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LiSyM
Research Network on Systems Medicine for Liver Disease

Multiple disciplines
• Medicine
• Biology, Biochemistry
• Pharmacology
• Physics
• Bioinformatics
• Data management
• Industry

38 independent research groups
• Bayer AG
• Max Planck (Dresden and Berlin)
• MEVIS Fraunhofer (Bremen)
• Leibniz Institute IfaDo (Dortmund)
• Charité (Berlin)
• DKFZ (Heidelberg)
• Hospitals: Dresden, Kiel, Aachen, 

Homburg, Berlin, Heidelberg, Munich
• + 18 Universities

Supported by
The German Federal Ministry of Education and Research 2016-2020



Project-Specific Data Management Support:
German Liver Systems Medicine Network (LiSyM)



Community (de-facto) Standards in Life Sciences

Source: Susanna-Assunta Sansone (University of Oxford, UK)

https://fairsharing.org



The NormSys Registry for Modeling Standards

http://normsys.h-its.org/
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The NormSys Registry for Modeling Standards

https://normsys.h-its.org/validate



NormSys Registry for Modelling Standards

• Information resource for community standards

• Comparison of their main characteristics and features

• Classification by fields of application (with examples)

• Transformation options between the standards

• Bundled links to corresponding web resources:

specifications, websites, publications, repositories, APIs...

• Faceted browsing and search by different criteria

• Validation of models for several standards

• COMBINE standards and related efforts (for a start)

http://normsys.h-its.org/



Lessons learned from 10 years of  

declarative multicellular modeling
• MorpheusML

– xml-language of open-source framework Morpheus [3,4], Specs in [5]

by Jörn Starruß and Walter de Back

– similar to combination of SBML L3 packages dyn(CBO)+spatial+comp

• Model repository [1] and 30+ scientific applications [2] 

[1] https://imc.zih.tu-dresden.de/wiki/morpheus/doku.php?id=examples:examples

[2] https://academic.oup.com/bioinformatics/CrossRef-CitedBy/234757

[3] https://morpheus.gitlab.io

[4] Starruß et al., J. Stat. Phys. 128, 269 (2007). DOI: 10.1007/s10955-007-9298-9

[5] Starruß et al., Bioinformatics 30, 1331 (2014). DOI: 

http://dx.doi.org/10.1093/bioinformatics/btt772

 Separation of bio/physics from spatial model-formalisms

 Entity-changing operations (birth/death of submodels)

 Lexical and spatial scoping (using cell-cell neighbor relations)

 Symbol dependency network to automatically
schedule order of updates and generate sequential scheme



Structure: separating bio/physics from spatial model 

formalisms

<?xml version='1.0' encoding='UTF-8'?>

<MultiCellML version="0.2" xmlns="…">

<Model name="…" >

<Description> (optional) </Description>

<Space symbol="space"> (required)   ...physical, boundary conditions...   </Space>

<Time symbol="time"> (optional)  </Time>

<ListOfSpatialCompartmentTypes> (required)

<GlobalType> (required) …properties, dynamics, nesting of comp.  </GlobalType>

<SolidType> (optional, one or multiple) </SolidType>

<LiquidType> (optional, one or multiple) </LiquidType>

<CellType> (optional, one or multiple) …incl. SBML-defined dynamics… </CellType>

</ListOfSpatialCompartmentTypes>

<ListOfInteractions> (opt.) inter-entity processes and neighborhoods </ListOfInteractions>

</Model>

<Simulation>

…parametrization of various spatial model formalisms (vertex, CPM, CBM…) 

</Simulation>

</MultiCellML>



Nesting of spatial compartments

<ListOfSpatialCompartmentTypes>
<GlobalType>

...dynamical system definition from referenced SBML...
<SpatialSubCompartmentTypes space-tiling="true">

<CompartmentType ref="ct1" />
<CompartmentType ref="ct2" />
<CompartmentType ref="medium" />

</SpatialSubCompartmentTypes>
<BoundaryValues default="medium">

<BoundaryValue axis= "x" value="solid1" />
</BoundaryValues>

</GlobalType>

-> Nesting tree of arbitrary depth incl. all spatial compartment types



Cell type declaration
<CellType name="..." id="..."> 

<Volume value="...">
<cpm::VolumeConstraint strength="..."/>
<vertex::VolumeConstraint strength="..."/>

</Volume>
<Surface value="..." mode="absolute/aspherity">

<cpm::SurfaceConstraint strength="..."/>
<vertex::SurfaceConstraint strength="..."/>

</Surface>
<SurfaceCompartment>

... optional, dynamical system definition for states along object shape...
</SurfaceCompartment>

...optional, dynamical system definition from referenced SBML...

<ListOfEntityProcesses>
...processes changing number of entities of given CellType, following CBO...

</ListOfEntityProcesses>
</CellType>

(optional framework-specific
parameters)



Parametrization of model formalisms
<Simulation>

<StopTime value="1.0"/>
<RandomSeed value="0"/>
<DefaultTemporalSolver solver="…" time-step="1.0">
<SpatialFramework>

<Vertex>
...

</Vertex>
<CPM> 

<Lattice class=“square/hexagonal/cubic"> 
<NodeLength value="1.0"/>

</Lattice>
<MonteCarloSampler stepper="edgelist">

<MCSDuration value="1.0"/>
<Neighborhood>

<Order>2</Order>
</Neighborhood>

<MetropolisKinetics temperature="10.0"/>
</MonteCarloSampler>

</CPM>
…

</SpatialFramework>



Model example in MultiCellML and 
derived simulator-specific codes 



Converter using libMultiCellML
as testbed for specification



Simulation in CompuCell3D



Simulation in Morpheus



MultiCellML Roadmap

• Oct. 2018   v0.3 – Jörn‘s talk and live demo at ICSB, Lyon

• Mid 2019   v0.7 – benchmark models from [1] declarable
– libMultiCellML -> Morpheus, CC3D, Chaste
– exploration of SBML L3 ext. compatibility
– draft specs (incl. CPM namespace package)
– hackathon in Dresden/Heidelberg, Germany 

for MultiCellML support by simulators

• End 2019   v1.0 – consolidated specs (incl. CPM, Vertex, CBM)
– repository for multicellular models

• End 2020   v2.0 – support for Units, MathML, annotations
– language bindings to libMultiCellML

[1] Osborne et al., Comparing individual-based approaches to modelling the self-organization of multi-
cellular tissues. PLoS Comput Biol 13(2): e1005387. DOI: 10.1371/journal.pcbi.1005387



ISO/TC276 Biotechnology, Plenary Meeting June 16th 2018

ISO/IEC 23092 - MPEG-G (Genomic Information Representation)

DIS DIS CD CD WD



ISO/AWI 20691

Requirements for data formatting and
description in the life sciences for downstream
data processing and integration workflows

ISO/TC 276 Biotechnology WG 5 (Data Processing and Integration) works on a 

draft for a new ISO standard in the life sciences:

Reference framework („hub“) standard for (non-ISO) community standards:

- Rules and application guidelines for community standards for the formatting and

documentation of life science data and computer models

- Recommended workflows for the structured processing, storing and integration of

data and corresponding computer models

- Catalogue of criteria and requirements for life science data formats and model

formats as prerequisites for a framework of interoperable standards



Towards MultiCellML
Jörn Starruß, Walter de Back, Lutz Brsuch

Center for Information Services and High 
Performance Computing, TU Dresden, Germany



Concept & project lead: Martin Golebiewski 

Design: Jill Zander

Implementation: Nils Wötzel

Content: Martin Golebiewski, Alexander Nikolaew

Collaboration partners:

Susanne Hollmann & Bernd Müller-Röber (University of Potsdam)

Babette Regierer (SB ScienceManagement UG, Berlin)

Vitor Martins dos Santos (LifeGlimmer GmbH, Berlin)

http://normsys.h-its.org/



Appendix
Overview of Morpheus



Available for

Developers
Jörn Starruß   (core)

Walter de Back  (co)

Publication
Starruß et al., Bioinformatics, 2014

Morpheus 2.0 Funding

Website
morpheus dresden References

de Back et al., J RS Interface, 2012

de Back et al., BMC Sys Biol, 2013

Starruß et al., Bioinformatics, 2014

Herberg et al., Cytometry A, 2015

Open source GPL license

Plugin development

GitLab repository



Editor

Models

Job 

archive

Attributes

Symbols

Plugins

Messages

Docs

Start / Stop



Output file 

browser

Simulation 

output

Preview

Tools

Models

Job 

archive

Messages



Graphical user interface
Features

Mathematical expressions
In familiar in-fix notation

Temporarily disable elements
Testing and debugging

Parameter exploration
Batch simulation within GUI

Job scheduling
Multithreading and parallel simulation 

Re-use models
Stored in job archive

Create movies
From image sequences

Copy-paste elements
Between different models



Multi-scale models
Coupling model formalisms

de Back et al., RS Interface, 2012

Köhn-Luque et al., Phys Biol, 2014



Graphical user interface
Data export and visualization

Gnuplotter

Visualize cell Properties and Field

Logger

Data export in csv or matrix format 

and versatile tool for plotting

HistogramLogger

Compute frequency distributions

and visualization

TIFFPlotter

Export multichannel TIFF stacks

with OME (open microsopy) header 



Morpheus in education
Teaching mathematical and computational modeling

Lecture course

Introduction to mathematical biology
TU Dresden

Practical course

Pattern formation in tissues
DIGS-BB (biomedicine and bioengineering)

Summer schools

Math. modeling of tissue mechanics
Euro. Mathematical Society (EMS) and ESMTB

Multiscale Biology
UK Multi-scale biology network, Nottingham

OpenMultiMed Training School in Erlangen
Friedrich Alexander University Erlangen-Nürnberg

Workshops

Computational stem cell biology
German Stem Cell Network (GSCN), and at Helmholtz Centres in Munich, Braunschweig

Multi-scale modeling of biological systems
National University La Plata, Buenos Aires



Code Repository
gitlab.com/morpheus.lab

Issue tracker
bugs and features

Git repository
distributed version control

BSD License
permissive open-source

Documentation
plugin development

Community
distributed development

http://gitlab.com/morpheus.lab

