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ABSTRACT. The aim of this study was to evaluate a genome wide 
association study (GWAS) approach to identify single nucleotide 
polymorphisms (SNPs) associated with fertility traits (early puberty) in 
Nellore cattle (Bos indicus). Fifty-five Nellore cows were selected from a 
herd monitored for early puberty onset (positive pregnancy at 18 months of 
age). Extremes of this phenotype were selected; 30 and 25 individuals were 
pregnant and non-pregnant, respectively, at that age. DNA samples were 
genotyped using a high-density SNP chip (>777.000 SNP). GWAS using 
a case-control strategy highlighted a number of significant markers based 
on their proximity with the Bonferroni correction line. Results indicated that 
chromosomes 5, 6, 9, 10, and 22 were associated with the traits of interest. 
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The most significant SNPs on these chromosomes were rs133039577, 
rs110013280, rs134702839, rs109551605, and rs41639155. Candidate 
genes, as well as quantitative trait loci (QTL) previously reported in the 
Ensembl and Cattle QTLdb databases, were further investigated. Analysis 
of the regions close to the SNP on chromosomes 9 and 10 revealed that 
four QTL had been previously classified under the reproduction category. In 
conclusion, we have identified SNPs in close proximity to genes associated 
with reproductive traits. Moreover, U6 spliceosomal RNA was present on 
three different chromosomes, which is possibly associated with age at first 
calving, suggesting that it might be a strong candidate for future studies.
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INTRODUCTION

Indicine beef breeds (Bos indicus), and crosses with taurine (Bos taurus), are extensively 
raised in tropical regions. The late onset to puberty, which is generally observed in B. indicus when 
compared with B. taurus, directly affects profit in the cattle industry since it can postpone the start 
of the reproductive life of a cow for one year. Hence, the development of tools for the identification 
of more efficient cattle in this regard is of great commercial interest (Vaiciunas et al., 2008).

Among the production traits, age at first calving (AFC) stands out due to its association 
with reproductive performance. It is also an easily measurable phenotype and marks the entry 
of the heifer into the production system. A younger AFC is highly desirable as the cow is able 
to produce an increased number of calves during her reproductive life, which reduces the costs 
of heifer replacement, while allowing stronger selection intensity, and narrowing the generation 
intervals (Pirlo et al., 2000; Sasaki et al., 2013).

There is a scarcity of information originating from genome wide association studies 
(GWAS) for early puberty in B. indicus; therefore, this study aimed to associate single nucleotide 
polymorphisms (SNPs) associated with early puberty and to explore the genomic regions around 
them to identify prospective functional markers that influence reproductive traits in Nellore cattle.

MATERIAL AND METHODS

Animals and phenotypic data

Based on the records of AFC, 55 B. indicus (Nellore) heifers from a commercial farm 
located in Mato Grosso do Sul State, Brazil were selected and two groups were formed, namely 
pregnant (P), containing females who had positive pregnancy at 18 months (N = 30), and non-
pregnant (NP) for those not pregnant at 36 months of age (despite being exposed to a bull in 
repeated breeding seasons) (N = 25). The phenotype was considered as a binary characteristic, 
where the P and NP assumed the values of 1 and 0, respectively.

Genotypic data

Samples were genotyped using the Illumina® BovineHD Genotyping BeadChip assay, 
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which contains probes to test more than 777,000 SNPs with an average 3.4-kb gap and a 2.68-
kb median gap between markers. SNP genotyping and analysis was performed in a commercial 
laboratory (Deoxi Biotecnologia, Araçatuba, Brazil) as per the protocol recommended by the 
manufacturer.

Genomic data were subjected to quality control (QC), using the software R v. 3.0.2 (R 
Development Core Team, 2012) where all non-autosomal markers were removed. In order to 
evaluate possible duplicated samples, identity by state (IBS) analysis was performed and samples 
with IBS ≥95% were removed. The following criteria were used for excluding SNPs from the 
dataset: 1) minor allele frequency, markers with allelic frequencies lower than or equal to 2%; 2) 
Hardy-Weinberg equilibrium, SNPs with a P value <10-5 in the Fisher exact test; and 3) call rate, 
polymorphism that is not found in at least 98% of the population. QC per individual was performed 
by call rate, and samples with less than 90% of determined genotypes were discarded.

Statistical analysis

The mmscore function (GenABEL package) was used as a score to test for association 
between traits and genetic polymorphisms. The residues were estimated after adjusting for a 
contemporary group. The analysis was conducted using the GenABEL v.1.8-0 package (Aulchenko 
et al., 2007) implemented in R.

Inflation factor λ was estimated to verify the reliability of the findings. The results are 
presented in a Manhattan plot with the cologarithm of P values, using Bonferroni correction for 
multiple tests. The α was defined as 0.05/N, with N being the number of tested markers (Benjamini 
and Hochberg, 1995).

Markers selected for candidate gene and quantitative traits loci (QTL) investigation 
considered the proximity between the Bonferroni correction line and the presence of other markers 
in the region. Association of genetic markers with phenotypes can occur indirectly, since a SNP or 
a group of SNPs may be in linkage disequilibrium with genomic regions that can cause phenotypic 
changes (Qanbari et al., 2010).

Exploration of candidate genomic regions

A 500-kb window was explored on each side of the chosen marker using the BioMart 
software (Kinsella et al., 2011) from the Ensembl database in order to identify genes based on the 
reference genome assembly UMD v3.1. The Cattle QTLdb database (Hu et al., 2013) was used to 
determine whether the most significant SNPs were inside QTL regions of bovine species already 
cataloged in the literature.

RESULTS AND DISCUSSION

Quality control of the original 786,798 SNPs provided a final list 473,792 markers for 
further analysis in the 55 individuals.

The Bonferroni test is often used in GWAS to correct for multiple tests and to set 
a significance index (Frommlet et al., 2012). However, increasing the number of markers and 
decreasing the population size can make the test restrictive. Using the Bonferroni test, none of the 
tested SNPs in this population reached the significance threshold determined after correction (α = 
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1.055 x 10-7). Therefore, the markers closest to the established threshold were selected.
GWAS results depicted in the Manhattan plot (Figure 1) indicated the formation of diffuse 

peaks spread mainly on chromosomes 5, 6, 9, 10, and 22. Many regions presented an association 
with AFC, possibly because it is a polygenic trait (Hyeong et al., 2014).

The SNPs showing the most significant association were rs133039577, rs110013280, 
rs134702839, rs109551605, and rs41639155. We found a number of genes that are in close 
proximity to these SNPs and the outcome of this search is summarized in Table 1.

Figure 1. Manhattan plot of genome-wide-log10 (P values) for age at first calving in Bos indicus (Nellore) cattle. The 
horizontal line represents the Bonferroni significance threshold (α = 1.055 x 10-7).

Table 1. Summary of candidate genes influencing reproductive traits.

The LRRFIP2 gene on chromosome 6 encodes a protein named Flightless I (FLiI), 
which is involved in cell mobility, contraction, and adherence. Mutations in this gene are either 
embryonically lethal or lead to the occurrence of degenerated embryos (Kopecki and Cowin, 2008). 
More importantly, regarding reproductive aspects, FLiI leads to hormonal co-activation of estrogen, 
which is fundamental for placental development during pregnancy (Seward et al., 2008).

The gene RELL1 is located on chromosome 6, near SNP rs110013280 and is expressed 
at high levels in the placenta and at low levels in the ovary of mammals (Cusick et al., 2006). 
Experiments in pigs have indicated its association with number of stillbirths, which is an important 
indicator of reproductive performance in pigs (Onteru et al., 2011).

The protein LMBD1, which is encoded by the gene LMBRD1, is involved in the transport 
and metabolism of cobalamin (B12 vitamin). A mutation in its sequence can lead to the accumulation 
of vitamin B12 in lysosomes, preventing their conversion into co-factors required for metabolic 
reactions (Gailus et al., 2010; Rutsch et al., 2011). The correlation between vitamin B12 and 
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reproductive performance in mammals has been demonstrated in several studies. For example, 
in rats, the deficiency of vitamin B12 has been linked to testicular atrophic changes and defects in 
spermatogenesis (Watanabe et al., 2007).

The U6 spliceosomal RNA gene is found in the cell nucleus and is a non-coding RNA that 
forms the main spliceosomal complex. Functional loss of the coilin protein, which is involved in U6 
biogenesis, is associated with fertility problems in rats (Xu et al., 2005; Lemm et al., 2006). The U6 
spliceosomal RNA gene was identified on chromosomes 5, 10, and 22, possibly indicating broad 
involvement with the reproductive trait under study. Four QTL classified under the reproduction 
category were found on chromosomes 9 and 10 in regions near to the most significant SNP: calving 
ease (mother), inseminations per conception, fertility index, and fertilization rate.

In conclusion, the data generated in this study provide insight into the molecular 
mechanisms that regulate sexual precocity in Bos indicus (Nellore) cattle. We have reported 
specific regions on chromosomes 5, 6, 9, 10, and 22 that may be involved in the early onset of 
puberty. Among the most significant SNPs, proximity with U6 spliceosomal RNA was found in three 
out of the five explored chromosomes suggesting its potential role in the early onset of puberty in 
cattle. This preliminary study clearly demonstrates the feasibility of using a GWAS approach for the 
study of candidate genes and/or QTL associated with fertility in cattle. Nevertheless, more studies 
using larger populations are needed to validate the present findings and to better reveal how genes 
interact in the manifestation of the early onset of puberty phenotype.
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