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Main BioUML concepts and ideas
• Visual modeling

o Diagram type concept – formally defines graphical
notation and provides its incorporation into BioUML
workbench (as Java classes or XML document)

o Meta model – problem domain neutral level of
abstraction that describes system as
compartmentalized graph

o Automated code generation for model simulation.
• Module concept - allows developer to incorporate

databases on biological pathways into BioUML workbench
taking into account database peculiarities.

• Plug-in based architecture (Eclipse platform runtime from
IBM company).
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Reconstruction and formal description of
biological systems using different diagram types

1. Semantic network

2. Pathway diagram
(semantic network + 
gene network or metabolic pathway)

3. Metabolic pathway 4. Gene network

5. Pathway simulation
(mathematical model)

Formality,
details Semi-structured

data 

Structured data
(reactions and 
its components)

Kinetic data
(kinetic laws, constants, 

initial values



Stimulus activating NF-kappaB
(semantic network, ontology)



NF-kappaB family
(semantic network, ontology)



Function of human DNA methyltransferases
(pathway diagram)



The biosynthesis of catecholamines
(metabolic pathway)



Cell cycle model of mammalian G1/S
transition control with E2F feedback loops

(pathway simulation diagram)



BioUML modules
BioUML standard module

Databases
• BioModels (http://www.ebi.ac.uk/biomodels)
• BMOND (http://biopath.biouml.org)
• GeneNet (http://wwwmgs.bionet.nsc.ru)
• KEGG/Ligand (http://www.kegg.com)
• TRANSPATH (http://www.biobase.de)

Formats
• SBML – Systems Biology Markup Language, level 1, 2
• BioPax – Biological Pathways Exchange
• OBO - Open Biomedical Ontologies, a collection of freely available well-

structured controlled vocabularies (http://obofoundry.org)
• CellML – Cell Markup Language
• GXL - Graph eXchange Language (http://www.gupro.de/GXL)
• GinML – extension of GXL for description regulatory networks

(http://gin.univ-mrs.fr/GINsim)





Results of SBML semantic tests



Main new features

• Full text search engine (use Apache Lucene)
• Improved graph search
• BioPAX import/export
• OBO import/export
• Chemical structures support and visualization

(use CDK – Chemical Development Kit library)
• Any image can be used as node view
• BioUML network edition



Full text search (uses Lucene engine)



Graph search engine





BioPAX import dialog





Dialogs to create text indexes for
BioPAX module









BMOND
Biological MOdels aNd Diagrams

database

http://bmond.biouml.org



BioUML workbench

Servlet container: Tomcat

BMOND system architecture

Biopath
MySQL database
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Figure 4. G1/S entry model (Kel et al., 2000) described using BioUML
technology.

 





LipidomicsNet - integrated
project on metabolomics.

Demo version for FP 7 grant.

External catalogs.
http://demo.developmentontheedge.com/lipidnet



BioUML workbench

MySQL server

Gene catalog
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External catalogs LipidNet DB

Diagram components
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Current architecture of LipidomicsNet project









BioUML versions

• Version 0.7.6, May 2005 – last public
release

• 2006 -2007 – many special releases for
partners

• October 1, 2007 – BioUML tutorial at
ICSB-2007

• December, 2007 – BioUML 1.0 release
candidate



• Library of predefined kinetic laws
• Microarray support
• Spatial models support

– 1D model for blood flow
• Graphic notation

– formal definition using XML
– user friendly editor
– SBGN, CellDesigner 3.5 graphic notations implementation

• New diagram types:
– sequence map
– Sequence map + pathway network

• Composite diagram
• Performance improvements, bug fixing

Current works



Library of predefined kinetic laws
• SBO – Systems Biology Ontology is used
• BioUML supports import data in OBO format and SBO was

imported
• BioUML supports MathML parsing
Current work:
- using SBML annotations
- new reaction dialog with SBO kinetic laws

It will be replaced by reaction editor



Microarray plug-in
- Import microarray data in tab delimited format (the same

as Cyctoscape)
- Show data as a table
- Binding with diagram nodes by ID
- Coloring diagrams

Further work:
- Powerful user interface for coloring diagrams
- Support of other formats for microarray data and results

of analyses
- Sophisticated binding algorithm using different datbase

references and ID
- Server module that will provide access to ArrayExpress

data





Arterial tree diagram

Daniele N. Lamponi. One
dimensional and multiscale models
for blood flow circulation. Pour
l'obtention du grade de docteur es
sciences. Ecole Polytechnique
Federale De Lausanne, 2004.



Results of Matlab simulation

Oscillations of blood flow in artery №5 of
hemodynamic tree

Oscillations of cross-section in
artery №5 of hemodynamic tree

Further work: reproduce Matlab simulation engine functionality in Java simulation
engine.



Further development of diagram types:

• Formal definition of graphic notation as
XML document

• Graphic notation editor – friendly user
interface for editing XML document

• New diagram types:
– sequence map
– sequence map + pathway diagram
– composite diagram
– agent based model







Composite diagram: main concepts
block ( EModel)

dx/dt = f1

dy/dt = f2

z = f3

block 2 ( EModel)

dx/dt = f5

dy/dt = f6 + z 

k+z+f4 = 0

x x

y y

subdiagram (EModel)

Rs1 s2

e

x

e

block 3 (EModel)

dx/dt = f5 

dy/dt = f6 + block2.k 

k+z+f4 = 0

Indirect linkx
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direct participation of subdiagram element

in a reaction

Block types:
1) block – only
mathematical equations.
Used mainly for
physiological models;
2) subdiagram – other
diagram
Connection types:
1) directed – input 
output. Transformation
function can be used;
2) undirected – contact.
Indicates that 2 nodes in
mode are the same entity.

Semantic constraints:
There are semantic
constraints, for example:
block can have only one
input for each variable.
Two inputs are forbidden
for the same variable.

Flat model:
Before Matlab or Java code
generation composite
model is transformed into
flat model and usual
generation routines are
used.



• Sequence analyses and visualization
• Agent based modeling
• SBML layout extension
• Improvements BioUML workbench for multiuser

mode
• Development of distributed information

environment for systems biology
– PSI-MI format support
– Reactome – MySQL db support
– BioCyc support
– ChEBI support

Further works



Availability
BioUML workbench (including source code) is freely
available at http://www.biouml.org

BMOND (Biopath) database – http://biopath.biouml.org



http://www.biouml.org
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