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Outline of Talk

« Genome Annotation Pipeline

* Introduction to Japan NAREGI Project
 NAREGI Data Grid

» Scientific DBs (focus: Lifescience DBs)
» Data Integration of Lifescience DBs



Genome Annotation Projects

Inspired by the Drosophila Genome Annotation Jumboree.

Several full-length cDNA (FLcDNA = clone of gene transcript) annotation
projects have been organized in Japan (mouse, human and rice genomes).

In the projects, FANTOM (Functional ANnoTation Of Mouse) is the first
annotation project for genome FLcDNA sequences.

Organized by RIKEN GSC.

1st FANTOM Meeting (FANTOM1) at RIKEN Tsukuba Institute
— Aug. 28 ~ Sep. 8, 2000.

— 21K FLcDNA seqgs.

— >60 researchers (>6 countries)

— Nature, 409:685-690, 2001.

— FANTOM DB:

http:// fantom.gsc.riken.jp/

FANTOM2 (2002) 60K segs at RIKEN Yokohama Institute
Nature, 420:563-573, 2002

FANTOMS3 (2004) 103K seqgs at RIKEN Yokohama Institure
Science, 309:1559-1563, 2005



Annotation Pipeline at FANTOM 4
(Kasukawa et al., Genome Res. 13:1542, 2003)

Clustering of FLcDNA seqgs w/ FLAST(DDS)+ CAP3 and
ClustalW

Masking repetitive elements w/ Repbase (RepeatMasker).
ORF (Coding Sequence) Prediction w/ RIKEN Decoder.

Sequence homology search (FASTY and BLASTX) against
NCBI nr., SwissProt/TrEMBL nr.

Motif / Domain search w/ Pfam(estwise), InterPro
(InterProScan), etc.

Mapping to mouse & human Genome (NCBI build) w/ RIKEN
Genomapper.

Assignment of Gene Ontology (GO) terms.

blue: tools, red: data or databases
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Grid Regional Infrastructural Efforts
Collaborative talks on PMA, etc.

The ldeal World: Ubiquitous VO & user
management for international e-Science

By courtesy of Prof. Matsuoka (Tokyo Inst. Tech.)
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The Reality: Convergence/Divergence of 6

Project Forces
(original slide by Dr. Stephen Pickles, edited by Prof. Matsuoka)

interoperable
infrastructure talk

gLite / GT2

common $
& proced

teroperable

=/

infrastructure

Own WSRF & common
OGSA users talks
WS-I+ & OGSA? GT4 WSRF
(OGSA?)



Outline of the NAREGI Project

NAREGI

 NAREGI: National Research Grid Initiative
in Japan

* Funded by Japanese Government (MEXT)

« Started from April 2003

* Two main sites:
— R&D: NIl (National Institute for Informatics)

— Nano Science Application: IMS (Institute for
Molecular Science).



NAREGI Software Stack

NAREGI

Grid-Enabled Nano-Applications

. Grid Visualization Grid PSE
Grid
Programming :
Libraries Grid Workflow Data Grid

Distributed
Information Service

- GridRPC
- GridMPI Super Scheduler

0GSA: NAREGI implementation

Globus,Condor,UNICORE

Grid VM

High-Performance & Secure Grid Networking

SuperSINET

etc

Research
Organizations

Computing Resources
National Research Grid Initiative



NAREGI

NAREGI Members

Project Leader: Ken Miura (NII)

(WP1) Resource Management in the Grid Environment
Satoshi Matsuoka (Tokyo Inst. Tech.)

(WP2) Grid Programming Environment
Satochi Sekiguchi, Yoshio Tanaka (AIST)

(WP3) Grid Application Environment
Hitohide Usami (NII), Shigeo Kawata (Utsunomiya Univ.)

(WP4) Data Grid Environment
Hideo Matsuda (Osaka Univ.)

(WP3S) High-performance & Security Grid Networking
Shinji Shimojo(Osaka Univ.), Yuji Oie (Kyushi Inst. Tech.),
Makoto Imase (Osaka Univ.)

(WPG6) Grid-Enable Nano Applications
Mutsumi Aoyagi (Kyushu Univ.)



Nano-Science : coupled simulations on the Grid '

Tl as the sole future for true scalability
... between Continuum & Quanta.

Material physics
(Infinite system)
- Fluid dynamics
- Statistical physics
- Condensed mattertheory

Molecular Science
-Quantum chemistry
= Molecular Orbital method
- Molecular Dynamics

"m

<€ ~ >
6 -9
- 10 10 imit of
[ Limit of | | Computing
Idealization Multi-Physics Capability

Coordinates decoupled resources;
/Old HPC environmerP

-decoupled resources,
*limited users,

\-spemal software, ... 5952

Meta-computing,
High throughput computing,
Multi-Physics simulation
components and data from different groups
within VO composed in real-time

The only way t%achieve true scalability!

ational Research Grid Initiative
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NAREGI Application: Nanoscience

NAREGI

Simulation Scheme

3D-RISM Mediator FMO
> " find \
evenly-s ] — correlations adaptive
mesh - between \ . meshes
_ | mesh points l— —
pair corrdlation functions monomer calculatlons]
’ H*W? = £2¥?
h, (r) 3
solvent

distribution
>k (r)
—

. q,
\—l J @‘fective charggs/<

on solute sites

By courtesy of Prof. Aoyagi (Kyushu Univ.)
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Workflow based Grid FMO Simulations of Proteins

Networking

NAREGI

monomer
calculation

dimer
calculation

fragment
dat\a

density
exchange

total energy
calculation
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Several Aspects in Data Grid

Data Transfer
— GridFTP, RFT, TeraGrid Copy, ...

Data Management
- SRM, ...

Grid Filesystem
— SRB, Gfarm, ...

Data Integration
— OGSA-DAI, myGrid, BRIDGES, ...

Data-intensive Workflow
— many....

13



NAREGI DataGrid

NAREGI

. GGF-GFS (AIST Gfarm)

« Data Transfer Service between storage
and computation nodes (GridFTP)

 OGSA-DAI for database queries

14
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NAREGI Data Grid Environment

Grid Workflow

\
Job 1 $ Job 2 $000$ Job n
gata Grid t Import data Data 1 \ Data 2 \ Data n\
omponents into workflow )

/ Data Access Place &
Management register data Job 1
on the Grid
V4 Job 2

NAREGI

Metadata Assigdn .
Construction {Be(;t:taata Grid-wide DB Querying / °.
N

Data Resource
Management

\ Store data into

distributed file nodes

Meta- Meta- Meta- Job n
data data data /
B\ e Grid-wide

‘ File System
E N
onial

)

Grid Initiative



Implementation ot the Data Grid 16

) Environment _
Workflow
oo s Ly S 3
g Job 1 "X X Job n
Tomcat _Import data
5028 into workflow
- Data 1 \ Data nl
Place data — 4
[ h I
Globus on the Grid (SSuSp)er Scheduler
Toolkit 1 Data Staging
4.0.1 Metadata
Construction ~ 7
| ( I ‘ v Computational Nodes
Data Resource Management OGSA'DAI /— 4\
WSRF2.1 Job 1 Job 2 ° Job n

OGSA-DAI

WSRF2.1 MySQL 5.0 ‘ T
PostgreSQL 8.0 {
. — —
Data Specific
Data Resource
Information DB Metadata g

—

 ——

Filesystem
\4| Gfarm 1.2 PL4 Nodes

National Rescarch Grid Initiative




NHBGGI

AIST Gfarm: Grid File System

Middleware of using virtual huge data
resources that gives us the
integration of the storages on cluster
machines.

Virtualization of disk resources
Split allocation of huge file

17



= OGSA-DAI

NAREGI

- OGSA-DAI(Data Access and Integration) e abpicaton }

* Middleware to facilitate access to data
Client Toolkit
resources Y

* Data resources are sources/sinks of data
— OGSA-DAI currently supports:
— Relational databases
— XML data resources
— Files

* Provides a partial virtualisation of

data

— Hide connection mechanism
— Move computation to the data

— Do not hide the underlying data model @

(relational, XML, file)

OGSA-DAI Core

National Rescarch Grid Initiative



Scientific Data and Grid *

» High Energy Physics (LHC, D-Grid, HEPGrid,
...)
— Very huge amount of data
— High speed & reliable data transfer

» Astronomy (Sloan Digital Sky Survey,
AstroGrid, ...)

— Virtual Observatory: Large amount of image data
— Heterogeneous observatories and instruments
— Distributed query processing



Lifescience DBs

NAREGI

* Not so huge amount of data compared to
nigh-energy physics, astronomy, etc.

» Large number of DBs ( > 700 DBs)

» Highly heterogeneous and complex in data
description

* Need some semantics

20



Number of Scientific DBs

NAREGI

* The number of scientific DBs (especially, in life
sciences) is very rapidly increasing.

800

600 —

400 —

200 -

L
0
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 (vean)

# of life science DBs in Nucleic Acids Research DB issue.



:;.%@ Patabases in Life Sciences 22

biogrid
Organism
Scale
Large
9 Organ
Tissue MEDLINE
Cell
Organelle
olecule Swiss-Prot
Structure DDBJ/EMBL/| H-Inv, FANTOM
PubChem,| GenBank
Ligand,
Fine Atom ChEBI
Conceptual Level
>

Less Conceputal — s Highly Conceptual

(Formal)



biogrid

220 Osaka-U BioGrid Project

e Started from 2002
« Goals

Technology Development
for: Pharmaceutical

(drug discovery) and

Medical Sciences. jc st 7

» Leader: Shinji Shimojo

(CMC, Osaka Univ.)

« (Government Suppor
(MEXT): Syears
(1~4M$/year)

 Web site:

http://www.biogrid.jp

Pharmaceutical
Science

Biogrid “%<:
Network

5 = -r. i)
Data Onlme Analysis
* Technology '

Medical Science




% 24
~ BioGrid Project: Application to Drug Discovery

blogrld
Disease Ge”OT“e Gepe Target Lead Lead ] CIinlicaI . hed
Modeling Mapping Functlopal Validation Identification Optimization reclinica Trial aunche

Analysis
Compound (Drug)

Data Grid Issues: .'

1. Heterogeneity of data descriptions.

2. Large number of relationships Protein

/ﬁ\

Disease DBs Genome Protein DE Compound \
DBs DBs
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bio8rid

T
L

Disease

Medical Encyclopedia
3K entries

LiTerature DB

(Protein Research

Foundation)

~

Y

MDDR 150K compounds
Ensembl, DDBJ PubChem, Ligand Info GPCR-DB

Genome

Human 24K genes

3.3G nucleotides

~—_ -

~ Databases in BioGrid Project

Y
!

Pathway
KEGG

18K entries
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Protein

SwissProt 163K entries,
60M amino acids

PIR 283K entries,
96M amino acids

~__ 1

1.8M compounds

N’ LGICDE
e

PDB 28K protein structures

w
TN

ENZYME

NucleaRDB




g Increase of Public Chemical Databases 26

bio8rid

 Ligand.Info (http://ligand.info/) : composed of the following data.
— ChemBank subset 2,344 records
— ChemPDB subset 4,009 records
— KEGG subset 10,005 records
— Anti-HIV NCE subset 42,689 records
— Drug-likeness NCI subset 192,323 records
— Not annotated NCI subset 15,237 records
— AKos GmbH subset 544,391 records
— Ligand.InfoAsinex Ltd. subset 348,276 records
— Tim Tec subset 7,500 records (in total: 1,159,274 records)

« PubChem (http://pubchem.ncbi.nlm.nih.gov/)
— 711,361 records

* Drug Bank(http://redpoll.pharmacy.ualberta.ca/drugbank)

— 2356 records (company names)
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~ Protein-Compound Interaction 2r
C»

biogrid

4 Gene

Chr 7

Translation

ﬂrOtemSLEAYCKHKYPEQPG&AKLLLRLPA

\ Amino Acid Sequence
. 1§ 'V.J?"{‘r‘l’
F) Ly '“‘é\‘\.:ﬁ
¥ 9‘

Drug

O—0
Interaction

Protein <
(e.g. Receptor

Cell

Protein-Compound Interaction Search is one of the most
Important technologies in drug discovery.



X Ontology-based Metadata 28

&

bio8rid
X is an agonist of A
Y is an inhibitor of B
N /
A\ Interaction Rules
Gen ,e" Ont o‘I\o gy CompouncII,,'ActviEy (Prous DDR)
Protein(Gene) A Protein(Gene) B &mpou"nd X \Comp? und Y
» @D &
O O O
/ 0 C4
\_ DB \_ /
records

Protein, Gene DBs Compound DBs
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~ Relationship between Protein Function and Drug Activity

biogrid

Protein Functional Classification ~ “ompound Activity Classification
(e.g., Gene Ontology) (e.g., Activity Class (DDR))

Nuclear Receptor Endocrine Agents

N \

Estrogen like Hormones and agents affecting
/ \ hormone mechanisms
Protein-Ligand
Glucocorticoid Estrogen __relationship / \
like receptor

/ \ / \ \ Estrogen Estrogtjen

./ agonist receptor
Glucocorticoid AndrogenER alpha ER beta 9 modulator

receptor
receptor

*Extract relationships between protein functions and compound
activities by traversing hierarchical classifications (or ontologies)
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biogrid

/Protein Meta?lgéa\é\

Cross Reference

1o

7

y

ProteinW
Classificati
m Grouping

O

Protein and Gene Databases
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V Sl o Sy
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Cross Reference

[%]
et

/4
Compound Activity /
ification
Grouping
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Compound Databases




~ Outline of Previous Data Integration System 31

biogrid

Database federation using Grid technology.

Application

1 SWISSPROT
_ @teraction Metada@ <

(Protein Metadata> ﬁ Gompound MetadatD
V

> <> iL

U4 U

OGSA-DAI OGSA-DAI OGSA-DAI
Web Service Web Service Web Service
it 11
i S i

Protein Genomic Protein-Drug Compound
Info DB Info DB Interaction Info DB

SwissProt, PIR, PDB, DDBJ ENZYME, GPCRDB MDL, ChemBank, Ligand
KEGG, Ensembl NucleaRDB ChemPDB

Databases for each category are provided as Grid Services



z%@Retrieve Known Compounds Bound to Similar Proteins

biogrid

Protein Compound Interaction View

Save Compound

Compound Similarity
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g“:% Display Information of Known Compound

{'as numhber

Chemical name

Company code

Compound ID
Molformula

Molname

2D Regno
Sourcel
Source2

Trademark

Molecular Weight

144701 -48-4
Teltmizartan
20005957
CEAZHA0M4O2 N

N \
Telimizartan @: \ NW

N

\ O

Telmisartan
Eessar, MNoltarn, Nolvadex, Mourytam, Tamoten, Tamox

51462

b4t

CCCeIne2e{Cicc(ecc2nl Co3occ(ce3)-cdeccoccd ClO =0 -concboccoobndC




Compound Search Result 34

bio8rid

Cindansetron

e 30006044 (CIEH24CINZOE 0686

Telrmisartan 30005957

o 320432 10000554  |C2EH2EN402 0876 Telrmizartan 30005937

Compounds possibly-interacted to the target
protein
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NAREGI Data Integration w/ Workflow

NAREGI
Access Managemeut System
Access Accessy, (0 & O
DB#‘l DE#2 DB#3
Globus
Tzz;_k;t Data Integratlon Flow
. - I
Dataflow| Metadata gy s |[MysaL 5.0
Engine ' Constrution |
: Metadata || DAI
System (e.g-, Astronomy)
OGSA-DAI
g WSRF2.1
MySQL 5.0 OGSA oal
Data Integration Results |~ — — — T i DB
e 2w | Gfarm 1.2 PL4 |
[ 1
i ] ; | - :
tﬁmq,etgm'ﬂ.... asa a1
Data Resource Management System o8

National Rescarch Grid Initiative
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;MG? Data Integration Workflow using Metadata

Species Disease| | Gene Protein [ {Compound

Metadata
(GeneZProtem) ( Interaction ) .‘V

<\/> I\ / \ %

i ( Protein ) (Compound)

HG
¥ R}z
L
. = 2 HoH H
S HNN N
£ Q H HJ\ \/}‘H
EuH A 07N HN
ND.WP HK/\rH
i H

[@B Catego@ @B Synony@}

[ e\ |
-

- 0 -l- Prot S Structure

Disease Human Gene | |Nucleotide rotein S DBs

Pathway DE

DBs

and Sequence
Disease DBs DBs J 157 Databases |.

3
Organelle
DBs
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= Disease to Gene & Gene to Protein Metadata

 Disease to Gene

diseases and genes from OMIM

Extraction of the relationships between
| Example

& Hypertension © PPARG, PPARG1, PPARG?2, efc..

Disease related locus l Diabete < IDDM1, IDDM15, IDDM8, IDDM10, etc..
* Gene to PFOEeIn Extraction of translation information
' E]' from UniGene
HMZ

- NS Example.

] / L
= “Oa® T PPARG & swiss-prot P41830

C =

W

oAD" HNL () PPARG ¢ swiss-prot P13055
LXA VYW
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Metadata Management

NAREGI

« Two types of metadata
— Grid file metadata
— User metadata (domain-specific metadata)

-
OGSA-DAI : i b
‘ WSRF2 1 (GeneZProtem) < Interaction >

Job - < X

1 . @iseaseZGemD (C‘ompoundg
1.2PL4 157 Databases
PostgreSQL 8.0

Grid-File P > ———
/ Metadata Organelle Human Gene || Nucleotide|  Protein Structure
Disease DBs DBs
]
Data Resource
Information DB —

DBs
‘ Gfarm ‘
/j Filesystem
Nodes
ational Resecarch Grid Initiative




Parallel Search across DBs

NAREGI

V¥ Search across Databases

Grid Environment

* Retrieve in parallel against ﬂ] ﬂ] ﬂ]
lifescience DBs by using

Globus Toolkit, OGSA-DAI, g 3k 1--A--|-1]-.
and Gfarm. - i
@ onit|F-+F--H--H--ft-1} -
 We extract the information (7 B SEEECERIE =
of related records among D4 ' ‘ )
different lifescience DBs and | Bz i@—-&
integrate their results.

V




NAREGI

Search
Globus Toolkit | (== [Apache Tomcat} —

OGSA-DAI T
. 7 4

Hit Data JApache Lucene

‘ DB & Metadata | - I

1 (DBs &1Ds \/  |Keyword Index

Data Integration System Overview

VVVVVVVVVV

yyyyyyyyyyyy

Top Page

40
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dg2 dg3 dg7
\

etadata B

\ Global File System (~ total 1.5TB)
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Keyword Search 1
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Keyword Search 2

FrLAD |@ http:/fde7 iz esosaka—uacjpE080,/de/ Top V| izah | U Morton AntiVirus 8 -
ata Integration Flow Count of Retrieval
Click Category Anchor || ——— | Results

| subimit I c:learl

Protein Sequence Databases
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LUNIREFSD count ;0 UNIREF20 count ;0
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Data Integration Flow 1

L Select dataflow template  jeesw S| E 15 * | Hrton s @

Data Integration Flow

5 Protein Sequence 58 Humar_l Genes And ~>  CEeRira DatARasas

Databases Diseases

Microarray Data And

# Protein Sequence 5 5 RNA Sequence = Other Gene

Databases Databases Expression

Database

# Protein Sequence 5 Immunological = Human Genes And Sk, Proteo

Databases Databases Diseases Resou

National Rescarch Grid Initiative



Data Integration Flow 2
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FRELAD |@ http:/fde 7 icz es.ozaka-u.ac jp:B0S0 de  Dataf low

v| By f58h  Unn > Morton Antivins &)

termplate

Protein Sequence
Databases

Human Genes And
Diseases

18 databases/ 78 entries
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Structure Databases

/Icon color shows\
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. finished

I failed

/
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Summary and Future Works

* We have developed a system for data
integration of >100 lifescience DBs.

* Globus Toolkit and OGSA-DAI integrates
distributed DBs and metadata.

DB keywords and indices are stored in a
grid filesystem using Gfarm.

Future Works
« Data are currently downloaded. Need to

use web-service (WSDL/SOAP) interface.

 Data-intensive workflow tool is still under
development.
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