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1) Molecular mechanisms of germ cell specification and differentiation via epigenetic
reprogramming

We previously selected candidate genes involved in mouse primordial germ cell (PGC)
specification, encoding histone modification-related proteins by RNAi screening by using the in
vitro model of PGC specification from embryonic stem cells (ESCs). Among the candidates, we
focused on a histone acetyl-transferase, HDAC-X and found that its deficient embryos generated
by CRISPR-CAS9 caused impaired germ cell specification in vivo. In addition, we found that
HDAC-X collaboratively repressed the expression of critical genes for early somatic cell
development in forming PGCs with a germ cell-specific transcription factor to ensure the PGC

fate.
We also identified miRNA specifically expressed in germ cells and found that they played a role
on spermatogenesis. In addition, we showed that oxidative phosphorylation (OXPHOS) was
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enhanced while glycolysis was repressed in PGCs compared with ES cell, and stimulated

OXPHOS was critical in early phase of PGC specification.

2) Trans-generational inheritance of epi-mutation accumulated in testicular germ cells during
aging

We examined DNA methylation status in sperm in young and aged males by the SSM-PBAT
method. As a result, hyper- and hypo-methylated differentially methylated regions (DMRs) in
aged sperm compared with young sperm were found, and autism spectrum disorder (ASD)-
related and schizophrenia-related genes were located near some of the hypo-methylated DMRs.
In addition, those genes shared a binding motif of a transcription repressor REST known to be
involved in ASDs.

3) Direct reprogramming of pluripotential stem cells and somatic cells into germ cells by
epigenetic manipulation

We previously reported global repression of germ cell-specific genes by a transcription factor,
Max in ES cells, but its molecular mechanisms are still not fully understood. We found that Max
interacted with a DNA methyl transferase or a histone H3K9 tri-methyl transferase and
recruited those enzymes to the target genes to repress their expression via DNA methylation and
H3K9 tri-methylation, respectively.

We also demonstrated that the expression of some germ cell-specific genes was selectively de-
repressed in mouse embryonic fibroblasts (MEFs) by addition of the inhibitors for repressive
epigenetic modification in culture medium. To attempt further conversion of MEF's into cells with
germ cell properties, we performed in silico analysis to select transcription factor genes
preferentially expressed in PGCs or GSCs (germ line stem cells) compared with MEFs, and
identified genes up-regulated in PGCs or GSCs in several folds, some of which were known to
play a role on germ cell development. We have over-expressed some of those genes together in

MEFs, but global up-regulation of germ cell-specific genes have not been so far observed.
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Professor Tomohiro Kono (Department of Bioscience, Tokyo University of Agriculture) performed
comprehensive analysis of DNA methylation and histone modifications in the mouse germline by using a
small number of cells. This research was performed in collaboration with Professor Yasuhisa Matsui
(Tohoku University), the team leader of this project, and generated highly reliable and comprehensive data
for the modifications of all six histones (H3K4mel, H3K4me3, H3K27ac, H3K27me3, H3K9me2 and
H3K9me3) by using 1 x 10 ~ 4 cells. Comparison of histone modifications in male and female PGCs and
the transcriptome data sets revealed that histone modificatiosn play an important role in the regulation of
gene expression in PGCs after demethylation. In addition, by using PBAT method for a small number of
germline cells, comprehensive DNA methylome analysis was performed throughout the developmental
process. The results provided the complete spectrum of the reprogramming at a single-base resolution. To
gain better understanding of the transgenerational effects of the epigenome, the DNA methylome of
oocytes from somatic cloned mice was analyzed by the PBAT method and DNA methylation errors in the

oocytes that evaded from germline reprogramming were successfully detected.
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