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· Other topics are also suitable that contribute to the development of the European Research Area in plant genomics.

6. Keywords ( at least three keywords that represent the scientific content of your proposal):

-Transcriptional regulation

-Comparative genomics

-Developmental traits

7. Composition of the research teams (members of each participating team)

	Partner
	Organisation
	Name of team member
	Specialization

	1
	Radboud University Nijmegen (NL)
	Gerco Angenent

Richard Immink

Stefan de Folter

Wim Vriezen
	Group leader, Molecular biology 

Researcher Plant Development

Post-doc Plant Development

Ass. Prof, Tomato fruit development

	2
	University of Milan (It)
	Lucia Colombo Elisabetta Caporali Simona Masiero

Monica Colombo

Chiara Tonelli 

Katia Petroni 

Massimo Galbiati Michela Landoni Domenico Allegra Eleonora Cominelli
	Group leader, plant molecular biology Researcher, plant morphology

Young researcher, molecular biology

Postdoc, plant development

Group leader, plant genetics and mol. Biol.

Researcher, plant molecular biology

Technician, plant molecular biology

Technician, plant molecular biology

Post-doc, bioinformatics 

Post-doc, plant molecular biology

	3
	 John Innes Centre
Norwich (UK) 
	Robert Sablowski 

Tom Lawrenson
Lars Østergaard

Pauline Stephenson
	Group leader, Arabidopsis development

Research Assistant

Group leader, Brassica development

Research Assistant

	4
	University of Leeds (UK)
	Brendan Davies

Barry Causier

Martin Kieffer

Luis Arciga-Reyes

Chiara Airoldi
	Group leader, plant molecular biology

Researcher Plant Development/Evolution

Postdoc, Plant development

Postdoc, Posttranscriptional regulation

Postdoc, Plant development

	5
	Vlaams Interuniversitair Instituut voor Biotechnologie (VIB) (B)

	Van de Peer

Klaas Vandepoele
	Group leader, Bioinformatics

Post-doc Transcriptional regulation

	6
	MPI, Tübingen (D)
	Jan Lohmann

Stig U. Andersen

Monika Demar
	Group Leader, Developmental Biology

Post-doc, plant molecular biology 

Technician, molecular biology

	7
	National Research Institute for Food and Nutrition, Rome (It)
	Giorgio Morelli

Simona Baima

Marco Possenti

Valentina Forte

Barbara Felici

Andrea Ciolfi
	Group leader, Molecular Biology 

Researcher Plant Development

Post-doc, Plant Development

Post-doc, Molecular Biology

Technician

PhD student, Bioinformatics


8. Project description (maximum twelve A 4 pages with margins of  2.5 cm with font size of Times New Roman 11 point, with a line spacing of 1.5.) 

8.1 Duration:   36        months.                               Intended starting date:  March 2007.

8.2 Objectives of the project
This project will use genomics technologies in a comparative context to harness the information present in the diversity of species to fill in the gaps in our understanding of model and crop plants. We will focus on a fundamental, economically important and experimentally tractable biological system, plant reproduction, and use genomic and post-genomic tools to model and manipulate the regulatory network at the centre of the reproductive process. Using a comparative approach, we aim to understand how evolutionary variation in non-coding DNA regions has led to variation in reproductive processes in (crop) species. To derive maximum benefit from a broad comparative analysis, we will focus on a key set of genetic interactions characterised in depth in the reference species, Arabidopsis. Our final aim of this project is to achieve an understanding of the cis-regulatory elements controlling reproduction in plants, to understand the evolutionary variation in this network and to benefit from this information to predictably manipulate the system. 
To achieve this aim, our specific experimental objectives are:

1.
To define the cis-regulatory code underlying key steps in reproductive organ formation, floral determinacy and seed and fruit production.

2. 
To create a framework for the extrapolation of genomic and post-genomic knowledge from well characterised model systems to other species.

3.
Conversely, to use comparative tools to inform our understanding of model systems.

4. 
To exploit our enhanced understanding to create regulatory mutations for crop improvement.

5.
To benefit from synergies in bioinformatics, genomics resources in multiple plant species, and post-genomic methods to analyze the interaction between cis-elements and regulatory proteins in vivo.
8.3 Background
The expanding world population depends on agricultural crops, mainly as cereals and fruits. Improvements of crop plants to achieve better yields under suboptimal growth conditions, such as those found in many developing countries, will be essential to keep up with population growth and reduce the impact of high yield farming on the environment (1).
Most agricultural products, such as seeds and fruits, are derived from the reproductive process of flowering plants. Therefore, crop improvement requires a detailed understanding of flower and fruit development. Research on reference species, such as Antirrhinum or Arabidopsis, has revealed interconnected regulatory networks based primarily on transcription factors that guide the patterning and growth of flowers and fruits (2,3). The genetic interactions between these genes and many of their target genes have been identified, but the combinatorial code of cis-elements that mediates these interactions is still mostly unknown.
The present project is focused on a set of transcription factors (TFs) that occupy key positions in these regulatory networks (Fig 1). The homeodomain TF WUSCHEL (WUS) controls the stem cell population that sustains development of all new plant organs, in part through the regulation of Arabidopsis Response Regulator (ARR) genes, which modulate the cellular responses to the growth regulator cytokinin (4). During floral organogenesis, WUS is repressed through the action of AGAMOUS (AG) and SEEDSTICK (STK), both encoding MADS-domain proteins (5), and by TFs of the HD-ZIP family.  AG goes on to play a key role in specifying stamen and carpel identity, while STK guides ovule development (6, 7). Under the control of AG and STK, elaborate genetic networks guide the development of these structures (8, 9). Of particular interest here is the genetic network that controls cell type identity and differentiation within the carpels, including the development of structures that in some species eventually allow the fruits to open and release seeds. This network includes SHATTERPROOF (SHP), FRUITFUL (FUL), JAGGED (JAG) and REPLUMLESS (RPL) (10). 
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Figure1: Schematic representation of the key transcription factors involved in reproductive organ and fruit development.  Only the Arabidopsis genes are indicated.

The proteins encoded by the regulatory genes above have largely been conserved during evolution and can be identified in distantly related species (11).  More often than changes in protein function, it is believed that changes in the expression pattern of regulatory genes have played a major role in creating phenotypic variation during evolution and during plant domestication (12). By studying the cis-regulatory code of flower development in a range of species, we will not only be able to infer how different structures can be made using the same set of basic regulators, but we will also be able to obtain a deeper insight into the regulatory networks in Arabidopsis. Previous analyses of evolutionary changes in non-coding regions have given insight into the regulation of floral regulators, showing that it is possible to derive understanding on a functional level from phylogenetic sequence analyses (13, 14).  

One example of how changes in the regulatory interactions shown in Fig. 1 may underlie differences between species is the control of fruit opening in Arabidopsis and Brassica. In both species, a specialised structure called the replum separates the valve margin tissues that eventually cause the dried fruit to open and release the seeds. In Arabidopsis, replum formation depends on RPL, which functions at least in part by restricting the expression of genes promoting valve margin development such as SHP1/2 and JAG (Fig 1). In Brassica, replum formation is reduced in comparison with Arabidopsis. This may be due to changes in the expression of RPL or in the regulation of targets such as JAG and SHP. Understanding the basis for this difference will not only reveal how regulatory changes underlie developmental differences between species, but would have practical application in further reducing seed loss due to pod shattering in Brassica (see section 8.7). 
8.4 Research plan (Milestones and Deliverables)
To achieve the objectives as set out in 8.2 we will focus on a group of key regulators of the development of reproductive organs and fruits (Figure 1). These genes provide a good starting point for a comparative analysis because they have been well-characterised in model species and their interactions are partly known. Each partner will study a subset of interactions underlying a specific biological process: P1 will focus on AG-SHP-FUL; P2 on STK-MYB-NFY; P3 on AG-JAG-RPL-SHP; P4 on WUS-AG, P6 on WUS-ARR and P7 will concentrate on HD-ZIPIII-WUS. Each set of interactions will be analysed through a set of approaches described below in each of the work packages (WPs). All data (including sequences, micro array data, images of GUS patterns etc) will be easily accessible to all partners in a central database that will be coordinated by P5.
Workpackage 1: In depth characterisation of regulatory interactions in Arabidopsis

Background and objectives: Transcription factors bind to cis-regulatory elements in their target genes and act combinatorially to activate or suppress transcription. This WP will define key cis-elements that mediate the genetic interactions depicted in Figure 1. To provide a solid basis to analyse the cis-regulatory code across species, the analysis will be anchored on the reference species Arabidopsis, in which the most advanced resources are available, such as micro arrays, mutants and complete genome sequence.  

WP1.1:
  Target gene identification by induced expression of transcription factors (P3, 1, 2, 4, 7). To extract conserved cis-elements, it will be necessary to identify sets of target genes of the key regulators shown in Fig 1. This has already been done for AG (P3), STK (P2) and WUS (P6) and the data sets obtained will be used for this project. A similar approach will be used to identify targets of FUL, RPL and REVOLUTA (REV). Mutants will be used in which one of the key regulatory genes is inactivated causing a block in a specific developmental step. These mutants will be transformed with the same key regulator controlled by an inducible system (GR-DEX system). Controlled activation of the regulator will be followed by monitoring changes in mRNA populations using commercially available Arabidopsis arrays (Affymetrix). Data analysis will follow standard published methods (9, 15).
Milestones: M1.1: Target genes of  key-regulators (Month 12)
Deliverables: D1.1 List of putative targets of FUL, RPL, REV (Month 12)

 WP1.2:  Identification of direct targets by Chromatin Immuno Precipitation (ChIP) (P1, 2-7)
   A complementary approach to identify target genes is Chromatin Immuno Precipitation (ChIP), which detects TF-DNA complexes that exists in vivo. The TF-DNA complex is precipitated by either a specific antibody raised against the TF or an antibody against a generic tag fused to the TF. As a general tag we will use GFP, because it does not affect the biological activity of FUL and AG (unpublished, Angenent) and its expression can be monitored by fluorescence. For other TFs, such as STK, specific antibodies will be used. After immunoprecipitation, whole genome micro arrays (available from Nimblegene or Affymetrix) will be used to identify the promoter sites bound to the TF (‘ChIP-CHIP’ assay).


   ChIP will also be used to confirm putative target genes identified by other means (e.g WP1.1, WP1.3). For instance, using microdissection in combination with a microarray analysis, the Colombo team has identified a relatively small set of putative target genes of STK and SHP including genes that encode MYB and NFY transcription factors. Whether these are direct targets will be determined by ChIP analysis, as done by the Sablowski and Angenent labs have used ChIP to verify a small set of targets of AG (9). The ChIP data will be used by the van de Peer (P5) group to develop tools for the prediction and validation of binding sites
   To improve the ChIP analysis we will also test a novel strategy to tag TFs by in vivo biotinylation. This will use the bacterial BirA ligase to transfer a biotin group to a small amino acid tag attached to the protein of interest. The biotinylated tag can then be used for efficient, single step purification of the tagged protein and associated DNA by Streptavidin-beads purification (16). This system is being developed by the Angenent lab and is expected to be established at the start of the project.
Milestone: M1.2: ChIP-CHIP established (Month 12)

Deliverable: D1.2 List of putative targets for FUL, WUS, AG, STK, RPL, REV using ChIP (Month 18) 

WP1.3:  In silico prediction of cis-elements based on co-expression and conservation (P5, 7)

To discover novel cis-elements within the sets of target genes identified in WP1.1 and WP1.2, we will combine comparative footprinting principles with classical approaches based on motif overrepresentation in co-regulated genes. We will first apply a classical Gibbs-sampling approach to identify cis-regulatory elements in sets of co-expressed genes. Next, these elements will be presented to an evolutionary filter to select functional regulatory elements based on the global conservation of cis-regulatory elements in target genes in a related species (for instance poplar or rice).  In a second stage, a two-way clustering procedure combining the presence/absence of motifs and expression data will be used to identify additional new cis-elements. The Gene Ontology (GO) vocabulary combined with the original expression data will then be used to functionally annotate sets of genes containing particular regulatory elements or modules.  Finally, we will investigate the physical properties of some modules related to transcription factors of interest in greater detail. 
Milestones: M1.3: Pipelines for identifying cis-regulatory elements established (Month 12)
Deliverables: D1.3: Compilation of cis-regulatory elements and regulatory modules for the transcription factor gene families of interest.(Month 12)
WP1.4:  Confirmation of cis-sequence motifs by TF-DNA binding assays (P2, 1, 3, 4, 6, 7) 
There are a number of methods to study the binding of a TF to a cis-element in vitro (such as Electrophoresis Mobility Shift Assay), in yeast (1-hybrid) and in planta (using particle bombardment). The participating labs have extensive experience in these techniques and will use them to verify the interactions obtained from WP1.2 and WP1.2. These assays will be used for TFs and targets from Arabidopsis and from other species, to reveal conservation and variation in the interactions. These assays will be used to modify the sequence of the putative cis-element and monitor the effect on binding efficiency by the TF, in preparation for mutational analysis in vivo (see WP3).

Milestones: M1.4: Cis-trans interactions confirmed in vitro and in yeast (Month 24)

Deliverables: D1.4: List of confirmed interactions for at least 10 cis elements (Month 24)

WP1.5 Cell-type-specific in vivo footprinting (P3)
To detect binding sites occupied by TFs in the plant, we will use in vivo footprinting (17). Briefly, plants will be treated with EMS, which reacts randomly with DNA bases that are not protected by interaction with a TF. After extraction of nuclei, chemical cleavage of the DNA at the modified sites results in a ladder of DNA fragments, with gaps in the regions where the DNA had been protected. A PCR-based method is used to amplify this pattern of ladder and gaps from a specific promoter of interest.  A major challenge of this technique is that it requires nuclei from a uniform population of cells, making it difficult to apply to developmental regulators, which are usually expressed only in a subset of cells within the tissues. To circumvent this problem, we will use Arabidopsis plants in which the relevant cell types are marked by a nuclear GFP reporter (HistoneH4-GFP) under the control of the promoter being studied. After treatment with EMS in live plants , the GFP-labelled nuclei will be purified by flow cytometry before proceeding with the detection of specific TF-cis-element interactions.  The approach will be used to validate the predictions made by in silico analysis (WP1.3) and in vitro experiments (WP1.4) and to guide the experiments using reporter genes with mutations in specific cis-elements (WP3).

Milestones: M1.5: In vivo footprints established for the AG and RPL promoters and method available to other partners ( Month 18)

Deliverables: D1.5: List Cis-elements confirmed in vivo for at least 4 key promoters (Month 24)

This workpackage will provide a series of verified direct targets of the essential reproductive control processes in Arabidopsis and identify the cis-elements responsible for their coordinate regulation.

Workpackage 2: Conservation of regulatory elements across species

Background and objectives: This WP will use sequence data from multiple species to test the conservation of cis-elements defined in WP1 and to study evolutionary variation in genetic interactions. 

WP2.1: Isolation of orthologous genes (P2, all partners involved)

Putative orthologs of the key genes depicted in Fig1 will be isolated from the following plants: rice (Colombo), oilseed rape (Østergaard), Antirrhinum (Davies), tomato (Angenent, Morelli) and Capsella (Lohmann).  It is recognised that the difficulty of the task differs for each species, e.g. it will be straightforward in rice, whose genome is almost completely sequenced. For other species, such as tomato, oilseed rape and Antirrhinum, large EST collections are available, which will facilitate the identification of putative orthologs. Alternatively, PCR-based methods will be used to identify the orthologous genes. The regulatory sequences will subsequently be isolated from genomic libraries available to different partners (oilseed rape for Sablowski/Ostergaard, Capsella for Lohmann, tomato for Angenent). We will analyse 10-15 genes and corresponding upstream sequences across multiple species. These sequences will be further analysed in WP2.2

Milestones: M2.1: Isolated orthologous genes from 5 different species (Month 12) 

Deliverables: D2.1: At least 10 orthologous genes (including upstream sequences) from 5 different species (Month 24)
WP2.2: Computational analysis of promoters from orthologous and paralogous genes (P5, 7)

The orthologous sequences (including Arabidopsis sequences) obtained in WP2.1 will be collected by partner P5 and compared to identify common motifs (phylogenetic footprinting). Particular emphasis will be on the cis-element sequences defined in WP1. Conserved elements will then be functionally studied in WP3. It should be noted that gene duplication has been rampant in plants, resulting in gene families with distinct functions and expression patterns. Often, the assignment of orthologs within families is not clear-cut and considerable functional redundancy exists. Phylogenetic footprinting techniques can also be used to study the evolution of regulatory sequences between paralogs leading to redundancy, neo- and subfunctionalization.

Milestones: M2.2: Established computational methods for the prediction of orthologous and paralogous  cis-elements and determination of conservation and diversity (Month 18)

Deliverables: D2.2 Set of predicted orthologous and paralogous cis-elements for at least 10 different genes in the 6 species (Month 24)

This workpackage identifies putative orthologous cis-elements from five further species for comparative analysis.

Workpackage 3: Functional analysis of conserved and divergent elements

Background and objectives: Putative cis-elements will be identified in Arabidopsis (WP1) and in orthologs/paralogs in other species (WP2). Whether these cis-elements are functionally relevant and are conserved across species will be the subject of WP3. 

WP3.1: Activity of cis-elements in the homologous species (P7, P1, 2, 3, 4, 6)
We will generate DNA constructs with reporter genes (GUS/GFP) controlled by regulatory sequences defined in WP1 and WP2 and introduce them in the species of origin. The expression patterns directed by wild-type sequences and by sequences with mutated cis-elements will be determined and compared with the information obtained in WP3.2 and 3.3. Each partner will transform a least 5 promoter-reporter constructs into their species of choice (except Antirrhinum)(see WP2.1). The images of the GUS patterns will be stored in a central database for use by all partners.

Milestones: M3.1: Expression patterns from reporter genes driven by promoter fragments  available and stored in the central database (Month 30)

Deliverables: D3.1 Trangenic plants expressing 5 promoter-reporter constructs in each of the 6 species. (Month 30)

WP3.2: Activity of regulatory sequences in heterologous species (P6, P1, 2, 3, 4, 7)
To analyse the conservation of transcription factors and cis-elements across species, we will analyse the activity of the orthologous promoter sequences in Arabidopsis, using the same promoter-reporter construct as made for WP3.1. In some cases it will be of high interest to carry out the reverse experiment, i.e. establish the expression pattern of the Arabidopsis promoters in a specific species. For example, SHP and RPL are involved in the formation of the dehiscence zone in the Arabidopsis fruit, however dehiscence does not take place in a tomato fruit. Therefore, we will investigate the expression patterns of these genes (promoter-reporter fusions) and the orthologous genes in tomato (P1)

Milestones: M3.2 Expression patterns of reporter genes driven by heterologous promoter fragments in Arabidopsis available and stored in the central database (Month 30)

Deliverables: D3.2 Expression patterns of at least 25 promoter-reporter constructs (5 constructs from each species) in Arabidopsis. (Month 30)

WP3.3. Complementation of Arabidopsis mutants with orthologous genes (P4, and others)
Neofunctionalisation of orthologous genes may occur at the transcriptional level or gene-product level. To discriminate between these two important drivers of diversification, we will investigate whether chimeric constructs containing orthologous promoter fragments (see WP3.2) driving Arabidopsis or orthologous coding sequences are able to complement the corresponding Arabidopsis mutants. These experiments will only be done for a small set of mutants and orthologous regulatory genes, based on information from WP3.1 and WP3.2. 

Milestones: M3.3 Complementation assays with orthologous sequences in Arabidopsis (Month 36) 

Deliverables: D3.3 D3.3 Phenotypic analysis of sets of chimeric promoter-coding sequence constructs transformed into Arabidopsis mutants (Month 36)
WP3.4 Isolation of regulatory mutants by TILLING (P3)

The information on key cis-element and their functions will create the opportunity to isolate desired regulatory mutants in crops species. In particular, it will be of interest to isolate mutants with altered expression of JAG, RPL or SHP in oilseed rape, with the aim of preventing seed loss due to pod shattering. To isolate mutants with sequence alterations within specific DNA sequences, the Ostergaard lab is developing a large population of the diploid Brassica rapa species. This population will form the basis for a TILLING population for reverse genetics screens. Personal communications with other groups developing Brassica TILLING resources suggests that it is possible to obtain >150 mutations per 1 kb in the population.

Milestones: M3.4: B. rapa TILLING population of approximately 5,000 M2 families available for screening (Month 24) 

Deliverables: D3.4 Screening and isolation of lines from the B. rapa TILLING population with mutations in the Brassica orthologues of JAG, RPL, SHP1, and SHP2 and phenotypes characterised (Month 36)
This workpackage provides a functional assessment of the cis-elements from different species, distinguishes modes of sub/neofunctionalization in evolution and acts as a proof or principle of our ability to manipulate the identified control elements to achieve desired outcomes.
8.5 Complementarity of the teams and trans-national added value

The teams have been selected to interact synergistically from the following points of view:

1. Our network will pool complementary expertise, resources, such as genomic libraries and sequence information from different plant species. This will allow each partner to compare regulatory sequences of their chosen genes in multiple plant species to detect conserved cis-elements (phylogenetic shadowing).  For example, partners 3 and 6 have access to BAC libraries and genomic sequence data from Brassica and Capsella, respectively, partners 2 and 5 will share their experience with in silico analysis of promoters from rice and dicotyledon species and partner 4 has access to BAC libraries, genomic libraries and an extensive EST collection from Antirrhinum.
2. The teams work on complementary biological processes, controlled by regulatory genes that are interconnected as part of a larger regulatory network (Fig. 1).
3. Technology developed and shared in this project will advance work in all teams, including. cell-type-specific in vivo footprinting (P3) and in vivo biotinylation for tagging regulatory proteins to study their interactions with DNA and with other proteins (P1).

4. The network of participating labs will provide a coherent training program for young researchers. This will include short visits to other participating labs to learn specific techniques, expand their contacts and develop a clear perspective of research at the European level. Training will be offered in ChIP (P1), laser capture microdissection (P2), TILLING (P3), protein interactions in yeast (P4) in silico promoter analysis (P5), analysis of array data (P6) and functional analysis of regulatory genes by particle bombardment (P7). 

8.6 Plan for use and dissemination of knowledge 

The bioinformatics partners have extensive experience in building and maintaining databases with information about cis-regulatory elements and regulatory modules. These databases will be revised and expanded with novel information from this project. Both ‘in silico’ predicted and experimentally validated cis-elements will be stored in this database, and flagged accordingly. The knowledge generated in the consortium will be made freely available to the plant scientific community through web-based interfaces that link to the cis-regulatory elements database and linked databases. Furthermore, results will be disseminated by publication in international peer-reviewed journals, presented at scientific meetings and conferences, and during specific workshops organized between the members of the consortium.
8.7 Innovative potential of the expected results for industrial application 

Our project will lead to a basic understanding of the short term evolutionary dynamics of cis-regulatory sequences and how changes in these sequences participate in phenotypic variation. The knowledge gained will enable us to target key traits for yield improvement in crops in a more specific manner than has previously been possible. The importance of understanding and predicting regulatory changes in crop improvement is illustrated by the fact that quantitative trait loci (QTL) for important traits in maize and rice have recently been mapped to non-coding, presumably regulatory sequences (18, 19, 20).
One example of potential application of the knowledge obtained in this project is to diminish seed losses due to unsynchronized pod shattering in oil seed rape.  As explained in section 8.2, pod shattering depends on development of the replum, which in turn depends on the expression pattern of regulatory genes such as RPL, JAG and SHP.  A detailed understanding of the regulation and interactions between these genes will be essential for designing strategies to finely tune replum formation in Brassica and develop varieties with reduced seed loss. Interestingly, changes in RPL expression have been found to underlie differences in seed release even in distantly related crop species: altered expression of RPL ortholog has been found to be responsible for a major QTL for seed shattering in rice (20).
More generally, the methodology that we intend to use should eventually allow us to manipulate a range of important growth characters such as flowering time, plant architecture, stress resistance, improvement of fertility, fruit ripening and shatter resistance. Our results will therefore likely lead to important agronomic contributions to improve crop yield. In addition, technological innovations developed in this project, such as the in vivo biotinylation method for plants, will provide a considerable added value to the proposal that goes beyond the participants and will be beneficial to the entire plant research community. 
8.8 Coordination with outside groups

Our network will help to integrate national plant genomics programmes studying gene regulation in model and crop plants, not only directly through the work programme described above, but through collaborative links with other projects and groups. The consortium will build on collaborations established between partners in previous EU networks, such as REGIA (FP5) and joint proposals in FP6. Five out of the nine labs are also part of a recently established Marie Curie Training Network (TRANSISTOR), which aims to understand cis-trans regulatory mechanisms in Arabidopsis and perfectly matches this project, providing an excellent training and educational platform. In addition to the European collaboration, the partners are part of national genomics programmes, such as:
· The Angenent group is partner in CBSG (from Arabidopsis to tomato) and NPC and in both programmes they study transcription factors and their functioning. 

· The Lohmann group collaborates with the groups of Klaus Harter (University of Tübingen) and Thomas Schmülling (FU Berlin), supported through the Arabidopsis Functional Genomics Network (AFGN), a German plant genomics initiative, and with Joseph Kieber (UNC), who is supported by the 2010 project of the National Science Foundation of the USA (NSF).
· This project will reinforce and extend current collaborations in the UK. It will bridge fundamental work done in Arabidopsis (Sablowski lab) and use of this knowledge for crop improvement (Ostergaard lab). It relates to an ongoing BBSRC project on the evolutionary aspects of floral organ identity (collaboration between Coen and Davies labs) and a previous BBSRC-funded project on Antirrhinum genomics (Davies and Hudson (Edinburgh).
· The Italian partners Colombo, Tonelli and Morelli are involved in the scientific network and technological platform for the functional genomics of plant development (FIRB – MIUR), which includes the transfer of genomics knowledge from Arabidopsis to tomato. Morelli is also a partner in Agronanotech, which supports the Italian Tomato Genome Project (PS–MiPAF).

The links to other relevant European and national projects will be included in our web page. Furthermore, we will co-organise workshops, conference sessions etc. to stimulate interaction between the different research initiatives. While sharing and disseminating as much information as possible through our web site, we will also guarantee the protection of the participants' intellectual assets and will follow the Intellectual Property Rights (IPR) as established by the ERA-PG Working group on IPR (see ANNEX II of the Call Notice).

8.9 Economic, societal and/or environmental relevance

It is the responsibility of the European scientific community to generate fundamental knowledge to pave the way for innovations required for a sustainable agriculture and industrial prosperity in the European Union. Natural biodiversity is an underexploited sustainable resource that can enrich the genetic basis of cultivated plants to improve productivity, adaptation to the environment and quality of the products. A major challenge of current biology is to understand the genetic basis and molecular mechanisms of this naturally occurring developmental variation. The proposed project is strongly committed to this cause. With the proposed research, knowledge and molecular tools will be generated to understand molecular mechanisms that are the foundation to improve the productivity and the quality of crop plants. 

EU biotechnology industries and agriculture should not miss the opportunities for crop improvement that are offered by these advances. Expanding crop varieties to suit different environments can also stimulate rural communities through exploitation of new sectors, increased yields and/or product quality, and can reduce the vulnerability of different agricultural areas.

Thus the research investments associated with the proposed project are expected to be returned by positively affecting industrial competitiveness and agricultural profitability. The dissemination of project achievements, the sharing of resources and active networking will add to the development of skills and know-how throughout the European industrial and scientific community. Finally, the proposed project will provide ample opportunities for education and training of young researchers, including exchange visits between labs, contributing to the spread of know-how and expertise among different EU countries.
8.10 Project management and reporting 

A consortium agreement (CA) will be signed among the partners prior to the start of the project. The CA includes the agreements on confidentiality, coordination, decision-making schedule, pre-existing know-how and how to deal with it, reporting schedule etc.
The project will be coordinated by Gerco Angenent, who has ample experience in coordinating EU projects and large national programmes. He will take care of the contact with ERA-PG, organization of meetings and coordination of reporting. Decisions on research directions, evaluation of milestones and deliverables will be done by a Coordination Team (CT), which consists of the coordinator together with a Principle Investigator (PI) from each partner.  The CT meets at each annual meeting. The Coordinator will in collaboration with the partners organise 4 project meetings (1 kick-off and 3 yearly) for all project participants to assess the progress within the project, to identify problems that may have arisen and to model strategies to overcome them, and to stimulate exchange of information and scientists. During these meeting we also aim to stimulate exchange of information about and between the national genomics programmes, e.g. by inviting representatives of these programmes.
Information will also be exchanged through our web site that will be established at the beginning of the project. This web site will also contain the (protected) data base for experimental data. 
The research is structured in WPs and sub-WPs, each with a responsible partner (see diagram), who will keep in close contact with the partners involved in the WP to solve problems quickly and keep the coordinator fully informed at all times. The responsible partner is generally the expert fin the research carried out in the (sub)WP and therefore, will offer training and help to visiting scientist. 

[image: image2]
As an instrument to assess progress, clear milestones and deliverables have been formulated (see project description). Should problems or delays arise, the coordinator and the WP responsible partner will consult with the relevant participants and take the necessary steps to resolve them. The project is built in such a way that the execution of the WPs and subtasks do not depend on a single partner. Hence, in the event that one or even a few partners can not be funded by their national organizations, the project can accommodate the change.
8.11 Legal requirements (Is the proposed research in compliance with the different national legislation and have the required permits for experimental work, such as GMO trials been obtained?)

X Yes


O No (if “no” explain the current status)
8.12 References

1.
Welch, R. M. Biotechnology, biofortification, and global health. Food Nutr Bull 26, 419-21 (2005).

2.
Zik, M. & Irish, V. F. Flower development: initiation, differentiation, and diversification. Annu Rev Cell Dev Biol 19, 119-40 (2003).

3.
Lohmann, J. U. & Weigel, D. Building beauty: the genetic control of floral patterning. Dev. Cell 2, 135-42. (2002).
4.
Leibfried, A., et al.. WUSCHEL controls meristem function by direct regulation of cytokinin inducible response regulators. Nature 438, 1172-1175. (2005)
5.
Ferrario, S.et al. Control of floral meristem determinacy in petunia by MADS-box transcription factors. Plant Physiol 140, 890-8 (2006).

6.
Pinyopich, A. et al. Assessing the redundancy of MADS-box genes during carpel and ovule development. Nature 424, 85-8 (2003).

7.
Favaro, R. et al. MADS-box protein complexes control carpel and ovule development in Arabidopsis. Plant Cell 15, 2603-11 (2003).

8
de Folter, S. et al. Transcript profiling of transcription factor genes during silique development in Arabidopsis. Plant Mol Biol 56, 351-66 (2004).

9.
Gomez-Mena, C. et al. Transcriptional program controlled by the floral homeotic gene AGAMOUS during early organogenesis. Development 132, 429-38 (2005).

10.
Dinneny, J. R. & Yanofsky, M. F. Drawing lines and borders: how the dehiscent fruit of Arabidopsis is patterned. Bioessays 27, 42-9 (2005).

11.
Irish, V. F. & Litt, A. Flower development and evolution: gene duplication, diversification and redeployment. Curr Opin Genet Dev 15, 454-60 (2005).

12.
Doebley, J. (2004). The genetics of maize evolution. Annual Review of Genetics 38, 37-59
13.
Hong, R. L. et al. Regulatory elements of the floral homeotic gene AGAMOUS identified by phylogenetic footprinting and shadowing. Plant Cell 15, 1296-309 (2003).

14.
De Bodt, S. et al. Promoter Analysis of MADS-Box Genes in Eudicots Through Phylogenetic Footprinting. Mol Biol Evol 23, 1293-1303 (2006).
15.
Schmid, M. et al. Dissection of floral induction pathways using global expression analysis. Development 130, 6001-6012. (2003).
16.
de Boer E. et al. Efficient Biotinylation and single step purification of tagged transcription factors in mammalian cells and transgenic mice. Proc. Natl. Acad. Sci USA 24, 7480-7485 (2003)
17
Busk, P. K. & Pages, M. In vivo footprinting of plant tissues. Plant Molecular 
Biology Reporter 20, 287-297 (2002)
18
Clarke, R. M. et al. A distant upstream enhancer at the maize domestication gene tb1 has pleiotropic effects on plant and inflorescent architecture. Nature Genetics 38, 594-597 (2006).

19
Li, C. et al. Rice Domestication by Reducing Shattering. Science 311, 1936-1939 (2006).

20. 
Konishi, S. et al. An SNP Caused Loss of Seed Shattering During Rice Domestication. Science 312, 1392-1396 (2006).



9 Breakdown of costs 

In this section the summary of requested costs and own contribution related to the project should be inserted. Next to this a detailed specification should be attached according to your national funding regulations. For the appropriate forms you should refer to the website of your National funding organisation or contact your National Call Coordinator.

Please insert in table 9.1 an overview of total requested costs (in €) per partner including the number of person months involved in the project.

In table 9.2 you are asked to give an overview of the total own contribution to the project costs.

	Partner
	Country
	Person months; postdoc, PhD, technical assistant, other
	Personnel costs (€)
	Consumables (€)
	Travel (€)
	Equipment (€)
	Other (€)
	Total requested (€)

	P1.  Angenent
	 NL
	36, post doc 
	180,000
	21,000
	6,000
	0
	20,000
	227,000

	P2.  Colombo/Tonelli
	 IT
	72, (2x) post doc 
	180,000
	250,000
	20,000
	20,000
	10,000
	480,000

	P3.  Sablowski/ Østergaard
	 UK
	32.2 post doc
	  127,831
	110,283
	5,855
	0
	173,231
	  417,201

	P4 Davies
	 UK
	33.2 post doc
	143,661
	62,640
	5,800
	5,800
	241,558
	459,459

	P5.  Van de Peer
	 B
	18,  post doc  
	115,000
	0
	10,000
	0
	25,000
	150,000

	P6.  Lohmann
	D
	72, post doc, undergraduate 
	194,400
	39,000
	6,000
	0
	0
	239,400

	P7.  Morelli
	IT
	36, post doc 
	120,000
	55,000
	9,000
	6,000
	80,000
	270,000

	Totals
	 
	 
	€1,060,892
	€ 537,923
	€ 62,655
	€ 31,800
	€ 549,789
	€ 2,243,060


9.1 Requested costs

Please give a justification for all requested costs in the different categories.

Partner 1-Angenent (RUN)

Other costs: -€20,000. A substantial number of ChIP-CHIP experiments are planned, which requires expensive genomic tiling CHIPs (€1000 each; 4 per experiment). These costs can not be paid by the standard consumable budget as used for NWO projects.  
Partner 2-Colombo/Tonelli (UMIL)

Personnel costs - two 3-year contracts for young researchers

Consumables – molecular biology and microbiology reagents, disposable material, sequencing and oligonucleotide synthesis
Travel- visits to other laboratories, registration fees to national and international meetings
Equipment – laboratory instruments, computers and software

Other - external services (e.g. auditing and advising)

Partner 3-Sablowski/ Østergaard (JIC)

For details see annex according to BBSRC
Partner 4-Davies (Leeds)

For details see annex according to BBSRC
Partner 5- Van de Peer (VIB)

Travel: 10 000 € for project meetings of the scientific leader and his team

Other costs: 25000€ Overhead (20%)

Partner 6: Lohmann (MPI)

For details see annex according to DFG

Partner 7-Morelli (INRAN)

Personnel costs - one 3-year contract for researcher

Consumables – molecular biology and microbiology reagents

Travel- visits to other laboratories, national and international meetings
Equipment – computers and software

Other - Overhead

9.2 Own contribution

	Partner
	Country
	Person months; postdoc, PhD, technical assistant, other
	Personnel costs (€)
	Consumables (€)
	Travel (€)
	Equipment (€)
	Other (€)
	Total own contribution(€)

	P1. Angenent
	NL
	18
	90,000
	0
	0
	0
	0
	90,000

	P2. Colombo/Tonelli
	IT
	47
	125,000
	0
	0
	0
	0
	125,000

	P3. Sablowski/ Østergaard
	 UK
	8.05
	31,958
	25,131
	1,464
	0
	43,308
	101,861

	P4 Davies
	UK
	8.3
	35,915
	15,660
	1,450
	1,450
	60,389
	114,864

	P5. Van de Peer
	 B
	18
	115,000
	0
	10,000
	0
	25,000
	150,000

	P6. Lohmann
	D
	24
	110,000
	7,500
	0
	0
	0
	117,500

	P7. Morelli
	IT
	13
	64,286
	0
	0
	0
	0
	64,286

	Totals
	 
	
	€ 572,159
	€ 48,291
	€ 12,914
	€ 1,450
	€ 128,697
	€763,511


Please give a justification of the own contribution in the different categories.

Partner 2-Colombo/Tonelli (UMIL)

Personnel costs –technicians and other personnel involved in the project

No contributions are available for the other categories

Partner 5- Van de Peer (VIB)

Travel: 10 000 € for project meetings of the scientific leader and his team

Other costs: 25000€ Overhead (20%)
Partner 6- Lohmann (MPI, Tübingen)

Personnel costs – group leader and technician involved in the project.

Limited resources are available for supplies.

Partner 7-Morelli (INRAN)

Personnel costs – group leader: 5 m; 1 staff scientist: 8 M
10 Funding from other sources (Please indicate if funding is applied for or retrieved from elsewhere)

11 CV’s of the partners (maximum one A4 per person, including five publications most relevant to the proposal)

Partner 1-

Prof. Dr. Gerco Angenent

Address:

Radboud University Nijmegen, Dept. Plant Cell Biology, 



Huygens Building Toernooiveld 1



6525 ED Nijmegen



The Netherlands



Phone: +31-24-3652761



Email: G.Angenent@science.ru.nl

Current Positions:
(1) Professor Radboud University Nijmegen



(2) Cluster leader Plant Developmental Systems, Plant Research 




International (PRI), Wageningen, The Netherlands

Research Interest: 

The research group studies the molecular action of transcription factors, in particular those transcription factors belonging to the MADS box family. We are interested in how these proteins form complexes, how they recognize specific DNA sequences and bind DNA and how they control transcription of target genes. It is known that MADS box factors bind a conserved motif, the CArG box, but virtually no information is available about what determines the specificity of binding and how this Trans-Cis binding is conserved among species. These are central topics in the current proposal. We are interested in those factors (e.g. FUL, SHP, AG) that control the initiation and formation of the fruit and some of its tissues. As model species for these studies we are using Arabidopsis and species from the Solanaceae family such as tomato and petunia. Furthermore, we are developing technologies to elucidate the ‘Cis-regulatory code’ for some MADS box transcription factors. These are, among others: ChIP-CHIP, Yeast- and bacterial 1-hybrid systems, in vivo detection of TF-DNA interactions and EMSA.

Five most relevant publications:

· Ferrario, S., Immink, R.G.H. and Angenent, G.C. (2004). Conservation and diversity in flower land. Current Opinion in Plant Biology, 7, 84-91.
· Gomez-Mena, C., de Folter, S., Costa, M.M.R., Angenent, G.C., and Sablowski, R. (2005). Transcriptional program controlled by the floral homeotic gene AGAMOUS during early organogenesis. Development, 132, 429-438.

· Folter, de S., Immink, R.G.H, Kieffer, M., Pařenicová, L., Henz, S.R., Weigel,D.,  Busscher, M., Kooiker,M., Colombo,L., Kater,M.M.,  Davies,B., Angenent, G.C. (2005). Comprehensive interaction map of the Arabidopsis MADS box transcription factors. The Plant Cell, 17, 1424-1433.

· Ferrario, S., Shchennikova, A.V., Franken, J., Immink, R.G.H., and Angenent, G.C. (2006) Control of floral meristem determinacy in petunia by MADS box transcription factors. Plant Phys. 140, 890-898.

· Folter, de S., and Angenent, G.C. (2006) Trans meets cis in MADS science. Trends in Plant Sci.,5, 224-231

Partner 2.1 

Prof. Lucia Colombo

Address:

Dipartimento di Biologia,Università di Milano,



Via Celoria 26, 20133 Milano, Italy



email: lucia.colombo@unimi.it


phone number  +39 02 50314772



Current Positions:
Associate professor

Research Interest: 

Prof. Lucia Colombo is group leader in the Biology Department of the University of Milan and her research interest is molecular control of flower development in Arabidopsis and rice. Her group is mainly working on the network controlling MADS-box transcriptional regulation in ovules. MADS-box genes as several other transcription factor types have been isolated and characterized in Arabidopsis and many other plant species and it seems that regulatory transcriptional network are highly conserved. The group will focus on the evolutionary conservation of regulators of MADS box genes involved in ovule development in Arabidopsis and rice. The group of L. Colombo has analysed the gene set that is expressed during early phases of ovule development by Affymetrix analysis of microdissected ovule primordia (8 cell stage). This information will be used to identify regulatory factors that bind to conserved cis-elements present in the promoters of homologous MADS-box factors, like STK, SHP1 and SHP2, that control ovule identity. In other words we will identify cis-elements, check which type of factor will bind this element and subsequently check which one of this type of factors is expressed in ovule primordia. Subsequently, binding will be verified by EMSA, 1-hybrid and ChIP assays. Subsequently, homologous genes from other species will be analysed for conservation in binding sites and conservation in binding factors using a combination of bioinformatics and wet-science. 

The group of Prof. Colombo will collaborate within this project with the group of Prof. Tonelli which has a long well documented experience in studying regulatory mechanism that control MYB transcription factor expression (A.Procissi et al. Plant Journal 36: 894-904, 2003,E. Cominelli. Current Biology, 15, 1196-1200, 2005). The Tonelli group will investigate which MYB transcription factors are target of the MADS-box factors that specify ovule identity. Preliminary analysis suggest that a small subset of MYB factors are targets of these MADS-factors. The Tonelli group will, in collaboration with the Colombo group, analyse these regulatory interactions in more detail and study the evolutionary conservation of these cis-trans interactions in the other species used in this European network.

Furthermore, we are developing technologies to elucidate the ‘Cis-regulatory code’ for some MADS-box transcription factors. By ChIP on CHIP analysis we will identify a more complete set of targets of specific MADS-box transcription factors (STK, SHP) and verify these interactions by EMSA, yeast- 1-hybrid assays and in vivo detection of TF-DNA interactions.

Five most relevant publications:
· L Parenicova, S. de Folter, M. Kieffer, D. S. Horner, C. Favalli, J. Busscher, H. E. Cook, R. M. Ingram, M. M. Kater, B. Davies, G. C. Angenent, and L. Colombo (2003). Molecular and phylogenetic analyses of the complete MADS-box transcription factor family in Arabidopsis “new openings to the MADS-world”. Plant Cell 15: 1-15.
· R. Favaro, A. Pinyopich, R. Battaglia, M. Kooiker, L. Borghi, G. Ditta, M. F. Yanofsky, M. M. Kater, and L. Colombo (2003). MADS-Box Protein Complexes Control Carpel and Ovule Development in Arabidopsis. Plant Cell 15: 2603-2611.
· Fornara F., Parenicova, Falasca G., Pelucchi N., Masiero S., Ciannamea S., Lopez Dee Z., MM Altamura L. Colombo and MM Kater (2004). Functional characterization of OsMADS18, a member of the AP1/SQUA subfamily of MADS box genes. Plant Physiology 135: 2207-2219.

· Kooiker M., C. A. Airoldi, A. Losa,  P. Manzotti, L. Finzi, M. M. Kater and L. Colombo. (2005). The Arabidopsis homeotic gene SEEDSTICK is regulated by a DNA remodeling factor. Plant Cell 17, 722-729

· Stefan de Folter, Richard G.H. Immink, Martin Kieffer, Lucie Parenicova, Stefan R Henz, Detlef Weigel, Marco Busscher, Maarten Kooiker, L. Colombo, Martin M Kater, Brendan Davies, and Gerco C Angenent (2005). Comprehensive interaction map of the Arabidopsis MADS box transcription factors. Plant Cell 17, 1424-1433
Partner 2.2

Prof. Chiara Tonelli

Dipartimento di Scienze Biomolecolari e Biotecnologie

Università degli Studi di Milano

Via Celoria 26, 20133 Milano, Italy

tel. +39.02.5031.5007,  fax. +39.02.5031.5044

e-mail: chiara.tonelli@unimi.it
Chiara Tonelli is group leader and full professor of Genetics at the Department of Biomolecular Sciences and Biotechnology of the University of Milan. She is a member of EMBO, the European Molecular Biology Organisation and a member of the Scientific Committee and Technological Transfer and of the Patenting Committee of the University of Milan. She has been member of the National Research Centre (CNR) Committee for Biology and Medicine (1995-1999) and member of the Biosafety Committee of Italian Ministry of Environment (2000-2002). Reviewer for Molecular Cell, Molecular and Cellular Biology, EMBO Journal, Plant Cell, Plant Journal, Plant Molecular Biology and for granting Agency. She is a group leader and has been responsible of several projects funded by Italian Agencies and European Union. The major focus of her studies is to deciphere the logic of transcriptional control and gene regulation in plant model systems. Using a functional genomic approach she is investigating in Arabidopsis the role of several transcription factors encoding for MYB proteins and for CCAAT-binding NF-Y subunits involved in plant development and in the interaction with the environment focusing on osmotic and UV stress. She has scientific collaborations with several European groups under the frame of European projects granted by EU as REGIA and Exotic (FP5) and Flora(FP6).

Five Publications relevant to this project.

· H. Jin, E. Cominelli, P. Bailey, A. Parr, F. Mehrtens, C. Tonelli, B. Weisshaar, C. Martin Transcriptional repression by AtMYB4 controls production of UV-protecting sunscreens in Arabidopsis. The EMBO Journal 19: 6150-6161, 2000

· G.Gusmaroli, C.Tonelli, R. Mantovani – Regulation of novel members of the Arabidopsis thaliana CCAAT-binding  nuclear factor Y subunits. GENE 283: 41-48, 2002.
· R. Pilu, P.Piazza, K. Petroni, A. Ronchi, C. Martin, C.Tonelli  pl-bol3, a complex allele of the anthocyanin regulatory pl1 locus that arose in a naturally occurring maize population. Plant Journal 36:510-521, 2003.
· A.Procissi, E.S.Pierson, A.Guyon, A.Giritch, B. Knuiman, O.Grandjean, C Tonelli, J. Derksen, G. Pelletier, S. Bonhomme. KINKY POLLEN: a gene required for tip growth in Arabidopsis encodes a novel protein conserved among eukaryotes. Plant Journal 36: 894-904, 2003
· E. Cominelli, M. Galbiati, A. Vavasseur, L. Conti, T. Sala, M. Vuylsteke, N. Leonhardt, S.L. Dellaporta, C. Tonelli. A guard cell-specific MYB transcription factor regulates stomatal movements and plant drought tolerance. Current Biology, 15,1196-1200, 2005. 
Partner 3.1 


Dr. Robert Sablowski

Address:


Dept. of Cell and Developmental Biology




John Innes Centre, Norwich NR4 7UH, 




United Kingdom




Robert.Sablowski@bbsrc.ac.ukphone



44-01603-450530 or 450490




FAX: 
44-1603-450045
Current Positions:

Group Leader, John Innes Centre, Norwich, UK




Honorary Lecturer, University of East Anglia, Norwich, UK

Research Interests: 

We are interested in how the activity of regulatory genes is translated into the cellular activities that actually shape plant organs. We focus on the early stages of reproductive organ development, and on the meristem (the group of undifferentiated cells from which new organs are initiated). Specifically related to this proposal, we have been working on the gene expression program controlled by the MADS domain protein AG, which is the master regulator of stamen and carpel development in Arabidopsis. Our current work in this area aims to understand how AG functions in combination with other proteins to select its target promoters in different organs and at different times in development. We are also interested in how organ development is delegated from AG to intermediate regulatory genes that control development of specific regions or tissues within the organ. These topics are central in the current proposal. The technical expertise available in the lab and relevant to this proposal includes genetics, transcriptional profiling, detection of protein-DNA interactions in vivo and in vitro, and transcriptional assays in yeast.  

Five most relevant publications:

· Gómez-Mena, C., de Folter, S. Costa, M.M.R., Angenent, G.C. and Sablowski, R. (2005). Transcriptional program controlled by the floral homeotic gene AGAMOUS during early organogenesis. Development 132, 429-438.  

· Yanai, O., Shani, E., Dolezal, K., Tarkowski, P., Sablowski, R., Sandberg, G., Samach, A. and Ori, N. (2005). Arabidopsis KNOXI Proteins Activate Cytokinin Biosynthesis. Current Biology 15, 1566-1670.

· Gallois, J.-L., Nora, F.R., Mizukami, Y. and Sablowski, R. (2004). WUSCHEL induces shoot stem cell activity and developmental plasticity in the root meristem. Genes  & Development 18: 375-380
· Sablowski, R. (2004). Plant and animal stem cells: conceptually similar, molecularly distinct? Trends Cell Biol. 14: 605-611

· Gazzani, S., Lawrenson, T., Woodward, C., Headon, D and Sablowski, R. (2004). A link between mRNA turnover and RNA interference in Arabidopsis. Science 306: 1046-1048

Partner 3.2 


Dr. Lars Østergaard

Address:


Dept. of Crop Genetics




John Innes Centre, Norwich NR4 7UH, 




United Kingdom




lars.ostergaard@bbsrc.ac.uk




Phone:
44-1603-450572




FAX: 
44-1603-450027
Current Positions:

Group Leader, John Innes Centre, Norwich, UK




Honorary Lecturer, University of East Anglia, Norwich, UK

Research Interests:

Lars  Østergaard was appointed to JIC in 2005 to strengthen efforts in the translation of fundamental research in Arabidopsis to Brassica crops. Our research is focused on genetic and hormonal regulation of fruit development in Arabidopsis thaliana and Brassica species, and development of platforms for Brassica genetics studies icluding TILLING and fast neutron mutant populations. The lab's expertise is in plant molecular biology, genetics and fruit development using Arabidopsis, Brassica napus, B. rapa and B. juncea. In relation to the present proposal, we are studying the specification of replum tissue in Arabidopsis and Brassica fruits by the transcription factor REPLUMLESS (RPL) and its downstream targets. RPL specifies replum tissue at least partially by restricting the expression of genes promoting valve margin development. In strong rpl alleles, the lignified valve margins that are normally separated by the replum, fuse to form a lignified bridge. As a consequence, fruits from these mutants are inhibited in fruit dehiscence and need external force to open, thereby providing a unique system for technology transfer into relevant crop plants to reduce seed loss in eg. in oilseed rape.
Five most relevant publications:

· Østergaard L, Borkhardt B, and Ulvskov P (2006) Dehiscence in Cell Separation. Blackwell Publishing (J Roberts, ed.). The United Kingdom (in press)
· Østergaard L, Kempin SA, Bies D, Klee HJ, and Yanofsky MF (2006) "Pod shatter-resistant Brassica fruit produced by ectopic expression of the FRUITFULL gene" Plant Biotech J, 4, 45-51 

· Østergaard L and Yanofsky MF (2004) Establishing gene function by mutagenesis in Arabidopsis thaliana. Plant J 39, 682-696

· Liljegren SJ, Roeder AHK, Kempin SA, Gremski K, Østergaard L, Guimil S, Khammungkhune D, and Yanofsky MF (2004) Control of fruit patterning in Arabidopsis by INDEHISCENT. Cell 116, 843-853

· Østergaard L, Rhew R, Saltzmann E, and Yanofsky MF (2003) Genetic control of methyl halide production in Arabidopsis. Curr Biol 13, 1809-1813

Partner 4
Dr. Brendan Davies

Address:

Centre for Plant Sciences



University of Leeds



Leeds LS2 9JT



UK



Phone: +44-113-3433123



Email: b.h.davies@leeds.ac.uk  www.plants.leeds.ac.uk

Current Positions:
(1) Reader in Plant Development, University of Leeds.



(2) Director of the Centre for Plant Sciences, University of Leeds.

Research Interest: 

The Davies group primarily uses genetic and molecular techniques in Arabidopsis to understand plant development. We have a long-standing research interest and track record in flower development. In particular, we have successfully used comparative "EVO-DEVO" approaches, using Antirrhinum and Arabidopsis, to identify common conserved processes, the manipulation of which could be easily achieved in other species. In addition, these comparative approaches highlight the mechanistic differences that eventually lead to the abundance of forms found in the plant kingdom. In this way we have shown that the promotion of male and female development can be separated by the expression of modified transcription factors, based on those created by gene duplication during evolution. Comparative analysis of meristem mutants in Arabidopsis and Antirrhinum, including the recreation of analogous molecular defects from one species to the other, has led us to propose a novel, repressive, epigenetic regulatory mechanism for meristem maintenance. Recent work has drawn us to study nonsense-mediated mRNA decay (NMD) in Arabidopsis. NMD acts both as a supressor of nonsense mutations and, perhaps more significantly, as a global posttranscriptional gene regulation control mechanism. We have identified and characterised an allelic series of upf mutants, which also affect flower development and shown that they are required for NMD of spliced and unspliced mRNAs. We have discovered a link between UPF1 and RNAi in plants, similar to that observed in C.elegans and we continue to take a genetic approach to study the mechanism of NMD in plants and its role in global gene expression. 

Five most relevant publications:

· Arciga-Reyes, L., Wootton, L., Kieffer, M. and Davies, B. UPF1 is required for nonsense-mediated mRNA decay (NMD) and RNAi in Arabidopsis. The Plant Journal (2006) In press.
· Kieffer, M., Stern, Y., Cook, H., Clerici, E., Maulbetsch, C., Laux, T., Davies, B. Analysis of WUSCHEL and its functional homologue in Antirrhinum reveals a potential mechanism for their roles in meristem maintenance. The Plant Cell (2006) 18: 560-573.
· Causier B, Castillo R, Zhou J, Ingram R, Xue Y, Schwarz-Sommer Z, Davies, B. Evolution in action: following function in duplicated floral homeotic genes.  Current Biology (2005) 15:1508-1512.

· de Folter S, Immink RG, Kieffer M, Parenicova L, Henz SR, Weigel D, Busscher M, Kooiker M, Colombo L, Kater MM, Davies, B., Angenent GC. Comprehensive interaction map of the Arabidopsis MADS Box transcription factors. The Plant Cell (2005) 17:1424-1433.
· Parenicova, L., de Folter, S., Kieffer, M., Horner, D., Favalli, C., Busscher, J., Cook, H., Ingram, R., Kater, M., Davies, B., Angenent, G., & Colombo L. Molecular and Phylogenetic Analyses of the Complete MADS-Box Transcription Factor Family in Arabidopsis: New Openings to the MADS World. The Plant Cell (2003) 15: 1538-1551.
Partner 5

Dr. Yves Van de Peer

Address:



Department of Plant Systems Biology






Research Group Bioinformatics





Vlaams Interuniversitair Instituut voor Biotechnologie (VIB)






Ghent University






Technologiepark 927






B‑9052 Gent, Belgium






Tel.: +32 9 331 38 07






Fax: +32 9 331 38 09






E‑mail address: yves.vandepeer@psb.ugent.be
Current Positions:
Professor of Bioinformatics and Evolutionary Biology, Ghent University, Ghent, BE


Group Leader, VIB, Ghent, BE

Research Interests:

Yves Van de Peer leads the Bioinformatics and Evolutionary Genomics (BEG) Division at the Department of Plant Systems Biology at Ghent University, Belgium. The BEG division is a centre of excellence in the field of gene and genome annotation and in the field of comparative and evolutionary genomics.  In the future, our research group would also like to engage more in what we would refer to as ‘evolutionary systems biology’ by studying the evolution of entire biological processes and networks through gene duplication and divergence of transcriptional regulation. We also try to integrate our research within a system biology perspective, by linking our genome models with experimental genomics information as well as in silico functional predictions, miRNAs and cis-acting transcriptional modules, being typical examples.  During the past few years, novel gene prediction and modeling tools have been developed, making a wider use of machine learning algorithms but also of comparative approaches using sequence information from other genomes. The annotation tools that have been developed so far have been mainly used for re-annotating the Arabidopsis genome, and to obtain the first preliminary annotations of two novel genomes, namely that of the unicellular green alga Ostreococcus tauri and that of the poplar tree. For the coming years, we will further improve our gene prediction software, making use of feature subset selection techniques that are currently being developed, in order to speed up annotation efforts and to further increase the reliability and efficiency of genome annotation projects. 
Five most relevant publications
· Rombauts, S., Florquin, K., Lescot, M., Marchal, K., Rouzé, P. & Van de Peer, Y. (2003) Computational approaches to identify promoters and cis-regulatory elements in plant genomes. Plant Physiol. 132, 1162-1176

· De Bodt, S., Raes, J., Van de Peer, Y. & Theissen, G. (2003) And then there were many: MADS goes genomic. Trends Plant Science 8, 475-483

· Bonnet, E., Wuyts, J., Rouzé, P. & Van de Peer, Y. (2004) Detection of 91 potential conserved plant microRNAs in Arabidopsis thaliana and Oryza sativa identifies important new target genes. Proc. Natl. Acad. Sci. USA 101, 11511-11516

· Florquin, K., Degroeve, S., Saeys, Y. & Van de Peer, Y. (2005) Large-scale structural analysis of the core promoter in Mammalian and plant genomes. Nucleic Acids Res. 33, 4255-4264

· De Bodt, S., Theissen, G. & Van de Peer, Y. (2006) Promoter analysis of MADS-box genes in eudicots through phylogenetic footprinting. Mol. Biol. Evol. 23, 1293-1303.
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Max Planck Institute for Developmental Biology



Department of Molecular Biology



Spemannstrasse 37-39



72076 Tübingen, Germany



phone: +49 (0)7071 6011413



email: jlohmann@tuebingen.mpg.de

Current Position:
Group leader

Research Interest: 

Few scientific topics currently attract as much attention as stem cells and while public debate has focused on embryonic stem cells from humans, stem cells are common to all multicellular organisms. Plant stem cells, in particular, are of central importance to mankind, since all food is ultimately derived from these cells. My group aims to elucidate the regulatory networks that underlie the control of plant stem cell proliferation and differentiation.  In contrast to animals, plants maintain pools of undifferentiated stem cells throughout their entire lives. The continuous presence of stem cells gives plants the capacity to regenerate lost body structures and to extend their lifespan over many hundred years. Genetic studies in the reference plant Arabidopsis thaliana have uncovered a number of positive as well as negative stem cell regulators, many of which were shown to be transcription factors. In addition, biochemical approaches have identified plant hormones, such as auxin and cytokinin, as potent regulators of cell proliferation in plants. We have found that WUSCHEL, a homeodomain transcription factor with a central role in stem cell induction, directly regulates components of the cytokinin signaling circuitry. Furthermore, we have identified a complex regulatory module that includes multiple transcription factors as well as microRNAs to play an important role in the activation of the differentiation gene AGAMOUS in flowers. AGAMOUS in turn is essential for the induction of reproductive organs as well as the termination of stem cell maintenance in flowers. Within this ERA PG network, we now aim to study the regulatory elements through which WUSCHEL acts on its target genes in shoot and flower formation and to extend our studies to the related plant Capsella rubella. Identifying the regulatory code of trans-acting factors and cis-acting DNA elements in related species will allow us to draw conclusions about the logic of flower development and plant stem cell control.

Five most relevant publications
· Leibfried, A., To, J. P. C., Stehling, S., Busch, W., Kehle, A., Demar, M., Kieber, J. J., and Lohmann, J. U. (2005). WUSCHEL controls meristem function by direct regulation of cytokinin inducible response regulators. Nature 438, 1172-1175.

· Wigge, P. A., Kim, M.C., Jaeger, K. E., Busch, W., Schmid, M., Lohmann, J. U., and Weigel, D. (2005). Integration of spatial and temporal information during floral induction in Arabidopsis. Science 309, 1056-1059.

· Schmid, M., Davison, T. S., Henz, S. R., Pape, U. J., Demar, M., Vingron, M., Schölkopf, B., Weigel, D., and Lohmann, J. U. (2005). A gene expression map of Arabidopsis thaliana development. Nature Genetics 37, 501-506.
· Schmid, M., Uhlenhaut, N. H., Godard, F., Demar, M., Bressan, R., Weigel, D., and Lohmann J. U. (2003) Dissection of floral induction pathways using global expression analysis. Development 130, 6001-6012.

· Lohmann, J. U., Hong, R., Hobe, M., Busch, M. A., Parcy, F., Simon, R., and Weigel, D. (2001) A molecular link between stem cell regulation and floral patterning in Arabidopsis. Cell 105, 793-803.
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Current position: Group Leader (Staff scientist) 

Research interest:

Giorgio Morelli coordinates the Arabidopsis homeodomain-leucine zipper (HD-ZIP) gene research program. He first demonstrated, in collaboration with Dr. Ida Ruberti (IBPM-CNR), the existence of the HD-Zip transcription factor gene family. Due to the peculiar binding domain encoded by these genes, Morelli and Ruberti proposed and subsequently demonstrated a model for the binding of HD-Zip proteins to DNA. The HD-Zip proteins have been grouped in 4 classes (named HD-ZIPI-IV) on the basis of sequence homologies among them. Functional analysis of some HD-Zip genes has shown that ATHB-8 (HD-ZIPIII) plays a role in the development of the vascular system, regulating in particular proliferation and differentiation of procambial cells, while GLABRA2 (HD-ZIPIV) has a role in the regulation of epidermal cells differentiation. Taking advantage of inducible expression systems, the research group identified (in collaboration with T. Aoyama, Kyoto University) a PLD1 gene as a primary target of GLABRA2. Moreover, by means of global gene expression analysis, the group recently uncovered that ATHB-2 (HD-ZIPII) is part of a gas-and-brake mechanism for the control of the shade avoidance response in Arabidopsis, which acts through a dynamic balance of positive and negative transcriptional regulators.  

The Class III HD-Zip proteins are remarkably conserved across time and broad phylogenetic distance. Therefore, it is likely that they recognize a very similar, if not identical, cis-regulatory module. The Arabidopsis HD-ZIPIII DNA binding domain recognizes a 11 bp pseudopalindromic sequence, as determined by selecting high-affinity binding sites from random-sequence DNA. Recently, a systematic search for putative HD-Zip III target sites in the Arabidopsis genome lead to the identification of 390 putative HD-Zip III target genes. For one of them, Morelli group have shown that the mutation in the HD-Zip III binding site affects the expression pattern of the promoter implying that the cis-element is functional in vivo (unpublished). A nearly perfect HD-ZIPIII binding site (10 out of 11 bp) has been also found in the WUS-promoter region essential for activity in the stem cell niche.   This sequence is important for the activity of the WUS promoter in the inflorescence meristem (Baurle and Laux, 2005). 

The Morelli group will analyse the interactions between the HD-ZIPIII proteins with the WUS promoter and study the evolutionary conservation of these interactions in tomato.  Moreover it will extend to rice and tomato (the latter when the genomic sequence will be available) the bioinformatics analysis performed in Arabidopsis with the aim at identifying orthologous genes containing putative HD-ZIPIII binding sites. Among the genes selected, those showing a floral expression pattern will be chosen for a more detailed molecular analysis. 
· Ruberti I., Sessa G. Morelli G. (2006) Functional analysis of transcription factors by microparticle bombardment. Methods Mol Biol 323, 231-236

· Sessa G., Carabelli M., Sassi M., Ciolfi A., Possenti M., Mittempergher F., Becker J., Morelli G., Ruberti I. (2005) A dynamic balance between gene activation and repression regulates the shade avoidance response in Arabidopsis. Genes Dev. 19, 2811-2815

· Ohashi Y., Oka, A., Rodrigues-Pousada R., Possenti M., Ruberti, I., Morelli, G., Aoyama, T. (2003) Modulation of phospholipid signaling by GLABRA2 in root-hair pattern formation. Science 300, 1427-1430

· Baima, S., Possenti, M., Matteucci, A., Pane, P., Altamura, M. M., Ruberti, I., and Morelli G. (2001) The Arabidopsis ATHB-8 HD-Zip protein acts as a differentiation-promoting transcription factor of the vascular meristems. Plant Phys. 126, 643-655.

· Sessa G., Steindler C., Morelli G. and Ruberti I. (1998) The Arabidopsis ATHB-8, -9 and -14 genes are members of a small gene family coding for highly related HD-Zip proteins. Plant Mol. Biol. 38, 609-622
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