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Polymorphism C242T in the Cyp19 gene in meat sheep
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Abstract

The objective of this study was to evaluate the frequency of C242T polymorphism on the aromatase gene and the allelic
and genotypic frequency of these variants in sheep belonging to four breed groups. Blood samples were collected from
187 animals of four breed groups: Dorper, Santa Inés, Texel and White Dorper, originated from herds in the region of
Maringa/PR, Brazil. The genomic DNA was extracted using alkaline extraction, with subsequent amplification of the
fragments via PCR with specific primer. The samples resulting from amplification were subjected to digestion process
using the Dpn 1I restriction enzyme and to polyacrylamide gel electrophoresis 10.0% and stained with silver nitrate.
Three distinct genotypes were observed: homozygous (CC), heterozygous (CT) and homozygous for no cut (TT).
The resulting data were analyzed using the POPGENE software with 5% significance. Genotypic frequencies among
the breed groups were: Texel (CC - 0.426; CT - 0.511; TT - 0.064), Dorper (CC - 0.073; CT - 0.732; TT - 0.439), White
Dorper (CC - 0.021; CT - 0.255; TT - 0.723) and Santa Inés (CC - 0.115; CT - 0.462; TT - 0.423).
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Polimorfismo no gene cyp19 em ovinos de corte

Resumo

O objetivo deste trabalho foi avaliar as frequéncias alélicas e genotipicas do polimorfismo do C242T no gene da
aromatase em ovinos pertencentes a quatro grupos raciais. Foram coletadas amostras de sangue de 187 animais de quatro
grupos raciais: Dorper, Santa Inés, Texel e White Dorper, provenientes de rebanhos da regido de Maringa, PR - BR.
O DNA genomico foi extraido utilizando o método de extragdo alcalina, com posterior amplificagdo dos fragmentos
via PCR com primer especifico. As amostras resultantes da amplificagdo foram submetidas ao processo de digestio
com auxilio da enzima restricdo Dpn 11 e submetido a eletroforese em gel de poliacrilamida de 10,0% e corado nitrato
de prata. Foram observados trés genotipos distintos: Homozigoto (CC), heterozigoto (CT) e homozigoto para ndo corte
(TT). Os dados resultantes foram analisados utilizando o software POPGENE com significancia de 5%. As frequéncias
genotipicas entre os grupos raciais foram: Texel (CC - 0,426; CT - 0,511; TT - 0,064), Dorper (CC - 0,073; CT - 0,732;
TT - 0,439), White Dorper (CC - 0,021; CT - 0,255; TT - 0,723) e Santa Inés (CC - 0,115; CT - 0,462; TT - 0,423).

Palavras-chave: Cyp19, Dorper, polimorfismo, Santa Inés, Texel, White Dorper.

1. Introduction

Estrogen is an endocrine hormone involved in the
regulation of reproductive and productive traits such as
fat deposition (Heine et al., 2000; Jones et al., 2000) and
body growth (Simpson et al., 2000). The biosynthesis of
estrogen is performed by the aromatase enzyme by the
process of conversion or aromatization of androgens (C19)
to estrogens (C18). The aromatase enzyme is dependent
on cytochrome P450 and is coded by the Cypl9 gene.
It is expressed in several tissues, including granulosa and
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luteal cells of the ovary, Sertoli and Leydig cells of the
testicles, brain, adipocytes, liver, muscle, hair follicles
and bone (Damiani and Damiani, 2007).

Aromatase is directly linked to folliculogenesis,
affecting oocyte quality. Furthermore, this enzyme can also
be related to the stimulation of estrus and development of
the mammary glands. In humans, polymorphisms in the
aromatase gene have been associated with risk of development
of estrogen-responsive tumors (Fernando, 2010), higher
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levels of estrogen early puberty (Lee et al., 2014) and lower
bone mineral density (Markatseli et al., 2014). Also in
humans, studies have found that some polymorphisms
in the Cyp19 gene may have effects on the prognosis of
breast cancer (Zins et al., 2014).

In sheep, the Cypl9 gene that codes the aromatase
enzyme is located in chromosome 7 (Payen et al., 1995),
has a length of 1,546 bp, with an open reading frame of
1,509 bp. It is transcribed by four different promoter regions
that have organ-specific activities. The P2 promoter region
is mostly active in granulosa cells; P1.5 and P1.1, in the
placenta; and P1.4 is active in the brain (Vanselow et al.,
1999, 2001). The translation of the mRNA may generate
a protein with 503 amino acids.

In studies on the Cyp19 gene in sheep, Vanselow et al.
(1999) found a silent-transition (C/T) polymorphism
located at codon 69 of exon 3. This transition is seemingly
related to a greater live weight at slaughter (Tanamati et al.,
2013a) and larger loin-eye area (Tanamati et al., 2013b).
In addition, this polymorphism seems to cause differences in
other performance traits in sheep, influencing reproductive
aspects and maternal ability, and is apparently related to
different breed groups (Lobo et al., 2009).

These studies demonstrated the importance of research
on genetic characterization for the aromatase gene in
distinct populations. Thus, the objective of this study was
to evaluate the allelic and genotypic frequencies of the
aromatase gene and compare them in four racial groups
of sheep in Brazil.

2. Material and Methods

Blood samples were collected from 187 animals of
four economically relevant breed groups in sheep-meat
production: Dorper (n=41), Santa Inés (n=52), Texel (n=47)
and White Dorper (n= 47), originated from herds in the
region of Maringd/PR, Brazil. The blood was collected in
anticoagulant-containing tubes and stored for subsequent
DNA extraction in the Laboratory of Molecular Biology
at the Department of Animal Science of Universidade
Estadual de Maringa.

Alkaline extraction was used to extract the DNA.
Blood aliquots of 5 pL were transferred to 1.5 mL tubes,
then 25 uL NaOH were added and it was incubated in a
water bath at 74 °C for 10 min. For the neutralization step,
25 uL Tris-HCI pH 8.0 were added, and then the samples
were used in the PCR reactions.

The PCR-RFLP (restriction fragment length
polymorphism) technique was used to check the presence
of polymorphism C242T in the aromatase gene. Primers
obtained from Vanselow et al. (1999) were used for the
amplification of the gene region, according to the sequence
deposited on GenBank (AJ012153): primer 1 - 5°- CCA
GCTACTTTC TGG GCC TT- 3’; and primer 2-5’- CCT
CCG GGT TTC CTC TCC ACA- 3’. The amplification
reaction via PCR was performed on an Applied Biosystems
or Techne TC-412 thermal cycler (Barloworld Scientific
US, Burlington), using a reaction with a final volume of
15 pL. The amplification program consisted of initial
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desaturation at 94 °C for 2 min, followed by 35 denaturation
cycles at 94 °C for 15 s, girdling at 55 °C for 30 s and
extension at 72 °C for 2 min, followed by a final extension
at 72 °C for 5 min.

The PCR product was subjected to digestion with
Dpn 1l restriction enzyme (Biolabs®, New England) on a
thermal cycler. The reaction was performed with 10 pl of
PCR product, 5 U of the Dpn Il restriction endonuclease,
2.0 pl buffer and 7.5 pl pure water, in a final volume of
20 pl. The reaction was incubated for 8 h at 37 °C, followed
by inactivation of 65 °C for 20 min.

The product of digestion was subjected to denaturing
(6M urea) polyacrylamide gel electrophoresis 10%
(acrylamide-bisacrylamide - 29:1) performed ina 1X TBE
buffer (90 mM Tris-Borate and 2 mM EDTA) at 180V for
four hours and stained with silver nitrate. After visualization
of the bands, the gels were photographed with a digital camera
(Nikon Coolpix S520). The individuals were genotyped by
calculating the size of the alleles with 100-base-pair DNA
ladder (Invitrogen). The fragments were identified and then
the genotypic and allelic frequencies were determined at a
5% significance level using the POPGENE 1.31 software
(Yeh et al., 1999).

3. Results

Two alleles, “C” and “T”, were observed in all analyzed
populations; allele T, was an undigested PCR product with
140 pb length, while allele C was a digested PCR product
containing two fragments of 82 and 58 pb, respectively.
Three distinct genotypes were observed based on the two
alleles found: CC, CT and TT. As illustrated in Figure 1, CC
is homozygous with complete digestion of the fragments,
CT is heterozygous with cleavage in one allele, and TT is
homozygous without digestion of the fragment.

The allelic and genotypic frequencies were statistically
different among the breed groups (Table 1).
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Figure 1. Analysis of the RFLP polymorphism of the
aromatase (Cyp19) gene in sheep. Lane 06 - 100 pb Ladder.
Lanes 07 and 08 - animals with CC genotype (82 and 58 pb,
respectively). Lanes 01, 02, 04, 05, 09, 10 and 11 - animals
with CT genotype (82, 58 and 140 pb). Lanes 03 and 12
- animals with TT genotype (140 pb). Polyacrylamide Gel
10%.
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Table 1. Allelic and genotypic frequencies of the breeds
studied.

*Genetic group T D WD SI
Animals (n) 47 41 47 52
Frequencies of aleles
Allele C 0.681 0317 0.149 0.346
Allele T 0.319 0.683 0.851 0.654
Frequencies of genotypes
Genotype CC 0426 0.073 0.021 0.115
Genotype CT 0.511 0.732  0.255 0.462
Genotype TT 0.064 0439 0.723 0.423

*T = Texel, D = Dorper, WD = White Dorper and SI = Santa
Inés.

4. Discussion

The geographic origin of the animals and the latitude
where they are located are important factors regarding the
sheep reproductive activity, as these factors determine the
photoperiods (S& and Sa, 2006). Photoperiod acts according
to retinal photoreceptors, retinohypothalamic tract, the
suprachiasmatic nucleus, superior cervical ganglion nerves,
such as the pineal gland and melatonin. Melatonin is an
indoleamine derived from the serotonin secreted during
darkness that acts as a natural inhibitor of the aromatases
(Hafez and Hafez, 2003). Thus, the aromatase activity is
closely related to the location and photoperiod in which
animals are, with the intermediary activity of melatonin,
its natural inhibitor.

The photoperiod guides the polyestrous seasonality of
sheep in temperate regions, such that the estrus activity starts
with the period when the light length is reduced and their
offspring are born in the spring season (Jainudeen et al.,
2003). For sheep located in tropical regions, however,
the polyestrous seasonality is not evident, because the
luminous intensity is constant. Females may show signs
of estrum over the year, reducing the calving intervals,
as observed in the Dorper, White Dorper and Santa Inés
breed groups, originally from the Southern Hemisphere;
this allows for production of a higher number of lambs.

A greater frequency of allele T was observed in the
Dorper, White Dorper and Santa Inés breed groups,
corroborating results found by Lobo et al. (2009) in
populations composed of 2 Dorper (n=18), Santa Inés
(n=71) and Somalis Brasileira (n=13) animals. For the
Texel breed group, however, allele C was observed at the
highest frequency, disagreeing with the reports of Lobo
(2008), who evaluated the frequency of this polymorphism
for /> Texel sheep and observed a greater frequency for
allele T (0.670). However, the differences observed by
these authors may result from the small number of analyzed
animals (n=3) and/or because they were half-blood.

Data on C242T polymorphism of the aromatase gene
(Cyp19) in pure sheep belonging to this breed group have
not been described in Brazilian literature. Unlike the other
evaluated breed groups, Texel sheep, originated from
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Northern Netherlands, in the European continent, have a
seasonal polyestrus behavior in females, and presence of
wool. These factors may be related to the higher frequency
of allele C.

Vanselow et al. (1999) evaluated several breed
groups of European sheep and estimated the frequencies
for alleles C and T, and allele C was the most common.
The frequency observed for Hungarian Merino sheep was
0.74 allele C (n=38), which was similar for breed groups:
Awassi, Tsigaja, Brith Milk Sheep (0.6 allele C; n=5), and
Lacaune (1.0 allele C; n=5).

In our study, the highest genotypic frequency found
for the Texel breed group was 0.511 (24 animals), for
the CT genotype. This breed group also showed a high
frequency for the CC genotype (0.426), and for the other
breed groups evaluated this genotype was found at a low
frequency (Table 1). Vanselow et al. (1999) also found
allele C in evaluated European sheep, but there are no
literature data on genotypic frequency for the CC genotype
in sheep. This genotype was not found by Lobo et al.
(2009) in several genetic groups evaluated.

Different genotypes for the aromatase gene may have
an influence on some productive traits (first-calving index,
weight at birth and at weaning, and daily weight gain)
(Lobo, 2008).

Although sheep have been reared in Brazil for decades
and participate in genetic breeding programs, these animals
still have reproductive patterns characteristic of their
genealogy. In this study the greatest frequencies of allele
C were found in the Texel group, which has European
origin, from temperate climates, showing clear seasonal
reproductive traits. The highest frequencies of allele T,
in turn, were found in sheep originated from tropical
countries, having annual polyestrus and characteristics
of a more constant estrus.

5. Conclusion

The presence of the CC genotype for the Cypl9 is
being reported for the first time in Brazil in sheep. There
are differences in the allelic and genotypic frequencies
of the polymorphism in the aromatase gene (Cypl9) in
sheep of the Dorper, Santa Inés, Texel and White Dorper
breed groups. The data observed suggest a relationship
between the higher incidence of alleles C and T with the
ancestral geographic origin of the sheep.
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