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NIH is particularly interested in imaging, molecular, cellular, electrophysiological, 
chemical, behavioral, epidemiological, clinical, and other data sets related to 
health and disease.
（In the life-science fields, Genome data, Image data, and Medical data are 
typical Big Data. For example, 200 TB Data in “1000 Genomes Project” will be 
released from Amazon Web Services, AWS).

Big Data
• Advance state-of-the-art core 

technologies needed to collect, 
store, preserve, manage, 
analyze, and share huge 
quantities of data.

• Harness these technologies to 
accelerate the pace of discovery 
in science and engineering, 
strengthen our national security, 
and transform teaching and 
learning; and

• Expand the workforce needed to 
develop and use Big Data 
technologies.
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Experiment, Theory

Third Paradigm:
Computational Science

Fourth Paradigm：
Data-intensive Science

Sir Isaac Newton
(1642-1727)

Paradigm in Science

10 PF (京）

16 → 20 PF
（Sequoia）

DIKW pyramid
(J. Rowley: The wisdom hierarchy,

2007)

Wisdom
Knowledge
Information

Data
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“The Fourth Paradigm: Data-intensive Scientific Discovery”

James P. Collins, SCIENCE  327, 19 MARCH 2010, page 1455

Researchers in genomics, astronomy, and many other active areas of
science face a different challenge: Gathering data is so easy and quick
that it exceeds our capacity to validate, analyze, visualize, store, and
curate the information. The Fourth Paradigm addresses this challenge -
and the opportunity it presents.

At SDSC by Prof. Hideo Matsuda (Osaka Univ.)

GORDON: Designed for data-intensive 
study to store 100,000 entire humen 
genomes in flash memory by Appro & 
SDSC using Intel Xeon E5 (Sandy Bridge)
16384 cores, 341 TF, 64 TB DRAM, 
300 TB Flash Memory, 4 PB HDD, 
QDR InfiniBand, 3D Torus interconnect

What Super-Computer 
is expected for the big-
data era?
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Integration of DBs for Data-intensive Science
NBDC（バイオサイエンスデータベースセンター）

http://biosciencedbc.jp/
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http://biosciencedbc.jp/
6



Linked Data – Connect Distributed Data across the Web
http://linkeddata.org

“Semantic Web” for constructing DIKW pyramid.

Linking Open Data Cloud Diagram 
by Cyganiak & Jentzsch
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Organization of National Bioscience 
Database Center (NBDC) 

CSTP in Cabinet Office of Japanese Government

Life Science Project 
Team in CSTP 

Headquarter of NBDC 
in CSTP 

Advisory 
Committee 

Director of National Bioscience Database Center 
JST

National Bioscience Database Center

DB DB DB DBDBDBPDBj

DBs
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Protein Data Bank 
Japan

日本蛋白質構造データバンク

http://pdbj.org/
Since 2001, PDBj has been managed 
at Institute for Protein Research, 
Osaka University as a member of the 
wwPDB, to curate, edit and process 
the deposited data for an open, 
public, and single archive of the 
wwPDB.

PDBj / PDBj-BMRB staffs (April 2012)
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PDBj: Protein Data Bank Japan   (2012)
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NSF, NIGMS, DOE, 
NLM, NCI, NINDS, 
NIDDK

NLM

EMBL‐EBI, 
Wellcome Trust, 
BBSRC, NIGMS, EU

NBDC‐JST
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Kleywegt, G    Berman, HM     

Markley, JL Nakamura, H

wwPDB and wwPDBAC members 
at EBI, Hinxton, on Sept. 30 2011
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Activities/Services of each member 
of the wwPDB

• “Data-in” activity, common in all 
the wwPDB members with high 
quality control.

• “Data-out” services, characteristic 
at each wwPDB member site 
except common ftp-site data. 
Concerted but sometimes 
competing.   
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PDBj curates and processes about a Quarter of the 
deposited data, mainly from Asian and Oceania regions. 

Data–in at PDBj and wwPDB
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Processed total at PDBj (19,347, Sept 2012)
All available PDB data (84,508, Sept 2012) 
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Validation of PDBx and PDBML description
The program package will be distributed to each user
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Data-in at PDBj-BMRB (NMR experimental information)

解析登録支援
サーバー

仮想サーバー

仮想化技術をサーバーとクライアント
双方に適用

耐障害性向上、
省エネ化、省スペース化

システムの移設、再構築コストの軽減

Mobile端末

仮想クライアント

デスクトップツール群

NMR装置

NMR測定データ

実験データと解析を統合的に支援
シームレスなデータ登録を実現
データベースの高い品質を維持

BMRB PDB

公共データベース

データ交換

データ交換

データ交換
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Data-out: wwPDB FTP Traffic

30,627,357 files were downloaded during March 
2012 from the wwPDB member sites (RCSB-
PDB, EBI-PDBe, and PDBj).
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Data–out from PDBj Top Page

18



Get Entry Data from our browser
Access to http://pdbj.org/

日本語のキーワード
を入力

検索結果ページ
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Get Entry Data from our browser
Access to http://pdbj.org/

PDBID (e.g. 12as) is input 
in a box and GO

Summary for each PDBID 
is displayed. 
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http://pdbj.org/

Graphic viewer: jV
http://pdbj.org/jV/

Molecular surface DB: eF-site
http://ef-site.hgc.jp/eF-site/

Amino acid sequence (FASTA)

Data viewer at PDBj

Summary for each PDBID
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PDB joins the Linked Data World

PDB/
RDF

Linking Open Data Cloud Diagram 
by Cyganiak & Jentzsch
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PDB/RDF format for Semantic Web 
Service from wwPDB by Akira R. Kinjo (PDBj) & Tom Oldfiled (PDBe)

http://rdf.wwpdb.org/

Kinjo et al. (2012) Nucl. Acids Res. 
40, D453-D460.
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Kinjo et al. (2012) Nucl. Acids Res. 40, D453-D460.

PDB/RDF example
By accessing http://rdf.wwpdb.org
/pdb/1GOF,  a list of category 
holders for the PDB entry 1GOF can 
be retrieved in the RDF/XML format. 
Then, a list of category elements 
can be retrieved (again in the 
RDF/XML format). 
Finally, a particular category 
element, the list of properties of 
that element is retrieved. 
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A subgraph of the left network
augmented with literal objects

The network of RDF resources for
the PDB entry 1GOF.

Example of an RDF graph 
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Protein Molecular Surface DB Search for Similar Surface

Annotation of Protein Function from Molecular 
Surface Similarity: eF-site / eF-seek
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Protein Globe: Protein Folds 
Browser 

ProMode: Protein Dynamics 
Database by NMA

Viewing Folds and Dynamics @ PDBj
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Viewing both EM Image and Atomic Structure 

EM Navigator: Viewer of 
Images of EM-DB

Yorodumi: Viewer of both 
Image and Atomic Structure
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Anaylsis and Prediction of Protein Function from 
Sequence through Structure (D. M. Standley et al.)

• Structure-informed multiple sequence alignment using MAFFTash: 
http://sysimm.ifrec.osaka-u.ac.jp/MAFFTash/

• Function prediction for ordered and disordered domains using SFAS: 
http://sysimm.ifrec.osaka-u.ac.jp/sfas2/

≈

≈

Ubq binding-like

PIN-like Rnase

CCCH ZF

Ubq binding-like

disordered disordered

disordered

ordered ordered ordered

ordered

Function  Prediction ordereddisordered

Composition-based Function Prediction (IDD Navigator) Structure-based Function Prediction 
(Spanner, OSCAR & SeSAW)

• RNA 
Processing

• Endonuclease
• Zinc binding
• Metal ion 

binding
• Intracellular/cyt

oplasm
• Zinc finger

Example: zc3h12a 
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Development  of other Databases and Services

Encyclopedia of Protein 
Structures, eProtS
(Kinjyo, Kudo, & Ito）

Molecule of the Month, MoM
(Goodsell & Kudo）Alignment of Sequence and

Structures. MAFFTash
(Kato. Toh & Standley）

Homolog protein search,
Sequence Navigator
(Standley）

Homology modeling,
Spanner
(Lis, Standley & Nakamura）

Function Annotation from 
Folds and Sequences, 
SeSAW (Standley）
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PDBj: Protein Data Bank Japan   (2012)
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