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‘ Intreduction

» |ntended Audience

> computer scientists
» computer engineers

» Goal

» To give an overview on bioinformatics issues
» To provide agent solutions to bioinformatics
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An Introduction to Bioinformatics
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| Aims and Scope of Bioinformatics

» Bioinformatics is the field of science in which
biology, computer science, and information
technology merge to form a single discipline

» The ultimate goal of the field is to enable the
discovery of new biological insights as well as
to create a global perspective from which
unifying principles in biology can be discerned

Definition by NCBI (National Center for Biotechnology Inforn gt n)
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‘ Aims and Scope of Bioinformatics

» Bioinformatics is aimed at solving biological
problems using techniques from

» applied mathematics
» informatics

» statistics

» computer science
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‘ Aims and Scope of Bioinformatics

+ Bioinformatics is concerned with researching,
developing and applying tools and methods to
acquire, analyze, organize and store biological
and medical data
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‘ Bioinformatics Repositories

Electronic stores of biological data

Built using different systems
» RDBMS

» OODBMS

> Flat files

Distributed as

» Flat files

» Databases dumps
> Web access only

» Size can range from a few hundreds MB to TB |

A
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‘ Bioinformatics Repositories

> They are needed to

» retrieve the information about published data
» compare data against published data
» discover the structure of a protein from a sequence
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//V‘V The Bioinformatics Repository \\

Top Ten
GenBank/DDJB/EMBL (Nucleotide sequences)

http://www.ncbi.nlm.nih.gov

Ensembl (Human/mouse genome)
http://www.ensembl.org

PubMed (Literature references)
http://www.ncbi.nlm.nih.gov

NR - entrez protein (Protein sequences)
http://www.ncbi.nlm.nih.gov

Swiss-Prot  (Protein sequences) ‘ n
http://www.expasy.org i

—
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http://www.ncbi.nlm.nih.gov/
http://www.ensembl.org/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.expasy.org/

//VV The Bioinformatics Repository \
‘ Top Ten

 InterPro (Protein domains)
http://www.ebi.ac.uk

 OMIM (Genetic diseases)
http://www.ncbi.nlm.nih.gov

» Enzymes (Enzymes)
http://www.expasy.org

» PDB (Protein structures)
http://www.rcsb.org/pdb/

+ KEGG (Metabolic pathways)
\ http://www.genome.ad.jp
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http://www.ebi.ac.uk/
http://www.ncbi.nlm.nih.gov/
http://www.expasy.org/
http://www.rcsb.org/pdb/
http://www.genome.ad.jp/

ﬁ/ Bioinformatics Repositories \

T . N
[ i i’gI;NSC International Nucleotide Sequence Database Collaboration
\&::ﬁ"'/

» The major sources of nucleotide sequence are
the ones belonging to the International
Nucleotide Sequence Database Collaboration:

. DDBJ (DNA DataBank of Japan)
http://www.ddbj.nig.ac.jp/

FMBL® . EMBL (European Molecular Biology Laboratory)
http://www.ebi.ac.uk/emb

=l « GenBank (NIH genetic sequence database)
http://www.ncbi.nlm.nih.gov/Genbank
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‘ Main Disciplines

+ Bioinformatics is a support to life science
disciplines:
» Genomics
> Proteomics
> Transcriptomics
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Genomics

» The study of an
organism genome
and the use of the

Whole Genomes

genes
\L}
~E. coli H.influenza  Arabidopsis h:\@\
I
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‘ Proteomics

“IPLMTRWDOEQESDFGHKLPIYTREWCT ”

> The large-scale study
of proteins,
particularly their
structures and
functions

primary structure

tertiary structure

quaternary structure
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Transcriptomics

> The transcriptome is
the set of all
messenger RNA
(MRNA) molecules,
or "transcripts”,
produced in one or a
population of cells
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Open Problems in Biocinformatics
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Infrastructures

+ Infrastructures are mainly concerned with the
handling of data repositories and/or applications
throughout suitable interfaces

» Users are allowed to access relevant data
throughout
» generic/specialized browsers

s web services

AN
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Genome Annotation

Genome annotation is the next major challenge
for the Human Genome Project

Genome annotation is the process of attaching
biological information to sequences

It consists of two main steps

» identifying elements on the genome (gene finding)
» attaching biological information to these elements
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Genome Annotation

+ Automatic annotation tools try to perform all this
by computer analysis, as opposed to manual
annotation (a.k.a. curation

» The basic level of annotation is using BLAST
[Altschul90] for finding similaritie

» NCBI/ BLAST Home

News

BLAST finds regions of similarity between biological sequences. more...
Hlew BLAST Redesian in Production

Learn more about how to use the new BLAST design Old blast After betatesting the nev BLAST pages:
il become the defaut BLAST portal o= of
04182007
BLAST Assembled Genomes 2007-04-1310:35.00
Choose a species genome to search, or list all genomic BLAST databases. 030512007 Special Announcement:
Beta Test of liew BLAST interface
o Human a Oryza sativa o Gallus gallus NCBI s holding a beta test or a nsvy
o 9 Bos taurus © Pan troglodytes BTl o)
o Rat a Danio rerio o Microbes e
o Arbidopsis thaliana 9 Drosophila melanogaster o Apis mellifera ) More BLAST news...
Basic BLAST
Chonse a BLAST program to run Tip of the Day
. Search a nucleotide database Using a nucleotide query Use oo BlASLICE e
nucleotide blast e cenien
Afgorithms: blastn, megablast, discontiguous megablast
: ) If you are rterested i e evoliion of o
protein blast S“’f"; ""[’;"“‘ “;‘af'a“ i "h’“;?'“‘““e'y particular gene or gene farmiy it is often
Igorithrms: blastp, psi-blast, phi-blast intetestingto exmine the riro-xcn
) ) Structure even aeross species, Often, the
blastx ‘ Search protein database using a translated nucleotide query .
| _ . from @ cDNA or & cursted databass such
blastn | Search translated nucleotide database using a protein guery Jel b
| i the MR slign to geromis setuence.
thlastx | Search translated nucleotide database using 2 translated nucleotide query using BLAST ane
[hktp v ncbirim.nih gov/BLAST] |
15 possil tro
Specialized BLAST b

Choose a type of specialized search (or database name in parentheses.)

a Search trace archives
a Find conserved domains in your sequence {cds)

a Find sequences with similar conserved domain architecture (cdar)
a Search sequences that have gene expression profiles (GEO)

&
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‘ Structure Prediction: Meotivation

» Large gap between the number of known
protein sequences and known protein
structures
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a4 ,;f’ ,;f’ ,ﬁgﬁ‘* 3 ,ﬁgﬁ:’ & & ,hd"" ,hd:‘ - ,bd""
Miniscuola WOA 2008 — Palermo 18 Novembre 2008




7 N

‘ Secondary Structure Prediction

B-sheet
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Secondary Structure Prediction
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‘ Tertiary Structure Prediction

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008



Tertiary Structure Prediction
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‘ Tertiary Structure Prediction

» Two main methods

» X-ray crystallography .
- Principle: Scattering of x-rays s v H/ﬁ

e

by electrons | o
. 1 | x-rq pmy H?:\ ‘*-:-_
+ Application: small molecules, soure N
proteins, viruses, ribosome mm/\
detector
> NMR

- Principle: nuclear spin
transition of isotropes

+ Application: small, soluble
proteins (monomeric)
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Functional Genomics

» Functional genomics attempts to make use of
the vast wealth of data produced by genomic
projects to describe gene (and protein)
functions and interactions

+ Unlike genomics and proteomics, functional
genomics focuses on the dynamic aspects such
as gene transcription, translation, and protein-
protein interactions, as opposed to the static
aspects of the genomic information such as
DNA sequence or structures
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‘ Functional Genomics

» Functional genomics includes

» function-related aspects of the genome itself such

as mutation and polymorphism (such as SNP)
analysis

> measurement of molecular activities (gene/protein
expression)

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008
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‘ DNA Microarrays

A DNA microarray is a multiplex technology
used in molecular biology and in medicine

+ |t consists of an arrayed series of thousands of
microscopic spots of DNA oligonucleotides,

each containing picomoles of a specific DNA
sequence

. = P
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Gene Expression

 DNA microarrays can be used to measure
changes in expression levels or to detect single
nucleotide polymorphisms (SNPs)

» Microarray technology has been very effective
in producing large amount of gene expression
data by measuring the transcription levels of
thousands of genes simultaneously

> A typical microarray experiment can generate
up to millions of data points for analysis

N\ A
3N 3
) e 9T <)




i N

‘ Gene Expression

» There are three data processing steps in gene
expression analysis

» data preprocessing /N,f‘_‘\\
. g . | Biclogical Inferznce |
- statistical analysis mm.,,i} L
- biological inference (’
R
Microaray
Oata
Biological Resources
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Infrastructures

» The multiplicity of data repositories and analysis
tools naturally promotes the adoption of a
multiagent approach

+ In fact, the corresponding environment is
> open
» dynamic
» distributed

AN
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‘ Infrastructures

» MAS infrastructures

> MyGrid [Stevens03]
» GeneWeaver [Bryson01]
> BioAgent [Corradini05]

> A MAS for Retrieving Bioinformatics Publications
[Armano07]

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008
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‘ myGrid %@

» myGrid supports:

» e-Scientists

Lab book application to show off myGrid core
components

> Developers
myGrid-in-a-Box developers kit
Incorporating third party tools and services

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008
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myGrid

+ Agents in myGrid:
> User agents
able to customize and personalize data
> Agent communication languages
offering a generic and portable communication medium
> Negotiation

allowing multiple distributed entities to reach service level
agreements

AN
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GeneWeaver

» GeneWeaver is a multiagent system aimed at
addressing many of the problems concerning
the management of data and analysis
techniques in the bioinformatics domain
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‘ GeneWeaver
» Agents in > Non-redundant
GeneWeaver: database agents

. Broker agents to construct and
9 maintain non-

to register information redundant databases

about other agents - Calculation agents
* Primary database to emoby methods or

agents tools for analysis of
to manage remote sequence data
primary sequence > Genome agents
databases

to manage genomic
information
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» Macro-architecture

GeneWeaver
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o, Calc. Agent
S N Fenome
\ Agent
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. i Protein
Swiss Agent ; * NROB Agert Clustal Agent
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1
/] Calculation
PIR Agent 'I Agent
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Miniscuola WOA 2008 — Palermo 18 Novembre 2008




GeneWeaver

» Macro-architecture

Genome
Viewer
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GeneWeaver

- Macro-architecture . \
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GeneWeaver

» Macro-architecture
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GeneWeaver

» Micro-architecture

Other Agents

%%%%%%%%%%%%% |

1

Mezzages

Communication

~ Causes goals |
~ specific to the | esiases
| |
- agent's tasks and _
~ responsibilites ESISEHAN
< Interactions GSoals
Motivation Control NMeta-Store
Goals Meta
Data
Actions
Action
Thata

Data Store
Analysis Tool
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GeneWeaver

» Micro-architecture

Other Agents
-
Mezzages
Communication
- ..
Messsges |+ Decides
- whether a goal
Interaction | should be
- accomplished
Interactions Coals — -
hMotivation Control Meta-Store
Coals Meta
Data
Artions
Action
Drata
L. A
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GeneWeaver

» Micro-architecture

Other Agents

Mezzages

Communication

Mezzages

Interaction

Interactions

Motivation

Goals

Coals

Control
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Action
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Data

Meta-Store k |

= Provides a
- repository for
- therequired
- information

S

Data Store

Drata
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» Micro-architecture

Other Agents

GeneWeaver

Mezzages

Communication

Mezzages

Interaction

Interactions

Goals

Motivation

Control

Artions

= Performs skills that |
- modify the underlying = »

Action

Ieta
Data

Meta-Store

data |

Drata

Data Store
Analysis Tool
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GeneWeaver

=~ The interaction module

. . | ) ‘
> Micro-architecture - handles the higher level
| Interactions |
\ . . |
/+ The communication |
Cherfeess  © module handles the |
. 7 | L / | message-passing }
Messesk  communications |
| Communication | . [
Mezzages “
Interaction
Iﬂteracﬁ\ng Ggaﬁlg/
Motivation Control NMeta-Store
Goals Meta
Data
Actions
Action Cata Store
Tiata Analysis Tool
L. A
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BioAgent

» |s aimed at

» supporting bioscientists during the genome data
analysis

» decentralizing the coordination of local tasks
processing that characterize a workflow of an
experiment

» allowing the use of

remote data
experiments that contain relevant information

AN
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- HERMES
[Corradini05b]

customized for
biologists

BioAgent

BinAgeni

70



BioAgent

- HERMES
[Corradini0Sb]

customized for

biologists

1. A bioscientist specifies |
~ the set of activities to be
| performed 1

70O



BinAgenl
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BioAgent

» HERMES
[CorradiniOSb]

customized for
biologists

2. The compiler system |
| generates a pool of user |
~agents to execute the |
~ activities |

70
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- HERMES
[Corradini0Sh]

customized for
biologists

clone in order to
efficiently accomplish the
activities

BioAgent

70O



BioAgent

HERMES
[Corradini0Sh]

customized for

biologists

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

| 4. Agents query resources
by interacting with local
service agents.

Service agents map the

\
\
\
|
| query to local schema
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BioAgent

» HERMES
[CorradiniOSb]

customized for

biologists

5. User agents merge |
~ results and provide data
- to the bioscientists |
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% A MultiAgent System for \
‘ Retrieving Bioinformatics

Publications
» A generic multiagent architecture has been
customized to retrieve scientific publications

from the web throughout a text categorization
process.

+ Experiments have been performed on

publications extracted from BMC Bioinformatics
and PubMed digital archives.

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008
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% A MultiAgent System for
Retrieving Bioinformatics

1 Agents are aimed at

g Information Level 1@

extracting data
from the information
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Interface Level
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% A MultiAgent System for
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users

=

Miniscuola WOA 2008 — Palermo 18 Novembre 2008

AN




i

Publications
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% A MultiAgent System for
Retrieving Bioinformatics

Agents are aimed at
processing data
according to users
personal needs

and preferences

'
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% A MultiAgent System for
Bioinformatics

Agents are aimed at
interacting with the
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users according to their

’
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% A MultiAgent System for
Bioinformatics

Agents are aimed at
at establishing

communication among

requesters and providers

’
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‘ Genomics

» Genome annotation
> BioMAS [Decker02]

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008



| BioMAS

+ Automates collection of information from
various primary source databases

» Allows various analysis to be done
automatically

> New data sources, annotation, analysis can be

applied as they are developed, automatically
(open system)

» Much more sophisticated queries (across
multiple databases) than keyword search




BioMAS

RETSINA [Decker97] model of information
gatherlng

L I

| SequenceAddltlonAppIet User Query Applet | e S
,,,,,,,,,,,,,,,,,,, \/‘ Matchmaker Agent Name Server
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BioMAS

- DECAF [GrahamO00] architecture

{ Plan File ] [mcomjng KigML messagesJ
L il

DECAF Task and Control Structures
Incoming
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Enietie Jueue niele
\ 7 7
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Agent
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a
s
Task Templates Pending Action
Hashtakle Action Queue Results Queue

™ R /

y
Domain Facts and Beliefs J /\L[—u .
Cutgoing ) |
Act Modul
‘ K@ML Messages w SRERERER




| BioMAS

» DECAF architecture

{ Plan File ] [mcomjng KigML messagesJ
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| BioMAS

» DECAF architecture
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| BioMAS

» DECAF architecture
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~~ Monitors the Objectives Queue

» DECAF architectu r\ -~ Matches new goals to an eX|st|ng

task template
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| BioMAS

» DECAF architecture
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BioMAS

» DECAF architecture
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BioMAS

+ A multi-agent system for genomic analysis
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l-ﬁ Allows complex queries
- annotation from various sources with on the LKBMA via a |

ffffffffffffffffffffffffffffffffffffffffffff - web interface |
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Proteomics

+ MAS for Secondary Structure Prediction

> MASSP3 [Armano06]

> A Cooperative MultiAgent Learning Approach
[Addis07]

+ MAS for Tertiary Structure Prediction

> X-MACOoP [Garro04]

> An Agent-Based Protein Structure Predictor
[Bortolussi07]

+ MAS for classifying 2D gels

AN
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MASSP3

+ MASSP3 (MultiAgent Secondary Structure
Predictor with Post-Processing)

» resorts to multiple experts for dealing with the
problem of predicting secondary

» performs an overall processing based on two main
steps:

a “sequence-to-structure” prediction, by resorting to a
population of hybrid genetic-neural experts

a “structure-to-structure” prediction, by resorting to a
feedforward ANN
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MASSP3

—

Sequence to structure expert whose
| activation depends
- the micro-architecture 0”9(X)/ *********** ?
(based on [Armano04])
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MASSP3 =
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MASSP3

» Structure to structure:

> to improve the prediction accuracy

a suitable post-processing is performed by a single MLP
fed with the sequence-to-structure prediction expressed
in terms of a, B, and ¢ propensions

> to augment the autocorrelation of the input signal

a suitable “low-pass” filtering is performed by resorting to
a suitable gaussian shape




ﬁFV A Cooperative MultiAgent \
‘ Learning Approach to SSP

+ AMAS composed by a population of agents
that cooperate and interact in accordance with
generic requirements imposed by the adoption
of evolutionary computation strategies

Q@ ° ®* &

Training Encoder Encoder Training
Handlers Handlers
o '

Population ‘ Population?2

Output
Manager
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ﬁFV A Cooperative MultiAgent \
‘ Learning Approach to SSP

*********** - = The guard is devoted to
~split the input space into
- matching/non matching
|
|

regions

- » An approach based on
activation masks: a

- mask is a pattern of

- amino acids that

- matches with the

- corresponding input

\ Miniscuola WOA 2008 — Palermo 18 Novem bre 2008




ﬁFV A Cooperative MultiAgent \
‘ Learning Approach to SSP

» The embedded expert
plays a central role In
the output combination

> Trained to recognize a
specific secondary
structure:

> a label Is assigned to
each embedded expert

» a feedforward ANN has
been implemented

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008




% A Cooperative MultiAgent \\
‘ Learning Approach to SSP

» Qutput combination: all selected experts form
the match set M(x)

- M(x) is partitioned in three separate subsets M, (x),
M _(x), and M (x)

» several independent predictions made from
different experts are expected

> a weighted majority rule is adopted:

» the final predicted label is the one that maximizes
the corresponding W value

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008
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| X-MACoP

» X-MACoP (XML Multi-Agent system for the
Collaborative Prediction of protein structures)

» Consists of three kinds of agents

User Agent
Predictor Agent
Coordinator

» Each agent is characterized by its ontology and its
behavior.




X-MACoP
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2 — User Predictor Agents

3 - Unknown Protein User

13 - Protein Prediction "

~

J

¥ b J
", 4 -Test Domain 7/'
V' 5_User Predictor Agents
User 6 - Unknown Protein :1 Coordinator
Agent «11-Protein Prediction Agent
' 12 - Predictor Team \
,/{‘ .
Y Y
ul
=
T
=
<L
g
[
=2
&
(o
¥
—\\ 7 - Unknown Prolein
Predictor & - Protein Prediction
Agent 9 - Request of Similar Predictor Agents
10 - Answer on Similar Predictor Agents

Miniscuola WOA 2008 — Palermo 18 Novembre 2008




X-MACoP |
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X-MACoP
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ﬁF{/An Agent-Based Protein Structure\\

Predictor

Four level of agents

> Level O deals with generation of an initial solution

» Level 1 is focused on the stochastic search in the
state space

> Level 2 performs global strategic tasks
> Level 3 deals with cooperation strategies

There are agents of level 1,2 and 3 (level O
agents are trivial)

All agents interact and communicate in the
Linda tuple space
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%n Agent-Based Protein Structure\\
‘ Predictor

Level 3:cooperation

Level 1: Amino Acids’ Agents
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ﬁFi/An Agent-Based Protein Structure\\
‘ Predictor

Level 3:cooperation

= Each agent is associated to
- an aminoacid

= The position of the agents is
expressed in cartesian

~ coordinates
\
\
\
\

'+ The initial configuration of the

three different possibilities |

- = — — — - — - — — — - — w

~—

Level 1: Amino Acids’ Agents
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ﬁFi/An Agent-Based Protein Structure\\
‘ Predictor

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

-+ Agents have a global |
- knowledge of the current |
configuration |

-~ Agents are aimed at |
controlling the activity of the |
\

\

\

\

\

\

single agents
The environmental variables
are managed by a specific

Level 1: Amino Acids’ Agents
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ﬁFi/An Agent-Based Protein Structure\
‘ Predictor

Level 3:cooperation

=+ Agents govern the |
cooperation |
+ A strategy similar to |
“computation |
fields” [Leonardi02] has been |
adopted |
= The cooperation agent control |
the activity of all lower level

\

Level 1: Amino Acids' Agents CAVRY
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% A MultiAgent System for
‘ Classifgying 2D Gels

» We are currently customizing a generic

multiagent architecture to classify 2D gel
iImages

." 'o“' 'li
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//Fg/ A MultiAfgyent System for

Classifying 2D Gels
. The system will be “'
able to support t -
biologists in ] -
recognizing images 8
corresponding to ") Information Level
healthy / ill patients 2
Y P Filter Level
@
Task Level
()
Interface Level
! 1
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Translation
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Transcriptomics

> Functional Genomics
> Automatic Workflows Composition [Orro06]
» Gene Expression

> A Multi-agent Approach to Gene Expression
Analysis [Lam06]

» Using Multi-Agent System for Gene Expression
Classification [Stiglic04]

AN



% Automatic Workflows \
‘ Composition in Homology Based

Functional Genomics
» Most of the tasks in bioinformatics analysis of
genomics sequence can not be carried out with
a single standalone application

> An agent approach to support the composition,
execution and management of bioinformatics

workflows is presented
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% Automatic Workflows \
‘ Composition in Homology Based

Functional Genomics
* In this context an agent is a software entity that
plays the role of a node in a workflow and

exports the behavior of the underlying
application with some additional features

» it makes use of knowledge domain information to
select a suitable connection of resources for the

related task

» it exposes only a set of high-level parameters that
are more intuitive for the user

» 1t Is able to interact with the user at execution time
to permit the monitoring of the overall process
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Automatic Workflows \

Composition in Homology Based

Functional Genomics

AN

=l

Resources | Node Workflow | i NodeAgent :
=i o L. .

@ inputs }_________I &

—
=

Task Specification User Specification
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% Automatic Workflows \

‘ Composition in Homology Based

Functional Genomics
» Case study

Homology Search

( Multiple AligmnED

\

g Function Inference

view/edit
' A - ‘

—  clustal —* similarity F—> rascal 4" combine |—=—*
sequences b T I alignments
A3

W
w1l ¥

AN



i

Composition in Homology Based

Automatic Workflows

Functional Genomics
» Case study

Homology Search

——»

Multiple Alignment

&

Function Inferenf:D

: p| Features —P
Multiple

Alignment

Annotation

Prediction

AN




% A Multi-agent Approach to Gene\\
‘ Expression Analysis

+ Gene expression analysis utilizes many
resources and the result can be difficult to
interpret

» There is not a fixed way to do an analysis and
most often researchers will try different
strategies to analyze their data set

» The proposed approach is aimed at providing a
system that satisfies this need by an adaptive
multi-agent solution
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ﬁFV A Multi-agent Approach to Gene\
‘ Expression Analysis

Online Databases ~ |s the core of the system |

Analyze A -~ |s responsible of agent |

DB Agents ' coordination }
-+ Processed the data |

@ nElHtErfl:e:gem; ﬁ‘ﬁ:ﬂ ************************** S
l}

Master Agent {—>

ﬁ

Result Agent

Statistical Agents
albi® aseuagu| sisA|EUY
wabe aseuaqu| Jasn
1.
5
-
g
=
3

Prepmcessmg Interface agent

) @) @

Normalization Agents
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4"/ A Multi-agent Approach to Gene\\
‘ Expression Analysis

Online Databases

DB Agents ; ; %

@ DB Interfl:e agent ﬁ
5
. ._,g i} 2 c—
€ £ 5 Query Agent
-:% % Master Agent {—> E
g (=) ;
= 3 ﬁ iER |
t “_:r.!; . — ‘-v Manages the interactions with
re Fﬂ:EEEII‘Iu n l:E lﬂ! ‘
A d the user i

€

sl |

Normalization Agents
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ﬁFV A Multi-agent Approach to Gene\
‘ Expression Analysis

Online Databases

DB Agents ; ; %

l}

Master Agent {—>

—_—

Query Agent

N —
Result Agent
Prepmcessi}g Interface agent \
) (@8~ Aot a5 i agent puting
Nz

Acts as a middle agent puttlng |
Normaliza  iN communication the Query
Agent with the Master Agent
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4"/ A Multi-agent Approach to Gene\\
‘ Expression Analysis

Online Databases

DB Agents ; ; %

iiiiiii - DB Interface agent ﬁ
~ Acts as a mlddle agent puttlng L

in communication the Master ———

; _ . . g Query Agent

~ Agent with the Normalization  gent <—=>|§ |<—) —

- Agents | ;

fffffff = o A\T\J ] User
B — : —

Result Agent

9

Prepmcessmg Interface agent

) @) @

Normalization Agents
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% A Multi-agent Approach to Gene\
‘ Expression Analysis

Online Databases

DB Agents ; ; %

DB Interfi:e agent ﬁ

—_—

Query Agent

Master Agent {—>

t;[u sisAEUY

wabe aseuaqu| Jasn

= Perform normalization r A—
******* B ga e $* - @ Result Agent
5 PP m:esslng interface agent

=

() (@) (=)

Normalization Agents

o
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ﬁFV A Multi-agent Approach to Gene\
‘ Expression Analysis

Online Databases

Analyze Agent
DB Agents

l}

R4

777777

= Acts as a middle agent putting
in communication the |
Normalizations Agents with

\

\

\

Master Agent <;: the Statistical Agents through
~the Analysis Interface Agent

ﬁ

Statistical Agents
albi® aseuagu| sisA|EUY

Prepmcessmg Interface agent

) @) @

Normalization Agents
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ﬁFV A Multi-agent Approach to Gene\
‘ Expression Analysis

Online Databases

DB Agents ; ; %

DB Interfl:e agent ﬁ
e \\ E
( 81 )e—tD ] A
= E Query Agent
4, Master Agent {—>
<:> u g - J R — —
52 )«—t3 [ 5
: 3, = User
- = ® —
(83—t | o L Result Agent
L ) ‘g '+ Perform requested statistical
|

analysis with the data

Output a gene list with genes
that are found to have
statistical significant

~ expression values
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4"/ A Multi-agent Approach to Gene\\
‘ Expression Analysis

l 1

nap fOr functional analysis
-~ Passes the result back to the

1 A
DB Agents ; @ | Master Agent J
@ DB |Htl!rfi:e;u!£t / ﬁk\\“_\ **************************** )
i
U

Query Agent

Result Agent

Master Agent {—>

wabe aseuaqu| Jasn
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Statistical Agents
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Prepmcessmg Interface agent
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Normalization Agents
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4"/ A Multi-agent Approach to Gene\\
‘ Expression Analysis

Online Databases

DB Agents ; ; %

l}

Master Agent {—>

auery Agent
&= @ ()

-
Result Agent

)

Prepm:essmg Interfl:e luent 77777777777777777777 -

@ @ @ ‘-v Prepares the outputforthe
user |

Nermalization Agents
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% Using Multi-Agent System for \\
‘ Gene Expression Classification

+ The MAS is aimed at finding significant
classification genes

+ Every possible pair of genes defines a point in
the search space

> Agents achieve their goals in two steps

> Exploring the search space using Monte Carlo
method

» Looking for the best solution by following vertical
and horizontal lines from the best classifying
position

\ Miniscuola WOA 2008 — Palermo 18 Novembre 2008




% Using Multi-Agent System for \\
‘ Gene Expression Classification

» Fitness level of an agent is expressed by the
ability of finding the best combination of genes

for classification

» The classification task is performed by adopting
the k-NN technique
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Conclusions

» Agent technology is a polymorphic concept

» |t denotes a variety of different approaches and
perspectives

» In bioinformatics the agent technology can be
adopted to conceptualize, analyze, design and
implement complex software systems
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‘ That's all folks:

Thanks for yur attention!
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