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Motivating Scenario

Goal: Given a set of DNA sequences, classify 
them into

Sequences associated with protein-coding DNA (show 
more info)
Sequences associated with non-coding DNA
Sequences for which no corresponding DNA can be 
found

>S1
CATTCTAAGAGACAAAGATAACTAAGA
>S2
CCCTATCAAAGTATCATTCAAGACTTA
>S3
CACTCACCTAAGTTAGTACAAATAACA
>S4
GAAAAGAAGGCGTGCCAACCTCCTCC
…

My Sequences NCBI
Ensembl

UCSC
Genome
BrowserDNA

Exon

Protein

DNA

Gene
DNA

Gene
Protein

Local source Publicly available sources
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Manual Solution

1) Upload the sequence file
e.g. to Ensembl system

2) Sequence
Alignments 

Unaligned sequences

3) Study the corresponding
annotation, e.g. genes,
to find out protein coding
sequences
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Data Integration Challenges

Many sources, high connectivity
High heterogeneity

Data formats (syntax)
Schemas
Semantics

Constant changes of schemas and data
Data quality (incompleteness of sources and their 
interconnections)
Integration of local data sources, e.g. private gene list
Support of ad-hoc workflows
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Outline

Motivating Scenario and Integration Challenges
Typical Integration Approaches
Mapping-based Data Integration
BioFuice Architecture
Query Processing
Conclusions
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Typical Integration Approaches

Types: Virtual (e.g. FDBS, mediator), physical 
integration (e.g. data warehouse)
Resource-intensive construction and maintenance of 

Application-specific global schema and 
Schema mappings between each source and global schema

FDBS/Mediator

…S 1 S 2 S n

A 1 A 2 A n…

WrapperWrapperWrapper

Data Warehouse

…S 1 S 2 S n

A 1 A 2 A n…

ETL Process

Sources

Applications

Integration by using 
a global schema
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Mapping-based Data Integration

Mapping-based integration (peer data mgmt.)
No global schema
Utilization of bidirectional connections between 
heterogeneous sources, e.g. based on existing 
instance correspondences (mapping)
Easy link up of new sources (incl. local sources)
Querying selected sources and propagating it to 
relevant neighbors

S 1

S 2

S 3

S n

Query 1

S n+1Query 2
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BioFuice

BioFuice: Bioinformatics information fusion utilizing 
instance correspondences and peer mappings 

Basis: iFuice approach*
Bottom up integration
High-level operators

P2P-like infrastructure
Mappings between autonomous data sources (peers)
Mapping: Set of instance correspondences
Simple integration of new sources

Mediator
Controlling of mapping- and operator execution
Utilization of application specific semantic domain model

* Rahm, Thor, Aumüller, Do, Golovin, Kirsten: iFuice - Information fusion utilizing instance
correspondences and peer mappings. Proc. of WebDB, Baltimore, 2005
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Data Sources

Physical data source (PDS)
Public, private and local 
data (gene list, …), ontologies
Subsumes logical data sources

Ensembl

Accession: ENSG00000121380
Descr.: Apoptosis facilitator Bcl-2-like …
Sequence region start position: 12115145
Sequence region stop position: 12255214
Biotype: protein coding
Confidence: KNOWN

Gene@Ensembl

Object instances
Set of relevant attributes
One id attribute

Gene

Sequence
RegionExon

Logical data source (LDS)
Refers to an object type 
and a physical data source,
e.g. Gene@Ensembl
Contains objects(-instance)
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Metadata Models

Used by mediator for mapping/operator execution
Domain model indicates available object types and 
relationships

Source mapping model

LDS PDS
mapping
(same:           )

Legend
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RegionTouchedExons
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Operators

Set oriented operators
Input: Set of objects/mappings 
+ parameters / query conditions
Output: Set of resulting objects

⇒ Combination of operators within scripts for
workflow-like execution
Selected operators:

Single source: queryInstances, searchInstances, …
Navigation: traverse, map, compose, …
Navigation + aggregation: aggregate, aggregateTraverse, …
Generic: diff, union, intersect, …
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Script Example

Script to solve motivating scenario
Three classes: unaligned s., non-coding s., protein 
coding sequences

$alignedSeqMR := map( MySequences, { SeqDnaBlast } );
$codingSeqMR  := compose( $alignedSeqMR, { Ensembl.SRegionExons } );

$unalignedSeqOI := diff ( MySequences, domain ( $alignedSeqMR ));
$protCodingSeqOI := domain ( $codingSeqMR );
$nonCodingSeqOI := diff ( domain ( $alignedSeqMR ) , $protCodingSeqOI );

Ensembl

MySequences Ensembl.
SRegionExons

SeqDnaBlast
Sequence Region

Sequence
Exon

LDS PDS
mapping
(same:           )

Legend
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Aggregation

Associate and fuse genes of different sources,
e.g. for Ensembl and NetAffx

$GeneOI := traverse ( range ($codingSeqMR ), {Ensembl.ExonGenes});
$fusedGeneAO  := aggregateSame ( $GeneOI, NetAffx );

Ensembl

Ensembl.
SRegionExons

Sequence Region

Exon

GeneEnsembl.
ExonGenes

MySequences

Sequence

SeqDnaBlast

NetAffx

GeneEnsembl.
sameNetAffxGenes

LDS PDS
mapping
(same:           )

Legend
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Aggregation cont.

Details – Attributes

Overview – Aggregated Objects (i.e. Genes)

Attribute fusion
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System Architecture
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Query Processing

Canned queries
Script programming
Model-based querying
Keyword search
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Current BioFuice Applications

Gene expression analysis
Sources: Various publicly available + private lists of 
objects (genes, proteins, …)
Find genes of interest to focus the microarray analysis
Interpretation and validation of found gene sets

Analysis of large protein interaction networks
Sources: DIP, MINT, BIND
Goal: Find network properties to characterize the 
interplay between behavior, structure and function

Analysis of non-coding RNA
Associate private RNA lists to annotations in Ensembl 
and GeneOntology
Goal: Determination of secondary structure and 
function
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Conclusions & Future Work

Bioinformatics as complex domain, many sources 
& mappings
BioFuice

P2P-like infrastructure to integrate data of different 
heterogeneous sources
Domain model using semantic object and mapping 
types
Different operators for query and mapping execution
Several applications: Expression ~,  protein 
interaction ~ and non-coding RNA analysis

Future work:
Integration of different analysis applications to 
create complex analysis workflows (analysis pipelines)
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Further Information

http://dbs.uni-leipzig.de
http://www.izbi.de
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Example: Web-based Source NCBI Entrez

Source dependent identifier (accession)

OMIM

KEGG
UniGene
...

Correspondences 
to other data 
sources

Names, Symbols, 
Synonyms, Comments, 
Sequences, etc. 
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Simple Script Example

Goal: Return all genes of NetAffx which are 
associated with Chemokine* proteins

$Proteins:=searchInstances(Protein@SwissProt,"CXCL CCL XCL CX3C");
$Genes:=traverse($Proteins, {Ensembl.ProtGenes, Ensembl.sameNetAffxGenes});

Ensembl

SwissProt

NetAffx
Ensembl.ProteinGenes

Ensembl.sameNetAffxGenes
Gene

Protein

Gene

*Tanaka et al.: Chemokines in tumor progression and metastasis. Cancer Science, 
96(6): 317-322, 2005

LDS PDS
mapping
(same:           )

Legend
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