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Alteration of the DNA methylation status of donor cells impairs the 
developmental competence of porcine cloned embryos
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Abstract. 	Nuclear reprogramming induced by somatic cell nuclear transfer is an inefficient process, and donor cell DNA 
methylation status is thought to be a major factor affecting cloning efficiency. Here, the role of donor cell DNA methylation 
status regulated by 5-aza-2'-deoxycytidine (5-aza-dC) or 5-methyl-2'-deoxycytidine-5'-triphosphate (5-methyl-dCTP) in 
the early development of porcine cloned embryos was investigated. Our results showed that 5-aza-dC or 5-methyl-dCTP 
significantly reduced or increased the global methylation levels and altered the methylation and expression levels of key genes 
in donor cells. However, the development of cloned embryos derived from these cells was reduced. Furthermore, disrupted 
pseudo-pronucleus formation and transcripts of early embryo development-related genes were observed in cloned embryos 
derived from these cells. In conclusion, our results demonstrated that alteration of the DNA methylation status of donor cells 
by 5-aza-dC or 5-methyl-dCTP disrupted nuclear reprogramming and impaired the developmental competence of porcine 
cloned embryos.
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Though somatic cell nuclear transfer (SCNT) has been achieved 
in many species, overall cloning efficiency is still low, and 

this limits the application of cloning technology in basic research, 
agriculture, medicine, etc [1–3].
The most important event during SCNT is nuclear reprogramming, 

and it is believed that the DNA methylation status of donor cells 
could influence nuclear reprogramming efficiency [4–7]. Generally, 
it is thought that DNA hypomethylation of donor cells could lead 
to the high developmental competence of cloned embryos; thus, 
various strategies, such as application of hypomethylating agents 
or knockdown of DNA methyltransferase 1, are employed to reduce 
the DNA methylation level of donor cells, and to some extent, the 
developmental competence of cloned embryos is improved by these 
methods [4, 8–10]. However, some studies reported that 5-aza-dC, a 
widely used hypomethylating agent, could not efficiently improve the 
developmental competence of cloned embryos [11–13]. Moreover, 
the similarity of the methylation profiles of donor cells and in vivo 
produced embryos is negatively correlated with the the blastocyst 
rate of cloned embryos [5]. Thus, the effect of the DNA methylation 
status of donor cells on the developmental competence of cloned 
embryos still needs further investigation.

In this study, the DNA methylation status of donor cells regulated 
by 5-aza-dC or 5-methyl-dCTP and its effect on the developmental 
competence of cloned embryos were evaluated in pigs. Our results 
demonstrated that alteration of the DNA methylation status of 
donor cells impaired the developmental competence of porcine 
cloned embryos due to disturbance of nuclear remodeling and the 
expression patterns of early embryo development-related genes. This 
work reveals that alteration of donor cell DNA methylation status 
induced by DNA methylation modification agents might not be an 
ideal choice for improving cloning efficiency.

Materials and Methods

Chemicals were purchased from Sigma-Aldrich (St. Louis, MO, 
USA), and disposable and sterile plasticware was obtained from 
Nunclon (Roskilde, Denmark), unless otherwise stated.
All experiments were approved by the Animal Care Commission 

of Northeast Agriculture University, according to animal welfare 
laws, guidelines and policies.

Porcine fetal fibroblasts (PFFs) culture and treatment
PFF culture has been described previously [14]. Briefly, PFFs 

were isolated from a 35-day-old fetus. After removal of the head, 
internal organs and limbs, the remaining tissues were finely minced 
into pieces, digested with 0.25% trypsin-0.04% ethylenediaminetet-
raacetic acid solution (GIBCO, CA, USA) and then dispersed in high 
glucose-enriched Dulbecco’s modified Eagle’s medium (DMEM, 
GIBCO) containing 10% fetal bovine serum (FBS, GIBCO) and 
1% penicillin-streptomycin (GIBCO). The dispersed cells were 

Received: April 17, 2015
Accepted: October 5, 2015
Published online in J-STAGE: November 3, 2015
©2016 by the Society for Reproduction and Development
Correspondence: Z Liu (e-mail: liu086@126.com)
This is an open-access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial No Derivatives (by-nc-nd) License 
<http://creativecommons.org/licenses/by-nc-nd/4.0/>.

Journal of Reproduction and Development, Vol. 62, No 1, 2016

http://creativecommons.org/licenses/by-nc-nd/3.0/


HUAN et al.72

centrifuged, resuspended and cultured in DMEM. Until confluence, 
PFFs were digested, centrifuged, resuspended in FBS containing 10% 
dimethyl sulfoxide and stored in liquid nitrogen until use.
For 5-aza-dC treatment, PFFs in the 3rd passage were cultured 

in DMEM supplemented with 10 nM (the optimal concentration) 
5-aza-dC without any antibiotics for 72 h. For 5-methyl-dCTP treat-
ment, PFFs in the 3rd passage were resuspended in electroporation 
buffer containing 0 µM, 1 µM, 2 µM or 5 µM 5-methyl-dCTP 
(TriLink BioTechnologies, CA, USA), incubated on ice for 15 min 
and transferred to an electroporation cuvette with a 4 mm gap, which 
was subjected to a single 20 msec pulse of 250 V with an ECM 2001 
Electro Cell Manipulator. Following electroporation, PFFs were 
resuspended and cultured in DMEM for 72 h.

Cellular genomic methylation level
Measurement of the cellular genomic methylation level with 

flow cytometry has been reported [15]. Briefly, PFFs treated with 
5-aza-dC or 5-methyl-dCTP were trypsinized, resuspended in cold 
saline GM and fixed in 100% ethanol at 4 C for at least 12 h. Then, 
PFFs were incubated in anti-5-methylcytosine antibodies (Santa 
Cruz, TX, USA) at 4 C overnight, washed with DPBS plus 5% FBS 
and resuspended in FITC-conjugated secondary antibodies (Santa 
Cruz) at 37 C for 30 min. After PFFs were filtered through a 30 μm 
nylon mesh, a FACSCalibur flow cytometer was used to measure 
the fluorescence level (the fluorescence intensity of PFFs not treated 
with the secondary antibody was considered to be zero).

Bisulfite sequencing
Genomic DNA was extracted from PFFs treated with 5-aza-dC 

or 5-methyl-dCTP using a Universal Genomic DNA Extraction Kit 
(Takara, Tokyo, Japan), and this was followed by treatment with 
sodium bisulfite to convert all unmethylated cytosine to uracil using 
an EZ DNA Methylation-GoldTM Kit (Zymo Research, CA, USA) 
according to the manufacturer’s protocol and our previous report [16]. 
Briefly, a CT (cytosine to thymine) conversion reagent was added 
to purified genomic DNA at 98 C for 10 min and 64 C for 2.5 h. 
Then, the samples were desalted, purified and diluted with M-Elution 
Buffer. Subsequently, nested PCR was carried out to amplify the 
target regions using the primers described in Supplementary Table 
1 (online only) and Hot Start TaqTM Polymerase (Takara) with a 
profile of 94 C for 5 min; 40 cycles of 94 C for 30 sec, 55 C for 30 
sec and 72 C for 1 min; and then 72 C for 10 min. Products from 
the first amplification reaction of the studied genes, not including 
Centromeric repeat DNA (CenRep), were used in the second PCR 
reaction, and the optimal annealing temperatures of inner primers 
were 53 C for Thy1, 51 C for Oct4 and 50 C for DMR3 Igf2/H19. 
Then, the amplified products were verified by electrophoresis and 
purified using an Agarose Gel DNA Purification Kit (Takara), and 
the purified fragments were cloned into a pMD18-T Vector (Takara) 
and subjected to sequence analysis.

Oocyte collection and in vitro maturation
Oocyte maturation has been described previously [14]. Briefly, 

porcine ovaries were collected from a local slaughterhouse and 
transported to the laboratory. Follicles were aspirated, and fol-
licular contents were washed with HEPES-buffered Tyrode's lactate. 

Cumulus-oocyte complexes (COCs) with at least three uniform layers 
of compact cumulus cells and a uniform cytoplasm were recovered, 
washed and cultured in maturation medium under mineral oil at 38.5 
C in a 5% CO2 atmosphere and saturated humidity. After 42 h, COCs 
were vortexed in 1 mg/ml hyaluronidase to remove cumulus cells. 
Only oocytes with a visible polar body, regular morphology and a 
homogenous cytoplasm were used.

In vitro fertilization (IVF) and SCNT, embryo culture and 
collection
The procedures for porcine IVF and SCNT were described in one of 

our previous reports [17]. Briefly, for IVF, the semen was incubated, 
resuspended and washed in DPBS supplemented with 0.1% (w/v) 
BSA. The spermatozoa were diluted with modified Tris-buffered 
medium (mTBM) to the appropriate concentration. Matured oocytes 
were washed in mTBM, transferred into fertilization medium and 
co-incubated with spermatozoa. Then, the embryos were washed 
and cultured in porcine zygote medium-3 (PZM-3) for subsequent 
development. For SCNT, matured oocytes and PFFs treated with 
5-aza-dC or 5-methyl-dCTP were placed in manipulation medium. 
After enucleation, donor cells were placed into the perivitelline space. 
Fusion and activation of the cell-cytoplast complexes were induced 
by electroporation, and the fusion rate was confirmed by microscopic 
examination. Then, reconstructed embryos were cultured in PZM-3 
for subsequent development. The cleavage and blastocyst rates of 
IVF and SCNT embryos were evaluated at 48 h and 156 h, and for 
embryo collection, embryos at the 4-cell and blastocyst stages were 
pooled at 48 h and 156 h, respectively.

Nuclear staining
Embryos at 6 h and 156 h post activation were treated with 

acidic Tyrode's solution to remove the zona pellucida, fixed in 4% 
paraformaldehyde for 30 min and stained in DPBS containing 10 
µg/ml Hoechst 33342 for 5 min in the dark. After staining, cloned 
embryos were washed and mounted on slides. Then, the nuclear 
status and blastocyst cell number were examined under ultraviolet 
light from a fluorescence microscope.

Quantitative real-time PCR
Measurement of gene expression with quantitative real-time PCR 

has been applied in our previous studies [14, 17]. Briefly, total RNA 
was extracted from 104 PFFs or 50 embryos at each stage using an 
RNeasy Mini Kit (Qiagen, Dusseldorf, Germany) according to the 
manufacturer’s instruction. Reverse transcription was performed 
using a PrimeScript® RT Reagent Kit (Takara) with the following 
parameters: 37 C for 15 min and 85 C for 5 sec, with the cDNA then 
stored at –20 C until use. For quantitative real-time PCR, reactions 
were performed in 96-well optical reaction plates using SYBR® 
Premix ExTaqTM II (Takara) and a 7500 Real-Time PCR System 
with the following conditions: 95 C for 30 sec, followed by 40 
two-step cycles of 95 C for 5 sec and 60 C for 34 sec, and finally 
a dissociation stage consisting of 95 C for 15 sec, 60 C for 1 min 
and 95 C for 15 sec. For every sample, the cycle threshold (CT) 
values were obtained from three replicates. The primers used for 
amplification of target and internal reference genes are presented in 
Supplementary Table 2 (online only). The relative expression levels 
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of target genes were analyzed using the 2−ΔΔCT method.

Statistical analysis
Differences in data (mean ± SEM) were analyzed with the SPSS 

statistical software. Statistical analysis of data regarding embryo 
development was performed using the general linear model (GLM). 
The data for DNA methylation, gene expression and nuclear morphol-
ogy remodeling were analyzed with one-way analysis of variance 
(ANOVA). For all analyses, differences were considered to be 
statistically significant when P < 0.05.

Results

5-aza-dC or 5-methyl-dCTP altered the genomic methylation 
status of PFFs
After PFFs were treated with 5-aza-dC or 5-methyl-dCTP, the 

genomic methylation status was investigated (Fig. 1). Compared 
with the control group (Fig. 1A and 1B), the genomic methylation 
level of PFFs treated with 10 nM 5-aza-dC (aza-10) was significantly 
decreased (37.60% vs. 56.73%, P < 0.05), and 5 µM 5-methyl-dCTP 
(methyl-5) significantly increased the global methylation levels of 
PFFs (66.57% vs. 56.73%, P < 0.05). To reconfirm the alteration 
of the global methylation status of PFFs treated with 5-aza-dC or 
5-methyl-dCTP, the methylation levels of the CenRep region were 
detected (Fig. 1C), which revealed a lower or higher methylation 
level in the aza-10 or methyl-5 group in comparison with the control 
group (31.48% or 62.96% vs. 49.07%). Thus, our results revealed 
that 5-aza-dC or 5-methyl-dCTP could successfully alter the global 
methylation status of PFFs.

5-aza-dC or 5-methyl-dCTP regulated gene methylation and 
transcription in PFFs
The DNA methylation and transcription levels of genes related to 

early development of cloned embryos from PFFs treated with 5-aza-dC 
or 5-methyl-dCTP were examined (Fig. 2). Compared with the control 
group, reduced methylation levels of Thy1, Oct4 and DMR3 Igf2/
H19, a higher Igf2 transcription level and significantly (P < 0.05) 
lower expression of Dnmt1 and Dnmt3a were observed in the aza-10 
group. In the methyl-5 group, the methylation levels of Thy1, Oct4 
and DMR3 Igf2/H19 were increased, and a lower expression level 
of Igf2 and significantly (P < 0.05) reduced transcripts of Dnmt1 
and Dnmt3a were detected. Thus, our results showed that 5-aza-dC 
or 5-methyl-dCTP could regulate DNA methylation and transcripts 
of genes related to early development of cloned embryos.

Alteration of the DNA methylation status of donor cells 
reduced the developmental competence of porcine cloned 
embryos

The developmental competence of cloned embryos generated 
with PFFs treated with 5-aza-dC or 5-methyl-dCTP as donor cells 
was examined (Table 1 and Supplementary Fig. 1: online only). Our 
results showed that the fusion and cleavage rates in the aza-10 and 
methyl-5 groups were significantly (P < 0.05) lower than those in 
the control group. Furthermore, the blastocyst rate in the methyl-5 
group was also significantly (P < 0.05) reduced in comparison with 
the control group. Therefore, alteration of the DNA methylation 

status of donor cells reduced the developmental competence of 
porcine cloned embryos.

Alteration of the DNA methylation status of donor cells 
impaired nuclear remodeling in porcine cloned embryos
Morphological remodeling of the donor nucleus plays a key 

role in successful nuclear reprogramming [18]. Pseudo-pronucleus 
formation in cloned embryos was examined in the present study (Fig. 
3). The results demonstrated significantly reduced pseudo-pronucleus 
proportions in the aza-10 and methyl-5 groups (49.67% and 46.06%, 
respectively, vs. 55.08%, P < 0.05), and the proportions of abnormal 
nuclei were significantly increased (8.19% and 8.93%, respectively, 
vs. 4.21%, P < 0.05) in comparison with the control group. These 
results revealed that abnormal nuclear remodeling in cloned embryos 
derived from donor cells treated with 5-aza-dC or 5-methyl-dCTP 
resulted in low developmental competence of porcine cloned embryos.

Alteration of the DNA methylation status of donor 
cells disrupted the expression patterns of early embryo 
development- related gene in porcine cloned embryos

The expression pattern of early embryo development-related 
genes is correlated with embryonic developmental competence 
[19]. Here, we investigated transcripts of DNA methyltransferase 
(Dnmt1 and Dnmt3a), fibroblast marker (Col5a2), apoptosis (Bax and 
Bcl2 l1) and development-related (Eif1a, Oct4, Nanog, Sox2, Igf2, 
ATP1b1 and Cdx2) genes in early embryos (Fig. 4). In the aza-10 
group, though the transcript levels of most of the studied genes 
were not significantly different from those in the control NT group, 
a significantly lower expression of Bcl2 l1 in 4-cell embryos and a 
significantly higher transcript of Bax in blastocysts were observed (P 
< 0.05), suggesting that the treatment of donor cells with 5-aza-dC 
induces apoptosis during early development of cloned embryos. In 
the methyl-5 group, significantly increased expression of Col5a2 
at the 4-cell stage and significantly decreased transcripts of Sox2 
at the 4-cell stage and of Oct4, Igf2 and ATP1b1 at the blastocyst 
stage were detected (P < 0.05) in comparison with the control NT 
group. Additionally, significantly reduced expression of Bcl2 l1 
and significantly increased transcripts of Bax were also observed 
at the 4-cell and blastocyst stages in the methyl-5 group (P < 0.05). 
These results demonstrated that the transcripts of early embryo 
development-related genes in the aza-10 and methyl-5 groups were 
disturbed, resulting in low developmental competence of porcine 
cloned embryos.

Discussion

Previous studies have shown that the DNA methylation status 
of donor nuclei could determine the developmental competence of 
cloned embryos [4, 5]. Here, we demonstrated that alteration of the 
DNA methylation status of donor cells impaired the developmental 
competence of porcine cloned embryos, and this could be due to 
the disturbance of nuclear remodeling and the expression patterns 
of early embryo development-related genes in cloned embryos.
To clarify the relationship between the DNA methylation status of 

donor cells and the developmental competence of cloned embryos, 
5-aza-dC or 5-methyl-dCTP was employed to regulate the DNA 
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Fig. 2.	 Specific gene methylation and transcription in PFFs. A, methylation status of Thy1, Oct4 and Igf2/H19 in PFFs after treatment with 10 nM 5-aza-
dC (aza-10) or 5 µM 5-methyl-dCTP (methyl-5); B, relative transcription levels of specific genes in the aza-10 or methyl-5 group. The data are 
expressed as means ± SEM. a–c Values in columns for a given gene with different superscripts differ significantly (P < 0.05).

Fig. 1.	 Global DNA methylation levels in PFFs. A, flow cytometry analysis of global DNA methylation in PFFs treated with 5-aza-dC or 5-methyl-dCTP; 
B, levels of global DNA methylation in PFFs treated with 5-aza-dC or 5-methyl-dCTP; C, methylation status of the CenRep region in PFFs treated 
with 5-aza-dC or 5-methyl-dCTP. The control, aza-10, methyl-1, methyl-2 and methyl-5 groups represent PFFs not treated or treated with 10 nM 
5-aza-dC and 1 µM, 2 µM and 5 µM 5-methyl-dCTP for 72 h, respectively. Black and white circles represent methylated and unmethylated CpG 
sites, and gray circles represent mutated and/or single nucleotide polymorphism (SNP) variation at specific CpG sites. Percentages (% ± SEM) in 
columns with different superscripts differed significantly (P < 0.05).
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methylation status of donor cells, as 5-aza-dC and 5-methyl-dCTP 
could be incorporated into the genome during DNA synthesis, 
resulting in DNA hypomethylation or hypermethylation, respectively 
[20–22]. In this study, the appropriate concentration of 5-aza-dC or 
5-methyl-dCTP to treat donor cells was first determined with no 
obvious changes of cell proliferation and the cell cycle (Supplementary 
Fig. 2: online only), and then we found that 5-aza-dC successfully 
downregulated the DNA methylation levels of the genome and 
candidate genes in donor cells; conversely, the DNA methylation levels 
were upregulated by 5-methyl-dCTP. Moreover, both agents reduced 
the expression of DNA methyltransferases, seeming to be beneficial 
for nuclear reprogramming [9]. However, neither downregulation 
nor upregulation of the DNA methylation status of donor cells by 
5-aza-dC and 5-methyl-dCTP, respectively, had a positive effect on 
the developmental competence of porcine cloned embryos. As we 
know, both 5-aza-dC and 5-methyl-dCTP have a fast metabolic rate 
[21], and only a trace amount of free 5-aza-dC or 5-methyl-dCTP 
possibly existed in donor cells, if any, when donor cells were fused 

with enucleated oocytes. Furthermore, this trace amount of free 
5-aza-dC or 5-methyl-dCTP could be further diluted, as the volume 
of an oocyte can be approximately equal to that of one thousand 
donor cells. Thus, it is likely that free 5-aza-dC or 5-methyl-dCTP 
would have no detrimental effects on cloned embryos. These results 
indicated that regulation of the donor cell methylation status may be 
not an ideal choice for improving cloning efficiency.
Actually, several studies have reported that 5-aza-dC or 5-methyl-

dCTP could cause some defects during nuclear reprogramming, 
leading to low developmental competence of early embryos [11, 
20], and it has been reported that the detrimental effects could be 
reflected by the nuclear morphology remodeling and gene expres-
sion patterns [14, 18, 23, 24]. It is known that pseudo-pronucleus 
formation from nuclear morphology remodeling is fundamental to 
nuclear reprogramming in cloned embryos [18]; however, in this 
study, 5-aza-dC or 5-methyl-dCTP treatments did not facilitate 
pseudo-pronucleus formation but instead increased the proportion 
of abnormal nuclei in cloned embryos, suggesting that 5-aza-dC or 
5-methyl-dCTP may lead to genome instability, further leading to 
the poor development of cloned embryos [14]. As we know, many 
molecules are involved in pseudo-pronucleus formation during nuclear 
morphology remodeling [25], and determination of the molecular 
mechanism underlying the disruption of nuclear remodeling induced 
by 5-aza-dC or 5-methyl-dCTP needs further study. In addition, the 
expression patterns of early embryo development-related genes are 
correlated with the developmental competence of cloned embryos 
[18, 19]. Though no significant changes of genomic methylation 
levels were observed (Supplementary Fig. 3: online only), somatic 
cell-specific genes were not effectively silenced, and the expression 
patterns of early embryo development-related genes were also 
disturbed in cloned embryos after treatment of donor cells with 
5-aza-dC or 5-methyl-dCTP. More importantly, the transcripts of an 
antiapoptotic gene (Bax) and a proapoptotic gene (Bcl2l1) suggested 
that treatment of donor cells with 5-aza-dC or 5-methyl-dCTP may 
activate apoptosis-related signals in cloned embryos, and a TUNEL 
(terminal deoxynucleotidyl transferase dUTP nick end labeling) assay 
further proved that 5-aza-dC or 5-methyl-dCTP treatment significantly 
promoted embryo apoptosis (Supplementary Fig. 4: online only); 
thus, apoptosis induced by 5-aza-dC or 5-methyl-dCTP could inhibit 
nuclear reprogramming and challenge the survival of cloned embryos 
[20, 26–28]. Regarding how 5-aza-dC or 5-methyl-dCTP disrupts the 
expression patterns of genes related to early embryo development in 

Table 1.	 Development of cloned embryos derived from donor cells treated with 5-aza-dC or 5-methyl-dCTP

Group No. embryos (Rep.) No. embryos fused 
(% ± SEM)

No. embryos cleaved 
(% ± SEM) *

No. blastocysts 
(% ± SEM) *

Total cell numbers of blastocysts 
(mean ± SEM) &

IVF 224 (5) — 175 (78.07 ± 2.22) abc 52 (23.28 ± 0.88) a 39 ± 3 (n = 52)
Control 279 (5) 222 (79.71 ± 1.99) a 201 (90.31 ± 1.44) d 48 (21.43 ± 1.20) ab 37 ± 2 (n = 47)
Aza-10 278 (5) 192 (69.46 ± 1.37) b 153 (79.54 ± 1.35) ace 36 (18.87 ± 0.72) bc 35 ± 2 (n = 36)
Methyl-1 297 (5) 216 (72.64 ± 3.47) b 181 (83.50 ± 1.00) e 40 (18.95 ± 1.12) bc 35 ± 2 (n = 39)
Methyl-2 312 (5) 216 (69.10 ± 1.87) b 174 (80.79 ± 1.17) ae 38 (17.63 ± 0.79) c 36 ± 2 (n = 36)
Methyl-5 320 (5) 193 (60.47 ± 2.30) c 146 (75.77 ± 2.47) c 28 (14.70 ± 1.17) d 34 ± 3 (n = 28)

* Cleavage and blastocyst rates of cloned embryos were adjusted for fusion rates. & Blastocyst cell numbers of less than 16 were not included.  
a–c Values in the same column with different superscripts differ significantly (P < 0.05).

Fig. 3.	 Pseudo-pronucleus formation. Pseudo-pronucleus formation of 
cloned embryos from PFFs treated with 5-aza-dC (aza-10) or 
5-methyl-dCTP (methyl-5) at 6 h post activation. The images of 
nuclear morphology of cloned embryos were magnified (400 ×). 
a–b Percentages at a given nuclear status in columns with different 
superscripts differed significantly (P < 0.05).
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cloned embryos, it could be that the alteration of DNA methylation 
induced by 5-aza-dC or 5-methyl-dCTP possibly causes genomic 
instability and induces DNA damage, further leading to the disrupted 
expression; however, the detailed mechanism still needs to be 
investigated. The results of the present study demonstrated that the 
low developmental competence of porcine cloned embryos induced 
by 5-aza-dC or 5-methyl-dCTP treatment of donor cells could result 
from the reduction of pseudo-pronucleus formation during nuclear 
reprogramming and the disturbance of the expression patterns of 
somatic cell-specific genes, embryo development-related genes and 
apoptosis-related genes during early embryo development.
In conclusion, our study demonstrated that alteration of the DNA 

methylation status of donor cells by 5-aza-dC or 5-methyl-dCTP 
impaired the developmental competence of porcine cloned embryos, 
and that low developmental competence could be due to the failure 
of nuclear remodeling and disturbance of the expression patterns of 
early embryo development-related genes in cloned embryos.
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