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The supercomputer system is constructed to serve as the basis of

|ﬂi! Eg AbOUt the BU|Id|ng the genome cohort and biobanking project for 150,000 people.
=1L

In addition to being a databank that stores various kinds of data,

SupercomPUter it should also be a basis for conducting various analyses such as
System the large-scale genome analyses to support next-generation
The building for Tohoku Medical Megabank Organization 4F medical treatment. The system has 14,320-core CPU and 24 GPU's
was designed for Tohoku Medical Megabank Project with massively parallel hard disk systems of 27 petabytes that can
and the construction of that completed in 2014. It is carry out high-speed data analysis, and is equipped with the latest
located on the southwest corner of the Seiryo campus. gglgcvto tape drive that is capable of storing data as a long-term storage.
The building has seismically isolated structure and some The system comprises the largest scale in Japan in the field of
characteristics specialized for the project. Around 300 mejdlcal- §C|e.nce..The sy./stem stores vanous-kmds of data after
people are working in this building for establishing the 3 de|dent|ﬁca.t|on, |ncI.ud|ng genome and omics data, as .weII as
genome medicine. F the survey information collected from the cohort studies and
physiological examination data, thereby ensuring a high level
Bpen to of security. At the same time, it is designed to efficiently conduct
) ) below the necessary analyses for achieving personalized prevention and
AL 7/ SIS (PRI B Sl medical treatment. The supercomputer system set up in 2014,
Structure Precast concrete structure (base then updated in 2018.
isolation system), joint complex
with the "School of Medicine, F
Building No.6".
Building area 3425.62m?
Total floor area 18017.67m?
Major facilities Biobank (Biospecimen Storage),

MRI, NMR, Genome Analyzing

System, Supercomputer System,

Sendai Community Support Center. - < Main
entrance

<> Equipment Configuration

Theater

Compute Node Compute Node Shared Memory High Performance
(CPU) (GPU) Type Computer Storage
Supercomputer System Total nodes : 656 Total nodes : 3 Totalnodes : 11
MRI Totalcore  :14,320 | Total GPU :24 Total core  : 672 27pPB

Biobank (Biospecimen Storage) (Extensible to 50PB)

Theoretical peak

Total . 78TB
otalmemory 8 performance : 180TF

Total memory : 25TB

Sendai Community Support Center

Sendai Child Health Square

&> Other
Genome Sequence Analysis
Network Tape Library
Omics Analysis
Array Analysis InfiniBand 4xFDR,40/10 Gigabit Ethernet 29PB (Total)

BEb oA
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Biobank

Biospecimen
Storage

The TMM biobank is one of the largest population-based biobanks in
Japan that stores millions of biological specimens in the state of the
art storage systems.

Automated sample storage system can hold 4.5 million tubes which
contain blood components, urine, breast milk and DNA at either -80°C
or 4°C. The system picks specimens automatically minimizing the
occurrence of human errors and sample damage. Liquid nitrogen
storage system can hold 1.3 million tubes in the vapor phase of liquid
nitrogen below -180°C. The tubes contain peripheral and cord blood
mononuclear cells and their derivatives. The specimen-associated
information is managed by the Laboratory Information Management
System(LIMS).

Genome
Sequence
Analysis

The sequencing facility has different types of next-generation
sequencers. Its annual output can be thousands of high-grade
whole human genome sequences. To perform such high throughput
sequencing without any sample mix-ups, we set up highly automated
experimental pipelines for sample preparations. Using not only
conventional next-generation sequencers but also so-called long-read
sequencers, various types of human genome diversities, such as
single-nucleotide variants and structural variants, are being analyzed.
In order to sequence a whole human genome with the best quality
possible, 25 to 100 times the amount of data (up to 300 billion letters)
must be collected for analysis. These massive amounts of data are
protected by a highly secure information network and analyzed with

our supercomputer system.

=~ Equipment Configuration

Automated sample storage

Brooks

samplestore I 4°C/Storage of DNA

Around 4.5million
sample tubes in total

Model Temperature / Purpose of Use Capacity Feature
Brooks -80°C/Storage of plasma, serum, Fully automated loading
Biostore Il buffy coat, urine, breast milk

and picking system.
Small aperture to prevent
the temperature change.

Liquid nitrogen storage

Model Capacity

Feature

Taiyo Nippon Sanso

DR-T000AT (G)-16 Around 1.3 million

sample tubes in total

Chart MVE
1894R-190AF-GB

Automatic filling device of liquid nitrogen.
Sample storage under gas phase below -180°C.

<> Equipment Configuration

Model

Feature / Use

Hiseq2500 (lllumina)

Large-scale sequencer / Whole genome and exome analysis

Miseq (lllumina)

Small-scale / Quality control of the sequences library and
metagenome analysis

NextSeq500 (lllumina)

Middle-scale sequencer / Gene expression analysis

lon Proton (Thermo Fisher)

Semiconductor sequencer / Exome analysis of cancer cells

lon PGM (Thermo Fisher)

Semiconductor sequencer / Targeted sequencing analysis of
multiple sites

PacBio RS Il (Pacific Biosciences)

Single-molecule fluorescent sequencer / Long-read sequencing
analysis

MinION (Oxford Nanopore Technology)

04

Single-molecule nanopore sequencer / Long-read sequencing
analysis
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The cutting-edge omics analysis facility is able to analyze and quantify,
to a high degree of precision, the various metabolites and proteins that

Omics are contained in the blood and urine samples stored in the biobank
. facility. Three high-field and high-sensitive nuclear magnetic resonance
AnaIYSIS (NMR) spectroscopy system (800MHz and 600MHz) and 13 units of

various types of mass spectrometry system (LC-MS, GC-MS, etc.) have
been installed for supporting wide variety of analysis. Each system has
an auto-sampler, making it possible to analyze several thousands of
samples per year. The obtained data are stored in the supercomputer
system. Our study provides the standard omics information (types and
quantity of metabolites and proteins) of the Japanese people, which is

Array
Analysis

The array analysis facility performs SNP genotyping using microarray
techniques. Three types of microarray systems are used according
to different purpose of projects. Each system is equipped with a
Laboratory Information Management System (LIMS) to record samples
and reagents information, conditions of dispensing robots, and others
for the process control. The microarray data are sent to a supercomputer
system, quality checks and genotype imputation are performed.

useful for a wide range of medical treatment and research.

<> Equipment Configuration

Nuclear magnetic resonance (NMR) spectroscopy system

Resonant

Model
Frequency

Purpose of Use

Equipment

Bruker 800 NMR 800MHz Targeted metabolome analysis.

High Sensitivity Cryogenic Probe

Bruker 600 NMR 600MHz

Comprehensive metabolome analysis. Auto-Sample Changer

Mass spectrometry system

Model Quantity Purpose of Use Equipment

Synapt G2-Si, QExactive, Comprehensive metabolome U-Itra‘-ngh Pressure
) ) . ’ 5 ) Liquid Chromatograph,
Orbitrap Fusion, Orbitrap Elite analysis.
HPLC, Nanos-LC

Xevo TQ-S, TSQ Quantum Ultra Ultrahigh-speed Liquid
TS(\; Quan‘tiva Tngon4gm & 7 Targeted metabolome analysis. Chromatograph, HPLC,

! Gas Chromatograph
TT5600 1 Targeted and comprehenswe Nano-LC

proteome analysis.
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=2 Equipment Configuration

Model Quantity Feature
Equipment for analyzing fully-customized arrays
GeneTitan™: Fully-automated loaded with approximately 700,000 SNPs
hybridization and scanner system 2 (Japonica Array®). With the standard specifications,
(Thermo Fisher Scientific) 1 machine can obtain data from 384 specimens
per week.
) Equipment for analyzing BeadChip microarrays.
iSCAN scanner system . . .
(luming) 2 Used to obtain data from Omni2.5 arrays, which
are loaded with approximately 2.5 million SNPs.
Microarray scanner system , Equipment for ar.1alyzmg microarrays which have
(Agilent Technologies) the probe DNA fixed as spots sprayed onto glass
slides.
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Sendai Community
Support Center

Sendai Community Support Center was established as an
assessment center for TMM CommCohort Study and TMM
BirThree Cohort Study performed by Tohoku Medical Megabank
Organization. We also established six more assessment centers
at Miyagi prefecture. We attempt to make the basis for
next-generation medicine by analyzing the genome information
and make storage for these big data. Participants are explained
individually by Genome Medical Research Coordinator (GMRC)
for the informed consent to join our project. In the center, there
are more than ten equipment for medical examinations such as
body composition analysis, bone density measurement,
respiratory function test and oral health check-up. We also have
MRI facilities, rooms for related cognitive assessment, and the
counseling rooms for mental healthcare and genetic counseling.

<> Community Support Centers in Miyagi a

Q o™ m a N T X
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Sendai Community Support Center
Sendai Child Health Square
Ilwanuma Community Support Center

Kesennuma Community Support Center b
Osaki Community Support Center

Ishinomaki Community Support Center

Tagajo Community Support Center d

Shiroishi Community Support Center

=~ Medical Examinations Equipment

Grip strength test

p e
Ophthalmic examination

Electro-cardiogram Exhaled nitric oxide test MRI Cognitive assessment

=2 MRI

Two dedicated 3.0 Tesla high-resolution MRI scanners have been installed in the building for
Tohoku Medical Megabank Organization. These scanners will allow us to collect data from several
thousand subjects every year. We will assess brain gray and white matter volumes, white matter
integrities, white matter lesions, brain perfusions, and brain vessel structures through several
scanning protocols. We are investigating how daily habits or genetic factors influence the brain,
its cognitive functions, and psychological conditions in order to maintain a healthy brain and good
cognitive functions for life. Based on these studies, we are considering health damage such as
PTSD after the disaster.
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Sendai Child Health Square was established in June 2017 as a facility
. for conducting child health surveys to monitor the development of
Sendai children. The facility is equipped to primarily survey the health of
Child Health children aged 5, 10, and 16 years, who are already enrolled as
S participants in TMM BirThree Cohort Study, while also providing an
quare enjoyable atmosphere for the participating children. The major
equipment used for the surveys is similar to that in Sendai Community
Support Center. It is also furnished with special equipment related to
child development, such as the Gazefinder (a social development
evaluation system).

Kids space Gazefinder
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Clinical Biobank, as one of the facilities of the Advanced Research

Center for Innovations in Next-GEneration Medicine (INGEM), is

Clinical operated along with the Tohoku University Hospital Personalized

Biobank Medicine Ce_nter to collect the preciou_s bio_logical.specimens

through medical care from the Tohoku University Hospital. It stores

not only liquid samples such as blood components, but also various

— types of samples, including tissue specimens from surgery. All the

biological specimens are anonymized and preserved at appropriate
temperatures for future research.

= Equipment Configuration

. . Operating .
Equipment Quantity Temperature Capacity
Ultra-low 10 80°C Liquid samples : over 300,000 sample tubes (1cc)
temperature freezer Tissue samples : over 40,000 sample cases

<> About INGEM

In 2017, Tohoku University was designated as the first three Designated National Universities in
Japan. As a world-class research center and a leader of creativity and innovation, which Designated
National Universities stand for, we have established a hub for next-generation medicine and
founded INGEM as the organization that will play a central role within this hub. In cooperation
with eight departments of Tohoku University—namely, Tohoku University Hospital, Graduate
School of Medicine, Institute of Development, Aging and Cancer (IDAC), Graduate School of
Dentistry, Graduate School of Pharmaceutical Sciences, Graduate School of Information Sciences,
Graduate School of Biomedical Engineering, and Tohoku Medical Megabank Organization (ToMMo)
— we have created a structure that brings together our collective capabilities. The core facilities of
INGEM have been set up at the building for Tohoku Medical Megabank Organization.
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The Building for

Tohoku Medical Tohoku
Megabank No.2 No.3 University

Hospital

Organization

Medical
Library
Sendai City Bus
Sendai Kousei
Hospital Mae
— 1N
3_¢ D Kitayobancho St. QD > © m—
L] L] L]
Sendai Kousei Hospital Gonryo Hall 77Bank Nishikoen St.

e Sendai City Bus | |

From Sendai Station. West exit bus terminal TOh?ku University o0 Sendai City Subway

No. 10, 15. Get bus for Rout i Seiryo Campus Namboku Line

0. 10, 15. Get on a bus for Routes passing "Kita-yobancho" Station
through Tohoku University Hospital, get off
d . . . Y P < == Kitayobancho St. @ .
at Sendai Kousei Hospital. R |
Sendai Miyagi Prefectural
e : Sendai Civic o | Mediatheque Sendai City Hall | Office

e Sendai City Subway Namboku Line Auditorum . Jozeni st ol

From Sendai Station. Get off at “Kita-yobancho” Nishi ) 3

ishikoen St. Mitsukoshi
Station (NO7). It takes 15 min on foot from
) Hirose St.
Exit north 2.
JR
Aoba St. Sendai
station

| Published date |
Science Museum Exhibit Qﬂﬁ» 2018.9
|
The exhibit “ATGC-a wondrous nano scale journey” ATG *} m ﬁﬁ | Published by |
at the Sendai Science Museum opened in November . e Tohoku Medical Megabank O
ATGC-a wondrous nano scale journey ohoku Medica egaban rganization

2013. The exhibit deal with the genome, and the 8 =8 . R
huge information each person has in their body. ® % % 2-1 Seiryo-machi, Aoba-ku, Sendai, 980-8573, Japan

Visitor can learn personal differences and meanings | |
TEL

+81-22-717-8078

thorough the exhibit containing the game.

Venue

3M Sendai Science Museum 3F life System Exhibition
(4-1 Dainohara Shinrin Kouen, Aoba-ku, Sendai)

| URL |

www.megabank.tohoku.ac.jp/english

Tohoku University Tohoku Medical Megabank Organization all rights reserved.
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