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Summary

Runs of Homozygosity (ROH) are contiguous chains of homozygosity in a single
diploid genome due to the transmission of identical haplotypes from parents; regions
with high frequencies of homozygosity may indicate patterns between animal clusters.
The objective of this work is to identify if within Nellore bulls groups there are patterns
of homozygosity that may be associated to the variability of the genetic values of their
progeny. A total of 137 Nellore bulls, previously genotyped with the
Illumina®BovineHD Beadchip (777,962 SNPs) assay and GeneSeek GGP Indicus
(74,677 SNPs), were selected. These bulls were divided into two groups, i) with high
variability in the estimated breeding values of their progeny and ii) with low variability
of estimated breeding values of their progeny. Estimated breeding values considered
were birth weight, weaning weight, post weaning weight gain up to 345 days, scrotal
circumference and muscle visual score. The genotypic data underwent quality control
and ROH were identified using PLINK software v1.9. The distribution of the
homozygosity by chromosome was analysed, then observed if there is a pattern within
and between the groups of bulls, the levels of homozygosity was compared through
visual evaluation using manhattan plots. The highest three peaks in frequency of ROHs
for high autozigosity, with more than 40% of the individuals present, were located on
chromosomes 7, 12 and 21 and were similar for both "high" and "low" variability
groups. It is still not clear if there is an association between homozygosity pattern wand
EBV variability on the progeny.
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Introduction

Considering strategies of beef genetic improvement, on one hand it is interesting
to establish a standardized production cycle from similar genetic groups, while on the
other hand, high variability would produce better responses to selection and genetic
gains; therefore, it is important that initially breeding programs keep genetic variability.
In beef cattle, birth weight is sought for balance, the low birth weight may cause
problems in calf development, and high birth weight will increase the chances of
occurrence of complications in birth. In relatation to wean weight and post weaning
gain, in general the goal is to increase these traits; however some producers can give
more importance to uniformity, to meet the industry objectives and demands.

In order to achieve uniformity a strategy that has been used is to use of mates that
produce inbred progeny; however, it is widely known that levels of inbreeding within a
population should be monitored due to the fact that high levels of homozygosity can
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cause inbreeding depression; inbreeding coefficients are calculated for such monitoring.

There is evidence that the Froh (coefficient of inbreeding calculated by Runs Of
Homozygosity) is a better estimator of individual autozigosity than the coefficient of
pedigree inbreeding evaluated in domestic species (Curik et al., 2014). According to
McQuillan et al. (2008), runs of homozygosity (ROH) are contiguous chains of
homozygosity in a single diploid genome due to the transmission of identical
haplotypes from both parents. McQuillan et al. (2008), also described chromosomal
regions with high ROH frequencies as ROH islands and low ROH frequencies as ROH
deserts. Runs Of Homozygosity)islands are regions with decreasing genetic diversity
due to high homozygosity whereas ROH deserts are regions with a high and unusual
level of diversity due to heterozygosity.

Regions with high frequencies of ROH may indicate patterns among different
animal clusters. Karimi (2013) has identified patterns within taurine and indicine cattle
breeds. Similarly, Orazietti (2015) also found ROH patterns throughout the genome in
chicken from different breeds. In this sense, the objective of this work is to observe if
within different groups of Nellore bulls, there are patterns of homozygosity runs and
may be associated with progeny low variability.

Material and methods

In this work was selected 137 Nelore bulls, previously genotyped with the
Illumina®BovineHD Beadchip assay and GeneSeek GGP Indicus chips (777,962 and
74,677 SNPs). Genotypes from the GeneSeek GGP indicus LD chips were imputed
through FImupte software to the Illumina HD level. The animals are part of important
breeding programs of Brazil. This database is managed by the Animal Breeding and
Biotechnology Group of the College of Animal Science and Food Engineering of the
University of São Paulo, which provided the breeding values of the bulls and their
progeny for this study.

Identification of runs of homozygosity

Quality control of the genotypic data was performed with the help of the PLINK
v1.9 (Purcell et al., 2007). Unmapped SNPs on the X and Y or mitochondrial
chromosomes, markers with a call rate of less than 85% and samples with a call rate of
less than 85% were also disregarded. The allele frequency was not used as exclusion
criterion, since the detection of homozygous segments is not compromised by it
(Zavarez et al., 2015). The ROH were detected with the software PLINK (Purcell et al.,
2007). The following parameters were initially considered:

 Minimum number of SNPs to define a segment as ROH: 50 SNPs.

 Number of missing SNPs allowed within a segment of ROH: 4

 Number of heterozygous SNPs allowed within a ROH: 1

 Maximum gap between consecutive homozygous SNPs: 500kb

 Minimum allowed density of SNPs within a race: 1 SNP for each 100kb

 Minimum length to define a ROH: Values of 1 Mb.

Patterns of runs of homozygosity

The distribution of homozygous runs by chromosome, that is, the ROH islands,
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were identified, and observed if there is a pattern within and between groups of bulls.
By means of visual evaluation in graphs, regions with high homozygosity were captured
for the 137 bulls.

Results

The 137 bulls were divided into groups with low progeny estimated breeding
value variability (68 bulls) and high progeny estimated breeding value variability (69
bulls). Table 1 shows the standard deviations of the breeding values found between the
groups for the characteristics under study.

Table 1. Standard deviations descriptions of the estimated breeding values between
groups of bulls with high and low variability for estimated breeding values (HV and
LV).

Traits
Minimum

LV
Mean
LV

Maximum
LV

Minimum
HV

Mean
HV

Maximum
HV

Weight at birth
(Kg) 0,25 0,38 0,41 0,41 0,44 0,54

Weight at weaning
(Kg) 1,98 2,48 2,7 2,7 2,9 3,33

Weight gain 345
(Kg) 1,52 2,08 2,27 2,27 2,47 3,2

Scrotal circumference (cm) 0,33 0,44 0,49 0,49 0,53 0,66

Muscle score (Score1-6) 0,08 0,1 0,11 0,11 0,12 0,15

Information about the number of progeny in each group can be seen in Table 2.

Table 2. Number of progeny/sire of the groups with high and low variability for
estimated breeding values (HV and LV).

Traits
Minimum

LV
Mean
LV

Maximum
LV

Minimum
HV

Mean
HV

Maximum
HV

Weight at birth 25 105 2547 22 615,9 8437

Weight at weaning 22 183 1791 29 729 8437

Weight gain 345 25 462,5 8437 22 453,3 6378

Scrotal circumference 25 382,5 8437 22 532,4 6378

Muscle score 25 467,6 8437 22 448,6 6378

The three highest peaks in frequency of ROHs were similar among all the "high"
and "low" variability groups and were located on chromosomes 7, 12 and 21,
furthermore there was no difference between phenotypes. Additional Figures show the
distribution of the individuals by the runs of homozygosity along the chromosomes.

Conclusions

There are ROH islands patterns common in all groups formed, with possible
signatures of either natural or artificial selection in Nellore cattle.

No clear homozygous pattern was observed in which the lower progeny
variability could be associated.
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Additional figures:

Figure 1. Distribution of ROH segments in Nellore cattle breeds with lower progeny
variability (left side) and with higher progeny variability (right side) in Weight at birth.

Figure 2. Distribution of ROH segments in Nellore cattle breeds with lower progeny
variability (left side) and with higher progeny variability (right side) in weaning weight.

Figure 3. Distribution of ROH segments in Nellore cattle breeds with lower progeny
variability (left side) and with higher progeny variability (right side) in Weight gain
345.
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Figure 4. Distribution of ROH segments in Nellore cattle breeds with lower progeny
variability (left side) and with higher progeny variability (right side) in Scrotal
circumference.

Figure 5. Distribution of ROH segments in Nellore cattle breeds with lower progeny
variability (left side) and with higher progeny variability (right side) in Muscle score.


