were aggregated to delineate a set of 
CNVRs (Redon et al. (2006)).  

 
Results and Discussion 

Genome-wide CNV detection. Subsequent to 
filtering samples, only 30 animals remained with a 
waviness of less than 0.04, a standard deviation of less than 
0.35 and a B allele drift of less than 0.01. One thousand two 
hundred and twenty five CNVs were detected on the 29 
autosomes in these 30 animals, from which 436 CNVRs 
could be distinguished (Table 1). A number of studies 
utilizing SNP genotyping platforms to identify CNVs have 
been done on a variety of different cattle breeds of late. 
Jiang et al. (2013) identified 367 CNVRs by means of 
PennCNV analyses of high-density SNP genotyping data 
from 96 Chinese Holsteins. Hou et al. (2011) on the other 
hand, reports 682 CNVRs identified in 521 animals 
representing 21 different breeds also identified from SNP 
genotyping arrays. Considering the smaller sample size of 
this study, a significantly greater number of CNVs were 
identified.  
 
Table 1. The copy number (CN), number of CNVs 
(NCNVs), the average length of CNVs identified (AL) 
and and their distribution on autosomal chromosomes 
(CHR).  
§CN NCNV AL CHR 

0 12 102,953 3,6,8,10,11,12,14,18,25 

1 44 1496132045 
1,3,4,5,6,7,8,9,11,14,15,16
,17,18,19,22,25,26,27,28,2

9 

2 1548 6192840,773 
1,2,3,4,5,6,7,8,9,10,11,12,
13,14,15,16,17,18,19,20,2
1,22,23,24,25,26,27,28,29 

3 92 2010219,565 1,2,3,4,5,6,7,9,10,11,12,13
,15,16,17,20,23,26,28 

4 1 751,706 5 
§0 = deletion of two copies; 1 = deletion of one copy; 2 = 
copy neutral with LOH; 3 = single copy duplication; 4 = 
double copy duplication.  

 
The observed CNVRs ranged in size from 44kb to 

62Mb in length with an average length of 4Mb. Great 
variation in the size and number of CNVRs has been 
reported in cattle (Hou et al. (2012); Jiang et al. (2012)). 
Bickhart et al. (2012) speculated that the distinctions in 
selected breeds for specific traits could be linked to specific 
CNVs. Discrepancies in CNVs and subsequent CNVRs 
between different breeds and even individuals could thus be 
expected. Although Jiang et al. (2013) highlight the 
differences in size and structure of populations, platforms 
and algorithms used in CNV discovery could also 
contribute to such incongruities.  

Twelve of the CNVRs identified in this study 
overlaped with the 22 common CNVRs that occur at a 
frequency of greater than 2.5% in Bos taurus coreanae as 
reported by Bae et al. (2010) (Table 2). In comparison, 
however, CNVRs reported in this study were larger than 
those presented by Bae et al. (2010). Nguni cattle were, 
until the twentieth century, primarily exposed to natural 
selection pressures and subsequently exhibit enhanced 
adaptive traits together with broad phenotypic diversity 
(Bester et al. (2003)).  Increasing evidence have suggested 
that CNVs play a primary role in inter-individual diversity 
(Stankiewicz and Lupski, (2002); Sebat et al. (2004)) 
attributing to both normal phenotypic variation and major 
variations in complex traits such as susceptibility to disease 
(Fellermann et al. (2006); Feuk et al. (2006)) Although this 
discrepancy in the number of CNVs identified relative to 
other studies could be attributed to a variety of factors, this 
difference may, to a large extent, reflect the potential broad 
genetic diversity expected in Nguni cattle. Further studies 
are however underway to verify these ascertainments. 

 
Table 2. CNVRS discovered (R) in this study (NGUNI) 
that are reported to be common in Bos taurus coreanae 
(Native Korean Cattle) as reported by Bae et al. 2010 
(HOU) and their corresponding lengths, basepairs. 

R CNVR LENGTH 
BAE NGUNI BAE NGUNI 

1 chr10:9075677
7-90887327 

chr10:8118080
1-92846879 

130,55
0 

11666,07
8 

2 chr13:5470098
8-55222116 

chr13:4615007
9-69070669 

521,12
8 

22920,59
0 

3 chr15:1836732
-2039483 

chr15:1242901
-4285360 

202,75
1 3042,459 

4 chr17:1500241
9-15372017 

chr17:1276683
8-15127358 

369,59
8 2360,520 

5 chr20:5140260
9-51459233 

chr20:4845070
2-51569900 56,624 3119,198 

6 chr4:10009287
-10665698 

chr4:10337103
3-104427527 

656,41
1 1056,494 

7 chr5:11483310
-11889745 

chr5:12123561
-19281986 

406,43
5 7158,425 

8 chr5:12312711
0-123347200 

chr5:25518483
-28120980 

220,09
0 2602,497 

9 chr6:56495043
-56634157 

chr6:55496362
-57306636 

139,11
4 1810,274 

1
0 

chr7:4650135-
5033417 

chr7:44136041
-55792363 

383,28
2 

11656,32
2 

 
PennCNV delineates six distinct hidden states for 

autosomes that characterize a double copy deletion, a single 
copy deletion, normal state, copy-neutral with loss of 
heterozygosity (LOH), a single copy duplication, and a 
double copy duplication or higher (Wang et al. (2007)). A 
great proportion of the CNVs detected across the bulls in 
this study comprised of copy neutral LOH variations (Table 
1).  Of the remaining 149 CNVs identified, 62.74 % were 
single copy duplications, while 29.53% are single copy 
deletions. Pinto et al. (2011) reports certain arrays to be 
biased towards deletions or duplications respectively. This 
greater preponderance of deletions reflects the findings of 



Bae et al. (2010) who reported three fold more in deletions 
than duplications in CNVRs identified by means of the 
same array platform and algorithm native Korean cattle.  

A noticeable feature of the CNVs, particularly 
larger CNVs, is their preponderance in regions with known 
segmental duplications (Liu et al. (2010); Bickhart et al. 
(2012)). Also known as low copy repeats (LCRs), 
segmental duplications are duplicated fragments of DNA 
that are more than 1 kb in size and can be found either on 
the homologous chromosome or on a separate, non-
homologous chromosome with a minimum of 90% 
sequence identity (Bailey et al. (2002); Lupski and 
Stankiewicz, (2005)). Liu et al. (2009) reported 
chromosomes 5, 18, 27 and 29 to demonstrate a higher 
preponderance of segmental duplications in the bovine 
genome. Despite SNPs being known to be sparse in regions 
of segmental duplications, 20, 16, 5 and 9 CNVRs were 
identified in this study on chromosomes 5, 18, 27 and 29 
respectively. A number of segmentally duplicated domains 
encode protein products that play a prominent role in 
species adaptation (Duda and Palumbi, (1999)). Nguni 
cattle are considered a highly adapted breed for the harsh 
South African climate (Bester et al. (2003)). The prevalence 
of these CNVRs in these regions would, however needs to 
be verified. 

Gene content. Of the 1697 CNVs identified in the 
30 animals, 81% contain genes, of which a number are 
associated with immunological functions such as IGF2, 
MAPK1 and BOLA genes that are associated with 
regulation of activated T cell proliferation, B and T cell 
receptor signaling pathways and immune response 
respectively. These findings correspond with previous 
findings where CNVRs have been located in areas enriched 
for genes associated with environmental responses like 
sensory, defense and immunological functions and 
regulatory processors like  (Bae et al. (2010); Liu et al. 
(2010); Seroussi et al. (2010); Hou et al. (2011); Hou et al. 
(2012)).  Discrepancies in immune related genes have been 
linked to disease (Fadista et al. (2010)). Variation in the 
genes comprising the major histocompatibility complex 
have been reported to play a pivotal role in the 
discrepancies in the predisposition of cattle to diseases like 
dermatophilosis, mastitis and other tick born infections 
(Ibeacha-Awemu et al. (2008)). Stothard et al.  (2011) 
reported CNVs associated with immune and lactation 
genes. Bickart et al. (2012) found 15 of the 25 most 
variable copy number genes that they identified, had 
functions associated with immune response and host 
defense, such as defensin, interferon and GIMAP (GTPase 
and IMAP) families. Anhidrotic ectodermal dysplasia in 
cattle is associated with a partial deletion of the bovine 
EDA gene (Liu and Bickhart, (2012)). Flisikowski et al. 
(2010) demonstrated genomic deletions of exons 3 and 4 of 
the MIMT1 gene to be linked to the incidence of abortions 
and stillbirths in cattle. A 2.8 kb deletion in the SLC4A2 
gene was reported by Meyers et al. (2010) to cause 
osteopetrosis in Red Angus cattle. Two causal deletions in 
the CLDN-16 gene are linked to renal tubular dysplasia in 
Japanese black cattle (Ohba et al. (2000); Hirano et al. 
(2000)). Copy neutral LOHs in this study are evident in at 
least one individual at the CLDN16, EDA, GIMAP and 

SLC4A2 genes. The effects thereof however would need to 
still be determined. The replication of these sites 
demonstrate the potential for these regions of the genome to 
be more susceptible to copy number variations within cattle 
breeds, with the form of CNV potentially being responsible 
for the subsequent effect and prevalence of these CNVs on 
gene expression. 

 
Conclusion 

Four hundred and thirty six CNVRs were 
identified in the genome of 30 Nguni bulls. A great 
percentage of these CNVRs comprised of copy neutral 
LOH variations and reside in regions containing annotated 
genes. From this preliminary study, one may expect that the 
enhanced adaptation, disease resistance and phenotypic 
variation of Nguni cattle could be partially explained by 
CNVs within the genome. The prevalence of the CNVRs 
and their effect on phenotypic variation in Nguni cattle 
would however need to be verified in further analyses.   
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