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Networking of genome and epi-genome
analysis in pediatric and obstetric diseases
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Yoichi Matsubara
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Director of Research Institute at the National Center for Child
Health and Development

Graduated from Tohoku University School of
Medicine in 1979. Professor of Medical Genetics at
Tohoku University School of Medicine (2000-2013).
Director of Research Institute at the National Cen-
ter for Child Health and Development (NCCHD)
(2013-present).

Specialized in molecular analysis of Mendelian genetic disor-
ders

Our research group aims to perform genetic analy-
sis using next generation sequencer to identify
pathogenic mutations in various genetic disorders in
collaboration with various research groups on rare
diseases. We also perform epigenetic analysis and
metagenome/microbiome analysis for clinical ap-
plication. Furthermore we plan to organize nation-
wide network for clinical genetic testing service for
pediatric and perinatal medicine. In 2014, we provid-
ed 276 exomes and 300 target sequences. We were
able to identify pathogenic mutations in 142 of 577
cases (24.6%). Novel pathogenic genes were discov-
ered in hyperphosphatasia/mental retardation syn-
drome and steroid-resistant nephrotic syndrome. A
therapeutic trial on a genetic condition was carried
out: targeted molecular therapy successfully ame-
liorated disease phenotype in newly-created model
mice of cardio-facio-cutaneous (CFC) syndrome. We
also identified novel 286 copy number variations
in 412 pregnant women enrolled in the NCCHD-
Biobank project.
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Core facilities :

Tohoku University

Bioinformatics
SNP and indel detection
Transcriptome analysis
Epigenome & metagenome

Large-scale genome analysis
Whole exome sequencing
Targeted resequence
Whole genome sequencing
SNP and CNV analysis
Transcriptome
Epigenome & metagenome

Kbiagnastic rare disease panel

Requests for
genomic analysis

Collaboration with
the NCCHD biobank
and other national

center biobanks

Support for rare Comprehensive support
disease research for genetic testing

Rare disease mutation database
Data collection and release -
Quality assurance

4__'
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Genomic analysis network NCCHD and Tohoku University Support for genetic testing
in collaboration with other 4 = Search for novel disease-causing genes Guidelines
research groups and -~ *Epigenome analysis ELSl issues

academic societies’ *Metagenome and microbiome analysis Reporting analytical results
New interface for clinics

Genetic
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Representative findings in 2014

= Next generation sequencing analysis

- 276 exomes, 300 targeted resequencing

- Pathogenic mutations identified in 142 of 577 cases (24.6%)
* Gonadotropin deficiency

- Pathogenic mutations identified
* Hyperphosphatasia/MR syndrome

- Novel disease-causing gene identified
= Steroid-resistant nephrotic syndrome

- Novel disease-causing gene identified and verified in model mice
* Generation of CFC model mice

- Embryonic lethal, skeletal and cardiac abnormalities

- Phenotype ameliorated by MEK inhibitors and histone

demethylase inhibitor
* NCCHD-biobank
Novel CNVs identified in 412 pregnant women
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Whole exome sequencing center for genetic
intractable diseases
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Naomichi Matsumoto
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Professor and Chair at Department of Human Genetic,

Yokohama City University

1986
1997
1997
-2000
2000
-2003
2003

MD from Kyushu University
PhD from Nagasaki University
Research Associate at University of Chicago

Associate Professor at Nagasaki University

Professor and Chair at Department of Hu-
man Genetic, Yokohama City University
2014 Editor-in-Chief for Journal of Human Genetics

Expertise: Human Genetics and Genomic Medicine

Whole Exome Sequencing (WES) Center at Yoko-
hama City University (YCU) started with the aid of
MHLW grant 2011-2013 as one of five Next Genera-
tion Sequencing Centers for intractable diseases in
Japan. In 2014, the next MHLW grant again sup-
ported our YCU WES center and we started our
project mainly focusing on rare genetic disorders.
Unreported culprit mutations have been already
found in several diseases and genetic diagnostic ser-
vices are being offered to various patients accord-
ing to the requests from medical doctors. In 2014,
we strengthened our computing servers to afford
handling large data from many patients by adding
>500 CPUs to our analytic server systems and we
published many important genes responsible for
genetic diseases including SOX// in Coffin-Siris syn-
drome (Nat Commun 2014), PIGA in EOEE (Neurol-
ogy 2014), TUBB4A in H-ABC (Neurology 2014), etc.
At the end of December in 2014, we finished WES
in 6313 samples (1759 samples only in 2014) in our
Center.
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Whole exome sequencing center for genetic intractable diseases

PI: Naomichi Matsumoto, Dept Hum Genet, Yokohama City Univ Grad Sch Med
Collaborators: Shiro Ikegawa+RIKEN IMS

Atsushi Takahashi+RIKEN IMS

Yoshimitsu Fukushima+Dept Med Genet, Shinshu Univ

Progress in 2014 Isolation of disease genes
Di dis:3 genes

Recessive dis:3 genes

Papers published in 2014
29 papers published
27 papers in press

Nat Rev Neurol (News & Views), 2014 J

) News Daper 1eport [ Gonome conter (173 me) |
Clinical exome seq QRO wiw-wn | Will be set up in a new
in neurology practice g o] | building

Satoko yataies 37 Neomichi Matsmoto

'
}}
Chinical exome sequencing (CES) is becoming a standard tool for /|
molecular dlagnosis of genetic disorders, with a diagnostic yield of ¥ 7 LI W 3
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Comments on two neurology
papers describing clincal WES as

e oy a WES expert | For medical genome center |
1 1
ARTICLE ARTICLE ”
DeAnovo ;o;ﬂ; muz;t-»'onscause Coffin-Siris Lt M,C,/.F - De novo SOXT1 mutations cause Coffin-Siris T A
syndrome syndrome
e T Gk i ke O bl P’ s o Mt et Nl i, sk O, Sl e s ZWMM;mee novo mutations in two cases
i, i b b i ot QG CIMTT L TR RIRE R e o e o
BAF PBAF
e @ <D
? e ey e e
S0X11 controls
e gf{;‘éﬁl: Neuronal
e BT3RS progenitor cells
M 1 EFTBAF Under BAF
j % cHICHE - complex.
;ﬂ, - WIREMBE%
5 i =% = B
2 2
Germline mutationtc B3 2 LBZ(2014ERHSIKE:) Germline mutation-related papers (selected publication in 2014)
B2 ME-S BEREF HEE lyear |disease u
1201411 elghB4FE GYG2 Hum Genet 2014|Leigh encephalopathy GYG2
1 2014] Coffin-SirisTEIRE: S0X11 Nat Commun __| 2014|Coffin-Siris syndrome S0X11
2014 | BWiBiETADA KT PIGA Neurology (&) | 2014]EOEE PIGA cover
2014 | {EEFASA(L B B B 7 TUBBA Neurology 2014]H-AHC TUBBA Y
2014 | WEBIETAMAERTE SCN8A Epilepsia 2014|EOEE SCN8A
2014| SEXIEMMBE €0G2 Clin Genet 2014 Congenital glycosylation disord | COG2
2014 | 5169 PHE - BRAR R EEF1A2 Clin Genet 201411D- dysmorphic face EEF1A2
014 FMEMEMIEXH DDHD2 Sci Rep 014|Late onset paralytic ataxia DDHD2
014 MEHASE BMP1 Hum Mut 014 BMP1
014| SA/$F— ORAL1 Hum Mol Genet | 014|Myopathy ORAI1
Low grade mosaic mutationtCBd25&32(2014 ) )
9 o ) Low grade mosaic mutation papers (2014)
2014 AQ J Hum Genet
Sturge-WeberZE $% 8¢ year |disease gene journals
2014 {7V SAINF— TA1 2014[Sturge-Weber syndrome [GNAQ J Hum Genet
2014]Nemaline myopathy TA1
SRR A BB o TELR | =
Special analytic method was necessary!
3 3
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Genome Analysis of Cardiovascular
Disease Aiming Drug Discovery
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Seiji Takashima
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Osaka University School of Medicine, Professor

1993
-1997
-2008

Osaka University, Ph.D., Medical Science
Children Hospital, Boston, Fellow

Osaka University School of Medicine, Clinical
and Research Fellow

Osaka University School of Medicine, Associ-
ate Professor

-Present Osaka University School of Medicine, Professor

-2013

Our base team has built causative gene identifica-
tion system of cardiovascular disease. In addition,
if the gene product can be a drug discovery target,
we are allowed to proceed to the biochemical and
physiological analysis at the same time.

As a flow of analysis patient genes were subjected
to target re-sequencing followed by exome analysis.
We promoted exome analysis of about 200 cases
in this fiscal year. As a result should be noted, we
have developed the program which efficiently iden-
tify the disease causing genes from the results of
exome. After extracting molecule of drug target
from among the identified causative genes, clinical
trial of the specific inhibitor for the target molecule
is also in progress.

In our base, we have created a plan of genome anal-
ysis that all departments in our university to partic-
ipate, and has been approved by the ethics commit-
tee. In addition, in the newly established 200 square
meters Genome Analysis Center, we will concen-
trate the process of genome analysis and analyze in
a format that was unified genomic information from
heterogeneous disease populations. These in house
mutation data are also easy to be integrated into
nationwide data, and this trial has become easy and
ideal gene analysis model in Japan.
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i Target Hereditary Diseases

Disease Category

@ Dilated Cardiomyopathy ® Arrhythmia

@ Hypertrophic Cardi path @ Metabolic Cardiomyopathy

@) Restrictive Cardiomyopathy Ischemic Heart Di

@ ARVC (9 Congenital Heart Disease ®
Compaction Anomaly @ Vascular Disease

b

Rare Intractable Diseases and
Drug Discovery Development Objects
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i Research Purpose

Intensive genetic analysis and investigate the cause of each disease

I(I

Required Matters for Successful Genome Research

@Uniﬁcation of the human genome ethics research
program content

(2) Unification of sequence analysis protocols

(3)Unification of information analysis protocols

(@)Reduction of analysis cost

(5) Construction of clinical feedback system

e

Unified Genome Analysis System of Cardiovascular Disease

HRShES

=B 15 (ERBZHSFIR)

.

# X
Target Reseq. . EX
w_ A " Target Reseaq.
. ,g?—" = !

>

P

RERHT /L1320 (RERKZE)
Exome, Whole Genome Analysis

i Research Participation Facilities

Nation Wide 15 Facilities (Cardiovascular Medicine)

Shiga Med. Univ.
Target Reseq. . Tokyo Univ.
= ﬁ‘g Target Reseq.
oY=

>
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Trans-omics analysis of rare
diseases in Japanese
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Center for Genomic Medicine, Kyoto University Graduate School
of Medicine, Kyoto, Japan

B.Sc. (Mathematics), 1983, Kyoto University,

Ph.D. (Molecular Biology), 1990, Kyoto University

Graduate School of Medicine

1990 Assistant Professor, Kyoto University

-1998

1998 Head of Gene Identification, Centre National

2007 de Genotypage, France

2003 Professor, Kyoto University Graduate School
of Medicine

2007 Research Director, Institute National de la

-2010 Sante et de la Recherche Medicale INSERM)
U.852 (Joint Appointment)

2008 Director, Center for Genomic Medicine, Kyo-
to University Graduate School of Medicine

Whole genome and exome sequencing (WGS and
WGS) using next generation sequencing technology
is a powerful approach in identifying genomic varia-
tions associated with a variety of diseases. However,
it is essential to identify disease-associated biomark-
ers for accurate diagnosis and prognosis prediction
as well as development of new drugs. For this pur-
pose we initiated a systematic approach of the com-
prehensive omics analysis (genome, transcriptome
and metabolome) using patients’ blood samples.
IgG4-RD is a newly defined disease entity with un-
known etiology showing elevated blood IgG4 levels
and infiltration of IgG4+ plasma cells. We have es-
tablished a multi-institutional consortium consisting
of more than 30 research institutions and hospitals
for the multiple omics study of IgG4-RD, and collect-
ed approximately 1,000 DNA samples, 600 plasma
samples and 50 RNA samples with detailed clinical
information for diagnosis. Genome scanning as well
as WES analysis identified significant association of
the HLA locus and a few other gene loci with the
disease.
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What is IgG4-related disease (IgG4-RD)?

A newly defined disease entity with unknown etiology
* Morbidity: estimated 0.7~1.3/100,000
* Elevated blood IgG4 levels

A variety of clinical conditions previously considered as unrelated

Table 2. Names of previously recognized conditions that comprise or
may comprise parts of the IgGé-related discase spectrum

Mikulicz disease

Kiittner tumor

Riedel thyroiditis

Eosinophilic angiocentric fibrosis

Multifocal fibrosclerosis

Lymphoplasmacytic sclerosing pancreatitis/

Inflammatory pseudotumor

Fibrosing mediastinitis

Sclerosing mesenteritis

Retroperitoneal fibrosis (Ormond discase)

Periaortitis/periarteritis

Inflammatory aortic aneurysm

Cutaneous pseudolymphoma

Idiopathic hypertrophic pachymeningitis

Idiopathic tubulointerstitial nephritis

Idiopathic hypocomplementemic tubulointerstitial nephritis
with extensive tubulointerstitial deposits

Idiopathic cervical fibrosis

Yamamoto, M. ot al. Nat. Rev. Rheumatol. (2013)

Stone, J. ot al, Arthritis Rheum. (2012)

Objectives and purposes of the genomic analyses

ldentification of genetic determinants associated with
1gG4-RD and its subtypes in Japanese

>A Multi-institutional collaboration of Japan IgG4-RD Study

Group (>30 institutions)

>G wide iation analyses using SNP arrays and
whole exome sequencing

~identification of biomarkers for drug response and
prognosis prediction

>Trans-omics study using newly diagnosed patients’ blood
samples in a prospective manner (plasma metabolome and
proteome, PBL transcriptome, etc.)

2
GWA study of IgG4-related disease
LA o HLA - Raw data ] / g
u : 1 / /
f., )
U amtar
M.menmu
4 5 6 7 l 9 10 11 12 131‘ 1l 1! an Y
wof Gomectedwithpcs | 77
l‘ O : | /|
L
i e
2] b i ¢ ik e et
1 2 3 4 5 6 7 8 9 101112 1314 16 18 2022X
Chromosome 15 1719 21
*14 statistically significant PCs (p<0.05) were used for correction
3
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Development of disease-modifying therapy
from a nation-wide cohort with bio-resources
studies for sporadic amyotrophic lateral
sclerosis patients
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Professor of Department of Neurology,
Nagoya University Graduate School of Medicine

Graduated from Nagoya University School of Medi-
cine in 1975 (MD). Completed Nagoya University
Graduate School of Medicine in 1981 (PhD). He has
been working on elucidation of the pathogenesis
and therapy development for neurodegenerative
disorders.

We constructed a multicenter registration and
follow-up system for amyotrophic lateral sclerosis
(ALS) patients called JaCALS, and stored genomic
DNA samples and B-cell lines of the registered pa-
tients. We began registration in 2006, and have reg-
istered 1007 ALS patients until now.

The course of functional decline in patients with
amyotrophic lateral sclerosis (ALS) varies substan-
tially between individuals; however, the genetic
background underlying these variations is unclear.
We classified the patterns of functional decline in
patients with sporadic ALS and explored the ge-
netic backgrounds that modified these patterns.

We clustered the longitudinal functional scores in
the registered patients using a mixture approach of
the nonlinear mixed-effects model. We conducted a
genome-wide analysis of 700,000 SNPs and 250,000
exome variants. We then assessed the association
between the clusters of longitudinal functional
scores and SNPs.

We identified 7 SNPs associated with the cluster
of rapid functional decline using a recessive model
(odds ratio 55~5.8, p=2.7%x10"% ~ 64x10~%, which
may serve as a therapeutic target to ameliorate the
progression of sporadic ALS. We are now produc-
ing the iPS cell library with the identified SNPs and
promoting pathological analyses and drug screening

for developing disease modifying therapies of ALS.
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