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Summary

Runs of homozygosity are continuous homozygous fragments that are commonly observed in
individuals and populations. Characterizing these segments can help us understand a
population’s genetic history and also identify target regions linked to functional/deleterious
variation. The goal of this study was to describe patterns of ROH in four broiler lines.
Information from a 60k SNP chip panel was useful to define ROH in broiler populations.
Results showed different populations display distinct patterns of ROH and that a higher
density of lengthier homozygous segments is associated with higher levels of inbreeding. A
common ROH was found across all lines. This genomic site may possibly contain or
neighbour QTLs associated with growth. ROH can be used to characterize genetic diversity in
order to aid genetic resources preservation so that broiler industry can adapt to future market
needs.
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Introduction

Runs of homozygosity (ROH) can be defined as contiguous stretches of homozygous
genotypes in an individual genome due to inheritance of identical haplotypes from each
parent. ROH are widespread across the genome and can be a result of population bottlenecks,
consanguineous mating or selection. As reviewed by Peripolli (2017), ROH detection has
been used in inbreeding studies, characterization of population diversity, identifying
signatures of selection, targeting regions for functional/deleterious variants and understanding
mating patterns in human and livestock populations. The length of ROH can vary
substantially within and across chromosomes and its definition is not completely clear.
Shorter ROH’s can be associated with selective sweeps or older haplotype relatedness. On the
other hand, longer ROH’s can be indicative of recent inbreeding and will be randomly
distributed across the genome. Characterizing ROH in broiler pure line populations may
improve our knowledge on diversity of genetic resources in breeding programs and also help
identify genomic regions associated with economically important traits (selection signatures)
and inbreeding depression. Additionally, ROH can be used to calculate inbreeding coefficients
for populations with scarce pedigree information. The objective of the present study was to
characterize ROH in 4 lines of broiler chicken.

Material and methods
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Information from a 60k SNP chip panel for 13771, 8111, 18803 and 9969 birds for lines A, B,
C and D was used for analysis, respectively. These 4 lines were distinctly formed and some of
them have been closed and under selection for several decades. PLINK (Purcell, 2007) was
used to identify ROH. For each broiler line, data from autosomal SNPs (chromosomes 1 to
28) that passed quality control (MAF>0.01, Call Rate > 0.95 and HWE exact test
(p<=0.00005)) were considered for analysis. The homozygous segment criteria used was: 100
SNPs (minimum) with 2 heterozygotes allowed in a 1000kb sliding window. The largest gap
allowed between SNPs was 1000kb. Further calculations on number and length of segments
of ROH in each broiler line were performed using R software (R core Team, 2017).

Results and Discussion

Figure 1a shows a linear positive relationship between number of segments and size of ROH
and that birds from the same line tended to cluster together. Line A shows increased numbers
on lengthier ROH’s compared to the other lines which matched our expectations since this
line has been closed and under selection the longest. Moreover, Line B also showed
individuals with highest number of ROH segments compared to lines C and D.

Figure 1. (a) Individual pattern of runs of homozygosity – number of segments (NSEG) in
function of segment size (kb/1000) by broiler line (A, B, C and D); (b) Density for length
(kb/1000) of ROH.

Figure 2 shows the genome location and incidence of markers in ROH. Comparatively,
lines A and B have the largest proportion of genomic regions with overlapping ROH across
individual birds. Line A has regions for chromosome 8 and 21 where almost 70% of sampled
birds have the same markers in ROH. Line B shows region in chromosome 7 in a ROH for
more than 60% of the individuals. The geographical pattern of ROH looks distinct for the
different broiler lines. Each line has unique regions where genomic variability seems lower
and that can be explained by the fact that these populations are bred separately as pure lines
according to specific breeding goals based on a variety of traits including carcass,
reproduction, welfare, efficiency and growth. Therefore, the differentiation in the distribution
of ROHs in each broiler line can be attributed to the use of distinct selection indexes and also
breeding program structure (intensity of selection, mating design, for example).
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Figure 2. Proportion of individuals sharing the same markers in Runs of Homozygosity
(ROH) for four broiler lines (A, B, C and D) using a 60k SNP chip for chromosomes 1
through 28.

Chromosome 1 displayed a common ROH region across all lines present in
approximately 40% of the sampled individuals. Such genome location could be a possible
target to identification of candidate genes for economically relevant traits, as shown in human
studies (Nails, 2009). Moreover, it has been documented that Chr1 contains a potential growth
quantitative trait loci (QTL) region which also contains other genes such as HMGIC and IGF-
1 (Smith, 2000). Van Kaam (1999) have also described a QTL on Chr1 at 235cM associated
with feed intake and growth in poultry, which are traits highly economically important in
broiler production and under intense selection. This could explain why there seems to be less
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genetic variability in some regions of this chromosome.
Overall, results show that these contiguous stretches of homozygous SNPs are

frequent and ubiquitous across the genome for all broiler lines evaluated in this study. ROH
length classification can be used as an indicator of inbreeding rate (results not shown).
Additionally, genomic information can also be useful in identifying “local” inbreeding, i.e.,
consanguinity within genome locations that could be enriched with deleterious variants
(Szpiech, 2013). ROH allows inbreeding coefficients to be calculated by chromosome and
that genetic divergences between lines to be assessed in order to propose mating designs for
broiler crosses. Our findings indicate that a 60k SNP chip panel can be used for
characterization of ROH despite some bias on the identification of shorter length stretches.
Purfield (2012) presented similar results for cattle population history using a 50k panel and
showed high correlation between pedigree inbreeding and genomic inbreeding (r =0.75).
Furthermore, Zhang (2015) observed high correlation between FROH from sequence data and
50k SNP chip genotypes in cattle breeds.

Conclusions

ROH analysis can help characterize and quantify patterns of homozygosity in broiler lines.
Information from 60k SNP chip can be used to identify ROH and help understand differences
in genetic diversity among populations. Lines with higher inbreeding coefficients showed
higher number and lengthier segments of ROH. Distinct distributions of ROH across the
genome of different broiler lines can be attributed to the differences in breeding goal
definition and population structure. Understanding and being able to preserve genetic
diversity in broiler lines plays a key role in retaining the capacity to respond to future industry
needs.
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