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ABSTRACT: The International Bovine Haplotype Map 
Project (Bovine HapMap) has provided an essential 
database for the study of population structures, breed 
development and genome-wide associations. Although 
some of the known relationships among the populations 
were already described in the data release, the available 
genotype data provided an opportunity to re-analyze 
combined datasets and to empirically ascertain previously 
unknown relationships. We performed a systematic analysis 
of 72 previously described global cattle breeds using a 
recently developed network analysis approach (NETVIEW). 
Using NETVIEW we were able not only to confirm the 
reported relationships, but also to detect additional sub-
structures and numerous, previously unreported close 
relatives and outliers within the breeds. The inferred sub-
structures, relative pairs and outliers make it possible to 
propose a standardized subset of unrelated cattle for use in 
future studies in which relatedness and sub-structures can 
be accounted for. 
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Introduction 
The International Bovine HapMap project reported 

genome-wide SNP (Single Nucleotide Polymorphism) data 
at ~50,000 markers in 497 cattle from 19 geographically 
and biologically diverse breeds. Compared to the current 
global population structure of cattle breeds, which is 
characterized by over 800 breeds, this database only 
provides a limited insight into the evolution of cattle breeds. 
Therefore, other studies have expanded the Bovine HapMap 
database by including additional cattle breeds, e.g. GAUTIER 
et al. (2009) provided a detailed assessment of cattle 
diversity based on 1,121 cattle from 47 different breeds. In 
order to provide a detailed description of the global 
population structure of domesticated cattle, breeds 
representing the three major groups of Asian indicine, 
Eurasian taurine and African taurine were included in an 
updated population structure analyses. 

Commonly model-based algorithms implemented 
in programs such as STRUCTURE (PRITCHARD et al. (2000)) 
and methods derived from Principal Component Analysis 
(PCA) were applied to cattle breeds, to provide a useful 
summary of the basic structure of the data. However, both 
approaches are becoming impractical to be applied on large 
datasets and are limiting by the inclusion of individuals 
originating from many different sub-populations. Model-
based algorithms typically require a number of clusters 
(K) < 10 for satisfactory convergence, whilst the 
visualization of PCA is limited to 3D space. Furthermore, 
both methods are even less-suited to study the genetic 
relatedness of individuals within populations. Further 

analysis of such datasets can be biased if the relatedness of 
highly related individuals is not accounted for. 

We have recently demonstrated the utility of 
NETVIEW (NEUDITSCHKO et al. (2012)) for constructing 
fine-scale population networks. The major advantage of this 
approach is that fine-scale population structures can be 
revealed without any a priori ancestry information. 
Therefore, NETVIEW increases the resolution of population 
structure analyses relative to previous techniques and 
demonstrates that differences in ancestry profiles among 
individuals can be resolved at high resolution, 
simultaneously detecting close relative pairs. Here, we 
applied NETVIEW on genome-wide SNP data of global 
cattle dataset (37,981 SNPs and 72 populations) to 
comprehensively identify unreported sub-structures and 
relationships within the sampled breeds.  

 
Materials and Methods 

Genotype data. We analyzed the fine-scale 
population structure in a global bovine dataset of 37,981 
autosomal SNPs genotyped in 1,368 cattle sampled from 72 
different cattle breeds, with the range from 2 (Welsh Black) 
to 80 (Holstein) animals per breed. More precisely, we have 
combined the data of two previous published studies: i) 47 
populations as described by GAUTIER et al. (2010) with a 
special focus on 14 French and 11 African cattle breeds 
including all samples from the Bovine HapMap project and 
ii) 48 worldwide breeds as provided by DECKER et al. 
(2009). The cattle samples of both datasets were genotyped 
on the Illumina® Bovine SNP50 chip assay. We removed 
identical animals after characterizing SNP polymorphism, 
in each animal resulting in 1,368 unique identities allocated 
to 72 breeds. 

Allele sharing analysis. The proportions of shared 
segments identical by descent (IBD) were determined for 
each pair of animals and summarized in a symmetric 
relationship matrix A of dimension n x n, whose rows and 
columns correspond to n cattle. For the inference of shared 
IBD segments we have applied GERMLINE (GUSEV et al. 
(2009)). GERMLINE requires haplotypes of each animal as 
an input, which were inferred using software package 
BEAGLE v3.3.2 (BROWNING and BROWNING (2011)). We 
expect parent/offspring (PO) pairs to have a medium value 
between 0.4 - 0.6, because in such pairs the value can differ 
from 0.5 as a result of genotype errors, inbreeding and 
gametic sampling (PEMBERTON et al. (2010)). For full 
siblings (FS) we expect large values greater than 0.9 
because such pairs share a high proportion of both alleles at 
each locus identical by decent. 

Population network analysis. We applied 
network population analysis NETVIEW as described by 
NEUDITSCHKO et al. (2012) to define fine-scale population 



structures of global cattle breeds. The method is briefly 
described as follows: given the genome-wide proportions of 
shared segments (IBD) between individuals (A), a 
hierarchical population structure within a population is 
ascertained using network based clustering algorithm SPC 
(BLATT et al. (1996)). For the visualization of the 
hierarchical population structure and cluster solution we 
have used the software package PHYTOOLS as implemented 
in R (REVELL (2012)). Secondly we carried out high 
definition network visualizations of identified breed clusters 
with program CYTOSCAPE (SHANNON et al. (2003)) to 
clearly identify population sub-structures and pairs of close 
relatives (PO and FS) within the breeds. SPC and 
CYTOSCAPE are implemented in the population analysis 
pipeline NETVIEW. A detailed description of the pipeline is 
posted at: http://sydney.edu.au/vetscience/reprogen/netview/. 

Applying NETVIEW population structure is 
presented in terms of nodes, edges between nodes and 
thickness of edges. In the final network presentation, we 
have associated the thickness and color of an edge with the 
proportion of shared segments (IBD) between two nodes to 
express the strength of genetic relationship between animals 
and to clearly identify highly related animals. 

 
Results and Discussion 

Population Affiliation. NETVIEW tree analysis of 
the entire dataset of global cattle breeds, can clearly resolve 
breed clusters and identify animals which do not match 
breed affiliation through mislabeling or unknown pedigree 
errors. 

NETVIEW tree analysis on the entire dataset shows, 
that with the only exception of OUL (African taurine), all 
cattle with the same geographic origin cluster together 
(Figure 1). Cattle from breeds with Asian indicine, Eurasian 
taurine and African taurine origin form distinct clusters, 
before animals were assigned to respective breed groups. 
The American hybrids (BMA and SGT) cluster together 
with Eurasian taurine breeds, whilst African hybrids (BOR 
and SHK) were assigned to African taurine breeds. This 
basic population structure of global cattle breeds is in broad 
agreement with previous performed analysis using 
commonly applied methods (GAUTIER et al. (2010); 
DECKER et al. (2009)). In the final tree topology all breeds 
with a sample size > 10 form distinct clusters, with the only 
exception of closely related breeds ZFU/ZBO and 
ANG/RGU. It is also clear that breeds from the same 
geographic region with a sample size < 10 were not 
separated from each other (e.g. DEV and SDEV). In total 
the 72 breeds were separated into 66 distinct clusters, whilst 
17 breed clusters show evidence of additional sub-
structures. On this basis we identified 24 animals in small 
population clusters (2 - 4 animals) and 8 population 
labelling errors, as animals clustered together with members 
of other breeds, that were clearly identified (Figure 1). 
Animals showing population labeling errors and their 
respective breed clusters are represented in Table 1. 

 

  
Figure 1 Hierarchical Population structure of global 
cattle breeds following NETVIEW analysis. 

 

Eurasian taurine (blue): Jersey (JER; n=49), Hereford (HFD; n=31), 
Guernsey (GNS; n=21), Blonde d’Aquitaine (BDAQ; n=5), Pinzgauer 
(PINZ; n=5), Hanwoo (HANW; n=7), Wagyu (WGY; n=10), Longhorn 
(LH; n=3), White Park (WHPK; n=4), Scottish Highland (SCHL; n=9), 
Texas Longhorn (TXL; n=10), Corriente (CORR; n=5), Romosinuano 
(ROMO; n=8), Chianina (CHIA; n=8), Marchigiana (MCHI; n=5), Red 
Poll (RDP, n=5), Welsh Black (WBL; n=2), Blue Belgian (BBLU; n=4), 
Kerry (KERR; n=3), Devon (DEV; n=4), South Devon (SDEV; n=4), 
Belted Galloway (BGAL; n=4), Galloway (GALL; n=4), Dexter (DEX; 
n=4), Sussex (SUSS; n=4), Vosgienne (VOS; n=19), Tarentaise (TAR; 
n=23), Salers (SAL; n=27), Romagnola (RMG; n=24), French Red Pied 
Lowland (PRP; n=22), Piedmontese (PMT; n=26), Finnish Ayrshire 
(AYR; n=10), Norwegian Red (NRC; n=21), Normande (NOR; n=31), 
Montbeliard (MONT; n=35), Maraichine (MAR; n=19), Lincoln Red 
(SHLR; n=9), Shorthorn (SH; n=10), Maine-Anjou (MAN; n=21), 
Holstein (HOL; n=80), Gascon (GAS; n=22), Charolais (CHA; n=55), 
Limousin (LMS; n=35), Brown Swiss (BSW; n=41), Bretonne Black Pied 
(BPN; n=18), Aubrac (AUB; n=22), Murray Grey (MUGR; n=5), Black 
Angus (ANG; n=44), Red Angus (RGU; n=15), Gelbvieh (GEL; n=8), 
Simmentaler (SIM; n=10) and Abondance (ABO; n=22) 

 

African taurine (black)/hybrid (grey): Oulmès Zaer (OUL; n=26), 
Baoule (BAO; n=29), N’Dama (ND1; n=19, ND2; n=17 and ND3; n=25), 
Somba (SOM; n=30), Borgou (BOR; n=30), Kuri (KUR; n=30), Sheko 
(SHK; n=20), Zebu Bororo (ZBO; n=23), Zebu Fulani (ZFU; n=30), 
Lagune (LAG; n=30) and Zebu from Madagascar (ZMA; n=30) 

 

Asian indicine (orange): Brahman (BRM; n=25), Sahiwal (SAHW; 
n=10), Guzerat (GUZ; n=3), Gir (GIR; n=25) and Nelore (NEL; n=26) 

 

American hybrid (green): Santa Gertrudis (SGT; n=24) and Beefmaster 
(BMA; n=24) 

 

Populations with evidence of additional sub-structures are indicated by *, 
whilst small population clusters and population labelling errors are denoted 
by red arrows and the original animal IDs respectively. 

 
Analysis of close relatives. To search for close 

relative pairs (PO and FS) within the breeds, we performed 
a high definition network visualization of the cluster 
solution of the entire dataset (result not shown). 
Investigating the genetic relatedness of animals assigned to 
respective breeds revealed, that cattle with African taurine 
and Asian indicine origin are highly related to each other 
compared to cattle with Eurasian taurine ancestry. Based on 
our definition of close relatives, especially these cattle 



breeds contained a high number of PO pairs (e.g. within 
BRM all pairs of animals shared IBD segments greater than 
0.4). These strong relationships are most likely a result of 
the reported SNP-discovery ascertainment bias (GAUTIER et 
al. (2009)), since these breeds are monomorphic for a larger 
proportion of SNPs (e.g. within BRM on average only 77% 
of the SNPs are polymorphic, compared to 91% within 
ANG). We therefore, restricted the analysis of close 
relatives to breeds, which were not affected by the SNP-
discovery ascertainment bias. An example of this analysis 
for ANG and RGU is illustrated in Figure 2. Based on the 
high definition network structure we identified two trios 
and duos within the breeds as well as a complex family 
structure involving five highly related animals within ANG 
breed. This family structure of highly related animals also 
caused the sub-structure within this breed as detected by 
hierarchical population structure analysis (Figure 1). 

 

 

Figure 2 High definition network visualization of RGU 
and ANG breed. 

 

At the high definition network visualization each animal is presented by a 
solid circle; with the different shading (red, black and grey) denote the 
breed (ANG and RGU) and sample origin (HapMap and Decker), 
respectively. The thickness of edges varies in proportion to the shared IBD 
segments and has been used to visualize individual relationship within and 
between breeds and to clearly identify close relatives. Edges assigned with 
shared IBD segment values greater than 0.4 were colored in green. 
Identified parent offspring pairs are denoted by red arrows. 
 

 
Table 1. Summary of animals with population labeling 
errors 
Animal ID Breed label Breed Cluster 
SCHL329180 Scottish Longhron Hanwoo 
BAO234 Baole N´Dama 1 
ZFU9488 Zebu Fulani Kuri 
ABO1496 Abondance Gelbvieh 
ANG063100 Black Angus Murray Grey 
ANG000027 Black Angus Murray Grey 
ANG000025 Black Angus Murray Grey 
SAL275490 Salers Limousin 

 

Conclusion 
Our results demonstrate that high definition 

population networks can be successfully applied to 
comprehensively evaluate genetic relatedness of individuals 
within large multi-breed samples and to identify unexpected 
sub-structures and outliers within populations. The method 
is unsupervised and requires no a priori breed grouping or 
ancestry information and can effectively utilize high density 

SNP information. Therefore, NETVIEW provides essential 
population information to facilitate future studies that 
require well-defined relatedness of individuals. In order to 
identify close relatives within cattle with African taurine 
and Asian indicine origin, we suggest to compute 
proportions of shared segments based on respective 
informative SNP panels. 
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