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Summary

Considering the economic importance of sexual precocity in tropical beef cattle
production systems, the objective of this study was to detect and fine map genomic
regions associated with heifer pregnancy (HP) and total number of antral follicles (NF)
in a population of Nellore (Bos indicus) heifers. The dataset comprised 1,337 heifers,
daughters of 78 sires, coming from three different herds in Brazil. The animals were
genotyped using the GeneSeek Genomic Profiler (GGP-HDi), with 64,800 SNPs
remaining after quality control analyses. Genotypic information of 42 of these sires and
genomic sequence of 26 of them were available. Non-genotyped sires with more than 5
genotyped progeny in the dataset were imputed to the same marker density as their
progenies. Haplotypes that span previously reported QTL regions were fitted in a
BayesB model, aiming to estimate the effect of each haplotype for those sires that were
heterozygous for these regions. The estimated effects of the two paternally-inherited
haplotype alleles were then contrasted using a significance level of P<0.10 to identify
sires that were heterozygous for the unknown causal mutation. A total of 15 (HP) and
20 (NF) haplotype alleles were significantly different than their alternate allele. The
genome sequence data in these QTL regions were then used to find potential causal
mutations present in these significant haplotypes that were concordant with sire
segregation status. This identified 641 and 160 loci on chromosome 5 and 14,
respectively, as potential causal mutations. Potential mutations were associated with
biological processes such as placenta development, uterine contractions, embryo
development and folliculogenesis.
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Introduction

Sexual precocity can be an important trait determining the efficiency of some beef
production systems, especially for Zebu (Bos indicus) cattle, where some heifers take
over three years to reach puberty (Abeygunawardena & Dematawewa, 2004). Reducing
the age at first calving increases lifetime productivity which results in dilution of
replacement maintenance costs, provides a greater supply of animals for harvest or
breeding, and increases whole system profitability (Akanno et al., 2015).

The objective of this study was to identify haplotypes and fine map them to discover
possible causal mutations associated with heifer pregnancy (HP) or number of antral
follicles (NF) in a Nellore population.

Material and methods

Phenotypic data

The dataset consisted of the pregnancy status on 1,337 genotyped Nellore heifers of
about 16 months old that had been exposed to breeding, and included 940 of these
animals that had NF measured. The diagnosis of pregnancy was carried out using
ultrasound, 40 days after fixed time artificial insemination (FTAI).

The trait HP was considered as a categorical trait, with a value of 1 (success)
assigned to heifers that were diagnosed pregnant and 0 (failure) assigned to those that
were not. Visible follicles (≥ 3 mm of diameter) were recorded on day 4 of the FTAI
protocol to establish the total NF recruited in the synchronized follicular wave.

Genotyping processes

The heifers were genotyped using the GGP Bos indicus HD array that included 74,677
SNPs. Forty-two of 78 sires used herein had previously been genotyped by Illumina®

BovineHD BeadChip (777,962 SNPs) and their genotypic information were used to
improve the imputation and haplotype analyses.

Imputation of non-genotyped sires

In order to increase the number of genotyped sires in the dataset, non-genotyped sires
with at least five genotyped progeny, were imputed to the SNP density of their offspring
using FImpute 2.2 software (Sargolzaei et al., 2014).

Haplotypes

Haplotype blocks (haploblocks) were defined in those genomic regions that had been
shown to account for >1% of the total genetic variation as detailed in Oliveira Junior et
al. (2017). The haplotypes were obtained using version 3 of findhap.f90 (VanRaden &
Sun, 2014) considering the genomic information on both heifers and their genotyped or
imputed sires.

Following construction of the haplotypes, Mendelian inconsistencies were checked,
identifying half sibs that did not share one of the two possible paternal haplotype
alleles. The regions that did not match were set to missing as were any haplotype alleles
with less than three copies.

In order to estimate the effect of the paternal haplotypes, a BayesB analysis was



executed:
[1]

where is the trait record for animal ; included the contemporary group as a class
variable and a linear covariate for heifer age at artificial insemination; representing the
indicator covariate at haplotype locus in its allelic form for animal ; the substitution
effect for locus ; is the random environmental effect assumed to be normally
distributed, .

The first 2,000 iterations were discarded (burn-in) and the following 88,000 samples
were stored from every 100 iterations. The posterior distribution of the difference of
haplotype allele samples for each sire were constructed from the MCMC samples in
order to identify sires that were segregating alternative QTL alleles. The contrast
analyses considered as a threshold level for identifying heterozygous sires.

Sequencing processes

Whole-genome sequence (WGS) data from 26 sires that generate the population used
herein was obtained by Illumina technology (HiSeq 2500, paired-end). The overall
coverage average was 14.7X on average.

The sequences were aligned to the Bos taurus reference genome assembly (UMD
3.1), using Burrows-Wheeler Aligner (BWA, v0.7.15) with default parameters. Mapped
regions were used in the variant calling process by Picard tools v2.6.0 and Genome
Analysis Toolkit (GATK, v3.6) framework. The identified variants were then filtered
using GATK v3.6, considering overall quality score of ≥ 20 and read depth ≥ 4. The
remain variants were converted using the VCFTools package to construct a genotype
matrix coded as 0, 1 and 2, representing the number of non-reference sequence alleles.

Sequence variant-haplotype regression analysis

The sequence variant at each locus were regressed on the haplotype alleles for those
regions identified by GWAS, using the model:

[2]

where i is the number of copies of the allele (scored 0,1 or 2) at a sequenced locus of
sequenced animal ; is one of haplotype alleles, is an allele indicator (0 or 1) for

heterozygous sire ; is the vector representing the presence or absence of the sequence
allele in the haplotype allele and is the random environmental effect. Regression effects
close to zero or one (standard error <0.0001) were considered as potential causal
mutations for the specific haplotype allele. Regression effects with intermediate values
were not concordant with the heterozygous QTL status of sires.

Results and Discussion

Three haploblocks were considered in the analyses for each trait, based on regions that
explained more than 1% of the total genetic variation. The blocks for HP and NF were
on average 4.04 Mb and 3.91 Mb, respectively, both comprising about 98 SNP markers
(Table 1 and 2).

The contrast analyzes between the effects of the haplotype alleles of the
heterozygous bulls identified 15 different alleles () affecting HP (Figures 1, 2 and 3)



and 20 alleles that influenced NF (Figures 4, 5 and 6).
The 15 significant alleles for HP were represented in 15 sires wherein the complete

genomic sequence of only six of them were available. The other 21 sequenced animals
were, in different degrees, related to them, making possible the use of all them in the
regression to identify possible causal mutations.

The results of the regression analyses for the haplotype alleles on BTA 5 that was
significant for HP identified 641 (0.015% of the window) loci as possible causal
mutations, being 527 loci in sire 1 and 468 in sire 4, with 354 common to both of them.
Among the associated loci, two novel putative causal candidates can be pointed in this
study, around 71Mb. The first one is into the upstream region (5’UTR, promoter region)
of RTBC gene, which is associated with biological processes such as utero embryonic
development and placenta development. The second is into the downstream region
(3’UTR) of a novel miRNA.

In the alleles of BTA 14, 160 loci (0.004% of the window), being 152 loci of sire 7,
151 of sire 8 and 160 of sir e10, where almost all loci (143) were common to all of
them. Among these loci, three of them (between BTA 14 at 21 and 23 Mb) are into the
coding region of the genes RGS20, ORP1, and RB1CC1 and were classified as missense
variants by VEP tool. Missense variants alter the function of the protein translated from
the mRNA of these genes, which were previously associated with uterine contractions,
embryo development, and folliculogenesis, respectively.
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Table 1. Haploblocks related to GWAS identified regions that explained more than 1%
of the total genetic variance of heifer pregnancy in Nellore animals.

Hap Chr SNPs interval Size (Mb) #SNPs

1 5 rs136575538 – rs110111162 4.10 99
2 14 rs42410923 – rs109119025 4.07 97
3 18 rs135504567 – rs109012807 3.95 97

Hap = Haploblocks; Chr = Chromosome; Size = Haplotype size in megabases (Mb);
#SNPs = Number of SNP markers within the haploblocks.

Table 2. Haploblocks related GWAS identified regions that explained more than 1% of
the total genetic variance of number of antral follicles in Nellore heifers.

Hap Chr SNPs interval Size (Mb) #SNPs

1 22 rs42000996 – rs134939375 3.99 95
2 11 rs134339479 – rs133809754 4.24 99
3 8 rs137535033 – rs109594484 3.50 99

Hap = Haploblocks; Chr = Chromosome; Size = Haplotype size in megabases (Mb);
#SNPs = Number of SNPs markers within the haploblocks.



Figure 1 - Differences in estimated values between two haplotypes of the chromosome 5
in Nellore sires that significantly (posterior p-value < 0.10) affect heifer pregnancy rate.

Figure 2 - Differences in estimated values between two haplotypes of the chromosome
14 in Nellore sires that significantly (posterior p-value < 0.10) affect heifer pregnancy
rate.



Figure 3 - Differences in estimated values between two haplotypes of the chromosome
18 in Nellore sires that significantly (posterior p-value < 0.10) affect heifer pregnancy
rate.

Figure 4 - Differences in estimated values between two haplotypes of the chromosome
22 in Nellore sires that significantly (posterior p-value < 0.10) affect number of antral
follicles.



Figure 5 - Differences in estimated values between two haplotypes of the chromosome
11 in Nellore sires that significantly (posterior p-value < 0.10) affect number of antral
follicles.

Figure 6 - Differences in estimated values between two haplotypes of the chromosome 8
in Nellore sires that significantly (posterior p-value < 0.10) affect number of antral
follicles.


