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bioinformatics

Which bioinformatics?



Bioinformatics has changed...

BLASTH 2.2.4 [Aug-25-2002]

Reference: Altschul, Stephen F., Thomas L. Madden, ilejandro kL. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1937),
nGapped BLAST snd PSI-BLAST: = new generation of protein datshase search
programs”, Nucleic Acids Res. Z5:3389-340Z.

Query= gi|S777285|gh| AE044774. 1| AE044774 ABO44774 Panax ginseng hairy
root Panax ginseng oDNA clone HR36, wmRMA Sequence
(223 letrers)

Databass: /loeal/wewstud/html/bicinfo?-64/EST-ginseng.fas
21 sequences; 7451 total letters

Searching.done

Score E
Secquences producing sSignificant alignments: (hics) Value
gi| 8777285 | gb| ABO44774.1| AE044774 ABD44774 Panax ginseng hairy r. 44z e-128
gi| 8777269 | gb| ABO447558.1| ABO44758 ABO44755 Panax ginseng hairy r. 24 0.077
&1|8777271| g | ABO44760. 1| ABO44760 AB044760 Pansax ginssng hairy r. 2z 0.30
Fgi| 8777285 gb| ABO44774. 1| ABD44774 ABO44774 Panax ginseng hairy root
Panax ginseng CDHA clone HR36, mRNA sequence
Length = 223
Score = 442z bits (223), Expect = e-128
Tdentities = 223/223 (100%)
Strand = Flus / Flus
Query: 1 ggtoctococatdtthgttaaaaatatadtgoctococotyochgoctgaagattotgaatctatatg 60
N N NN NN
Shict: 1 ggtctococatgttigttaaaaatatagtgctocotgotgotgaagattctgaatctatatg 60

From command line... (till 90s)

NETTAB

Search

Choose database I rr I

Do CD-Search [

Set eubeecuence Fror: | To: |

ki) Giid

Workflows management: new abilities for the
hiological information overflow

“workflow Inputs

libs | rname || |

| Extract_ids_by_removing_catalogues_names |

‘Substitute_blanks_with_SP.
output_str

getCellLinesByld

[
| getcenLineusByName | | Text_lines_separator |
result | value
e
[[sting [ regex | Il |
NN - oo~ e e sxcion | | Group_tor_sawmiogue_name_sximaion |
| split i value | value |
[ stingist [ regex [  group |

To web services an
workflows (now)

to web interfaces... (with the advent of the WWW




very fast
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ikely that the DA sequence of the complete hurman genome

wil hawve be=sn determimed Although this achiewerrent might
zeerm an end in itsalf, in reality it is only the beginning In

bialzgical data, a new science has arisen that fuses biokogy
with mathematics ard computer science —bicinformatics’.
Ta find the geres within the genomic sequerce i 3 mas-
sive task in itself. Once apparent, othersise urcharacterized
coding regions must be assipned a function Thersafter, the
nteractions beteeen genss and gene products must be
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pathwaps within and betesen cells but alzo in termms of
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Biolnformatics
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The classification introduced for articles of “Oxford’s Bioinformatics” in 2005




...and grown

(Or better burst?......)

PSTT Vol. 2, No. 9 September 1999 | editorial
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The number of Bioinformaticians is growing...

Year Flace Attendance ISMB Attendance
19093 Bethesda, VD, USA 201 2500 -

194 Stanfard, Cdlifamia, USA 205

1995 Canrtxidge, United Kingdom 270 2000

1996 St Louis, MO USA 2™

1997 Halkidik, Greece 25 @ 1500

1998 Moritréal, Québec, Canada M3 8

1999 Heidelberg Gemary 580 é 1000

2000 LaJdlla/ SanDOiego, CA USA 1200 A

2001 Copernhagen, Dermark 1300

2002 Ednondon, Alberta, Canada 1600 >

2003 Brisbane, Austrdia 900

2004 | Qasgows Scatland, UK (With BOCB) 2136 ’ 71993 1994 1995 1996 1997 199 001 2002 2003 2004 2005
2005 Detrait, Michigan, USA 1731 Year

ISMB conferences attendance



...and is growing the number of their “products™!

WEET || AT DB listed Year | Articles| WS presented
2006] 164 858 2005 | 159 166
2005 | 137 719
2004 | 142 548 2004 | 137 137
00 ] - 386 2003 | 106 131
2002 | o4 335
2001| 73 281
2000| 95 226
1999 | 86 201
1908 | 77
1997 | 64
1996 | 51

Database Issue Web server Issue

Nucleic Acid Research special issues
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O Journal of Computational Biology O Computational Biology and Chemistry
M Briefings in Bioinformatics O IEEE Trans. Comp. Biol. And Bioinformatics
B Applied Bioinformatics O PLoS Computational Biology
B Int.J.of Bioinf. Res.& Appl. (IIBRA)
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Articles published “ONLY” from main bioinformatics journals
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Another impressing growth

Growth in Online Only Journals in MEDLINE

Fy2001 Fv2002 Fyz003 Frz004 Fy2005




It has become really hard to find resources!

|t is difficult to track the evolution of a research area

*It is not existing any classification schema for bioinformatics
resources

*For the bioinformatics domain is not existing any classification
schema defined from an authority (like e.g. ACM, AMS)

*Keyword search vs Semantic search

*Take into account semantic relationships between resources
*‘Resources disappears (Many 404s)

*Multidisciplinarity is hard

*Easy to re-invent of the wheel
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Time to Organize the Bioinformatics

Resourceome

Micola Cannata, Emanuela Merelli, Russ B. Altman*®

W will be witnessing the birth of the artificial, or tnesilico, scientist. —
1. D, Wren [1]

he field of bicinformatics has blossomed in the lasi

ten vears, amnd as a result, there is a large and

increasing number of researchers Fenerating
computational tools for solving problems relevant to biology.
Because the number of artifacts has increased greatly, it is
impossible for many bioinformatics researchers o track
ols, databases, and methods in the field—or even perhaps
within their own specialty area. More critcally, however,
biologist nsers and scientists approaching the field co not
have a comprehensive index of bicinformarics algorithms,
databases, and literature annotated with information about

their context and appropriate use. We suggest that the full ser
of hicinformatics resources—the “resourceome”—should be
explicitly characterized and organized, A higrarchical and
machine-understandable organization of the field, along with
rich cross-links (an ontology!) would be a useful siarte, 1i is

hikely that a distributed development approach would be
required so that those with focused expertise can classify
resources in their area, while providing the metacdata that
would allow easier access 1o useful existing resources.

kevword searching [5] However, the lack of standard terms
makes sensitive and specific searches difficult. In addition,
most search hits confound papers, Web sites, tools,
departments, and people in a manner that makes extracting
useful information very difficult

Recognizing this limitation, there have been some
grassrools attempts (o organize the bioinformatics
resourcecme, Among the most famous are the
“archaeological” Pedro's List—a list of computer tools for
molecular biclogists (hirpdiwww, public.iastate edul-- pedrol
research__tools html)—and the Expasy Life Sciences
Directory, formerly known as the Amos's WWW links page
therp:iiwww.expasy.orgllinks.heml). The Bininformatics Links
Directory (hitpdfwww bioinformatics.ubc.calresources/
links__directoryl) today containg more than 700 curated links
o hicinformatics resources, organized into eleven main
categories, including all the databases and Web servers vearly
listed in the dedicated Mucleic Acids Ressarch special ssues [6].
The National Center for Biotechnology Institute has tried to
make access o s suite of tools transparent, with moderarte
success. Many Web sites can be found listing “useful sites,”
especially concerning special interest or limited twpics (eg.,
microarravs, text mining, and gene regulation). Bur all of

thege affnere are limiterd har the Aiffienloe Gn smainfaining
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Proposal of an architecture for Resourceomes (Cannata et al. Submitted)
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GRID-based



In-silico experiments

The Grid

*The concept of Grid is evolving (or better specializing)

°In our case it will be a “classical’ Grid infrastructure

provided in the LITBIO project (nodes with HPCs)

o
b M Grid: personalised bioinfol
o information grid
1 Robert D. Stevens ' Alan J. Robinson
The Anatomy of the Grid
Enabling Scalable Virtual Organizations ~
Ian Foster*  Carl Kesselman !  Steven Tuecke *
{foster. tuecke} @mes.anl.gov, carl(@isiedu
Abstract

“Grid” computing has emerged as an important new field, distingmished from conventional
distributed computing by 1ts focus on large-scale resource shanng, innovative applications, and,
in some cases, high-performance orientation. In this article, we define this new field. First, we
review the “Gnid problem,” which we define as flexible, secure, coordinated resource sharing
ameng dynanuc collections of indrviduals, mstitutions, and resources—what we refer to as virtual
organizations. In such settings, we encounter unique authentication, authorization, resource
access, resource discovery, and other challenges. Tt 1s this class of problem that is addressed by
Grid technologies. Next, we present an extensible and open Giid architecture, in which

The Semantic Grid: A Future e-Science Infrastructure

David De Roure, Nicholas R. Jennings and Nigel R. Shadbolt’

Dept of Electronics and Computer Science,
University of Southampton,
Southampton SO17 1B8J, UK

[dder,nrj,nrs}ascs.soton.ac.uk

Available at
www.ComputerScienceWeb.com FGCS
POWERED BY SCIENCE CImEST QUTIRE

@ENERATION
@BOMILUTER
BYSTEMS

hture Generation Computer Swstemns 20 (2004) 101-111
www.elsevier.com/locate/future

rative assessment approach for Knowledge Grid

Hai Zhuge*, Jie Liu

leh Group, Eev Lab of Inrelligent Information Processing, Insriture of Compuring Techmology,
inese Academy gf Sciences, PO, Box 2704-25, 100080 Beijing, China




Hermes

*An agent-based middleware developed at Camerino

*Provide a common runtime support to agent based

Qagent-ba::arlr:ddleware > a p pl i Cat i O n S

GRID Infrastructure

What is an agent?

A computer system capable of flexible, autonomous (problem-solving) actions,
situated in dynamic, unpredictable and typically multi-agent environment.

Active and reactive: responds in timely fashion to environmental change
proactive: acts in anticipation of future goals

cooperative: communicates with other agents to reach its goal

mobile: moves across distributed environments (execution platforms)
intelligent. reasons over its knowledge base and by managing ontologies




Resourceome

*A conceptual map of a domain with related resources

*It is the Pivot of the architecture
*Will permit to semantically organize workflows,

activities, services

*Will permit to semantically organize systems biology
resources and knowledge

*Will permit to “reason” over resources

*Agents will build, maintain and keep it “alive”




BioWMS

bioinformatics

agent-bast dmddl leware

*An agent-based Workflow Management System for

*Workflows are defined in XPDL (standard for WfMC)

*Compiles a user workflow of activities into a MAS

GRID Infrastructure

service agents
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WebWFlow
XML Process Definition Language

Interface 1
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XPDL-to-MAS Compiler

Workflow Enactment Service

Multi Agent System
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BicAgent/Hermes Middleware

Interface 2

F 3

v

F 9
Interface 3

v

*Bioinformatics services and applications are wrapped by

Interface 4

Other Workflow
Enactment Service(s)

Workflow Client
Application

WebWFlow

Invoked Application

BioAgent
Service-Agents




Krobs
Floctron Transpor 52 aTe

BioSimulation

XPDL-to-MAS Compiler

Workflow Executors

BioWMS Resourceome

Hermes
agent-based middleware

LITBIO
GRID Infrastructure

Orion

*An agent-based framework for systems biology

*Behavioural modeling of molecular entities
*We are starting with metabolic reactions...

| httpdfhwwwenature.cominaturebiotechnology
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Will agents permit to “bridge” the “two” systems biologies?

A Regev et al. | Theoretleal Computer Sclence 325 (2004) 141 -167
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In-silico experiment
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activity bz
Mame :: GetEnbry W5 1

Performer :: performer_2

'
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Mame :: GetEntry W5 2
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O Load Worldflow
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activity 15:
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activity + 0
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Resource discovery
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In-silico experiments
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Conclusions

LITBIO aims to offer a Laboratory for Interdisciplinary
Technologies in Bioinformatics

*Bioinformatics is fast changing and growing
*‘Resourceome can make interdisciplinarity easier

*\We propose an agent-based multi-layer architecture which will
lay on the LITBIO Grid

‘User-friendly and user-assisting

*‘We hope it will make easier the life of molecular biologists,
bioinformaticians and systems biologists of today and
tomorrow
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