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Epigenetic characterization of the H19/1GF2 locus in calf clones placenta. Pesquisa
Veterindria Brasileira 40(12):1063-1072. Laboratdrio de Reproducdo Animal, Embrapa Recursos
Genéticos e Biotecnologia-Cenargen, Parque Estacdo Biolégica, Avenida W/5 Norte (final),
Cx. Postal 02372, Brasilia, DF 70770-917, Brazil. E-mail: natalia.souzacostal5@gmail.com

Somatic Cell Nuclear Transfer (SCNT-Cloning) is a promising technique in many areas and
is based on genetically identical individuals. However, its efficiency is low. Studies suggest that
the leading cause is inadequate epigenetic reprogramming. This study aimed to characterize
the methylation pattern of the exon 10 regions of the IGF2 gene and the Imprinting Control
Region (ICR) of the H19 gene in the placenta of cloned calves. For this study, female and
male cloned calves presenting different phenotypes were used. Genomic DNA from these
animals’ placenta was isolated, then treated with sodium bisulfite and amplified to the ICR/
H19 and IGF2 loci. PCR products were cloned into competent bacteria and finally sequenced.
A significant difference was found between controls and clones with healthy phenotypes for
the ICR/H19 region. In this region, controls showed a hemimethylated pattern, as predicted
in the literature due to this region has an imprinted control, while clones were showed less
methylated. For the IGF2, no significant differences were found between controls and clones.
These results suggest that different genomic regions in the genome may be independently
reprogrammed and that failures in reprogramming the DNA methylation patterns of imprinted
genes may be one of the causes of the low efficiency of SCNT.

INDEX TERMS: Epigenetic, H19, IGF2, locus, placenta, calf, cloning, imprinting, bovine.

RESUMO.- [Caracterizacdo epigenética do locus H19/
IGF2 na placenta de bezerros clones.] A Transferéncia
Nuclear de Células Somaticas (TNCS-Clonagem) é uma
técnica promissora em varias areas, e se baseia na producdo
de individuos geneticamente idénticos. No entanto, sua
eficiéncia é baixa. Estudos sugerem que a principal causa
seja uma reprogramacao epigenética inadequada. O objetivo
desse trabalho é caracterizar o padrio de metilagdo da regido
éxon 10 do gene IGF2 e da Regido Controladora de Imprinting
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(ICR) do gene H19 na placenta de bezerros clonados. Para
a execuc¢ao do trabalho foram selecionados clones bovinos
fémeas e machos, apresentando diferentes fendtipos. O DNA da
placenta desses animais foi extraido, e em seguida foi tratado
com bissulfito de sédio e amplificado para os loci ICR/H19
e IGF2. Os produtos da PCR foram clonados em bactérias
competentes e, por fim, sequenciados. Foi encontrada uma
diferenca significativa entre os controles e os clones com
fenétipos saudaveis para a regido da ICR/H19. Nesta regido,
os controles tiveram um padrao hemimetilado, como previsto
pela literatura, devido essa regiao ser imprinted. Enquanto os
clones encontravam-se menos metilados. Para a regido do éxon
10 do IGF2, nao foi encontrada diferenca significativa entre
controles e clones. Estes resultados sugerem que as diferentes
regides do genoma podem se reprogramar independente
umas das outras e que falhas na reprogramacio do padrio
de metilacdo do DNA de genes imprinted podem ser uma das
causas da baixa eficiéncia da TNCS.

TERMOS DE INDEXACAO: Epigenética, locus, H19, IGF2, placenta,
bezerros, clonagem, imprinting, bovino.
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INTRODUCTION

Somatic Cell Nuclear Transfer Cloning (SCNT) is one of the
promising biotechniques in reproduction. This technique is
based on the production of genetically identical individuals. This
is because the oocyte cytoplasm contains specific epigenetic
machinery that can reprogram the nucleus of somatic cells in
an undifferentiated state, which can generate a viable embryo
(Wilmut et al. 1997). The SCNT has potential applications,
such as in the production of animals of high commercial
value, in biomedicine with the use of xenotransplants, in
the maintenance of animals at risk of extinction (Cibelli et
al. 1998), and in the production of transgenic and genetically
edited animals (Petersen 2017).

After Dolly, the first mammal to be cloned, several species
have already been successful with NT. (Wilmut et al. 1997).
However, its efficiency remains low (Rodriguez-Osorio et
al. 2012). The rates of embryos with full-term development
and birth are mainly below 5% (Wells et al. 1999). The main
cause for the aberrant phenotypes found in cloning is believed
to be related to failures in the epigenetic reprogramming
of the nucleus donor cell, leading to changes in global gene
expression and imprinted genes (Mann et al. 2003).

Epigenetics is an area of genetics that studies gene
function changes that are not directly related to changes in
the primary DNA sequence (Dupont et al. 2009). Epigenetic
profiles can persist for generations, so they are inheritable.
However, external factors can be altered, such as nutrition,
environment, use of drugs, toxins, etc. (Reik 2007).

Research has shown that assisted reproduction techniques
(ARTSs) cause epigenetic changes in the conceptuses. For example,
at SCNT, embryos are exposed to different microenvironments,
in vitro maturation, and in vitro cultivation, which can
interfere with their development (Wells et al. 1999). It can
be concluded that these techniques also act as an external
factor, assessing the potential for term development or even
in the conception of healthy animals (Lucifero et al. 2004,
Smith et al. 2012, Urrego et al. 2014).

DNA methylation is one of the prominent epigenetic marks
responsible for epigenetic inheritance between generations
(Migicovsky & Kovalchuk 2011). This epigenetic mark is
characterized by the methyl group (CH3), linked to a cytosine
that precedes guanine in a place called 5’-CpG-3 ‘(Smith
& Meissner 2013). DNA methylation plays a fundamental
role in controlling gene expression, maintaining genome
integrity, regulating genomic imprinting, and inactivating
the X chromosome, indispensable in cell differentiation and
early development (Dean et al. 2003).

Gametes are responsible for transmitting genetic and
epigenetic information to the next generation. They undergo
extensive epigenetic reprogramming, making these cells
suitable for fertilization and embryogenesis (Reik 2007). Stable
patterns of genomic methylation are generally inherited in
differentiated somatic cells, but only in gametogenesis, and
during the beginning of embryogenesis, these patterns are
reprogrammed in two waves of demethylation remethylation
(Fig.1), (Reik 2007). In clones, this reprogramming is done
in a shorter period and a different cellular context when
compared to normal development, increasing the probabilities
of failures in the process (Murrell et al. 2001).

Genomic imprinting is an epigenetic mechanism that
causes monoallelic expression of genes according to the
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allele’s parental origin. That is, of the two inherited copies,
only one allele is expressed. Its main epigenetic mark is DNA
methylation, established during gametogenesis (Barlow &
Bartolomei 2014). Imprinted genes are generally related to
behavior, metabolism, fetal growth, and postnatal development
(Daelemans et al. 2010). Two imprinted genes essential
in embryonic growth and development are IGF2 and H19
(Gebert et al. 2006). The IGF2 is responsible for inducing
fetal growth and development and is related to the placenta’s
development by its mitogenic power, promoting cell division
and differentiation (O’dell & Day 1998, Gebert et al. 2006).
The H19 gene, on the other hand, regulates a non-coding
RNA molecule responsible for inhibiting IGF2 expression
(Brannan et al. 1990). As it has an imprinted pattern, only
the maternal allele is transcribed. The opposite is true with
IGF2, for which only the paternal allele is expressed (Fig.2)
(Daelemans et al. 2010).

This study aimed to characterize the methylation pattern
of the differentially methylated region of exon 10 of the IGF2
gene and the imprinting controlling region of the IGF2/H19
locus in the fetal placenta of cloned calves.

MATERIALS AND METHODS

The experiment was developed at “Laboratério de Reproducido
Animal” of “Embrapa Recursos Genéticos e Biotecnologia” in Brasilia,
Distrito Federal, Brazil.

Experimental design. This study’s biological material was fetal
cotyledon of the bovine placenta of the Nellore breed (Bos taurus indicus).
All the material was collected at “Geneal Genética e Biotecnologia
Animal”, in Uberaba/MG. With this material, the DMR methylation
pattern of exon 10 of the IGF2 gene and ICR H19 was analyzed in
the placenta of female and male clones, with healthy and aberrant
phenotypes. The clones were aberrant when they presented at least
one of the following phenotypes: thick umbilical cord, mortality in
the first week, LOS, placental edema, large placentoma, meconium-
tinged placental fluid. As controls, placentas from two animals, one
male, and one female, produced by artificial insemination, were used
(Table 1). The Ethics Committee on Animal Use (protocol CEUA No.
078/16) of the “Universidade Federal de Uberlandia”, Minas Gerais,
Brazil, approved all procedures performed.

Isolation of genomic DNA. Genomic DNA was isolated by the
salting-out method as described by Biase et al. (2002). Then, it was
submitted to quality evaluation by electrophoresis in 1% agarose
gel. Concentration and purity were assessed with a NanoDrop
spectrophotometer (Thermo Fisher Scientific, Waltham/MA, EUA).
Genomic DNA samples were stored at -20°C.

Treatment of genomic DNA with sodium bisulfite. This technique
allows DNA methylation analysis, as it converts unmethylated cytosines
into uracils through sodium bisulfite. The kit used for this treatment
was EZ DNA Methylation® (Zymo Research, Irvine/CA, USA), following
the manufacturer’s recommendations. The treated DNA was stored
at-80°C. According to Zhang et al. (2016), the methylation pattern
is classified as hypomethylated (0% to 20%), hemimethylated (21%
to 50%), and hypermethylated (51% to 100%).

DNA samples treated with sodium bisulfite were subjected to
PCR using the thermal cycler T100 Thermal Cycler (Bio-Rad). The
regions of interest were the ICR of the H19 gene and the DMR of
exon 10 of the IGF2 gene. The sequences of the primers used for DNA
amplification, the GenBank access number, the CpG island position,
the location and size of the amplified fragments are shown in Table 2.
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PCR reactions for both regions were performed using 1x buffer
solution; 2.0mM MgCL; 0.4 mM dNTP; 1U of Taq DNA Polymerase
Platinum (Invitrogen, Carlsbad/CA, USA) and 1uM of each of the
primers (forward and reverse), the volume being adjusted to 20uL with
Milli-Q water. The amplification conditions are described in Table 3.

The amplicons were subjected to electrophoresis in 1.8% agarose
gel, stained with ethidium bromide (10 mg/ml) ata constant electric
current of 50mA in 0.5 X TBE medium. The marker used was 1 Kb
Plus molecular weight DNA Ladder® (Invitrogen, Carlsbad/CA,
USA). The gel was photographed on a photo documenter (BioRad).
According to the manufacturer, the amplicons were cut out of the
gel and purified using the Wizard® SV Gel and PCR Clean-Up System
kit (Promega, Madison/WI, USA) standards. The samples were then
quantified on a NanoDrop® spectrophotometer (ND-1000) (Thermo
Scientific, Asheville/NC, USA).

Sperm

A _ Primordial germ

& celis (PGC)

Methylation Level

Fertilization

Paternal

Cloning of PCR products and extraction of plasmid DNA.
The TOPO TA Cloning® (Invitrogen) vector was used to clone the
amplicons. DH5a. cells were transformed using a heat shock protocol.
Then they were placed in a 90x15mm petri dish containing agar with
100ug/mL ampicillin, 40pL of 20mg/mL X-Gal (Sigma), and 4pL of
0.1 M IPTG (Sigma), followed by plate inversion and incubation in
an oven at 37°C for 14 hours.

The white colonies were selected to be grown in Luria Bertani
(LB) medium plus ampicillin at 100ug/mL. With a sterile wooden
toothpick, the colonies were removed and deposited inside a 15mL
collection tube containing 3mL of LB medium. The tubes were
stirred at 250rpm at 37°C for 16 hours in a shaker (New Brunswick
Scientific Co, NJ, USA). According to the plasmid mini-preparation
protocol, half the contents of the tubes were used for the extraction
of plasmid DNA. The dry pellets were eluted in 20uL of deionized
water and the DNA quantified in a spectrophotometer. NanoDrop®
(ND-1000) (Thermo Scientific, Asheville/NC, USA).

imprinted genes

SCNT 1)

—> DNMT1
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Fig.1. Epigenetic reprogramming in mammals. In gametogenesis, the primordial germ cells (PGC), paternal and maternal genomes (blue

and red lines, respectively) undergo global demethylation of the genome, including also in differentially methylated regions of germline
(gDMRs) (black line). In male fetuses, methylation again begins during fetal life (prenatal stage), and at birth, the paternal genome
already has a high level of methylation (postnatal stage) (blue line). In female fetuses, the acquisition of methylation again begins
whenever an oocyte is recruited to proceed with oogenesis but is only completed after puberty, with appropriate hormonal stimuli
(postnatal stage) (red line). In embryogenesis, after fertilization and before DNA replication, TETs enzymes actively demethylate
the paternal genome (blue line). Global remodeling occurs with the exchange of protamines for maternal histones (not shown). In
contrast, the maternal genome is demethylated after several cell divisions by a passive mechanism (red line) due to the removal of
DNMT1 from the nucleus. In bovine embryos, starts again, methylation of the two parental genomes, catalyzed by DNMTs 34, 3B, and
3L, begins around the 8-16 cell stage. The purple line represents the reprogramming of DNA methylation in clone embryos, showing
that an inefficient loss of methylation occurs after nuclear transfer, and the methylation starts again early, in the 4-cell stage. The first
cell differentiation occurs in the blastocyst phase, generating the trophoblast cells (TE), which will originate from the placenta, and
the internal cell mass (ICM), originating from the fetus. The dashed gray lines represent the imprinted genes’ alleles, with the upper
line representing the methylated alleles and the lower, the non-methylated alleles. The graph is not represented in scales and does not
show the exact proportion of methylation. Adapted from Vargas (2018).
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Fig.2. Regulation mechanism of the H19 and IGF2 gene. This figure depicts the maternal and paternal alleles for the IGF2/H19 locus. In
the maternal allele, CTCF binds to the demethylated region of ICR/H19, blocking enhancers’ binding to the promoter region of the
IGF2 gene, silencing it. Enhancers promote the transcription of the H19 gene in the maternal allele. In the paternal allele, the ICR/H19

region is methylated. Therefore, there is no binding of the CTCF, and the enhancers approach the IGF2 promoter, triggering the IGF2
transcription. Adapted from Bartolomei (2009).

Table 1. Animals selected for the study, according to sex, phenotypes and viability (survival in the first week of birth)

Animals selected for the study

Individual ~ Sex Phenotypes Viability Classification
Clone  Female No changes Survived the 1st week Healthy
Clone  Female Large placentoma, LOS, thick umbilical cord 1st week mortality Aberrant
Clone Male No changes Survived the 1st week Healthy
Clone Male LOS, placenta edema, thick umbilical cord, large placentoma, placental-meconium fluid 1st week mortality Aberrant

Al Female No changes Survived the 1st week Healthy
Al Male No changes Survived the 1st week Healthy

Material provided by the company “Geneal Genética and Biotecnologia Animal”, Uberaba/MG; A.l = artificial insemination.

Table 2. Identification of the gene, primer sequences, GenBank access code, location of the primers, position of the CpG
island and size of the amplified fragment

Gene Sequence of primers (5’ - >3’) Access to GenBank ~ Number of CpGs sites  Island position CpG ~ Amplicon size
ICR/H19 F: GGTGATATAGGGTAGTGTGTAGAGGATATTGGGG Nc-037356.1 23 DMR1 423bp
R: ATACTACTAAAAATCCCATAAAAAAAATCTCTCTC ICR/H19*
IGF2 F: TGGGTAAGTTTTTTTAATATGATATT X53553.1 28 Exon 10 455bp

R: TTTAAAACCAATTAATTTTATACATT

F = forward, R = reverse, bp = base pairs, DMR1 = differentially methylated region 1 within the ICR/H19%, Primer IGF2 = Gebert et al. (2006), Primer
ICR/H19 = Jenna et al. (2014).

Table 3. Amplification conditions used in the PCR for the ICR/H19 imprinting controlling region and for the differentially
methylated region of the IGF2 gene

Cycles (40 for ICR and 45 for IGF2)

Locus Initial denaturation Final extension
Denaturation Annealing Extension
ICR/H19 94°C 94°C 58°C 72°C 72°C
3 min 40s 1 min 1 min 15 min
DMR IGF2 94°C 94°C 45°C 72°C 72°C
3 min 40s 1 min 1 min 15 min

CRI = controlling region of imprinting, DMR = differentially methylated region.

Pesq. Vet. Bras. 40(12):1063-1072, December 2020
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Plasmidial DNA sequencing and sequence analysis. The digestion
of the miniprep samples for confirmation of cloning used the ECOR1
enzyme (5U), the H buffer (1X), and the miniprep DNA (2ul) adjusted
with Milli-Q water to 10uL. The samples were incubated in a water
bath at 37°C overnight. The digestion products were submitted to
electrophoresis in 1.5% agarose gel stained with ethidium bromide
10mg/mL to confirm fragments’ presence. Plasmidial DNA samples
(~300ng) were sequenced using the universal primer M13 reverse
by the Sanger method.

The Chromas® program verified the quality of the sequencing.
For the quantification of the methylation pattern, the QUMA program
was used, comparing the sequences obtained with the reference
deposited in GenBank, both for ICR/H19 (X53553.1) and IGF2 (Nc-
037356.1). In this study, only rows that presented at least 97% of
conversion by sodium bisulfite - when the conversion rate of cytosines
not followed by guanine and lines with at least 95% identity was
observed - when compared with the reference sequence.

Statistical analysis. For statistical analysis, the GraphPad Prism
software® was used. Kruskal-Wallis or Mann-Whitney analysis
compared the animals experimental treatments. The means and
standard deviations were verified using the Action version 2.9
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program. The results were described as mean * standard error of
the mean. P-value <0.05 denotes a statistically significant difference.

RESULTS

The ICR/H19 showed the following methylation percentages:
20.916+7.016% for a female clone with a healthy phenotype,
24.907+9.785% for a male clone with a healthy phenotype,
32.592+10.598% for a female clone with aberrant phenotype,
and 28.584+9.771% for clone male with aberrant phenotype.
The percentage of methylation for the control group was
30.06£10.910% for females and 75.016+10.667% for males
(Fig.3).

Concerning exon 10 of IGF2, the following percentages
of methylation were found: 20.644+11.968% for a female
clone with a healthy phenotype, 35.571+16.065% for a
male clone with a healthy phenotype, 34.34+13.909% for a
female clone with aberrant phenotype, and 10.727+8.288%
for a male clone with aberrant phenotype. The percentage
of methylation for the control group was 44.65+41.05% for
females and 30.858+8.928% for males (Fig.4).
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Fig.3. Methylation pattern of ICR/H19 in the placenta (cotyledon) of healthy and aberrant female and male bovine clones, and female and
male conceived by artificial insemination (Al, controls). Each line represents one, where each circle is equivalent to a cytosine in the
context of CpG dinucleotide. White circles represent unmethylated cytosines, and black circles represent methylated cytosines. An X
represents cytosines that could not be analyzed. The animals and the DNA methylation percentages are represented under each group

and were presented as mean.
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Fig.4. Methylation pattern of exon 10 of the IGF2 gene in the placenta (cotyledon) of healthy and aberrant female and male bovine clones,
and females and males conceived by artificial insemination (Al, controls). Each line represents one, where each circle is equivalent to
a cytosine in the context of CpG dinucleotide. White circles represent unmethylated cytosines, and black circles represent methylated
cytosines. An X represents cytosines that could not be analyzed. The animals and the DNA methylation percentages are represented

under each group and were presented as mean.
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Fig.5. Methylation rate for the ICR/H19 region. Each bar represents
a group studied: Al (controls by artificial insemination) and
Somatic Cell Nuclear Transfer (SCNT, all clones studied for ICR/
H19-aberrant and healthy). The results are represented as mean
+ standard deviation from the mean (p<0.05).

According to the results obtained for the ICR/H19 region,
the control animals, as predicted by the literature, obtained,
on average, a methylation pattern of approximately 50%,
while the clones are less methylated (Fig.5 and 7).

Furthermore, individualizing the comparison of clones
with controls, H19 of ICR was found in placenta calf clones,
a significant difference from controls only with healthy
phenotype clones (0.0089) (Fig.6 and 7), the other clones
did not show significant differences in the control. When
comparing the aberrant clones and healthy clones, for the H19
of ICR, there was no significant difference in the methylation
pattern (Fig.6 and 7).

Evaluating the methylation pattern of exon 10 of IGF2
in the placenta of clones compared to the control group
conceived by artificial insemination, there was no significant
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Fig.6. Methylation rate for the ICR/H19 region. Each bar represents a
studied group: female artificial insemination (AI), male Al healthy
female Somatic Cell Nuclear Transfer (SCNT), aberrant female
SCNT, healthy male TNCS and, aberrant male SCNT. The results are
represented as mean + standard deviation from the mean (p<0.05).

difference between them (Fig. 8 and 10). The comparison
of the methylation pattern of aberrant clone X healthy
clone, for exon 10 of IGF2, also had no significant changes
(Figures 9 and 10). However, a hypomethylated pattern can
be observed in the aberrant clones for the exon 10 region of
IGF2 (Fig.8-10).

The methylation pattern of both ICR/H19 and exon 10
of IGF2 for the clones used in this study showed a lesser
methylated pattern than the controls (Fig.11-13).
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DISCUSSION

Despite the significant advance of the nuclear transfer cloning
technique, its efficiency remains low (Rodriguez-Osorio et
al. 2012). It is possible to verify high rates of losses during
the whole pregnancy and after birth in several species due
to placental disorders and aberrant phenotypes in clone
animals (Chavatte-Palmer et al. 2004). Among the several
disorders that clones present in their embryonic attachments
are: very thick umbilical cord, edema in the placenta, large
placentomas (Hashizume et al. 2002). The leading cause of
these problems in fetuses and their placentas is believed
to be related to epigenetic errors involved in embryonic
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Fig.7. Methylation standard for the ICR/H19 region. Each bar
represents a studied group: artificial insemination (Al), healthy
Somatic Cell Nuclear Transfer (SCNT), aberrant SCNT. The
results are represented as mean * standard deviation from the

mean (p<0.05).
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Fig.8. Methylation rate for exon 10 region of IGF2. Each bar represents
a group studied: Al (controls by artificial insemination) and,
Somatic Cell Nuclear Transfer (SCNT, all clones studied for exon
10 of IGF2 - aberrant and healthy). The results are represented
as mean * standard deviation from the mean (p<0.05).
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development, such as failures in the nuclear reprogramming
process (Chavatte-Palmer et al. 2004). For example, genomic
imprinting is indispensable for the individual’s normal
development (Reik et al. 2003). If not established correctly,
it can damage the regulation of growth and development of
the fetus and the placenta (Reik et al. 2003).
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Fig.9. Methylation rate for exon 10 region of IGF2. Each bar represents
a studied group: female artificial insemination (AI), male Al,
healthy female Somatic Cell Nuclear Transfer (SCNT), aberrant
female SCNT, healthy male SCNT, and aberrant male SCNT. The
results are represented as mean * standard deviation from the
mean (p<0.05).
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Fig.10. Methylation pattern for the exon 10 region of IGF2. Each
bar represents a studied group: artificial insemination (Al),
healthy Somatic Cell Nuclear Transfer (SCNT), aberrant SCNT.
The results are represented as mean * standard deviation from
the mean (p<0.05).
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According to the results of this work, when comparing
the methylation pattern of all clones with the control animals
(conceived by artificial insemination), for the ICR/H19 region,
we observed an imprinted pattern in the control animals
with a percentage methylation rate of around 50%. This
methylation pattern can be confirmed in the study by Park et
al. (2009) with somatic pig cells, specifically the lung tissue,
a hemimethylated pattern, proving an imprinted model, with
the expression of only one allele depending on the parental
origin. On the other hand, in that study, the clones were less
methylated. As already shown in other works, this pattern
may be due to incomplete reprogramming that occurs
in clones, which may be the cause of the technique’s low

150 ~
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50 -i -I-
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Fig.11. Comparison between methylation rate for the IC19 region of
H19 and exon 10 of IGF2. Each bar represents a group studied:
Al (controls by artificial insemination) and Somatic Cell Nuclear
Transfer (SCNT, all clones studied for the two regions). The
results are represented as mean * standard deviation from the
mean (p<0.05).

150-
@ CR

IGF2

—

(=]

L=
L

% Methylation
(4,
=]
L
—
—
—

Fig.12. Comparison of the methylation rate for the ICR region of
H19 and Exon 10 of IGF2. Each bar represents a studied group:
female artificial insemination (AI), male Al, healthy female
Somatic Cell Nuclear Transfer (SCNT), aberrant female SCNT,
healthy male SCNT, and aberrant male SCNT, for both regions.
The results are represented as mean * standard deviation from
the mean (p<0.05).
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efficiency. (Xuexiong et al. 2017). In the work of Xuexiong
et al. (2017), with fibroblasts from cloned porcine fetuses,
while the controls (originated from natural fertilization)
showed a 50% methylated pattern for that same region, the
clones were evaluated using a hypomethylated methylation
pattern. In the study by Silveira et al. (2018), in satellite, I,
the placenta of cloned calves also showed less methylated
than control animals.

In the study by Yang et al. (2005), with neonatal bovine
clones, half of the animals showed a significant increase
in the pattern of H19 expression; that is, the H19 ICR that
controls this region was little methylated in these clones,
as we found in our study. As has already been reported, the
biallelic expression of this same gene (Zhang et al. 2004).

In the study of Yamazaki (2006) on the mechanism of
genomic imprinting in the placenta of bovine clones, he found
an incomplete nuclear reprogramming in the placenta of
viable term-born clones. What may justify this work is that
the controls present a significant difference in clones with
healthy phenotypes for the region of ICR/H19.

No significant difference was found for exon 10 of IGF2
between controls X clones and aberrant clones X healthy
clones. The drop in IGF2 activity in bovine placentas can
lead to placental abnormalities, such as decreased numbers
of placentomas, hypovascularization of the placenta, and
rudimentary development of some placental attachments
(Yamazaki 2006). However, its elevation can lead to a range
of syndromes, such as Beckwith-Wiedemann syndrome
(BWS), characterized by exacerbated growth (Engel et al.
2000, Robbins et al. 2012). Probably, with a larger sample
number; a significant difference would be found between the
groups evaluated here in this study.

The study by Yamazaki (2006) revealed that a significant
change in the pattern of expression of the H19 and IGF2 genes
was revealed in the placenta of bovine clones compared to
controls, with less expression of these “imprinted” genes,
contributing to increased postnatal mortality. The rate of loss
is believed to be a consequence of placental disorders, which

SCNT
80+
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40-

% Methylation

20+

IGF2

Fig.13. Comparison of the methylation pattern of the clones selected
for the ICR/H19 region and of the clones selected for the exon 10
region of IGF2. The results are represented as mean * standard
deviation (p<0.05). Somatic Cell Nuclear Transfer (SCNT).

ICR
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can be explained by the fact that the placenta is responsible
for the exchange of gases and nutrients between mother
and fetus, in addition to being important in the implantation
process and early recognition of pregnancy by mother (Cross
2006). Therefore, a placenta different from the ideal, with
the presence of phenotypic disorders, can interfere more in
reprogramming the nucleus and regulating the fetus’ gene
expression. Contrary to the Yamazaki study, in the placenta of
murine clones, an expression pattern for this elevated region
was found (Inoue et al. 2002), suggesting a specific species
change, including the different placentation process between
mice and cattle (Kato et al. 1998, Humpherys et al. 2001).
This study shows a positive correlation between the two
regions studied, with similar methylation patterns. Regarding
expression, in mice, a negative correlation was found between
IGF2 and H19. In many species (Humpherys et al. 2001),
different from the study by Yamazaki (2006), it was possible
to notice a positive correlation between genes. In the latter
case, the decrease in H19 did not lead to an increase in IGF2,
suggesting that the mechanism of regulation of imprinted
genes may differences between species (Yamazaki 2006)
or indicates that IGF2 is not just regulated by H19 even
though there are few studies of these genes in the placenta
of bovine clones, analysis of tissues from neonates clones
and dead clones shortly after birth demonstrated that IGF2
expression patterns were significantly higher than in control
calves (Yang et al. 2005). However, in the tissue analysis of
newborn sheep clones, no difference was detected to express
the IGF2 and H19 genes concerning the controls (Young et al.
2003). There is a diversity in the results of research related
to these regions for clones, indicating an incomplete gene
reprogramming, varying according to the epigenetic stability
of the donor nucleus (Humpherys et al. 2001) or it can also
indicate thatitis notjustthese regions that determine success
in embryonic development, but rather a set of genes, being
well reprogrammed (Chavatte-Palmer et al. 2004).
Although efficient production of bovine clones is possible,
a high mortality rate is noted during pregnancies and
afterbirths (Chavatte-Palmer et al. 2004), the consequence
of a set of factors, which are not reflected only in an incorrect
reprogramming of the IGF2 and H19 genes, located in the study
regions, butin an incomplete reprogramming of several genes
involved in the development of the placenta (Hill etal. 1999,
Heyman etal. 2002, Chavatte-Palmer et al. 2004). Therefore,
more information is needed to clarify the epigenetic control
mechanism during the development of clone animals.

CONCLUSION

The low efficiency in Somatic Cell Nuclear Transfer (SCNT)
may be related to errors in nuclear reprogramming, mainly
for the ICR/H19 region.
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