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Motivation

Objective: Integration of complex molecular-biological data from different
sources allowing a

> Source overspanning data analysis, e.g. sequence analysis and pathway
analysis,

» Combination with experimental data for joint analysis and interpretation

Integration Challenges

Large and growing amount of molecular-biological data sources, e.g. Entrez,
OMIM, Pubmed, GeneOntology, ...

High inter-connectivity of sources by means of cross-references (mappings)

Dealing with different schemas, formats (e.g. XML, Fasta, GenBank), and
semantics (e.g. gene definitions)

Incompleteness of sources and their connecting mappings

Constant schema and data changes > adaption and updates necessary

Related Work

Application-specific schema for consistent representation and access of integrated
data [Stein 2003, Lacroix 2003]

> Physical integration: IGD, GMS, GeneExpress
> Virtual federated integration: TAMBIS, Discoverylink, K2/Kleisli

¥ Difficult construction / maintenance of global schema, low scalability
Sacrifice global schema for more flexibility [Lacroix 2003]
> SRS, DBGET/LinkDB: Uniform query interface for many sources

§ Web-links: useful for interactive navigation, but not for large-scale analysis

Integration Approach

BioFuice = Biological Data Fusion utilizing Instance Correspondences and Peer
Mappings
Based on iFuice integration approach [Rahm 2005]
Bottom-up integration: Prevention of designing a global target schema
P2P-like infrastructure
> Mappings between autonomous data sources
> Easy link-up of a new source "where it fits best"
Integration by using a domain model comprising
> Object types: Refer to a real world entity, such as gene, protein efc.
> Mapping types: Semantic correspondences between object types
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Utilization of high-level operators (same: % | -

> Execution of pre-defined mappings
» Combination within scripts to perform complex intregration tasks
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Example: Gene entry of Entrez

C1: AANAT arylalkylamine N-acetyliransferase [Homo sapiens]|

GeneID: 15 Locus tag HGHC:15; MW 600850

Official Symbol: AAMNAT and Name: arylalkylamine M-acetyltransferase provided by HITGO Gene Nomenclatire Committee
Transcripts and products: FefSeq below

Gene type: protein coding

Gene name: AATAT

Gene description: arylalkylamine M-acetyliransferase

RefSeq status: Reviewed

Organism: Howme sapiens

FPhenotypes

Delaved sleer phase syndrome, suscentibility to MM 600350
Pathways

KEGG pathway: Tryptophan metabolism 00380 «——
UniGene Hz. 431417

NI 600350
PharmGEB PA24366

Kegg
UniGene
OMIM

Cross-references
between Entrez and
other data sources

BioFuice Integration Architecture

[ External Analysis Software, e.g. R, Matlab, ... }
Application Personal Annotation Sequence Pathway
Layer Analysis Analysis Analysis

Scriptbased data analysis and retrieval I
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Gener‘ic SQL XQuery Java Web-

Mapping [RDBMS) XMLDB, File, ... class Service

Services

Sources E GeneOntology NetAffx M HUGQ }
RDB XML-DB XML-DB File

Annotation Analysis Example

Analysis Goal
Find human 'Chemokine' related NetAffx genes

- Focused microarray-based gene expression analysis

Querying multiple sources to overcome the incompleteness of single sources and mappings:

> HUGO: Genes for which the chemokine relationship is documented
> SwissProt: Already known chemokine proteins, e.g. published by [Tanaka 2005]
> GeneOntology: Genes sharing the molecular function 'Chemokine'

Query Processing and Result

Relational Database XML
HUGO

elr

Relational Database

Query execution by

Integration
script

{NetAffx genes} =AUBUC

Result: List of NetAffx genes
1405_i_at, chemokine (C-C motif] ligand 5, 17q11.2q12, ...
1569203 _at, chemokine (C-X-C motif] ligand 2, 4921, ...
202859 _x_at, interleukin 8, 4913921, ...
203666_at, chemokine (C-X-C motif] ligand 12 (stromal cell-derived factor 1), 10q11.1
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