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IP/OP Systems Biology 2012-2015

Understanding biological systems through multi-scale modelling

CALL for (pre-)proposals in Computational Systems Biology 


Vision
The goal of the IP/OP Systems Biology programme is to establish a solid basis for the study and understanding of biological functions at and between different aggregation levels through multi-scale modelling. This will be done through the setting up of a ‘Virtual Modelling Laboratory’ that will host modellers who specialize in developing and applying modelling expertise The modellers in the virtual modelling lab will be strongly embedded in experimental teams running projects within the areas of choice and will spearhead model-driven design of experiments, hypothesis generation, interpretation of data and experimentally-driven model refinement according to the so-called ‘Modelling Cycle’. 


Projects
The biological research topics to be addressed in the IP/OP must fall within the ‘Vision for IP/OP Systems Biology’ and pursue the goals set in one of the following key areas: Virtual Plant, Virtual Gut, or Virtual Microbe (see the Appendix). Each modelling position should be coupled to one or more experimental groups, which will provide the experimental data from matching projects. The ‘dry’ modeller and the ‘wet’ experimental group(s) will apply the Modelling Cycle to their specific topic. The project areas are briefly described in the Appendix. The modellers in the virtual modelling lab will spend time at both the “dry” and “wet” labs and will be required to strongly interact both with each other on modelling issues, and with experimentalists on the selected biological topic. The underlying view for this call is that the projects foster the coupling of different aggregation levels through multi-scale modelling. Whenever possible, modelling activities will be linked to and based on modelling expertise available in other research fields. 


Budget
The budget stems from IP/OP and contributions from the Research Schools PE&RC, VLAG, WIMEK, and WIAS. Up to twelve modelling positions can be funded. For each of these positions a maximum of 270 k€ is available. The programme is mainly aimed at PhDs and/or Postdocs, but staff members from business units with demonstrable modelling expertise might also be appointed in specific, well-founded cases.

Call for pre-proposals 
In this Call we ask for (pre-)proposals that fit in one (or more) of the project topics mentioned in the Appendix. Both DLO and WU groups are invited to submit. Each (pre)-proposal should be submitted by at least two persons from different chair groups and/or business units. 

Procedure
1. Submit a pre-proposal according to the format specified below by December 16, 2011. 
Submit to: Elisabeth van Strien (Elisabeth.Vanstrien@wur.nl).
2. Per project topic mentioned in the Appendix at most two pre-proposals will be selected to be developed into a full proposal. Selection will be done by Ernst van den Ende, Raoul Bino, and Martin Scholten by December 23rd, 2011. The Board of the Wageningen Centre for Systems Biology will check the consistency of the selected pre-proposals with the strategy laid down in the ‘Vision for IP/OP Systems Biology’. 
3. Selected pre-proposals should be developed into a full proposal and sent to Elisabeth van Strien (Elisabeth.Vanstrien@wur.nl) by January 31st, 2012.
4. Scientific quality of the full proposals will be evaluated following peer review procedures as customary in the involved graduate schools. 
5. Based on the reviewers’ reports a ranking will be made by a jury consisting of Ernst van den Ende, Raoul Bino, Martin Scholten, and the Directors of the involved Graduate schools, in consultation with the Board of the Wageningen Centre for Systems Biology, by February 29, 2012. 

Time Plan

Call for pre-proposals: 				November 15, 2011
Deadline for submission of pre-proposals: 	December 16, 2011
Selection of pre-proposals: 			December 23, 2011
Deadline for submission of full proposals: 	January 31, 2012
Final selection of proposals:			February 29, 2012
Earliest starting date:				March 1, 2012

Selection criteria for (pre-) proposals
1. Scientific excellence of the research proposal in terms of (Systems Biology) approach, methodology, feasibility, and infrastructure.
2. Fitting within the scope of the Virtual Modelling Lab and the Research themes described in the Vision document for the IP/OP theme Systems Biology. For a synopsis, see the Appendix. 
3. Degree of synergy and complementarity of the participating groups. At least two chair groups and/or business units should be involved.
4. Is coupling of aggregation levels included in the project proposal?
5. How is the modelling cycle envisaged in the project? Are there existing data available? Will new data demonstrably come available in the course of the project? How will possible experimental projects interact with the one proposed? How do the modelling activities interact with other ongoing modelling activities at WUR?
6. Has the proposed project the potential to acquire additional external funding so that a multiplier effect will be reached (we strive for two positions per IP/OP position)?

Format for pre-proposals:

Please, address in the pre-proposal the following points:

1. Project title.
2. Names of the applicants and their groups.
3. To which position(s) in the Appendix does the proposed project fit?
4. Main scientific research question of the project  (max. 500 words, approximately one A4).
5. Project plan; modelling approach; experimental input (max. 500 words, approximately one A4).
6. Organizational aspects: 
- is it the intention to fill the position with a PhD, Postdoc, or a DLO staff member ? 
- if the intention is to fill in the position with a DLO staff member, mention the arguments. 
- indicate the multiplier effect; specify the matching projects and how they interact with the proposed project (in particular with regard to the generation of experimental data).

APPENDIX to the CALL for pre-proposals 


Project topics (for summaries see below):

~~~~~~~~~~~~~~~~~~~~~~~~

Biological System 1 – Virtual Plant: Plant adaptation and response to stresses (each project to couple at least two aggregation levels)

P1 Modelling networks related to signalling transduction processes
P2 Modelling networks related to regulatory and metabolic plant processes
P3 Modelling plant growth
P4 Modelling networks related to plant communities
P5 Modelling ecological networks

~~~~~~~~~~~~~~~~~~~~~~~~

Biological System 2 – Virtual Gut: Gut-diet-microbiota system as gatekeeper of intestinal homeostasis (focus on modelling the aspects mentioned below and coupling various levels of complexity)

G1 Modelling homeostasis of lipid / protein metabolism: how diets rich in saturated lipids affect intestinal metabolic capacity, microbiota and inflammatory response 
G2 Modelling homeostasis of tolerance and immunity: defining a blueprint of the interaction between fat, microbiota and the innate immune system
G3 Modelling immune response to fat, proteins and microbes
G4 Modelling the role of the intestinal microbiota in the gut upon diet

~~~~~~~~~~~~~~~~~~~~~~~~

Biological System 3 – Virtual Microbe - Re-programming microbes for biocatalysis through Synthetic Biology (focus on modelling of chassis and interplay with engineered circuits)

S1 Modelling and re-programming photosynthetic chassis for the production of fine chemicals 
S2 Modelling, re-factoring and re-programming bacterial chassis for biocatalysis à la carte 
S3 Modelling and Re-programming fungal chassis for the production of chemicals building blocks and bulk products

~~~~~~~~~~~~~~~~~~~~~~~~

Synopsis of the Vision for IP/OP Systems Biology
The major goal of Systems Biology is to understand the wiring underlying any unit of biological organization through combining experiments with the use of computer models. This iterative and integrative approach is applicable to any level of biological organization from an individual metabolic pathway or signal transduction cascade to a cell, tissue, organ, organism, population, or ecosystem. The study of biological functions across these various levels of organization is greatly aided by multi-scale methods that enable the coupling and simulation of models spanning several spatial and temporal scales. Synthetic Biology builds upon the knowledge generated through systems approaches to understand interactions among components in biological networks. 

The objective this IPOP programme is thus to establish a solid basis for the study, understanding and, ultimately, re-programming of biological functions at different aggregation levels through multi-scale modelling. This will be done through the setting up of a ‘Virtual Modelling Laboratory’ that will host modellers who specialize in developing expertise and computing tools for specific types of models (reverse engineering, constraint-based, dynamic, etc.). The rationale is that the models needed to tackle biological systems at various scales (from the sub-cellular up to the community level) are conceptually and mathematically similar, and that projects at different levels and dealing with quite different biological questions (namely, adaptation of plants to stresses, gut function in relation to diet, cellular re-programming) will benefit from the same pool of modelling expertise. The Virtual Modelling Laboratory will be composed by modellers (both those to be hired and those already engaged in running efforts) who will be strongly embedded in experimental teams running projects within these areas of choice and will spearhead model-driven design of experiments, hypothesis generation, interpretation of data and experimentally-driven model refinement.  


Summaries of the topics 

Biological System 1 – Virtual Plant: Plant Adaptation and responses to biotic and abiotic stresses

Plant Adaptation focuses on the question: How do plants deal with the growth versus defence trade-off in response to stress? 

The underlying hypotheses are:
(i) the trade-off between growth and defence is expressed at all levels of biological organization, from the gene network to the interaction network with community members,
(ii)  the information flow through the different biological complexity levels, induced by stress signalling at the cell level and leading to phenotypic and community responses, can be modelled as the dynamical behaviour of a series of networks that are connected by a relative small number of hubs, i.e., network components that are mainly responsible  for the interaction with other networks. Whereas most network components are only connected with other components in the same network, hubs are responsible for transfer of information to and from other networks.


POSITIONS P1 and P2: Modelling of networks related to regulatory, metabolic, and/or  signalling processes

In reaction to biotic and abiotic stresses, signalling processes are triggered which have their impact on the regulatory and metabolic networks at the molecular level, the basic station where key response processes take place. For these positions we welcome projects that involve the modelling and study of the dynamical behaviour of signalling, regulatory, and metabolic networks, with as ultimate aim to understand and predict the effects of external triggers on the developmental and physiological processes in plants.  


POSITION P3: Modelling of plant growth

This task involves growth modelling based on quantitative information about growth responses and phenotypic changes at the cellular, tissue and plant level after challenging with various stress signals. 


POSITION P4: Modelling of networks related to plant communities

This task involves modelling at the higher biological complexity levels. Points of interest are the mutual interactions between plant community members, the interactions between plants and other environmental factors, and the effects of phenotypic changes on individual community members in a variety of ecological communities (e.g., competing neighbours, microbes, nematodes and insects).

POSITION P5: Modelling of ecological networks

This task aims at introducing a systems biological approach into ecology. Models will be developed to describe the dynamics of ecological networks and to connect these to the lower levels of biological integration.



Biological System 2 – Virtual Gut: Gut-diet-microbiota system as gatekeeper of intestinal homeostasis

The Virtual Gut focuses on the question: How does the gut maintain homeostasis upon diet perturbations? How does diet affect the intestinal microbiota, metabolic capacity and immune response?

Rationale 
Diet, microbiota and host epithelium interact intimately and have an enormous impact the immune system and body homeostasis. Dysfunctional regulation of these homeostatic systems may accelerate the development of chronic diseases and cancer, especially in genetically susceptible hosts. The effects span across a number of scales, from molecule to organ/organism. To understand the proper functioning of this system, models of the key subsystems and their upstream and downstream regulation in epithelial cells will be indispensable.  In particular, this will help to clarify the role of specific commensals and dietary factors on the functioning of this system and may also lead to novel approaches for improving intestinal health and disease prevention.

POSITION G1: Modelling homeostasis of lipid metabolism: how diets rich in saturated lipids affect intestinal metabolic capacity, microbiota and inflammatory response 

This task involves the following research sub-objectives:

* The development of models for selected signalling pathways involved in lipid metabolism to provide a structural framework of the various signalling events. 
* Development of (dynamic) models to describe cellular signalling events in lipid metabolism. Progressive clarification of the structure of the network and of cross-talk between key pathways involved will be done through an iterative process of model experimentation perturbation. This will ultimately provide a basis for the structural blueprint of the system.

POSITION G2: Modelling homeostasis of tolerance and immunity: defining a blueprint of the interaction between fat, microbiota and the innate immune system

The interactions between fat, microbiota and the innate immune system involves the following research sub-objectives:

* the development of multi-scale models of signalling from epithelial cells to immune cells in the presence of well-characterized microorganisms and other defined stimuli. 
* iterative improvement of quantitative predictions derived from network models
* reconstruction of the regulatory networks of epithelial cells along the intestinal tract 
*identification of region-specific response networks to different microorganisms, microbiota communities and dietary fat. 

POSITION G3: Modelling immune response to fat and microbes

This task involves the following research sub-objectives:

* The development of models to capture key features and dynamics of the system and to provide insights into its behavior and drive experimental and detailed modelling efforts. 
* The development of an amenable model based on representative, common components that allow a description of the immune response.
Results from the models will be used in an iterative fashion to improve experimental design by i) identifying major nodes, ii) predicting key interactions, iii) simulating perturbations in the network, and iv) assessing their effect on mucosal homeostasis.


POSITION G4: Modelling the role of the intestinal microbiota

[bookmark: synth]To gain insights into the networks underlying the metabolic interactions of the intestinal microbiota, the following research sub-objectives are involved:

* The development of a computational platform for data handling and model generation enabling to build genome-scale reconstructions and models of the metabolism and transport of microbial community members. 
* The usage of a suite of methods for analysis of models to navigate the metabolic space of interactions among microbial community members. Application to increasingly larger subsets of the intestinal metagenome.
* Inference of regulatory and metabolic circuitry of the microbiota under diet-relevant conditions. 


Biological System 3 - Re-programming microbes for biocatalysis through Synthetic Biology

Synthetic Biology builds upon the knowledge generated through systems approaches to understand interactions among components in biological networks, namely those in microbes that are the basis of biocatalytic processes for innovative BioBased products. The leading questions underlying the theme Synthetic Biology thus are: How can a microbial chassis be re-programmed for `a la carte biocatalysis? What are the interplays between the chassis and plugged in circuits and how can we control them? The projects to be funded will focus on the modelling aspects underlying these questions

POSITION S1: Re-programming a photosynthetic chassis for the production of fine chemicals 

Microalgae and photosynthetic bacteria possess several advantages as organisms for bio-industrial processes, including simple input requirements, tolerance of marginal agricultural environments, rapid genetics, and carbon-neutral applications that could be leveraged to address global climate change concerns. Sub-objectives of this project are:

* Unravelling the genome-scale metabolic, transport network of regulatory of microalgae or cyanobacterial chassis, along with a blueprint of the key regulatory nodes. This can be done through the combination of bottom-up and top-down modelling approaches.
* The development of modelling frameworks to map and quantify the interplay between the biocatalytic circuit plugged in and the chassis.

POSITION S2: Modelling, re-factoring and re-programming bacteria for biocatalysis à la carte 

This project pursues capitalizing the systems information available on selected bacteria with the goal of producing a simplified genomic chassis (platform) for optimized biocatalysis á la carte (“cell factory”). 
Sub-objectives are:
* The identification of engineering principles of orthogonality and hierarchies of abstraction to assemble novel biological systems for the design of novel processes. 
* The generation of a (re-) programmable bacterial chassis, aimed at desired bioprocesses (i.e., the design of “cell factories” á la carte). These cells will be implanted (in the corresponding experimental matching projects) with series of genetic and metabolic circuits forward-designed for the production of high added-value compounds (fine chemicals and bulk materials). Such constructs will provide a proof-of-principle aimed at establishing a solid, rational framework for the engineering catalysts performing efficiently specific functions of biotechnological interest.


POSITION S3: Modelling the production of chemical building blocks in fungi 

This projects aims to provide a model-based framework for the re-design of the production and secretion of chemicals in fungi. Sub-objectives are:
* The modelling of the production and/or secretion of compounds in fungi 
* The model-based relief of the transport bottlenecks in compound production and/or secretion
* Computational circuit design and analysis, evolution and interplay of circuits with chassis, robustness, network modelling. 



4




