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Bionetworks and Phenomics
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Precise 3D measurement with X-ray, Laser,
and CoIr Images (Toyoda,2003)




Morphological data of A.thaliana(JA17:Bla-14)

Example: 3D distribution of trichomes(Col-0)




Omic space analysis
Search candidate pathways from QTL maps
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Candidate pathway compared with QTL results

QTLs shown in
Omic space
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Brassinosteroid-related pathway




Phenome = Metabolome < Transcriptome
inter-omic analysis

Time-course profiles of Gene

Existence of mutants is indicated by UrSE
expression induced by cold stress

yellow rectangles

Tools are available at http//gscope.gsc.riken.go.jp

Pathway Ranking by GSCope2

Expression Profiles

SOM Clusters
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Academic Freé - http://gscope.gsc.riken.go.jp




Drug Interaction Ontology
(Y oshikawa,2003)

Knowledge Components

Knowledge of Pharmacological Action

< Substance and its counterpart >

[[orug }—{ Biomolecule |

Biomolecules

Relationship

Conjunction Rule

(Interaction) o/

|Drug |—|Phen0menon |

|Biomo|ecu|e H Biomolecule |

|Biomo|ecu|e HPhenomenon |

Molecular Events
-8 Phenomena

Inferences < Relationship >

[ JRefationship| ]

<Attribute >

Inferences Using Drug Interaction Ontology (Examples)
<Drug and its biological phenomenon> <Drug-drug Interaction> L3 -
< Combination >
= ] drug A
drug A Phenomenon Q = — = —]
— — Conjunction
drug B
— —/ — 1 (- -
Phenomenon P
(ex. sorivudine & 5FU)
[ Bvou | [srv(Bv-aral) |
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H
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Genome = Phenome Superhighway
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Test site => http://gps.gsc.riken.go.jp
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Konagaya Akihiko, Bioinformatics Group, RIKEN GSC June 2003
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Bio database mirror service

Local mirror Description Homesite
Blast DB Biosequence databases for BLAST sear ches NCBI
Blocks Highly conserved regions of proteins NCBI
DDBJ DNA Data Bank of Japan NIG
EMBL The EMBL Nucleotide Sequence Database EBI
Ensembl Automatic annotation on eukaryotic genomes EnsEMBL
Enzyme Enzyme nomenclatur e database ExPASy
Genbank Genomes Whole genome sequence section of GenBank NCBI
Genbank GenBank Sequence Database NCBI
GeneOntology Vocabularies of gene functions and roles GeneOntology
InterPro InterPro Protein databank EBI
PDB Protein Data Bank of 3-D macromolecular structures RCSB
PIR Protein Infor mation Resour ce NBRF
PIRNEW PIR updates from NBRF, Geor getown NBRF
Pfam The Pfam database of protein domainsand HMMs WUSTL
Prosite Database of protein families and domains ExPASy
Rebase TheRestriction Enzyme Database NEB
RefSeq NCBI Reference Sequences NCBI
SRS Databanks List of active SRS databases around world EBI
SWISS-PROT Annotated protein sequence database ExPASy
Taxnomy Species names NCBI ,EBI
TreEMBL A supplement to SWISS-PROT EBI
Unigene Unique Gene Sequence Collection for Human, Mouse, Rat, and Zebrafish NCBI
euGenes Eukaryote Genes Summary Databank |UBio
Category Program

Homology Search fasta

hmmer

ncbi-tools

wise2

wu-blast2
Repetitive Sequence Analysis Masker Aid

RepeatM asker

phrap
Multiple Alignment clstalw

sam
Exon Finding fgenes, fgenes+, fgenes-2, fgenes-c

hmmgene

genscan
Promoter Finding tssg

tssw
Splice Site Prediction netgene2
Trandation Initiation Site Prediction netstat
Protein Localization Prediction ChloroP




Genome * Transcriptome * Proteome* ... * Phenome
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EGF Signal Transduction Pathway Simulation
Available at: https://access.obigrid.org/yagns

Finding ErbB4 New Signal Cascade with 68 parameters .I

(43 unknown parameters are estimated by simulation)

HRG @ 10nM,o 1nM, 0.1nM): Experimental results ]
HRG (Red, 10nM; green, 1 nM; blue, 0.1 nM) : Simulation results r-.._-_ b LT

Hatakeyama,M ., Kimura,S. etal: A computational model on the modulation of MAPK and Akt
pathways in heregulin induced ErbB signaling. Biochem J., 373, 451-463, 2003. .




Petaflops M olecular Dynamics M achine
MDGrape3 (Will bethe Fastest Computer for MD in 2005

MDM-1a:
8 Tflops
(2003, GSC)

RNA Polymerase I

387,446 BlOMS /1 e 25 64 Glops (2002)

Taiji, M., Narumi, T., Ohno, Y., Futatsugi, N., Suenaga, A., Takada, N., Konagaya, A. Protein
Explorer: A Petaflops Special-Purpose Computer System for Molecular Dynamics
Simulations. Proceedings of Super computing 2003, |EEE Computer Society, 2003.

Cell Cycle Modél
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| | GBIF

MyGRID [ NVO |
European DataGrid | | BioGrid | OBIGrid
BIRN | NASA IPG |
| EUROGRID | HealthGrid TeraGrid
Bio-GRID | SARSGrid | APAN
| | | GRAB |
— GAMESS
[NC BioGRID| | Biodiversity |

Life Science Grid Working Group

https://forge.gridforum.org/projects/Isg-rg/
3  Globa Grid Forum (GGF)

Co-chairs. Dave Angulo (DePaul Univ.)
Abbas Farazdel (IBM)

-World Wide LSG Survey (Piotr Bala, N. Copernicus Univ.)
-Open Life Science Grid Architecture (Rick Stevens, ANL)
-LSG Workflow (Carole Gable, U. of Manchester

and Virinder Batra, IBM)

-LSG Minisymposiumu (March, 2003, Tokyo)

-L SG Miniworkshop (Dec, 2003, Chicago)

-LSG Specia Issue (Feb, 2004)

(Journal of New Genertion Computing, vol. 22, no.2,
edited by Konagaya, A. etal.)




(Arzberger,P. , NGC 2004)

PRAGMA, APGRID, European Data Grid,
REALISTE, EUROGRID, GRIP

NBCR, North Carolina BioGRID, Tera Grid,
EOL, MyGRID, BioGrid, OBIGrid

BIRN, HealthGrid, SARSGrid,
GRAB, Biodiversity World, GBIF




PRAGMA http://www.pragma-grid.net

PRAGMA has been founded as an open organization in which Pacific
Rim institutions will collaborate more formally to develop grid-enabled
applications and will deploy the needed infrastructure throughout the

Pacific Region to allow data, computing, and other

resource sharing. Based on current collaborations, PRAGMA will
enhance these collaborations and connections among individual
investigators by promoting visiting scholars' and engineers' programs,
building new collaborations, formalizing resource-sharing agreements,
and continuing trans-Pacific network deployment. PRAGMA provides an
opportunity for member institutions to work together to address
applications and infrastructure research of common interest.

This website is a unique collaboration among webmasters from four

different countries, to include Japan, Korea, Singapore, and the
u.s.

ApGrid

ApGrid is apartnership for Grid computing ) .
in the Asia Pacific region. ApGrid focuses http://www.apgrid.org
on

(1) sharing resour ces

(3) helping the use of our
technologiesin create new
applications
(4) building on each other work, etc.,

and ApGrid is not restricted to just afew
developed countries, neither to a specific
network nor its related group of researchers.
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http://www.eurogrid.org

The objectives of the EUROGRID project are

To establish a European GRID network of leading High Perfor mance

Computing centresfrom different European countries.

*To operate and support the EUROGRID software infrastructure. The
EUROGRID software will use the existing Internet network and will offer
seamless and secure access for the EUROGRID users.

*To develop important GRID software components and to integrate them into
EUROGRID (fast file transfer, resource broker, interface for coupled applications
and interactive access).

«To demonstrate distributed simulation codes from different application
areas (Biomolecular smulations, Weather prediction, Coupled CAE simulations,
Structural analysis, Real-time data processing).

*To contribute to the international GRID development and to liase with the
leading international GRID projects.

*To productise the EUROGRID software components. After project end the
EUROGRID software will be available as supported product

myGrid - directly supporting the e-scientist
http://www.mygrid.org.uk

MyGrid aims to design, develop and demonstrate higher level

functionalities over an existing Grid infrastructur e that
support scientists in making use of complex distributed resources
myGrid is aresearch project that will extend the Grid framework of
distributed computing, producing avirtual laboratory

wor kbench that will serve the life sciences community. The
integration environment will support patterns of scientific
investigation that include:

1.accumulating evidence

2.assimilating results

3.accessing community information sources

4.collaborating with disparately located researchers via electronic

forums




TeraGrid
About the TeraGrid

http://www.teragrid.org

TeraGrid is a multi-year effort to build and deploy the
world's largest, fastest, distributed infrastructure for
open scientific research. When completed, the
TeraGrid will include 20 teraflops of
computing power distributed at five
sites, facilities capable of managing and storing
nearly 1 petabyte of data, high-resolution
visualization environments, and toolkits for grid
computing. These components will be tightly
integrated and connected through a network that will
operate at 40 gigabits per second — the
fastest research network on the planet.

http://ncbiogrid.org/

The NC BioGrid project was established in the Fall of 2001 to research
and implement new grid computing technologies that will enable
researchers and educators throughout North Carolinato take full
advantage of the genomic revolution.

The vision for the NC BioGrid was provided by the High Performance
Computing and Data Storage Focus Group of the NC Genomicsand
Bioinformatics Consortium (NCGBC). The NCGBC isfacilitated
through the NC Biotech Center.

MCNC, anot-for-profit R&D company with along history of
collaboration with the North Carolina university community, seeded the
NC BioGrid Testbed by providing the servers, softwareand I T expertise
from the NC Supercomputing Center and the network infrastructure
through NCREN.




BIRN http://www.nbirn.net

The Biomedical Informatics Research Network
(BIRN) is a

National Institutes of Health (NIH) —
National Center for Research
Resources (NCRR)-

sponsored initiative that fosters large-scale
biomedical science collaborations by utilizing
emerging cyberinfrastructure (high speed
networks, distributed high-performance computing

and the necessary software and data integration
capabilities).

HealthGrid

A grid for health is a collaboration
of companies and laboratories

agreeing to deploy biomedical

services on a grid made of http://www.healthgrid.org
mutualized storage and computing

resources.

The services can be open source or S
proprietary. Computing and storage e e

are also free or can be charged. The -

middleware infrastructure is shared = s . =
by the participating entities. & ——

The health grid works as a 2 =
backbone where biomedical mﬂ

projects can be deployed and N ke
benefit of the services and resources
made available on the grid.




SARSGrid http://antisars.nchc.gov.tw

NCHC's SARS Combat Task Force is formed on May 16th, 2003. People
have been working around the clock to assemble and test a Grid system,

consisting systems of Access Grid, H.323 VTC, medical
infor mation management, emer gency dispatch and network

monitoring. Two sets of Access Grid and H.323 VTC systems are installed
successfully in Sanchung Hospital and Chang Gung Memorial Hospital
(CGMH) at Linkou in Taipel by May 20th. The third set is going to be
established in Taiwan's Center of Disease Control by May 30 and the fourth in
Taipei Municipal Jen-Ai Hospital by June 1; more are planned to be
operational in 10 medical centers on theisland. This blog will be updated
frequently. The task force isformed for SARS Grid and hereby we take the
expression "SARS Combat” from Teri Simas, Program Manager of PRAGMA,
for the team. For more information please contact Grace Hong:
gswhong@nchc.org.tw

(Arun,K., NGC 2004)

*Genomics Proteomics

*Visualizations/ Simulation/ Imaging

sDatabase Applications

*Molecular Modeling/ Computational Chemistry




Genomicy Proteomics

*GridBLAST, GridWise, OBIEnv, Turbo-BLAST
sComparative Genomics (EOL, CGMGrid)

*DNA assembly (ASM)

*Protein Structure Comparison (Apostolico etal)
InterProScan (Koita etal)

*Phylogenetic Analysis (Silvestre etal)
«Computational Proteomics (Huedo etal)
*Thermus Knowledge Base (OBITco)

Horizontal Gene Transfer and Clustering of Microbial ORFs
On OBIGrid

124* 124 genome comparison using Markov model

Took 18 days using 229 CPUs on OBIEnv/OBIGrid

(estimated 60 months on a single personal computer(2GHz))
Found 45,136 ORFs are probably transferred from alien species
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Encyclopedia of Life

http://eol.sdsc.edu

The Encyclopedia of Life (EOL) isacollaborative global
project designed to catalog the complete proteome of every

living speciesin aflexible reference system. It is an open
collaboration led by the San Diego Supercomputer Center, and
currently has three major development areas:
*Creating protein sequence annotations using the integrated
genome annotation pipeline (iGAP).
*Storage of these annotations in a data warehouse where they
are integrated with other data sources
*A toolkit areathat presents the data to users in the presence of
useful annotation and visualization tools.

Visualization/ Simulation/ Imaging

*Electron Microscope Tomography (Fernadez etal)
*Telescience for Tomography (Ellisman etal)
*Monte Carlo Simulator (MCell)

*MRI Simulation (Benoit etal)

*Medical Image Indexing (Montagnat etal)




Grid-Oriented Genetic Algorithm

Framework for Bioinformatics
Tokushima Univ., Kyushu Univ.

General purpose parallel GA framework
over the Internet scalable more than 100 nodes
- Multiple population, UNDX+MGG, S-system for Genenetwork

cluster

cluster

Information Server

Database

*Distributed Medical Data Manager (DM 2, Duque etal)
*Heterogeneous Distributed Data Management (SRB)
«Scalable Genome Database for DDBJ XML (OBISgd)
*Heterogeneous Database Federation (BioGrid)




GRAB (GRid And Biodiversity)
http://www.gridoutreach.org.uk/docs/pilots/grab.htm
Biodiversity Benefits from Grid Technology

Federations of heterogeneous databases can be exploited through

the Grid to solve complex questions about global issues such as
biodiversity.”
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Molecular Modeling

*Folding@Home

*Virtual Lab for Molecular Docking (Buyya etal)
*Molecular Docking (Tantoso etal)

*BioPfuga (BioGrid)
*Evolve/G (Tanimura etal)
*GAMESS




i Distributed
Folding@home’ computing

UNFOLDING OF THE DNA
BINDING DOMAIN OF HIV
INTEGRASE
HIV uses proteins to insert its
genetic code into our DNA. The
DNA binding domain of HIV
integrase (below) is the protein
which HIV uses to grab onto our
DNA such that it can then connect
its genetic code into ours.

http://www.stanford.edu/group/pandegroup/folding/

GA M ESS http://www.msg.ameslab.gov/GAMESS/GAMESS.html

GAMESS s aprogram for ab initio quantum
chemistry. Briefly, GAMESS can compute SCF
wavefunctions ranging from RHF, ROHF, UHF, GVB, and
MCSCEF. Correlation corrections to these SCF
wavefunctions include Configuration Interaction, second
order perturbation theory, and Coupled-Cluster approaches,
aswell asthe Density Functional Theory approximation.

€Y (b) (©)
eIK: e
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(a) Concept of the QM/MM approach. (b) Partitioning of a QM/MM system with the pseudobond method.
(c) Parameterization of the pseudobond with ethane (Cps = F with pseudopotential)




(BIRN, GRAB, OBITco)
(EuroGrid, OBIGrid)
(PRAGMA, APGrid, DataGrid)

(TurboGrid)
(OBIENV)

Open Bioinformatics Grid
(OBIGrid)




OBIGrid Web Site
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Overview of OBIGrid =

o 2002

Virtural Private Net (VPN)
Globus Tool Kit
Bioinformatics Frameworks

(IPAB)
Aca. 13 Ent.9 Nat.Res.5

Nodes 290 CPUs 482
Registered Users 154




OBIGrid partners
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OBISgd: Distributed XML DB Search »OBIYagn}s Cell Simulation Environment
—— Signal Transductior.oDE Solver for Stiff Problems
‘_~ "
|I Dlsrl buted Index Seerch Servers ankﬂOWﬂ Parameter Estimator

,,ﬁ@

Perl
APl

B~
——

«Scalability
*Quick Response
«High reliability

OBITco:Thermus Themophilus Cyber Outlet

——————
2 Access Manager '
SSLconn ectiol
@ oslamnezwuk
A
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Secure remote annotation by biologists using SSL on Web Browser
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OBIEnv
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OBIEnv

blast Q1 genbank
blast Q2 genbank -

blast Q10 genbank
M GenBank

03,04 BLAST

. Q5.Q6

Q7.Q




BLAST2.0 GenBank
Linux 2.4.X Perl 5.6.X
Pentiumlll 800MHz

Preference

CPU

PostgreSQL

'.




MB) GB) CPU VPN

crobi0l 1000 80 2 1
4
CPU
CPUID CPU CPU Mhz)

crobiOl 1 Penlll 1130

DB rsync
crobi0l trembl 2002:11:20 ... 1
crobi0Ol trembl 2002:11:14 ... 0




OBIENnv
TrEMBL

L,mh-]i)l ken:ls Fasta format
f P’Eﬂ txt  taskfile.ixt BLAST

Aile txt
—— DE_NAME = “trembl’

obiget -t fasta -1 "$8088° > 28084 obiblast -p blastp -i §§0&
serabl U 2 ke head o6, T
f e

375 Job
l'I'-E'."""-"J
robI0l cken:cat et txt | obidispatch -v taskfile. tat B
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FACTS - IE, integration and database system

S
----- FANTOM2 |-

Get Annotation &

dB Reference Gene Names _
: | Symbols, Synonyms l

Filtered
Abstracts

Sequence
Search

Buipeojumop

GO (seq.-based), _
------- » CDS, library info Disease
clone status

v
Integration

Query interfaces <

| FACTS database

- 54 tables
-links to 16 external dB

Nagashima | Schinhach Genome Res. 2003

S
MEDLINE

Abstracts

|

Molecular
Interaction
Sentences

Annotation
interfaces

re-constructed query

C. Schonbach 6/20/2003]




FREP Functional Repeat Database

o [ ——_______-| ==
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Collation of repeat elements with transcriptional variation, regulation and
disease etiology (available in January 2004)

C. Schénbach 10/11/2003

Site A SiteB Site A SiteB
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SOAP Server
XML

Lo

Database Federation + Web Services
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' »4 O
' F"pe"”e

S—
Transcriptom @

A
N




OBITco:

Acce&'s Manager

' _
Thermus ser\

Web SSL Thermus server




Thermus thermophilus ORF







OBIGrid

http://www.ipab.org /

GRID WG GSC

International Workshop on Life Science Grid (LSGRID2004)
Kanazawa, May 31- June 1
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International Workshop on Life
Science Grid (LSG2004)
Kanazawa, May 31- June 1, 2004

Place: Kanazawa Kosei Nenkin Kaikan, 4-17-1 Ishibiki, Kanazawacity, Ishikawa, Japan

Co-organizers:
JSAI SIGMBI (Japanese Society of Artificial Intelligence)
RIKEN GSC
IPAB (Initiative for Parallel Bioinformatics) under consideration
JHPB (Japan Committee of High Performance Biocomputing)
(more)
Areaand Scope:

Researchersin thefield of Life Sciences rely increasingly on information technology to extract and manage
relevant knowledge. The complex computational and data managements needs of life sciences research make Grid
technologies an attractive support solution. However, many important issues must be addressed before the Life
Sciences Grid becomes common place. The scope of this workshop focuses on life science application of grid
systems especialy for bionetwork research and systems biology which require heterogeneous data integration
from genome to phenome, mathematical modeling and simulation from molecular to population levels, and high
performance computing including parallel processing, specia hardware and grid computing.




