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ABSTRACT: Runs of homozygosity (ROH) are regions of 
the genome that are contiguously homozygous because the 
parents of an individual have transmitted identical 
haplotypes. Long ROH indicate a recent common ancestor 
while very short ones are indicators of demographic history 
of a population. The distribution of ROH along the genome 
has been shown to be extremely non-uniform in human 
populations. We have analyzed patterns of runs of 
homozygosity from the Illumina BovineHD BeadChip, 
featuring more than 700,000 autosomal SNPs for the 
taurine cattle breeds Angus, Brown Swiss and Fleckvieh as 
well as for the indicine breeds Brahman, Gir und Nelore. 
ROH of lengths >1 Mb were accepted.        
The average proportion of individuals for which any SNP 
was in a ROH across the genome was .081 (.069 for 
indicine breeds and .096 for taurine breeds), 99.0 and 99.9 
percentiles were .183 (.165, .241) and .275 (.330, .406), 
respectively. ROH islands, i.e. regions with highest 
incidences (>.40) were partly overlapping and partly 
distinct between subspecies and breeds within subspecies. 
ROH islands were surprisingly gene rich compared to 
equally sized regions in distant regions of the same 
chromosomes. The genesis and function of ROH islands is 
still unclear and worth pursuing. Analysis of whole genome 
sequence data will add new challenges of analysis and 
prospects of better understanding the biology of ROH 
islands. 
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Introduction 
High throughput genotyping allows a new and 

more accurate view on levels and effects of inbreeding in 
livestock (Bjelland et al., 2013, Ferenčaković et al., 2013a, 
Purfield et al., 2012). Runs of Homozygosity (termed by 
Lencz et al., 2007) are contiguous regions of the genome in 
homozygous state. ROH are due to both parents 
transmitting identical haplotypes from an ancestor to the 
emerging offspring, their lengths indicate how recent the 
common ancestor was, with longer ROH being derived 
from more recent ancestors. Length and configuration of 
haplotypes are determined by recombination events during 
meiosis. With high density SNP chip data, it is possible to 
accurately determine whether a particular SNP is part of a 
ROH or not. Howrigan et al. (2011) and Ferenčaković et al. 
(2013b) indicated ways of dealing with heterozygous calls 
due to genotyping errors for human and bovine populations, 
respectively. In this way, each SNP in the autosome of an 
individual can be marked as being part of a ROH or not. 
From there, proportions of individuals for which a SNP is 
in a ROH may be calculated, representing the level of local 

(SNP-wise) autozygosity of a population. Studies of human 
populations (McQuillan et al., 2008; Nothnagel et al., 2010; 
Pemberton et al., 2012) have indicated that the patterns of 
local levels of autozygosity is not uniform at all, calling 
regions of extreme high frequency of ROH as ROH islands. 
The causes for these differences are not well established 
yet, and while levels of linkage disequilibrium play a role, 
they explain only a relatively small part of ROH variation 
(Nothnagel et al., 2010).  

In this study we explore heterogeneity of ROH 
levels in three taurine and three indicine cattle populations. 
We investigate the occurrence of genes within ROH islands 
and compare the numbers of genes found in these islands 
with those in regions of equal size 10 and 20 Mb 
downstream  the chromosome. 

 
Data and Methods 

Breeds investigated. Illumina BovineHD 
BeadChip (777 K) data of the taurine breeds Angus (107 
individuals), Brown Swiss (46), Fleckvieh (96), and the 
indicine breeds Brahman (100), Gir (100) and Nelore (133) 
were used. Genotypes were provided by Zebu Genomic 
Consortium - Brazil for Nelore, Embrapa - Brazil for Gir, 
Zuchtdata GmbH - Austria for Fleckvieh, by AGBU 
(Animal Genetics and Breeding Unit) University of New 
England - Australia for Angus and Brahman as well as 
BOKU University - Austria for Brown Swiss. 

ROH detection. Data extraction and quality 
control were performed following Ferenčaković et al. 
(2013b). Data from the three taurine breeds were merged 
and only SNPs that were present in all three breeds were 
retained (555 609 autosomal SNPs). The same was done 
with the three indicine breeds, resulting in 649 218 
autosomal SNPs. ROH were detected as in Ferenčaković et 
al. (2013b) using the SNP&Variation suite (SVS) from 
Golden Helix (www.goldenhelix.com), with exceptions for 
minimum number of SNP required to call a ROH that was 
here set to 30, maximum gap 250 kb and minimum density 
of 1 SNP/50 kb. 

Comparative analysis. Proportions of SNPs being 
in a ROH were calculated per breed and per subspecies. 
Percentiles (50.0%, 99.0%, 99.9%) were calculated to 
detect ROH islands. Top regions with frequencies >40% 
within either subspecies were selected for further 
inspection. The width of an island region was determined 
by the positions of the leftmost and rightmost SNPs 
surpassing the 40% limit. 

Genes located within the pattern boundaries and 
the orthologs in human were found using the Ensemble 
Genome Biomart tool (WTSI/EBI), while the gene 
functions were searched using the quickGO (EMBL-EBI), 
Ensembl release 72 - June 2013. http://www.ensembl.org. 



Results and Discussion 
The median proportion of individuals for which 

any SNP was in a ROH across the genome was .081 (.069 
for indicine breeds and .096 for taurine breeds), 99.0 and 
99.9 percentiles were .183 (.165, .241) and .275 (.330, 
.406), respectively. As visible from Figures 1 and 2, ROH 
frequencies vary vastly across positions in the genome. 

Figure 1 provides a genome wide views of ROH 
islands for taurine and indicine cattle. Figure 2 gives the 
ROH patterns along BTA 12 and 21 in greater detail. ROH 
islands are partly coinciding across subspecies, partly they 
are private. Exploration of individual breeds (not shown 
here, see Karimi, 2013) also indicated ROH islands that are 
private to breeds. 

Figure 1: Manhattan plots for proportion of individual 
in ROH>1Mb for (A) taurine and (B) indicine pools of 
individuals 

Figure 2: Local ROH frequencies at (A) BTA 12 and at 
(B) BTA 21. Red and blue color indicates taurine and 
indicine populations, respectively. The gap around Mb 
75 at BTA12 is due to a genotype gap not allowing 
reconstruction of ROH in this region. 

The regions surpassing frequencies of 40% in 
either taurine or indicine pools of individuals are shown in 
Table 1. These are four regions each, with two regions on 
BTA7 and BTA21 being more frequent than 40% in both 
subspecies. The sizes of ROH islands with borders as 
defined in Data and Methods were in the range of 0.5 to 1.2 
Mb (Table 2). Kim et al. (2013) presented local patterns of 
autozygosity in three groups of Holstein Friesian cattle.  
The region on BTA7 seems to coincide with an ROH island 
in that paper.  
 
Table 1: ROH islands, defined as regions with ROH 
frequencies >40% per SNP, in taurine and indicine 
cattle breeds 

ROH 
island 
location 

Physical 
Position(bp) 

Frequency (%) 

taurine indicine 

BTA6  38,268,200 : 
39,451,000 

54 - 

BTA7  51,502,500 : 
52,353,000 

47 58 

BTA10 24,575,700 : 
25,619,800 

- 45 

BTA12 28,434,000 : 
29,628,100 

- 42 

BTA16 43,802,200 : 
44,968,700 

44 - 

BTA21 1,360,390   : 
1,853,150 

53 93 

 
 
 



Table 2: Number of annotated elements (NCBI, Feb 
2014) inside ROH islands and downstream 
neighbouring (+10Mb and +20Mb) regions of equal size. 

 
.The comparatively narrow region of ~850 Kb on 

BTA7 indicated in our study is hosting 17 annotated genes 
(Table 2), see Table 3 for acronyms of these genes. It was 
notable that the six regions inspected in detail were all 
gene-rich compared to regions of equal size 10 or 20 Mb 
downstream along each of the involved chromosomes 
(Table 2). Two ribosomal pseudogenes on BTA21were 
found to be orthologous with genes on the human genome 
(HAS3) that are located in one of the three peak ROH 
regions in the study of Nothnagel et al. (2010). 

 
 
Table 3: Annotated genes within ROH islands. 

CHR  Genes 
BTA6 MEPE, IBSP, LAP3, BT.29898, FAM184B, 

BT.100379, LCORL, BT.94996 
BTA7 HSPA9, BT.63787, LRRTM2, SIL1, GPX4, 

BT.71626, PAIP2,  
SLC23A1, PACAP,SPATA24, DNAJC18, ECSCR, 
C5ORF65, 
5S_rRNA, SNORA74, SNORA74 

BTA10 TRAV14DV4, BT.64165, BT.101619 
BTA12 PDS5B, N4BP2L2, N4BP2L1, BRCA2, ZAR1L, 

FRY, RXFP2 
BTA16 BT.104317, BT.103198, 

DFFA,CORT,APITD1,PGD,KIF1B, 
UBE4B, RBP7, NMNAT1, CTNNBIP1 

BTA21 OR5D13, U6, U6, 5S_rRNA, 5S_rRNA 
 
 
Checks of patterns of linkage disequilibrium in the 

ROH island regions indicated elevated LD in most of these 
regions but not to a degree that would explain the high 
incidence of ROH alone. This was similar to the findings of 
Nothnagel et al. (2010).  ROH islands have been implicated 
with signals of strong selection (Nothnagel et al., 2010, 
Pemberton et al., 2012, Kim et al., 2013). While we found 
overlaps with QTL regions for all regions except for the one 
on BTA21, we did not explore this option in great detail.   
 

Conclusions 
Runs of homozygosity are obviously very 

unevenly distributed along the bovine genome. Extreme 
ROH islands (or hotspots), involving a large part of a 
population, appear in breeds and even across breeds within 
subspecies. The causes for such islands and their biological 
significance are still largely untapped (Wang et al., 2013).  
It is worthwhile to explore links with different types of 
indicators of selection (Utsunomiya et al., 2013) and the 
connection with patterns of linkage disequilibrium 
(Nothnagel et al., 2010). Next generation sequence data will 
require different types of ROH analysis due to rates of 
sequencing errors. First attempts have been performed by 
Bosse et al. (2013) in pigs and McLeod et al. (2013) in 
cattle, yet the field is open for exploration.  
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CHR Region 
size, kb 

ROH  
Island 

10Mb 
downstream 

20Mb 
downstream 

BTA6 1183 10 2 5 
BTA7 851 17 5 1 
BTA10 1044 4 0 3 
BTA12 1194 7 0 1 
BTA16 1166 20 0 5 
BTA21 493 8 0 0 


