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ABSTRACT. The purpose of the present research was to investigate the 
effects of polymorphisms of luteinizing hormone receptor (LHR) and folli-
cle-stimulating hormone receptor (FSHR) genes, evaluated by polymerase 
chain reaction-restriction fragment length polymorphism in European-
Zebu composite beef heifers from six different breed compositions. The 
polymorphism site analysis from digestion with HhaI and AluI restriction 
endonucleases allowed the genotype identification for LHR (TT, CT and 
CC) and FSHR (GG, CG and CC) genes. A high frequency of heterozy-
gous animals was recorded in all breed compositions for both genes, except 
in two compositions for LHR. The probability of pregnancy (PP) at first 
breeding was used to evaluate the polymorphism effect on sexual precoc-
ity. The PP was analyzed as a binary trait, with a value of 1 (success) as-
signed to heifers that were diagnosed pregnant by rectal palpation and a 
value of 0 (failure) assigned to those that were not pregnant at that time. 
Heterozygous heifers showed a higher pregnancy rate (67 and 66% for 
LHR and FSHR genes, respectively), but no significant effects were ob-
served for the genes studied (P = 0.9188 and 0.8831 for LHR and FSHR, 
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respectively) on the PP. These results do not justify the inclusion of LHR 
and FSHR restriction fragment length polymorphism markers in selection 
programs for sexual precocity in beef heifers. Nevertheless, these markers 
make possible the genotype characterization and may be used in additional 
studies to evaluate the genetic structure in other bovine populations. 
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INTRODUCTION

Composite bovines originate from the miscegenation of several breeds, of both Bos 
indicus and Bos taurus. The goal in a composite population is to keep as much heterozygosity 
as possible. Nowadays, this breeding scheme is expanding in Brazil, resulting from an evolu-
tion of crossbreeding systems, seeking to exploit crossbred animals to obtain heterosis effects 
and breed complementarity regarding economically important traits.

Many researchers have had success when demonstrating the genetic features of popu-
lations and when identifying the important genes for the determination of these features of 
interest in cattle production, using molecular biology techniques that employ various molecu-
lar markers, such as microsatellites and restriction fragment length polymorphisms (RFLP) 
(Tambasco et al., 2000; Milazzotto, 2001; Campagnari, 2002; Marson et al., 2005).

The precocious event of puberty in beef heifers is desirable in production systems since, 
as some other indicators of reproductive efficiency, sexual precocity is one of the requirements 
to be examined in promoting productivity. Hess (2002) emphasized that heifers must reach the 
puberty between one and three months before being introduced in the breeding site, to improve 
their chances of conception. Due to this fact and added to the existence of a moderate to high in-
heritability for this trait (0.31 for Laster et al., 1979; 0.47 for Splan et al., 1998), sexual precocity 
must be adopted as a criterion of selection in beef heifer production systems.

In view of the lack of studies about the gene polymorphisms linked to reproductive 
characteristics in beef cattle, such as sexual precocity and the possibility that composite popu-
lations can offer for the exploitation of heterozygosity, the objective of the present research 
was to estimate the effects of RFLPs in the luteinizing hormone receptor (LHR) and follicle-
stimulating hormone receptor (FSHR) genes regarding sexual precocity in composite Europe-
an-Zebu heifers, from several different breed compositions, using as a characteristic marker of 
this event the probability of pregnancy for heifers at first breeding.

MATERIAL AND METHODS

Animals

Blood samples for the extraction of DNA were obtained from 370 composite beef heifers from 
two different Brazilian regions (RG and SO Farms) which were distributed into six breed compositions 
(A-F; Table 1), based on the percentage contribution of cattle breeds of Zebu origin, those adapted to 
tropical conditions, or British European or Continental European breeds.
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Breed composition	 N		  Origin
		  RG	 SO
A		    2	 20	 25% Zebu x 25% Adapted x 25% British x 25% Continental
B		  31	   7	 25% Zebu x 50% Adapted x 25% Continental
C		  51	 50	 25% Zebu x 50% Adapted x 25% British
D		  -	 98	 25% Zebu x 50% Adapted x 25% British (2ª geração)
E		  10	 48	 50% Zebu x 50% Continental
F		  53	 -	 50% Zebu x 50% British

Table 1. Number of heifers (N) according to their source farm (RG or SO) and description of each breed 
composition (A-F) of the population of composite heifers investigated. 

Genotyping

Genomic DNA was extracted from the blood samples using the extraction method and 
precipitation from NaCl solution described by Olerup and Zetterquist (1992). Based on the 
polymorphism results obtained with single-strand conformation polymorphism for the LHR 
(Milazzotto, 2001) and FSHR (Campagnary, 2002) genes, two fragments of interest were se-
lected (Table 2) for polymerase chain reaction (PCR)-RFLP analysis.

Gene		 Nature	 Chromosome	 Exon	 Sequence	 Reference

LHR		  RFLP HhaI	 11	 11	 F: CAAACTGACAGTCCCCCGCTTT	 Lussier et al., 1995
					     R: CCTCCGAGCATGACTGGAATGGC	
FSHR	 RFLP AluI	 11	 10	 F: CTGCCTCCCTCAAGGTGCCCCTC	 Houde et al., 1994
					     R: AGTTCTTGGCTAAATGTCTTAGGGGG

Table 2. Description of the restriction fragment length polymorphism (RFLP) markers analyzed. 

F (forward) = 5’-3’ direction; R (reverse) = 3’-5’ direction; LHR = luteinizing hormone receptor; FSHR = follicle-
stimulating hormone receptor.

The amplification reactions were performed in an MJ Researcher model PTC-100 
(Programmable Thermal Controller) thermocycler, following the time and temperature condi-
tions of each cycle proposed by Milazzotto (2001) for LHR and by Campagnary (2002) for 
FSHR. Each PCR product was carried out with about 200 ng DNA, in a final reaction volume 
of 25 µL, containing 10X PCR buffer (20 mM Tris-HCl, pH 8.4, 50 mM KCl), MgCl2 (3.5 mM 
for LHR; 2.0 mM for FSHR), 0.5 mM of each deoxynucleoside triphosphate, 0.4 µM of each 
one of the primers and 1 unit Taq DNA polymerase.

The products of the amplifications were then digested with specific restriction en-
zymes for each marker where the solution was incubated at 37°C for 3 h. The resulting frag-
ments were separated by electrophoresis at 65 V on a 1.5% agarose gel, stained with ethidium 
bromide (5 µg/mL), into a 1% Tris-borate-EDTA buffer, being later evaluated in a Scanner 
Laser (Fujifilm Fla 3000G) under excitation at 520 nm and emission at 580 nm. A DNA stan-
dard (100-bp DNA ladder; Life Technologies) was used in each gel for determination of the 
size of the fragments, where the genotypes were identified by the absence or presence of the 
restriction site recognized by the restriction enzymes.

Data analysis

To evaluate the genetic structure of the population studied, as well as of each breed 
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composition, allelic and genotypic frequencies were determined by allelic count and by the 
count of the different genotypes, respectively (Weir, 1996), for both genes studied.

To show the involvement of the molecular results in the interesting characteristic of 
sexual precocity, the production data were linked to the diagnosis of pregnancy by rectal pal-
pation at first breeding probability of pregnancy (PP) analyzed as a binary trait, with a value of 
1 (success) for the pregnant heifers and of 0 (failure) assigned to those not pregnant.

The following variables were included on the analysis model: genotypic effects for 
both genes studied, or the haplotype effects (for each genotypic single combination consid-
ering both loci analyzed), source farm, breed composition within the source farm, and the 
covariable weight adjusted to the 390 days of age (PES390) (linear and quadratic effects), 
added to the residual effect. The PES390 which was calculated from the weight obtained from 
each animal between the 360 and 420 days of age was included in this analysis, because body 
weight is one of the factors that affect the puberty event. 

General linear models were used by the PROC GENMOD from the Statistical Analy-
sis System version 8.0 (SAS Institute, Inc., 2000), allowing the binomial distribution with the 
function of logistic connection. The verisimilitude ratio test was used for evaluating the effect 
of the RFLP (LHR and FSHR) markers on the event of PP, considering the values of P < 0.05 
to be significant. Forty-one animals were excluded from this analysis, taking into consider-
ation that all the tested subclasses would show the information 0 and 1 for PP, reducing the 
total population from 370 to 320 animals.

The effect of the identified genotype for LHR and FSHR genes on PP was calculated 
using the following statistical model:

where Y(i)jklm represents the characteristic (PP) from the (i)jklmth animal; g(x), the connection 
function (logistic); µ represents the ratio of the characteristic of the population; Fi, R(i)j, GLk, 
GFl, the fixed effects associated with the ith farm, jth breed composition niche inside the farm, 
kth LHR genotype, lth FSHR genotype, b1 and b2, linear and quadratic coefficients of the adjust-
ed weight at the 390th day of age, included in the model as a covariable; P(i)jklm is the adjusted 
weight at the 390th day of age of the (i)jklmth animal; P is the ratio of the adjusted weight at 
the 390th day of age; e(i)jklm = random error effect associated with the (i)jklmth observation.

The haplotype effects on PP were also observed, adopting the following statistical 
model:

where Yijk represents the characteristic PP of the ijkth animal; g(x), the connection func-
tion (logistic); µ represents the ratio of the characteristic of the population; Fi, Hj, the 
fixed effects associated with the ith farm, jth haplotype; b1 and b2, the linear and quadratic 
coefficients of the adjusted weight to the 390th day of age, included in the model as a 
covariable; Pijk is the adjusted weight to the 390th day of age of the ijkth animal; P is the 
ratio of the adjusted weight of the 390th day of age; eijk = random error effect associated 
with the ijkth observation.
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RESULTS AND DISCUSSION

The PCR-RFLP analysis allows us to identify the point mutations for LHR and FSHR 
genes as described by Milazzotto (2001) and Campagnari (2002) (Figure 1).

Figure 1 shows a molecular weight marker on a scale of 100 bp; ND1 - undigested product 
of LHR (303 bp); TT (303 bp); CT (303 and 155/148 bp); CC (155/148 bp); ND2 - undigested prod-
uct of FSHR (306 bp); GG (193 and 63/50 bp); CG (243/193 and 63/50 bp); CC (243 and 63 bp).

Figure 1. Electrophoresis on 1.5% agarose gel, stained with ethidium bromide showing the standard fragments of 
the amplification products (ND1 and ND2) and the products of the digestion of the genes LHR (TT, CT and CC) 
and FSHR (GG, CG and CC) by PCR-RFLP. M = molecular weight marker.

In this study, a higher frequency of heterozygotes was recorded among all breed com-
positions for the LHR gene (Figure 2), except for the composite heifers B and C, which is 
an important aspect regarding the hybrid origin of the population studied. Lower values of 
heterozygotes from 0.430 and 0.174 were found by Milazzotto (2001) and Carvalho et al. 
(2004) for Nellore females, respectively.

Figure 2. Genotypic frequencies for LHR gene in European-Zebu composite beef heifers of different breed 
compositions.
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For FSHR, a higher frequency of heterozygotes was recorded in all breed compositions 
examined (Figure 3). For Nellore breeding, the frequency of heterozygotes reported by Cam-
pagnari (2002) was lower than the results obtained for the females F1 (E and F) studied here.

Figure 3. Genotypic frequencies for FSHR gene in European-Zebu composite beef heifers of different breed 
compositions.

The identification of the genotypes by RFLP, including the heterozygous ones, which 
enabled the assessment of the genotypic and allelic frequencies, allows us to indicate the study 
of the genetic markers for LHR and FSHR in further investigations aimed at the evaluation of 
the genetic structure in other cattle populations, as confirmed by Marson et al. (2005) in this 
same population.

The general pregnancy rate observed in the composite heifer population studied was 
63.5%, a very interesting result, considering the average age of these females at their first 
breeding (13.5 months). The heterozygous heifers CT and CG showed a pregnancy rate of 67 
and 66%, while the homozygous ones TT and GG showed rates of 65 and 58% and the ho-
mozygous ones CC of 58 and 64% for the LHR and FSHR genes, respectively. However, the 
effect of the LHR gene (P = 0.9188) or even the FSHR gene (P = 0.8831) on the event of preg-
nancy in the different breed compositions was not confirmed by the verisimilitude ratio test.

Earlier studies not demonstrated the effect of the LHR genes (Milazzotto, 2001) and 
the FSHR genes (Campagnari, 2002) on the sexual precocity of Nellore heifers, evaluated by 
the comparison between the frequencies of precocious or non-precocious females at the age of 
14 months, using the χ2 test.

The adjusted weight at 390 days of age (PES390) included in the model as a covari-
able showed significance for both the linear effect (P = 0.0417) and the quadratic one (P = 
0.0148), confirming the importance of including this source of variation in the model, as body 
weight is one of the factors that has a large impact on increasing pregnancy rates. 

The effect of source farm was noticed on PP (P = 0.0014), the RG farm showing a 
higher percentage of precocious females, which means a higher pregnancy rate (70%) com-
pared to the SO farm (59%). This difference may be explained by the fact that all RG heifers 
were submitted to natural breeding while more than 80% of the SO heifers were submitted to 
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artificial insemination. A significant effect of breed composition on the farm was also observed 
on PP (P = 0.0398), where this procedure was adopted due to the disproportional breed com-
positions, at both source farms, showing a superiority in the F animal composition from the 
RG farm, with a pregnancy rate of 92%, higher than most of the other compositions analyzed 
(results not shown).

Although the binomial distribution model proposed was adapted to the available data 
set, some hypotheses would justify the absence of the marker effects of RFLP observed on 
sexual precocity. One of them refers to the total number of the animals studied and to the dis-
proportional distribution among the breed compositions in both source farms, even though the 
precaution was taken in grouping the animals.

Other data that need to be pointed out is that besides LHR and FHSR, other genes equal-
ly important in the occurrence of puberty, must contribute for expressing this feature. Therefore, 
further studies that allow this kind of exploitation could help for the incorporation of the molecu-
lar markers in the selection programs regarding the sexual precocity of beef heifers.

In conclusion, it is important to point out again that the assessed inheritability for the 
age of puberty is considered moderate or even elevated, meaning that this reproductive event 
is also linked to non-genetic factors. This particularity is also observed in other reproductive 
characteristics which, differently from the puberty age, show low inheritability, such as birth 
rate and difficulty at birth (0.19 and 0.18, respectively, according to Splan et al., 1998). These 
are some of the reasons by which the studies of the genetic polymorphism effects are more 
frequent on the productive characteristics instead of on the reproductive ones.

Meanwhile, Sutarno et al. (2002) found a significant effect of two mitochondrial DNA 
regions that showed RFLP in birth rate in both Hereford and Composite (¼ Brahman, Charo-
lais and Holstein x 1/8 Angus and Hereford) bovine females. On the other hand, Almeida et al. 
(2000) reported important effects of two markers, the LEPSau3AI (RFLP) and the IDVGA-51 
(short tandem repeat), for the leptine gene on both the reproductive and productive character-
istics, respectively, as time interval between births (IP) and weight at the first birth (PPP) in 
5/8 Aberdeen Angus x 3/8 Nellore females. The increase in IP for at least two months of age 
has been observed by the effect of the two markers, while PPP has been shown to be positively 
influenced by the LEPSau3AI up to 27 kg. In view of these results, the authors recommend a 
selection against the RFLP LEPSau3AI marker followed by nutritional supplementation dur-
ing the pregnancy period.

However, Duarte et al. (2005) did not find any significant effect of microsatellite 
markers in Brangus Ibagé females (ILSTS027, MBO22 and BM4325) that could be linked to 
the follicle-stimulating hormone (FSH) genes, sub-unit β (FSHβ) on PPP, while IP has been 
proved to be positively influenced by the BM4325 marker. The authors indicate the use of the 
BM4325 marker for the FSH gene in selection based on markers aimed at improvement of the 
reproductive performance of the bovine females, suggesting, however, the confirmation of the 
information obtained within other cattle breeds.

The haplotype CT/CG or double heterozygous is the one that strongly prevailed in 
the population studied, confirming the higher heterozygous frequency in this hybrid cattle, 
excluding the B and C composite animals which showed a higher incidence of CC/CG. The 
heifers identified by the CT/CC haplotype and double heterozygous had a higher pregnancy 
rate of 79% (N = 28) and 70% (N = 116), respectively. However, the haplotype effects on PP 
was confirmed in the composite population studied (P = 0.7886).
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The trait PES390 included in the model as a covariable has been significant for the 
quadratic effect (P = 0.0273), confirming the importance of isolating this variation factor in the 
model. The effect of the source farm on PP was also confirmed (P = 0.0004), as it was observed 
in the evaluation of the LHR and FSHR gene effects.

CONCLUSIONS 

PCR-RFLP analysis of LHR and FSHR genes has enabled the genotype identification 
as well as the heterozygote characterization enhancing our knowledge of the genetic structure 
of the population studied. The heterozygote frequency was confirmed as being high for both 
genes which allow the exploitation of these animals in crossbreeding. The genes are suitable 
for further research in other cattle breeds, for the same purposes.

The effects of the RFLP studied on sexual precocity were not confirmed here for LHR 
and FSHR genes with regard to sexual precocity, characterized by the probability of preg-
nancy at first breeding. These results suggest that the selection of precocious heifers based on 
their genotypic information for the genes examined here is not justified in breeding programs 
for the composite European-Zebu population studied.

The use of molecular markers for characterizing the heterozygote frequency in hybrid 
populations for identifying the most divergent breeds in helping to choose the genetic poten-
tials to be used in crossings must at the same time contribute to the reduction of time spent in 
the experimental evaluations of the performance prediction.
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