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ABSTRACT: In cattle, phenotypic expression of 
reproductive traits occurs late in life. The 
identification of causal mutations in genes affecting 
reproduction permits the inclusion of these SNPs in 
customized DNA chips to increase accuracy. 
Therefore, the aim of this study was to detect causal 
mutations in the TOX and NCOA2 genes previously 
identified by genome-wide association studies of 
zebu cattle. DNA was extracted from 385 Nellore 
females and polymorphisms were investigated by 
PCR-sequencing. Five polymorphisms were 
detected in the NCOA2 gene and four in the TOX 
gene. Analysis of variance showed that a SNP in 
the NCOA2 gene was significantly associated with 
probability of early pregnancy (p=0.02) and age at 
first calving (p=0.03), another SNP in the same 
gene was significant for days to calving (p=0.03). 
Studies investigating polymorphisms in other 
regions of the gene and in other genes should be 
conducted to identify causal mutations. 
Keywords: molecular markers, SNP, sexual 
precocity 

 
Introduction 

 
Reproductive traits of zebu beef cattle play 

an important role in meat production in the tropics. 
These traits have a high economic value and are an 
important component of index selection (Brumatti 
et al. 2011). Traits such as early pregnancy 
probability, age at first calving, days to first calving 
and reconception of primiparous heifers are 
measured only when females reach reproductive 
age, thus extending the generation interval.  

The objective of genomic selection is to 
increase the genetic gain for traits of economic 
interest using SNP (single-nucleotide 
polymorphism) chips. The information provided by 
SNPs increases the accuracy of breeding value 
predictions and reduces the generation interval, thus 
increasing genetic gain (especially for low 
heritability traits, traits measured in only one sex 
and/or measured late in life). However, according 
to Fortes et al. (2010), it is difficult to establish a 
balance between a more conservative model with 
few, but extremely significant, SNPs and a less 
conservative model with many, but potentially 
false, SNPs. Therefore, in addition to genomic 
selection studies, association studies of SNPs are 
used to identify genome regions that exert the 

greatest influence on certain traits (Fortes et al. 
2010, 2011, 2012, Hawken et al. 2012). The 
identification of highly significant SNPs that 
explain most of the variance in a trait is desired 
since it permits to customize SNP chips that have 
an interesting cost/benefit relationship (Snelling et 
al. 2012). 

In a study on Brahman cattle, Fortes et al. 
(2011) identified genes that act as transcription 
factors in the hypothalamus (TOX and NCOA2). 
These genes seem to play a key role in the 
development of puberty since these transcription 
factors are shared by various genes, strongly 
influencing the onset of puberty.  

The objective of the present study was to 
partially characterize these genes in Nellore cattle 
and to associate the polymorphisms found with 
reproductive traits. 

 
 

Material and Methods 
 

Animals. A total of 385 Nellore heifers 
(Bos taurus indicus) born in 2008 were used for this 
study. The animals belong to the breeding program 
of Agropecuária Jacarezinho, Cotegipe, Bahia, 
Brazil.  

 
Genotyping and sequencing. DNA was 

extracted from hair follicles by the phenol-
chloroform-isoamyl alcohol method. Fours and six 
pairs of primers comprising the first four/six exons 
were used for amplification of NCOA2 and TOX 
genes respectively.   

The reaction mixture contained 1.5 µL 
DNA (105 ng), 1.5 µL of each primer (15 pM), 7.5 
µL GoTaq Colorless Master Mix, and 4.0 µL 
nuclease-free water in a final volume of 15 µL. 
Amplification was performed in a Master Cycler 
Gradient 5331 thermal cycler (Eppendorf®, 
Germany, 2005) under the following conditions: 
denaturation at 95 ºC for 5 min, followed by 35 
cycles of denaturation at 95 ºC for 1 min, specific 
annealing temperatures for each primer pair for 1 
min, and extension at 72 ºC for 1 min, with a final 
extension step at 72 ºC for 5 min. 

The PCR products were sequenced using 
both primers (forward and reverse) by the 
dideoxynucleotide chain termination reaction. 
Sequencing was performed in an automated ABI 



3730 XL sequencer (Applied Biosystems) using the 
ABI PRISM BigDye Terminator Cycle Sequencing 
Ready Reaction kit (Applied Biosystems).  

 
Sequence analysis. For identification of 

the polymorphisms, the sequences obtained were 
analyzed with the CodonCode Aligner program 
available at 
http://www.codoncode.com/aligner/download.htm. 

 
Hardy-Weinberg equilibrium. The 

allelic and genotypic frequencies were calculated 
by counting and tested for Hardy-Weinberg 
equilibrium at a 5% level of significance. 

 
Analysis of linkage disequilibrium. The 

linkage disequilibrium (r2) was estimated using the 
Plink program (available at 
http://pngu.mgh.harvard.edu/~purcell/plink/) to 
determine which SNPs were more frequently 
inherited together. Considering two loci with two 
alleles for each locus (A/a and B/b), the following 
formula was used: 
r2=[f(AB)*f(ab)-(Ab)*f(aB)]2/[f(A)*f(a)*f(B)*f(b)] 
= D2/ [f(A)*f(a)*f(B)*f(b)], 

where D = f(AB) – f(A)*f(B)  
The program compares the observed and 

expected haplotype frequencies in order to see if 
they are in linkage disequilibrium or not. If they are 
in linkage disequilibrium, they may have the same 
statistical association with the trait. 

 
 
Traits. Reconception of primiparous 

heifers (REC) is a binary trait. This trait was 
defined by attributing a value of 1 (success) or 2 
(failure) to heifers that calved or not, respectively, 
given that they had calved before. Early pregnancy 
probability (P16) was defined based on the 
conception and calving of a heifer as long as the 
animal had entered the breeding season at about 16 
months of age. A value of 1 (success) was 
attributed to heifers that calved at less than 31 
months and a value of 2 (failure) to those that did 
not. Age at first calving (AFC), measured in days, 
was obtained by the difference between the date of 
first calving and the date of birth of the female. 
Days to first calving (DFC) was obtained by the 
difference between the date of first calving and the 
date of entry of the animal in the breeding season. 

 
Statistical analysis. For P16 and REC, 

analysis of variance was performed considering a 
threshold model using the PROC GLIMMIX 
procedure of the SAS 9.2 package. For AFC and 
DFC, a linear model was considered using the 
PROC MIXED procedure of the SAS 9.2 package. 
The following statistical model was applied to 
evaluate the associations between SNPs and the 
phenotypic data of the traits studied: Yijk= µ + GCi 

+ Sj+Mk+ eijk, where Yijk = P16, REC, DFC and 
AFC; µ =mean of the trait in the population; GCi = 
fixed effext of contemporary group; Sj = random 
effect of sire for all traits, except for P16 (fixed); 
Mk = fixed effect of genotype (six genotype effect 
tested separately). 

For REC, the contemporary group was 
defined by year and season of birth of the cow, calf 
sex, and year of first calving. For P16, the 
contemporary group was defined by management 
group at birth, weaning and yearling. For AFC and 
DFC, the contemporary groups were the same as 
that used for P16, but also included season of birth. 

Covariates (linear effect) of the recovery 
period, defined as the number of postpartum days 
until the beginning of the second breeding season 
for REC and as female age at entry in the breeding 
season for DFC, were included in the model. 

The number of animals used for statistical 
analysis was 339 for P16, 207 for AFC, 221 for 
DFC, and 214 for REC. 

 
Results and Discussion 

 
All primer pairs successfully amplified the 

extracted DNA. The sequences generated were 
deposited in GenBank under the accession 
numbers: KF418274 and KF418276. 

A total of nine SNPs were detected in both 
genes. Five of them were identified in NCOA2 
gene. One SNP is located in exon 1 (g.285 C/T) and 
is a silent leucin substitution. One SNP is located in 
intron 1 (g.353 A/G), two in intron 3 (g.1718C/T e 
g.1783G/A), and one in intron 4 (g.2038T/C). Four 
SNPs were identified in the TOX gene, including 
one in exon 5 (g.1740G/A), which is a silent 
glycine substitution mutation, and three in intron 5 
(g.1965T/C, g.2230 T/A and g.2365 C/T). The 
SNPs were named according to the position in the 
DNA sequences deposited in GenBank. 

All SNPs were found to be in Hardy-
Weinberg equilibrium. The linkage disequilibrium 
was estimated to determine which polymorphisms 
segregated together. An r2 value higher than 0.33 
was considered to indicate that SNPs were in strong 
linkage disequilibrium and were inherited together. 
The linkage disequilibrium statistics (r2 estimates) 
ranged from 0 to 0.983. The highest r2 values were 
observed between SNPs 1965, 2230 and 2365 
(0.843 to 0.983) and between SNPs 1783 and 2038 
(0.906), demonstrating that these SNPs are 
frequently inherited together. Thus, one SNP of 
each group (2230 and 2038) was chosen for the 
association test. The other SNPs presented r2 values 
< 0.33 between one another and between SNP 
groups, indicating that they are frequently inherited 
separately. 

Thus, seven SNPs were used in the 
association tests (1740, 2230, 285, 353, 1718, and 
2038) with P16, REC, DFC and AFC.  

http://www.codoncode.com/aligner/download.htm
http://pngu.mgh.harvard.edu/%7Epurcell/plink/


The results of variance analysis showed 
that two SNPs in the NCOA2 gene (1718 and 2038) 
were significant for three traits (p<0.05). SNP 1718 
was significant for P16 (p=0.02) and AFC (p=0.03), 
and SNP 2038 was significant for DFC (p=0.03). 
The SNP 1718 is explains 1.70% of the phenotypic 
variance of the trait AFC and the SNP 2038 
explains 1.25% of the phenotypic variance of the 
trait DFC. It was not possible to calculate the 
contribution of SNP 1718 for P16 because the 
analyses didn’t converge. 

SNPs 1718 and 2038 are located in introns 
3 and 4 of the NCOA2 gene, respectively. It is 
expected that these SNPs are in linkage 
disequilibrium with some other polymorphism that 
is a causal mutation (Sherman et al. 2007), or that 
they affect some microRNA production site (Le Hir 
et al. 2003), thus interfering with the transcription 
of other genes. 

Fortes et al. (2011) indicated the NCOA2 
gene as a transcription factor that affects puberty in 
cattle. Partial analysis of the exons of NCOA2 gene 
revealed some SNPs that were significant for 
reproductive traits in Nellore cattle. This is the first 
study showing a significant association between 
polymorphisms in NCOA2 gene and these traits.  

The weak associations with NCOA2 SNPs 
(p-values between 0.03 and 0.02) may be explained 
by different breeds and/or phenotype measures. The 
cattle breed used in this study, Nellore, is different 
from the ones used by Fortes et al. (2011). 
Although, the breeds of the previous study are 
indicine (Brahman) or have indicine in their 
composition (Tropical Composite), they have a 
different genetic composition and the influence of 
the genes on a specific trait may not be the same. 
The traits on which the two studies are based also 
different. Fortes et al. (2011) based their study on 
age at puberty detected by ovarian scanning, in the 
present study, we used reproductive trait measures 
obtained in a commercial setting, such as early 
pregnancy probability, age at first calving and days 
to the first calving. All of them have the aim to 
indicate the sexual precocity of the heifers, 
however, the phenotypes are not the same, so this is 
likely to contribute to the lack of association 
between SNP candidates from the first study and 
traits measured in the present study.  

Other genes, which also act on the central 
nervous system, were detected by Fortes et al. 
(2010, 2011, 2012) and Hawken et al. (2012) in 
zebu animals of the Brahman breed and tropical 
compound breeds for puberty and fertility traits, 
demonstrating that the study of genes expressed in 
the tissues of this system is important for a better 
understanding of the dynamics of puberty in zebu 
cattle.  

 
Conclusion 

 
This study showed that TOX and NCOA2 

genes are polymorphic in the Nellore breed. 
Significant SNPs were identified in the NCOA2 
gene for early pregnancy probability, days to first 
calving and age at first calving of Nellore females. 
Other regions of these genes should be analyzed in 
order to evaluate their influence in reproductive 
traits, trying to find causative mutations and 
improve genetic evaluation.  
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