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Summary

The aim of this study was to detect common significant regions associated with the sexual
precocity traits age at first calving, early pregnancy and scrotal circumference in Nellore
cattle. A multi-trait meta-analysis was performed using genotypic information from 2,925
females and 5,078 males, which were genotyped with the Illumina Bovine HD panel.
Initially, single GWAS was performed for each trait using a genomic mixed model. Then, a
multi-trait meta-analysis was performed using 408,365 SNPs in common from the single
GWAS. In total, 22 SNPs presented a significant p-value (p < 2.69x10-6, FDR = 4.3%). The
most significant SNP, rs109173863 (p = 5.23x10-9) was situated on chromosome 13 at
10.92Mb. Eight candidate genes previously associated with reproductive events in the
surrounding 0.5Mb of the top10 SNPs were identified: KIF16B, CAMK1D, PAICSP, BTG2,
FMOD, KISS1, SOHLH2 and NBEA. These genes may have pleiotropic effects over the three
traits studied and contribute to sexual precocity in Nellore cattle.
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Introduction

Reproductive traits are considered complex traits, since they are generally controlled by many
QTL of small effect. In the last years, the number of GWAS for many economically important
traits have increased with many important QTL detected. However, for these traits, QTL
detection is a challenge due to high false positive rate. Meta-analyses have been applied for
genome-wide association studies (GWAS) aiming to improve quantitative trait loci (QTL)
detection among independent GWAS. This is justified under the assumption that if a region is
identified as important by independent studies the probability of that region to be significant
just by chance decreases, improving the QTL detection. Besides that, meta-analysis may be
applied for different traits in the same population (Pereira et al. 2016) to find common
genomic regions that may harbour pleiotropic genes associated with the traits studied.

Thus, the aim of this study was to identify overlapping genomic regions associated
with age at first calving (AFC), early pregnancy (EP) and scrotal circumference (SC) traits in
Nellore cattle using a multi-trait meta-analysis approach to investigate the candidate genes in
significant genomic regions with possible pleiotropic effect across the traits studied.

Material and methods
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Phenotypes and Genotypes

Data from eight farms situated in Northwest, Southwest and Midwest of Brazil, from Alliance
Nelore dataset (www.gensys.com.br) were used. The animals were genotyped with the
Illumina BovineHD panel (Illumina®, San Diego, CA, USA), using UMD 3.1 as the
reference assembly. Quality control (QC) was performed, removing animals with call sample
< 0.9 and SNPs in non-autosomal regions, with MAF < 0.02, call rate < 0.95, GC score < 0.7
(females) or 0.85 (males), Hardy-Weinberg equilibrium test p-value < 10-5. The remaining
number of samples and SNPs after QC were, respectively, equal to 2,925 and 412,993 for
females, and 5,078 and 477,317 for males. A total of 408,365 SNPs in common among all
traits were used to perform the meta-analysis. To account for polygenic effects, a genomic
relationship matrix (G) described by VanRaden (2008) was used. The G matrix was fitted in
the model using only SNPs with MAF > 0.1.

Generally, heifers were exposed to the first mating at 16-18 months of age, those
females that failed to conceive had a second chance in a later breeding season, at about 26
months of age. The EP was defined as success (1) or failure (0) for heifers exposed to the first
mating that have conceived/calved or not, respectively. AFC was defined as the number of
days from the birth to the first calving and SC was measured with a standard metal tape in
cm. Details about the traits and animals were described in Costa et al. (2015) and Irano et al.
(2016).

Statistical Methods

GWAS was performed for each trait separately using pre-corrected phenotypes for fixed
effects, i.e. contemporary groups, and incorporating the G matrix in a genomic mixed model
(Kang et al. 2010), as follows:

y = µ + Zu +sa + e, (1)

where y is a vector containing the pre-corrected phenotype, µ is the overall mean, Z is an
incidence matrix of random additive polygenic effects, u is the polygenic effect vector of all
animals in the G matrix (u~N(0, Gσ2u)), where σ2u is the additive genetic variance explained
by markers, s is a vector with the genotypes coded as 0, 1 and 2, according to the number of
B alleles for each animal, a is the SNP effect, estimated in turn, and e is a vector containing
the random residual effects (e~N(0, Iσ2e)), I is an identity matrix and σ2e is the residual
variance. The SNP effect estimates were computed using the SNP & Variation Suite software
(Release 8.3.0, Golden Helix, Inc., 2014). The heritabilities were estimated using the
BLUPF90 package (Misztal et al. 2015).

Multi-trait meta-analyses were performed using the method described by Bolormaa et
al. (2014), under a statistic test following a χ2 distribution with n degrees of freedom, where n
is the number of traits included in the meta-analysis, calculated as:

Multi-trait χ2 = t’iV-1ti, (2)

The n x 1 vector of the estimated SNP effects for each independent GWAS (t-values) were
obtained for the ith SNP across the n traits as:

ti=ai/SE(ai), (3)
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where SE(ai) is the standard error of the SNP effect ai, t’i is the transpose vector of ti, and V-1

is a n x n inverse matrix of the correlation between the t-values of three traits across all SNPs
included in the model. The false discovery rate (FDR) was calculated as:

FDR= nα/m, (4)

where n corresponds to the number of tests (markers) considered in the meta-analysis, α is the
significant threshold and m is the number of tests where p ≤ α. Here, we performed a similar
procedure described in Pereira et al. (2016), selecting p-values which α produced a FDR <
0.05.

Results and discussion

Summary statistics and heritability for each studied trait are presented in Table 1. Given the
moderate heritabilities and for SC and EP, these traits are more likely to be promising for
selective breeding.

A total of 408,365 SNPs with GWAS results for all three traits were used to perform the
meta-analysis. In total 22 SNPs presented a significant p-value (p < 2.69x10-6) as presented in
Figure 1, blue line (supplementary material), which produced a FDR = 4.3%. The SNP
rs109173863 located on chromosome 13 at 10.92Mb was detected as the most significant
SNP (p = 5.23x10-9). Costa et al. (2015) found some significant SNPs associated with AFC
and heifer rebreeding in the same Nellore cattle population close to this region (chromosome
13, 10.46 and 12.04Mb). Costa et al. (2015) discussed the genes KIF16B and CAMK1D in
this region, both associated with basal metabolism, as potential candidate genes for AFC and
heifer rebreeding.

The top 10 SNPs were distributed over the chromosomes 7, 10, 11, 12, 13, 16 and 26.
The surrounding 0.5Mb region of these SNPs harboured 114 genes (51 LOC genes). The
majority of these genes play roles in cellular and metabolic processes. Besides the genes
KIF16B and CAMK1D, other genes in these regions were previously associated with
reproductive phenotypes. Therefore, they are strong candidates to be associated with sexual
precocity in Nellore cattle and may have pleiotropic effects for the traits studied. The
candidate genes discovered are: PAICSP, BTG2, FMOD, KISS1, SOHLH2 and NBEA.
PAICSP (chromosome 13, 10535341-10536989 Mb) was highly expressed in ovary and
testicular tissues in bovine (Bønsdorff et al., 2004). BTG2 (chromosome 16, 890042-894164
Mb) was expressed in granulosa cells of mouse after LH exposure (Carletti & Christenson,
2009). FMOD (chromosome 16, 925081-935131 Mb) was associated with bovine cumulus-
oocyte maturation (Rispoli et al. 2013). KISS1 (chromosome 16, 1774258-1781122 Mb) is a
key factor for mammalian puberty (Tena-Sempere, 2010). SOHLH2 (chromosome 12,
25285021-25325771 Mb) was reported as an oocyte specific gene in sheep granulosa cells
(Bonnet et al. 2011). NBEA (chromosome 12, 25791608-26375952 Mb) was associated with
follicle weight in chickens (Sun et al. 2015). In summary, the discussed genes are positional
and biological candidates for pleiotropic effects implicated in Nellore sexual precocity.
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Table 1. Summary statistics and heritability (h2) of age at first calving (AFC), early
pregnancy (EP) and scrotal circumference (SC).

Trait No of
observations1

Mean (± SE) Min Max h2

AFC (days) 1,796 1068.2 ± 118.5 778.9 1292.8 0.16
EP (%)2 1,849 28.3 -- -- 0.37
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SC (cm)3 4,268 27.67 ± 2.4 18.4 36.9 0.43
1 Number of observations considered in analyses = animals with available genotype and phenotype.
2 Percentage of heifers successfully pregnant in the first opportunity (16-18 months of age).
3 SC measured at about 523 days of age.

Figure 1. Meta-analysis Manhattan plot of the sexual precocity traits Age at First Calving,
Early Pregnancy and Scrotal Circumference in Nellore cattle.


