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Summary

Genomic estimates of inbreeding coefficients may represent the individual proportion
of autozygosity more accurately than estimators depending on the pedigree information. Runs
of homozygosity (ROH) have been largely applied for this purpose in livestock, and can be
used for identifying genomic regions presenting hotspots of autozygosity. This study aimed to
verify the suitability of genomic estimators of individual autozygosity in a population of dairy
buffaloes (Bubalus bubalis), and assess the autozygosity distribution at the genome-wide
level, using a sample of 320 animals from Brazil, genotyped with the Axiom Buffalo
Genotyping®. Individual inbreeding coefficients were estimated through the pedigree
information (FPED), diagonal elements of genomic relationship matrix (FG) and proportion of
overall genome covered by runs of homozygosity (FROH) with different minimum lengths (1,
2, 4, 8 and 16Mb). The level of autozygosity to each SNP was estimated as the proportion of
animals in the population with an ROH enclosing him, and levels over 50% were assumed as
autozygosity hotspot. A total of 52,497 autosomal markers remained after quality control
procedure. The FG values were larger than FPED and FROH, however, they were highly
correlated to FROH estimates, independent of a minimum threshold of ROH lengths.
Considering the bovine genome as a reference, the analyses of marker autozygosity revealed
ROH hotspots at chromosomes 10, 14, 18 and 29 (Figure 2), where genes of potential
importance to the traits related since innate immunity until racial patterns are placed. A
particularly interesting gene placed in a ROH hotspot was the MC1R, which is the main
determinant of the coat’s black pigmentation, a common attribute of buffaloes. Our results
showed fitness of buffalo’s genomic information to estimate autozygosity levels. Our findings
also highlight the use of ROHs as a useful tool to monitor inbreeding in the species and to
identify genomic regions with reduced diversity in populations, which are putative signals of
selection.
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Introduction

Inbreeding denotes a consequence of mating by parents closely related through of
common ancestry, and it directly implies in matches of genomic segments identical-by-
descent, that are termed autozygous. Inbreed coefficient (F) attempts to quantify the
individual proportion of genome-wide autozygosity, and it is traditionally estimated based on
pedigree information (FPED), as an expected rate with no accounts to stochastic variation.
Thus, the usage of dense genotype information has been suggested as an alternative to
obtaining genomic estimates of F representing actual percentage genome’s autozygosity more
accurately, and independent of pedigree depth and quality (Keller et al. 2011).
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Currently, a common strategy applied to identify genomic regions in autozygosity
consists in the assessment of genomic patterns termed “runs of homozygosity” (ROH), which
are homozygous stretches in a diploid genome caused by transmission of identical haplotypes
from parents to offspring. SNP chip data have been used to extract genome ROHs and obtain
individual estimates of F (FROH), as the proportion of the autosomal genome lying in ROH.
Kim et al. (2015), linked the identification of regions frequently presenting ROH in a
particular population to the selection signal in cattle. The purpose of current study was to
investigate inbreeding levels in a Brazilian population of water buffalo (Bubalus bubalis), in
order to check the suitability of genomic estimators of individual autozygosity in the species.
In addition, to assess the autozygosity distribution at the genome-wide level, highlighting
regions that may represent selection signals.

Materials and methods

A total of 320 Murrah buffaloes from two dairy farms, genotyped for the 90k Axiom
Buffalo Genotyping (Affimetrix®, Santa Clara, CA), was used in the current study. The
quality control procedures included the exclusion of unmapped, repeated and non-autosomal
markers, as well as, markers and samples with call-rate lower than 0.95 and 0.90,
respectively. Missing genotypes for markers left after quality control were imputed using the
FImpute software (Sargolzaei et al. 2014). The assignment of chromosomal segments as ROH
was done with Plink software (Purcell et al. 2007), requiring stretches of at least 30
consecutives SNPs in homozygous states (tolerance of 1 heterozygous locus), with density of
at least 1 SNP on every 100kb and maximum interval between SNPs of 500Kb. Since SNP
positions of panel used in the current study are based on the bovine genome, the lengths of
ROH segments were taken based on assembly UMD 3.1.

Individual pedigree inbreeding coefficients (FPED) of genotyped animals were obtained
through of the diagonal elements in the relationship matrix, calculated with a fifteen
generation long pedigree (6% of animals being founders and 8% with only one parent
known). The genomic estimators of inbreed coefficients were obtained through of two
different approaches. First, based on the diagonal elements of a genomic relationship matrix
(FG), computed according to VanRaden et al. (2011). Second, based on individual’s
proportion of overall genome covered by runs of homozygosity (ROH) with a minimum
length of 1 (FROH1), 2 (FROH2), 4 (FROH4), 8 (FROH8) and 16 Mb (FROH16).

The identification of ROH hotspots were performed following Kim et al. (2013),
where the level of autozygosity to each SNP was considered as the proportion of animals in
the population on which it fell into an ROH. The search for genes in genomic regions
presenting SNPs with autozygosity level over 50% was done using the map of bovine genome
reference and the Ensembl cow genes.

Results and discussion

A total of 52,497 autosomal markers and 320 animals remained after quality control
procedures. All animal presented at least one run of homozygosity (ROH) with a minimum
length of 1Mb, and the mean length of ROH was equal to 39.3 Mb. The values of inbreeding
coefficients estimated here through of genomic relationship matrix (FG) were larger than with
pedigree (FPED) (Table 1), in agreement with results obtained in cattle by VanRaden et al.
(2011), while the means obtained through ROHs were closer to FPED than FG. High values of
FG, reflects the adequacy of analyses based on particular loci to detect selection effect in
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livestock, which leads to a violation of the assumptions of equal probability of segregation to
two alleles in a given loci, generally assumed in approaches to estimating relationship based
on pedigree (Pendersen et al. 2009).

Table 1. Summary statistics of different estimators of inbreeding coefficients.
FPED FG FROH1 FROH2 FROH4 FROH8 FROH16

Min 0.0000 0.1564 0.0140 0.0050 0.0000 0.0000 0.0000
Max 0.3125 0.4912 0.3749 0.3646 0.3506 0.3332 0.2790
Mean 0.0327 0.2656 0.0705 0.0574 0.0422 0.0319 0.0183

The genomic estimates of F (FG and FROH_ ) presented correlations with FPED ranging
from 0.31 to 0.41 (Figure 1), being lower than values reported in studies with cattle
(VanRaden et al. 2011; Purfield et al. 2012), which may be due to the best quality of pedigree
used in those studies. Despite the huge differences in the amplitudes of FG and FROH values,
these estimators were highly correlated, independent of a minimum threshold of ROH
lengths. Including, the correlation observed here were higher than values reported in cattle, to
the same two metrics (Zavarez et al. 2015). The consistency between results obtained to FROH
an FG is a noteworthy point of the current study since FROH depends on the marker positions,
and FG does not. This result indicates that SNPs annotated in bovine genome, does not
implicate in position and ordering mistakes that could compromise suitability of buffalo’s
chip array to studies such as ROH, which is dependent on map position of markers.

Figure 1. Scatterplots (lower panel) and correlations (upper panel) of inbreeding coefficients
estimated through different approaches.

The analyses of marker autozygosity levels revealed ROH hotspots at chromosomes
10, 14, 18 and 29 (Figure 2), all enclosing genes associated with the immune system. In the
genomic region of chromosome 10 there are genes encoding an extended group of alpha T
cell receptors, which react with antigen protein in the organism in the context of MHC
(Herzig et al. 2010). The TMEM60 gene, placed at chromosome 14 encodes a transmembrane
protein potentially related to somatic cell score in cattle (Chen et al. 2015) and the HRASLS5
gene, of chromosome 29, synthesizes endocannabinoids with anti-inflammatory properties
(Khan et al. 2011). The hotspot of autozygosity detected on chromosome 18 represents a rich
gene region, which includes genes with immune functions (CDH15), related to mastitis
susceptibility (CYBA), milk contents (RPL13 and MVD) and coat pigmentation (MC1R). The
MC1R gene is the main determinant of black coat color in cattle (Schmutz et al. 2012), and
likely the most pronounced candidates causing reduced diversity at this region on buffalo
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chromosome, since it is a unanimous trait of the species.

Figure 2. Manhattan plot with the representation of chromosomes that showed highly ROH
autosomal hotspots (over 50%).
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