
Anomalous mRNA levels of chromatin

remodeling genes in swamp buffalo

(Bubalus bubalis) cloned embryos

T. Suteevun a,b, S.L. Smith b, S. Muenthaisong a, X. Yang b,
R. Parnpai a, X.C. Tian c,*

a Embryo Technology and Stem Cell Research Center and School of Biotechnology,

Institute of Agricultural Technology, Suranaree University of Technology,

Nakhon Ratchasima 30000, Thailand
b Department of Animal Science and Center for Regenerative Biology, University of Connecticut,

1392 Storrs Road, Unit 4243, Storrs, CT 06269, USA
c University of Connecticut, 1392 Storrs Road, Unit 4243, Storrs, CT 06269, USA

Received 10 July 2005; accepted 25 September 2005

Abstract

The swamp buffalo (Bubalus bubalis) is a multi-purpose animal in agriculture that is challenged

by extinction due to low reproductive efficiency. Nuclear transfer (NT) has been used to preserve

special breeds of buffalo, as well as to increase the number of animals. However, cloned buffalo

embryos have impaired development, as in other species. To understand the chromatin remodeling

activities in cloned embryos and to improve NT technology, we examined the expression profiles of

five genes involved in DNA and histone modifications, DNMT1, DNMT3A, DNMT3B, HAT1 and

HDAC1, in single swamp buffalo metaphase II oocytes, NTand in vitro fertilized (IVF) embryos from

the two-cell to the blastocyst stage, by quantitative real time RT-PCR. We observed similar

expression dynamics for all genes studied in the NT and IVF embryos: relatively constant levels

of expression for all genes were found from the MII oocyte up to the eight-cell stage; the levels of

mRNA for HAT1 and DNMT3B continued to be stably expressed up to the blastocyst stage; while

dramatic increases were seen for DNMT3A and HDAC1. Alternatively, the levels of DNMT1 started to

decrease at the eight-cell stage. Despite the similarity in the dynamics of gene expression, dramatic

differences in the relative levels of these genes between NT and IVF embryos were observed. The

expression levels of all DNA modifying genes were higher in the NT embryos than in the IVF
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embryos at the eight-cell and blastocyst stages. The genes HDAC1 and HAT1 were also expressed

significantly higher at the blastocyst stage in the NT embryos. Our results suggested differences in

chromatin remodeling between NT and IVF embryos and that lower levels of DNA passive

demethylation and higher levels of DNA de novo methylation occurred in the NT embryos. These

observations are novel in the species of buffalo, and may be associated with developmental failure of

cloned buffalo embryos due to the transcriptional repression effect of most genes studied here.
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1. Introduction

In cloned animals, characteristic anomalies such as increased birth weight, placental

abnormalities and immune deficiency have been observed in many species [1–5].

Furthermore, abortion rates and neonatal deaths are consistently higher in animals

generated by nuclear transfer (NT) than those by in vitro fertilization (IVF) or artificial

insemination (AI). Incomplete epigenetic regulation is suspected to be the cause of the

abnormalities and the low efficiency associated with NT [6–8].

Epigenetic modification involves altering gene expression without changing the DNA

sequence. DNA methylation and histone acetylation are the key mechanisms of this

process. DNA methylation has been shown to cause transcriptional silence; thus, the

alteration of the methylation status could affect the expression of genes under epigenetic

regulation. It has been reported that the DNA of cloned bovine embryos was aberrantly

hypermethylated [9,10]. Kang et al. [11] also demonstrated that cloned bovine embryos

display hypermethylated repetitive elements in their genome. Additionally, aberrant

methylation patterns were found in cloned aborted fetuses, animals that died soon after

birth and in adult animals [12]. In preimplantation embryos, the parental genomes are

actively and passively demethylated after fertilization. This demethylation is followed by

de novo methylation at the 8-cell to 16-cell stage [10]. The DNA methylation mechanism

relies on the catalytic activity of DNA methyltransferases (DNMTs). The gene DNMT1

maintains the methylation pattern during replication; whereas, DNMT3A and 3B are

responsible for de novo methylation. The DNA methyltransferases 3A and 3B work

together with many related proteins, such as histone deacetylases in silencing gene

expression. Another widely studied form of epigenetic modification is the acetylation of

the lysine residues at the amino-terminus of histones. This is achieved by histone acetylases

(HATs) that cause the acetylation and neutralization of the positive charges on the amino-

terminus of the histones, leading to chromatin decondensation and activation of gene

transcription. Conversely, histones can be deacetylated by histone deacetylases (HDACs),

which cause chromatin condensation and gene repression [13]. Enright et al. [14] and

Santos et al. [15] observed hyperacetylation in preimplantation cloned cattle embryos. In

bovine IVF embryos, both HDAC1 and HAT1 genes were detected at the eight-cell stage

and displayed the highest level of expression in blastocysts [16]. For DNMTs, the lowest

level of DNMT1 was observed at the blastocyst stage. DNMT3A/B have only been analyzed

and detected in bovine blastocysts [17,18].
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