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Candidate genes related to reproductive traits of Hereford and 
Braford bulls

Genes candidatos relacionados a traços reprodutivos em touros 
Hereford e Braford

Silvio Renato Oliveira Menegassi1; Gabriel Ribas Pereira2; Paulo Ricardo Loss 
Aguiar3; Katiana Santos Stelmach Pereira4; Celso Koetz Junior5; José Braccini 

Neto6; Vanessa Peripolli7; Carolina Gabriela Becker Berlitz8*;
Júlio Otávio Jardim Barcellos6 

Abstract

This study emphasized the importance of using candidate genes in predicting semen quality in bulls that 
can be used in cow-calf production. The aim of this study was to evaluate some candidate genes related 
to reproductive traits in Braford and Hereford bulls. All bulls (n=188) were submitted to breeding 
soundness evaluations at 24, 28, 32, and 36 months of age. The microsatellite markers ILSTS002 and 
BMS3004 associated with the luteinizing hormone-β (LHβ) gene, IDVGA-51 to leptin (LEP) gene, 
HEL5 and AFZ1 within the IGF-IR gene, and two SNP markers (LHR and FSHR) associated with the 
LHR and FSHR genes, respectively, were evaluated by the amplification of DNA products. The variation 
in the IDVGA-51 allele 177-185 showed polymorphic information content (PIC) associated with sperm 
motility and vigor traits in Hereford bulls. Hereford animals showed PIC of 0.36 to 0.75% along with 
expected heterozygosity (H) of 0.49 to 0.78%. Braford bulls that indicated the ILSTS002 allele 137-175 
and AFZ1 allele 113-119 showed PIC associated with major and minor defects, respectively. The PIC 
ranged from 0.28 to 0.78%, with an expected H of 0.35 to 0.81%. AFZ1 allele 121-127 had the highest 
minor defects and ILSTS002 allele 125-135 showed the highest major defects from ejaculated semen 
in Braford bulls. In addition, IDVGA-51 allele 175 showed lower motility and vigor in Hereford bulls. 
The markers AFZ1 (IGF-IR) and ILSTS002 (LHβ) in Braford and IDVGA-51 (LEP) in Hereford bulls 
were effective in verifying the reproductive traits of the bulls.
Key words: Molecular markers. Single nucleotide polymorphisms. Microsatellites. Genetic variability. 
Braford and Hereford breeds.

Resumo

Este estudo enfatizou a importância do uso de genes candidatos na predição da qualidade do sêmen em 
touros que podem ser utilizados na produção de bezerros. O objetivo deste estudo foi avaliar alguns 
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genes candidatos relacionados a traços reprodutivos em touros de Braford e Hereford. Todos os touros 
(n = 188) foram submetidos a avaliações reprodutivas aos 24, 28, 32 e 36 meses de idade. Os marcadores 
microsatélites ILSTS002 e BMS3004 associados ao gene hormônio luteinizante-β (LHβ), o IDVGA-51 
associado ao gene Leptina (LEP), o HEL5 e AFZ1 ao gene IGF-IR e dois marcadores SNP (LHR e 
FSHR) relacionados ao LHR e FSHR, respectivamente, foram avaliados pela amplificação de produtos 
de DNA. A variação no alelo IDVGA-51 177-185 mostrou conteúdo de informação polimórfica (PIC) 
associada à motilidade espermática e características de vigor nos touros de Hereford. Os animais 
Hereford apresentaram PIC de 0,36 a 0,75%, juntamente com heterozigosidade esperada (H) de 0,49 a 
0,78%. Os touros Braford que indicaram o alelo ILSTS002 137-175 e o alelo AFZ1 113-119 mostraram 
PIC associados a defeitos maiores e menores, respectivamente. O PIC variou de 0,28 a 0,78% com um 
H esperado de 0,35 a 0,81%. O alelo AFZ1 121-127 teve os defeitos menores mais altos, enquanto, o 
alelo ILSTS002 125-135 mostroualtos defeitos maiores do sêmen ejaculado em Braford. Além disso, 
o alelo IDVGA-51 175 mostrou baixa motilidade e vigor nos touros Hereford. Os marcadores AFZ1 
(IGF-IR) e ILSTS002 (LHβ) em Braford e IDVGA-51 (LEP) no Hereford foram efetivos na verificação 
dos traços reprodutivos dos touros.
Palavras-chave: Marcadores moleculares. Polimorfismos de nucleotídeos únicos. Microssatélites. 
Variabilidade genética. Raças Braford e Hereford.

Introduction

Bull fertility is an economically important, 
complex feature known to be controlled by 
genetic as well as environmental factors. Bull 
breeding soundness evaluation (BBSE) includes 
measurement of the scrotal circumference (SC) as an 
important tool for evaluating fertility (KASTELIC; 
THUNDATHIL, 2008). The identification of 
candidate genes would enable the cattle industry 
to optimize the management of bulls to reduce the 
age at puberty, improve the ability to select early 
maturing bulls, and perhaps develop treatments to 
hasten the onset of puberty (FORTES et al., 2012).

Predicting reproductive potential is difficult and 
not always accurate from semen sample evaluation 
on the basis of conventional sperm viability or 
morphological assessment alone (RODRIGUEZ-
MARTINEZ, 2007). HEL5 and AFZ1, located 
on BTA21 of the insulin growth factor I receptor 
(IGF-IR) gene, are markers showing an association 
with greater calving interval (BARENDSE et al., 
1997; OLIVEIRA et al., 2005). The leptin (LEP) 
gene is directly related to the presence of alleles for 
IDVGA-51 located on the BTA4 that indicate an 
increasing calving interval in cows (ALMEIDA et 
al., 2000). The genetic diversity in crossbred beef 

cows demonstrates that ILSTS002 and BMS3004 
are associated with the luteinizing hormone-β (LHβ) 
gene on BTA18 that is associated with reproductive 
performance (SILVEIRA et al., 2013). In addition, 
receptors for luteinizing hormone (LHR) and follicle 
stimulating hormone (FSHR) genes located at 
BTA11 are also involved in the regulation of several 
essential reproductive processes occurring at the 
gonadal level (CHENG, 1975; MA et al., 2012).

Fertility is a trait with low heritability, and 
therefore, the presence of a DNA marker can serve 
geneticists and breeders in evaluating animals as 
needed by the production system (BOLIGON et al., 
2010). Studies indicate that candidate genes may be 
used as an alternative biomarker for selecting bulls 
with acceptable semen quality parameters but also 
emphasize the importance of new studies to validate 
their results with larger samples in different cattle 
breeds (DEB et al., 2013, 2015; WALDNER et al., 
2010). Studies on the genetic control of fertility 
in bulls are scarce, and this topic needs intensive 
investigation to meet future needs (DEB et al., 2015; 
HENRICKS et al., 1998). Therefore, the aim of this 
study was to evaluate some candidate genes related 
to the reproductive traits of Braford and Hereford 
bulls.
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Material and Methods

This study was performed on two commercial 
farms in the state of Rio Grande do Sul, Brazil. The 
farms’ geographical locations were 29°56’8.82” 
S latitude and 56°55’25.18” W longitude in 
Uruguaiana (Braford; n=88) and 31°19’53” S 
latitude and 54°06’25” W longitude in Bagé 
(Hereford; n=100). The climate is classified as Cfa 
according to the Köppen classification. 

All bulls were kept in the same feeding 
conditions prior to the study, and the animals were 
tested for tuberculosis and brucellosis and were 
vaccinated against infectious bovine rhinotracheitis, 
bovine virus diarrhea, and leptospirosis. These bulls 
were followed throughout their development from 
7 to 24 months. The animals were weaned at seven 
months of age and allocated to a ryegrass pasture 
(Lolium multiflorum) until 12 months; between 12 
and 18 months of age, they were kept in a pasture 
with sorghum forage (Sorghum bicolor) and millet 
(Pennisetum americanum) grassland; and between 
18 and 24 months of age, they were again kept on 
a ryegrass pasture. Throughout these periods, they 
received mineral supplementation and water ad 
libitum.

All animals showed a good body condition score 
throughout the experiment, with body condition 
scores ranging from 3.5 to 4.5, where a score of one 
was thin and a score of five was fat. Blood samples 
and measurements of Scrotal Circumference (SC) 
were collected at seven months when the bulls were 
weaned and at 24 months of age.

The Bull Breeding Soundness Evaluation (BBSE) 
classifies animals according to SC by age as well as 
quantitative and qualitative aspects of the ejaculated 
semen. Animals were classified into three categories 
in terms of reproductive potential: 60-100 points 
(satisfactory), 30-59 points (questionable), and 0-29 
points (unsatisfactory) according to Chenoweth 
(2000). The SC was measured by pulling the testes 
down to the bottom of the scrotum and positioning 
a centimeter tape around the largest circumference. 
The SC was adjusted for age and weight using 

correction factors. Basically, we used the average 
SC for Braford bulls collected over two years (34.9 
± two standard deviations; 5.8 cm) and the average 
SC for Hereford bulls collected over two years (36.4 
± two standard deviations; 6.4 cm) to identify bulls 
with the lowest SC. Then, we excluded animals with 
an SC equal to or less than 29 cm and 30.5 cm in 
Braford and Hereford bulls, respectively, based on 
the corrected information of the mean and standard 
deviations as described by Menegassi et al. (2011).

Semen collection was first performed when the 
animals were 24 months old and then once every 
season for three consecutive seasons of the year. 
Thus, semen was collected at 24, 28, 32, and 36 
months of age. The bulls were restrained and semen 
was collected from each bull using a manually 
operated electroejaculator, Autojac-Neovet 
(Autojac, Neovet, Campinas, SP, Brazil). For semen 
collection, the bulls were restrained to facilitate rectal 
probe insertion, feces were evacuated manually 
by insertion, and an electroejaculator probe with 
three ventrally oriented longitudinal electrodes was 
used to deliver a sequence of electrical impulses to 
each bull. The electrical stimulation ceased once a 
minimum sample of two milliliters was obtained, 
and the collection continued until the bull ceased 
to ejaculate.

Mass activity or wave motion was determined by 
placing a drop of semen on a pre-warmed microscope 
slide, and the edge of the drop was examined using 
40x magnification. Mass motion received a score 
ranging from 0 to 5: 0 = no swirl, + = no swirl with 
generalized oscillation of individual sperm only, ++ 
= very slow distinct swirl, +++ = slow distinct swirl, 
++++ = moderately fast distinct swirl and eddies, 
and +++++ = fast distinct swirls and eddies with the 
appearance of good-quality semen. Sperm motility 
was examined under a bright-field microscope at a 
magnification of 100x with a 5 μL-1 aliquot of semen 
placed on a warmed (37 °C) slide and covered with 
a coverslip. Sperm motility was evaluated as the 
percentage of sperm movement (0 to 100%). Vigor 
was evaluated using a scale from 0 to 5, based on 
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sperm progressive movement, where 0 = none, 1 = 
very weak, 2 = weak, 3 = intermediate, 4 = strong, 
and 5 = very strong.

In addition, each semen aliquot was diluted in 
buffered saline-formaldehyde (1:10), and sperm 
morphology was analyzed using a phase-contrast 
microscope. Sperm was also evaluated with eosin-
nigrosin staining using a bright-field microscope. 
Acrosome defects, abnormal heads, double heads, 
abnormally small heads, proximal protoplasmic 
droplets, midpiece defects, accessory tails, and 
strongly bent tails were considered major sperm 
defects. Minor sperm defects included distal 
protoplasmic droplets, abaxial implantations, bent 
tails, and detached heads. The total defects were 
determined based on 200 sperm cells from each 
animal, and a sperm classification was performed 
as previously described by the BBSE of the Western 
Canadian Association of Bovine Practitioners 
(BARTH; OMINSKI, 2000).

Blood samples were collected by puncture of the 
coccygeal vein, placed in a tube with anticoagulant, 
refrigerated, and transported to the laboratory. 
The samples were stored and DNA extraction was 
performed according to Miller et al. (1998). The 
five microsatellites or short tandem repeats (STRs) 
analyzed in this experiment were HEL5 (151, 153, 
155, 157, 163, 165, 167, and 169 alleles) and AFZ1 
(113, 117, 119, 121, 123, 125, and 127 alleles), 
which are associated with IGF-IR; ILSTS002 (125, 
131, 133, 135, 137, 139, 141, and 175 alleles) and 
BMS3004 (125, 127, 129, 132, 135, and 138 alleles), 
which are associated with LHβ; and IDVGA-51 
(173, 175, 177, 179, 181, 183, and 185 alleles), 
which is associated with LEP. Each microsatellite 
was amplified by PCR using primers and specific 
annealing temperatures. The genetic markers and 
gene references used to evaluate reproductive 
parameters in beef cattle are presented in Table 1.

The reactions had a final volume of 25 μ L-1 and 
contained 50 ng L-1 of DNA. The amplified PCR 
products were analyzed by electrophoresis in a 
vertical 11% polyacrylamide gel in non-denaturing 

Tris Boric Acid EDTA (TBE) buffer with pH 8.3 
at 300 V and 10 mA for approximately 24 hours. 
After being stained with silver nitrate, the fragments 
were analyzed in comparison with the control using 
a molecular weight marker of 25 bp. Two SNP 
markers (LHR and FSHR) were also evaluated; for 
these, DNA was amplified by PCR, and the product 
generated was fragmented with restriction enzymes, 
AluI and HalI, respectively. For the analysis of the 
SNP, the amplification product, which contains 
two fragments (400 and 690 bp), was digested 
with endonuclease Sau3A1 according to the 
manufacturer’s protocol. The endonuclease cleaved 
the two fragments, enabling the identification of 
polymorphisms. For example, a 400-bp fragment 
in the absence of the restriction site corresponds to 
the A allele, whereas the B allele, while in Sau3A1, 
generated two products: one of 310 bp and one of 
90 bp. Similarly, the 690 bp fragment is cleaved in 
carriers of allele 2, producing products of 470 and 
220 bp, and allele 1 corresponds to the absence of the 
restriction site. DNA amplification was performed 
as described by Lahiri et al. (1997).

Genetic marker variability analysis was 
performed using expected heterozygosity (H) and 
polymorphic information content (PIC) according to 
Nei (1978). An association study was realized using 
a statistical model,                              in which    is 
the vector that included the fixed effects of genetics, 
the contemporary group (same farm, year of birth, 
management group), age (linear and quadratic 
effects), weight (linear and quadratic effects), breed 
(linear effect), and individual H (linear effect);  
is the vector of the random effects of the animal; 
and  is the vector of random residual effects. X 
and Z are incidence matrices that relate y, the 
vector of observations, to fixed effects and random 
effects, respectively. Data were not adjusted, and 
physiological variables, SC, and seminal variables 
(motility, vigor, major defects, minor defects, and 
total defects) were analyzed by PROC GLM using 
SAS® v.9.3 (Statistical Analysis Software, Inst. Inc., 
Cary, NC). Significant differences were considered 
when P<0.05.
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Results

In the present study, the overall mean ± SEM 
observed for SC was 36.15 ± 0.19 cm. The mean 
sperm morphological characteristics observed 
in this study were 5.88 ± 0.365, 5.78 ± 0.29, and 
11.67 ± 0.56 for the major, minor, and total defects, 
respectively. Overall, the bulls showed a mean of 
77.75 ± 0.11 and 3.55 ± 0.06 for motility and vigor, 
respectively.

Allele frequencies for the STR and SNP markers 
for Braford bulls are presented in Table 2. The 
number of alleles in the STR markers varied from 

six in BMS3004 to eight in HEL5 and ILSTS002. 
The most frequent alleles were BMS3004*129, 
ILSTS002*135 and *139, IDVGA-51*175, 
HEL5*167, and AFZ1*121. The most frequent 
SNPs were LHRC and FSHR G alleles. The PIC 
ranged from 0.28 to 0.78, with an expected H of 
35 to 81%. Associations were verified between 
the reproductive status of Braford bulls and allele 
classes for BMS3004, HEL5, IDVGA-51, LHR, 
and FSHR markers (P> 0.05). However, Braford 
bulls with ILSTS002 and AFZ1 alleles showed 
3.5% major and 3.4% minor defects, respectively 
(P<0.05; Table 3).

Table 2. Allele frequencies of seven molecular markers (five STRs and two SNPs) in Braford bulls.

Markers Alleles (%) H PIC
SRTs
AFZ1 113 117 119 121 123 125 127

4.5 18.6 21.2 24.4 18.6 11.5 1.3 0.81 0.78
HEL5 151 153 155 157 163 165 167 169

6.4 21.8 9.6 0.6 2.6 21.2 28.2 9.6 0.81 0.77
ILSTS002 125 131 133 135 137 139 141 175

0.6 3.2 6.4 27.6 22.4 27.6 11.5 0.6 0.77 0.73
IDGVA51 173 175 177 179 181 183 185

3.8 37.8 7.7 5.1 7.1 26.9 11.5 0.75 0.72
BMS3004 125 127 129 132 135 138

3.8 2.6 48.7 35.3 3.2 6.4 0.64 0.57
SNPs
LH-R T C

22.6 77.4 0.35 0.28
FSH-R G C

60.7 39.3 0.47 0.36

H, Nei’s heterozygosity expected; PIC, polymorphism information content.

Allele frequencies for the STR and SNP markers 
for Hereford bulls are presented in Table 4. The 
number of alleles in the STR markers varied from 
five in BMS3004 to eight in HEL5 and ILSTS002. 
The most frequent alleles were BMS3004*125, 
ILSTS002*135, IDVGA-51*175, HEL5*165, and 
AFZ1*113. The most frequent SNPs were LHRC 
and FSHR G alleles. The PIC ranged from 0.36 to 
0.75, with an expected H of 49 to 78%. Associations 

were verified between the reproductive status of 
Hereford bulls and allele classes for BMS3004, 
HEL5, AFZ1, ILSTS002, LHR, and FSHR markers 
(P> 0.05). However, Hereford bulls with the 
IDVGA-51 allele showed 84.7% motility and 3.6 
vigor, respectively (P<0.05; Table 5). FSHR and 
LHR allele associations in Hereford and Braford 
bulls for reproductive parameter status are showed 
in Table 6.
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Table 4. Allele frequencies of seven molecular markers (five STRs and two SNPs) in Hereford bulls.

Markers Alleles (%) H PIC
SRTs
AFZ1 113 117 119 121 123 125

32.0 25.3 3.6 13.4 11.3 11.3 0.78 0.75
HEL5 153 155 157 159 163 165 167 169

11.9 4.6 4.6 0.5 14.9 34.5 25.3 3.6 0.76 0.73
ILSTS002 125 127 129 133 135 137 139 141

2.6 10.8 5.2 5.2 38.1 31.4 5.2 1.5 0.73 0.68
IDGVA-51 175 177 179 181 183 185

43.8 22.7 27.8 4.6 0.5 0.5 0.68 0.62
BMS3004 125 127 129 131 135

42.3 40.7 10.8 5.7 0.5 0.64 0.57
SNPs
LH-R T C

40.5 59.5 0.49 0.36
FSH-R G C

57.5 42.5 0.49 0.36

H, Nei’s heterozygosity expected; PIC, polymorphism information content.
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Discussion

It was possible to identify three STR markers for 
the analyzed population. In contrast, we observed 
that the SNP markers showed no difference for the 
reproductive parameters evaluated in our study, 
which might be related to the individual variability 
for reproductive traits in commercial herds. 
Major genes have a role in the expression of traits 
responsible for the manifestation of reproductive 
phenotypes (MONTALDO, 2006). The study of the 
genome in domestic animals is the focus of many 
researchers to develop a genetic map for cattle that 
can be used to identify chromosomal attributes that 
determine production characteristics.

Microsatellites have proposed markers for the 
determination and verification of parentage in 
cattle herds. In this way, the Braford breed presents 
a higher H (35 to 81%) and the Hereford breed 
presents a lower H (49 to 78%). We also determined 
that the PIC ranged from 0.28 to 0.78 in Braford 
and from 0.36 to 0.75 in Hereford bulls, similarly 
obtained using H. We observed low variability in 
the data used for the animals evaluated in our study. 
These lower H and PIC values may be attributed 
to a more select group of animals used in this 
population, based on breeding criteria used by the 
farmers. In contrast, Silveira et al. (2013) observed 
a higher H (62%) and PIC (0.23 to 0.87) in herds 
classified more generally as fertile and subfertile 
groups of crossbred beef cows. 

The association of markers with reproductive 
efficiency has been observed in previous studies 
using female bovine animals; however, few studies 
have been conducted to evaluate male performance 
(HAWKEN et al., 2012; OLIVEIRA et al., 2002). 
Seminal characteristics in bulls are affected by 
many factors, including age, testicular volume, 
dietary nutrition, time and place of the reproductive 
evaluation, environmental seasonality, and body 
condition (CHACON et al., 2002; FUERST-WALTL 
et al., 2006). Reproductive parameters, such as SC 

and BBSE, are commonly used to estimate the 
potential for individual bull fertility (FORDYCE et 
al., 2014).

Several markers have been used to identify 
their possible play on reproductive performance in 
many species. Molecular markers such as AFZ1, 
BMS3004, HEL5, ILSTS002, and IDVGA51 are 
located close to the genes, as intergenic regions. In 
addition, the LHR and FSHR markers are located in 
exon 11 and exon 10 on chromosome 11, respectively 
(LUSSIER et al., 1995; MARSON et al., 2005), 
and may play a role in silencing or changing its 
protein amino acid composition. Indeed, molecular 
markers have been widely used to investigate genes 
that code for important traits in animal production 
(ALMEIDA et al., 2000; MACHADO et al., 2003). 

The AFZ1 and ILSTS002 markers showed 
changes in minor and major defects in the semen 
parameters in the Braford breed. Thus, their 
identification is useful for estimating reproductive 
parameters for IGF-IR and LHβ, which are 
indicators of the onset of puberty during animal 
growth and related to physiological development. 
Liron et al. (2012) studied GnRHR, LHR, and IGF-I 
polymorphisms according to the age of puberty 
in Angus bulls and observed that only IGF-I is 
involved in the events that precede and initiate 
puberty in bull calves. IGF-IR shows an association 
with greater calving interval (OLIVEIRA et al., 
2002). Perhaps the IFG and IGF-IR pathway is of 
particular importance for the age of puberty among 
Brahman animals, as suggested by previous results 
(FORTES et al., 2013; JOHNSTON et al., 2009).

Aguiar et al. (2008) studied molecular marker 
associations between STR ILSTS002 connected 
to LHβ and SNP linked to FSHR to ovulation 
performance and demonstrated them to be 100% 
(GG) homozygous for the SNP within FSHR in 
Angus cows. Polymorphisms found in FSHR are 
associated with reproductive characteristics in 
testicular volume in men (GRIGOROVA et al., 
2013). The LH and FSH gonadotrophic hormones 
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have their action mediated via binding to specific 
receptor membranes of target cells that are essential 
to puberty appearance; however, mutations in this 
receptor can alter the interaction between hormone 
and receiver that modifies the transduction of the 
endocrine signal and interferes with the expected 
physiological response (AITTOMAKI et al., 1995; 
FORTUNE, 1994).

In Nellore females, studies have demonstrated 
lower H values for LHR of 0.430 (MILAZZOTTO 
et al., 2008). Interestingly, we described a closer 
population genetic diversity when Braford (35%) 
and Hereford (49%) bulls were evaluated. We also 
observed a higher H for Braford and Hereford (49%) 
animals, in agreement with Marson et al. (2005), that 
also showed a higher frequency of heterozygotes 
evaluated in all breed compositions in their study. 
The SNP study on markers for LHR and FSHR has 
enabled the genotype identification as well as the 
heterozygote structure of the population studied.

Specifically, the AFZ1 marker, which is 
associated with IGF-IR, is known to be important to 
germ cell development, particularly in the presence 
of increased IGF-I hormonal concentrations in 
human seminal plasma, which is significantly 
correlated with the percentage of morphologically 
normal spermatozoa and sperm concentration 
(GLANDER et al., 1996). Henricks et al. (1998) 
used computer-assisted sperm analysis (CASA) 
to determine the effects of IGF-I and IGF-II on 
bovine sperm parameters and observed an increase 
in sperm motility and straight-line velocity. The 
same authors suggest that the presence of IGF-I 
in semen and the ability of IGF-I to stimulate 
sperm motility play a possible regulatory role 
in spermatozoa prefertilization events in bovine 
species (HENRICKS et al., 1998). Indeed, studies 
have provided evidence that the presence of IGF-I 
in the male reproductive tract exerts a direct, as well 
as an indirect, influence on steroidogenesis (SAEZ 
et al., 1988) and cell proliferation and differentiation 
(OONK; GROOTEGOED, 1988).

The presence of the IDVGA-51 marker 
in Hereford bulls may indicate a change in 
spermatozoa motility, which might be associated 
with fertility performance. However, lower 
spermatozoa motility (72%) and vigor (2.7%) were 
observed at a higher frequency in bulls carrying 
the short IDVGA-51*175 allele than in animals 
carrying a longer IDVGA-51*175-185 allele. In 
fact, reproductive parameters that are subjectively 
classified, such as sperm motility, were considered 
adequate in all animals evaluated in this study, 
thus indicating the greater selection of bulls in a 
somewhat small sample size.

The LEP gene has also been studied in cows and 
is directly related to the presence of marker alleles 
for IDVGA-51, which indicates an increasing 
calving interval in bovine females (ALMEIDA et 
al., 2003). Moreover, Silveira et al. (2013) observed 
better reproductive performance in animals carrying 
the short IDVGA-51 allele (173-177 bp) than in 
animals carrying a longer allele (IDVGA-51*181), 
which had been classified as subfertile because they 
did not calve in the previous reproductive season 
and remained open after two breeding seasons. 
Cows carrying the IDVGA-51*181 allele showed a 
higher expression of LEP in the subcutaneous tissue, 
which is important in determining the nutritional 
effect on the animal’s reproductive performance 
(ALMEIDA et al., 2000, 2003). Indeed, the LEP 
hormone serves as a metabolic signal of energy 
balance within the neuroendocrine system, and 
LEP mRNA is present in bull spermatozoa and 
plays an important role with physiological effects 
(NIKBAKHT et al., 2010). Evidence exists that 
LEP and its receptor are also important in energy 
metabolism and sperm capacitation (AQUILA et 
al., 2008). In bulls, parameters such as motility are 
used to predict reproductive potential; furthermore, 
the identification of the IDVGA-51 allele suggests 
a potential marker for reproductive assessment in 
bovines.
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We observed a higher percentage of spermatozoa 
showing major morphology defects in Braford 
bulls carrying the short ILSTS002 allele (125-135 
bp) than in animals carrying a longer ILSTS002 
allele (137-175 bp). In addition, we also observed a 
higher H (77%) and PIC (0.73%) when ILSTS002 
was evaluated in our Braford population. Cows 
with the ILSTS002 allele (135 and 137 bp) 
showed lower viable embryos and higher calving 
intervals, indicating a disadvantage in reproductive 
performance in this species (SILVEIRA et al., 2013; 
WEIMER et al., 2007). In our study, we observed 
an increase in minor spermatozoa defects in bulls 
carrying a longer AFZ1 allele (121 and 127 bp) 
compared to animals carrying the short allele (113 
and 119 bp). Oliveira et al. (2005) evaluated the 
AFZ1 marker in a herd of Ibagé cows and found a 
significant effect from the favorable genotypes for 
AFZ1 microsatellites compared to a lower calving 
interval. In addition, the presence of the AFZ1 allele 
showed an association with beef cow pregnancy 
rates when fixed-time artificial insemination was 
used (OLIVEIRA et al., 2005; SILVEIRA et al., 
2013). These results demonstrate a significant 
association between the markers associated with 
IGF-IR and the reproductive performance of beef 
cows. Our results corroborate the findings in cows; 
however, the reproductive parameters evaluated 
in the selected bulls are variable, and further 
investigation is needed if these markers are to be 
used as a molecular tool for genetic selection in 
cattle.

AFZ1*121-127 associated to IGF-IR showed 
the highest minor defects, and ILSTS002*125-135 
associated to LHβ showed the highest major defects 
from ejaculated semen in Braford bulls. In addition, 
IDVGA-51*175 associated to LEP showed lower 
motility and vigor in Hereford bulls.

Conclusions

The markers AFZ1 (IGF-IR) and ILSTS002 
(LHβ) in Braford bulls and IDVGA-51 (LEP) 

in Hereford bulls were effective in verifying 
reproductive traits of the bulls. Complementary 
studies are necessary to confirm the allelic frequency 
established from the data collected in the current 
study of selected bulls in Brazil.
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M. E.; RIPOLI, M. V.; ROGBERG-MUÑOZ, A.; 
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