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Runs of homozygosity and evidence of adaptation in Nellore cattle1
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Summary

As the occurrence of runs of homozygosity (ROH) tend to be revealed in the genome due to
identical by descent chromosomal segments arising from a common ancestor, its identification
and characterization can elucidate about selection pressure events. The aim of the present study
was to identify autozygosity islands based on ROH approach to examine whether they are
associated with adaptive traits in cattle. A total of 9,386 Nellore genotypes were imputed to a
panel containing 735,044 markers. Prior to imputation, samples were edited for call rate
(<90%) and SNPs unsigned to any chromosome and those assigned to sexual chromosomes
were removed. ROH were identified using PLINK v1.07 and autozygosity islands were defined
as regions where 100 consecutive SNPs were outliers according to boxplot distribution for each
Bos taurus autosome (BTA). Significant (p≤0.01) gene ontology terms and KEGG pathways
were identified by DAVID v6.8 tool using the list of genes from the autozygosity islands.
Ninety one islands were found distributed across the genome, with the exception of BTA2.
Among the enriched terms, we highlight the protein catabolic process (GO:0030163) and the
catabolic biological process (GO:0030163), which functions have been associated with the
immune and inflammatory response. The olfactory receptor activity (GO:0004984) term has
been associated with adaptation upon high altitude in cattle. Additionally, the over-represented
bta04740:olfactory transduction KEGG pathway has been associated with feed efficiency in
cattle. On the basis of the results, these findings might explain the better adaptation of the
indicine cattle upon tropical environments and can elucidate potential biological roles
associated with the evolutionary traits that they possess.
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Introduction

Autozygosity occurs when chromosomal segments arising from a common ancestor are
identical by descent and inherited from both parents to the offspring genome (Broman &
Weber, 1999). The autozygosity based on runs of homozygosity can help to improve the
understanding of genetic selection process as selection tends to print homozygous stretches on
the genome. Hence, natural and artificial selection and the evolutionary adaptive process in
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cattle have not only changed the allelic frequencies at casual SNPs over time, but also the
surrounding genomic regions due to the “hitchhiking” effect (Nielsen, 2000). These processes
may have left genomic footprints within the genome of the modern cattle and indicine breeds
can be an important source of genetic information leading to the discovery or validation of
genomic regions controlling important economic and adaptive traits. The aim of the present
study was to identify autozygosity islands throughout the genome based on runs of
homozygosity and to examine their potential biological roles by revealing several genomic
regions that could be associated with adaptive traits in Nellore cattle.

Material and methods

Data

Nellore animals were genotyped with the Clarifide Nelore 2.0 (n=7,729), GGP-LD
(GeneSeek®) (n=201), Illumina BovineSNP50 (n=58) and BovineHD (Illumina Inc., San
Diego, CA, USA) (n=911) and GGPi BeadChip (GeneSeek® Genomic Profiler Indicus)
(n=487), totalling 9,386 samples. Imputation was implemented using the FIMPUTE 2.2
software (Sargolzaei et al., 2014) and all genotypes were imputed to a panel containing
735,044 markers. Prior to imputation, samples were edited for call rate (<90%). SNPs unsigned
to any chromosome and those assigned to sexual chromosomes were removed.

Runs of homozygosity

Runs of homozygosity (ROH) were identified in every individual using PLINK v1.07 software
(Purcell et al., 2007). The parameters were (i) a sliding window of 50 SNPs; (ii) a minimum
number of 100 consecutive SNPs included in a ROH; (iii) a minimum ROH length of 1 Mb;
(iv) a maximum gap between consecutive homozygous SNPs of 500 kb; (v) a density of one
SNP per 50 kb; and (vi) up to one heterozygous genotype were allowed in a ROH.

Autozygosity islands and functional annotation

Autozygosity islands were defined as regions where at least 100 consecutive SNPs were
outliers according to boxplot distribution for each Bos taurus autosome (BTA). The Map
Viewer of the bovine genome UMD3.1.1 was used for identification of genes within the
autozygosity islands. Database for Annotation, Visualization, and Integrated Discovery
(DAVID) v6.8 tool (Huang et al., 2009a, 2009b) was used to identify significant (p≤0.01) Gene
Ontology (GO) terms and KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways
using the list of genes from the autozygosity islands and the Bos taurus annotation file as
background.

Results and Discussion

Autozygosity islands were evident across the genome and their genomic distribution was non-
uniform both in length and position across chromosomes. A total of 91 regions with outliers
SNPs were found distributed in almost all chromosomes, with the exception of BTA2.
Autozygosity islands ranged from 0.40 to 5.09 Mb in length with a mean value of 1.51 Mb.
The strongest pattern was observed on BTA7 with ten islands distributed over the chromosome.

An enrichment of genes involved in eleven GO terms and one KEGG pathway was
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observed (Table 1). The protein catabolic process (GO:0030163) biological process was found
to play an important role in the immune and inflammatory response. This term was described
associated with the avian heterophil function (Redmond et al., 2011). Heterophils are the
counterpart of mammalian neutrophils and they perform essential functions in the early
response to pathogens. They are considered an essential component of the innate immune
system by rapidly detecting and killing pathogens and by signalling to direct other immune
response mechanisms (Kogut et al., 1995). Moreover, the protein catabolic biological process
(GO:0030163) was significantly enriched (p<0.01) in a genome-wide study on TIAR (TIA-1
related protein) RNA ligands in mouse macrophages. Interestingly, TIAR has been shown to
bind and regulate the translation and stability of several mRNA-encoding proteins important
for the inflammatory response. It also binds to important mRNAs for inflammatory response,
cell proliferation, cell death or metabolism (Kharraz et al., 2016).

Table 1. Gene Ontology terms and KEGG pathway annotation analysis enriched (p<0.01)
based on autozygosity islands set of genes with the number (n) of genes within each enriched
term.
Category Term n p-value

Biological Process

GO:0007186~G-protein coupled receptor signaling
pathway

72 1.89E-04

GO:0019373~epoxygenase P450 pathway 6 3.04E-04
GO:0030163~protein catabolic process 10 1.07E-03
GO:0006508~proteolysis 22 2.72E-03

Cellular Component GO:0005886~plasma membrane 200 1.78E-08

Molecular Function

GO:0005549~odorant binding 32 2.01E-08
GO:0004984~olfactory receptor activity 82 1.91E-06
GO:0004930~G-protein coupled receptor activity 87 8.58E-05
GO:0004190~aspartic-type endopeptidase activity 10 7.13E-04
GO:0008392~arachidonic acid epoxygenase activity 6 1.09E-03
GO:0008395~steroid hydroxylase activity 6 6.23E-03

KEGG pathway bta04740:Olfactory transduction 114 6.55E-08

Some others relevant molecular functions were enriched, such as the olfactory receptor
activity (GO:0004984) term, which combines with an odorant and transmits the signal from
one side of the membrane to the other to initiate a change in cell activity in response to
detection of smell. This term was over-represented (p<0.01) in a study on the yak cattle
genome and its adaptation to life at high altitude (Qiu et al., 2012). In addition, the
bta04740:olfactory transduction was the only KEGG pathway identified as significant
(p<0.01). It has been described over-represented in studies evaluating feed efficiency and
performance in crossbred beef cattle (Abo-Ismal et al., 2010) and residual feed intake in pigs
(Do et al., 2014).

These findings support the concept that cattle have undergone separate evolution and as a
result, indicine breeds were favored in tropical regions based on the adaptation and
evolutionary traits that they possess, i.e. heat and parasites resistance and tolerance to poor feed
management. Enriched terms which enlightened the immune response efficiency might be the
key to characterize the indicine immunological response and its mechanisms involved in
parasites resistance. Moreover, enriched terms were also described associated with feed
efficiency that might explain their ability to feed in harsh environments. Each one of them
might explain the indicine acquired traits over time which allowed them to develop in a wide
range of environments. In this regard, indicine cattle can be an important source of genetic
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information leading to the discovery or validation of genomic regions controlling important
adaptive traits.

Conclusions

Several autozygosity islands have been described in the Nellore genome, suggesting that runs
of homozygosity might be applied to identify genomic regions under selection signatures.
Enrichment analysis revealed functions involved in immune and inflammatory response,
adaptation to high altitude, and feed efficiency. In this regard, runs of homozygosity
information may contribute to future fine mapping studies seeking for regions that explain
adaptive traits in cattle.
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Appendix

Figure 1. Distribution of autozygosity islands in the Nellore cattle genome for each
chromosome.


