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Summary

The objective was to calculate genomic inbreeding coefficients (FROH) from
different lengths of homozygous (>2, >4, >8, <16 and >16 Mb). A total of 173 animals
selected for growth traits were used. Animals were from a closed herd of Gyr cattle
breed belonging to the Instituto de Zootecnia, SP, Brazil. Genotype imputation were
used considering the low density and the high density panels with 33.000 and 777.000
SNP, respectively. The analysis of run of homozygosity (ROH) and FROH were
performed using Plink and RStudio programs. The results of FROH > 2 Mb, > 4 Mb, > 8
Mb, <16 Mb and > 16 Mb were 0.19, 0.02, 0.06, 0.02, and 0.03, respectively. The
possible factors influencing the FROH estimates are the linkage disequilibrium (LD) and
the common extensive haplotypes. In the case of the studied population, the values of
FROH was influenced by selection of the animals in population and for being a closed
herd for more than 30 years.
Keywords: haplotype, linkage disequilibrium, Genetic variability.

Introduction

The Gyr breed and its crosses were presented to the world as an important option
for the cattle breeding in developing tropical countries to produce milk and meat, being
studied mainly in Brazil. The Gyr participated in the selection program of the Instituto
de Zootecnia (IZ), Brazil, for the post-weaning growth of zebu breeds. The process of
restructuring the IZ Gyr herd began in 1976 and, based on the resulting offspring born
in 1981, the first selection was made and then a herd was closed for outside genetic
material (Razook et al., 1998). Genetic breeding became essential in livestock
production and thus brought with it some factors that can affect production and the
coefficient of inbreeding (F). The F coefficient is defined as the proportion of a genome
of the individual that has an homozygote identical by descendant (IBD) (Ferencaković
et al., 2013).

Traditionally, F is estimated based on pedigree information. The analysis of high
density single nucleotide polymorphisms (SNPs) panel facilitates identification of long
sequence of continuous DNA without heterozygosity called run of homozygosity
(ROH). The FROH estimates present several advantages compared to F based on pedigree
information. FROH more accurately predicts the current autozygotic percentage of the
genome and detects autozygosity due to old common ancestry (Howrigan et al., 2011;
Keller et al., 2011). The objective was to calculate genomic inbreeding coefficients
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(FROH >2 Mb, FROH >4 Mb, FROH >8 Mb, FROH <16 Mb and FROH >16 Mb) in a closed
population of Gyr cattle selected for growth traits.

Material and methods

A total of 173 animals selected for growth traits were used. Animals were from a
closed herd of Gyr cattle breed belonging to the Instituto de Zootecnia, SP, Brazil.
Imputed genotypes were used. Genotypes of the low density panel (33K) were imputed
to high density panel (777K). After quality control of SNP, 418.086 SNP remained for
the analysis. The ROH were computed using PLINK v1.07 (Purcell et al., 2007),
defining as parameter: a slide window of intervals of 50 SNPs across the genome. No
more than two SNPs with missing genotypes were allowed per window and up to one
possible heterozygous genotype was permitted.

Coefficients of FROH were computed for five lengths (FROH > 2 Mb, FROH > 4
Mb, FROH > 8 Mb, FROH >16 Mb and FROH <16 Mb) by the use of RStudio
program. The equation used was proposed by McQuillan et al. (2008):
FROH=∑LROH/LGEN, where LROH is the sum of ROH per animal and LGEN is the
total length of autosome covered by SNPs (418.086).

Results and discussion

Figure 1. Runs of homozigosity in different lengths of the genome.

The ROH levels showed the history of this population over generations (Kim et
al., 2015, Purfield et al., 2012). In the present study, the levels of ROH> 2 evidenced
presence of several short homozygous ROH (Figure 1). An excess of shorter ROH
showed the effect of a reduced population and the isolation of animals with close
relatives (Kirin et al., 2010). These levels ROH > 4, >8, and <16 indicated medium
rows at lower frequencies in the population. The levels > 16 showed the frequency of
long homozygous segments in the population and animals with a higher frequency of
segments. This increase is probably due to the fact that the Gyr cattle was selected for
more than 80 years for growth traits, leading to an intense selection of the population
for many years to beef production (Santos, 1997). Results of ROH can provide a signal
to look for genes associate to traits of economical interest (Marras et al., 2014).

Table 1. Average of inbreeding coefficient

DIST ROH >2 ROH >4 ROH >8 ROH <16 ROH >16

FROH 0.19 0.02 0.06 0.02 0.03

FROH: inbreeding coefficient of runs of homozigosity; ROH >: lengths of runs of homozigosity.

Table 1 shows values of inbreeding coefficient through the ROH. The FROH > 2
indicated old inbreeding because it is a population of small size. Probably this value
was influenced by the founder animals, where some animals in the recent population
still share ROH segments prevenient of their ancestors. Similar values for FROH >1 and
>2 Mb were found in taurine breeds (Ferencaković et al., 2012; Marras et al., 2014;
Gurgul et al., 2016). The FROH >4, >8 and <16 Mb suggested that the animal selection
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was intensive and increased proportion of mating between relatives. The FROH >16 Mb
was larger with long homozygous sections distributed throughout the genome being
identical by descendant (IBD). Similar value for FROH >16 Mb is expected in closed
population, therefore, it corresponds to the recent inbreeding. Marras et al. (2014) have
longer and more frequent ROH at different levels in dairy cattle, presenting higher
levels of inbreeding compared to beef cattle.

The possible factors influencing FROH estimates are linkage disequilibrium and
common extensive haplotypes. The studied population was characterized by a small
effective population size, caused by small number of bulls used in mating. It reflected in
intensive selection of related animals and high inbreeding. The better use of bulls and
dams in mating could increase genetic variability in this population. The results
provided a signal to search for important genes associated to economical traits and to
establish it in the population (Marras et al., 2014). The ROH levels provided a very
good indication of the level of individual inbreeding and information on inbreeding of
remote ancestors facilitating inbreeding estimate when the pedigree data are limited or
nonexistent. In the case of the studied population, ROH and FROH values were
influenced by the selection of the animals in the population and for being a closed herd
for more than 30 years.
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