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SUMMARY OF THE ACHIEVEMENTS

We carried out several lines of experiments on two major themes, “Molecular Mechanisms on the Establishment of
Male Germ Cell Epigenome” and “Establishment of Epigenome State by DNA demethylation”.

<Molecular Mechanisms on the Establishment of Male Germ Cell Epigenome>
1. Induction of DNA methylation by artificial piRNA production system and its application
Two transgene insertion loci were found in the Tg-as3L mouse line, in which anti-sense RNA of Dnmt3L was
expressed and subsequent gene silencing of the gene was brought about through piRNAs.  Analyses of the two
segregated mouse lines bearing only one of the transgenic loci of the Tg-as3L mice showed that one line exhibited
the impaired spermatogenesis at meiosis and the other did not. Analysis of the linkage between the transgene
insertional sites and the phenotypes strongly supports our hypothesis that expression of the anti-sense RNA per se
is crucial and so called piRNA cluster region is not necessarily required for the piRNA biogenesis.
2. Analysis of the molecular machinery for piRNA dependent de novo DNA methylation
We have been studying the ZF-MIWI2 fusion protein, which consists of zinc finger protein recognizing the
promoter sequence of Type A Line-1, MIWI2, and nuclear localization signal, and have revealed that the protein
has the capacity to recruit the molecules necessary for piRNA dependent de novo DNA methylation.  Using the
protein, we identified that MORC3 bound to ZF-MIWI2 in the male embryonic germ cells at the timing of de novo
DNA methylation. Considering that MORC1, a family protein of MORC3, has a role in silencing the expression
of retrotransposons, MORC3 should be a strong candidate for a member of the methylation machinery.  Another
study showed that H3K4me2 was enriched in the Line-1 loci, which are the target of piRNA dependent de novo
DNA methylation.

<Establishment of Epigenome State by DNA demethylation>
1. Molecular mechanisms of loss of genomic imprinting (LOI : loss of imprinting)

Reporter cells and mice, which could be useful to study the molecular mechanisms of LOI, were established to
reveal the maintenance mechanisms of mono-allelic expression of the imprinted genes. We found that LOI took
place during the derivation of embryonic stem (ES) cells from blastocysts and a paternally expressed gene, Phf17,
was not exceptional. It was revealed that the induction of the expression of the gene from maternal allele was
caused by a demethylase of H3K27me3 (trimethyl histone H3 (Lys27)). In addition, the other paternally expressed
imprinted genes, such as Salll and Afmbt2, exhibited similar expression induction in a H3K27me3 demethylase
dependent manner.

2. Regulation of DNA methylation by Stella

Both 5-hydroxymethyl-cytosine (5-hmC) and H2B S112GIcNAc modification by O-linked N-acetyl-
glucosamine transferase are necessary for the gene activation from paternal genome in zygotes.
Further molecular analysis revealed that the enzymatic activity of Tet3 to produce 5hmC was

required for the gene activation.
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