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|Search Computing

Search computing (SeCo) is a new approach (and a platform that
Implement it) for the integration of search engines and their results and
of other data and computational resources

* Provides direct support for multi-domain ordered data

 Reflects the fact that search engines produce ranked outputs

e QOrder iIs taken into account when the results of several requests are
combined

© Marco Masseroli, PhD
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|Search Computing

Motivating daily life search examples:

» “Where can I attend a high rated concert in a place close to an
Inexpensive hotel and to a good restaurant?”

* “Who is the best doctor who can cure insomnia in a close-by
hospital ?”’

« “Where can I attend an Interesting scientific conference in my
field in a location reachable with a cheap flight and at the same
time relax on a beautiful beach nearby?”

This information is available on Internet, but no software system is
capable of computing the answer

© Marco Masseroli, PhD
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| Ranking and diversification e
. |

Rankina 1s a first class citizen in SeCo:

- .““@E‘g‘&ﬁ” __Diversity
« Results of search services are ranked -y

e Global rankings can be defined over result cOmbinations

» Top-kalgorithms are being studied for granting optimal extraction
of results that best fit the request (relevance maximization)

However: relevance is not the only parameter that is useful for user
satisfaction.

Result diversification for search might be needed for:
» Clustering similar results
« Ambiguity of query terms and word sense diversity

 For a specific word sense, diversity of available information
sources

© Marco Masseroli, PhD
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|Liquid Query

“ A new paradigm allowing users to formulate and get
responses to multi-domain queries through an exploratory
Information seeking approach, based upon structured
information sources exposed as software services...”

« Composite answers obtained by aggregating search results
from various domains

« Highlight the contribution of each search service

« Join of results based on the structural information afforded by
the search service interfaces

 Refine the user query
e Re-shape the result list

http://www.search-computing.net/LQDemo/

© Marco Masseroli, PhD
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Data and search service scenario
in_the Life Sciences
In the Life Sciences:

« Numerous data, sparsely distributed in many heterogeneous sources

- Many are ranked data (or partially ranked) of various types,
representing different phenomena, e.g.:

- physical ordering, e.g. within a genome

- Analytical order through algorithmically assigned scores,
e.g. representing levels of sequence similarity

- experimentally measured values, such as gene expression
levels

- The ordering may represent a range of different notions, such as
quantity, confidence, or location

© Marco Masseroli, PhD
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Data and search service scenario
In the Life Sciences
||

Further investigation needed regarding:

 The complex nature of Life Science data

» The frequency of unavailable or missing values

e The diversity of ordering types

 How combining those orderings

Such challenging Life Science applications may represent a good test
bed for advanced search computing applications, with valuable spinoffs
for other scenarios

© Marco Masseroli, PhD
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Data and search service scenario
In the Life Sciences
||

Ordered data are poorly served by current data integration platforms

Search computing may:
 Provide support for ordering as a first class citizen in integration
platforms in the Life Sciences

* Increase the complexity of Life Science questions that integration
tools can support directly

© Marco Masseroli, PhD
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Data and search service scenario
In the Life Sciences — Bio-SeCo

Alm: Support answering complex bioinformatics queries that regard:

« Different types of distributed data

e Also ranked data

Thus, their answer require:

* |ntegration of data (ranked and not)

e |.e. Integration of the services to access these data

What do we have to answer such queries?

© Marco Masseroli, PhD
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« Many individual and vertical search services:

- Give rapid and selective access to data from potentially huge
repositories

- Provide results (often ranked) of user defined searches within a
data repository

- Seek individual items that meet the criteria specified in a
request,

- whereas in practice information relevant to a requirement
may be spread over several resources

- Are Ineffective to answer a request that involves combining
results from more than one search engine

© Marco Masseroli, PhD




Life Sciences computational and data access
web services
|

« BLAST (http://www.ebi.ac.uk/Tools/blast2/index.html) to search
for nucleotide and amino acid sequences in gene and protein
databanks

« ArrayExpress (http://www.ebi.ac.uk/microarray-as/ae/) to query
gene expression data

o UniProt (http://www.uniprot.org/) to search in the UniProt databank
for proteins related with search keyword(s)

o PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) to search for
scientific publications

« Entrez Gene (http://www.ncbi.nlm.nih.gov/gene/) to search in the
Entrez Gene databank for genes related with search keyword(s)

© Marco Masseroli, PhD
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Life Sciences computational and data access
wgb services
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|GPDW: Genomic and Proteomic Data Warehouse | gz s

Several integrated databanks, including:

Numerous integrated data, including:

On-line databanks

Entrez Gene, Ensembl
Homologene

IP1, UniProt/Swiss-Prot e “eS B.ocyc ReactomEt

«%°17'i

@
@

Gene

‘ITI

Gene Ontology, GOA Homo.ogfnee”e Ontlogy

BioCyc, KEGG, Reactome

InterPro, Pfam /Tju;g;rtlia;tigc

OMIM, eVOC, ... i S procedures
X

Genomic and Proteomic

8,085,152 genes of 8,410 organisms Data Warehouse
31,347,655 proteins of 367,853 specie
33,252 Gene Ontology terms and 61,899 relations (is a, part of)
27,667 biochemical pathways
14,163 protein domains; 7,215 OMIM genetic disorders; ...

© Marco Masseroli, PhD
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Life Science guestions and their answering

« Several Life Science guestions:
- are complex

- to be answered require integration and comprehensive
evaluation of different data

. often distributed, many of which ranked

Answering complex guestions requires integration of vertical search
services to create multi-topic searches

« where the different topic searches either refine or augment previous
search results

Bioinformatics data integration platforms exist
» No support for ranked data

© Marco Masseroli, PhD
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|Motivating Life Science search examples

1. “Which genes encode proteins in different organisms with high
sequence similarity to a given protein and are significantly
co-expressed (e.g. up expressed) in the same given biological
condition / tissue (e.g. in tumor / brain)?”

2. “Which proteins of a given biochemical pathway are encoded
by co-expressed genes and are likely to interact?”

3. “Which proteins in different organisms are most structurally
and functionally similar to a given protein?”

4. “Which drugs treat diseases that are likely to be associated
with a given genetic mutation?”

Information to answer such queries is available on the Internet,
but no software system is capable of computing the answer

© Marco Masseroli, PhD




|Motivating Life Science search examples

Common Aspects:

« Multi-domain queries (e.g. sequence similarity, gene expression)
« Ranking composition (e.g. similarity score, diff. expression p-value)
« The answers are on the Web

A knowledgeable user would do the query step-by-step:
 Search proteins similar to a given protein and get their 1D
« Search genes that codify such proteins and get their symbol

« Search a gene expression DB and find the differential expression of
such genes In the given biological condition / tissue

 Order results by best similarity and differential expression values

After hours of painful search the user might actually succeed!
 Can this be done better?

© Marco Masseroli, PhD




|Search Computing: an ERC funded project

Search Computing (SeCo) Is a 5 year project funded in November 2008
by the European Research Council (ERC) Advanced Grant program
It aims:

1. Develop the informatics framework required for computing
multi-domain searches by combing single domain search results
from search engines, which are often ranked, with other data and
computational resources

- directly supporting multi-domain ordered data

- taking into account order when the results of several requests
are combined

- enabling exploration and expansion of search results

2. Apply SeCo technology in different fields, including Life Sciences
B N

© Marco Masseroli, PhD
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|Search Computing: an ERC funded project G b

Results of first two year project and two SeCo workshop are collected
In two Springer books (http://www.search-computing.it/book.html)

« Ceri S, Brambilla M, editors. Search Computing - Challenges and Directions.
Heidelberg, D: Springer; 2010. p. 291-306. (Lecture Notes in Computer Science;
vol 5950)

« Ceri S, Brambilla M, editors. New Trends in Search Computing. Heidelberg, D:
Springer; 2011. p. 203-214. (Lecture Notes in Computer Science; vol 6585)

© Marco Masseroli, PhD
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High-Level

Multi-domain Query Final User

Results

Query Analysis

= ©3CHe 3
EeETon=

Query To Domain
Mapper

|
Concrete :
Query Plan

Domain ~
Framework

Service
Repository

Domain
Repository
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Search Computing framework 2 touniauco

High level query
“Which genes encode
proteins with high .High-Lfavel
sequence similarity to Multi-domain Query
a given protein and are Query Analysis
significantly co- SYEETE
expressed in the same S
given biological
condition / tissue?”

Final User
Results

ﬁ

|
Concrete :
Query Plan

Main Query flow
q

<Uses>relation

-——

Domain
Framework

Service
Repository

Domain
Repository
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Search Computing framework

Sub query 1

“Which proteins have high
sequence similarity to a given

protein?”

High-Level
Multi-domain Query

Sub query 2
“Which genes encode
which proteins?”

Sub query 3
“Which genes are
significantly co-
expressed in the
same given biological
condition / tissue?”

Query'AnaIysis

= ©3CHe 3

Concrete
Query Plan

Final User
Results

Transformation

Merged Results

Domain
Framework

Domain
Repository

WS-Framework

o o ov av e

Service
Repository

© Marco Masseroli, PhD

3

- POLITECNICO
>4 DI MILANO

Main Query flow
q

<Uses>relation

-——




Search Computing framework 2 touniauco

High-Level
Multi-domain Query

Final User

Low level query 1 Results

BLAST _search(“UniProt:014543”,proteinX,scoreY)

Low level query 2 _
protein2gene(“UniProt:014508”,geneX) Sub-queries

Low level query 3

|
Concrete :
Query Plan

Main Query flow
q

<Uses>relation

-——

Domain
Framework

Service
Repository

Domain
Repository
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Search Computing framework G oo

||
High-Level
Multi-domain Query . Presented results
Final User SOCS3 — Homo sapiens
Query Analysis Results Socs3 — Mus musculus
e Socs3 — Rattus norvegicus
““““ _ SOCS2 — Homo sapiens
Sub-queries Socs2 — Rattus norvegicus
Query To Domain 4
= — — = Mapper Transformation
|
|
: Results
Query plan
O/" Concrete

Query Plan
4

WS-Framework

Main Query flow
q

<Uses>relation

-——

Services invocations
and operators execution

Domain ~
Framework

Service
Repository

Domain
Repository
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Registration and conceptualization &
of search services

Three levels of conceptualization of services and associations

Conceptual level: Service marts

SequenceAlignmentSearch(QuerySequence, FoundSequence,
FoundSequencelenght, Score, ...)

Logical level: Access patterns

BLAST search(Query_Sequence][l], Found Sequence[O],
Found_Sequence lenght[O], Score[R], ...)

CorrespondingsSMyaitribuies _ Auxthary att_ributes
(i.e. query attributes)

Physi¢alLevel: Service interfaces

—9 WU-BLAST: Query_Sequence | Found_Sequence | Length | Score | % identity | ...

ﬁ
Auxiliary attributes
(i.e. query attributes)

Selector attributes Corresponding SM attributes

© Marco Masseroli, PhD
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| Resource network of Life Sciences web services

Services reqistered in the framework are pair-wise related each other
through connection patterns that define the available resource network

Ph enotypeb

Disease Gene C]

[ Protein

[ Promoter ] [ Publication

Mutatlon

Biological Process

[ Pathway ]

Protein Domain ]

—

[ 3D Structure ]

© Marco Masseroli, PhD
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|Bio—SeCo: SeCo technologies for Life Sciences

Life Science example query:

1. “Which genes encode proteins in different organisms with high
sequence similarity to a given protein and are significantly
co-expressed (e.g. up expressed) in the same given biological
condition / tissue (e.g. in tumor / brain)?”

This multi-domain case study question can be decomposed into the
following three single domain sub-gueries, each of these sub-queries
can be mapped to an available search service:

o “Which proteins in different organisms have high sequence
similarity to a given protein?”
—> BLAST, a sequence similarity search program, in one of its
many implementations, e.g. WU-BLAST
(http://www.ebi.ac.uk/blast2/)

© Marco Masseroli, PhD




|Bio-SeCo: SeCo technologies for Life Sciences

* “Which genes encode which proteins?”

- GPDW (Genomic and Proteomic Data Warehouse), a query
service to a database of genomic and proteomic data
(GPDW _protein2gene)

o “Which genes are significantly co-expressed (e.g. up expressed)
In the same given biological condition / tissue (e.g. in tumor /
brain)?”

- Array Express Gene Expression Atlas, a search engine of
gene expression data (http://www.ebi.ac.uk/gxa/)

© Marco Masseroli, PhD
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Bio-SeCo: SeCo technologies for Life Sciences | g s

« According to the Search Computing framework each search
service can be modelled with:

- a Service Mart (SM)

- one or more Access Patterns (AP)

- a Service Interface (SI)

/ WU-BLAST \/GPDW_GeneZProtein\/ ArrayExpress \

« 1 Service Mart » 1 Service Mart » 1 Service Mart
« 2 Access Patterns 1 Access Patterns « 2 Access Patterns
e 1 Service Interface » 1 Service Interface » 1 Service Interface

© Marco Masseroli, PhD
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Bio-SeCo: Sequence alignment search
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PAT:DD130053

|EM_PAT:DD208683

EmM
EM

PAT:DD415310

'EM

PAT:GM374767

EM

PAT:AR274318

EM

PAT:EANB2520

EM

PAT:EA245455

EM

PAT-EA427347

EM'

PAT:GP320972

EM

HUM: M27 396

EM

PAT:CQB75273

EM

PAT:C5063065

EM

PAT:CS080846

EM

PAT:DD387278

EM

PAT:DLABAS/ 7

EM

PAT:FBE/ 1589

Source

Diagnosis and Prognosis of Breast Cancer Patients.

Expression Profile of Prostate Cancer.

Diagnosis and Prognosis of Breast Cancer Patients.

Sequence 120 from Patent EP2003213.

'Sequence 55 from patent US 6506607 .

.Sequence 645 from patent US 7171311,
.Sequence 120 from patent US 7229774,
'Sequence 120 from patent US 7332290.
‘Sequence 645 from patent US 7514209,

Human asparagine synthetase mRMNA, complete cds.

'Sequence 16 from Patent WO2004076613.
Sequence 49 from Patent EP 1522594,

'Sequence 49 from Patent YWW02005040414.
.COMPOSITIONS AND METHODS FOR THE DIAGNOSIS AMND

TREATMENT OF TUMOR.

"COMPOSITIONS, KITS, AND METHODS FOR IDENTIFICATION,
ASSESSMENT, PREVENTION, AND THERAPY OF CANCER.

Sequence 49 from Patént EP1892306.

1992
1992
1992
1992
1992
1992
1992
1992
1992
1994
1994

1994
1994

1994

Length !
1992

1994

Score
9960

9960
9960
9960
9960
9960
9960
9960
9960
9960
9895
9895
9895
9895

9895

9895

Identity%
100

100
100
100
100
100
100
100
100
100
22
99
99
99

99

99

Positives% ]gn

100

100
100
100
100
100
100
100
100
100
99

99

99

99

99

99

0.

BLAST search result for the sequence “Human asparagine synthetase mRNA”

© Marco Masseroli, PhD
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Service mart

seguenceAlignmentSearch(sequenceAlignmentProgram, searchedDB,
querySequence, querySequencelD, querySequencelDName,
foundSequenceSymbol, foundSequencelD, foundSequencelDName,
foundSequenceDescription, foundSequenceOrganism,
bestAlignmentScore, bestAlignmentExpectation,
bestAlignmentProbability, alignments(score, expectation, probability,
matchQuerySequence, matchFoundSequence, matchPattern))

EXx. Access pattern
sequenceAlignmentSearch_bylD(sequenceAlignmentProgram’,
searchedDB', querySequencelD', querySequencelDName',
foundSequenceSymbol®, foundSequencelD®, foundSequencelDName®,
foundSequenceDescription®, foundSequenceOrganism®,
bestAlignmentScore®, bestAlignmentExpectation®,
bestAlignmentProbability™)

© Marco Masseroli, PhD
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| Bio-SeCo: WU-BLAST A

Service interface

WU _BLAST _bylID(“Washington University BLAST”,
sequenceAlignmentSearch_bylID,
http://www.ebi.ac.uk/Tools/webservices/wsdl/WSWUBIlast.wsdl)

Input example:
 seaquenchAlignmentProgram: BLASTP

 searchedDB: uniprotkB

« (uerySequencelD: 014543  + querySequencelDName: uniprot
Output example:

» foundSequenceSymbol: SOCS3_MOUSE

« foundSequencelD: 035718 « foundSequencelDName: uniprot
« foundSequenceOrganism: Mus musculus

« foundSequenceDescription:  Suppressor of citokine signaling 3
 bestAlignmentScore: 990

 bestAlignmentExpectation:  2.99e% < bestAlignmentProbability: 2.99 e-98

© Marco Masseroli, PhD
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| Bio-SeCo: protein2gene and GPDW

Service mart
protein2gene(proteinlD, proteiniIDName, proteinSymbol, organism,
genelD, genelIDName, geneSymbol)

EXx. Access pattern
protein2gene_byID(proteinlD', proteinIDName', genelD°,
genelDName®, geneSymbol®, organism®)

Service interface

GPDW_DbyID(“Genomic and Proteomic Data Warehouse”,
protein2gene_byID, http://www.bioinformatics.polimi.it/GPDW/)

Input example: Output example:

e proteiniD: 035718 genelD: 12702
 proteinIDName: uniprot genelDName: entrez_gene
geneSymbol: Socs3
organism: Mus musculus

© Marco Masseroli, PhD
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Bio-SeCo: Gene expression search

2 Gene Expression Atlas Search Results - Gene Expression Atlas - Mozilla Firefox
File Edit Wiew Bookmarks

@ n p 4 R

- Fs )l All Databases  ~|EnterTextHere |
EMBL-EBI Searg All Databases + | Enter Text Here Go

EBI Groups

History Yahoo! Tools Help

) L | =

pamy | Q ~ | vahoo! Search 2

: http: /v, ebi.ac.ukfgxafgrs?gprop_O=&qgval_0==&fexp_0=UP_DOWMN&fact_C LB i_? -

Give us ==
feedback

=N =

Reset (?)
Acvanced Search

Databases About Us Site Index

ATLAS

Training Industry Help

home | about the project | fag | feedback | blog | das | api new | help

Genes Organism Conditions View

[(all genes) | [ up/down in v] | Saccharomyces cerevisiae | O Heatrmap
@ List

Search atlas

advanced search

| rehydration X [

e.qg. ASPM, "ps3 binding™ e.gq. lver, cancer, diabetes

=] [4]1[5] ... Genes 1-10 of 4638 total found {you can refine your query) < Download all results « REST &PI

Legend: - number of studies the gene is overfunder expressed in

- -

Gene <+ Organism * Experimental Factor $ Factor Yalue <+ P-value$
DTD1 ggfé:\};xiiirgé‘nyces Growth condition rehydration 4.42E-2
FAS1 Esfg\f;iiirgé‘nyces Growth condition rehydration O06E-3
FMP27 Esfgriiiraog‘lyces Growth condition rehydration F2E-7
YPR117W ggfg?igirggnyces Growth condition rehydration .O01E-6
PDRS ggfecriz{ggwces Growth condition rehydration 26E-9
CHL1 ggfg:ii{ggﬂyces Growth condition rehydration B6E-6
IRA2 S‘earcec?iiir:;nyces Growth condition rehydration .S9E-6
TUS1 ngg:ii{ggnvces Growth condition rehydration .35E-5
POL2 Eéarcec:ii:*g;nyces Growth condition rehydration .96E-3
NCR1 nggpii{genﬂyces Growth condition rehvydration .18E-5
Terms of Use EBI Funding Contact EBI © @ European Bioinformatics Institute 2008 Gene Expression Atlas 1.1.3 Build r8960 at 2009-09-17 14:43:25

Done

= =

Gene expression data result from Array Express
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| Bio-SeCo: Gene expression search

Service mart

geneExpressionSearch(queryProperty, queryPropertyValue,
queryEnsemblGenelD, queryOrganism, queryRegulation,
queryFactorValue, foundGeneSymbol, expressionFactorValue,
expressionRegulation, experimentNumber, bestExperimentPvalue)

EXx. Access pattern

geneExpressionSearch_byGeneProperty(queryProperty’,
queryPropertyValue', queryOrganism', queryRegulation’,
queryFactorValue', foundGeneSymbol®, expressionFactorValue®,
expressionRegulation®, experimentNumber®, bestExperimentPvalue®)

© Marco Masseroli, PhD




Bio-SeCo: Array Express G s
| )

Service interface

Array Express_byGeneProperty(“Array Express Gene Expression
Atlas”, geneExpressionSearch byGeneProperty,
http://www.ebi.ac.uk/gxa/api?gene<queryProperty>ls=<queryPropertyV
alue>&species=<queryOrganism>&format=xml&indent)

Input example:

 (ueryProperty: Gene » queryPropertyValue:  Socs3
 gueryOrganism: Mus musculus  queryRegulation: updown
 gueryFactorValue: brain

Output example:

» foundGeneSymbol: SOCS3
 expressionRegulation: UP

« bestExperimentPvalue: 1.12 3

expressionFactorValue: brain
experimentNumber: 24

© Marco Masseroli, PhD




J-Bio—SeCo: Connection patterns @ e
el

Their pair-wise coupling connection patterns useful for computing
the answer to the considered case study question are as follows:

existsCodingGene_byProteinlD(sequenceAlignmentSearch, protein2gene):
[(sequenceAlignmentSearch.foundSequencelD = protein2gene.proteinlD
AND sequenceAlignmentSearch.foundSequencelDName =
protein2gene.proteiniIDName)]

existsExpressedGene_byGeneSymbol(protein2gene, geneExpressionSearch):
[(“Gene” = geneExpressionSearch.queryProperty
AND protein2gene.geneSymbol = geneExpressionSearch.queryPropertyValue
AND protein2gene.organism = geneExpressionSearch.queryOrganism)]

© Marco Masseroli, PhD




Bio-SeCo: Service workflow

pvalue

P26367

Exists Coding Gene
(on Protein ID Name, Protein ID)

Exists Expressed Gene
(on Gene Symbol, Organism)

Disease state
tumor

© Marco Masseroli, PhD
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Query interface for multi-domain search

“Which genes encode proteins in different organisms with high
sequence similarity to a given protein (e.g. with UniProt ID: 014543)
and are significantly co-expressed (e.g. up or down expressed) in the

same given biological condition / tissue (e.g. in brain)?”

Query Parameters
Protein ID name |uniprot

Protein ID _0’14543

Gene expression updown
regulation

Biological tissue or |brain
condition

Visualization Options |
Visualization Type | Table View ¥

‘ Search ]I reset I

© Marco Masseroli, PhD




Results of sequence alignment search
on WU-BLAST
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Vst gl

“Which proteins in different organisms have high sequence similarity
to the protein with UniProt ID: 01454327

Using BLAST, a sequence similarity search program, in one of its
Implementations, e.g. WU-BLAST (http://www.ebi.ac.uk/blast2/)

Sequence Alignment

Gteiﬂ ID Protein Name Protein Symhh Expectation

Suppressor of
cytoline signaling 3

DeFI39 SOCS3 protein QEFI39_HUMAN 2,59999999999999952-99
Suppressor of

2014543 S0CS3_HUMAM £,5999993393393995-99

035718 . , . =0CE53_MOUSE Z£,9990999999999999532-95
cytokine signaling 3

BLAGLE Fuppressor of BLAGLE MOUSE 7,9999999999999993-95
cytoline signaling 3

088583 Suppressor of SOCS3_RAT 2.0999999999999999-97
cytoline signaling 3

S91R -2 Socsd protein A9IR <2 DANRE J.6e-21

038532 Suppressor of SOCSZ_RAT 2 Sa-Z0

\ cytolkine signaling 2 J

\mana Fuppressor of SDCSE_HLIMAV 31e-20
cytokine signaling 2
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Results of protein2gene search
on GPDW
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“Which genes encode which proteins?”

Using a query service (GPDW proteinZgene) to our GPDW
(Genomic and Proteomic Data Warehouse)

‘ Gene Protein Association

. / . \

W L Tt

Protein ID Gene Symbol Crganism
214543 S0OCS3 Homo sapiens
QGeFI39 S0CE3 Hormo sapiens
035718 Socs3 Mus musculus
BlAQLA Socs3 Mus rusculus
D85535 Socs3 Rattus norvegicus
L= [ =R socsh Danio rerio
Q88582 SocsZ Rattus norvegicus
214508 SOCE2 Hormo sapiens

© Marco Masseroli, PhD




Results of gene expression search
on Array Express
|

“Which genes are significantly up or down expressed in brain?”’

Using Array Express Gene Expression Atlas, a search engine of
gene expression data (http://www.ebi.ac.uk/gxa/)

Gene Expression ‘
M
(s : N - : AR P
. . AP Ermen
Gene Symbol Crganism Factor Regulation NuTbar P-yalue
So00s3 Mus musculus brain Lp 24 1.12181850404517488-23
S00s3 Mus musculus brain Lp 24 1.17131850404517488-23
So00s3 Rattus norvegicus brain DO B 5 .427190918894098e-10
SOCES Homo sapiens birain P 11 25128574 776545065:-9
SOCE3 Haormo sapiens brain LP 11 25128574 776545065.-9
SOCEZ Homo sapiens brain Doy 1z 2. 9868274520339355.-9
\ Socs? Rattus norvegicus } brain DO g 0.005287489853799343
\ 5058 Danio reril:/ brain DR 1 0.01861427351583239
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Combined search results

||
| Combination | Sequence &lignment
- A : : (- A
Rank Protein ID Protein Mame Protein Symbol Exzpectation
Suppressar of
3.365e-121 Q35718 cytokine signaling 3 SOCE3_MOUSE 2,9999999999999993-95
) Suppressor of )
3.365e-121 BladLe cytokine signaling 3 BlaQle_MOUSE 2,9999999999999993-95
Suppressar of
6.533e-108 014543 cytokine signaling 3 SOCE3_HUMAM 2.59999999999999952-99
6.533e-108 QEFI39 SOCE3 protein QEFIZ9_HUMAMN 2.5999999999999995-99
1.140e-106 OES8563 Suppressor of SOCS3_RAT 2.0999999999999999a-97
cytokine signaling 3
9, 75%98-29 014508 Suppressor of SOCSE HUMAR 3.1e-20
cytokine signaling 2
6. 701le-23 L9IRXZ Socsd protein L89IR=2_DANRE J.6e-21
1.322e-22 Nag5e2 Suppressor of =0CE2 RAT 2.5e-20
cytokine signaling 2
Gene Protein Association Gene Expression |
Fy
= = 8 - N Experiment -
Gene Symbol Drganism Factor Regulatian Number P-value
Socs3 Mus rusculus brain P 24 1.121818504045174588-23
Socs3 Mus rusculus brain P 24 1.1215818504045174588-23
SOCE3 Hormo sapiens brain P 11 Z.5128574776545065e-9
SOCE3 Harmo sapiens brain P 11 2.5128574776545065e-9
Socsd Rattus norvegicus brain D & 5.427190915894098e-10
SOCEE Hormo sapiens brain D 1z Z.9865274520339355-9
socsd Danio rerio brain D2y b 1 0.0186142735183239
Socss Rattus norveagicus brain D2 I 5 0.005257459353799343

Combination.Rank = sequenceAlignment.Expectation * geneExpression.P-value
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S0, POLITECNICO
dEE~Y DI MILANO

Query expansion on the resource network &
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Bio-SeCo demo
on http://www.search-computing.org/

?) Search Computing | The Search Computing Project - Mozilla Firefox
File Edit ‘Wew History Bookmarks Toaols  Help

6 - c XA Er % | B bttp: /e, search-computing. netfhome#dema ﬂf *|

| |j Se-Co Example

'-:'* Google J';::'| %

=) | .5earch Computing | The Search ... ﬁ | - |

POLITECNICO
DI MILANO

The Search Computing Project

Home Description Participants Results Events Scholarships Theses and Projects Links =
Course .
Menu Search Computing
Home
Description
o Search Computing (Seco) is a project funded by the European Research Council (ERC), responding to the 2008 Call

Participants for "IDEAS Advanced Grants", a program dedicated to the support of investigation-driven frontier research.

Results

- The Challenge | The Book | The Dermonstrators | The workshop | Materials | The Blog

vEnts

Scholarships

The Challenge

Theses and Projects

Links Search computing focuses on building the answers to cormplesx
search gueries like "Where can 1 attend an  interesting

Course ; . . . .

conference in my field close to a sunny beach?” by interacting 4
SearchCamputing
Esedanes Cerl, Kiyrsie 1k ol CAISE, Hamsamid, Ju

daint werk with: Adean Abid, Mamoun Abu Helu, D

service composition. By leveraging the peculiar features of Cipeviale Bengs, Marco Brambills, Mo Bozio
Carmgd, Salia Coppl, Francescs Corcoghoniti, Emprnsla Dall

.
my Linked mpmﬁle } search services, the project devises query approaches, Crwwldn Eynard, Piarn Fraternak, Nicals Gaili, Giicegio Ghi
Michapl Grosenithus, Davide Madicenghl, Merco Masseroli,
Maristella Balnrs, Chipm Pagini, Elena Pellizzolli, Stefania Ronchi,
] . ) Marco Taglissacchi, Luca Tettamanli, Sakealore Vadecoa, Riccardo
configuration tools, and exploratary user interfaces, [more...]. Volonterio, Serge Zagorac

JIERUREIIAED it <> o

with a constellation of cooperating search services, using

SeCo on LinkedIn ranking and joining of results as the dominant factors for

execution plans, plan  optimization  technigues, query

Done
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Bio-SeCo demo
on http://www.search-computing.org/

POLITECNICO
DI MILANO

) Search Computing | The Search Computing Project - Mozilla Firefox

File Edt ‘Wiew History Bookmarks  Tools  Help
. 0 l:_
- c (gt % . http: f fensna, search-computing, net /home#t demo LT '-l - g ‘a
|j Se-Co Example . Search Computing | The Search ... ﬁ - -
Pl WLTIZENTTIC, SR LTI — .
interesting: #SemanticSearch -
tutorial at #1SwWC2010: =
. . [ ] r awm = -
presentations @ hitp:/fhitly ThE Demonstrators
fg0alBs #web #search
#semanticweb o . . .
The SeCo concepts are being implemented in a comprehensive architectural
RT @ zremBrarbi: Miar v infrastructure. Several demonstrators are  already  awvailable online (e.g.
BioInformatics Dermonstrator, Concert Planning Demonstrator, ete.), so to allow
J0in the conversation flrst-.hand.expn.arlnjents with the join of services, the explu:uratu:ury.r paradigm, the
multiple wisualization of results (tabular, map, and parallel coordinates), and the
functioning of the SeCo Execution Engine, [more...]
Seco on Facebook
Search Available Materials The Search Computing Blo
Computing su P d J
Facebook
Mipiace 122 &ll the materials produced by the project are available The technology watch blog is a repository of classified
online, vou can find publications, deliverables, invited links to news, products, and researches that are
i talks, meeting presentations, course materials, and so relevant for Search Computing.,
o on.
Login
Login
Printer-friendly version
“
Dane
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Bio-SeCo demo
on http://www.search-computing.org/

POLITECNICO
DI MILANO

2} Bioinformatics Demonstration, | The Search Computing Project - Mozilla Firefox
File Edit \Wiew History  Boockmarks  Toaols  Help

6 - c M 15T ﬁ - - htkp:f fravaw, search-computing. net JUIDemoBio T:T '| |-"" Google ):| %

| |j Se-Co Example

1S3 | ¥ Bicinformatics Demonstration | ... £ | + |

The Search Computing Project

Home Description Participants Results Events Scholarships Theses and Projects Links

Course
Menu Haorme

Heme Bioinformatics Demonstration —

Descriptiaon

Participants
The demonstrator is available HERE.
Results

Fublications web search tools have become ubiguitous, with both generic and domain-specific search services providing users

Related Publications with rapid and selective access to data from potentially huge repositories. However, individual search toals are

First Book often ineffective for use in applications in which the answer to a request involves combining results from more than

one search engine. In particular, web search services typically seek individual documents that meet the criteria
specified in a request, whereas in practice information relevant to a requirement may be sp d over several

Dermonstrations resources, |

Second Baaok

Deliverables Search cormmputing pravides a platform for expressing requests over multiple search

Technaology watch Blog services, such that the results of the integrated requests take account of the

rankings of individual search results,

i . . . . ey . -
Fures In the life sciences, many resources provide vertical search capabilities, in that they
Readings are focused on a single domain, In practice, many life science services provide
Ewvents ranked data as results, where the ranking may reflect a property of an algorithm

. {e.g. a similarity score) or of an experimental result {e.q9. an expression lewvel).
Scholarships o ) } . . .
Furthermaore, it is often essential to combine multiple vertical search services to

Theses and Projects create multi-domain searches, where the different domain searches either refine or

Links augment previous results,

Coures This u.:lernc: explores the a|:||:fli|:ati|:|n u:uf a.search computing pl.atforrn.in ] bioinform:atics use case,. T.-\l.ith a wiew to
identifying the extent to which the existing platform for multi-domain search provides useful facilities for
representing and integrating biainfarmatics search services.

SeCo on LinkedIn "

Done
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Bio-SeCo demo
on http://www.search-computing.org/

gy

)} Se Co Example - Mozilla Firefox

File  Edit Wiew  History  Bookmarks Tools  Help
o oy —
@ - c (R |_1'] htkp: ffdema. search-computing. net g2 Biof Tr 7| pey | &SP~ >~

|j Se-Co Example =

i SeCo Bioinformatics Demo

Demo Description

Bio-5eCo

In the life sciences, numerous questions can be addressed only by comprehensively
searching different types of data that are inherently ordered, or are associated with
ranked confidence values, By using available web services for searching bioinformatics
data and taking advantage of the attributes they define for providing a ranking,
search computing techniques can be applied to efficiently search for globally ranked
answers of comples bioinformatics guestions.

This Demo answers this multi-domain guestion: “lIhich genes encode profeins in
different organisms with the highest seguence simiilarity to 2 given proftein and
are co-expressed {e.q. over expressed) in the sarme given biofogical

tissue foondition?™.

The above case study gquestion can be decomposed into the following three single
domain sub-gueries:

Query Panel

= "WRich proteins v diferent organisins have the Righest sequenoe similarity to 2
Qivern protein 2,

s "WRich genes encode which protelns 27

= “lRich genes are co-expressed (e.g. aver expressed) i the same given bicvogical
Hesueoondition 27

Each of these sub-gueries can be mapped to an availlable search service, 1.2, a
sequence similarity search program such as BLAST, in one of its many
implementations (e.g. WU-BLAST), a query service in a database of genomic and
proteomic data such as our GFINDer GPDW, and a search engine aover a repository of
gene expression data such as ArrayExpress Gene Expression Atlas, respectively.

£

Search Cormputing Project @z2002 All rights ressrved

L

Done
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Bio-SeCo demo
on http://www.search-computing.org/

£ Se_Co Example - Mozilla Firefox
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DI MILANO

File Edit Wiew  History  Bookmarks Tools  Help
@ - c {5 |_-L] htkp: ffdemo. search-computing. nek g2 Bio/ - EJ-E 8- _}I'
|_1‘] Sse-Co Example == -
f# SeCo Bioinformatics Demo
IQuery Parameters
Frotein ID name |uniprot |
Frotein [0 | 0149543 | =
Gene expression |l.|pd0u.n.ln |
lati -
o meduweEEn 3io-SeCo
Biological tissue or |I:-ra|n |
condition . . i .
‘1 the life sciences, numerous questions can be addressed anly by comprehensively
Yisualization Options searching different types of data that are inherently ordered, or are associated with
Yisualization Type -anked confidence values. By using available web services for searching bioinformatics
data and taking advantage of the attoributes they define for providing a ranking,
search computing technigues can be applied to efficiently search for globally ranked
answers of complex bioinformatics questions,
Mis Demo answers this multi-domain question: "Which genes encode proteins in
= Jifferent organisms with the highest sequence similarity o a given protein and
S e co-expressed {e.g. over expressed) in the sarme given biological
o ssuefoondition?™.
—_
i [he above case study gQuestion can be decomposed into the following three single
or domain sub-gueries:
s "Which proteins n diferent organisims have the highest seqguenoe similarity o 2
given protein 27;
« WRich genes encode which proteins 2T
& “lRich genes are co-expressed (8.0, over expressed) in the samne given hiological
Hesuesoondition 27,
—ach of these sub-queries can be mapped to an available search service, 1.e. a
sequence similarty search program such as BLAST, in one of its many
mplermentations (2.9, WU-BLAST), a query service in a database of genomic and
aroteomic data such as our GFINDer GPDW, and a search engine over a repository
of gene expression data such as ArrayExpress Gene Expression Atlas, respectively.
s
Search Computing Project @200% All rights reserved
Done =S
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£ Se-Co Example - Mozilla Firefox

File Edit Wiew Histary Bookmarks Tools  Help
1
@ - c x (Rl |_L] hktp: ffdemo. search-computing. netflg 21 Bio/ - EJ-§| ar- r
|_1‘] se-Co Example - -
8 SeCo Bioinformatics Demo
Demo Description Table view %
The server retrieved 42 combinations... Get Mare... *  Show Columns | Group Results
Y
Showing 1 to 23 of 23 entries (filtered from 42 total entries) Search: |brain
| Combination | Sequence Alignment Gene F
- ] = = e e
Rank Protein 1D FProtein Mame Protein Syrmbol Expectation Gene Symk
Suppressor of
3.365e-121 035718 cytakine signaling SOCEI_MOUSE 2.999999999993999953:-95 Socs3
Suppressor of
- 3.365e-121 B1AQLE cytokine signaling B1aQLE_MOUSE 2.9999999999993393-95 Socs3
= Suppressor of
E 56.5332-108 014543 cytokine signaling SOCE3_HUMAM 2.5999999999999995:-99 SOCE3
= 6.5353e-108 QGFI33 SOCS3 protein QEFIZI_HUMAN 7.5999999999999996:-99 SOCES
[ul}
= 1.140e-106 083583 Suppressor of SOCSI_RAT 2.0999999999999999e-97 Socs3
o cytokine signaling
Q,259e-29 014508 Suppressor of SOCSZ_HUMAN 3.1e-20 SOCEz
cytokine signaling
5.701e-23 AQIR =2 Socsd protein AQIR=Z_DAMNRE J.6e-21 s0CsS
1.322e-22 0BB582 Suppressor of SOCSZ_RAT 2.5e-20 Soos?
cytokine signaling
3. 626e-106 035715 Suppressor of SOCS3_MOUSE 2.9999999999999995-95 Soes3
cytokine signaling
3.626e-106 BlAGQLS Suppressor of BlACLE_MOUSE 2,90999900900990095:-95 Soos3
cytokine signaling
1.026e-102 014543 Suppressor of SOCSS_HUMAN 2,5909990909990095:-94 SOCES
cytokine signaling
< >
Search Computing Project @2009 All rights reserved
Transferring data From dermo.search-computing.net. .. ElES
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| Extended query

« Which are the genes (if they exist) that encode proteins in different
organisms with high sequence similarity to an amino acid
sequence X and have some biomedical features in common (e.qg.
significantly co-expressed in the same biological tissue or
condition Y and involved in a biological process Z)?

« A new registered service

— GeneZBiologicalFunction

© Marco Masseroli, PhD




| Bio-SeCo: Biolgical function feature G branuse

Service mart

biological function_feature(genelD, genelDName,
biologicalFunctionFeaturelD, biologicalFunctionFeaturelDName,
biologicalFunctionFeatureProvenance, biologicalFunctionFeatureName,
biologicalFunctionFeatureDefinition)

EXx. Access pattern

biological function_feature-name _byGenelD(genelD', genelDName',
biologicalFunctionFeatureIDName', biologicalFunctionFeatureName',
biologicalFunctionFeatureFeatureName', biologicalFunctionFeaturelD®,
biologicalFunctionFeatureIDName®, biologicalFunctionFeatureName®,
biologicalFunctionFeatureDefinition®)
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|Bio—SeCo: Array Express

Service interface

GPDW Dbiological function_feature-name_byGenelD(“Genomic and
Proteomic Data Warehouse™, biological function feature-
name_byGenelD, http://www.bioinformatics.polimi.it/GFINDer/)

Input example:
« genelD: 5080
« genelDName: entrez_gene

Output example:

* biologicalFunctionFeaturelD: G0:0019222

* biologicalFunctionFeatureIDName: go

* biologicalFunctionFeatureName: “regulation of metabolic process”
* biologicalFunctionFeatureDefinition: “Any process that modulates the

frequency, rate or extent of the
chemical reactions and pathways
within a cell or an organism”
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Query plans

T
LDt )
||

B o o e e e e e e e e e e e N BN N N BN SN SR BN ER mm mm mm o omw omm oo

A: SequenceAlignment search service
B: Protein2gene service

C: GeneExpression search service

D: Gene2BiologicalFunction service
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| Extended query results

The submitted final global query included as input:

» The human Paired box protein Pax-6 isoform a protein (UniProt
ID P26367) as amino acid sequence X

 tumor as pathological biological condition Y

* regulation of programmed cell death as biological process

Unpredictably, on July 10t 2011, our system discovered only the
human PAX7 gene, with global rank 5.62 E1%°, as encoding the
Paired box protein Pax-7 with expectation 1.78 E*®° of sequence
similarity to the input human protein Paired box protein Pax-6
isoform a and with p-value 1.0 E-1% of expression in tumor
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N Resource network exploration approach @) s

Gene Expressmn

Is expressedzm‘/

Is_encoded by
\
- \
/ |s_similar_to
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| Bio Search Computing

Thank you for your attention!

Any question?
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