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1. Motivation

2. Methods

◦ Definition and combination of data models for experiment data and 

networks

◦ Network-integrated visualization of experiment data

◦ Interaction-, layout- and navigation-techniques

◦ Statistical analysis

3. Implementation

4. Example use-cases (online-demo)
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Motivation



Methods’ Requirements
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Methods
∙ Data mapping

∙ Visualization

∙ Interaction

∙ Layout, Navigation

∙ Statistical Analysis

1. Experiment 
Data

2. Networks or 
classification 
hierarchies

3. Identifier 
Knowledge



Methods: Data model for experiment data

 Different standards for biological domains:

◦ Genomics:  MIAME / MAGE

◦ Proteomics:  PEDRo

◦ Metabolomics:  ArMet

 Existing models differ greatly, contain all kinds of 

annotations, new model: 

◦ Flexible model for all of the domains

◦ Only data for visualization, analysis and identification
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Methods: Data model for biological networks and 

classification hierarchies

 (Generic) Mapping-Graph MG=(V, E, l, tV, tE, z)

◦ V – set of nodes

◦ E – set of edges (directed or undirected)

◦ l – function node/edge  label (L)

◦ tV, tE – function node/edge  node/edge type  (TV, TE)

◦ z – function node/edge  mapped experiment data
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Methods: Data model for biological networks and 

classification hierarchies

 Protein-Protein Network - MGPPI

◦ Nodes represent proteins, TV={protein}

◦ Undirected edges represent interaction between two proteins,  

TE={interaction}

 KEGG Pathway – MGKEGG

◦ TV={Orthologe, Enzyme, Gene, Gene-Group, Metabolite, Map-Link}

◦ TE={ECrel, PPrel, GErel, PCrel, rProd, rSub, link} 

(enzyme-enzyme relation, protein-protein relation, gene-expression,  

protein-metabolite relation, reaction product, reaction substrate, link to 

pathway)

 (extended) Pathway-Overview Graph – MGO, MGOE

 Gene Ontology Hierarchy – MGGO

 KEGG BRITE Hierarchy - MGBRITE
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Methods: Data-mapping – combination of network 

and experiment data
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KEGG Compounds

Expasy Enzymes

KEGG KO

Synonyms Alternative IdentifiersDatasetGraph 

(Nodes & Edges)

for each substance in dataset do

Set of Substance IDs = expandWithDBids(substance.name, 

substance.synonyms)

for each graphelment in targetGraph do

Set of Graphelement IDs = expandWithDBids(label)

if intersection(substance IDs, Graphelement IDs).length > 0 then

graphelment.assignData(dataset.getSubsetFor(substance))

end for

end for



Methods: Network integrated data visualization
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Methods: Interaction techniques

 Data transformations

◦ Dynamic queries (select conditions, search graph elements)

◦ Direct walk (pathway navigation)

◦ Attribute walk (select similar elements)

◦ Details-on-demand (show/hide details)

◦ Direct manipulation (node position, label)

 Visual mappings

◦ Experiment data display: color-coded, size-/width-coded, diagrams

 View transformations

◦ Direct selection (click & select)

◦ Overview-and-Detail (multiple views with varying detail)
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Visualization pipeline  (Card, Mackinlay, Shneiderman, 1999)



Methods: Layout of specific mapping-graphs

 MGPPI: Force-Directed 

(Spring-Embedder)

 MGGO, MGBRITE: 

Hierarchical (Sugiyama)

 MGKEGG: Manual layout 

is given
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PPI network of worm C.elegans (5418 interactions, 2992 

proteins). Datasource: GraphWeb



Methods: Layout of specific mapping-graphs

 MGPPI: Force-Directed 

(Spring-Embedder)

 MGGO, MGBRITE: 

Hierarchical (Sugiyama)

 MGKEGG: Manual layout 

is given
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Three gene-nodes and corresponding KEGG BRITE hierarchy

form MGBRITE graph



Methods: Layout of specific mapping-graphs

 MGPPI: Force-Directed 

(Spring-Embedder)

 MGGO, MGBRITE: 

Hierarchical (Sugiyama)

 MGKEGG: Manual layout 

is given
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KEGG Pathway „Reductive carboxylate cycle (CO2 fixation)“ , 

visualization:  VANTED



Methods: Pathway-Navigation

 Extending the overview

 Collapsing pathways

 Arranging pathways

 Stepwise pathway-

navigation
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Methods: Statistical analysis

 Statistic tests: t-Test (2 variants), Grubbs-Test, David-Quicktest

 Flexible calculation of correlations

 Significance analysis for MGKEGG and MGBRITE (Fisher’s exact test)

 Scatter-Plots
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Implementation

 Based on the extensible, 

plugin-based graph 

visualization toolkit Gravisto

(developed at the University 

of Passau and at the IPK)

 MVC pattern

 Event management (observer 

design pattern)

 Java application (Windows 

exe, Mac OS X image, 

platform-neutral ZIP, Java 

WebStart)

 External plug-ins (“Add-ons”)

System architecture

Gravisto
Plug-ins

VANTED Plug-ins

External 
LibrariesEditor

Plug-in Manager

Event Listener Manager

Graph Data Structures

Adj. List Adj. Matrix…

Input-, Output-
Serializers

Algorithms Views

Attributes, Attribute-
Comp., Edit-Comp., 
Algorithm Parameter 
Editors

GUI-Components

Tools
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Visualization of 

relative metabolite 

changes under 

different stress 

situations
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Rolletschek et al. (2005): Regulation 

of lipid biosynthesis in soybean seeds: 

evidence for a key role of 

photosynthetic oxygen release. New 

Phytologist



Visualization of relative metabolite changes under 

different stress situations

Tognetti et al. (2007): Enhanced plant tolerance to iron starvation by functional substitution of chloroplast ferredoxin with a 
bacterial flavodoxin. Proc. Natl. Acad. Sci. USA
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Grafahrend-Belau et al. (2008):  MetaCrop – A detailed database for crop plant metabolism. 
Nucleic Acids Research
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Interactive network visualization for internet database 

systems



www.lipidmaps.org
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Pathway 

editing, data 

visualization
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Visualization of 

metabolic flux 

steady state 

simulation results 

Grafahrend-Belau et al. (2008)
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Support for editing 

of SBGN diagrams



TranscriptsFluxes

PEP

Pyr

Citrate

KG

Ala

Glu

TAG

OAA/

Malate

Aspp, Thrp

Ilep, Lysp

Metabolites Ontologies

GO, KEGG KO, 

user specified

Figures for publications

Tognetti et al (2007), PNAS 104: 11495-11500

Data analysis, statistics, 

correlation networks

http://vanted.ipk-gatersleben.de

Enzymes

Combination of data 

from different omics-

areas

Integration of  enzyme and 

metabolite data into KEGG 

pathways

Processing hierarchical data

Networks

KEGG, Meta-All, 

file formats

Flexible data visualization

Color-coding Shape-coding Diagrams
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