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RESUMO.- [Distribuição de 5-metilcitosina e 
5-hidroximetilcitosina em placenta fetal bovina.] 
5-metilcitosina (5-mC) e 5-hidroximetilcitosina (5-hmC) são 
citosinas modificadas encontradas nos mamíferos que estão 
envolvidas com a regulação da expressão gênica. O objetivo 
do presente estudo foi caracterizar os padrões globais de 
5-mC e 5-hmC em placenta fetal de animais da raça Nelore, 
assim como em sangue e espermatozoides, usados como 
controles. Os níveis de 5-mC e 5-hmC foram determinados 
usando os kits MethylFlash Methylated/Hydroxymethylated 

DNA Quantification, respectivamente. Tecidos placentários 
apresentaram menores níveis de 5-mC e 5-hmC quando 
comparados com espermatozoides. Cotilédones de machos 
apresentaram maiores níveis de 5-hmC do que os de fêmeas. 
Os níveis de 5-mC e 5-hmC em animais Bos taurus indicus 
foram caracterizados pela primeira vez, o que pode contribuir 
para o nosso conhecimento sobre a regulação dos mecanimos 
epigenéticos na placenta. A presença de 5-hmC em tecidos 
somáticos sugerem que essa base pode ter sua própria 
função biológica, sendo não somente um sub-produto da 
oxidação da 5-mC. Esses resultados podem ser de interesse 
nas Tecnologias de Reprodução Assistida, especialmente 
na clonagem, no diagnóstico/prognóstico de placentação 
aberrante e viabilidade da progênie.

TERMOS DE INDEXAÇÃO: Metilcitosina, hidroximetilcitosina, 
placenta, feto, bovinos, fisiologia.

INTRODUCTION
Epigenetic marks are essential to the establishment of specific 
gene expression programs, and, in turn, cell differentiation and 
development. The first well-characterized epigenetic event 

ABSTRACT.- Mendonça A.S., Braga T.F., Melo E.O., Dode M.A.N. & Franco M.M. 2018. 
Distribution of 5-methylcytosine and 5-hydroxymethylcytosine in bovine fetal tissue of 
the placenta. Pesquisa Veterinária Brasileira 38(10):2012-2018. Embrapa Recursos Genéticos 
e Biotecnologia, Parque Estação Biológica, Avenida W5 Norte (final), Cx. Postal 02372, Asa 
Norte, Brasília, DF 70770-917, Brazil. E-mail: mauricio.franco@embrapa.br

5-methylcytosine (5-mC) and 5-hydroxymethylcytosine (5-hmC) are modified cytosines 
found in mammals that are involved in the regulation of gene expression. The aim of this study 
was to characterize the global patterns of 5-mC and 5-hmC of the fetal placenta of Nellore 
cattle as well as blood and sperm as controls. 5-mC and 5-hmC levels were determined using 
MethylFlash Methylated/Hydroxymethylated DNA Quantification Kit, respectively. Placenta 
tissues showed lower levels of 5-mC and 5-hmC compared to sperm. The male cotyledon 
showed higher levels of 5-hmC than the female. For the first time, the levels of 5-mC and 
5-hmC in Bos taurus indicus were characterized, which may contribute to our understanding 
of the mechanisms of epigenetic regulation in the placenta. The presence of 5-hmC in somatic 
tissues suggest that 5-hmC has its own biological function and it is not only a byproduct from 
the oxidation of 5-mC. These results may be of interest in ARTs, especially in cloning in the 
diagnosis/prognosis of aberrant placentation and the viability of pregnancies.
INDEX TERMS: Methylation, hydroxymethylation, fetal tissue, placenta, epigenetics, cattle, physiology.

PVB-5581 MF

Distribution of 5-methylcytosine and 
5-hydroxymethylcytosine in bovine fetal tissue of the 

placenta1

Anelise S. Mendonça2,3, Thiago F. Braga2, Eduardo O. Melo2, Margot A.N. Dode2  
and Maurício M. Franco2,3,4*

1 Received on December 6, 2017.
Accepted for publication on December 13, 2017.

2 Laboratório de Reprodução Animal, Embrapa Recursos Genéticos e 
Biotecnologia, Parque Estação Biológica, Avenida W5 Norte (final), Asa 
Norte, Brasília, DF 70770-917, Brazil. E-mails: thiagobraga86@gmail.com, 
eomelo@gmail.com, margot.dode@embrapa.br

3 Faculdade de Medicina Veterinária, Universidade Federal de Uberlândia 
(UFU), Rua Ceará s/n, Umuarama, Uberlândia, MG 38400-902, Brazil. E-mail: 
anelise.mendonca@yahoo.com.br

4 Instituto de Genética e Bioquímica, UFU, Avenida Pará 1720, Umuarama, 
Uberlândia, MG 38400-902. *Corresponding author: mauricio.franco@embrapa.br

Distribution of 5-methylcytosine and 
5-hydroxymethylcytosine in bovine fetal tissue 

of the placenta1

[Distribuição de 5-metilcitosina e 5-hidroximetilcitosina 
em placenta fetal bovina.].

Mendonça A.S., Braga T.F., Melo E.O., Dode M.A.N. & 
Franco M.M.	 2012-

2018



2013

Pesq. Vet. Bras. 38(10):2012-2018, outubro 2018

Distribution of 5-methylcytosine and 5-hydroxymethylcytosine in bovine fetal tissue of the placenta

occurring in DNA molecules was the addition of a methyl group 
on cytosine (5-mC), which is preferentially established at CpG 
dinucleotides in the mammalian genome (Branco et al. 2012). 
A group of enzymes called DNA methyltransferases (DNMTs) 
catalyzes this epigenetic modification (Li & Liu 2011). 
DNA methylation is generally associated with epigenetic 
regulation in almost all biological processes, including 
development, growth and differentiation (Reik et al. 2001) 
and has important roles in the establishment of primordial 
germ cells (PGCs), gametogenesis and after fertilization 
(Reik 2007, Branco et al. 2012). Moreover, DNA methylation 
is involved in the establishment of some diseases, such as 
cancer (Farias et al. 2015).

DNA methylation is an epigenetic mark studied in 
several mammalian species, including cattle. Using different 
methodologies, the literature have been elucidated the 
characteristics of genome methylation in bovine, especially 
in placenta tissues. An interesting work explored the bovine 
methylome using methylated DNA immunoprecipitation 
combined with high‑throughput sequencing (MeDIP-seq), 
comparing animals produced by somatic cell nuclear transfer 
(SCNT) technique with those produced with natural conception, 
in which the authors found higher methylation levels in gene 
body comparing to promotor in placenta tissues (Su et al. 2014). 
The literature has shown that placenta can be a quality marker 
for normal development during bovine pregnancy, considering 
DNA methylation pattern of specific genes. The insulin-like 
growth factor 2 (IGF-2) is an important modulator of placental 
and fetal growth (Gebert et al. 2006, Frost & Moore 2010) 
and it is showed that this gene is hypermethylated in placenta 
from animals produced naturally comparing to placenta from 
calves produced by SCNT (Su et al. 2014). In placenta from 
cloned animals, the hypomethylation pattern of IGF2 gene 
is associated with overexpression, which is responsible for 
many of cloning problems, including large offspring syndrome 
(Yang et al. 2005).

In 1972, Penn et al. discovered 5-hydroxymethylcytosine 
(5‑hmC), which was characterized as the sixth DNA base a few 
years later (Penn et al. 1972). 5-hmC is an epigenetic factor related 
to the DNA demethylation process (Bogdanovic et al. 2016) 
and is generated from the oxidation of 5-mC (hydroxylation) 
by a group of enzymes called Ten Eleven Translocation 
(TET) proteins (Tahiliani et  al. 2009). These enzymes are 
α-oxoglutarate dioxygenases and they are dependent to Fe (II) 
as a cofator. TETs utilize molecular oxygen to hydroxylate alkyl 
groups to hydroxymethyl functionalities via a radical-based 
mechanism (Loenarz & Schofield 2009).

Although 5-hmC was discovered decades ago, its function 
remains relatively unknown. A question that must be elucidated 
is whether 5-hmC is just an intermediate product of the DNA 
demethylation process or if 5-hmC has a specific biological 
function. The association of 5-hmC with diseases, such as 
cancer (Orr et al. 2012), neurological (Kato & Iwamoto 2014) 
and cardiovascular disorders (Barrick  et  al. 2009), stem 
cell renewal (Shukla  et  al. 2015), and gametogenesis and 
embryogenesis (Iqbal et al. 2011) has been studied.

5-hmC is present in many tissues and cell types. In humans, 
the tissues most enriched with 5-hmC are the brain, kidney, 
liver, colon and rectum, whereas the colon and rectum also have 
higher levels of 5-mC (Li & Liu 2011). Nervous system cells 
of mice and humans are also enriched with 5-hmC (Li & Liu 

2011), especially Purkinje neurons (Kriaucionis & Heintz 2009). 
In cattle, little is known about the frequency, distribution and 
function of 5-hmC. Its biological importance as an intermediate 
product of DNA demethylation as well as the importance of 
epigenetic reprogramming in gametogenesis and initial embryo 
development (Reik et al. 2001, Faulk & Dolinoy 2014) justify 
studies that characterize the distribution of 5-hmC in bovine 
tissues strictly related to reproduction. The elucidation of these 
questions could support the improvement of the efficiency 
of assisted reproductive techniques (ARTs).

Overall, this study aimed to characterize the global patterns 
of 5-mC and 5-hmC in male and female bovine fetal placentas, 
using blood and sperm as controls.

MATERIALS AND METHODS
Animals. The placenta and blood of nineteen Nellore newborn 

calves (Bos taurus indicus) of both sexes (male N=11, female N=10) 
were collected. The semen of five bulls, which were submitted to 
three andrological evaluations and showed ≥70% sperm motility 
and a minimum of 70% morphologically normal cells were collected 
and used as controls.

The Ethics Committee of Embrapa Genetic Resources and 
Biotechnology (Protocol CEUA - Cenargen 004/2013) approved all 
procedures with animals.

Sample collection. Blood samples were collected from the 
jugular vein using a vacutainer system. Placenta tissues (~1cm2) 
were collected using a sterile scissor and tweezer. Samples from the 
following three different regions of the placenta were collected: 1) the 
cotyledon, the fetal side of the placentome, 2) the allantochorion 
membrane, and 3) the funiculus umbilicalis. All samples were 
collected immediately after birth.

Blood samples were stored at -20oC and placenta tissues were 
stored at -80oC until DNA extraction. One ejaculate from each bull 
was collected by electroejaculation. Sperm samples were stored in 
liquid nitrogen until DNA extraction.

DNA extraction. Genomic DNA from the blood, funiculus 
umbilicalis, cotyledon, and allantochorion samples was extracted using 
the QIAmp DNA Mini and Blood Mini Kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s protocol. DNA from sperm cells 
was extracted using a Salting Out protocol (Carvalho et al. 2012).

Global DNA methylation and hydroxymethylation. Genomic 
DNA from blood (N=19), funiculus umbilicalis (N=18), cotyledon 
(N=11), allantochorion (N=12) and spermatozoa (N=5) was 
submitted to global DNA methylation and hydroxymethylation 
analysis using the MethylFlash Methylated/Hydroxymethylated DNA 
Quantification Kit (Epigentek, Farmingdale/NY, USA) according to 
the manufacturer’s protocol. The protocol used specific antibodies 
against methylated and hydroxymethylated cytosines. The results 
were analyzed according to a colorimetric signal and corrected 
using a standard curve with six dilutions of the positive control 
(0, 0.5, 1.0, 2.0, 5.0 and 10.0ηg), both to 5-mC and 5-hmC. Samples 
and controls were run in duplicate.

Statistical analyses. The methylation pattern data were 
compared among experimental groups using ANOVA and Tukey’s 
test or Kruskal-Wallis and Mann-Whitney U tests for data showing 
or not showing normality, respectively. All of the analyses were 
performed using Systat software version 10.2 (Inc., Richmond/CA, 
USA), and the results are presented as the mean ± standard error 
of the mean (SEM).
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RESULTS
We determined the 5-hmC and 5-mC levels of DNA in 
extraembryonic tissues, allantochorion, cotyledon and funiculus 
umbilicalis and in blood and sperm as controls. The levels of 
5-hmC, 5-mC and 5-hmC + 5-mC in the blood, allantochorion, 
cotyledon, funiculus umbilicalis and sperm are showed in 
Table 1 and are also represented in Figure 1. Sperm showed 
higher levels of 5-mC and 5-hmC comparing to blood and 
placenta tissues, whereas funiculus umbilicalis presented 
lower levels of 5-mC comparing to spermatozoa. The levels 
of 5-hmC did not differenciate among the placenta tissues.

We also compared the methylation and hydroxymethylation 
levels in blood, placenta (allantochorion + cotyledon), funiculus 
umbilicalis and sperm. The results are presented in Table 2 
and Figure 2. The levels of 5-mC and 5-hmC in sperm were also 
higher comparing to blood and placenta, whereas funiculus 
umbilicalis presented higher levels of 5-mC than blood and 
higher levels of 5-hmC than blood and placenta tissues.

Considering that 5-hmC is a byproduct of the 5-mC oxidation, 
we also calculated and compared the 5-mC/5-hmC ratio among 
the different tissues. The ratios in blood, allantochorion, 
cotyledon, funiculus umbilicalis and sperm were 4.75±0.86, 
3.24±5.04, 7.63±2.79, 4.89±0.90 and 2.52±0.32, respectively. 
There were no significant differences among tissues (p=0.609). 
The data are also shown in Figure 3.

We also compared methylation and hydroxymethylation 
levels between genders. The data are presented in Table 3 and 
in the Figure 4. The vast majority of analyses did not present 
differences in methylation levels between males and females. 
However, male animals presented high levels of 5-hmC in the 
cotyledon compared to females (p=0.018).

DISCUSSION
It is known that 5-mC is an epigenetic process that mediates 
various cellular and molecular events, such as gene regulation 
(Moarii et al. 2015), genomic imprinting (Bretz et al. 2015), 
X chromosome inactivation (Gentilini et al. 2015) and cancer 

Table 1. 5-hydroxymethylcytosine (5-hmC) and 
5-methylcytosine (5-mC) levels (mean ± SEM) in blood, 

allantochorion, cotyledon, funiculus umbilicalis and sperm 
of Bos taurus indicus cattle

Sample 5-hmC  
(%)

5-mC  
(%)

5-hmC + 5-mC 
(%)

Blood (n=19) 3.47 ± 0.44 12.68 ± 1.55 16.15 ± 1.76
Allantochorion 
(n=12)

2.86 ± 0.10 17.26 ± 4.35 20.11 ± 3.01

Cotyledon 
(n=11)

2.43 ± 0.64 12.94 ± 1.65 15.36 ± 2.06

Funiculus 
umbilicalis 
(n=18)

6.69 ± 1.17 22.64 ± 2.99 29.65 ± 3.19

Sperm (n=5) 14.35 ± 1.25 34.87 ± 2.31 49.22 ± 3.98
p value < 0.001 < 0.001 < 0.001

Fig.1. Levels of 5-hmC and 5-mC in the blood, placenta tissues and sperm 
of Bos taurus indicus cattle. 5-hydroxymethylcytosine (5‑hmC), 
5-methylcytosine (5-mC) and 5-hmC + 5-mC are represented 
as bars in each of the analyzed tissues. Data are shown as the 
mean ± SEM. Lower case (5-hmC), capital letters (5-mC) and Greek 
letters (5-hmC + 5-mC) were used to show the differences among 
tissues. Different letters represent different levels of methylated/
hydroxymethylated cytosine among tissues (p<0.05).

Table 2. 5-hydroxymethylcytosine (5-hmC) and 
5-methylcytosine (5-mC) levels (mean ± SEM) in 

blood, placenta, funiculus umbilicalis and sperm of 
Bos taurus indicus cattle

Sample 5-hmC  
(%)

5-mC  
(%)

5-hmC + 5-mC 
(%)

Blood (n=19) 3.47 ± 0.44 12.68 ± 1.55 16.15 ± 1.76
Placenta (n=11) 2.63 ± 0.82 15.19 ± 3.46 17.82 ± 2.37
Funiculus 
umbilicalis 
(n=18)

6.69 ± 1.17 22.64 ± 2.99 29.65 ± 3.19

Sperm (n=5) 14.35 ± 1.25 34.87 ± 2.31 49.22 ± 3.98
p value < 0.001 < 0.001 < 0.001

Fig.2. Levels of 5-hmC and 5-mC in blood, extraembryonic tissues and 
sperm of Bos taurus indicus cattle. 5-Hydroxymethylcytosine (5‑hmC), 
5-methylcytosine (5-mC) and 5-hmC + 5-mC are represented as 
bars in each of the analyzed tissues. Data are shown as the mean 
± SEM. Lower case (5-hmC), capital letters (5-mC) and Greek 
letters (5-hmC + 5-mC) were used to show the differences among 
tissues. Different letters represent different levels of methylated/
hydroxymethylated cytosine among tissues (p<0.05).
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development (Rauscher et al. 2015). Because of the importance 
of 5-mC in diseases, development and reproduction, it has 
been the focus of research in many scientific areas.

More recently, another cytosine modification has gained 
importance in the epigenetic context. 5-hmC is present in the 
nervous system, especially in Purkinje cells in mice (Kriaucionis 
& Heintz 2009) and human ESCs (Szulwach  et  al.  2011) 
and oocytes (Santos  et  al. 2013). TET enzymes convert 
5-mC to 5-hmC (Tahiliani et al. 2009) in the process of DNA 
demethylation. It is important in the context of mammalian 

reproduction, as waves of demethylation occur during initial 
embryonic development (Oswald  et  al. 2000) and during 
the proliferation and migration of the primordial germ cells 
(Seisenberger et al. 2012).

Although bisulfite-based sequencing techniques (BS-seq) 
are more robust in evaluating methylation patterns at the 
single-base level in the genome, these techniques are expensive, 
time-consuming and are not able to distinguish 5-mC from 
5-hmC (Jin et al. 2010), overestimating 5-mC levels due the 
presence of 5-hmC (Matsubara et al. 2015). We believe that 
these techniques are essential to precisely characterize the 
distribution of patterns of methylation across the different 
regions of the genome, as a gene promoter, intra- and 
intergenic regions, exons, and introns. There are techniques 
able to differentiate 5-mC from 5-hmC, as hydroxymethylation 
and methylation‑sensitive tag sequencing (HMST-Seq; 
McGraw et al. 2013) and colorimentric techniques. Simpler, 
cheaper and faster techniques can be very useful and essential 
in the routine of laboratories to monitor the development 
and adaptation of protocols and diagnosis. In this sense, 
ELISA-based techniques to quantify global methylation and 
hydroxymethylation are good options for these purposes. 
In this study, we characterized the 5-mC and 5-hmC levels 
in placenta tissues (allantochorion membrane, cotyledon 
and funiculus umbilicalis) of Nellore newborn animals using 
a colorimetric ELISA methodology, since it is known that 
placenta presents different methylation patterns in some 
specific genes comparing to somatic tissues (Nahar et al. 2015). 
We used blood and ejaculated sperm as controls. Blood was 
used as somatic tissue due to it’s easily way to be collected 
at the same moment as placenta, whereas sperm was chosen 
because it is highly specialized and highly methylated cells 
(Kobayashi et al. 2012), which was important as one more 
methylated control.

Placenta is formed from extraembryonary membranes, 
which are originated from endoderm, mesoderm and 
trophoectoderm. Trophoectoderm cells are strictly related 
to the maternal recognition of pregnancy and embryo 
development. An  aberrant pattern of 5-mC and 5-hmC in 
extraembryonic tissues can cause placentation problems, 
which may be responsible for the inefficient SCNT technique 
in mammals (Salilew-Wondim et al. 2013). We found that both, 
the allantochorion and cotyledon showed lower levels of 5-mC 
and 5-hmC compared to sperm (Fig.1 and 2). The allantochorion 
and cotyledon are defined as extraembryonic tissues, which 
develop from the trophectoderm (TE) cells (Latendresse 
& Founds 2015). Overall, placenta tissues present lower 
levels of DNA methylation compared to somatic tissues 
in humans and mice (Fuke  et  al. 2004, Hon  et  al. 2013). 

Table 3. 5-hydroxymethylcytosine (5-hmC) and 5-methylcytosine (5-mC) levels (mean ± SEM) in blood, allantochorion, 
cotyledon and funiculus umbilicalis of Bos taurus indicus cattle according to gender

Sample
Male Female

5-hmC (%) 5-mC (%) 5-hmC + 5-mC (%) 5-hmC (%) 5-mC (%) 5-hmC + 5-mC (%)
Blood (n=19) 2.67 ± 0.40 12.77 ± 2.29 15.44 ± 2.30 4.37 ± 0.73 12.57 ± 2.20 16.94 ± 2.82
Allantochorion (n=12) 2.99 ± 1.54 10.71 ± 2.99 13.21 ± 2.13 2.72 ± 1.45 23.80 ± 7.56 26.06 ± 7.57
Cotyledon (n=11) 4.15 ± 0.74 12.99 ± 1.86 17.15 ± 2.52 0.98 ± 0.46 12.89 ± 2.78 13.87 ± 3.00
Funiculus umbilicalis (n=18) 7.91 ± 2.10 24.13 ± 4.31 31.25 ± 4.47 5.32 ± 0.61 20.78 ± 4.25 26.10 ± 4.55

Fig.4. Levels of 5-hmC, 5-mC and 5-hmC + 5-mC in blood and 
embryonic tissues by gender. Data of 5-hydroxymehyltcytosine 
(5-hmC), 5-methycytosine (5-mC) and 5-hmC + 5-mC are shown 
as the mean ± SEM for each gender. Different letters represent 
different levels of methylated and hydroxymethylated cytosine 
between genders (p<0.05).

Fig.3. 5-mC/5-hmC ratios in blood, allantochorion, cotyledon, 
funiculus umbilicalis and sperm of Bos taurus indicus cattle. 
Data are shown as the mean ± SEM. Bars indicate the ratio of 
5-methylcytosine/5-hydroxymethylcytosine (5-mC/5-hmC) for 
the different tissues.
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Moreover, hydroxymethylation was slightly higher in the 
inner cell mass (ICM) than in the TE in these two species 
(Ruzov et al. 2011). Using the same methodology that we 
used in this study, low levels of 5-mC and 5-hmC were also 
found in human placenta (~0.6% and 0.05%) compared to 
the rectum (~1.0% and 0.5%), colon (~1.5% and 0.4%) and 
brain (~0.9% and 0.7%), respectively (Li & Liu 2011). The 
majority of studies show the placenta with lower levels of DNA 
methylation compared to somatic tissues (Fuke et al. 2004, 
Hon et al. 2013), different from what we found in this study 
with bovine tissues compared with blood. These differences 
may be due to the different species studied, as cows, mice and 
humans are phylogenetically distant from each other. Monkeys 
presented approximately 30% global DNA methylation in the 
blood (Pheiffer et al. 2014), similarly to what is found in human 
funiculus umbilicalis blood (Guerrero-Preston et al. 2010).

Lower levels of DNA methylation in the placenta may be 
expected. As tissues with metastatic tumors, the placenta 
has particular features: rapid proliferation, invasiveness 
and angiogenesis (Van Dijk et al. 2012, Novakovic & Saffery 
2013, Rousseaux et al. 2013). The hypomethylated status is 
probably an evolutionary advantage in temporary tissues, 
especially in the placenta, in which growth is regulated by 
pregnancy hormones (Schroeder et al. 2015).

Similar to the placenta, the funiculus umbilicalis is considered 
an extraembryonic tissue, formed by the extraembryonic 
mesoderm, which connects the fetus and mother through the 
placenta during pregnancy (Corrao et al. 2013). In this study, 
the funiculus umbilicalis showed the same levels of 5-mC 
compared to the placenta (p=0.114) and higher levels compared 
to blood (p=0.025). 5-hmC levels in the funiculus umbilicalis 
were higher than in the placenta (p=0.002) and blood (p=0.025; 
Fig.2). The literature does not extensively describe the levels 
of DNA methylation in the funiculus umbilicalis in any species. 
Our study is one of the first to evaluate the levels of 5-mC and 
5-hmC in such extraembryonic tissues. The correct pattern 
of DNA methylation in placenta is probably related to normal 
pregnancy and healthy newborn animals (Zhang et al. 2014). 
The literature has shown that almost all cloned bovine 
animals show a hypertrophied funiculus umbilicalis, which 
is strictly related to high mortality rates (Wells et al. 1999). 
It is important to characterize the physiological levels of 5-mC 
and 5-hmC in different extraembryonic tissues to subsidize 
the identification of possible problems in animals produced 
by ARTs, especially in cloning.

In this study, we used the 5-mC and 5-hmC levels of 
ejaculated sperm cells as a control because they are highly 
methylated and specialized cells. We found higher levels of 
5-mC (~35%) and 5-hmC (~14%) in spermatozoa compared 
to the other analyzed tissues (Fig.1 and 2). Our results are 
in accordance with literature data using a murine model in 
which sperm have higher levels of global DNA methylation 
than oocytes, embryos in the early stage of development and 
somatic tissues (Kobayashi et al. 2012). High levels of DNA 
methylation are also found in sperm from mice (79.1%) 
compared to prospermatogonia from 16.5-day embryos 
(30.1%), which indicated that the hypermethylated status found 
in differentiated sperm samples is the result of an extensive 
process of epigenetic reprogramming in spermatogenesis 
(Kubo et al. 2015).

5-Hydroxymethylation is also a parameter used to 
epigenetically characterize the sperm. One possible reason 
why 5-hmC was higher in the sperm than in the tissues we 
analyzed is the accumulation of 5-hmC that is necessary in the 
spermatozoa. Immediately after fertilization, an active DNA 
demethylation process occurs in the paternal genome (Faulk 
& Dolinoy 2014), showing an increase of 5-hmC in the male 
pronucleus after fertilization (Gu et al. 2011, Iqbal et al. 2011) 
with a concomitant increase in TET3 mRNA (Gu et al. 2011). 
Thus, this initial 5-hmC accumulation in the sperm cells may 
be related to the active DNA demethylation process that occurs 
in the paternal genome after fertilization.

An interesting result in our study was the low levels 
of hydroxymethylation in the female cotyledon than the 
male (p=0.018). Although any other difference between the 
sexes was not observed in this study, the difference found in 
cotyledon tissue may be a vestige of this embryonic difference. 
Bogomazova et al. (2014) also showed that the depletion of 5-hmC 
on the X chromosome indicated the process of X chromosome 
inactivation. As the cotyledon is an extraembryonic tissue, 
its decreasing levels of hydroxymethylation in females can 
be a trace of this embryonic event that occurs in all female 
mammals to compensate for the X dosage.

CONCLUSIONS
Our study showed that global methylation and hydroxymethylation 

patterns are different depending on the tissue and gender.
The presence of 5-hmC in somatic tissues may suggest 

that 5-hmC has its own biological function and it is not only 
a byproduct generated from the oxidation of 5-mC. For the 
first time, we characterized the levels of 5-mC and 5-hmC 
in Bos taurus indicus placenta tissues, which can be a useful 
source of information for studies with ART in humans and 
livestock, supporting studies related to the collateral effects 
of hormonal treatments or in vitro manipulations.

These results may be used as control for studies evaluating 
placenta from animals produced by ARTs, contributing to 
cloning by SCNT by understanding the non-physiological 
epigenetic profile in aberrant SCNT placenta.
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