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imprinted differentially methylated regions
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We established a catalog of 789 probes corresponding to 50 known imprinted
differentially methylated regions (DMRs) on the Infinium HumanMethylationEPIC BeadChip and also
identified two novel maternally methylated regions associated with PTCHD3 and JAKMIP1. We also
established experimental and bioinformatic protocols to conduct amplicon bisulfite sequencing using
a bench-top NGS system. These outcomes enable researchers and clinicians to more easily and rapidly
conduct genome-wide DNA methylation analyses to diagnose imprinting disorder patients. We also
conducted ATAC sequencing on F1 hybrid mouse 9.5dpc embryos from the reciprocal crosses of C57B6 and

JF1 strains, and obtained genome-wide allele-specific open chromatin information. This dataset will
help us to further elucidate regulatory mechanisms of imprinted gene expression.

DNA



DNA

(imprinted differentially methylated region, iDMR) iDMR
iDMR
David Monk
2010 iDMR
70 iDMR
iDMR
iDMR iDMR
germline-DMR DNA
IG-DMR DIk1-Dio3
iPS iPS
(A)
(B)
PCR PCR
DNA
MiSeq bismark
(https:/fwww.bioinformatics.babraham.ac.uk/projects/bismark/) hg19
bam
QUMA (QUantification tool for Methylation Analysis) CUI (http://quma.cdb.riken.jp/top/index_j.html)
DNA 1
DNA
1 4 8
DNA EPIC HumanMethylation BeadChip 850,000
CpG DNA
DNA 50 iDMRs CpG
iDMR 124 iDMR 40
DNA
ATAC
ATAC



F1 9.5 C57B69x JF13 JF19x C57B63 ATAC
DNA EPIC
DNA (imprinted
differentially methylated region, iDMR)
EPIC DNA 50 DMR
789 CpG Hernandez Mora et al. Epigenomics. 2018
iDMR JAKMIP1-DMR  PTCHD3-DMR EPIC
Silver-Russell 94
Inoue et al. Clin. Epigenet. 2020 ZNF597-DMR
Yamazawa et al. J.Med. Genet. 2020 iDMR

FAMO57_cord-blood

Paternal A allele  Matemal G_allele
16.4% methylated 88.6% methylated
(587/357%in 389 reads) (2350/2651 in 295 reads)

Graphical abstract:

/ Normal diploidies

Mosaic uniparental diploidies

a
|

Matemaly  Patemaly Matemally  Patemally tatemall Patemally
meihylated  melhylated medhylat meihylated meiiylaied  melhylated
DMR DMA MR DMR DMA OMA
Mt SR (| Pt S M- || Mot - SN -
Pat - S Mot - S
~0%

~100% ~100% 0%

Maternally
EPIC
BeadChip methylated DMR
(850 K probes)
Patemally
methylated DMR

Selection and validation of imprinted DMR probes

————————————————————————————————
I

792 probes in | 467 candidate probes JAKMIP1-DMR :

known 50 DMRs I (124 regions) PTCHD3-DMR 1

| |

________________________________

Q A catalog of EPIC array probes for the DNA methylation profiling of
imprinted DMRs

DNA
(iDMR)
PMID: 29962238)
iDMR LTR
Commun. 2019 ;10:5674)
DMR
iDMR
HDP (FGR)
39 iDMR
DNA HDP FGR
140 3
IGF2-DMRO/IGF2-DMR2 H19

Yamaguchi Y et al. Clin Epigenet. 2019; 11:113

FAMQ92_cord-blood

Paternal G_allele  Maternal A_allele
24.2% methylated  76.6% methylated
(863/3569in 397 reads) (2729/3561 in 396 reads)

PCR

Bogutz AB et al. Nat

140
22 iDMR
IGF2-DMR2
H19-DMR
IGF2



ES TS

4C-seq HiC Tead4
(Tomikawa J et al. Nucleic Acids Res. 2020 ;48:278-289) C57B6 JF1
ES (B6xJF1 JF1xB6) capture-HiC
iDMR
SNPsplit
(https://www.bioinformatics.babraham.ac.uk/projects/SNPsplit/) B6 JF1
F1 9.5 ATAC
DNA
/
< >
1. Corces MR et al. An improved ATAC-seq protocol reduces background and enables interrogation of frozen

tissues. Nat Methods. 2017 14:959-962. PMID: 28846090

F1



12 9 2 9

Bogutz Aaron B. Brind’ Amour Julie Kobayashi Hisato Jensen Kristoffer N. Nakabayashi 10

Kazuhiko Imai Hiroo Lorincz Matthew C. Lefebvre Louis

Evolution of imprinting via lineage-specific insertion of retroviral promoters 2019

Nature Communications 5674
DOl

10.1038/s41467-019-13662-9

Tomikawa Junko Takada Shuji Okamura Kohji Terao Miho Ogata-Kawata Hiroko Akutsu Hidenori 48

Tanaka Satoshi Hata Kenichiro Nakabayashi Kazuhiko

Exploring trophoblast-specific Tead4 enhancers through chromatin conformation capture assays 2020

followed by functional screening

Nucleic Acids Research 278 289
DOl

10.1093/nar/gkz1034

Yamaguchi Yuko Tayama Chiharu Tomikawa Junko Akaishi Rina Kamura Hiromi Matsuoka Kentaro 11

Wake Norio Minakami Hisanori Kato Kiyoko Yamada Takahiro Nakabayashi Kazuhiko Hata

Kenichiro

Placenta-specific epimutation at H19-DMR among common pregnancy complications: its frequency 2019

and effect on the expression patterns of H19 and IGF2

Clinical Epigenetics 113
DOl

10.1186/s13148-019-0712-3

Okamura Kazuyuki Nakabayashi Kazuhiko Kawal Tomoko Suzuki Takehiro Sano Tomoharu Hata 110

Kenichiro Nohara Keiko

DNA methylation changes involved in the tumor increase in F2 males born to gestationally 2019

arsenite- exposed F1 male mice

Cancer Science 2629-2642

DOl
10.1111/cas.14104




Hernandez Mora Jose R Tayama Chiharu S?nchez-Delgado Marta Monteagudo-S?nchez Ana Hata 10

Kenichiro Ogata Tsutomu Medrano Jose Poo-Llanillo Maria E Sim?n Carlos Moran Sebastian

Esteller Manel Tenorio Jair Lapunzina Pablo Kagami Masayo Monk David Nakabayashi Kazuhiko

Characterization of parent-of-origin methylation using the Illumina Infinium MethylationEPIC 2018

array platform

Epigenomics 941 954
DOl

10.2217/epi-2017-0172

Katoh Noriko Kuroda Keiji Tomikawa Junko Ogata-Kawata Hiroko Ozaki Rie Ochiai Asako 10

Kitade Mari Takeda Satoru Nakabayashi Kazuhiko Hata Kenichiro

Reciprocal changes of H3K27ac and H3K27me3 at the promoter regions of the critical genes for 2018

endometrial decidualization

Epigenomics 1243 1257
DOl

10.2217/epi-2018-0006

Inoue Takanobu Yagasaki Hideaki Nishioka Junko Nakamura Akie Matsubara Keiko Narumi 56

Satoshi Nakabayashi Kazuhiko Yamazawa Kazuki Fuke Tomoko Oka Akira Ogata Tsutomu Fukami

Maki Kagami Masayo

Molecular and clinical analyses of two patients with UPD(16)mat detected by screening 94 2018

patients with Silver-Russell syndrome phenotype of unknown aetiology

Journal of Medical Genetics 413 418
DOl

10.1136/jmedgenet-2018-105463

Nakamura Akie Muroya Koji Ogata-Kawata Hiroko Nakabayashi Kazuhiko Matsubara Keiko Ogata 55

Tsutomu Kurosawa Kenji Fukami Maki Kagami Masayo

A case of paternal uniparental isodisomy for chromosome 7 associated with overgrowth 2018

Journal of Medical Genetics 567 570

DOl
10.1136/jmedgenet-2017-104986




Nohara Keiko Nakabayashi Kazuhiko Okamura Kazuyuki Suzuki Takehiro Suzuki Shigekatsu Hata 13

Kenichiro

Gestational arsenic exposure induces site-specific DNA hypomethylation in active 2020

retrotransposon subfamilies in offspring sperm in mice

Epigenetics & Chromatin -
DOl

10.1186/s13072-020-00375-3

Hara-Isono Kaori Matsubara Keiko Fuke Tomoko Yamazawa Kazuki Satou Kazuhito Murakami 12

Nobuyuki Saitoh Shinji Nakabayashi Kazuhiko Hata Kenichiro Ogata Tsutomu Fukami Maki

Kagami Masayo

Genome-wide methylation analysis in Silver?Russell syndrome, Temple syndrome, and Prader?Willi 2020

syndrome

Clinical Epigenetics -
DOl

10.1186/s13148-020-00949-8

Yamazawa Kazuki Inoue Takanobu Sakemi Yoshihiro Nakashima Toshinori Yamashita Hironori 58

Khono Kaduki Fujita Hideki Enomoto Keisuke Nakabayashi Kazuhiko Hata Kenichiro Nakashima

Moeko Matsunaga Tatsuo Nakamura Akie Matsubara Keiko Ogata Tsutomu Kagami Masayo

Loss of imprinting of the human-specific imprinted gene ZNF597 causes prenatal growth 2020

retardation and dysmorphic features: implications for phenotypic overlap with Silver-Russell

syndrome

Journal of Medical Genetics 427 432

DOl
10.1136/jmedgenet-2020-107019

9 5 0

David Monk

2019




KLF14

2019

20

2018

pigenomics for child health and development: genomic imprinting and beyond

30th Anniversary of Andrew Sass-Kortsak Award Symposium

2018

12

2018




(SureSelect, TruSeq Exome)

41

2018

2017

2017

2020




Kazuhiko Nakabayashi

2020

Elsevier

24

Epigenetics Methods

https://ww.ncchd.go. jp/hospital/about/doctor/ntec/n02.html
https://ww.researchgate.net/profile/Kazuhiko_Nakabayashi

(Tayama Chiharu)

(60774445) (82612)

(Tomikawa Junko)

(80534990) (82612)

(Kagami Masayo)

(70399484) (82612)




(Hata Kenichiro)

(60360335)

(82612)

University of British
Columbia

PEBC IDIBELL




