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∑ M ∂ 

 

 模型描述语言与数据格式 

 

 模型及建模相关的数据库 

 

 细胞生化体系建模工具 

专用建模工具 



∑ M ∂ 模型描述语言 

模型描述语言大多是基于XML (Extensible Markup 

Language) 的，并用到了MathML。 

 

 SBML (Systems Biology Markup Language)、SBGN 

(Systems Biology Graphical Notation) 

 

 BioPAX （Biological Pathway Exchange） 

 

 CellML、FieldML 

 

 CMDL （Chemical Model Definition Language, of 

Dizzy） 



∑ M ∂ XML 

  Extensible Markup Language (XML) is a set of rules for encoding documents 

in machine-readable form. It is defined in the XML 1.0 Specification produced by 

the W3C, and several other related specifications, all gratis open standards. 

 

  XML's design goals emphasize simplicity, generality, and usability over the 

Internet. It is a textual data format with strong support via Unicode for the 

languages of the world. Although the design of XML focuses on documents, it is 

widely used for the representation of arbitrary data structures, for example in web 

services. 

 

  Many application programming interfaces (APIs) have been developed that 

software developers use to process XML data, and several schema systems exist 

to aid in the definition of XML-based languages. 

 

  To now, hundreds of XML-based languages have been developed, including 

RSS, Atom, SOAP, and XHTML. XML-based formats have become the default for 

most office-productivity tools, including Microsoft Office (Office Open XML), 

OpenOffice.org (OpenDocument), and Apple's iWork. 

 

（From WiKi, check the WiKi page for more information） 



∑ M ∂ MathML 

  Mathematical Markup Language (MathML) is an application of XML 

for describing mathematical notations and capturing both its structure 

and content. It aims at integrating mathematical formulae into World 

Wide Web pages and other documents. It is a recommendation of the 

W3C math working group. (from WiKi) 

 

  Site: http://www.w3.org/Math/ 

 

  Check WiKi for more details. 

http://www.w3.org/Math/


∑ M ∂ SBML- Systems Biology Markup Language 

  SBML is a machine-readable language, based on XML, for 

representing models of biological processes. SBML can represent 

metabolic networks, cell-signaling pathways, regulatory networks, 

and many other kinds of systems. (from WiKi) 

 

  Simply put, SBML is a machine-readable format for representing 

models. 

 

  Version: SBML Level 3 Version 1 Core, Release 1, 6 October 

2010 

 

  Website: sbml.org; (show the main page) 

 

  Show the simple introduction;  Show more details;  

 

  Check the original paper;  Check the specification; 

 



∑ M ∂ SBGN - Systems Biology Graphical Notation 

  The Systems Biology Graphical Notation (SBGN) project, an effort to 

standardize the graphical notation used in maps of biochemical and cellular 

processes studied in systems biology.  

 

  Standardizing the visual representation is crucial for more efficient and 

accurate transmission of biological knowledge between different communities in 

research, education, publishing, and more. When biologists are as familiar with 

the notation as electronics engineers are familiar with the notation of circuit 

schematics, they can save the time and effort required to familiarize themselves 

with different notations, and instead spend more time thinking about the biology 

being depicted.  

 

  SBGN is made up of three orthogonal languages, representing different 

visions of biological systems. Each language defines a comprehensive set of 

symbols with precise semantics, together with detailed syntactic rules how maps 

are to be interpreted.  

 

  Ref:  Nat Biotechnol. 2009 27(8):735-41.  Site: www.sbgn.org 



∑ M ∂ Three Languages 

  Process Description language (formerly Process Diagram language)  

The SBGN Process Description (PD) language shows the temporal courses of 

biochemical interactions in a network. It can be used to show all the molecular 

interactions taking place in a network of biochemical entities, with the same 

entity appearing multiple times in the same diagram.  (Level 1 Version 1.2)  

 

  Entity Relationship language  

The SBGN Entity Relationship (ER) language allows you to see all the 

relationships in which a given entity participates, regardless of the temporal 

aspects. Relationships can be seen as rules describing the influences of 

entities nodes on other relationships. (Level 1 Version 1.1) 

 

  Activity Flow language  

The SBGN Activity Flow (AF) language depicts the flow of information between 

biochemical entities in a network. It omits information about the state 

transitions of entities and is particularly convenient for representing the effects 

of perturbations, whether genetic or environmental in nature. (Level 1)  

 

(Specifications can be found at Nature Proceedings) 



∑ M ∂ BioPAX - Biological Pathway Exchange 

  BioPAX is a standard language that aims to enable integration, exchange, 

visualization and analysis of biological pathway data.  

 

  Specifically, BioPAX supports data exchange between pathway data groups 

and thus reduces the complexity of interchange between data formats by 

providing an accepted standard format for pathway data.  

 

  By offering a standard, with well-defined semantics for pathway 

representation, BioPAX allows pathway databases and software to interact 

more efficiently. In addition, BioPAX enables the development of pathway 

visualization from databases and facilitates analysis of experimentally 

generated data through combination with prior knowledge.  

 

  The BioPAX effort is coordinated closely with that of other pathway related 

standards initiatives namely; PSI-MI, SBML, CellML, and SBGN in order to 

deliver a compatible standard in the areas where they overlap.  

 

  Website: www.biopax.org (link & demo) 

http://www.biopax.org/


∑ M ∂ CellML & FieldML 

  The CellML language is an open standard based on the XML markup language. 

CellML is being developed by the Auckland Bioengineering Institute at the 

University of Auckland and affiliated research groups. The purpose of CellML is to 

store and exchange computer-based mathematical models. CellML allows 

scientists to share models even if they are using different modelling tools. It also 

enables them to reuse components from one model in another, thus accelerating 

model development. (see http://www.cellml.org/ for more details) 

 

  FieldML's (Field Modelling/Markup Language) goal is to be a declarative 

language for building hierarchical models represented by generalized 

mathematical fields. Its primary use will be to represent the dynamic geometry 

and solution fields from computational models of cells, tissues and organs. It is 

intended to provide a framework for modelling software development and model 

interchange for bioengineering and general engineering analysis communities. 

(see http://www.fieldml.org/ for more details) 

 

http://www.cellml.org/
http://www.fieldml.org/


∑ M ∂ 模型及建模相关数据库 

模型数据库收集文献中报道的生命活动模型，而建
模相关的数据库，则收录了相应生物学过程的实验
信息或已有知识。 

 

 BioModels (mathematical models of biological interests) 

 

 KEGG, Reactome, ConsensusPathDB, BioCyc 

 

 Sabio-RK (System for the Analysis of Biochemical Pathways - 

Reaction Kinetics)  

 

 PANTHER (Protein ANalysis THrough Evolutionary Relationships) 



∑ M ∂ BioModels 

  BioModels Database is a data resource that allows biologists to 

store, search and retrieve published mathematical models of 

biological interests. Models present in BioModels Database are 

annotated and linked to relevant data resources, such as publications, 

databases of compounds and controlled vocabularies. 

 

  BioModels Database also allows users to generate sub-models, 

provides access to online simulation tools and features programmatic 

access via Web Services. 

 

  URL: http://www.ebi.ac.uk/biomodels-main/ 

 

  Check the above website and give some explanation. 

http://www.ebi.ac.uk/biomodels-main/
http://www.ebi.ac.uk/biomodels-main/
http://www.ebi.ac.uk/biomodels-main/


∑ M ∂ SABIO-RK 

  The SABIO-RK (System for the Analysis of Biochemical Pathways - Reaction 

Kinetics) is a web-based application based on the SABIO relational database 

that contains information about biochemical reactions, their kinetic equations 

with their parameters, and the experimental conditions under which these 

parameters were measured.  

 

  It aims to support modellers in the setting-up of models of biochemical 

networks, but it is also useful for experimentalists or researchers with interest in 

biochemical reactions and their kinetics.  

 

  Information about reactions and their kinetics can be exported in SBML 

(Systems Biology Mark-Up Language ) format. 

 

  URL: http://sabio.villa-bosch.de/ 

 

  Check the above site 



∑ M ∂ PANTHER 

  The PANTHER (Protein ANalysis THrough Evolutionary Relationships) 

Classification System is a unique resource that classifies genes by their 

functions, using published scientific experimental evidence and 

evolutionary relationships to predict function even in the absence of 

direct experimental evidence. Proteins are classified by expert biologists 

according to:  
 

•    Gene families and subfamilies, including annotated phylogenetic trees  

•    Gene Ontology classes: molecular function, biological process, 

cellular component  

•    PANTHER Protein Classes  

•    Pathways, including diagrams  
 

  PANTHER is part of the Gene Ontology Reference Genome Project.  
 

  URL: http://www.pantherdb.org/ 
 

  Check the above website 

http://www.pantherdb.org/genes/index.jsp
http://www.pantherdb.org/panther/ontologies.jsp
http://www.pantherdb.org/panther/ontologies.jsp
http://www.pantherdb.org/pathway/index.jsp
http://www.geneontology.org/GO.refgenome.shtml
http://www.pantherdb.org/


∑ M ∂ 专用建模工具 

生化细胞体系生物过程建模的工具，有stand alone的程序，也有基于
通用(数学)软件的扩展包，还有网络服务。 

 

 SBW, CellDesigner 、COPASI 

 

 Dizzy （Chemical Model Definition Language） 

 

 MatLab-based: SimBiology, SBMLtoolbox, SBtoolbox, SBtoolbox2, 

CellNetAnalyzer 

   

 Mathematica-based: MathSBML 

 

 Python API: PySCeS; R-interface: R-SBML / SBMLR 

 

 WebService: PyBioS, JWS online 



∑ M ∂ SBW- Systems Biology Workbench 

What is SBW: The Systems Biology Workbench (SBW), is a software 

framework that allows heterogeneous application components-written in 

diverse programming languages and running on different platforms-to 

communicate and use each others' capabilities via a fast binary encoded-

message system. SBW enables applications (potentially running on 

separate, distributed computers) to communicate via a simple network 

protocol. The interfaces to the system are encapsulated in client-side 

libraries that are provided for different programming languages.  

How does it work? 



∑ M ∂ CellDesigner 

  CellDesigner is a structured diagram editor for drawing gene-regulatory and 

biochemical networks.  

 

  Networks are drawn based on the process diagram, with graphical notation 

system proposed by Kitano, and are stored using the Systems Biology Markup 

Language (SBML), a standard for representing models of biochemical and gene-

regulatory networks.  

 

  Networks are able to link with simulation and other analysis packages through 

Systems Biology Workbench (SBW). 

 

  CellDesigner supports simulation and parameter scan by an integration with 

SBML ODE Solver and Copasi. 

 

  By using CellDesigner, you can browse and modify existing SBML models with 

references to existing databases, simulate and view the dynamics through an 

intuitive graphical interface.  

 

  CellDesigner (Current version 4.2, SBML level 2) is free to use.  

http://www.celldesigner.org/ 



∑ M ∂ COPASI 

  COPASI is a software application for simulation and analysis of biochemical 

networks and their dynamics. COPASI is a stand-alone program that supports 

models in the SBML standard and can simulate their behavior using ODEs or 

Gillespie's stochastic simulation algorithm; arbitrary discrete events can be 

included in such simulations. 

 

  COPASI carries out several analyses of the network and its dynamics and 

has extensive support for parameter estimation and optimization. COPASI 

provides means to visualize data in customizable plots, histograms and 

animations of network diagrams. 

 

  Team: The COPASI project is an international collaboration between three 

groups at the Virginia Bioinformatics Institute, the University of Heidelberg, and 

the University of Manchester (the project has also been developed at the EML 

Research in the past). All aspects of coding, documentation, and testing are 

distributed between the three groups. 

 

  Site: http://www.copasi.org; Current Version: Stable: COPASI 4.8 (Build 35) 

http://www.copasi.org/


∑ M ∂ COPASI 



∑ M ∂ Dizzy 



∑ M ∂ MatLab-based: SimBiology 

SimBiology software provides an integrated environment for modeling biological 

processes, simulating the dynamic behavior of these processes, and analyzing the 

model with simulation and experimental data. Biological processes include metabolic, 

genetic, and signaling pathways with transform, binding, and transport reactions. 
 

  Model — Design and build models by entering reactions, species, parameters, 

kinetic laws, rules, and events with a graphical user interface, a block diagram editor, 

or using the MATLAB® Command Window. Verify that the model can be simulated, 

and use the verification results to fix any incompatibilities in the model. Support SBML. 
 

  Simulate — Observe changes in species amounts and parameter values over time. 

Convert your model to a system of differential equations and simulate the model 

numerically with various differential equation solvers. The deterministic solvers include 

stiff and nonstiff ordinary differential equation (ODE) solvers. The stochastic solvers 

include a stochastic simulation algorithm with implicit and explicit tau variations. 

Perform multiple stochastic ensemble runs.  
 

  Analyze — Save data from a simulation, compare simulation and experimental data, 

perform sensitivity analysis, species or parameter scans, parameter estimation, and 

search for conserved moieties.  



∑ M ∂ MatLab-based: SBMLToolbox 



∑ M ∂ MatLab-based: SBtoolbox 

http://www.sbtoolbox.org 



∑ M ∂ MatLab-based: SBtoolbox2 

http://www.sbtoolbox2.org/ 



∑ M ∂ MatLab-based: CellNetAnalyzer 

http://www.mpi-magdeburg.mpg.de/projects/cna/cna.html 



∑ M ∂ MatLab-based: CellNetAnalyzer 



∑ M ∂ Mathematica-based: MathSBML 

  MathSBML is an open-source package for working with SBML 

models in Mathematica.  

 

  It provides facilities for reading SBML models, converting them to 

systems of ordinary differential equations for simulation and plotting in 

Mathematica, and translating the models to other formats.  

 

  Check the Introduction page (http://sbml.org/Software/MathSBML) 

for more information. 



∑ M ∂ PySCeS 

http://pysces.sourceforge.net/index.html 



∑ M ∂ PySCeS 

http://pysces.sourceforge.net/download.html 



∑ M ∂ SBML-R interface 

  R package: SBMLR;  

           url:  http://rss.acs.unt.edu/Rdoc/library/SBMLR/html/00Index.html 

 

  R package: R-SBML, a package to enable use of the SBML data format 

in the R computing environment using the libSBML shared library. 

 

  None of them is available in CRAN, yet. 

http://rss.acs.unt.edu/Rdoc/library/SBMLR/html/00Index.html


∑ M ∂ PyBioS 

http://pybios.molgen.mpg.de/ 



∑ M ∂ PyBioS 

  PyBioS is a system for the modeling and simulation of cellular 

processes. It is developed at the Max-Planck-Institute for Molecular 

Genetics in the department of Prof. Lehrach by Christoph Wierling, 

Elisabeth Maschke-Dutz, Ralf Herwig, and Hans Lehrach. 

 

 

  PyBioS acts as a model repository and supports the generation of 

large models based on publicly available information like data of the 

Reactome database. An ODE-system of a model can be generated 

automatically based on pre- or user-defined kinetic laws and used for 

subsequent simulation of time course series and further analysis of the 

dynamic behavior of the underlying system. The forward-modeling 

approach supports the formulation of hypotheses, e.g. for in silico 

knock-out experiments or time series.  

注册帐号，在线使用 



∑ M ∂ Mathematica-based: JWS online 



∑ M ∂ Mathematica-based: JWS online 

Visit http://jjj.mib.ac.uk/index.html 


