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Current Activities and Selected Publications (1)

DILS 2004
Rahm: Data Integration in the Life Sciences.
Springer-Verlag, LNBI 2994, 2004

GenMapper
Do, Rahm: Flexible Integration of Molecular-biological Annotation 
Data: The GenMapper Approach. Proc. EDBT 2004, Heraklion, 
Greece, March 2004
Joint work with MPI EVA 

GeWare
Do, Kirsten, Rahm: Comparative Evaluation of Microarray-based 
Gene Expression Databases, Proc. 10th Conf. on Database 
Systems for Business, Technology, and the Web, 2003
Kirsten, Do, Rahm: A Multidimensional Data Warehouse for Gene 
Expression Analysis. Poster/Abstract, Proc. German Conference 
on Bioinformatics (GCB), Munich, October 2003
The IZBI Gene Expression Analysis Platform, Internal Status 
Report, IZBI, 2003
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Current Activities and Selected Publications (2)

GenBank Management
Joint work with G. Fritzsch (AG4)

Oligo Sequence Sensitivity Analysis
Project involvement (coordination and main analysis by 
H. Binder)
Binder et al: The effect of base composition on the sensitivity 
of microarray oligonucleotide probes. In submission
Binder et al: Interactions in oligonucleotide duplexes upon 
microarray hybridization. In submission



4

Outline

Motivation
GeWare architecture
Annotation integration
Analysis support
Conclusions
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Gene Expression Data

Microarrays to measure expression of thousands of 
genes at the same time
Various kinds of data with different characteristics 
and requirements

user-specified, 
often free text

User Experiment 
input

Interpreting / 
Relating / 
Inferring gene 
functions 

regularly updatedtextExternal 
public 
sources

Gene Annotation 
Data

Visualization, 
statistical and 
cluster analysis

fast gronumber wing 
volume

Image 
analysis 

Expression Data

Generation of 
expression data

large files binaryArray 
scan 

Image Data
UsageCharacteristicsTypeSourceData
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Goals

Central data management and analysis 
platform

Data Warehouse approach
Expression data import, e.g. from Affymetrix system
Fact tables to store both raw and derived data 
Uniform specification of experiment annotations
Integration of gene annotations from public sources
Integration of analysis and data mining 
algorithms/tools
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System Architecture

Data AnalysisSources Data Warehouse

Tight integration

Transparent integration

Probe and gene 
intensities

annotations

Gene annotations
Tight integration
(Direct operation 

on database 

File-based exchange
Data ex-/import 

to/from tools

(Data access using 
database API)

Probe and gene 
Intensities

Sample & Experi-
ment annotations

Gene annotations

Uniform web-based GUI
Descriptive statistics
Canned / Ad-hoc queries
(Data mining, OLAP)

Multidi-
mensional
data model

RDBMS

LocusLink

GO

UniGene
RDBMS

LocusLink

GO

UniGene
RDBMS

LocusLink

GO

GenMapper

Flat Files & MicroDB

RDBMS

Experiments
Flat Files & MicroDB

RDBMS

Flat Files & MicroDB

RDBMS

MIAME
Submission Website
Manual User Input
Submission Website
Manual User Input

Public Data Sources

Data Integration Tool Integration
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Data Warehouse Model

Multidimensional data model (star schema)

Gene IntensityProbe Intensity Cluster Genes

** **

Staging area Core Data  Warehouse Data Mart

ExperimentSample Gene

11

*
* *

*

Tissue, Age, 
Treatment, ...

Labeling
Scan, Wash, ...

GO function,
Map, Pathway, ...

Experiment Group Gene Group

Annotation-related 
Dimensions Cluster

1 1

Facts: 
Expression Data, 
Analysis Results

Aggregation
Method

Normalization
Method

Analysis
Method

1 1 1 1

* * * *

Processing-related 
Dimensions

Total Sum, Affy, 
Li-Wong, …

Mean, Median,
Base experiment, …

Clustering, Classification, 
Westfall/Young, ...
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Analysis Workflow

Experiment creation

Import of raw data (*.CEL)

Pre-processing raw data
(Normalization, Aggregation)

Import of 
expression data

GeWare

Import of pre-
processed data 

(MicroDB or 
others)

Internal analysis Generation 
of gene groups

Generation and 
export of gene 

expression matrix

Generation of 
experiment groups

Experiment 
annotation

GenMapper, BioConductor, 
GenMapp & Others External analysisFunctional profiling
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Experiment Annotation (1)

Goal: Uniform and comprehensive annotation
Controlled annotation vocabularies

Sets of predefined terms
Annotation templates 

Collections of annotation categories for which the 
annotation values has to be captured
Hierarchical arrangement of categories
Definition of MIAME compliant templates (Human 
biopsy, Human cell line, …) in cooperation with biologists

MAGE-ML export (data exchange)
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Experiment Annotation (2)

Template specification
Easy specification and 
adaptation
Automatically generated 
web GUI
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Experiment Groups

Collections of experiments with common patterns
Input for reporting and further analysis
Definition by 

User selection
Search in experiment 
annotation

Result storable as 
experiment groupAnnotation query comprising

different conditions
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Gene Annotation Integration

Materialized integrated gene annotations
Source: Affymetrix Netaffx
Various annotation attributes (unigene, locuslink, map 
location, gene symbol …)
Directly associated with the gene dimension

Application
Gene group generation
Direct access in expression analysis

Future work: More annotations from different 
public sources
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Gene Group Generation and Usage

Filter by
Gene

Annotation

Filter by
Expression

Value
Genes

Looking for
noticeable

Filter by
Analysis

Value

Gene Group Advanced
Analysis

Various
Reports

Iterative analysis to
filter out candidate genes 
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Gene Annotation Filter

Application of different search types (exact / 
fuzzy matching)
Combination of filter conditions using boolean
operators (and, or, not)

Gene annotation 
conditions

Query result storable 
as gene group
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Expression Value Reporting and Filter

Gene group filter

Experiment 
group filter

Available 
annotation attributes

Store as new gene group

Several statistical reports used for analysis 
entry and outlier detection

Using experiment and gene groups to filter
Generation of new gene groups
Downloadable results Annotation attributes
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Gene Expression Matrix Management (1)

Gene expression matrix (GEM)
Genes as row, experiments as column label
“Standard” input format for many analysis tools

Requirements
Support for different matrix types (absolute / 
relative values, nested, …) 
Input for advanced analysis, reporting and export in 
GeWare
Problem: How to manage GEM in relational databases?

Complexity / size limitations of resulting SQL statements
Performance aspects
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Gene Expression Matrix Management (2)

Relational Representation

Matrix Representation

M

FE

G

Schema
G (gene id, gene name, ...)
E (exp id, exp name, ...)
F (gene id, exp id, value, ...)
M (gene id, value (exp id 1) ...

value (exp id n))

Example: Virtual Mapping:
CREATE VIEW F_M_Mapping AS
SELECT G.gene id, F1.value, F2.value …Fn.value
FROM G, F as F1, F as F2 … F as Fn
WHERE G.gene id = F1.gene id
AND G.gene id = F2.gene id
AND G.gene id = …
AND G.gene id = Fn.gene id
AND F1.exp id = 1
AND F2.exp id = 2
AND …
AND Fn.exp id = n

Need a mapping: F M
Virtual mapping (view)
Materialized mapping
(mat. view, table)
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Gene Expression Matrix Management (3)

GEM management in GeWare
Materialized representation of GEM due to

Database limitations (query size)
Expected less performance using views

Flexible generation of different GEM types
Application of first class objects and high level operations, e.g.

generateMatrix (Experiment Group, Gene Group)
generateMatrix (Experiment Pairs, Gene Group)

Matrix visualization
Generic GEM metadata management

Matrix Columns
-Matrix Id
-Column Position
-Column Name
-Attribute Name

Matrices
-Matrix Id
-Name
-Type
-Gene group

Participated Experiments
-Matrix Id
-Experiment Id
-Sort Nr

1 N

1 N
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Analysis Coupling

Tight integration
Various predefined canned queries for analysis entry 
and outlier detection
Concentration ratio (Lorenz curve, Gini-Coefficient)
Sequence specific database functions (UDF)

Transparent integration (database API)
Oligo sequence sensitivity analysis
OLAP

File-based exchange
Application of R / BioConductor for

Intensity transformations (MAS5, RMA, LiWong R/F)
Advanced analysis (Westphal/Young univariate beta test 
with resampling strategy, …)

Import of analysis results for further analysis
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Conclusions / Future Work

GeWare
Management of a high volume of expression data
Flexible experiment annotation
Storing experiment and gene groups
Management of different types of expression matrices
Different kinds of analysis, export

Future work
Coupling with advanced analysis/ data mining routines 
Visualization extension
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