
Zygote

cambridge.org/zyg

Research Article

Cite this article: Sandhu A et al. (2023) Effects
of epigenetic modifier on the developmental
competence and quantitative expression of
genes in male and female buffalo (Bubalus
bubalis) cloned embryos. Zygote. 31: 129–139.
doi: 10.1017/S0967199422000600

Received: 25 September 2022
Revised: 5 November 2022
Accepted: 12 November 2022
First published online: 9 January 2023

Keywords:
Blastocyst; Buffalo; Embryo; Cloning;
Epigenetic

Author for correspondence:
Anjit Sandhu. Animal Biotechnology Centre,
National Dairy Research Institute, Karnal
132001, Haryana, India.
E-mail: anjitsandhu26@gmail.com

*These authors contributed equally to this
work.

© National Dairy Research Institute, Karnal,
India, 2023. Published by Cambridge University
Press.

Effects of epigenetic modifier on the
developmental competence and quantitative
expression of genes in male and female buffalo
(Bubalus bubalis) cloned embryos

Anjit Sandhu1,* , Sushil K. Mohapatra2,* , Manoj K. Singh1, Suresh K. Singla1,

Manmohan S. Chauhan1 and Radhey S. Manik1

1Animal Biotechnology Centre, National Dairy Research Institute, Karnal 132001, Haryana, India and 2Department of
Animal Biotechnology, College of Veterinary Science and AH, Kamdhenu University, Sardarkrushinagar, Gujarat,
India

Summary

Adult male and femaleMurrah buffalo fibroblast cells were used as donors for the production of
embryos using handmade cloning. Both donor cells and reconstructed embryos were treated
with 50 nM trichostatin-A (TSA) and 7.5 nM 5-aza-2 0-deoxycytidine (5-aza-dC). The blasto-
cyst rate of both treated male (40.1% ± 2.05) and female (37.0% ± 0.83) embryos was signifi-
cantly lower than in untreated control males (49.7% ± 3.80) and females (47.2% ± 2.44) but
their apoptotic index was lower (male, control: 5.90 ± 0.48; treated: 4.96 ± 0.31): (female, con-
trol: 8.11 ± 0.67; treated: 6.65 ± 0.43) and epigenetic status in terms of global acetylation and
methylation of histone was significantly improved. The expression level of hypoxanthine-
guanine phosphoribosyltransferase (HPRT) was higher (P< 0.05) and that of PGK, G6PD,
OCT 4, IFN-tau and CASPASE3 was significantly lower (P< 0.05) in treated male blastocyst
than control and the expression levels of DNMT1, IGF1R and BCL-XL were not significantly
different between the two groups. In the female embryos, the relative mRNA abundance of
OCT4 was significantly higher (P< 0.05), and that of XIST and CASPASE3 was significantly
lower (P< 0.05) in the epigenetic modifier-treated group compared with that of the control
group, whereas the expression levels of HPRT, PGK, G6PD, DNMT1, IFN-tau, IGF1R and
BCL-XL were not significantly different between the two groups. In both embryos, a similar
effect of treatment was observed on genes related to growth and development, but the effect
on the expression of X-linked genes varied. These results indicate that not all X-linked genes
respond to TSA and 5-aza-dC treatment in the same manner.

Introduction

Reproductive cloning or somatic cell nuclear transfer (SCNT) produces an animal with the same
genetic material as that of a currently or previously existing animal. Nucleus transfer is a valu-
able tool for embryological studies in mammals and a method for the multiplication of elite
animals. Improved NT methods have enabled the achievement of blastocyst development rates
superior to those with in vitro fertilization (IVF) and have increased the rate of production of
cloned offspring. However, its overall success rate is low in terms of cloned offspring born due to
aberrant epigenetic reprogramming (Bourc’his et al., 2001; Boiani et al., 2002; Xue et al., 2002;
Ogawa et al., 2003).

Epigenetic reprogramming is a process of resetting the gene expression of a differentiated
donor cell to an early embryonic totipotent state. The cloning technique involves reprogram-
ming the genetic elements of a somatic cell to transform it into a totipotent embryonic cell.
The epigenetic marks accumulated during the differentiation of the embryo are erased and
re-established to new ones after SCNT. The embryonic marks, which are established first,
are followed by the establishment of tissue-specific marks. This process is complex and some-
times not fully complete in all instances. This abnormal epigenetic reprogramming may lead to
faulty or differential gene expression including persistent expression of genes specific to the
donor nucleus and deficient expression of genes involved in pluripotency.

The incomplete dysfunctional reprogramming is responsible for themorbidity andmortality
of clones during pregnancy and soon after birth. The epigenetic defects in cloned embryos can
be broadly classified into three categories, i.e. hyper-methylation of genes, histone acetylation
and methylation, and errors in X chromosome inactivation (Kang et al., 2001). X chromosome
inactivation (XCI) is a dosage compensation mechanism that operates in the early embryo and
allows the silencing of one X chromosome in female mammals. Genes located on the X chromo-
some are present in two copies in females and one in males. To overcome the potential unequal
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expression of genes resulting from unequal copy number of
chromosomes, X-inactivation, the transcriptional silencing of
a single X chromosome during female embryogenesis, ensures
equal dosage of X-linked genes in male (XY) and female (XX)
(Lyon, 1961). But such inactivation is not proper in cloned
females, due to which their development rate is low compared
with males.

SCNT embryos and offspring have been shown to exhibit aber-
rations in XCI (Nolen et al., 2005). SCNT embryos can reactivate,
count, and inactivate X-chromosomes; they are not able to regulate
XCI consistently. Significant numbers of abnormalities were
observed at all stages of development, including the lack of an inac-
tive X chromosome in some cells of SCNT blastocysts and the
absence of imprinted XCI in blastocysts and late-stage placenta
(Nolen et al., 2005). The pattern of X-inactivation in aborted
bovine SCNT fetuses and dead newborn calves was found to be
altered (Xue et al., 2002).

Most of the X-linked genes (~90%) are upregulated in the
bovine female embryos, suggesting that, in the bovine blasto-
cyst, XCI is far from completion (Bermejo-Alvarez et al.,
2010). As XCI is an epigenetic phenomenon and involves his-
tone acetylation and methylation, DNA demethylating agents
such as 5-aza-2 0-deoxycytidine and S-adenosyl homocysteine
have been used on donor cells to chemically reactivate the Xi
prior to NT. These treatments partially reactivated the Xi, as
evidenced by the re-expression of silenced alleles and earlier
chromosome replication (Haaf et al., 1988; Sasaki et al.,
1992; Lee and Park, 2004). Deacetylation and methylation of
histones play a key role in the inactivation of the X chromo-
some as it contains repressive markers such as H3K9me2,
H3K4me3 and H3K27me3.

These epigenetic modifiers demethylate histones which enable
transcription factors to have access to the genes present on the
inactive X chromosome and therefore partially reactivate the inac-
tive X chromosome. Reprogramming in somatic cells containing
partially reactivated chromosomes was better compared with the
control cells, as significantly more female embryos reached the
blastocyst stage compared with control ones. Both approaches
have resulted in the improvement of the rate of development of
the SCNT embryos to the blastocyst stage (Enright et al., 2005;
Jeon et al., 2008). Handmade cloning (HMC) is a simple method
of SCNT, as there is no need for expensive micromanipulators and
skilled expertise (Verma et al., 2015). In our study, both donor
cells, as well as reconstructed HMC-derived cloned buffalo
embryos, were treated with 50 nM trichostatin-A (TSA) and 7.5
nM 5-aza-2 0-deoxycytidine (5-aza-dC).

The concentration used was decided based on previous experi-
ments in our laboratory (Saini et al., 2017). In view of this, the
present study was carried out to study the effects of an epigenetic
modifier on the developmental competence and quantitative
expression of the above-mentioned genes in male and female
cloned embryos. The rate of blastocyst formation was taken as a
measure of the developmental potential, whereas the total cell
number (TCN) and the apoptosis level were measured using the
terminal deoxynucleotidyl transferase dUTP nick end labelling
(TUNEL) assay and were used as parameters for determining
the quality of embryos. Epigenetic status was also compared
between male (untreated, control) and male blastocysts treated
with an epigenetic modifier and female (untreated, control) and
female blastocysts treated with an epigenetic modifier in terms
of the global levels of histone modifications H3K18ac and
H3K9me2.

In addition, the relative mRNA abundance of some X chromo-
some (XIST, G6PD, HPRT and PGK), apoptosis-related (BCL-XL
and CASPASE3), development-related (IGF1R and IFN-tau), plu-
ripotency (OCT4), and epigenetic status-related genes (DNMT1)
was also compared between male and female NT blastocysts
(treated with epigenetic modifier) using their untreated cloned
male and female blastocysts counterparts as controls.

Materials and methods

All chemicals were obtained from Sigma Chemical Co., St. Louis,
MO, USA, the media were purchased from GIBCO (Grand Island,
NY, USA) and the disposable plasticware was purchased from
Nunc (Roskilde, Denmark) unless otherwise stated. Fetal bovine
serum (FBS) was obtained from HyClone, Logan, UT, USA.
Four adult male (Mu-5710, Mu-5926, Mu-6044, and Mu-
6136) and an equal number of adult female Murrah buffaloes
(Mu-5579, Mu-5924, Mu-5517, and Mu-5365) available at
Livestock Research Centre of NDRI, Karnal, were used to obtain
donor cells.

Establishment of somatic cells

Skin biopsies from the ear pinna of the male (Mu-5710) and female
(Mu-5579) animals were collected aseptically with the help of an
ear notcher in sterile Ca2þ- andMg2þ-containing Dulbecco’s phos-
phate-buffered saline (DPBS) supplemented with 50 mg/ml genta-
micin sulfate. The tissues were then washed thoroughly with Ca2þ-
and Mg2þ-free DPBS. The tissue was cut finely into 1–2-mm size
pieces, which were cultured in 10 ml of DMEM/F12 medium (1:1
ratio), supplemented with 20% FBS, 0.68 mM L-glutamine and 50
mg/ml gentamicin sulfate in a CO2 incubator in T-25 culture flasks.
After 12 h, 3 ml of fresh medium was added to the flask to keep the
attached explants submerged. The cells from the outgrowth were
removed by trypsinization after they reached confluency, which
usually took 5–7 days. The cells were subcultured and grown in
T-25 flasks until they attained confluency, following which they
were passaged up to 10 times. Aliquots of cells from the early pas-
sages (passage 2 or 3) were cryopreserved in DMEM/F12 contain-
ing 10% dimethyl sulphoxide (DMSO) and 20% FBS, and were
stored in liquid nitrogen for future use. The survival of the cells
was evaluated by thawing after 7 days of freezing and culturing
the frozen–thawed cells in DMEM supplemented with 10% FBS.
The quantitative survivability of the cells was determined by stain-
ing the frozen–thawed cells with trypan blue (0.4%), whereas the
qualitative survivability was evaluated by allowing the frozen–
thawed cells to grow in vitro.

TSA and 5-aza-dC treatment to donor cells

For all experiments, the donor cells were seeded at a concentration
of 1 × 104 cells/well in six-well culture plates and were cultured in
DMEM supplemented with 0.68 mM L-glutamine, 10% FBS and
50 μg/ml gentamicin for 24 h. The cells were then cultured in
medium containing 50 nM TSA and 7.5 nM 5-aza-dC for 24 h
before handmade cloning. The cells used in all the experiments
were between passages 5–10.

Production of embryos by IVF

Cumulus–oocyte complexes (COCs) collected from abattoir buf-
falo ovaries were subjected to IVM and IVF as described earlier
(Sharma et al., 2011). For IVC, the presumed zygotes were washed
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several times with Research Vitro Cleave medium (K-RVCL-50,
Cook®, Queensland, Australia) supplemented with 1% fatty acid-
free BSA and were cultured in this medium for up to 8 days post
insemination in a CO2 incubator at 38.5°C.

Handmade cloning (HMC)

Buffalo ovaries were collected from a Delhi slaughterhouse
immediately after slaughter. Oocytes were collected by aspiration
of surface follicles (2–8 mm diameter) with an 18-gauge needle
attached to a 10-ml syringe containing the aspiration medium
(TCM-199 and 0.3% BSA, 0.68 mM L-glutamine, 50 μg/ml genta-
mycin sulfate). The contents of the syringe, which included the
aspirated oocytes, follicular fluid, granulosa cells and other debris,
were poured into 100 mm × 100 mm square Petri dishes with a
13-mm grid. The oocytes were searched under a zoom stereomi-
croscope at approximately ×20 magnification. The oocytes were
then shifted to 35-mm Petri dishes containing the washing
medium (TCM-199 and 10% FBS, 0.81 mM sodium pyruvate,
0.68 mM L-glutamine and 50 μg/ml gentamycin sulfate). COCs
of usable quality were used for IVM, groups of 18–20 COCs were
placed in 100-μl droplets of the IVMmedium, overlaid with sterile
mineral oil in 35mmPetri dishes and cultured for 21 h in an humidi-
fied CO2 incubator (5% CO2 in air) at 38.5°C. Primary cell cultures of
skin cells derived from the ear biopsy of an adultMurrah buffalo were
established and donor cell preparation was performed for HMC as
reported previously (Selokar et al., 2012). HMC was performed as
described previously (Sandhu et al., 2016).

TUNEL assay

The level of apoptosis was determined using TUNEL staining to
assess the quality of blastocysts as described previously (Mohapatra
et al., 2015a). Cell counting was performed from the digital images
obtained on an invertedNikon fluorescencemicroscope. Each experi-
ment was repeated at least three times. Apoptotic index (AI)= (num-
ber of TUNEL positive nuclei in the blastocyst/total number of nuclei
counted in that blastocyst) × 100.

Immunofluorescence staining

Immunofluorescence staining was performed as described previ-
ously (Mohapatra et al., 2015b). To examine the global level of
H3K18ac and H3K9me2 in cloned embryos using immunofluores-
cence staining, the blastocysts were fixed in 4% paraformaldehyde
for 1 h at 37°C, washed three times with 0.3% PVA solution (poly-
vinyl alcohol solutionmade inCa2þ- andMg2þ-freeDPBS) and then
permeabilized in 0.5% Triton X-100 for 20 min at 37°C. The blas-
tocystswere blocked for 1 h in 3%BSA and then incubated overnight
at 4°Cwith the respective rabbit primary antibody. Primary antibod-
ies, which included anti-H3K18ac (1:1500, Millipore) and anti-
H3K9me2 (1:150, Millipore), were diluted in 3% BSA.

After washing five times with PVA containing 0.1% Triton
X-100 (DPBST), the blastocysts were incubated with FITC-conju-
gated goat anti-rabbit secondary antibody (Sigma) diluted 1:700 in
DPBS. After five washings with DPBST, the nuclei were counter-
stained with H33342 (10 μg/ml) and rinsed in DPBST. The blas-
tocysts were then mounted on slides in mounting medium (2.5%
DABCO in glycerol). The slides were observed under a fluores-
cence microscope, and the images were captured keeping the same
optical conditions. NIS-element basic research image processing
software (Nikon, Tokyo, Japan) supplied with the microscope
was used for image acquisition and quantitative measurements

of the mean pixel intensity emitted by each individual nucleus.
The images were merged using NIS-Elements BR 3.0 software
(Nikon, Tokyo, Japan). At least 10 images (200 nuclei from each
image) were analyzed for each epigenetic marker.

Quantitative real-time PCR (qRT-PCR)

RNA was isolated from pools of 10 blastocysts each using an
RNAqueous micro kit (Ambion, Austin, TX, USA) as per the man-
ufacturer’s protocol. Following DNase treatment, an RT reaction
was performed for cDNA preparation using superscript reverse
transcriptase III (Invitrogen). Quantification of mRNAwas carried
out using qRT-PCR on a CFX 96 I Cycler (Bio-Rad) as described
previously by Singh et al., 2021. The reaction mixture (10 μl) con-
tained 5 μl SYBR Green Mastermix (Maxima SYBR Green
Mastermix, Thermo Scientific), 0.2 μl of 10 μM of each primer
and 2× diluted cDNA. Thermal cycling conditions consisted of ini-
tial denaturation at 95°C for 5 min, followed by 40 cycles of 15 s at
95°C, 15 s at the corresponding annealing temperature and 15 s at
72°C followed by 95°C for 10 s (Supporting information Table S1).
All the primer pairs used were confirmed for their PCR efficiency,
and specific products were checked using melt curve analysis and
for the appropriate size by 2% agarose gel electrophoresis. Primer
sequences are provided in the supplementary data (Table S1). The
expression data were normalized to the expression of GAPDH and
were analyzed using CFX Manager software (Bio-Rad). In all
experiments, three trials were carried out, each in duplicate.

Experimental design

Evaluation of the effects of the treatment with epigenetic modifiers
on the developmental competence and quality of buffalo cloned
embryos:

• Experiment 1: Based on the results of earlier studies carried
out in our laboratory (Saini et al., 2017), both the donor cells
and the fused embryos were treated with 50 nM TSA and 7.5
nM 5-aza-dC. The effect of this treatment on the cleavage
and blastocyst rate, and embryo quality was examined by
determining the TCN and the apoptotic index using the
TUNEL assay.

• Experiment 2:Evaluation of the epigenetic status of epigenetic
modifier-treated male and female embryos. The global levels
of H3K18ac andH3K9me2 in cloned embryos produced were
examined using immunofluorescence staining.

• Experiment 3: Measurement of quantitative expression of
genes by qPCR in epigenetic modifier-treated male and
female embryos. The relative mRNA abundance of genes
linked to the X chromosome (XIST, HPRT, PGK and
G6PD) and of those related to growth and development
(IGF-1R and INF-tau), pluripotency (OCT4) and epigenetic
status (DNMT1) were compared between epigenetic-modi-
fier-treated male and female cloned embryos using untreated
male and female embryos respectively as controls.

Statistical analysis

Statistical analysis was carried out using Sigma Stat version 3.1
(Aspire Software International, VA, USA). The datasets were ana-
lyzed using one-way analysis of variance (ANOVA) followed by
the Holm–Sidak test. Percentage values were subjected to arcsine
transformation prior to analysis. The differences were considered
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Table 1. Developmental competence following treatment of donor cells and male embryos with a combination of epigenetic modifiers (50 nM trichostatin-A and 7.5
nM 5-aza-2 0-deoxycytidine)

Type of blastocyst Group Reconstructed embryos (n) Cleaved embryos n (%) Blastocysts n (%)

Male Control 187 179 (95.7 ± 1.05)a 87 (49.7 ± 3.80)a

Epigenetic modifier-treated 232 218 (93.9 ± 0.76)b 92 (40.1 ± 2.05)b

Data from 12 trials.
Data are mean ± standard error of the mean (SEM).
a,bValues with different superscripts within the same column differ significantly (P< 0.05).

Table 2. Developmental competence following treatment of donor cells and female embryos with a combination of epigenetic modifiers (50 nM trichostatin-A and 7.5
nM 5-aza-2 0-deoxycytidine)

Type of blastocyst Group Reconstructed embryos (n) Cleaved embryos n (%) Blastocysts n (%)

Female Control 225 211 (93.7 ± 1.03)a 102 (47.2 ± 2.44)a

Epigenetic modifier-treated 224 205 (90.4 ± 1.24)b 83 (37.0 ± 0.83)b

Data from 12 trials.
Data are mean ± standard error of the mean (SEM).
a,bValues with different superscripts within the same column differ significantly (P< 0.05).

Figure 1. TUNEL assay for detection of apoptosis in male and
female blastocysts produced using hand-guided cloning follow-
ing treatment with epigenetic modifiers (trichostatin-A and
5-aza-2 0-deoxycytidine) and in blastocysts produced by in vitro
fertilization (IVF).
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Table 3. Level of apoptosis treatment of donor cells and male embryos with a combination of epigenetic modifiers (50 nM trichostatin-A and 7.5 nM 5-aza-2 0-
deoxycytidine)

Type of male blastocyst Group Total cell number (TCN) Apoptotic index

Cloned Control 360 ± 21.5a 5.90 ± 0.48a

Epigenetic modifier-treated 322 ± 23.0a 4.96 ± 0.31a,b

IVF – 191 ± 13.3b 4.28 ± 0.53b

Data are mean ± standard error of the mean (SEM).
a,bValues with different superscripts within the same column differ significantly (P< 0.05).

Table 4. Level of apoptosis treatment of donor cells and female embryos with a combination of epigenetic modifiers (50 nM trichostatin-A and 7.5 nM
5-aza-2 0-deoxycytidine)

Type of female blastocyst Group Total cell number (TCN) Apoptotic index

Cloned Control 248 ± 18.9a 8.11 ± 0.67a

Epigenetic modifier-treated 217 ± 9.0a 6.65 ± 0.43b

IVF – 191 ± 13.3b 4.28 ± 0.53c

Data are mean ± standard error of the mean (SEM).
a,b,cValues with different superscripts within the same column differ significantly (P< 0.05).

Figure 2. (Upper panel) Mean pixel intensity of H3K18ac exam-
ined using immunofluorescence staining in male control and
male blastocysts produced using hand-guided cloning following
treatment with epigenetic modifiers (trichostatin-A and 5-aza-2 0-
deoxycytidine) and in blastocysts produced by in vitro fertiliza-
tion (IVF). (Lower panel) Bars with different superscripts differ sig-
nificantly (P< 0.05).
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to be statistically significant at a P-value < 0.05. Data were pre-
sented as mean ± standard error of the mean (SEM)

Results

Experiment 1: Evaluation of the effects of the treatment with
epigenetic modifiers on the developmental competence and
quality of male and female cloned embryos

Based on the results of previous studies carried out in our labora-
tory, both the donor cells and the fused embryos were treated with
50 nM TSA and 7.5 nM 5-aza-dC. Developmental competence was
assessed by determining the cleavage and blastocyst rates at day 8.
The cleavage (93.9% ± 0.76) and blastocyst (40.1% ± 2.05) rates of
treated male embryos were significantly lower (P< 0.05) than that
of control male (95.7% ± 1.05, 49.7% ± 3.80, respectively) embryos
(Table 1). Similarly, the cleavage (90.4% ± 1.24) and blastocyst
(37.0% ± 0.83) rates of treated female embryos were significantly
lower (P< 0.05) than that of control (93.7% ± 1.03, 47.2% ± 2.44,
respectively) female embryos (Table 2).

TUNEL assay (Figure 1) revealed that there was no significant
difference in the TCN and apoptotic index between cloned blasto-
cysts produced following treatment of donor cells and male
embryos (322 ± 23.0 and 4.96 ± 0.31, respectively) with a combi-
nation of epigenetic modifiers and the non-treated control blasto-
cysts (360 ± 21.5 and 5.90 ± 0.48, respectively) (Table 3). However,
the TCN of both these groups of cloned blastocysts was

significantly higher (P< 0.05) than that of IVF blastocysts (191
± 13.3). The apoptotic index of IVF blastocysts (4.28 ± 0.53)
was significantly lower (P< 0.05) than that of untreated control
cloned male blastocysts, which was not significantly different from
that of cloned blastocysts of the epigenetic modifier-treated group.

Just as for male blastocysts, the TCN of cloned blastocysts (217
± 9.0) produced following treatment of donor cells and female
embryos with a combination of epigenetic modifiers and the
non-treated control blastocysts (248 ± 18.9), which was not signifi-
cantly different, was higher (P< 0.05) than that of IVF blastocysts
(191 ± 13.3) (Table 4). The apoptotic index of cloned blastocysts
(6.65 ± 0.43) of the epigenetic modifier-treated group was signifi-
cantly higher (P< 0.05) than that of the control (8.11 ± 0.67) group
that, in turn, was higher (P< 0.05) than that of IVF blastocysts
(4.28 ± 0.53) (Table 4).

Experiment 2: Evaluation of the epigenetic status of
epigenetic modifier-treated male and female embryos

As indicated by mean pixel intensity after immunofluorescence
staining, the global level of H3K18ac of male blastocysts from
the control group was significantly higher (P< 0.05) than that
of male blastocysts of the epigenetic modifier-treated group that,
in turn, was higher (P< 0.05) than that of IVF blastocysts
(Figure 2). The global level of H3K18ac of the female blastocysts
of the control group and that of IVF blastocysts was not

Figure 3. (Upper panel) Mean pixel intensity of H3K18ac exam-
ined by immunofluorescence staining in female control and
female blastocysts produced using hand-guided cloning follow-
ing treatment with epigenetic modifiers (trichostatin-A and
5-aza-2 0-deoxycytidine) and in blastocysts produced by in vitro
fertilization (IVF). (Lower panel) Bars with different superscripts
differ significantly (P< 0.05).
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significantly different but was lower (P< 0.05) than that of female
blastocysts of the epigenetic modifier-treated group (Figure 3).

For both male (Figure 4) and female (Figure 5) embryos, the
global level of H3K9me2, which was not significantly different
between the cloned blastocysts of the epigenetic modifier-treated
group and IVF blastocysts, was significantly lower (P< 0.05) than
that of the control cloned blastocysts.

Experiment 3: Measurement of quantitative expression of
genes by qPCR in epigenetic modifier-treated male and
female embryos

A comparison of gene expression levels between the cloned blas-
tocysts of the epigenetic modifier-treated male and the control
groups revealed that the relative mRNA abundance of HPRT
was higher (P< 0.05) and that of PGK, G6PD, OCT 4, IFN-tau
and CASPASE3 was significantly lower (P< 0.05) in the former
compared with that in the latter, and the expression levels of
DNMT1, IGF1R and BCL-XL were not significantly different
between the two groups (Figure 6).

In the female embryos, the relative mRNA abundance of OCT4
was significantly higher (P< 0.05) and that of XIST and
CASPASE3 was significantly lower (P< 0.05) in the cloned blasto-
cysts of the epigenetic modifier-treated group compared with that

of the control group, whereas the expression levels of HPRT, PGK,
G6PD, DNMT1, IFN-tau, IGF1R and BCL-XL were not signifi-
cantly different between the two groups (Figure 7).

Discussion

We studied the effects of the treatment of male and female
embryos with epigenetic modifiers on their developmental compe-
tence and quality. Based on the results of previous studies carried
out in our laboratory (Saini et al., 2017), both the donor cells and
the fused embryos were treated with 50 nM TSA and 7.5 nM
5-aza-dC.

This is the first report on the effect of the sex of the cloned
embryos in response to treatment with epigenetic modifiers.
TSA and 5-aza-dC are well known epigenetic modulating agents
that have been used to improve reprogramming in various species
such as mouse (Kishigami et al., 2006a), rabbit (Meng et al., 2009),
pig (Cervera et al., 2009) and cattle (Enright et al., 2003, 2005; Ding
et al., 2008; Iager et al., 2008; Cui et al., 2011; Wang et al.,
2011a, 2011b).

TSA is a potent histone deacetylase inhibitor that enhances the
pool of acetylated histones and DNA demethylation (Yoshida
et al., 1990; Hattori et al., 2004), and can reduce abnormal DNA

Figure 4. (Upper panel) Mean pixel intensity of H3K9me2 exam-
ined using immunofluorescence staining in male control and
male blastocysts produced using hand-guided cloning following
treatment with epigenetic modifiers (trichostatin-A and 5-aza-2 0-
deoxycytidine) and in blastocysts produced by in vitro fertiliza-
tion (IVF). (Lower panel) Bars with different superscripts differ sig-
nificantly (P< 0.05).
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hypermethylation (Kishigami et al., 2006b). TSA has been shown
to increase the blastocyst rate and improve their quality by induc-
ing hyperacetylation in SCNT bovine embryos (Ding et al., 2008;
Cui et al., 2011).

5-Aza-dC, which is a DNA methyltransferase inhibitor, has
been shown to improve the epigenetic status of cloned bovine
embryos by decreasing their DNA methylation (Enright et al.,
2003, 2005). TSA or 5-aza-dC or both have been used to treat

Figure 5. (Upper panel) Mean pixel intensity of H3K9me2 exam-
ined using immunofluorescence staining in female control and
female blastocysts produced using hand-guided cloning follow-
ing treatment with epigenetic modifiers (trichostatin-A and
5-aza-2 0-deoxycytidine) and in blastocysts produced by in vitro
fertilization (IVF). (Lower panel) Bars with different superscripts
differ significantly (P< 0.05).

Figure 6. Relative mRNA abundance of X-linked and development-related genes in
male blastocysts produced using hand-guided cloning following treatment with epi-
genetic modifiers (trichostatin-A and 5-aza-2 0-deoxycytidine). M-T: male blastocysts
treated with epigenetic modifiers; M: Controls. Bars with different superscripts differ
significantly (P< 0.05).

Figure 7. Relative mRNA abundance of X-linked and development-related genes in
female blastocysts produced using hand-guided cloning following treatment with epi-
genetic modifiers (trichostatin-A and 5-aza-2 0-deoxycytidine). F-T: Female blastocysts
treated with epigenetic modifiers; F: Controls. Bars with different superscripts differ
significantly (P < 0.05).
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activated reconstructed bovine embryos (Iager et al., 2008; Cui
et al., 2011) to improve their nuclear reprogramming. Another
approach, which has been used in cattle, is to expose the donor cells
to either one or both of these drugs (Enright et al., 2003, 2005; Ding
et al., 2008;Wang et al., 2011a, 2011b). On giving treatment to both
the donor cells and the fused embryos with 50 nM TSA and 7.5
nM5-aza-dC, we found that the cleavage and blastocyst rates of
treated male cloned embryos were significantly lower (P< 0.05)
than in control male embryos.

Similarly the cleavage and blastocyst rates of treated female
cloned embryos were significantly lower (P< 0.05) than in control
female embryos. These findings agree with an earlier study in cattle
(Sangalli et al., 2012), but are in contrast with others (Ding et al.,
2008;Wang et al., 2011a) andmight be explained by the differences
in breed and age of the animals used to derive nuclear donors cells.

Male and female embryos responded in a similar way in relation
to blastocyst rate but when their apoptotic index was determined
compared with untreated embryos, we found that there was no sig-
nificant difference between male control and treated embryos, but
the apoptotic index of treated female embryos was significantly
lower (P< 0.05) than for control female embryos. The lower apop-
totic index in treated female embryos may be due to lower expres-
sion levels of the XIST gene. It has been reported that activation of
XIST expression is correlated with a dramatic increase in apoptotic
bodies, suggesting that XIST-mediated XCI may result in cell death
and contribute to embryonic lethality (Panning and Jaenisch, 1996;
Sandhu et al., 2016). The relative expression level of the XIST gene
was significantly lower (P< 0.05) in treated female embryos and
this might be the cause of the lower apoptotic index compared with
untreated groups.

We found that, as expected, both treated male and female
embryos showed significantly lower (P< 0.05) global levels of
H3K9me2 than untreated male and female embryos, which agrees
with the previous reports, as both 5-aza-dC and TSA are known to
induce global DNA and histone demethylation (Xiong et al., 2005;
Li et al., 2008). As the XIST gene involves enrichment for
H3K9me2 during inactivation of the X chromosome (Heard
et al., 2001; Mermoud et al., 2002; Peters et al., 2002), reduction
in the global level of H3K9me2 can be correlated with lower
expression of the XIST gene in treated female embryos. Again,
as expected, the global level of H3K18ac in treated female embryos
was significantly higher (P< 0.05) than in the untreated control, as
TSA has been shown to increase the blastocyst rates and improve
their quality by inducing hyperacetylation in SCNT bovine
embryos (Ding et al., 2008; Cui et al., 2011).

In contrast, we found that the global levels of H3K18ac in
treated male embryos were significantly lower (P< 0.05) than in
control male embryos. However, it is difficult to interpret these
results as we did not study the expression levels of many other
important epigenetics-related genes that are part of epigenetic
regulation. Both treated male and female embryos showed signifi-
cantly higher (P< 0.05) levels of H3K18ac than IVF embryos and
there was no significant difference in the global levels of H3K9me2
between treated male and female cloned embryos and IVF
embryos, suggesting that epigenetic modifier treatment improved
the epigenetic status of cloned embryos.

The effect of treatment with the epigenetic modifier on the male
and female embryos was further studied at the gene level. We
found that both male and female embryos reacted completely dif-
ferently to treatment with epigenetic modifiers. In the female
embryos, we found no significant difference in the expression

levels of X-linked genes HPRT, PGK, and G6PD compared with
untreated female embryos, which agreed with an earlier report
on porcine (Park et al., 2012). Similarly no significant difference
was observed in the expression levels of DNMT1, IFN-tau,
IGF1R and BCL-XL between female untreated and epigenetic
modifier-treated cloned embryos, although the expression levels
of XIST and CASPASE3 were significantly lower (P< 0.05) in
treated female embryos than in the untreated control. This could
be correlated with the low apoptotic index in treated female
embryos compared with the control. In male treated embryos,
the expression levels of PGK, G6PD, OCT 4, IFN-tau and
CASPASE3 were significantly lower (P< 0.05), whereas HPRT
abundance was significantly higher (P< 0.05), although there
was no significant difference between the expression levels of
DNMT1, IGF1R and BCL-XL and there was no expression of
XIST in male treated and control embryos. Therefore in both male
and female embryos similar effects of treatment were observed on
genes related to growth and development, but the effect on expres-
sion of X-linked genes varied. In conclusion, these results indicated
that not all X-linked genes in the cloned embryos responded to
TSA and 5-aza-dC treatment in the same way. Moreover, the effec-
tiveness of this treatment during the SCNT process may be limited
to a few genes. However, it is difficult to interpret these results as we
only investigated onemale and female cell line and results may vary
between different cell lines due to differences in genotype.
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