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1. Project execution

1.1 Summary of project objectives

Genome research has seen fundamental technical breakthroughs in recent years such as the sequencing of the human genome and the genome of other species serving as experimental model systems. The main sociological and economical impact of genome research is the molecular understanding of major human diseases and the development of new therapies and medicals for the combat of these diseases. However, despite the fact that there was a nearly three-fold increase of pharmaceutical investment in R&D in the time period 1992-2001 from 11.5-30.5 billion USD, the number of newly filed molecular entities has been fairly constant as pointed out by several pharmaceutical researchers recently (BIO 2003, PhRMA report 2001). 

One possible reason for this development might be the fact that analytical methods and tools are not yet significantly installed in the drug development process. While bioinformatics methods are well incorporated in the first part of this process (drug target discovery), this is not the case for the later stages. In particular, the simulation and modelling of biological processes such as disease-relevant signalling pathways and metabolic processes are under-developed in drug target validation. Nevertheless, computational methods are needed here. In contrast to the early 90s where target discovery was a main problem, nowadays the number of potential drug targets has increased to a large extent leading to an unfeasible number of targets and to excessive costs in drug development. For example, the R&D costs per drug have increased from 95 million USD in 1982 to almost 880 million USD in 2000. 

Systems biology aims at the explanation of physiology and disease from the level of interacting components such as molecular pathways, regulatory networks, cells, organs and ultimately the entire organism. With the use of computer models for such processes in silico predictions can be generated on the state of the disease or the effect of the individual therapy. The new approaches are about to revolutionize our knowledge on disease mechanisms and on the interpretation of data from high-throughput technologies. These approaches are necessary regarding the increasing complexity of research. Often several laboratories are working with different techniques at the same problem. A fundamental challenge is thus to search through the exhaustive set of data and extract meaningful information. Here, in silico experiments can be the basis for a successful drug screening.

Furthermore, there is a fundamental need for integration rules and methods. Multiple databases exist, a variety of experimental techniques have produced gene and proteome expression data from various tissues and samples and important disease-relevant pathways have been investigated. Information on promoter regions and transcription factors is available for a lot of genes as well as sequence information. This information - although extremely helpful - cannot be utilized in a sufficient way because of the lack of integrative analysis tools. A fundamental aim of systems biology is the understanding of the underlying biological processes on the basis of this data. 

Crucial for the step from qualitative, explorative data analysis to quantitative, predictive analysis is the combination of experimental data with the knowledge of the underlying biological reaction system. This approach makes it possible to come up with conclusions about the properties of the system that are not subject to experiments or are not even amenable by any experimental approach. 

With the EMI-CD project we attempt to develop software and methods that are able to meet some of the above requirements. The approach bases on three layers and will connect and implement basic modules necessary for the in silico modelling process. In the first layer information is gathered on the biological objects under analysis and experimental measurements on these objects are integrated. An analysis layer will translate this knowledge into biological networks. Using probabilistic learning methods these networks will be expanded in light of all available data on the objects. In the simulation and modelling layer these network hypotheses will be evaluated and predictions of experiments will be produced which have a direct feed-back to the forthcoming experimental design and experimental verifications.

1.2 EMI-CD software development – work performed and end results

The analysis of processes involved in the course of multigenic diseases has to cope with data from diverse experimental (functional genomics) platforms such as gene expression data (DNA arrays, RT-PCR), protein expression data (MALDI-TOF, 2D-gels), functional sequence data (gene ontologies, annotation databases), physiological data (patient information, phenotype information), environmental factors and many others. Thus important elements of the software platform target data integration and data standardization. EMI-CD platform is designed in a modular way. Main modules are listed below.
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Database integration. The role of SRS (BioWisdom SRS Ltd., partner 4) in the EMI-CD project is to act as an information layer providing information on the biological objects needed by the modelling software, and as such is of key importance in the project, as it can provide a central repository for the data sources used by the project. In the course of the EMI-CD project BioWisdomSRS has integrated a dozen of the most important databases into SRS and makes them available for the consortium. Besides this integration work, mechanisms have been developed how to create specific database networks and data sets for a certain disease area, helping researchers to identify the interesting components under study.

A central pathway database for the project consists of the Reactome database (EBI, partner 3). This database represent a key starting point for traditional kinetic modelling since it entails detailed models for the reaction graphs, which describe the series of biochemical events involved in the models and their relationships. The graphs establish the framework for the models and suggest the kinetic coefficients that must be obtained experimentally. Pathway databases can act as a rich source for such graphs, because a reaction graph is simply a pathway. EBI has created qualitative models of several disease-relevant pathways, such as steroid and porphyrin metabolism and growth factor signalling (EGF, TGF, NGF). 

Experimental data integration. Due to limitations of the current state of the art in data integration there is an essential need for a computer application solving this problem. Even more crucial for the EMI-CD project is the access to data of high quality indispensable for modelling and simulation tasks. There is no data repository available providing the data quality necessary. Having these extremely high demands MicroDiscovery GmbH (partner 5) has developed a controlled approach based on a comprehensive requirement analysis of the modelling and simulation tasks to be performed within the consortium. For the purposes of EMI-CD microarray data and proteomics data have been integrated for further analysis, mainly modelling and simulation tasks. To our knowledge there is currently no public database integrating these data types and accomplishing the requirements for modelling and simulation. For the approach chosen in EMI-CD we tried to stay as close as possible to the community defined standards of the initiatives mentioned above without neglecting the main requirement of the project, to guarantee data quality and unified data access necessary for mathematical modelling tasks.

Modelling of high-throughput data. High-throughput techniques provide a massive amount of biological data. Genome-wide datasets are subject to extensive computational analysis, but their integration into existing (informal) biological models is currently done almost exclusively manually. Computational methodologies are expected to direct biological discovery, by enabling formalisation of the current biological knowledge into a formal model and improving our knowledge by refining the model systematically according to the high-throughput data. TAU (partner 2) has introduced an extended computational framework for studying biological systems. The approach combines formalisation of existing qualitative models that are in wide but informal use today, with probabilistic modelling and integration of high throughput experimental data. This makes it possible to interpret genome-wide measurements in the context of prior knowledge on the system, to assign statistical meaning to the accuracy of such knowledge and to perform model expansion - the learning of refined models with improved fit to the experiments. To address such evaluation, TAU developed computational methods for integration of computational network model with high throughput experimental data, in the presence of missing data and noisy measurements. The different methods and algorithms have been compiled to a model library and are publicly available within the Metareg framework.

Modelling and simulation. A major goal of computational biology is the integration of knowledge about functional genomics, proteomics and metabolomics into large models of cellular systems. Several computational tools exist that allow model design and analysis. However, none of these tools is able to import existing information in form of database knowledge in an automated way so that in particular the population and analysis of large models is a laborious and time-consuming task. To address this issue, MPIMG (co-ordinator, partner 1) further developed and extended the object-oriented, web-based modelling platform PyBioS. PyBioS is designed for the creation, simulation and evaluation of models of different complexity (metabolic, signalling, and gene regulatory pathways). An important advantage is the automated creation of models with thousands of reactions via pathway databases (e.g. Reactome) and the direct connection to the SRS system. PyBioS supports visualization of interaction networks by automatically generated graphs that include information about the objects, the reactions and the mass- and information-flow, it serves as a model repository and is compatible with other modelling tools via SBML export and import. Further work consisted in the implementation of model analysis features.

Furthermore, MPIMG worked on specific methods to extend our knowledge on kinetic modelling. Research questions have been how to combine different models to larger models (bottom-up approach), how to reduce models to smaller pieces (top-down approach) and how to infer unknown parameters from experimental data. Several of these methods have been published and applied to important use cases.

1.3 Impact on research field and industry
EMI-CD provides software, tools and additional methodology that is complex enough in order to cope with various experimental techniques for the discovery of gene function and the understanding of disease processes. The methodology ranges from kinetic modelling using continuous models such as ordinary differential equations (ODEs), discrete probabilistic modelling to Boolean approaches. By incorporating expert knowledge from various databases, experimental data and computer modelling approaches it is useful for practical research. 

EMI-CD has a high impact to systems biology research. The methodology developed is in use in several important disease applications on the national and EU level, for example two major FP6 Networks of Excellence in the bioinformatics and systems biology fields. Several initiatives have been started that ensure durability and usability of the developed results. Two partners of the EMI-CD are European SMEs. These partners were able to identify exploitable knowledge by integrating their developments in their workflow, for example with adding new features to SRS system and development of an integrative database for primary experimental data. Thus, the EMI-CD project has a high impact on strengthening European biotech sector.

1.4 Brief summary of unique achievements 

The methodology developed in EMI-CD has contributed several unique elements that will ultimately strengthen systems biology approaches in general and disease-oriented research in particular. All developments provide user interfaces for practical applications:

· the modelling and simulation platform PyBioS capable of integrating multiple databases and experimental data with computational models,

· model analysis methodology for kinetic models that support bottom-up and top-down approaches,

· SRS system extended to multiple pathway resources supporting computational modelling,

· integrative database for transcriptome and proteomics primary data supporting computational modelling,

· model analysis methodology for discrete probabilistic models integrated in the Metareg software system,

· Reactome pathway database annotation of nine important disease-relevant pathways.

1.5 Contractors involved

	
	Organisation
	Country
	Participant
	Expertise and tasks

	
	
	
	
	

	1
	MPI for Molecular Genetics, Berlin
	Germany
	Prof. Dr. H. Lehrach
	Kinetic modelling,

Platform technology

	2
	Tel-Aviv University
	Israel
	Prof. R. Shamir
	Network analysis, algorithms

	3
	EBI, Cambridge
	UK
	Dr. E. Birney
	Databases, qualitative models

	4
	BioWisdom Ltd., Cambridge
	UK
	Dr. C. Hodkinson
	Database integration

	5
	MicroDiscovery GmbH, Berlin
	Germany
	Dr. A. Malik
	Experimental data integration


1.6 Co-ordinator contact details

Dr. Ralf Herwig

Max Planck Institute for Molecular Genetics

Ihnestr. 73

D-14195 Berlin

Tel. +49 30 84131265

Fax. +49 30 84131380
Email herwig@molgen.mpg.de
Project web site: 


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

Entry to the modelling platform:
http://pybios.molgen.mpg.de/
Entry to the Metareg framework:
http://acgt.cs.tau.ac.il/metareg/application.html
2. Main dissemination elements 
A total of 28 scientific publications have been achieved during the EMI-CD project. A total number of 86 dissemination elements have been contributed throughout the project duration.

Partners presented results on numerous conferences, scientific and industry workshops. The ten most successful elements are shown in the table below.
	Planned/actual

Dates
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved

	01/2005
	Publication: Joshi-Tope G, Gillespie M, Vastrik I, D’Eustachio P, Schmidt E, de Bono B, Jassal B, Gopinath G, Wu G, Matthews L, Lewis S, Birney E, Stein L Nucleic Acids Res. 2005 Jan 1;33(Database issue):D428-32.
	R&D community
	International
	>1000
	EBI

	03/2005
	Book publication: E. Klipp, R. Herwig, A. Kowald, C. Wierling, H. Lehrach. „Systems Biology in Practice“. Wiley-VCH Weinheim, Germany.
	R&D community
	International
	>1500
	MPIMG

	08/2005
	Television, 3-Sat “Nano (Systems Biology)”
	General public
	National, Germany
	>100,000
	MPIMG

	11/2005
	Publication: Liebermeister W., Baur U., Klipp E. (2005), Biochemical network models simplified by balanced truncation, FEBS Journal, 272 (16) 4034 - 4043.
	R&D community
	International
	>1000
	MPIMG

	30.06.2006
	Presentation: Ralf Herwig - Resources, methods and tools for modelling disease-related processes. ICT for biomedical sciences, EU conference Brussels.
	R&D community and industry stakeholders
	International
	>500
	MPIMG

	03/2006
	Publication: I. Gat-Viks, A. Tanay, D. Raijman, R. Shamir. "A probabilistic methodology for integrating knowledge and experiments on biological networks'', Journal of Computational Biology, 2006 Mar;13(2):165-81.
	R&D community
	International
	>1000
	TAU

	01/2007
	Publication: I. Ulitsky and R. Shamir

Identification of functional modules using network topology and high-throughput data

BMC Systems Biology, Vol. 1, No. 8 (2007)
	R&D community
	International
	>1000
	TAU

	03/2007
	Publication: Irit Gat-Viks and Ron Shamir. Refinement and expansion of signaling pathways: the osmotic response network in yeast. Genome Research 2007. 17(3):358-367.
	R&D community
	International
	>1000
	TAU

	03/2007                    
	Publication: Vastrik et al. "Reactome: a knowledge base of biologic pathways and processes." Genome Biol., 8:R39, 2007
	R&D community
	International
	>1000
	EBI

	25.-27..04.2007
	EU workshop:  ENFIN / EMI-CD Advanced course on Systems Modeling – Berlin. Presentation and training session on PyBioS modelling tool
	R&D community
	International
	~30
	All


Structure of the multi-layer modelling approach. Data transfer will be based on a client-server system. Disease-specific data in the form of experimental primary data or model assumptions will be processed, information on the relevant biological objects will be gathered and expanded to probable and evaluated biological hypotheses.
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