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We have studied the profiles and roles of epigenomic modifications involved
in genomic imprinting and transposon repression during mammalian gametogenesis and early
development. We found that: histone H3K9 methylation, which is known to be important for transposon
repression, is essential for germ cell development; the mechanism of transposon repression switches
from RNA degradation to DNA methylation during spermatogenesis; the profiles of DNA methylation and
gene expression change upon spermatogonial stem cell formation; a factor responsible for DNA
methylation maintenance in somatic cells is involved in de novo methylation in oocytes; primordial
germ cell-like cells in culture, which provide an important source for biochemical analyses of germ
cells, recapitulate the DNA methylation and gene expression profiles of their in vivo counterparts.
Our results provide important insights into the genomic and epigenomic regulation of gametogenesis

and early development.

DNA



DNA

DNA
DNA
Dnmtl

CpG
DNA

DNA

Dnmt
Piwi Uhrf
Pgc7

DNA

Zfp57
KRAB

DNA post-

bisulfite adaptor tagging
ultra-low-input
RNA

HiSeq1500 HiSeq2500

AMED-CREST
CRISPR/Cas9
loxP
Zp3-Cre Gdf9-Cre
1
DNA
Kubo et al. 2015
CG
5hmC
DNA
Dnmt31
Liao et al. 2014
DNA
Shirane et al. 2016 Ishikura et al.
2016

DNA

Ohta et al. 2017



Shirane et al. 2016

2
H3K9 H3K9me3 Setdbl
Liu
et al. 2014 DNA
Dnmt31 RNA
piRNA Mili
piRNA
RNA
DNA
Inoue et al.
2017 Mili Miwi
piRNA
Kabayama et al. 2016
PiRNA
DNA
RNA piRNA
DNA
DNA
DNA
H3K9me2
Pgc7
5mC
H3K9me2  DNA
H3K9me2
G9a
H3K9me2
DNA
Pgc7
DNA Uhrfl
Uhrfl
DNA

Maenohara et al. 2017

5mC 5hmC
Dnmt3a DNA
5mC
Amouroux et
al. 2016

3
Uhrfl Dnmtl
Dnmt3a

Uhrfl  Dnmt3a DNA

Uhrfl

Maenohara et al. 2017
Uhrfl
Uhrfl

Zfp57
KRAB

50%
6
6
Okae et al. 2014 Shiura et al.
2014 Shirane et al. 2016 Ishikura et al.
2016 Ohta et al. 2017 Kabayama et al.
2017

KRAB



20
Shimosuga, K., Fukuda, K., Sasaki, H.,
and Ichiyanagi, K. (2017). Locus
specific hypomethylation of the mouse
IAP retrotransposon is associated with
transcription factor-binding sites.
Mobile DNA 8, 20.
doi:10.1186/s13100-017-0105-0
Maenohara, S., Unoki, M., Toh, H.,
Ohishi, H., Sharif, J., Koseki, H., and
Sasaki, H. (2017). Role of UHRF1 in de
novo DNA methylation in oocytes and
maintenance  methylation in  pre
implantation embryos. PL0oS Genet. 13,
€1007042.
doi:10.1371/journal .pgen.1007042
Ohta, H., Kurimoto, K., Okamoto, I.,
Nakamura, T., Yabuta, Y., Miyauchi, H.,
Yamamoto, T., Okuno, Y., Hagiwara, M.,
Shirane, K., Sasaki, H., and Saitou, M.
(2017). In vitro expansion of mouse
primordial germ cell-like cells re
capitulates an epigenetic blank slate.
EMBO J. 36, 1888-1907.
doi:10.15252/embj .201695862
Inoue, K., Ichiyanagi, K., Fukuda, K.,
Glinka, M., and Sasaki, H. (2017).
Switching of dominant retrotransposon
silencing strategies from post
transcriptional to transcriptional
mechanisms during male germ-cell
development in mice. PLoS Genet. 13,
€1006926.
doi: 10.1371/journal .pgen.1006926
Kabayama, Y., Toh, H., Katanaya, A.,
Sakurai, T., Chuma, S., Kuramochi
Miyagawa, S., Saga, Y., Nakano, T., and
Sasaki, H. (2017). Roles of MIWI, MILI,
and PLD6 in small RNA regulation in
mouse growing oocytes. Nucl. Acids Res.
45, 5387-5398.
doi: 10.1093/nar/gkx027
Ishikura, Y., Yabuta, Y., Ohta, H.,
Hayashi, K., Nakamura, T., Okamoto, 1.,
Yamamoto, T., Kurimoto, K., Shirane, K.,
Sasaki, H., and Saitou, M. (2016). In
vitro derivation and propagation of
spermatogonial stem cell activity from
mouse pluripotent stem cells. Cell Rep.
17, 2789-2804.
doi:-10.1016/j.celrep.2016.11.026
Shirane, K., Kurimoto, K., Yabuta, Y.,
Yamaji, M., Satoh, J., Ito, S., Watanabe,
A., Hayashi, K., Saitou, M., and Sasaki,
H. (2016). Global landscape and
regulatory principles of DNA
methylation reprogramming for germ cell

specification by mouse pluripotent stem
cells. Dev. Cell 39, 87-103.
doi:10.1016/] -devcel .2016.08008
Amouroux, R., Nashun, B., Shirane, K.,
Nakagawa, S., Hill, P.W_, D’ Souza, Z.,
Nakayama, M., Matsuda, M., Turp, A.,
Ndjetehe, E., Encheva, V., Kudo, N.R.,
Koseki, H., Sasaki, H., and Hajkova, P.
(2016) . De novo DNA methylation drives
5hmC accumulation in mouse zygotes. Nat.
Cell Biol. 18, 225-233.
doi:10.1038/nch3296

2016
34

1549-1553.

Kubo, N., Toh, H., Shirane, K.,
Shirakawa, T., Kobayashi, H., Sato, T.,
Sone, H., Sato, Y., Tomizawa, S.,
Tsurusaki, Y., Shibata, H., Saitsu, H.,
Suzuki, Y., Matsumoto, N., Suyama, M.,
Kono, T., Ohbo, K., and Sasaki, H.
(2015). DNA methylation and gene
expression dynamics during
spermatogonial stem cell
differentiation in the early postnatal
mouse testis. BMC Genomics 16, 624.
doi:10.1186/s12864-015-1833-5

Amakawa, Y., Sakata, Y., Hoki, Y., Arata,
S., Shioda, S., Fukagawa, T., Sasaki, H.,
and Sado, T. (2015). A new Xist allele
driven by a constitutively active
promoter is dominated by Xist locus
environment and exhibits the parent of-
rigin effects. Development 142,

4299-4308.
doi:10.1242/dev.128819
2015
34 852-856.
2015
61
641-646.

Ichiyanagi, T., Ichiyanagi, K., Ogawa,
A., Kuramochi-Miyagawa, S., Nakano, T.,
Chuma, S., Sasaki, H., and Udono, H.
(2014) . HSP90a plays an important role
in piRNA biogenesis and retrotransposon
repression inmouse. Nucl. Acids Res. 42,
11903-11911.

10.1093/nar/gku831

Liu, S., Brind*Amour, J., Karimi, M.M.,
Shirane, K., Bogutz, A., Lefebvre, L.,
Sasaki, H., Shinkai, Y., and Lorincz,
M_.C. (2014). Setdbl is required for germ
line development and silencing of
H3K9me3 marked endogenous retroviruses
in primordial germ cells. Genes Dev. 28,



2041-2055.

doi:10.1191/gad.244848.114

Liao, H.-F., Chen, W.S.C., Chen, Y.-H.,
Kao, T.-H., Lee, C.-Y., Chiu, Y.-C., Lee,
P.-L., Lin, Q.-J., Ching, Y.-H., Hata,
K., Cheng, W.T_K., Tsai, M.-H., Sasaki,
H., Ho, H.-N_, Wu, S.-C., Huang, Y.-H.,
Yen, P., and Lin, S.-P. (2014). DNMT3L
promotes quiescence in postnatal
spermatogonial progenitor  cells.
Development 141, 2402-2413.
doi:10.1242/dev.105130

Shiura, H., Okamoto, A., Sasaki, H., and
Abe, K. (2014). Whole-mount MeFISH: a
novel technique for simultaneous
visualization of  specific DNA
methylation and protein/RNA expression.
PLoS One 9, e€95750.
doi:10.1371/journal _.pone.0095750

Okae, H., Matoba, S., Nagashima, T.,
Mizutani, E., Inoue, K., Ogonuki, N.,
Chiba, H., Funayama, R., Tanaka, S.,
Yaegashi, N., Nakayama, K., Sasaki, H.,
Ogura, A., and Arima, T. (2014). RNA
sequencing-based identification of
aberrant imprinting in cloned mice. Hum.
Mol. Genet. 23, 992-1001.
doi.10.1093/hmg/ddt495

2014
32, 847-852.
2013 2
31
100-104.
28
2018.02.01
2
2017.12.15
40

2017
ConBio2017  2017.12.06-09

Sasaki, H. Epigenetic events in
mammalian germ cell development.
France-Japan Epigenetics
Workshop-2017: Chromatin and

methylation mechanisms in development
and disease, 2017.11.06-08, Paris,
France

Shirane, K., Kurimoto, K., Hayashi, K.,

Saitou, M., Sasaki, H. Global landscape
and regulatory principles of DNA
methylation reprogramming during germ
cell specification in vitro. The 50th
Annual Meeting of the Society for the
Study of Reproduction, 2017.07.13-16,

Washington DC, USA

Sasaki, H. Multiple roles for
epigenetic regulator UHRF1 in oocyte
growth and preimplantation development.
The 2nd IMCR Symposium on Endocrine and
Metabolism: International Frontiers in
Homeostatic  Regulation  Research,

2016.11.10-11, Maebashi

Sasaki, H. Multiple functions of the
epigenetic regulator UHRF1 1in mouse
oocytes revealed by trans-omics
approaches. The 26th Hot Spring Harbor
International Symposium, 2016.11.02-03,
Fukuoka

Sasaki, H. Roles for epigenetic
regulator UHRF1 in imprint maintenance
and  preimplantation  development.

Genomic Imprinting, Epigenetics and

Physiological Functions, 2016.10.02-07,
Erice, Italy

5 DOHaD
2016.07.23-24

80
2016.05.21

10
2016.05.19-20

Sasaki, H., Inoue, K., Fukuda, K.,
Glinka, M., and Ichiyanagi, K.
Switching from post-transcriptional to
transcriptional silencing of
retrotransposons during male germ-cell
development. The 4th Cold Spring Harbor
Asia  Conference on Chromatin,
Epigenetics and Transcription,
2016.05.09-13, Suzhou, China

Sasaki, H. Switching from post
transcriptional to transcriptional
retro transposon silencing during male
germ cell development in mice.
International Symposium on Epigenome
Dynamics and Regulation in Germ Cells,
2016.02.17-19, Kyoto

DNA RNA

2015.12.11-12
Sasaki, H. Genomic imprinting, DNA



methylation and small RNA in mouse germ
cells. The 40th Naito Conference on
Epigenetics From Histone Code to
Therapeutic Strategy, 2015.09.15-18,
Sapporo

21
3
2015.06.14
Sasaki, H. DNA methylation and gene
expression dynamics during
spermatogonial stem cell
differentiation in the early postnatal
mouse testis. The 2014 Max Planck
Freiburg Epigenetics Meeting, MPI of
Immunobiology and Epigenetics,
2014.12.03-05, Freiburg, Germany
Sasaki, H. Dynamic changes in DNA
methylation and gene expression in
spermatogonial stem cell generation and
differentiation in neonatal mouse
testis. International symposium on
Tumor Biology in Kanazawa, 2014.11.04,
Kanazawa
Sasaki, H. Parental imprinting as a
response to sex differentiation 87
The
Role of Epigenome in Response to
Environmental Cues 2014.10.18

56

2014.09.27
21
Pfizer
Endocrinology Forum 2014 2014.08.30

22 Sasaki, H. Dynamic changes in DNA
methylation and gene expression in
spermatogonial stem cell
differentiation in neonatal mouse
testis. 2nd Canadian Conference on
Epigenetics: Epigenetics Ehl,
2014.06.24-26, Ontario, Canada

23 Sasaki, H. DNA methylation and gene
expression profiles in mouse germ cell
development. International Society for
Stem Cell Research 12th Annual Meeting,
2014.06.18-21, Vancouver, Canada

24 Sasaki, H. Dynamic changes in DNA
methylation and gene expression in
spermatogonial stem cell
differentiation in neonatal mouse
testis. Epigenetics, chromatine &
transcription, Cold Spring Harbor
Conferences  Asia, 2014.05.05-09,
Suzhou, China

25

18

2013.12.07

26 Sasaki, H.: DNA methylation profiles in
mammal ian germ cell development. Annual
Meeting & Science Days IHEC 2013,
2013.11.10-12, Berlin, Germany

27 Sasaki, H.: Genomic imprinting and the
epigenome of mammalian germ cells. The
8™ Annual Conference of Asia Epigenome
Alliance, 2nd Taipei Epigenetics and

Chromatin Meeting, 2013.11.06-08,
Taipei, Taiwan
28
CG 85
2013.09.21
2
2014 5
, 78-89
2013 2 4
123-129
Shirane et al. Dev. Cell
2016 NHK

2016.09.16

2 PICK-UP TOPICS
URL:http://reprod-epigenome.biken.osa
ka-u.ac.jp

URL:http://www_bioreg.kyushu-u.ac.jp/
labo/epigenome/

o
SASAKI, Hiroyuki
30183825

@

®

(ICHIYANAGI, Kenji)
70401560
(UNOKI, Motoko)

30525374



