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CELL CYCLE

Principal Investigator: Lieven De Veylder

Composition of the group:

Group leader: Lieven De Veylder

Postdoctoral researchers: Naoki Takahashi (till 31/03/08), Véronique Boudolf (80%)

Predoctoral researchers: Amandine Radziejwoski, Barbara Berckmans, Claire Lessa Alvim Kamei, Marie Huysman, Mauricio Quimbaya, Tarik Gaamouche (till 28/02/08), Tim Lammens (till 31/01/08), Toon Cools, Jeffri Heymans, Pooneh Kalhorzadeh

Technical staff: Hilde Van Den Daele, Sara Maes

General context:

As the genome contains all the information required for development and maintenance of an organism, it is of utmost importance that the DNA content is protected and repaired upon damage caused by stress, originating from either exogenous (such as UV-B and ozone) or endogenous (such as replication errors and metabolic by-products) sources. DNA stress checkpoints perform this quality check by sensing, reacting and repairing damaged or incompletely replicated DNA (Zhou and Elledge, 2000; Abraham, 2001; Bartek and Lukas, 2001). The main goal of these checkpoints is to sustain organism viability and adjust growth, if necessary. The need for DNA damage checkpoints is illustrated by the fact that yeast, animals and plants use related mechanisms to delay cell cycle progression in response to DNA stress. However, although the outer nodes of DNA-stress signalling cascades are conserved among organisms, the inner framework of the pathway seems to be distinct as many genes required for cell cycle checkpoint control in animals apparently have no ortholog in plants. Likely, the sedentary nature and plasticity of plants has resulted in specific adjustments of the checkpoints. Recently, we have found that the Arabidopsis WEE1 gene, encoding a negative regulator of the cell cycle, is expressed at only a low basal level under standard growth conditions, but is strongly activated in response to treatments that induce either DNA damage or DNA replication stress (De Schutter et al., 2007). Correspondingly, in plants deficient for WEE1, cells progress with damaged chromosomes into mitosis, resulting in a loss‑of‑genome integrity and ability to progress correctly through the cell cycle (De Schutter et al., 2007). Additionally, we identified a novel group of proteins that arrest the cell cycle instantly upon DNA stress by their direct association with cyclin-dependent kinases (CDK) (Peres et al., 2007). Currently, we aim to understand how these different proteins are controlled and how they cooperate to help plants survive in the presence of DNA stress. 

Severe DNA stress can cause cells to exit the cell cycle. In many dicotyledonous plants exit of the cell cycle, induced by either environmental conditions (such as DNA stress) or as part of a developmental program, is accompanied with the activation of an alternative cell cycle, named the endocycle (Galbraith et al., 1991). The endocycle involves chromosomal DNA replication without intervening mitosis or cytokinesis, leading to an increase in the DNA ploidy level. Using the leaf and root of Arabidopsis thaliana as a model system, we try to unravel the molecular pathway controlling the shift from a mitotic cell cycle to an endocycle. Our results indicate that the onset of the endocycle is controlled through a robust network, including the involvement of positive and negative feedback mechanisms (Lammens et al., 2008; Verkest et al., 2005; Vlieghe et al., 2005; Boudolf et al., 2004). Using a defined set of mutants we aim to identify new endocycle controlling genes and intend to understand the physiological significance of the endocycle.

Long-term objectives:

DNA stress checkpoint control in plants:

We demonstrated before that the transcriptional induction of the WEE1 gene represents the final step in the activation of the DNA stress checkpoint in plants. Additional signalling compounds and secondary checkpoint mechanisms will be identified through promoter mapping, a chemical genetics approach, and mutagenesis screens. The impact of lack of a functional DNA replication checkpoint on plant growth under DNA stress conditions will be analysed in detail following a cell biology approach.

Systems Biology on the endocycle: 

Both top-down and bottom-up strategies will be employed to collect data that will help to describe the complete gene network controlling the transition from the mitotic cell cycle into the endocycle. Top-down approaches include dedicated microarray experiments, bioinformatics, and mutagenesis screens. Bottom-up approaches include genetic analyses, tandem-affinity purification experiments, and computational modelling. Additionally, using available endocycle mutants, we will test a number of hypotheses on the physiological role of the endocycle, such as its involvement in cellular growth, metabolism, and stress resistance.

Work program 2009:

Identification of the signal transduction pathway inducing WEE1 upon DNA stress

Although we have demonstrated before that WEE1 expression is strongly and rapidly induced upon DNA stress, the signaling pathways activating WEE1 are totally unknown. Therefore, two independent strategies will be followed to identify signaling components operating upstream of WEE1. In a first strategy, a WEE1 promoter deletion analysis will be used to identify the cis-acting elements activating WEE1 transcription. The corresponding trans-acting factors will be cloned through the use of yeast one-hybrid screens. In a second strategy we will identify signalling cascade mutants by screening an EMS mutagenized population for plants that constitutively express WEE1.

Characterization of the role of SIM-like proteins in the DNA stress checkpoint

Previously, we identified a novel group of plant CDK inhibitors, named SIM-like proteins. Three specific family members were found to be rapidly and strongly induced upon genotoxic stress treatment. To address the role of these specific genes in the checkpoint control mechanism, we will generate plants in which they are silenced. These plants will subsequently be used for a phenotypical analysis.

Identification of endogenous factors causing DNA stress

Genome integrity of cells is not only threatened by DNA damage that is consequence of environmental factors, but can also originate from endogenous origins. To identify in an unbiased manner the different endogenous processes that cause DNA stress, a T-DNA insertion mutagenesis screen was initiated using WEE1-deficient plants. A set of 1.000 to 3.000 T-DNA transformed WEE1 knockout plants will be screened for DNA stress induced phenotypes. For plants in which the growth phenotype segregates with the presence of the T-DNA insertion (as visualized by GUS staining), T-DNA border sequencing will reveal the nature of the genes causing DNA replication stress.

Functional characterization of novel replication factors

Comparative transcriptome analysis of different endocycle mutants led to the identification of several genes whose expression pattern positively correlates with replication. One particular novel replication factor causes sister chromatid cohesion defects. To unravel the function of this novel gene and other putative replication factors in detail, their functional analysis will be initiated, including 2-hybrid screens, tandem-affinity purification experiments, and overexpression and knockdown analyses. 

Construction of a ploidy-dependent transcriptome map of root cortical cells

In collaboration with the group of Prof. David Galbrath (University of Arizona) cortical root cells will be isolated from other root tissues by FACS on the basis of the presence of a tissue-specific GFP marker gene. Cells will subsequently be sorted according to their DNA ploidy level. Extracted RNA will be used for microarray profiling.

Mapping of the ace1 mutant 

CDKB1;1 is a negative marker of the endoreduplication process. In a screen for CDKB1;1-deficient plants we isolated the ace1 mutant. Besides enhanced endoreduplication, ace1 displays an unexpected reduction in trichrome branching and spontaneous necrosis. To discover the identity of mutant gene, a map-based cloning experiment will be initiated.

Identification of novel oncogenes and tumorsuppressor genes by comparative analysis

Through a bioinformatics approach a set of evolutionary conserved novel replication genes was identified. The importance of these genes in plant development was assessed through the phenotypic analysis of knockout plants. In a second stage of this project human orthologous genes of which deficiency of the plant counterpart resulted into dramatic cell cycle defects will be studied in a human breast cancer cell line.

Characterization of APCCCS52A2 regulators

Through tandem-affinity purification putative APCCCS52A2 regulatory proteins were identified (UVI4 and UVI4-like). The biological significance of these putative important regulators will be tested through the analysis of knockout lines. In vitro ubiquitinylation assays will be performed to confirm that the identified proteins control APC activity.

Functional characterization of novel cell cycle transcriptional regulators

Through yeast 1-hybrid screens we identified a set of novel transcriptional regulators of endocycle genes. The binding specificity of these regulators was confirmed by ChIP and promoter deletion analysis. Next, we aim to study the biological role of these new transcription factors by the analysis of knockout and overexpressing plant.

Analysis of the diatomic cell cycle

Upon the completion of the Phaeodactylum tricornutum sequence a group of diatom-specific cyclins was identified. One particular cyclin appears to be under stringent transcriptional control by light. To study the biological significance of this observation, transgenic diatoms will be generated harbouring CYC-GFP fusions, overexpression constructs, and dominant negative alleles. Because of the need of a controllable gene expression system, the use of inducible gene expression cassettes will be evaluated.
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ROOT DEVELOPMENT

Principal Investigator: Tom Beeckman

Research topics: Plant development - cell cycle and organogenesis - root development - root branching

Personnel involved:

Post-doc: Dominique Audenaert, Giel Van Noorden (start 1/01/08), Boris Parizot (start 15/05/2008)

PhD-students: Bert De Rybel, Wim Grunewald (part-time in collaboration with Prof. G. Gheysen), Leentje Jansen (BASF-BPS funding), Lorena Lopez Galvis (50%)(VIB International Phd with VIB 8), Inge Verstraeten (50%, BOF project with Prof. Danny Geelen)

Technicians: Mirande Naudts (will be replaced by Maria Francesca Njo from 1/01/2009), Gert Van Isterdael, Long Nguyen, Charlotte Vanquickenborne

General context: 

· The final objective of this project is to unravel the signalling pathway(s) that connect the hormonal and developmental signals with the core cell cycle machinery in the context of lateral root formation.

· An understanding of how root systems develop is crucial for maximising crop production. One of the major mechanisms for regulating root system architecture is lateral root formation. Generally, lateral root development has been described as follows: a number of adjacent pericycle cells “dedifferentiate”, undergo asymmetric division and change polarity. This is immediately followed by rapid division cycles and the start of differentiation processes evolving into a new lateral root whose final structure mirrors that of the embryonic root. We have demonstrated specific cell cycle regulation in the pericycle preceding lateral root initiation (Beeckman et al., 2001). In addition, we could show in collaboration with other groups that auxin distribution in the root is responsible for determining the positioning of the initial divisions (Casimiro et al., 2001) and for the emergence of the growing primordial through the outer tissues of the parent root (Swarup et al., 2008). Furthermore, we demonstrated that auxin dictates its own transport to create discrete maxima, essential and needed to induce the correct developmental signals (Vieten et al., 2005). Next, the crucial role of auxin on the positioning of lateral roots was worked out further and for the first time a direct link with the transcriptional activation of a subset of cell cycle regulatory genes was clearly demonstrated (Himanen et al., 2002, Himanen, 2004, Vanneste et al., 2005). 

· A lateral root inducible system, based on a temporal obstruction of the auxin transport, was figured out. This system allows us to synchronise the entire process of lateral root initiation in a large population of seedling roots and was successfully applied to conduct several complementary transcript-profiling studies, including a mutant control and fluorescence activated cell sorting on pericycle cells. (Himanen et al., 2004, Vanneste et al., 2005, De Smet et al., 2008).

· The co-regulated genes during the different developmental stages will provide insight in the auxin – cell cycle relationship involved in lateral root initiation.

Long term (5 years) objectives:

· Identification of the molecular components that are associated with the induction of cell division in the pericycle during lateral root initiation. 

· Continue the in depth functional analysis and select novel candidate genes from the datasets obtained by micro-array transcript profiling studies. T-DNA insertion lines will be identified and transgenic plants are currently been made using the gateway vector system to obtain overexpression, PTGS, promoter GFP/gus fusions, C- and N- terminal GFP-fusions.

· Analyzing the overexpression and knock-out phenotypes for the selected genes. 

· The chosen target genes will be cloned under control of a GAL4-responsive promoter. Genetic crossing of these lines with GAL4-GFP driver lines will allow specific activation of the target genes in a limited number of cells, thereby avoiding the risk of pleiotropic effects by using constitutive promoters.

· Detailed phenotypic evaluation of the root system in overexpressing and PTGS lines, the analysis of the expression pattern during the different stages of lateral root formation and the analysis of cellular distribution of the proteins (translational GFP fusions).

· Fluorescence Assisted Cell Sorting (FACS) to isolate fundamentally different cell types of mutant and wild-type Arabidopsis roots under lateral root inducible conditions as follow-up of our recent results (Parizot et al., 2008). Comparative micro-array analyses on these two cell populations will provide for the first time insight into the long time maintained mystery why lateral roots only initiate at the xylem poles. On the other hand it will give us a more detailed perception of the signalling cascade upstream the cell cycle reactivation.

· Building out a chemical genomics platform for developmental research based on the screening of broad chemical libraries for the interference of a particular compound with major developmental processes. As test case, 10.000 compounds have been evaluated on their effects on lateral root initiation. A small selection of hit compounds has been validated and research is in progress to identify the target signal transduction and proteins affected by the compounds.

· Extrapolating the obtained insights on root development to crop species (Corn). 

Short term objectives and work program 2009:

· The candidate lateral root initiation genes will be further functionally characterized.

· In collaboration with several European groups we will analyse the correlation between the radial pattern in the vascular tissue and the positioning of the sites of lateral root initiation and we will contribute to the computer modelling of the root.

· Building out the chemical genomics platform for developmental research and continue the target identification of the already identified hit-compounds for lateral root initiation and lateral root emergence.

· Applying the inducible lateral root system for corn to conduct transcript profiling studies.
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HORMONAL CROSS-TALK

Principal investigator:  Eva Benková

Research topics: hormonal cross-talk, plant organogenesis, lateral root formation, auxin, cytokinin,

Personnel involved: 

Post-doc: Jerome Duclercq

PhD students: Agnieszka Bielach,Marta Simaskova, Peter Marhavy 

General objections and description project:

Plant development is in many aspects unique and is characterized by a continuous growth and flexible adjustments of the plant architecture in response to the environment. To achieve its profound adaptability, plants are able to maintain permanent stem cell populations, dedifferentiate already committed cells and, not least, to regenerate or form organs de novo. These developmental processes are governed and coordinated by signalling substances called hormones such as auxin, abscisic acid, brassinosteroid, cytokinin, ethylene, gibberellin, and jasmonic acid. Over the past decades, physiological and genetic studies have revealed that hormone action in plants is, to a much larger extent than in animals, determined by complex interactions between hormonal signalling pathways. To identify molecular components of hormonal metabolism and signalling, genetic approaches have been successfully used and, particularly in the model plant Arabidopsis thaliana, led to a basic molecular understanding of hormone action in plants. However, most studies so far have focused on individual hormonal pathways. Thus, the molecular basis for hormonal cross-talk is largely unknown and its clarification represents a major challenge in the coming years for plant biology research.

Recently, a number of reports pointed out that several hormonal pathways participate in the regulation of lateral root organogenesis. Transport-dependent auxin distribution acts immediately upstream of lateral root formation (Benková et al., 2003), and has been shown in multiple developmental processes to integrate various signalling pathways (reviewed in Vieten et al., 2007). Therefore, some of the hormonal pathways mediate probably their effect on organogenesis through modulation of the auxin distribution. Recent observations support this hypothesis. For example, cytokinins effectively counteract the promotive effect of auxin on lateral root initiation (Li et al., 2006) and our preliminary data suggest that expression of several members of the auxin transport machinery is tightly regulated by the cytokinin pathway. Another class of plant hormones, brassinosteroids enhance both auxin transport and lateral root initiation (Bao et al., 2004), while reduced brassinosteroid biosynthesis results in decreased expression of several auxin efflux carriers (Mouchel et al., 2006). Abscisic acid suppresses both the auxin response in lateral root primordia and the activation of the lateral root apical meristem (De Smet et al., 2003). Mutations in the Arabidopsis TIR3 gene disrupt, besides the polar auxin transport, also gibberellin responses, causing characteristic auxin and gibberellin phenotypic defects, such as a reduced number of lateral roots (Ruegger et al., 1997; Sponsel et al., 1997). Altogether, these data indicate that multiple signalling pathways converge in lateral root organogenesis and, in concert with spatial auxin signalling, collectively regulate this developmental process. Thus, lateral root development in Arabidopsis represents an ideal system to study mechanisms of plant hormone action, the molecular basis of their interactions, and the role of these interactions in organogenesis.


Therefore we use lateral root formation in Arabidopsis as an experimental model to address molecular mechanism(s) underlying the cross-talk between hormonal signalling pathways with a special focus on regulation of postembryonic organogenesis. 

Long-term objectives

1. Convergence of hormonal pathways on transport-dependent auxin distribution upstream of lateral root formation

Auxin transport is a key regulator of all stages of lateral root organogenesis (Benková et al., 2003) and has emerged recently as an important convergence point integrating multiple signalling inputs in various developmental processes (reviewed in Vieten et al., 2007). Therefore, we argue that the auxin distribution network represents an important cross-point with other hormonal pathways for regulation of lateral root organogenesis. Thus from different possible modes, by which other signalling pathways can influence organogenesis, we will primarily focus on their convergence at the level of asymmetric auxin distribution. The main aim of these studies is to identify key points in which auxin and other signalling pathways converge during lateral root formation and the molecular components involved in the process.

2. Role of auxin - cytokinin interaction in lateral root formation

Our pilot experiments have identified a cytokinin pathway as regulator of lateral root organogenesis at the level of both initiation and primordia development. We show that the cytokinin pathway modulates the PIN-dependent auxin distribution during lateral root formation by regulation of PIN expression. To get insight into the role of cytokinin-dependent transcriptional regulation in lateral root formation, we will perform a transcriptome analysis and examine the impact of cytokinin on genes involved in this process. Since lateral root initiation occurs in xylem pole pericycle cells, we will apply the cell sorting methodology to restrict the gene expression profiling to this specific tissue. Comparative analysis of cytokinin and auxin effects on transcriptome will reveal essential molecular components involved in auxin-cytokinin-regulated lateral root formation (in collaboration with Root development group).

3. Identification of components for hormonal cross-talk by genetic approaches

To identify the mechanisms underlying the interactions among various hormonal pathways genetic approaches will be employed. Using lateral root formation as a model, we will design several mutant screens that will specifically target selected interactions between the identified hormonal pathways. Currently, we are using this approach to identify components of auxin-cytokinin interaction, in which mutants were screened that produce lateral roots after auxin application simultaneously with inhibiting cytokinin concentrations. So far, 17 novel primordia on auxin and cytokinin (pac) mutant alleles have been recovered from the EMS mutagenized population of 1700 M1 families.

The spectrum of identified molecular players within the hormonal networks involved in lateral root development will be further expanded by chemical genomics approaches. Using the semi-automated chemical genomic facility we will identify chemicals that interfere with lateral root formation and/or modulate effects on the hormonal pathways identified. Availability of such chemicals will be the basis for the identification of additional molecular components that would otherwise escape forward genetic screens, for example as a result of genetic redundancy.

4. Formulation of general models for hormonal regulation of organogenesis

Our previous studies on the role of auxin distribution in organogenesis has revealed that formation of diverse organs, regardless of their developmental origin, share the common auxin-based developmental module as an underlying mechanism. We expect that by using lateral root formation as a model system, also more general mechanisms of hormonal interactions important for organogenesis would be revealed. We will verify the validity of these molecular mechanisms for other organogenic processes (e.g. shoot branching, leaf and floral organs development). The acquired knowledge on the molecular networks and their mutual interactions in primordia organogenesis will be used to formulate mathematical models for this process (in collaboration with Plant systems modeling, Root development groups and Auxin groups).

Short term objectives and work program 2009:

1. Convergence of hormonal pathways on transport-dependent auxin distribution upstream of lateral root formation

Our studies focused on the auxin - cytokinin interaction in lateral root formation revealed that one mode of cytokinin interaction with auxin transport dependent lateral root organogenesis involves regulation of auxin efflux carriers expression.  To further investigate mechanisms underlying this interaction we are using approaches:

- manipulation of cytokinin levels  in tissue and cell specific manner using mGAL4:VP16/UAS two-component expression systems (Weijers et al., 2003) revealed tissue specific effect of increased CK level on root growth and lateral root development. The underlying mechanism will be further studied including expression analysis of candidate genes regulating lateral root organogenesis 

 - we have determine the cytokinin role on regulation of auxin transport through transcriptional regulation of auxin efflux carriers expression. Role of cytokinin perception pathway in this regulation will be studied in detail

-Our preliminary data suggest that important part of cytokinin effect on auxin efflux carriers might occur on the level of protein stability. Thus part of our analysis will be aimed to elucidate which of the protein degradation pathways (ubiquitin directed or lysosomal degradation) contribute to the effect. 

- by adopting time lapse analysis of lateral root development we will examine effects of cytokinin and other plant hormones on expression and cellular localization of auxin efflux carriers during primordia initiation and development

2. Role of cytokinin signalling pathway in lateral root organogenesis.

Lateral root initiation and development in mutant of cytokinin signalling pathway in order to precisely determine their function  in specific fases of lateral root organogenesis will be analysed.

3. Transcriptome analysis of auxin-cytokinin interaction in lateral root initiation.

Cytokinin-mediated regulation of genes involved in lateral root initiation will be examined by gene expression profiling. Conditions for auxin-cytokinin treatment were precisely optimized using several lateral root specific markers. To monitor the transcriptome of the xylem pole pericycle cells exclusivelly, the Gal4-GFP enhancer trap line J0121 with pericycle-specific expression will be used (Laplaze et al., 2005). Using Fluorescent Activated Cell Sorting (FACS) facility, we will monitor hormone-dependent expression profiles at the cell- and tissue-specific levels. 

4. Identification of components for hormonal cross-talk by genetic approaches

Forward genetic approach has been used to identify molecular components of auxin-cytokinin cross-talk in lateral root formation. The EMS-mutagenized (1700 M1 families) were used to screen for mutants that produce lateral roots after auxin application simultaneously with inhibiting cytokinin concentrations. So far, 17 novel primordia on auxin and cytokinin (pac) mutant alleles have been recovered. 

We will perform following analysis:

· Complete  rough mapping of loci 

· establish complementation groups and perform complementation tests with candidate already known mutants

· selected candidates will be mapped to identify mutated genes

· their detail molecular characterisation will be continued
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AUXIN, POLARITY, PATTERNING

Principal Investigator: Jiří Friml

Research topics: Plant development - auxin transport and signalling - cell polarity – vesicle trafficking

Personnel Involved:

Post-docs:  Zhaojun Ding, Saeko Kitakura, Satoshi Naramoto, Stephanie Robert, Hirokazu Tanaka, Steffen Vanneste, Jürgen Kleine-Vehn, Helene Boivison, Jozef Mravec, Niloufer Irani (50%)

PhD-students:, Elena Feraru, Lukasz Langowski, Thomas Nodzynski, Jing Zhang, Marta Zwiewka, Ricardo Tejos, Radka Podhorska (external)

Technicians: Ruth De Groodt, Mugurel Feraru

General context

Plant development is characterised by a pronounced adaptability to different environmental conditions. Extensive post-embryonic development, involving the activity of permanent stem cell populations (meristems), de novo organ formation and changes in growth direction, provides plants with an exceptional flexibility in terms of growth and survival. Differential distribution (gradients) of the plant signalling molecule auxin underlies many of these developmental events. These gradients are established and maintained by a directional, intercellular auxin transport called polar auxin transport. Polar auxin transport provides positional and directional information for many aspects of plant development.

Classical models postulate that polar auxin transport requires the activity of auxin influx and efflux carriers. Molecular genetic studies in the model plant Arabidopsis thaliana have identified AUX1/LAX and PIN gene families coding for components of influx and efflux carriers, respectively. Studies in cultured plant, mammalian and yeast cells show that PINs mediate auxin efflux from cells. The PIN gene family in Arabidopsis consists of eight members, and orthologues have been found in most other plant species. Genetic studies have revealed the roles of the different PIN proteins in the establishment of auxin gradients mediating multiple developmental processes including apical organogenesis and phyllotaxis, gravitropic and phototropic growth, root meristem patterning, vascular tissue development and embryonic axis formation.

The key feature of polar auxin transport – its controlled directionality - was postulated to result from the asymmetric, subcellular localisation of the efflux carriers. Remarkably, as predicted, PIN proteins display an asymmetric localisation within auxin transport competent cells and determine the direction of auxin flow. The decision on PIN polar targeting depends on their phosphorylation regulated by PINOID kinase and PP2AA phosphatase. As cellular levels (and thus the activity of PINOID) are dependent on auxin itself, this provides a possible feed-back regulation between auxin and PIN polarity.

Polar targeting of PIN proteins is related to their continuous subcellular movement between endosomes and the plasma membrane. PIN internalization occurs by the clathrin-dependent endocytosis mechanism and its recycling back to the plasma membrane requires ARF GEF regulators of vesicle trafficking. The constitutive cycling of auxin transport components provides an entry point for internal and external signals, which in this manner can rapidly modulate PIN polarity. Dynamic changes of PIN polarity in response to environmental and developmental signals have been observed to divert auxin flow during gravitropic response, embryogenesis, postembryonic organogenesis and tissue regeneration. In addition, auxin itself can influence the subcellular distribution of plasma membrane proteins including PINs by inhibiting their endocytosis and thus regulate activity of its efflux.

These data show that PIN proteins are key components of an intricate auxin distribution network that mediates local auxin gradients in multiple developmental processes.

It also represents a unique model system to study the functional link between basic cellular processes, such as endocytosis or cell polarity establishment, and their developmental outcome at the level of the multicellular plant organism.

Long-term objectives

Molecular and cellular mechanism of polar auxin transport

We aim to disclose the composition and structure of auxin efflux carrier complex. During our past studies we identified PIN proteins as catalytic components of the efflux complex. However, physiological and biochemical studies extensively demonstrated that auxin efflux carrier is a multicomponent protein complex. We plan to identify additional components of auxin efflux and auxin transport using genetic (suppressor screens) and biochemical (complex isolation) approaches. In addition, the structure of PIN-containing efflux complex will be addressed by crystallographic and solid state NMR studies in external collaborations. Next important and related topic concerns the mechanism of action of auxin efflux inhibitors. It seems that these widely used herbicides have an evolutionary conserved target; therefore genetic tools in yeast will be used to address the molecular mechanism of their action.

Mechanisms of polar targeting in plants

Directionality of auxin transport has been demonstrated to depend on polar, subcellular localization of PIN efflux catalysts. Henceforth, it is imperative to understand the mechanism and regulations of PIN polar targeting in order to understand how different signals are integrated to redirect auxin flow for (re-)establishment of asymmetric auxin distribution. To gain insights into mechanisms of polar targeting we plan to isolate molecular components of this process by forward and reverse genetic approaches. Furthermore, we will strive to identify additional polar cargos and identify polar targeting signals in plants. Substantial part of our studies will focus on the questions how external signals (such as light and gravity) can modulate PIN polar localization and how is PIN polar targeting regulated by auxin itself.

Mechanisms of endocytosis and recycling in plants

Polarity of subcellular PIN localization has been shown to undergo dynamic rearrangements in course of different developmental processes. These rapid PIN polarity changes are possibly related to constitutive endocytic cycling of PIN proteins. We showed that 

PIN internalization is clathrin-dependent identifying first endocytic mechanism in plants. Additionally, we showed that auxin itself inhibits PIN endocytosis thus stimulating its own efflux. Our further efforts in this direction will include further elucidation of mechanism and role of clathrin-dependent endocytosis in planta and clarifying connection between PIN polarity and endocytic cycling. Part of these studies will be focused on elucidating the decision between recycling and vacuolar targeting of PIN proteins. Substantial part of our studies on endocytosis will focus on molecular characterisation of the auxin pathway that regulates endocytosis. Here we will test whether TIR1-ARF related auxin signalling pathway is involved and will isolate new components of the process by a forward genetic screen.

Physiological and developmental roles of PIN-dependent auxin distribution

In the past years, our group as well as others showed that PIN-dependent asymmetric auxin distribution accompanies and mediates many different developmental processes. From the so far uncharacterised and still open issues, we will focus on (i) early polarization and cell specification events in Arabidopsis embryogenesis; (ii) switches between phylotactic patterns during flower development; and (iii) the mechanisms underlying transduction of external signals such as light and gravity in generating asymmetric auxin distribution for differential growth. The final objective of this part of the project is to unravel how auxin regulates these various aspects of plant development. In particular, we want to elucidate how asymmetric auxin distribution (auxin gradients) is interpreted in the different cell types to trigger various developmental responses. Solving these questions is crucial for our understanding of mechanisms underlying adaptive plant development. 

Short term objectives – Work program 2009:

· Identification of candidates for PIN-interacting proteins byTAP-tag technology (collaboration with Geert de Jaeger).

· Determining orientation of PINs in the membrane using pH-sensitive and redox-sensitive GFP and addressing possible multimerization of PIN proteins.

· Mapping mutants from forward genetic screen for mutants defective in PIN polar targeting.

· Characterisation of compounds from the chemical genetic screen for compounds affecting PIN polar targeting.

· Screen for additional polar cargos in plants.

· Identification and functional characterisation of components of TIR1-dependent auxin effect on PIN polarity by transcriptional profiling and reverse genetics.

· Study role of clathrin- and dynamin-dependent endocytosis in planta.

· Study role of ARF GEFs and GAPs in endocytosis.

· Fine mapping and characterisation of mutants obtained from the pilot screen.

· Fine mapping and characterisation of mutants defective in PIN endocytosis and exocytosis.

· Study cellular mechanisms, by which unidirectional light mediates asymmetric auxin distribution for phototropic response.

· Study early polarization and cell specification events in Arabidopsis embryogenesis.

· Study role of auxin efflux in maintaining stem cell population in the root meristem.

· Study role of auxin as morphogene in cell specification

· Role of ROP GTPases in cell polarity regulation
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ORGAN GROWTH REGULATION

Principal Investigator: Gerrit Beemster

Research topics and personnel involved:

Corn leaf development and stress response

Project Coordinator: Hilde Nelissen

Post-Docs: Joke Baute, Jerome Martin

PhD-student: Bart Rymen, Fatma Aydinoglu

Technicians: Jolien De Block, Freya de Winter

General description:

The research in our group focuses on understanding how plants regulate the growth of organs in function of their genetic make-up, and the environmental conditions they encounter. From an economic perspective, plant growth forms the basis of agricultural productivity as well as a source of renewable energy. Plant growth is the direct result of two processes operating at the level of the individual cells, cell division and cell expansion. How individual cells behave depends on signals they receive from their local environment. Extensive networks of molecular interactions regulate this behaviour. To increase our understanding of the plant growth process we pioneer a multilevel interdisciplinary Systems Biology approach focusing primarily on the development of leaves. To generate value for the Flemish biotechnological industry, we aim to translate knowledge and expertise obtained in other groups on the model species Arabidopsis into leads for future agricultural applications. Therefore we developed an experimental program on leaf growth in Maize and set up realistic conditions to study the growth response to environmental conditions cold and drought that limit productivity in the field (Bhosale et al., 2007). In analogy to Arabidopsis, we have identified the genes encoding cell cycle genes in this species and the first analyses confirm that there is a large degree of similarity both in identity and function of these genes across the plant kingdom (Rymen et al., 2007). In collaboration with BASF/CropDesign and the Bio-informatics and Root Development groups, we are using our expertise to find and evaluate genes that increase growth under drought and cold conditions. Together with the Chromatin and Growth group we are developing a transformation platform so that we can test the effect of growth enhancing genes identified directly in maize. 

Long-term objectives:

· Identify key growth regulatory genes that can be used to improve growth of crop species.

· Implement new Systems Biology strategies to investigate the regulation of growth in a multicellular organ.

Short-term objectives (target 2009) 

· Transcriptional analysis of the response of maize seedlings to cold and drought stress. Cloning of candidate genes for functional analysis in Arabidopsis. 
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SYSTEMS BIOLOGY OF YIELD 

Principal investigator: Dirk Inzé

Composition of the group: 

The group started its activities January 2008. 

Senior Scientists: Babiychuk Elena, Kushnir Sergei

Post-docs: De Bodt Stefanie, Eloy Nubia, Gonzales Nathalie, Skirycz Aleksandra, Memmi Samy, Vandenbroucke Korneel

PhD-students: De Milde Liesbeth, Dhondt Stijn, Ladd megan, Hariharan Srivaidehirani, Maleux Katrien, Bernal Diana Angelica, Coppens Frederik, Vercruyssen Liesbeth

Technicians: Van Daele Twiggy, Vermeersch Mattias, Vermeir Stijn

General context

The demand for more plant-derived products has increased spectacularly, the reason of which is well known. Although it is hard to fathom, in the coming decades, three billion additional people will have to be fed while using less arable land. In parallel, living standards will continue to rise in many developing countries where consumption of animal products is burgeoning, again requiring a larger input of plant-derived feed. Plants also start to play a major role to supply our ever-growing energy needs. To cope with these major challenges, a profound increase in crop yield will have to be achieved. 

Biomass production is a multi-factorial system in which processes, such as photosynthesis, water and mineral uptake, mobilization of starch and lipid reserves, and stress tolerance, are fed into the activity of meristems that give rise to new cells, tissues, and organs. Whereas a considerable amount of ecophysiological research has been performed on yield performance of crops, little is known about the molecular networks sustaining growth. For example, how cell cycle activity and cell elongation are controlled in a developmental context is very poorly understood. 

Many genes have been described in Arabidopsis thaliana that, when mutated or ectopically expressed, form larger structures, such as leaves or roots. These "intrinsic yield genes" (IYGs) are involved in various processes whose interrelationship in mostly unknown. Other genes, referred to as "stress tolerance genes" (STGs), reduce the negative effects of adverse environmental conditions, such as drought, on plant growth. However, all experiments carried out worldwide to measure the effects of both IYGs and STGs on growth under optimal or stress conditions were carried out under often very different growth conditions and with different Arabidopsis ecotypes, making comparisons virtually impossible. To this end, we have recently initiated a large-scale project (Yield Booster) to compare the effects of "yield genes" in the same genetic background (Columbia 0) with the appropriate controls and to analyze the cellular and molecular bases underpinning the increased  growth and biomass production under either optimal and/or drought stress conditions. The cellular basis of the enhanced growth is being studied by kinematic analysis and various 'omics' technologies are used to decipher the molecular networks orchestrating the observed growth effects. The long-term goal is to develop computational models describing the molecular basis of plant yield and to use these models to improve crop productivity.

Long term objectives

In concert with life-long interest of the PI in growth processes in plants, the long term objective of the “systems biology of yield” group is to unravel the molecular mechanisms underpinning biomass production and growth in the model plants Arabidopsis thaliana and Brachypodium distachyon. Both processes regulating growth under standard conditions (“intrinsic growth”) as well as drought conditions will be analyzed. Results obtained in this research project not only form the basis for the further yield improvement of food and feed crops, but also can be translated to dedicated crops, such corn, soybean, wheat, rice and the bio-energy crops such as Miscanthus, switch grass, poplar, and sugarcane.

Short term objectives

1. Intrinsic yield genes

1.1 Screening and characterisation of Intrinsic Yield Genes (IYG) lines. Forty lines (gain or loss of function) reported to enhance leaf growth under optimal conditions were collected. These lines will be tested under standardized conditions (in vitro and rockwool) for increased vegetative biomass and enhanced rosette area. Confirmed lines with enhanced growth characteristics will be analysed in more details to identify the cellular basis (cell division/expansion) of the phenotype.

1.2 Identification of molecular pathways involved in growth control. Micro-array analysis will be performed on the confirmed IYG lines. A comparative study of these transcriptomes will allow identifying genes potentially involved in the control of growth. These candidate genes will be selected for further investigation. 

1.3 Combination of IYGs. 5 genes were already confirmed to increase leaf area when over-expressed in Arabidopsis. In order to investigate possible genetic links/connections between these genes, the different overexpressing lines will be combined (by crosses). Growth behaviour of the progeny will be analysed under optimal conditions. This study will allow identifying potential additive/synergistic/antagonistic effects of these genes on growth. 

1.4 Characterisation of the role of GRF5 in the control of growth. One of the confirmed YIG is the transcription factor GRF5. The GRF5 OE line will be analysed in detail using kinematic and molecular analysis tools. In order to identify targets of GRF5, inducible constructs for overexpression of this gene will be introduced in Arabidopsis. After induction of GRF5 expression, micro-array analysis will be performed. Identified target genes will be further analysed. 

1.5 Study of the potential link between two IYGs: BRI and PEAPOD. Transcriptome analysis of BRI1 OE lines revealed down-regulation of the PEAPOD gene, also an IYG. In order to investigate the potential role of PEAPOD in the phenotype of BRI-OE lines, different mutants will be combined (PEAPOD-OE/PEAPOD-LOF and BRI-OE/BRI-LOF) and detailed growth and molecular analyses will be performed.

1.6 Identification of IYG interactors. TAP-tagging technology will be used on several IYG’s in order to identify protein interactors (in cooperation with Geert De Jaeger). This will allow starting building a protein network for growth control. Next, the role of selected interacting proteins will be analysed using loss of function and gain of function strategies.

1.7 Chromatin remodelling and growth control. Protein-protein interaction assays already allowed identifying interactors of one IYG (GRF5) that are involved in chromatin remodelling. In order to study the role of this process in yield enhancement, overexpressing lines of proteins involved in this complex will be produced (individual genes as well as combined genes). Growth phenotypes of these lines will be analysed.

2. Stress tolerance genes

2.1 Identification of genes differentially regulated by osmotic stress at the proliferating and expanding stages of leaf development. In 2008 we established the experimental set-up enabling us to study both short and long term responses to osmotic stress. Based on the kinematic analysis of leaf growth and marker gene analysis we selected samples for in detail molecular profiling. Micro-array data will by analyzed and integrated with physiological results early in 2009. Candidate genes and biological processes will be selected for further in detail investigation. 

2.2 Establishment of the fully automated phenotyping platform. To enable high-throughput (200 plants per experiment) growth analysis of plants subjected to different levels of dehydration stress we are going to fully automate the currently existing WIWAM platform. The system will be installed at the end of 2008 and will have to be programmed and optimised. 

2.3 Characterisation of STGs lines: In 2008 we collected and up-scaled mutant lines (gain and loss of function) for over 40 different genes that were reported to improve plant survival or growth under stress conditions (in particular drought). In 2009 we will analyze shoot growth of these lines upon water limitation (in vitro on mannitol plates and in soil using the automated WIWAM platform). Lines that perform better will be subjected to further in detail growth and molecular analysis. 

2.4 Further characterisation of the GOLS2:OE plants. Earlier we have shown that growth of transgenic plants over-expressing galactinol synthase (GOLS2) is less affected by mild drought stress than that of the wild-type. Expression and metabolite profiling revealed possible involvement of the genes encoding for myo-inositol oxygenase enzymes (MIOX1 and MIOX2). Role of MIOX1 and 2 in conferring the GOLS2 phenotype and in growth adaptation to stress will be investigated further using MIOX1 and 2 single and double loss-of-function mutants and existing crosses between GOLS2 over-expressers and the MIOX1/2 double knock-out mutant. 

2.5 Functional characterisation of the eIF4. Profiling analysis of the selected STG lines identified a previously uncharacterised eIF4 translational factor as potentially important for growth adaptation to stress. This finding will be followed by in detail phenotypic and molecular characterisation of the knock-out and over-expressing lines as well as protein-protein interaction studies. 

2.6 Analysis of cell cycle gene expression during mild drought stress: The former group of Gerrit Beemster has characterized the expression pattern of 51 cell cycle genes using promoter GUS fusions. We will extend the expression profiles by studying the expression after both long term as well as short term drought stress treatments.

3. Brachypodium

As a first step to translate knowledge generated in Arabidopsis to grasses, Brachypodium homologs of both already known and, preferentially, novel "yield genes" will be characterized in Brachypodium. "Yield genes" will be ectopically overexpressed or silenced with RNAi and the phenotype of the resulting transgenic plants analyzed in detail. We expect to generate and analyze transgenic plants for at least 50 different constructs in the coming years. Development of kinematic analysis of cell division and expansion for Brachypodium is straightforward because we have already applied this technique successfully for other monocotyledonous species. Transcriptome analysis can be performed with Brachypodium microarrays, when they become available (March 2009).

To better study the effect of "yield genes" on meristem activity, cell cycle progression and cell elongation reporter lines will be generated. For example, a reporter in which a CYCB promoter is fused to a GFP with a destruction box has been very instrumental to analyze cell cycle activity in Arabidopsis and will probably do so as well in Brachypodium. Furthermore, transcript profiling of dividing, elongating, and mature cells will allow the identification of genes specifically expressed in the division zone or the elongation zone. Subsequently, these genes will be converted into reporters.

CHROMATIN AND GROWTH CONTROL

Principal Investigator: Mieke Van Lijsebettens

Research topics and Personnel involved: 

Impact of histone modifications in plant growth and development and stress adaptation (Arabidopsis)

· Elongator complex: histone acetylation

PhD student: Steven Degroeve (90 %)

Technician: Pia Neyt (20%)

· BRE1 Arabidopsis homolog: histone ubiquitination

Postdoc: Kristiina Himanen (100%) (till 31/12/08)

Postdoc: NN (100 %) (IWT postdoc Cropdesign)

PhD: Tommaso Boccardi (100 %)

Technician: Pia Neyt (20 %)

Novel genes in leaf growth and genetic network (Arabidopsis)

PhD student: Steven De Groeve (10 %)

Technician: Pia Neyt (60 %)

Chromatin state in epigenetically altered Brassica lines

Postdoc: NN (100 %)

PhD student: Emanuela Sani (100 %)

Maize transformation and transgene analysis

PhD student: Sylvester Anami (100 %)

Technician: 
Griet Coussens (100 %)



Stijn Aesaert (100%)

Arabidopsis transformation service

Technician: 
Carine Braeckman (50 %)



Els Bastien (50 %)

1. Scientific context and biological questions

Leaves are taken as the experimental system to study the genetic/epigenetic factors that control organ growth in plants. The leaf is the primary site of biomass production in plants through the photosynthesis process. Leaf architecture and phylotaxis are parameters that contribute to the efficiency of photosynthesis. The aim of the group is to identify the genetic/epigenetic factors that control leaf architecture and growth, to put these into molecular networks and to use this knowledge to improve biomass production and adapt growth to adverse conditions. 

Leaves initiate from the shoot apical meristem and grow through cell divisions at first and later through cell expansion. Growth occurs predominantly in the length and width axis of the lamina and is restricted in the lamina width direction. A number of transcription factors has been identified that affect aspects of leaf initiation, early patterning and growth. Cell cycle machinery manipulation showed to be important for leaf architecture, however the next challenge is to identify upstream molecular mechanisms that steer cell cycle machinery or activate/repress these transcription factors. We focused on mutants with so-called lateral growth defects (along the lamina width direction) because of defects in cell number or cell expansion. Growth along the lamina width direction is correlated with the dorsoventral pattern formation in the leaf primordium. In time it coincides or happens right after the process of leaf initiation in the shoot apical meristem.   We cloned ten genes over the past 5 years, they encoded regulatory type of proteins, revealed novel molecular mechanisms in the regulation of leaf growth. Interestingly, histone modifying complexes were identified through a number of leaf growth mutants indicating the leaf growth is under chromatin control  (Peters et al., 2004; Cnops et al., 2004; Cookson et al., 2005; Nelissen et al., 2003 & 2005; Cnops et al., 2006; Falcone et al., 2007; Chiu et al., 2007; Fleury et al., 2007). 

The emphasis of the next five years will be to position the chromatin modifying genes and proteins within molecular networks, to build an interactome, to identify upstream signalling and downstream targets, to determine genetic network with all the genes studied and make the link with genes described in literature, to clone more growth genes and to translate into maize.

2. Long term objectives, experimental approach and collaborations (5 years)

A number of transcription factors have been identified that control leaf initiation and early stages in patterning and growth. In addition manipulation of cell cycle influences leaf size and shape by cell number regulation. The next step in the research is to identify and study the upstream mechanisms that regulate these transcription factors or cell cycle machinery. Chromatin modification complexes might be one of these upstream regulatory mechanisms and indeed from our mutant analyses two such complexes were identified, both affecting organ formation by regulating cell number (Nelissen et al., 2005, Fleury et al., 2007). The Elongator complex has histone H3 acetylation activity, the HUB1 E3 ubiquitin ligase complex has histone H2B monoubiquitination activity resulting both in transcription activation (Fleury et al., 2007). 

Objective 1: Target genes of histone modifying complexes 

· Specific target genes of Elongator

Putative target genes of Elongator have been identified by microarray of mutant lines of ELO3 and these will be further confirmed by ChIP-PCR. 

· Specific target genes of the HUB1 E3 ubiquitin ligase

Putative target genes of HUB1 have been identified by microarray of OE and mutant lines of HUB1 (collaboration M. Vuylsteke) and will be confirmed with ChIP-PCR.

· Genome-wide target genes of HUB1 and Elongator

ChIP-seq technology will be applied (collaboration Fasteris company) to determine genome-wide targets of the histone modifying complexes.

· Study of the transcription activation of the identified target genes in relation to histone modification at their promoter or coding region.

In addition it has been shown that histone modification complexes are reactive to environmental stimuli such as light and day length. Therefore these complexes may form an interface between the environment and the transcriptional machinery and may be the key to understand leaf plasticity. Indeed leaf size is affected by a number of environmental conditions and abiotic stresses that modulate cell number and cell expansion.

Objective 2: Upstream signaling, direct interactors and environmental impact on Elongator, HUB1 and RON2/LUG activity.

· Upstream signaling of the Elongator complex. 

Identify upstream signaling of the Elongator complex in plants by suppressor screens using a weak elo3 allele. Map-based cloning of the suppressor loci will reveal the DNA sequence and provide information on the signaling pathway(s) upstream of Elongator. Confirmation and further study using double mutant analysis between other components of the putative signaling pathway and elo mutants.

· Interactome around Elongator, HUB1 and RON2

TAP for interactors of Elongator, HUB1 and RON2 (collaboration G. De Jaeger). Confirmation with Y2H and split YFP. In case of link between interactors and upstream signalling pathway, double mutant analysis will be done between mutants in this pathway and elo, hub1 or ron2 mutants to determine epistatic interactions. 

· Environmental impact on HUB1 and Elongator

Impact of day length and abiotic stress on overexpression and mutant lines of HUB1 looking at leaf parameters, biomass production and yield in Arabidopsis and rice (collaboration CropDesign). Impact of day length on elo mutants looking at leaf parameters.

· Functional analysis of interactors

HUB1 and Elongator interactors have been determined and will be functionnaly characterized by reverse genetics with specific attention to leaf growth parameters.

The leaf growth mutants that we analyzed will be located within a genetic network for leaf growth and transcriptional regulation in order to determine the relationships amongst the pathways they represent: are these pathways independent, epistatic or redundant?

Objective 3: Determine genetic framework of leaf growth mutants and transcriptional activation.

· Construction of a genetic network for leaf growth and transcriptional regulation using double mutant analyses between our leaf growth mutants and additional ones described in literature. Genetic interactions will be further analyzed by microarray analyses. 

The collection of leaf mutants of JL Micol (Elche) will be further exploited for the identification of novel genes with effect on growth. 

Objective 4: Identification and study of novel genes for leaf growth.

· Cloning and study of ANG3 and RON3

ANG3 has been cloned, it codes for ribosomal protein RPL5B (collaboration J.L. Micol) and its role in lateral growth of the leaf will be analyzed. An interval of 19 genes has been identified around the RON3 locus (collaboration J.L. Micol). Based on mutant phenotype, GENEVESTIGATOR expression data and TAIR information on the 19 genes, candidate genes will be identified and sequenced in ron3 mutant and compared to wild type in order to detect a point mutation. Alternatively, 454 sequencing of the interval in ron3 and Ler will reveal the position of the point mutation in one of the ORFs.

· Analysis of RON1 IP3 phosphatase

Finalize functional analysis of the IP3 phosphatase RON1 with a function in leaf growth (collaboration J.L. Micol).

· Analysis of RON2 WD40 co repressor

Finalize functional analysis of the WD40 protein RON2/LEUNIG in leaf growth and floral transition (collaboration with C. Granier).

During the last six years epigenetically altered Brassica napus lines were generated in Bayer BioScience.  These lines differ between each other in cellular respiration, photorespiration, seed yield (field trials), stress tolerance, DNA-methylation, gene expression and histone modification. These clones differ from one another in DNA methylation state. The objective of this project is to make the bridge between the DNA-methylation and gene expression state with the chromatin state. This understanding will further allow Bayer CropScience to integrate the epigenetic component in their (hybrid) breeding.

Objective 5: Chromatin state in epigenetically altered Brassica lines

· Phenotypic characterization of the lines (emphasis on seedling stage).

· Correlation gene expression and chromatin state (ChIP-PCR; ChIP-on-chip; ChIP-Seq), under control and stress (ozone, drought) conditions.

· Down-regulation of genes (artificial microRNAs) in Arabidopsis showing a strong down-regulation, and/or high H3K27-trimethylation in the high vigor lines (first choice: chromatin structure related genes)

· Identification of mutations in the EMS-mutagenized seed collection of Brassica napus for these genes showing a positive (enhanced vigor and/or stress tolerance) phenotype in Arabidopsis (VIB-Bayer)

· Over-expression of genes in Arabidopsis showing a strong up-regulation, and/or low H3K27-trimethylation in the high vigor lines (first choice: chromatin structure related genes)

· Over-expression of genes in Brassica napus of which the over-expression in Arabidopsis result in an improved vigor and/or stress tolerance (Bayer)

Translational research will be done in order to investigate the growth genes identified in our research and other biomass- or stress-tolerant-related genes identified in other groups at PSB in order to test their performance in a crop and support and extend Intellectual Property. The aim is to test a selected set of genes with a potential use for increasing biomass through altered leaf development or to stabilize biomass production in abiotic stress conditions. 

In addition comparison of the data obtained in Arabidopsis with the ones obtained in the crop will allow comparative biology, especially when using a monocot (grasses) as a crop compared to the Arabidopsis dicot. Indeed leaf ontogeny is different between monocots and dicots and it will be interesting to see how growth genes affect the different growth processes.

Objective 6: Translational research and comparative biology of growth genes in maize.

· Maize transformation

Two inbred maize lines have been selected for transformation of immature embryos. Co-cultivation conditions with agrobacteria have been optimized using the pTF102 reporter gene construct.

· GATEWAY vectors suitable for maize transformation

GATEWAY vectors were adapted for maize transformation: pnos-bar selectable marker were replaced by a p35S-bar selectable marker and were combined with overexpression (through large pUBI promotor) and hairpin cassettes (collaboration P. Hilson).

· Transgenic analysis in maize

Introduce overexpression, silencing (hairpin, amiRNA) constructs to engineer biomass and drought tolerance (collaboration other groups at PSB). 

Short term objectives for 2009

· TAP using HUB1 and interactors as baits overexpressed in Arabidopsis cell cultures.

· TAP using ELO and HUB1 as bait overexpressed in seedlings to assess for light-related interactors.

· Confirmation of ELO and HUB1 interactors using co-IP, Y2H, split YFP.

· Reverse genetics on interactors of Elongator and HUB1 confirmed by co-IP.

· Overexpression lines of Elongator interactors and test for abiotic stress tolerance (high light, water deficit) (collaboration BayerCropscience, C. Granier, INRA, Montpellier).

· Overexpression lines of HUB1 and test for leaf parameters, biomass production and yield in Arabidopsis and rice (collaboration CropDesign).

· ChIP on putative target genes of Elongator and HUB1.

· Initiation of suppressor screen from a characterized elo3 allele.

· Double mutant analysis between ANG4, ELO3, RON2 and RON1, and AN3, FACT using dCAPS analysis.

· Morphological and cellular analysis of ang3 and ron3 leaf growth mutants.

· Microarray analysis on shoot apices of 1.02 stage of ron3 and ang3 mutants.

· GATEWAY constructs of ANG3 and RON3 cDNA’s for overexpression and GFP localization.

· Optimization of selection step in maize transformation protocol.

· Test of amiPARP constructs in Arabidopsis.

· Transformation of maize with PARP, ELO3 and other interesting gene constructs for improving growth in normal and adverse conditions.
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OXIDATIVE STRESS AND CELL DEATH

Principal investigator:  Frank Van Breusegem

Research topics: Systems biology of the plant oxidative stress response – plant metacaspases - aquaculture

Personnel involved:

Postdoctoral researchers: Frank Hoeberichts, Sandy Vanderauwera, Vanesa Tognetti, Per Muhlenbrock, Katrien Van Der Kelen, Iker Hernandez.


Predoctoral researchers: Annelies Inzé, Katrien Curvers (75%), Tine Beunens, Liana Tsiatsiani, Inge De Clercq, Cezary Waschak


Technical staff: Brigitte Van De Cotte, Michaël Vandorpe, Tim Van Gaever

General context.

Suboptimal growth conditions caused by drought, temperature, salt and pathogen-related stress are leading to worldwide yield losses in cultivated crops. This, together with the ongoing climatic changes, has encouraged the development of appropriate breeding strategies targeting adaptation and has made crop stress tolerance a major objective in plant biotechnology research. Reactive Oxygen Species (ROS) have emerged as important regulators of plant stress responses. Perturbation in ROS production and/or scavenging are sensed by plant cells as a ‘warning’ message and genetic programs leading to stress acclimation or cell death are switched on (Mittler et al., 2004; Van Breusegem and Dat, 2006). Knowledge on regulatory events during ROS signal transduction is now only scratching the surface. Through a combined top-down and bottom-up genomics approach we are dissecting the gene network governing ROS signal transduction in plants and pinpoint genes that are potential candidates for innovative molecular breeding strategies to develop stress-tolerant crops. A second cornerstone of the group studies the function of metacaspases and their inhibitors in Arabidopsis thaliana.

Major goals

· Characterisation of regulatory interaction networks that orchestrate (timing, amplitude, specificity,..) oxidative stress induced cell death and defense responses.

· Identification of nodes in the ROS dependent gene network and define their mode of action.

· Identification and validation (in Arabidopsis) of genes provoking improved performance of plants during environmental stresses.

· Oxidative stress at the cellular level: subcellular (re)localisation of regulatory proteins during oxidative stress.

· Exploring genetic and epigenetic mechanisms towards the improvement of photosynthetic efficiency, abiotic stress tolerance and vigor in oilseed rape.

· Identification of plant metacaspase substrates.

Workprogram 2009

WP1. Functional analysis of Hydrogen Peroxide Induced Genes (HIG)

· Testing HIG gain and loss-of-function mutants within an in-house developed photorespiratory stress assay.

· Role of NAC transcription factors in H2O2-dependent transcriptional gene networks

· Role of APE-1 (anthocyanin pigment enhancer-1) in flavonoid accumulation

· Detailed functional analysis of selected HIGs:

· Crystallisation and structural analysis of selected HIGs (in collaboration with Messens group, VIB Department of Molecular and Cellular Interactions, Vrije Universiteit Brussel)

· Loss-and gain of function mutant analysis

· Molecular phenotyping of transgenic (overexpression, knock-out and/or RNAi of HIGs) Arabidopsis under control and stressed conditions with Genechip Arabidopsis Tiling 1.0R microarrays. 

WP2. Mitochondrial retrograde signal transduction in plant stress response 

· Molecular phenotyping of transgenic Arabidopsis lines over- and underexpressing NAC13 and CRF6.

· Development of a protein-DNA interaction network of a stress related transcriptional regulon that is under control of a mitochondrial retrograde signal (Van Aken et al., 2007)

· Yeast-one-Hybrid screen

· Yeast-one-Hybrid analysis with 2 transcription factors of the regulon (NAC13 and CRF6) as prey proteins.

· PromotorUGT74E2::luciferase based EMS mutagenesis and chemical genetics screens:

WP3. Exploring genetic and epigenetic mechanisms towards the improvement of photosynthetic efficiency, abiotic stress tolerance and vigor in oilseed rape (in collaboration with Bayer Biosciences). 

· Molecular (transcriptome and epigenome) phenotyping of Brassica lines with increased yield stability.

· Chemical and EMS mutant screen for "altered photorespiration" in Arabidopsis.

WP4. Identification and validation of plant Metacaspase substrates

· Identification of metacaspase substrates (in collaboration with the VIB Department of Medical Protein research). Using gel-free proteomics technology (COFRADIC) we will assess in vitro and in vivo protein processing provoked by selected metacaspases. 

· Validation of candiate metacaspase substrates.

· Generation of double knock-outs and artificial microRNA transgenic lines.

· Analysis of the role of Metacaspase-1 in LSD1-dependent cell death (in collaboration with Dangl lab).

· Functional analysis of AtMC9 during lateral root emergence (in collaboration with Root Group and VIB CSF).

WP5. Collaborations (miscellaneous)

· Finalise transcriptome analysis of tobacco lines over and underexpressing ascorbate oxidase (C.H. Foyer; Newcastle University).

· Transcriptome analysis assessing effect of photoperiod on H2O2 induced cell death (G. Noctor; Université de Paris)

· Molecular phenotyping (cDNA-AFLP) of tobacco lines overexpressing flavodoxin in chloroplast and cytosol under control and drought conditions (Nestor Carrillo, IBR-CONICET, Universidad Nacional de Rosario, Argentina).

· Insecticidal activity of AtSerpin1 (G. Smagghe, Faculty of Biosciences and Engineering, UGent)

WP6. Aquaculture Tech Transfer Projects

· Follow-up on a candidate molecule (peptide hormone) for sex reversal (recombinant protein production and purification, expression studies, biochemical analysis,..) in Tiger Prawns

· Transcriptome analysis of microbe induced immunity in larval fish (in frame of FP7 Promicrobe project). 

Long Term Objectives

Functional analysis of Hydrogen Peroxide Induced Genes (HIG)

Our previous gene expression studies with a catalase-deficient model system, a meta-analysis dissecting the transcriptomic footprints that are imposed by different (subcellular) ROS, and comparative genomic and transcriptomic analyses across species has delivered a robust catalogue of plant genes that are responsive to elevated levels of hydrogen peroxide (Vandenabeele et al., 2003, 2004; Vanderauwera et al., 2005, 2007; Gadjev et al., 2006; Zago et al., 2006). We are now facing the challenge to order a carefully selected set of HIGs (50) in hierarchical (transcriptional) networks, experimentally assess their potential impact on stress tolerance and define the mode of action of identified lead genes within the oxidative stress response in plants. 

· Molecular phenotyping of transgenic (overexpression, knock-out and/or RNAi) Arabidopsis under control and stressed conditions. 

· Transgenics with no drastic (negative) phenotypic change due to target overexpression or downregulation will be tested in a series of available abiotic stress (oxidative, heat, salt, drought stress) assays. These assays encompass an automated recording of plant growth coupled with kinematic analyses that allow to monitor dynamics of plant growth during stress conditions.

· Development of a (re)localisome of HIGs. Subcellular location of HIG::GFP fusion proteins will be monitored in transient transformation assays in wild-type and catalase deficient tobacco leaf segments and/or Tobacco BY-2 cell suspensions. 

· For a selection of lead genes a more detailed analysis is envisaged using various approaches (biochemical analysis, Tandem Affinity Purification, mutant and/or chemical genetics screen, yeast retention screen, BiFC analysis, ….) that should allow to elucidate their mode of action. 

Mitochondrial retrograde signal transduction in plant stress response

The oxidative stress response can be strongly influenced by perturbations in mitochondrial function. Such changes trigger altered nuclear gene expression by a poorly understood process of mitochondrial retrograde regulation (MRR), which is likely composed of several distinct signaling pathways that steer the decision of cells to either recover or activate a cell death mode (Rhoads et al., 2007). We have recently shown that the perturbation of the mitochondrial prohibitin3/prohibitin4 ratio’s (Van Aken et al., 2007) activates a pathway that steers the induction of stress-related transcriptional regulon of 29 genes. We now aim to identify components involved in the induction of this regulon.

· Development of a protein-DNA interaction network of the identified MRR regulon via Yeast-one-hybrid.

· Promotor::luciferase based EMS mutagenesis and chemical genetics screens.

Exploring genetic and epigenetic mechanisms towards the improvement of photosynthetic efficiency, abiotic stress tolerance and vigor in oilseed rape (in collaboration with Bayer Biosciences). 

· Molecular (transcriptome and epigenome) and metabolomic phenotyping of Brassica lines with increased yield stability.

· Chemical and mutant screens for "altered photorespiration" in Arabidopsis.

· Identification of new stress genes in Arabidopsis.

Identification and validation of plant Metacaspase substrates

The identification of caspases as major regulators of apoptotic cell death in animals initiated a quest for homologous peptidases in other kingdoms. With the discovery of metacaspases in plants, fungi and protozoa, this search had apparently reached its goal. However, our work provided evidence that metacaspases lack caspase activity and that they are not directly responsible for the caspase-like activities detected during plant and fungal cell death and that they are also involved in non-cell death processes in plants (Vercammen et al., 2004; Vercammen et al., 2007). Our previous work provided us not only with useful molecular and biochemical tools, but recently also with several leads towards metacaspases functionality based on condition-dependent and tissue-specific expression characteristics and complementary phenotypes in loss and gain of function mutants. Until now no substrates were reported for plant metacaspases.

· Metacaspase involvement in lateral root protrusion (in collaboration with Beeckman lab and VIB CSF).

· Analysis of the role of Metacaspase-1 in LSD1-dependent cell death (in collaboration with Dangl lab).

· Identification of metacaspase substrates (in collaboration with the VIB Department of Medical Protein research). Using gel-free proteomics technology (COFRADIC) we will assess in vitro and in vivo protein processing provoked by selected metacaspases. 

· Metacaspase targets will be validated by different means, including the development of tools to visualise protein proteolysis in vivo, using engineered GFP fusion constructs.

Aquaculture Tech Transfer Projects

In a  previous research collaboration with INVE TECHNOLOGIES we have applied our cDNA-AFLP platform to build an extensive catalogue of genes involved in sexual development and maturation in Tiger Prawns and has identified a candidate protein hormone involved in sex determination. Future experiments in the next five years will focus on the development of tools for stock protection and fertility. 

· Follow-up on the candidate molecule for sex reversal (recombinant protein production and purification, expression studies, biochemical analysis,..)

· Development of assays for molecular phenotyping (ELISA tests, RT-PCR based assays,...).
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SECONDARY METABOLITES

Principle investigator: Alain Goossens

Research topics:

Jasmonate signaling, secondary metabolism, phytopharmaceuticals, combinatorial biochemistry

Personnel involved:

Postdoctoral researchers: Miguel Gonzalez-Guzman
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General context

Plants are capable of synthesizing an overwhelming variety of secondary metabolites, usually with very unique and complex structures and often with very interesting biological activities. In sharp contrast with microorganisms, the enormous biosynthetic potential of plant cells is however still hardly being exploited. Main reasons are the poor knowledge of plant secondary metabolism, the low productivity of most secondary metabolites in plant cells and the lack of efficient cultivation systems for many medicinal plants, either as whole plants or in vitro (Oksman-Caldentey & Inzé, 2004).

We aspire to genetically map the events related with the (regulation of) biosynthesis of secondary metabolites in plant cells and to identify the key elements involved in these processes. This will be achieved through a functional genomics approach that aims at creating large platforms of genes involved in plant secondary metabolism (see Goossens et al., 2003; Rischer et al., 2006; Pauwels et al., 2008). Such extensive genetic knowledge has been lacking till now but is indispensable to create a molecular toolbox for successful metabolic engineering of plant cells. Additionally these gene platforms will allow assessing the concept of combinatorial biochemistry to create novel plant compounds with interesting biological activities. Broadly, the developed technology and gene platforms should 1) lead to an increased fundamental understanding of the (regulation of) biosynthesis of plant small molecules at a systems level and 2) set the base for the foundation of a new spin-off company, denominated Solucel (http://www.solucel.com/).

Concrete objectives - Work program 2009

· Functional analysis of jasmonate inducible genes from medicinal plants. From the genome-wide transcriptome analysis a platform of more than 6,000 genes, potentially involved in all aspects of plant secondary metabolism, has been established. Through various (inter)national collaborations FL-ORFs corresponding to subsets of this gene platform will be cloned and functionally analyzed by gain- or loss-of-function experiments in transgenic plants. Lead genes encode proteins potentially involved in several aspects of secondary metabolism, include regulation, transport and biosynthesis itself. 

· Functional analysis of JAZ genes from Arabidopsis. Transcriptome analysis indicated a distinct family of primary and early jasmonate responsive transcription factor encoding genes (i.e. the JAZ family, Vanholme et al., 2007) in the model plant Arabidopsis. As they have been identified as potential first-level jasmonate signal transducers their importance in the regulation of plant secondary metabolism will be further investigated. TAPtag analysis is being used to identify novel JAZ-interactors. In depth functional analysis of JAZ proteins and lead-interactors will be pursued (by e.g. gain- and loss-of-function in transgenic plant systems).

· Combinatorial biochemistry. Gene platforms from six different saponin producing plant species have been generated. Combinatorial biosynthesis will be pursued by gain- and loss-of-function experiments with putative saponin structural genes in both transgenic Medicago and Maesa lanceolata hairy roots (the latter producing the anti-angiogenic maesasaponins). Reconstruction of the saponin biosynthetic pathway and combinatorial biosynthesis will also be pursued in yeast.

· Metabolons. Using TAP-tag and blue native gel electrophoresis technology, we will screen Arabidopsis plant cells for the presence of multi-enzyme complexes that may form metabolic channels, or the so-called metabolons.

Long term objectives

· Metabolic engineering of medicinal plants. This will comprise research projects on medicinal plants that are interesting from a commercial or humanitarian point of view, and for which a real need for metabolic engineering exists. To-date the choice of plant species depended on the (inter)national research collaborations that could be established and included in particular research projects on the model plant Nicotiana tabacum, the medicinal plants Artemisia annua (produces the anti-malarial compound artemisinin), Taxus baccata (produces the anti-cancer blockbuster Taxol), Catharanthus roseus (produces the anti-cancer compounds vinblastine and vincristine), and Veratrum californicum (produces the anti-cancer compound cyclopamine). For each of these plant species gene platforms consisting of a couple of hundreds of genes, potentially involved in biosynthesis of the compound of interest, have been generated. A part of our current and future research focus will go to the functional analysis of subsets of the genes from some of these species. The main goal of these programs will be to identify potential master-regulators that may allow boosting the production of high-value phytopharmaceuticals in plant cells. This research line has already allowed identifying the role of a number of enzymes, transporters and regulatory genes from N. tabacum, C. roseus and A. annua (De Sutter et al., 2005; Häkkinen et al., 2007; Zhang et al., 2008; and other publications in preparation).

· Combinatorial biochemistry. Combinatorial biosynthesis has been successfully employed for e.g. carotenoid- and antibiotic-producing microorganisms. It involved interchanging secondary metabolism genes between microorganisms to create unnatural gene combinations or hybrid genes. Novel metabolites could be made due to the effect of new enzyme-metabolic pathway combinations or to the formation of proteins with new enzymatic properties. Thus far, such an in vivo combinatorial biosynthesis approach has not been extended to higher plant systems, primarily for practical reasons and the lack of genetic tools for metabolic engineering of plant cells. However, the technology platform developed in our research group will offer the opportunity to browse into the entire metabolic repertoire of a plant and to assess the principle of combinatorial biosynthesis in plant cells. The target plants that are employed are five different (medicinal) plants, all producing triterpene saponins, i.e. the model plant Medicago truncatula and the medicinal plants Glycyrrhiza glabra, Panax ginseng, Bupleurum falcatum and Maesa lanceolata.

· Metabolic pathways in Yeast. Yeast has always proven to be a suitable model system to assay plant enzyme activities. Considering the large gene platforms that we have now generated, the time is right to introduce this model system also in our research and explore its utility as a heterologous system for gene discovery and plant metabolite production. Reconstitution of full pathways will be pursued, both for existing high-value compounds and for novel compounds through combinatorial biochemistry.

· Metabolons. Many structural aspects of plant secondary metabolism remain to be elucidated. For instance, the subcellular organization and connection between enzymes participating in a single metabolic pathway is still largely unexplored. Using TAP-tag and blue native gel electrophoresis technology, we will screen plant cells for the presence of multi-enzyme complexes that may form metabolic channels, or the so-called metabolons. Insight in the structure and formation of metabolons may lead to new paradigms in plant metabolic engineering. The same technology may eventually also be applicable to unravel transcriptional complexes that steer expression of these metabolons.

· Jasmonates. In all studies with the medicinal plant (cells), elicitation has been achieved through the action of the plant hormone methyl jasmonate. Taking into account the universal character of jasmonates as elicitors of plant secondary metabolism, we also performed ‘omics’ analyses of jasmonate effects in the plant model systems Arabidopsis thaliana and Medicago truncatula. Also here, the focus was on the jasmonate-mediated regulation of secondary metabolism. However, in both cases links with developmental issues, in particular cell cycle progression, trichome development and border cell line formation could be established. Future research will be launched to further understand the involvement of jasmonates in these fundamental processes, which have enormous importance for secondary metabolism as well. For instance, comprehension of the delicate balance between biomass and secondary metabolite production may lead to novel paradigms in plant metabolic engineering. Considering the immense functional genomics resources available for Arabidopsis and Medicago and the conserved aspect of jasmonate signaling the utility of genes from these model systems can then in turn be explored in medicinal plants.
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General description and formulation of the scientific questions referring to scientific/economic relevance of the questions and the international state of affairs

It is now well recognized that burning fossil fuels and deforestation are major contributors to climate change, and that plant biomass can serve as an alternative renewable and carbon-neutral raw material for the production of bio-energy. Although first-generation bio-energy crops currently provide most of the bio-ethanol and biodiesel, it is expected that lignocellulosic biomass crops with improved yield and optimized cell wall composition will become the second generation biofuel crops. Fast-growing perennial grasses, such as Miscanthus, and trees, such as poplar and willow, have large potential to become major energy crops for the future. In the production of bio-ethanol, lignin is the main limiting factor because it limits the accessibility of the cellulose microfibrils to enzymatic depolymerisation. Therefore, lignocellulosic plant biomass needs to be pretreated by chemicals or steam explosion to break-down lignin, making saccharification a costly process. However, there is enormous potential to engineer plant cell walls by exploiting the available genetic resources and by genetic modification. This potential has remained largely unexplored. The major long-term goal of the Bio-energy group is to understand the biosynthesis, polymerization and structure of lignin, and how lignin biosynthesis integrates into plant metabolism and development. This will provide the fundamental knowledge that is necessary to design plant cell walls that are easier to convert to bio-ethanol. Secondly, we aim at identifying genes that control the amount of xylem that is produced.

Lignification: The woody cell wall is composed of cellulose, hemicellulose and lignin. Lignin itself is a polymer of mainly coniferyl and sinapyl alcohol (Boerjan et al., 2003; Ralph et al., 2004; Vanholme et al., 2008). Both lignin amount and composition are important factors determining the value of plant biomass for a range of end uses. For example, the presence and structure of lignin affect the quality of plant cell walls for digestibility, chemical pulping and conversion to bio-ethanol (Baucher et al., 2003). The biosynthetic pathway to the lignin building blocks is rather well known, but it is still obscure how the biosynthesis of lignin and its deposition in the cell wall are co-regulated and integrated with the biosynthesis and deposition of the other cell wall polymers cellulose and hemicellulose. This knowledge is essential if we are to tailor plant cell walls with improved properties (Dauwe et al., 2007; Leplé et al., 2007). Using transcript and metabolite profiling and computational tools, answers to these questions can now be given by profiling the complete set of Arabidopsis lignin biosynthesis mutants (Raes et al., 2003; Rohde et al., 2004). Cell wall analyses and saccharification of the same mutants may then reveal the pathways that influence saccharification potential.

This systems biology approach has already delivered a set of genes that are differentially expressed as a consequence of mutations in the lignin biosynthesis genes. This set will be analysed by reversed genetics in Arabidopsis. At the one hand, we will focus on transcription factors that may regulate the amount and composition of lignin. On the other hand, we will analyse the role of the top 10 candidate genes that are differentially expressed in multiple lignin biosynthesis mutants and therefore tightly connected to lignin perturbations. Reversed genetics is as well used in poplar to unravel the role of two prominent proteins in poplar xylem that have most likely a role in phenylpropanoid biosynthesis, DIRIGENT and PCBER.

The final properties of lignin depend on its structure, which is itself depending on the relative frequency of the various lignin units, and the chemical bonds between these units (Boerjan et al., 2003; Ralph et al., 2008). It has been shown that variations in the relative frequency of chemical bonds greatly influences the ability to process the lignin polymer by chemicals or enzymes. Our goal is to engineer plants to make entirely novel lignin polymers that are more easily processed than natural lignin. In addition, we are developing a mass spectrometry tool to sequence lignin polymers. 

The systems approach coupled with saccharification assays, the engineering of novel lignin polymers and the sequencing of the lignin polymer are new approaches in lignin research.

The genetics of wood yield: As important as wood quality is identifying the genes that control wood yield. Yield is controlled by the activity of the cambial and apical meristems. The very genes that regulate wood yield in trees are unknown. We follow two complementary approaches to identify the regulatory genes: in one approach, we make use of the genetic variation in wood formation between Arabidopsis ecotypes as model system. We have identified QTL that determine the relative production of xylem to phloem. One of these QTLs has been confirmed with NILs and will be cloned. A genetic approach is also followed in poplar as a model. Mapping pedigrees have been grown at three contrasting environments, and phenotyped for height, circumference and volume (Dillen et al., 2008). This is a first step towards locating the responsible genes on the genome sequence (Tuskan et al., 2006). In the context of an EU-project, this research is taken further to association genetics in poplar.

Long term objectives 2012

Lignification

· Understanding the interrelation of the biosynthetic pathways of the major cell wall polymers by unravelling the transcriptional and metabolic network regulating lignin biosynthesis

· Understanding the relation between cell wall composition and structure, and the agro-industrial value of plant cell walls with respect to pulping and saccharification

· Identifying and characterising the function of a set of new genes tightly connected with cell wall lignification through reversed genetics

· Understanding the molecular basis of the pleiotropic effects associated with lignin engineering

· Unravelling the role of dimeric oligolignols in growth and cambial activity

· Improve wood quality for saccharification and pulping in Populus through genetic engineering

· Engineering entirely novel lignin polymers in biofuel crops such as Populus

· Demonstrate the improved biofuel properties in small scale experimental plots

Genetics of wood yield

· Identification of genes regulating xylem/phloem ratio in Arabidopsis 

· Improve wood yield in Populus through genetic engineering

Short term objectives + Work program 2009

Lignification

· Statistical and computational analysis of the transcriptome and metabolome profiling data of the collection of Arabidopsis mutants in lignin biosynthesis + paper

· Cell wall analysis of Arabidopsis lignin mutant collection and correlation with saccharification and systems biology data

· Reverse genetics of candidate genes tightly responding to lignin perturbations

· Establishing the substrate and product of PCBER and DIRIGENT in poplar wood

· Paper on sequencing lignin polymers

· Identification of Arabidopsis ecotypes making target compounds that, when exported to the cell wall, improve saccharification potential

· Complete the metabolite analysis of lignifying Arabidopsis cell culture. Structure elucidation of new monolignol derivatives

· Complete experiments on Arabidopsis simultaneously over-expressing F5H and down-regulating COMT + paper 

· Establishment of experimental small-scale field trials with transgenic poplars with improved biofuel potential

Genetics of wood yield

· Fine mapping of the QTL for xylem/phloem ratio, based on Mendelization
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BRASSINOSTEROIDS AND PLANT GROWTH

Principal Investigator:

Jenny Russinova

Personnel involved:

Post-docs: Miroslava Zhiponova; Daniel Van Damme, Niloufer Irani, Silvie Coutuer, Anna-Maria Szatmari (ending 01/09/2009) and Gustavo Gudesblat (ending 01/02/2009).

PhD-students: Corina Codreanu, Joanna Boruc (ending 01/10/2009), Joanna Pizon (starting 01/01/2009), 2 N.N (starting in 2009).

Technicians: Evelien Mylle, Isabelle Vanhoutte

General context:

Brassinosteroids (BRs) are sterol derivatives that act as plant hormones to promote growth when exogenously applied to various plant tissues. Plants unable to synthesize or perceive BRs are dwarfs and have smaller organs. Overexpression of either BR biosynthetic enzymes (e.g. DWF4) (Choe et al., 2001) or BR receptor and co-receptors (BRI1, BAK1, SERK1) (Wang et al., 2001; Nam and Li, 2002; Russinova et al, unpublished) increases the vegetative growth. It is generally accepted that the growth-promoting effects of BRs result primarily from stimulation of cell expansion but not cell division (Mussig, 2005). Microarray expression data showed that BRs up-regulate genes involved in cell wall modification and the cytoskeleton but down-regulate cell division genes (Vert et al., 2005). Although the effect of BRs on cell division is less clearly documented, several independent experiments strongly suggest that BRs affect cell proliferation. Those data imply that BRs function in either preventing premature exit from the cell division program or promoting expansion and differentiation. By using a chemical genetics approach we identified non-steroidal molecule, bikinin (BIK) that induced constitutive BR-response via direct inhibition of the downstream GSKs (Vert and Chory, 2006), BIN2 and BIN2-like (De Rybel et al., in preparation). In addition to the BIN2 family BIK inhibited four other Arabidopsis GSKs. Bikinin was able to restore the growth defects of all BR mutants by inducing cell proliferation. Early physiological observations have suggested interplay between auxin and brassinosteroid pathways questioning if BR affect cell division directly. Recently it has been shown that the auxin-brassinosteroid interaction converges at the level of common target genes (Nemhauser et al., 2004). However, it is yet unknown how those pathways are coordinated and what are the fundamental principles of the networks interplay. Genome-wide analysis of gene expression of BR and bikinin treated plants suggested that bikinin might be an excellent tool to dissect brassinosteroid-auxin pathways interactions.

Recent advances in animal cell signaling research suggest that signal-transducing molecules are preorganized and sequestered in distinct compartments within the cell (Di Guglielmo et al., 2003). Thus, the subcellular localization and trafficking of the signaling complexes determine the specificity and the efficiency of signaling. Despite progress in identifying different components of BR signaling, very little is known about the subcellular compartmentalization and trafficking of BR signaling complexes and their relevance for BRs physiological responses such as growth stimulation (Russinova et al., 2004; Geldner et al., 2006). Tools of molecular cell biology, chemical genomics and proteomics will be used to investigate the subcellular localization, mobility, transport routes and binding interactions of a BR signaling complex during cell division and elongation. This will serve as a support for the hypothesis that the BR receptor complex initiates cell expansion by modulating the sensitivity to BRs during the cell cycle.

Long-term objectives (target 2011):

(1) Unraveling the function of brassinosteroid hormones in plant growth:

a. To determine how BRs regulate organ growth in Arabidopsis and whether BRs affect cell proliferation directly or via interaction with other hormonal pathways.

b. Genetic and biochemical characterization of the GSK regulation during BR signaling - the main objective of the research is to study the mechanism of BIN2 regulation by identifying regulatory components through genetic and biochemical approaches and to further characterize their function in BR signaling

(2) Mechanism of receptor internalization and recycling in plants

a. To study how BR receptor complex trafficking affects BR signaling - tools of molecular cell biology, chemical genomics and proteomics will be used to investigate the subcellular localization, mobility, transport routes and binding interactions of a BR signaling complex.

Short-term objectives and work program (target 2009):

1) Identification of GSKs regulators by genetic approach

A commercial 10,000 compound library (DiverSet™, ChemBridge) was used in a phenotype-based screen to identify small molecules that caused constitutive BR responses and growth increase in Arabidopsis seedlings. We will initiate a genetic screen of EMS-mutagenized M2 Arabidopsis population for mutations that suppress the effect of BIK. Because BIK will also affect GSKs that are not directly involved in BR signalling we will perform a secondary screen to test for BR responses by growing seedling on BRs. In the second screen we will only select for mutations that are impaired in BR responses. After confirmation of several mutations we will identify the genes by map based cloning technique. The genes will be further functionally characterized by isolating Arabidopsis stable knockout lines, overexpression or gene silencing. In this way we will identify possible BIN2 interaction sites, which will be instrumental in linking BRI1 and BIN2.

2) Identification of GSKs regulators by TAP technology

Complex formation with scaffold and regulatory proteins determines the activity of the animals GSKs. Therefore a direct detection of protein complexes where BIN2 and BIN2-like kinases are present will be complementary to genetic analysis. We will identify proteins interacting with BIN2 under near physiological conditions, by using the tandem affinity purification (TAP) combined with mass spectrometry-based protein identification.

3) A Chemical Genetics Approach To Brassinosteroid (BR) receptor trafficking

The aim of the proposed research is to discover small synthetic molecules that will interfere with the trafficking of BR receptor complex by chemical genetics approach. We will further validate the effect of the selected compounds on the localization of BRI1 and determine the specificity of the compound by obtaining a better insight into the mechanism of the observed phenotypes. We will identify the protein targets of the selected compounds and examine their effects on BR signaling. Such compounds can be used as bioactive molecular probes for functional analysis of the endocytosis of BR receptor complex and for further understanding of its significance for signal transduction in plants.

4) Regulation of receptor endocytosis

Sequence alignment of the cytoplasmic domains of several RLKs, including BRI1 showed a conservation of the tetrapeptide, Yxx, known to play a role in clathrin-dependent endocytosis in animals. We aimed to investigate the mechanism of BR receptor internalisation by exploring the idea that the presence of an internalisation motif within the cytoplasmic tails of the receptor can be recognized by the 2-adaptin subunit of the AP-2 complex which is a part of the clathrin coat complex. 

We will introduce mutated proteins (BRI1 receptors having the putative internalisation signals changed) in either wild-type or bri1 mutant plants as GFP fusions. Then, by observing the localization of the mutated proteins, the related phenotypes and their ability to rescue the mutants, we will get some information regarding their function. Also, we will study the effect of the putative phosphorylation sites of the BRI1 protein on receptor trafficking and signalling.

5) Identification of novel proteins involved in BR receptor complex endocytosis by genetic approach

Forward genetic approach will be taken to identify molecular components of BR receptor endocytosis in Arabidopsis roots. We will use an EMS-mutagenized BRI1GFP population to screen for mutants that show defects in endo- and exocytosis of BRI1GFP. We will perform the following analysis: a) complete phenotype analysis of BRI1 trafficking mutants; b) perform rough mapping of the putative mutants 

Project 2. Functional Characterization Of The Aurora Kinase Family In Arabidopsis

General context:

The AURORA family of serine/ threonine kinases plays a crucial role in the regulation of cell division in animals. Plants and unicellular eukaryotes also possess AURORA kinases. The conservation of these kinases throughout the eukaryotic lineage underlines the idea that at the molecular level, cell-cycle control is common to all eukaryotes. However, the structure and organization of mitotic structures in plant cells differs from animals and yeast. The fact that AURORA kinases play a role in polarization and structural organization of animal and yeast cell division suggests a probable role for plant AURORA kinases in these processes through alternative mechanisms. Yeast cells contain a single copy of AURORA. Drosophila, Caenorhabditis and Xenopus have two paralogs and three copies are found in human and Arabidopsis. In mammalian cells, AURORA kinases are classified in two classes based on their specific subcellular localizations. AURORA A is essential for the maturation and separation of the centrosomes and plays a major role in the establishment of the mitotic spindle. AURORA B and C kinases belong to the class of the chromosomal passengers and localize to the cortical zone where the cleavage furrow will form. The Arabidopsis AURORA protein family clusters in two groups, AURORA α and AURORA β (Demidov et al., 2005). AtAURORA1 and AtAURORA2 belong to the α cluster and show localization pattern, analogous to the chromosomal passenger proteins. They localize to the microtubules of the preprophaseband (PPB), the kinetochore microtubules of the spindle, the phragmoplast and the forming cell plate suggesting a function of those kinases in cytokinesis and the positioning of the division zone in plant cells. AtAURORA3, the only member of the β cluster, does not associate with the PPB or the spindle microtubules and specifically localizes to the kinetochores/centromeres during the metaphase-anaphase transition (Demidov et al., 2005). To identify putative targets and other components of the AURORA complex in plants, yeast two-hybrid screening using AtAURORA1 as a bait was performed. One putative AURORA interacting protein (At2g16900), named ARCTICA, localizes to the kinetochores and translocates to the growing cell plate during cytokinesis. In addition, ARCTICA shows a polar localisation in BY2 dividing cells and in the Arabidopsis root cap. ARCTICA has no homology with known yeast or animal proteins, suggesting that plants have developed divergent AURORA kinase signalling pathways involved in chromosome segregation, cytokinesis and polarity establishment. The interaction between ARCTICA and AtAURORA1 was confirmed by one-to-one Y2H experiments, by in vitro pull-down and kinase activity assays.

Long-term objectives (target 2011):

· Functional characterization of the Arabidopsis AURORA 1 and 2 kinases during plant somatic cytokinesis

· Identification of small molecules that interfere with the activity of the Arabidopsis AURORA kinases using a chemical genetics approach

· Identification by TAP analysis and functional characterization of AURORA kinase targets in Arabidopsis

Short-term objectives and work program (target 2009):

· Complementation of an AtAurora1 / AtAurora2 double knockout mutant by N- and C-terminal GFP fusions of AtAurora 1 and 2 driven by their endogenous promotors 

· Constitutive and inducible overexpression of dominant negative forms of the AtAURORAs in Tobacco BY-2 cells and analysis of their effect on division plane positioning

· Localization of the AtAURORA 1 and 2 proteins during Arabidopsis development using translational fusions of the AtAuroras with GUS and GFP under endogenous promotor

· Cloning and analysis of interactors of AtAurora 1 and 2 identified by tandem-affinity-purification experiments with the AtAURORA1 and 2 kinases 

· Function characterization of the ARCTICA proteins in Arabidopsis by knockout, knockdown and overexpression.

Project 3. Cell cycle interactome

General context:

The core cell cycle regulators, cyclin dependent kinases (CDKs), cyclins and their regulatory subunits are modular and perform actions depending on the type of combination between a kinase and a cyclin. Cell-cycle regulatory systems are highly conserved in eukaryotes, and usually are centrally located within larger cellular networks. Based on cell cycle expression levels, tissue distribution and yeast two-hybrid experiments, data sets have been generated that give indications of types of combinations that may exist. However, in vitro experiments like yeast two-hybrid have major flaws in that they sometimes reveal unnatural protein interactions due to the promiscuity of a binding partner. These interactions may not occur in a normal background where higher order regulatory aspects with additional binding proteins or subcellular localization are in play. Expression data also provide limited information because many regulatory proteins have vital activity even at low abundant concentrations, not detected by standard technology. To step up one level in the complexity of cell cycle regulation, we propose to employ a novel advanced fluorescence technology to visualize protein-protein interactions in vivo.

Short-term objectives and work program (target 2009):

· To complete the localization and binary co-localization studies of the core cell cycle proteins in dividing cells

· To complete the bimolecular fluorescence complementation (BiFC) based screen for core cell cycle protein-protein interactions in vivo

· To analyze the localization and function of selected complexes in planta
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FUNCTIONAL PROTEOMICS

Principal investigator: Geert De Jaeger

Personel involved:

Postdoc: Aurine Verkest, Jens Hollunder (50%)

PhD students: Astrid Gadeyne, Jan Geerinck (50%), Jelle Van Leene

Technicians: Yelle Buffel, Dominique Eeckhout, Sandi Neyrinck, Geert Persiau, Eveline Van De Slijke

General context:

The use of cutting edge functional proteomic tools to unravel biological functions is still underrepresented in current plant research. However, in order to obtain a deeper understanding of the gene networks that control plant growth and development, much more information will be needed at the level of the gene product. The aim of our research team is to develop new functional proteomic tools to explore and unravel protein interaction networks in plants.

In recent years we have set up, in collaboration with the Centre for Proteome analysis and Mass spectrometry (CEPROMA) at Antwerp University, a TAP technology (Rigaut et al., 1999) platform for the isolation and analysis of protein complexes from Arabidopsis cell suspension cultures (Van Leene et al., 2007 and 2008). The platform has been used to built a prototype protein interaction network for the plant cell cycle. Gene annotation, mutant screening, and genome‑wide transcript analysis has led to the identification of a long list of cell cycle-regulated genes in Arabidopsis (Menges et al., 2005; Vandepoele et al., 2002). Based on TAP experiments for more than 100 Arabidopsis cell cycle proteins, we obtained after computational analysis a protein interaction network of more than 700 interactions between several hundreds of proteins (Van Leen et al., in preparation). On top of that many new candidate cell cycle regulatory proteins were discovered. Their involvement in the regulation of plant growth will be further analysed in collaboration with other research groups of the department.

Given the complexity of cell cycle regulation, our starting efforts towards a systems biology paradigm were forced towards a smaller problem like the gene network regulating G1-S transition, division plane regulation, or cytokinesis. Moreover, if we want to create a systems biology that unravels the complexity of molecular networks, different wet and computational platforms should be focused around the same biological problem and in the end work synergistically. Therefore we have started a collaboration with the cell biology group to explore and study the gene network that regulates the division plane in plant cells. Another joint project runs with the Secondary Metabolites and Bio-energy Groups to search for multi-enzyme complexes and transcription regulatory complexes in plant secondary metabolism.  Besides, we offer a service to other groups from in and outside the department, to perform TAP experiments on their genes of interest (Takahashi et al., 2008).

Apart from further fine tuning our technology to study protein interaction networks (Van Leene et al., 2008; Remmerie et al., 2008) in plants, we will explore new cutting edge technologies to map transcriptional networks and signalling pathways in relation to plant growth. In one project we will adapt our TAP protocol for the isolation of chromatin complexes and ChIP-seq analysis, with the aim to built transcriptional networks in the long run. To set up the technology we will focus on transcription factors with growth stimulating effects upon overexpression. Besides we will set up isotope labeling technology (e.g. SILAC) for plant cells in order to study signalling pathways. 

Long term (5 years) objectives:

· Fine tune our technology platform for the isolation of protein complexes and chromatin complexes from cell suspension cultures and adapt the technology for protein complex purification from plant tissues.

· Build a cell cycle interactome of Arabidopsis by systematically TAP-tagging series of cell cycle regulating proteins and analysing purified protein complexes. Confirm new cell cycle regulators. 

· Find protein complexes and new genes involved in division plane regulation and secondary metabolism. 

· Map signaling pathways and transcriptional regulatory networks controlling plant growth.

Short term objectives:

· Publish the first protein interactome for plants obtained by protein complex isolation.

· Valorization of the cell cycle interactome by IP filing and attracting an industrial partner.

· Functional analysis of membrane proteins isolated as interactors of enzymes involved in lignin synthesis.

· Fine tune a TAP protocol for protein complex isolation from transgenic Arabidopsis tissues.

· Adapt TAP protocol for isolation of chromatin complexes from cell suspension cultures.

· Purify complexes for bait proteins involved in cell division plane regulation and discover new regulatory proteins involved in it.  

Bibliography:

Menges, M. et al. Global analysis of the core cell cycle regulators of Arabidopsis identifies novel genes, reveals multiple and highly specific profiles of expression and provides a coherent model for plant cell cycle control. Plant J. 41, 546‑566 (2005).

Remmerie, N. et al. A bioanalytical method for the proteome wide display and analysis of protein complexes from whole plant cell lysates. Proteomics, in press.

Rigaut, G. et al. A generic protein purification method for protein complex characterization and proteome exploration. Nature Biotechnology 17, 1030-1032 (1999).

Takahashi, N. et al. The DNA replication checkpoint aids survival of plants deficient in the novel replisome factor ETG1.. EMBO J. 27, 1840-1851 (2008).

Vandepoele, K. et al. Genome‑wide analysis of core cell cycle genes in Arabidopsis. Plant Cell 14, 903‑916 (2002).

Van Leene, J. et al. A Tandem Affinity Purification‑based technology platform to study the cell cycle interactome in Arabidopsis thaliana, Mol. & Cell. Proteomics 6.7, 1226-1238 (2007).

Van Leene, J. et al. Boosting tandem affinity purification of plant protein complexes, Trends in Pl. Science 13, 517-520 (2008).

FUNCTIONAL GENOMICS

Principal investigator: Pierre Hilson

Personnel involved

Topic 1: Capturing and investigating the elements of plant genomes

Post-doc: Mansour Karimi

Technician: Rebecca De Clercq, Björn De Meyer

Topic 2: Cell-based functional analyses

Post-doc: to be named

Staff: Rudy Vanderhaeghen

Topic 3: Systems biology of leaf growth

In collaboration with other PSB groups

Staff: Fabio Fiorani (project manager)

Topic 4: Functional analysis of novel plant signalling peptides

PhD student: Ana Fernandez

Topic 1: Capturing and investigating the elements of plant genomes

General context:

Reverse genetic approaches are extremely powerful and a prerequisite for in depth studies of gene function. They include genetic perturbations such as ectopic expression (gain-of-function), knockdown (loss-of-function), and transcriptional and translational fusions to identify the domains of gene expression and protein localization. In the framework of international consortia and in house collaborative efforts, our group has created several sequence repertoires necessary for large-scale functional studies in Arabidopsis:

· CATMA (www.catma.org) for transcript profiling;

·  AGRIKOLA (www.agrikola.org, ) for RNA interference;

· SAP (www.psb.ugent.be/SAP) for the analysis of transcriptional networks;

· Focused ORFeomes for cloned-based proteomics.

We will keep promoting the dissemination of these resources and their related information. All our sequence repertoires are formatted to be compatible with the highly efficient and flexible Gateway and MultiSite Gateway recombinational cloning system. We continuously develop and distribute a large collection of Gateway vectors for the expression of transgenes in plant cells (www.psb.ugent.be/gateway). Our expertise will primarily be used for the analysis of gene functions in the model species Arabidopsis thaliana, either in our group or in collaboration with others. It will also contribute to functional genomics initiatives focusing on crop species (e.g. EU-SOL).

Long term (5 years) objectives:

· To investigate the function of large gene sets by taking advantage of existing sequence repertoires

· To develop further the Gateway plasmid collection with the aim to facilitate increasingly complex recombinant DNA constructs

· To maintain the infrastructure for the documentation and distribution of plasmids for recombinational cloning

Short term objectives:

· To complete the in vivo transcription maps for core cell cycle genes and the interaction network for core cell cycle proteins

· To develop Multisite Gateway plant vectors designed for unlimited gene stacking

Topic 2: Cell-based functional analyses

General context:

In planta genetic screens rely on the generation of large transformant collections or mutagenized populations whose exploitation is an enormous enterprise. Furthermore, the phenotypes recorded in such screens are often not directly informative about the function of the genes altered. Our overall goal is to set up alternative approaches to rapidly identify components potentially involved in selected molecular mechanisms and, more specifically, in the control of cell growth and cell division. We will optimize methods for functional screens in plant cells via gain-of-function (ORF expression) and loss-of-function (RNAi) genetic perturbations. Procedures will be automated when possible, samples will be handled in multiwell plate formats and markers will be identified that can be used in systematic screens.

Long term (5 years) objectives:

· To conduct genome-scale screens for the identification of short functional segments in various regulatory networks

· To map gene and protein networks in plant cells

Short term objectives:

· To optimize gene delivery for large-scale transient expression and silencing in plant cells

· To implement HTP assays in Arabidopsis cultured cells for the identification of genes and molecules affecting viability, proliferation and cell cycle progression

· To co-develop the hardware and software necessary for cell phenotyping

Topic 3: Systems biology of leaf growth

General context:

Although some of the key factors involved in plant organ growth have already been identified, the circuitry that links the different levels of organization (whole plant, organ, cell, molecular module, molecule) remains to be uncovered. Fortunately, for the first time, techniques exist or can be developed to characterize a multicellular system exhaustively at all relevant levels. We have launched a European integrated project, AGRON-OMICS to tackle the characterization of the growing Arabidopsis leaf system. Its main objectives are (1) to use an array of high-throughput technologies to systematically survey the molecular components driving growth in the cells of a developing Arabidopsis leaf, (2) to understand how these elements interact and coordinate their action across levels of organization, and (3) to explain quantitative growth phenotypes at the molecular level through inference and mathematical modelling, followed by further experimentation.

The international partnership tackling these ambitious goals has two poles: BIOLOGY, most laboratories involved study the main known molecular pathways that regulate and implement leaf growth, including cell cycle, cell wall biosynthesis and remodelling, carbon and nitrogen metabolism, and photosynthesis; TECHNOLOGY, each of them offers a unique platform chosen to record variables describing Arabidopsis plant and growth, from the macroscopic analysis of leaf size and shape, to the in depth analysis of molecular cell components. AGRON-OMICS will establish the infrastructure necessary to organize its multidisciplinary research programme, then to integrate and interpret a wide range of data sets. With a strong emphasis on DISSEMINATION, the project will create knowledge used in industrial applications and will yield data, tools, resources and novel technologies that will be released to the research community at large as soon as practically feasible. 

Long term (5 years) objectives:

· To develop the infrastructure enabling the integration of a wide range of data sets in the context of an international consortium

· To contribute to the development of models explaining quantitative growth phenotypes on the basis of molecular components

Short term objectives:

· To establish standard protocols and ontologies for the exchange of profiling data, growth phenotypes and protein-protein or protein-DNA interactions

· To collect in a structured database publicly available information about genes, gene products and metabolites involved in the leaf growth process

· To identify markers for specific leaf cell types

Topic 4: Functional analysis of novel plant signalling peptides

General context:

Analysis of the Arabidopsis genome showed that plants code for hundreds of potentially secreted small peptides, as well as hundreds of membrane-bound receptors among which a few are already known to transduce peptide-encoded signals across the plasmalemma. We conducted a reverse genetic screen to identify novel plant signalling peptides and identified the GOLVEN gene family. GOLVEN genes and derived peptides control auxin homeostasis and mutations in these genes result in agravitropic phenotypes and altered root development. Our results indicate that GLV1 and related polypeptides may be involved in the perception or generation of the auxin hormone signal across plant organs. Our goal is to decipher the mode of action of the GLV peptides.

Long term (5 years) objectives:

· To investigate genetically and biochemically the interaction between GLV signalling peptides and upstream or downstream components of the signalling pathway

· To study crosstalk between GLV and hormonal signalling pathways

Short term objectives:

· To determine in what cell types the GLV genes are transcribed and the encoded proteins are produced, and in what subcellular compartments they reside

· To analyze the transcriptome of GLV mutants and GLV peptide-treated plant cells

· To complete a genetic screen aiming at the identification of other components in the GLV signalling pathway

· To examine the structure and evolution of the GLV-related gene families in plant species
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QUANTITATIVE GENOMICS

Identifying regulatory genetic variants underlying dominance expression patterns in Arabidopsis thaliana by module-based probabilistic graphical models

(in collaboration with Prof. Dr. Y. Van de Peer)

Principal Investigator: Marnik Vuylsteke

Personnel involved: 

Postdoc: Nathalie Pochet (part-time)

General context

Integrated analysis of DNA sequence variants and phenotypic differences at the level of gene expression allows for unraveling molecular pathways underlying phenotypic variation across individuals. The intermediate position of gene expression between genotype and organismal phenotype makes it ideally suited to serve as a bridge between heterozygosity and heterosis. Ultimately, it will be necessary to include variation in proteins and metabolites in the analysis as well. At present, however, genetic dissection of transcript abundance is the emerging approach that sheds light on the genetic complexity of transcript levels. Methods such as Geronemo and LeMoNe aim for deciphering both the cell’s regulatory network and perturbations to it resulting from sequence variability. Variations in both sequence and expression of regulators are considered to act on sets of co-regulated genes (modules). Modularity of genetic regulatory systems allows recovering complex combinatorial regulation. Incorporating both expression and genotype of regulators enables capturing cases where the effect of sequence variation on its targets is indirect.

Long term objectives

· to identify regulatory mechanisms underlying dominance and overdominance at the expressionlevel in Arabidopsis thaliana.

Short term objectives

· extending LeMoNe to incorporate diallel information. 
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Do cis- and trans-regulatory variants differ in how they act
across multiple conditions?

Principal Investigator: Marnik Vuylsteke

Personnel involved: 

Postdoc: Heidi Wouters

General context

Genotypes are only as good as the environments that they find themselves in. Micro-array based gene expression-profiling studies that explicitly address the transcriptome-wide impact of environmental factors for a wide range of organisms are underway. They are telling us that the environmental contribution is often larger than the genetic one, that it can modify the genetic contribution, and that, under some circumstances, even apparently random effects can induce the same types of differential expression as genetic differences.

In the context of chilling tolerance of central European maize lines and their factorial crosses, there is a fundamental issue that we will explore with the quantitative gene expression profiling. The main issue is how cis- and trans-regulatory variants differ in how they act across multiple chilling conditions. The availability of corn microarrays, an experimental factorial design and the GASED approach will allow the differential quantification of cis- and trans-driven ASE across the multiple chilling conditions, on a genome-wide scale. 

Long term objectives

· to determine how allelic transcript variation and allelic interactions result in a superior hybrid chilling tolerance.

Short term objectives

· Quantifying cis- and trans-driven allele-specific expression (ASE) variation in corn F1 hybrids across different chilling conditions, on a genome-wide scale. 
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Screening for evolutionary changes in both cis- and trans-regulation underlying interspecific (A. thaliana  A. lyrata) expression differences by Roche 454 sequencing by synthesis reads

Principal Investigator: Marnik Vuylsteke

Personnel involved: 

PhD student: Naira Naouar 

Gene expression changes can arise from cis- or trans-regulatory changes, or both. Variation(s) in cis-regulatory elements can be defined as polymorphism(s) in functional motifs of the promoter region or the DNA element(s) located within or short distance outside the transcribed region of the gene that influences the expression level/ timing/ mRNA stability of the gene. On the other hand, trans-regulatory variations are changes that affect the timing level, or activity of the transcription factors or other regulators that control the expression of the target genes. Thus, the effect of cis-variation should be allele-specific, whereas trans-variation can affect both alleles in a diploid species.

In order to assess the relative contribution of cis- and trans-regulatory variations to interspecific expression variation, one needs to differentiate between cis- and trans-changes. One approach to clearly differentiate between cis‑ and trans‑control involves the quantification of allele‑specific expression (ASE) in a heterozygous diploid individual, such as an F1 hybrid, and to compare this allelic expression ratio with parental expression ratios. In this manner, different patterns of gene regulation could be distinguished: 1) genes with the same allelic ratios in the parents and hybrids were determined to be affected by cis‑regulatory variants; 2) genes with allelic bias in the parents, but equal proportions in the hybrid, were determined to be strongly affected by trans‑regulatory variants; and 3) genes with hybrid allelic proportions that did not match either parental or equal proportions were determined to be regulated by a combination of cis and trans variants. 

The basic requirement to quantify allele-specific transcripts in a F1 hybrid is a means of identifying the allelic source of the transcript. Single Nucleotide Polymorphisms (SNPs) in the transcripts lend themselves to easy quantify and differentiate the two allele‑specific transcripts in the hybrid. Different assay techniques, such as allele‑specific quantitative PCR, denaturing high‑pressure liquid chromatography, and expression/SNP arrays have been applied to compare the abundance of the allelic transcripts. None of these approaches, however, has a genome-wide scope. With the advent of next-generation sequencing technology (NGST) such as 454 GS-FLX sequencing system from 454 Life Sciences/Roche Diagnostics, quantification of allele-specific transcripts in a genome-wide manner comes within reach. 

Long term objectives

· Detection of evolutionary changes in both cis- and trans-regulation underlying interspecific (A. thaliana  A. lyrata) expression

Short term objectives

· to provide a first show-case of how NGST technology can be applied in genome-wide allelic expression studies. 

Reverse quantitative genetics of cell cycle related phenotypes 

Principal Investigator: Marnik Vuylsteke

Personnel involved: 

PhD-student: Raphaël Kiekens 

General context


An alternative approach to identify genes involved in cell cycle related phenotypes such as root elongation rate (RER) and endoreduplication (ENDO) is based on reverse quantitative genetics. Rather than applying a classical QTL-approach to identify genes underlying natural trait variation, it is becoming more and more desirable to focus on known genes which are likely to play a major role in determining a specific phenotype based on prior molecular and physiological studies. Given the growing evidence that altering core cell cycle genes expression results in root growth and/or endoreduplication phenotypes, we considered 61 well-characterized cell cycle genes as candidate genes underlying variation in these cell cycle related phenotypes. For this purpose, we have re-sequenced a predefined set of 30 ecotypes at these 61 candidate genes to infer haplotypes across the genes. 

Long term objectives 

· Not applicable anymore.

Short term objectives

· Finding molecular evidence of causality for the association found between variation in ENDO and RER, and CYCD5.1 and Wee1 haplotype variation, respectively. 
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Development of a cruciferous species for bio-diesel production
(in collaboration with ILVO)

Principal Investigator: Marnik Vuylsteke

Personnel involved: 

Post-doc: Inge Van Daele 

Technician: Ilse Vercauteren

General context

There is much debate about the economic feasibility of bio-diesel production. Obviously, with increasing cost of fossil oil it is inevitable that there will be soon a turning point where green diesel will become cost competitive. 

Long term objectives

· Production of transgenic oilseed rape with higher seed yield

Short term objectives

· Identification of genes yielding higher biomass and/or seed yield in Arabidopsis through transgenic approaches.

· Development of a transformation platform for oilseed rape

(Sixth Framework Programme) DIATOMICS: Understanding Diatom Biology by Functional Genomic Approaches

(in collaboration with Prof. Dr. W. Vyverman)

Principal Investigator: Marnik Vuylsteke

Personnel involved: 

PhD-students: Katrijn Vannerum (50%), Valerie Devos (50%) 

General context:

Diatoms are photosynthetic eukaryotes responsible for 20% and 25% of the total amount of oxygen and fixed carbon world-wide, respectively. Remarkably, very little is known about their biology and how they are affected by environmental changes. As part of the DIATOMICS project, we investigate cell division and life cycle of diatoms. These issues can easily be addressed now that we have access to the genome sequences of Thalassiosira pseudonana and Phaeodactylum tricornutum. The nature of the diatom’s cell wall, which is made of biogenic silica, imposes some special features on both its cell division and sexual reproduction. Because of the cell wall rigidity, the production of daughter cells by mitotic division is almost always accompanied by cell size reduction. Below a certain species-specific cell size threshold, the progressive size reduction can be curtailed by the onset of meiosis and production of a new offspring by auxo-sporulation. Uncovering the molecular basis of these processes will help us to understand the role of diatoms in marine ecosystems and their impact on bio-geochemical cycles. 

Long‑term objectives:

· Functional characterization of interesting cell and life cycle genes in the model species P. tricornutum.  

Short‑term objectives: 

· Identification of diatom core cell cycle genes and comparison with the known equivalents in Arabidopsis.

· Identification of genes expressed at different stages before, during, and below the cell size range for sexual reproduction and during different stages of the cell cycle of synchronized cultures.
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(Seventh Framework Programme) SPICY:  Smart tools for Prediction (and) Improvement of Crop Yield.

Principal Investigator: Marnik Vuylsteke

Personnel involved: 

Post-doc: Kleovoulos Athanasiou  (starting Nov 15th 2008)

Technician: Lien De Smet

General context:

To aim of this project is to develop a suite of tools based on molecular breeding to help breeders in predicting phenotypic response of genotypes for complex traits like yield under a range of environmental conditions. Hence it can improve the selection efficiency of these genotypes for these traits. 

Long term objectives:

· To develop an accurate prediction tool for phenotypic performance (growth, yield) of a genotype by means of an integrated gene-to-phenotype model, thereby reducing the effort of phenotyping new genotypes. 

· To find genes within the QTL using a reverse quantitative genetics and gene expression approaches.

· To develop fast and automatic large scale phenotyping tools such as imaging and fluorescence tools.

Short term objectives:

Mapping candidate loci underlying growth and fruit size on the genetic map.

INVE Industrial project: Sex reversal in the tiger shrimp: P. monodon

(in collaboration with Frank Van Breusegem)

Principal Investigator: Marnik Vuylsteke

Personel involved

Technician: Debbie Rombaut

General context

Female shrimp grow more quickly and to a larger size than males, and the ability to culture all female populations will add value to shrimp production. Sex reversal of shrimp using available (hormonal) methods has had limited success. The development of a reliable methodology for sex reversal requires knowledge of shrimp sex determination biology and the development of specific techniques to reliably alter expression of the genes (or activity of the gene products) controlling sexual development. 

In a previous research collaboration with INVE TECHNOLOGIES we have applied our cDNA-AFLP platform to build an extensive catalogue of genes involved in sexual development and maturation of Tiger Prawns. High-throughput screening of expression profiles has identified a candidate protein hormone involved in sex determination. Future experiments will focus on the development of tools for stock protection.         

Short term objectives

· Follow-up on the candidate molecule for sex reversal (recombinant protein production and purification, expression studies, biochemical analysis, etc.)

Long term objectives

· Sex-reversal of female shrimp.
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BIOINFORMATICS AND EVOLUTIONARY GENOMICS

Principal investigators: Yves Van de Peer, Pierre Rouzé

The Bioinformatics and Evolutionary Genomics (BEG) group is to become 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 gene 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 modelling 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 used for re-annotating the Arabidopsis genome, and to obtain the first preliminary annotations of several novel genomes, namely those of a moss (Physcomitrella patens), of unicellular green algae (Ostreococcus spp. and Micromonas pusilla) that of the poplar tree and that of associated symbiotic or pathogenic fungi, Laccaria bicolor and Melampsora larici-populina. For the coming years, we will further improve our gene prediction software and work towards an integrated genome annotation platform, in order to speed up annotation efforts and to further increase the reliability and efficiency of genome annotation projects, with the prospect to cope with novel kinds of data (e.g. 454 sequences, tiling and expression arrays) and to increase the efficiency of expert inputs. Genome annotation will indeed continue to be a major driver for our research (see further) since we are or will be involved in future gene prediction and genome annotation projects in plants (tomato, Medicago, Arabidopsis lyrata, Capsella rubella, Eucalyptus, Zostera), algae (Ectocarpus, Emiliania huxleyi, Bathycoccus), fungi (Glomus, Heterobasidion, Paxillus, Serpula), and animal, with the plant-eating spider mite. Therefore, further development of efficient gene annotation platforms with links to downstream analysis is of crucial importance.

These new genomes will provide us with a large amount of new sequence information that we will exploit for further research during the coming years.  In particular these new genomes will be applied in a comparative way to:

· Identify conserved non-coding RNA genes

· Identify conserved cis-regulatory elements in promoter regions

· Delineate gene families across plant species

· Identify syntenic and collinear regions between different genomes

· Trace the evolutionary history of some major genes, pathways and networks

We will also focus on an evolutionary systems biology approach to study the cell cycle in more detail.  The availability of many new genomes will allow us to study genes involved in the cell cycle across different species and will allow studying how the cell cycle has evolved through time and over the tree of life.

Thirty-five years ago, Susumu Ohno´s seminal book entitled “Evolution by Gene Duplication” outlined the potential role of gene duplication as the driving force behind the evolution of increasingly complex organisms. Recent analysis of complete eukaryotic genome sequences has revealed that gene duplication has indeed been rampant. Moreover, next to a continuous mode of small-scale gene duplications, in many organisms, the complete genome – or at least large portions thereof – has been duplicated in their evolutionary past. In particular such large-scale gene duplication events have been associated with important evolutionary transitions and are considered a major driving force for evolution and the increase of biological complexity, and adaptive radiations of species. However, the mechanisms underlying evolutionary innovation through these genome duplications and the overall consequences for evolution and complexity remain unclear. We have recently started to develop full-fledged mathematical models that quantitatively simulate the population dynamics of duplicate genes. Such a model estimates the birth and death rates of genes, taking into account both major, genome-wide duplication events and a continuous mode of gene duplication and gene loss in a coupled differential equation framework. By applying the computational model to different functional categories of Arabidopsis genes, we can assess the importance of different gene duplication events for the evolution of specific gene functions or biological processes and pathways. Our model has already shown that decay rates for genes of most functional Gene Ontology categories are vastly different for large-scale and small-scale duplication events. Furthermore, it allows correlating gene duplication events with decisive moments in evolution, such as the K/T boundary for plants. Applying such mathematical models will allow us to speculate on the evolution of important biological processes and can provide working hypotheses for the further study of biological networks and evolution of transcriptional regulation.  

Recently, a new team has been formed in the Bioinformatics & Evolutionary Genomics group to work on ambitious projects in computational systems biology. Our main focus to date has been to develop methods for reverse engineering transcription regulatory networks from transcriptome data. For this purpose, the transcription regulatory network is modeled by a directed graph where nodes represent genes and directed edges represent transcriptional regulation of the gene on the target node by the protein product of the gene on the source node. The expression of a gene is treated as a stochastic function of its regulators or parents in the graph. Using the mathematical framework of probabilistic graphical models or Bayesian networks we can associate to each network a likelihood given a data set of genome wide expression measurements and reconstruct the regulatory network by searching for a network with maximal likelihood. To improve statistical robustness and reduce computational complexity, we include biological principles in our model which suggest that regulatory circuits coordinate activation or repression of modules of genes that are involved in the same process. Our computational method has been validated on synthetic gene expression data as well as experimental data for S. cerevisiae, and our Java software tool LeMoNe ('Learning Module Networks') is freely available. The learning procedure in LeMoNe simultaneously identifies the composition of the modules and finds regulators that best predict the expression of its genes.

In the future, we plan to integrate other sources of data into our network inference algorithm. Data sources such as protein-protein and protein-DNA interaction data unveil distinct aspects of transcription regulatory networks. Integrating these types of data with gene expression data is a great computational challenge but will undoubtedly allow a more complete insight into the transcription regulatory network. On a parallel track, we plan to study transcription regulatory networks in the context of evolution to understand why they are organized as observed. In particular, we are interested in understanding the role of gene duplications in shaping the transcription regulatory network.

Research topics: Annotation - MicroRNAs in plants - Transcriptional regulation - Evolutionary analysis of transcriptional regulation in plants - Systems biology – Gene, gene family, and genome evolution

Gene, Protein, and Genome Annotation 

Gene modeling and annotation for eukaryote genomes

Principal investigators: Pierre Rouzé, Yves Van de Peer

Personnel involved

Post-doc: Yvan Saeys, Lieven Sterck 

PhD students : Jeffrey Fawcett, Yao-Cheng Lin, Thomas Abeel, Walter Sanseverino (visiting)

Senior Staff : Stephane Rombauts

Staff : Kenny Billiau, Michiel Van Bel, Thomas Van Parys

Visiting Scientist: Miodrag Grbic (anticipated for 2009)

Master students & Volunteer: Esther-Kristin Lather, Tom Debusschere, Hsing-Fang Lee 

General context


The sequencing of genomes became more and more accessible and projects for sequencing ever larger genomes or genomes at key positions along the phylogenic tree were initiated. This large amount of raw sequence contains a wealth of information that needs to be extracted. The gene-caller platform, called EuGene, was developed in collaboration with INRA Toulouse (Thomas Schiex), and has been used up-to-now for re-annotation of the A.thaliana genome for the CATMA microarray design, the annotation of the genomes of O.tauri and O.lucimarinus (PNAS, x2), poplar (Science), Physcomitrella (Science) and Laccaria (Nature) most of it in collaboration with the JGI. EuGene has also been adopted as the central prediction program in the IMGAG-pipeline (International Medicago Genome Annotation group) providing a unified high quality annotation for the whole Medicago-community.

The scientific questions that are addressed, beyond the proper prediction of genes, refer to properties of the genomic sequence and genes themselves that will determine the way and ease at which prediction can be generated. In return it points to novelties and/or important biological features of the species under sequencing. Furthermore each genome will bring its challenge in terms of complexity, available data, and the quality thereof. An important part within the annotation process includes also the detection of repeated sequences, such as transposable elements, as those interfere with the quality of predictions, again with an outcome towards genome evolution.


In doing genome annotation, our aim is to allow experimental and in silico downstream analysis of genes and their products, of gene regulation, gene & protein networks and of genome as a whole, the whole as easy and efficient as possible. The advantage of being at the source of the genome annotation confers us the opportunity of performing the first genome wide analyses, such as large scale genome organization, and genome duplications, but also the expansion of gene families relative to other genomes. It also provide strategic visibility to the team, with an increasing role in shaping future genome sequencing initiatives


Long-term objectives:

· Implement an in-house gene-caller, allowing freeness to operate and easier modules integration, in order to address novel annotation issues and grab input from new kinds of data.

· Develop user-friendly annotation interfaces to allow efficient input of human expert curators. Link annotation tools with sequence comparison and expression analysis to allow a back and forth information process to occur.

· Develop methods and databases to increase the performance of automatic functional annotation, especially for plant genomes.

· Being partners in the deciphering of major processes for the species investigated, bringing important novelty either in term of basic knowledge or in terms of applications. 

· Expand our genome projects landscape to allow a wider view on biology. 

· Together with other publicly available key genomes, offer a wide spectrum of plant genomes with high added-value, via the web.

Short-term objectives:

· performing the necessary core contributions for the different genome-annotation-projects, from data collection, to training, to gene calling, to functional family whole genome analysis and publication.

· Building more reliable HMM models to identify and classify plant protein families with application on disease resistance, cell cycle and transcription factors

· Genomes in the gene modelling pipeline (or anticipated to be by 2009): Medicago, Tomato, Eucalyptus, Tetranychus urticae, Bathycoccus, Glomus intraradices, Pichia pastoris, Heterobasidion annosum, Paxillus involutus, Serpula lacrymans 

· Genomes in the genome-wide and functional analysis process: Ectocarpus siliculosus, Ostreococcus (deep strain), Melampsora larici-populina, Emiliania huxleyi, A.lyrata, Medicago, tomato.

· Improve general purpose sequence & associated data web visualization and annotation infrastructure (Gbrowse, Bogas)

· Implementing an in-house gene-caller version-1, based on Eugene features
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MicroRNAs in plants

Principal investigators: Pierre Rouzé, Yves Van de Peer

Personnel involved: 

Post-docs: Eric Bonnet, Stefanie De Bodt

General context:

microRNAs are non-coding RNAs ~21 nt long that regulate protein-coding gene expression at post-transcriptional level by binding to their targets with a near-perfect complementarity. Despite their quite recent discovery, they are involved in many fundamental processes, including regulation of development, flowering time, organ shape. 

microRNA genes have a particular secondary structure, that can be used to build prediction software.  We have developed such an approach for the prediction of microRNA genes and successfully applied it to the prediction of microRNAs and their targets within the Arabidopsis, poplar and rice genomes.  

We have developed a method that can detect miRNA targets de novo, based on the analysis of the substitution pattern of the miRNA target site. In orthologous sets of genes of the eudicot species Arabidopsis, poplar and Medicago, possible miRNA targets are identified that contain ultraconserved regions of 21-24 nucleotides. The increasing availability of multiple complete plant genomes will allow the application of the method to the detection of generally-conserved as well as lineage-specific miRNAs. Sequencing of short RNAs can now be done at low cost, providing large datasets which associated to genomic sequence are a mining source to pinpoint non coding functional RNAs in organisms where no experimental evidence is available. The sequencing of the Medicago genome which is almost finished is a typical example. For this project, miRNAs will be searched, starting from every possible known miRNA in plants. The Meyers lab (US) will bring expression data for Medicago small RNAs. The protein coding genes being quite well annotated, this should lead to a high quality and insightful prediction of miRNA targets. The expectation is the finding of miRNAs controlling legume-specific processes adding to the single documented one.

Long term objectives:

· Extend the analysis of microRNAs in organisms where they are not yet fully characterized, like fungi. Starting or developing collaborations with experimental groups working on microRNAs and/or collecting data on small RNAs.

Short term objectives:

· Analysis of small RNAs using deep sequencing experiments data in fungi (collaboration with Francis Martin, INRA Nancy France).

· Collaboration for the annotation of specific Medicago miRNAs and prediction of their targets.

· Development of a new software tool for a better prediction of plant miRNA target, including the recently discovered anti-targets and targets with low complementarity.
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Transcriptional regulation

Structure of the eukaryotic promoter and applications in promoter prediction

Principal investigators: Yves Van de Peer, Pierre Rouzé

Post-doc: Yvan Saeys

PhD-student: Thomas Abeel [IWT]

General context:

Promoters play a crucial role in the regulation of the transcription of genes, yet their structure is largely unknown. While in prokaryotes the core promoter is thoroughly defined, the eukaryotic promoter is still under debate. Early studies indicated that eukaryotic promoters, like prokaryotic promoters, contained a TATA motif, but over time many more motifs have been defined. It becomes more and more apparent that there exist different classes of promoters and some promoters do not contain any known motif. The more we know about promoters, the more it becomes clear that motifs are only a part of the picture to describe a promoter, with methylation, accessibility and other topological constraints playing major roles.

Structural features are another way to look at DNA besides sequence proper. This approach looks at secondary information imposed by the sequence. Structural features are physical and chemical properties of the DNA like stacking energy, propeller twist, bendability, amphiphilicity, etc. For a comprehensive list we refer to both Baldi and Liao. 

Although there is little sequence conservation, it was found that in eukaryotic promoters the structure is preserved, which was confirmed by Florquin et al. who clustered genes with similar structural profiles and found that there was very little sequence conservation within the clusters. Other methods used DNA stability as a technique to predict prokaryotic promoters, based upon the observation that there is a difference in DNA stability between promoter and non-promoter regions. 

Existing promoter prediction tools are, in general, not able to reliably identify promoters in a genomic sequence, and still predict too many false positives. One of the reasons why these programs do not perform better is that they are focused on "search by signal" using only one or two given features such as the presence of a TATA box or initiator element, but disregard structural and wider sequence based features characteristic for promoter elements. Therefore, we try to use and develop new approaches that do take into account more features and that consider the higher order structure of a promoter DNA sequence important for transcriptional regulation.

Short term objectives:

· Apply ensemble features selection methods to promoter sequences and look for promoter properties that are valid for a range of organisms.

Long term objectives:

· Use methods from the machine learning field to discover different classes of promoters and train specific models for them

· Use techniques from signal processing (in this case wavelets) to better describe the structural profile and to filter out noise. 

· Aggregate all the different models with ensemble learning techniques to an in silico TSS prediction program that can accurately identify TSSs.

· Integrate the promoter prediction tools into a genome annotation pipeline
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Evolutionary analysis of transcriptional regulation in plants

Principal investigator: Yves Van de Peer

Post-doc: Klaas Vandepoele

PhD-students: Elisabeth Wischnitzki (ERA-PG Ciscode), Sara Movahedi

General context:

The diversity and complexity of higher plants and other multi-cellular eukaryotes is caused by the underlying molecular interactions driving different biological processes. Based on the assumption that the diversity in protein functions is responsible for the evolution and biological complexity of eukaryotic organisms, a lot of studies have focussed on the evolution of these protein-encoding regions. However, given the limited amount of species-specific genes, together with the large amount of functional homologous genes in the genomes of different species, it is obvious that additional mechanisms, like variation in gene expression, also contribute to the diversity in molecular complexity (Monod and Jacob, 1961). Although it is easy to understand that changes in the place or time of gene expression can create new or alternative molecular interactions, little information about the evolution of transcriptional regulation in plants is known. This knowledge however, is essential, because each gene is flanked by regulatory sequences which, together with the expression and activity of other proteins, determine the amount, place, and timing of expression. Short cis-regulatory elements form the functional components of a promoter, because they determine the specificity of protein binding by transcription factors. Therefore, characterizing these motifs is required in order to understand the regulatory interactions between trans-acting proteins and the promoters of thousands of genes within a eukaryotic genome. This information is also essential when studying biological processes from a holistic point of view by incorporating and combining complementary functional data sets (‘systems biology’).

The goal of this project is to study the architecture and evolution of plant promoter sequences, which play an important role in transcriptional regulation. Fully sequenced plant genomes (e.g. Arabidopsis, poplar, rice, Medicago, Lotus, tomato) together with extensive expression data sets will be used to characterize the basic composition of plant promoters. Through the integration of whole-genome sequences from different plant species, a phylogenetic footprinting platform will be developed to identify evolutionary conserved cis-regulatory elements. Complementary, experimental data about TF protein–DNA interactions (ChIP-chip) will be collected from literature to evaluate and validate our computational cis-predictions. The organization of these elements will then be studied within the upstream sequences of genes harbouring similar functions, as well as in promoters of co-regulated genes within one organism. We expect the comparisons between related plant species (e.g. between eudicot species or monocots species) to allow the identification of conserved combinations of cis-regulatory elements (regulatory modules). With the objective of understanding how transcription of paralogous genes has evolved after duplication in plants, we are launching a comparative transcriptomics project, making use jointly of expression data (with statistical analysis of co-expression) and other information on orthologous and in-paralogous genes, such as Gene Ontology annotation, cis-regulatory elements (see above) and orthology relationships with other species.

Short term objectives:

· Identification of cis-regulatory elements using phylogenetic footprinting

· Reliable detection of genes containing putative regulatory elements

· Study of co-expression neighbourhood of orthologous genes

· Patterns of regulatory/co-expression divergence after duplication

Long term objectives:

· Evolution of regulatory signals after speciation and duplication. Identification of mechanisms responsible for promoter evolution.

· Evolution of transcriptional cis-regulatory signals throughout the green plant lineage.

Bibliography:

Vandepoele, K., Vlieghe, K., Florquin, K., Hennig, L., Beemster, G.T.S., Gruissem, W., Van de Peer, Y., Inzé, D., and De Veylder, L. (2005). Genome wide identification of potential plant E2F target genes. Plant Physiol. 139, 316 328.

Vandepoele, K., Casneuf, T. and Van de Peer, Y. (2006). Identification of novel regulatory modules in dicot plants using expression data and comparative genomics. Genome Biology 2006, 7:R103.

Systems Biology

Computational Techniques for Modeling Biological Systems 

Principal investigators: Yves Van de Peer, Gerrit Beemster

Personnel involved:

Post-docs: Eric Bonnet, Steven Maere, Tom Michoel, Vanessa Vermeirssen

PhD-students: Anagha Joshi, Kevin Vanneste

Staff: Thomas Van Parys
General context: 

One of the goals of the systems approach to molecular biology is to reverse engineer the regulatory networks underlying cell function. Particularly transcriptional regulatory networks have received a lot of attention, mainly because of the availability of large amounts of relevant experimental data. Several studies use expression data, promoter motif data, chromatin immunoprecipitation (ChIP) data and/or prior functional information (e.g. GO classifications [7] or known regulatory network structures) in conjunction to elucidate transcriptional regulatory networks.   An important class of methods are those which not only seek to identify the topological wiring of the network, but also attempt to infer a model of the biological system which explains the observed gene expression patterns and generates testable hypotheses.  Such models can take the form of probabilistic graphical models, simplified kinetic equation models, or biophysical models. A common property of all modeling approaches is that they are data intensive, the number of parameters is much larger than the number of experimental data points available to define them.  Dimensionality reduction is usually achieved by a coarse-graining step which collapses individual genes into clusters of coexpressed genes or modules, where all genes in a cluster share the same model parameters.  This conceptual simplification has as a drawback that inferred interactions are influenced by the module quality. In addition, as microarray data are noisy, adding spurious profiles to clusters is inavoidable. Therefore, when searching for modules, often many local optima exist with partially overlapping modules differing from each other in a few genes or conditions. 

Despite the many false positive interactions, previous approaches still allow to infer a more or less correct global view on the transcriptional modules through functionally coherent gene clusters. Although interesting, such global insights are of less practical use to a biologist who needs to design further experiments. Therefore, in our approach we exploit the “fuzzy'' property of a module to increase the reliability of the predicted interactions. Instead of reporting only one cluster solution (local optimum), we use a stochastic Gibbs sampling approach [1-5] to generate many partially redundant cluster solutions (bootstrapping) and generate an ensemble solution by averaging over multiple high-scoring models. Crucial for the success of the ensemble approach is the availability of an efficient method for sampling a large number of different models covering the whole search space of possible models. Therefore we use the deterministic approach of LeMoNe [5] as a basis for our stochastic sampling method. Compared to the original method, gene and condition clustering are decoupled from learning the regulatory programs. This allows for a higher efficiency while maintaining an equal performance rate [2].  We applied our stochastic LeMoNe strategy to a large E. coli compendium [4]. Benchmarking clearly showed the advantage of introducing the ensemble approach.

We developed a novel method to extract (partial) expression correlations and transcriptional modules from perturbational gene expression data, based on the use of combinatorial statistics and graph-based clustering. Briefly, gene expression profiles are discretized into three categories (upregulated, downregulated, unchanged) based on p-values for differential expression. For each pair of profiles, we then assess the probability that the observed overlap of upregulated and downregulated fields is generated by chance. The resulting correlation p-values are corrected for multiple testing and translated to edges in a coexpression network, which is then clustered into (overlapping) expression modules using a graph clustering procedure that identifies densely connected components in the network. Relevant condition sets are then determined for all modules and the modules are screened for enrichment of Gene Ontology categories and transcription factor binding sites. Finally, a regulation program is learned for each module in an attempt to explain the expression behavior of the module's genes as a function of the expression of a limited set of regulators (transcription factors and signal transducers). We have incorporated this methodology in a software tool called ENIGMA. One of the main strengths of ENIGMA is its ability to uncover subtle crosstalk between processes. We tested the performance of ENIGMA on both modular and non-modular artificial data and we showed that ENIGMA outperforms other methods. We also applied ENIGMA to the Rosetta compendium of expression profiles for Saccharomyces cerevisiae. In particular, we were able to discriminate a subset of candidate mating-related genes whose expression appears to be regulated by the transcription factor Tec1, although their promoters lack Tec1 binding sites [6]. 

We are also now working on a new algorithmic approach based on the identification of modules based on network motifs in integrated networks. Indeed, in undirected networks, modules can be defined as sets of densely connected nodes having few ties with the rest of the network. Network motifs are recurrent small subgraphs (max. 4 genes) that were shown to occur frequently in biological networks. They usually aggregate into larger topological structures, each having a specific biological function. We have defined an algorithm that is finding sets of nodes densely connected according to a particular motif, given as input. With this kind of approach, we can integrate various types of dataset, expression data, protein-protein interactions, etc. The algorithm  has been validated on an integrated network of transcriptional, protein-protein and phosphorylation interactions in yeast [14]. We  have also developed a cytoscape plugin that will allow biologists to easily use our algorithm. Analysis of integrated interaction networks has also led to the definition of regulatory path motifs which characterize signaling mechanisms between transcription factors and their targets in perturbational expression data [13]. We have developed a cytoscape plugin for automatically identifying such path motifs [13].
One of the major goals in plant molecular biology is to understand the molecular interactions and regulation networks that underlie plant growth and development. We are currently using both LeMoNe and ENIGMA for the discovery of transcriptional modules involved in these processes. We gathered an expression compendium of 1231 Affymetrix ATH1 slides, focusing on tissues, conditions and perturbations relevant for the study of leaf development, root development and the cell cycle. This is done in collaboration with the different wet-lab groups of the Plant Systems Biology department.

We are now also starting to apply our module network algorithms to other problems and organisms. A first project involves microRNAs. MicroRNAs are emerging in both animals and plants as major regulators of the expression of protein coding genes. We have applied the LeMoNe algorithm to a cancer related expression dataset, where the expression data has been measured for both miRNAs and mRNAs. We could identify a couple of interesting modules where miRNAs are selected as high scoring candidate regulators. Those modules are highly coherent, with genes involved in the same function and a detailed analysis is showing that the assignment of the candidate regulators is in good agreement with previously published results. We are now collaborating with the group of Geert Berx (DMBR) to set up some experiments to validate some of the predictions [8].

A second project focuses on the worm C. elegans, because in addition to gene expression profile data, also protein-DNA interaction data out of first hand [9,10] (Deplancke et al., 2006), gene expression pattern and cis-regulatory motif data are available (Wormbase).  After applying stochastic LeMoNe to C. elegans Affymetrix expression arrays (>300), we predicted transcription regulatory interactions for each module, by relating the top 20 best candidate regulators of the module to each gene in the module. We visually inspected the experiment split (the partitioning of conditions) and regulator split in each module. For most modules, the majority of genes have co-expression links in Wormnet (Lee et al., 2008), which uses expression data from cDNA microarrays. In addition, several gene modules show significant GO enrichment as analyzed with BiNGO [11]. This illustrates that LeMoNe correctly identifies co-expressed genes in a biological process. The predicted transcription regulatory interactions from stochastic LeMoNe were compared with a set of “known” regulatory interactions in C. elegans, consisting of yeast one-hybrid protein-DNA interactions [9,10] (Deplancke et al., 2006), their derived regulatory interactions and  regulatory interactions from Wormbase. Despite the small size of this dataset, we could retrieve several transcription regulatory interactions predicted by LeMoNe. Interestingly, we found a couple of modules with a good split and significant GO enrichment and for which there exists evidence that the candidate regulator might be involved in a similar process as the genes in the modules. Hence, for these modules we could infer transcription regulatory interactions between their top candidate regulators and genes in the module and predict new functional relationships for uncharacterized genes [12]. 

In a parallel approach (non-module networks), we will predict transcription regulatory interactions from a C. elegans gene-gene network (Wormnet, Lee et al., 2008) and published protein-DNA interactions or regulatory information. We would like to investigate to what extent we can predict that a transcription factor regulating gene A, which is involved in some genetic interaction with gene B, is also regulating gene B. Vice-versa, can genetic interaction information between transcription factors provide some evidence that they regulate the same set of target genes? A related question involves the use of regulog and interolog data (respectively conserved regulatory interactions and conserved protein-DNA interaction data e.g. ChIP/Y1H) in the prediction of transcription regulatory interactions. 

Long term objectives:

· Develop extended module network models that use/integrate more types of data (e.g. ChIP-chip, motifs, sequence polymorphisms) for the purpose of reconstructing regulatory networks.

· Use these models to unravel (parts of) the regulatory wiring of A. thaliana.

· Integrate those models into the Bioframe (SBO funded) framework.

Short term objectives:

· Infer module networks from Arabidopsis data, specifically focussed on developmental processes (leaf development, root development, cell cycle) using both of the formalisms described above.

· Apply the motif based clustering to various biological datasets.

· Predict transcription regulatory interactions in C. elegans, both using the stochastic LeMoNe approach and the “extend the link” approach, which is based on a gene-gene network and known regulatory information/protein-DNA binding data

· Test hypotheses coming out of the ENIGMA network analysis in vivo
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Using module-based probabilistic graphical models to investigate genotype-phenotype relationship

Principal investigators Yves Van de Peer, Marnik Vuylsteke, (Aviv Regev, Jill Mesirov)

Personnel involved:

Post-docs: Nathalie Pochet, Hilde Van den Daele, Heidi Wouters, Eric Bonnet, Steven Maere, Tom Michoel, Vanessa Vermeirssen 

PhD-students: Hesam Dashti, Cindy Martens, Fanghong Zhang, Anagha Joshi 

Subtitle: Identifying regulatory genetic variants underlying dominance expression patterns in A.thaliana by module-based probabilistic graphical models

(Nathalie Pochet, Hilde Van den Daele, Heidi Wouters, Eric Bonnet, Steven Maere, Tom Michoel, Vanessa Vermeirssen, Hesam Dashti, Anagha Joshi, Fanghong Zhang)

General context:

Integrated analysis of DNA sequence variants and phenotypic differences at the level of gene expression allows for unraveling molecular pathways underlying phenotypic variation across individuals. The intermediate position of gene expression between genotype and organismal phenotype makes it ideally suited to serve as a bridge between heterozygosity and heterosis. Ultimately, it will be necessary to include variation in proteins and metabolites in the analysis as well. At present, however, genetic dissection of transcript abundance is the emerging approach that sheds light on the genetic complexity of transcript levels. Methods such as Geronemo (Segan et al., 2003; Su-In Lee et al., 2006) and LeMoNe [1] aim for deciphering both the cell’s regulatory network and perturbations to it resulting from sequence variability. Variations in both sequence and expression of regulators are considered to act on sets of co-regulated genes (modules). Modularity of genetic regulatory systems allows recovering complex combinatorial regulation. Incorporating both expression and genotype of regulators enables capturing cases where the effect of sequence variation on its targets is indirect. 

Our aim is to identify regulatory mechanisms underlying dominance expression patterns in Arabidopsis thaliana. For that purpose, ten (homozygous) accessions were used as parents and crossed in a full diallel design to produce 45 F1 hybrids. For all 55 individuals we measured gene expression using the 44K Agilent microarray. Genetic marker information (SNP) for the ten accessions was acquired through public databases and F1 hybrid genotypes were derived from parental genotypes. Using the original formulation, however, both Geronemo and LeMoNe are incapable of adequately capturing information acquired from a diallel design. We therefore intend to extend LeMoNe to also incorporate diallel information comprising more than two genotype states, and subsequently apply this method to identify regulatory genetic variants underlying dominance expression patterns in Arabidopsis thaliana.

Long term objectives:

•
Identify regulatory genetic variants underlying dominance expression patterns in Arabidopsis thaliana.

Short term objectives:

•
Extend LeMoNe to incorporate genotype regulators, in particular genetic markers comprising more than two genotype states.

•
Apply this method to identify regulatory genetic variants underlying dominance expression patterns in Arabidopsis thaliana.
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Subtitle: Modeling molecular pathways underlying interactions between the malaria parasite Plasmodium falciparum and the human host

(Nathalie Pochet, Yves Van de Peer, Cindy Martens, Hesam Dashti) in collaboration with Aviv Regev, Jill Mesirov, Dyann Wirth, Johanna Daily, Maura Kak, Broad Institute.

General context:

In our work performed at the Broad Institute of MIT and Harvard and recently published in Nature , we have examined for the first time the transcriptional profiles of Plasmodium parasites isolated directly from the blood of 43 patients with mild disease in Senegal. We discovered that expression profiles cluster into three distinct groups. Based on a comparative analysis with expression profiles of the yeast Saccharomyces cerevisiae, we characterized Cluster-2 state as a normal fermentative (glycolytic) growth, Cluster-1 state as a putative starvation response, accompanied by oxidative phosphorylation, and Cluster-3 state as a stress response, associated with elevated inflammation in the patients. Host data associated with these novel states suggest that differences in parasite biology may contribute to disease outcomes. This is important as it suggests a novel pathogenesis model and may provide previously unidentified parasite biology that could be targeted.

To build on our preliminary results, we will replicate our study in a cohort that also includes a large number of children with severe disease. Malaria experts from the Broad Institute will collect ~100 venous blood samples in a cohort in Kisumu, Kenya, where a wide spectrum of disease manifestations has been documented. They will directly isolate parasite and human RNA and DNA and hybridize those to expression and genotyping arrays. They will also collect extensive clinical, immunological, demographic, and epidemiological data on each patient. We will analyze the collected profiles and related parameters using a suite of computational tools developed for the analysis of the original cohort – including clustering algorithms, methods for comparative analysis (within and between species), gene set based analysis for identifying genes associated with discrete and continuous parameters. Moreover, we intend to acquire a more in-depth insight in the molecular-genetic pathways underlying both parasite and host diversity, and more intriguingly also those reflecting their interactions. Reconstructing the network of host-parasite interactions might have a major impact on understanding the molecular-genetic mechanisms underlying parasite’s virulence and invasion, possibly leading to the discovery of novel targets for vaccines. We will therefore formulate and develop complex module-based probabilistic graphical models based on carefully formulated definitions of inter-network relationships in a host-pathogen system, starting from the existing Geronemo and LeMoNe algorithms. 

Long term objectives:

· Identify parasite molecular-genetic pathways associated with severe disease to provide new mechanisms into pathogenesis and novel targets for the field of malaria specifically. The exciting innovation of this aim is the simultaneous measurement of parasite and host transcriptome and genome to define host-pathogen effects at the transcript level, taking into account genetic variation. 

Short term objectives:

· Identify signatures from in vivo profiles of blood borne Plasmodium and peripheral blood mononuclear cells (PBMC) from patients with a wide spectrum of clinical presentations, using a suite of computational tools developed for the analysis of the original cohort.

· Develop novel module-based probabilistic graphical models based on appropriately formulated inter-network relationships in a host-pathogen system, starting from Geronemo and LeMoNe. 
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The evolution of gene regulation in plants

Principal investigator: Yves Van de Peer

Personnel involved:

Post-docs: Grigoris Amoutzias, Tom Michoel 

PhD-students: Ying He 

General context:

If all the genes in a genome are considered a dictionary for the language of life, then the syntactic and grammatical rules of that language would be equivalent to gene regulation. From a finite set of genes, many different phenotypes can emerge, depending on their spatiotemporal expression, the splicing of their transcripts, and the post-translational modifications of their protein products. Undoubtedly, Transcription Factors (TFs), as controllers of transcription initiation, influence such important biological functions as gene regulation and the complexity of development and differentiation. Therefore, it is no surprise that organismal complexity (in terms of number of distinct cell-types) correlates with an expansion of certain gene categories that are involved in gene regulation and signal transduction. Complexity also seems to correlate with the number and coverage of protein-protein interaction domains per protein.

Various segments of a TF, like the DNA-binding domain, dimerization, activation, ligand-binding or other domains that are involved in protein-protein interactions are conserved at different levels.

Long term objectives:

· Understand which parts of TFs underwent dramatic changes during key phases of plant macroevolution.

· Compare the trends that we observed in plants with trends observed in other eukaryotic lineages

Short term objectives:

· Study the evolution of phosphorylation sites using freely available phosphoproteomic experiments.

· Study the evolution of intrinsically disordered regions in TF families that are enriched in them.

· Study the evolution of protein-protein interaction domains in eukaryotic TF families.
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Enriching interaction networks using data and text mining

Principal investigator: Yves Van de Peer

Personnel involved:
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PhD-students: Sofie Van Landeghem (BOF-UGent),

General context: 

As publicly available data in the field of life sciences is increasing continuously, data and text mining techniques that automatically extract knowledge from online databases and scientific literature have become a time saving necessity.

Furthermore, the combination of these different types of data (heterogeneous data sources), and their integration offers some important advantages in the context of systems biology, the most important ones being more reliable and more robust models. These scientific challenges open up new possibilities for the use of data and text mining, which are now confronted with huge amounts of data, high dimensional vector descriptions of the data, and data of different types.

Within the systems biology research topic, these data integration techniques will lead to improved models for interaction networks, potentially extending them by assigning weights that represent the trustworthiness of interactions between several entities in the network. This can then lead to improved interaction models that potentially offer a more reliable and more complete picture of the true underlying regulatory logic of the organism.

Long term objectives:

· Complement the existing interaction networks (e.g. the module networks found using the module network learning algorithms) with integrated data from a wide range of different data sources

· Build weighted graph models for interaction models, the weights representing the reliability of the connection between the entities

· Study the evolutionary dynamics of networks by cross-species comparison of conserved subnetworks.

Short term objectives:

· Create a corpus for the plant cell cycle literature as well for microbial organisms.

· Apply the Lucene text search engine on the corpora

· Combine the text search engine approach with an in-house custom made application of natural language processing and machine learning.

· Extract simple interaction networks (e.g. protein-protein interaction networks) from existing databases (e.g. literature, protein interaction databases)
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Gene and genome evolution

Principal investigator: Yves Van de Peer

Personnel involved:

Post-docs: Klaas Vandepoele, Steven Maere, Jonathan Gordon

PhD-students: Cindy Martens, Guy Baele, Tine Blomme, Pedro Pattyn, Jeffey Fawcett, Sebastián Proost

The impact of gene and genome duplications on the evolution of development in angiosperms

Large-scale gene duplication events have been associated with important evolutionary transitions, major leaps in development, and adaptive radiations of species. Recent studies in A. thaliana have found that transcription factors, signal transducers and developmental genes, whose expansion and functional diversification is considered to be necessary to bring about an increase in morphological complexity, have been retained in excess subsequent to genome duplication. More importantly, it seems that the majority of these regulatory gene duplicates could be retained only because they were created through large-scale gene duplication events. Therefore, it is tempting to link these genome duplication events to decisive moments in the evolutionary history of the angiosperms. Particularly 1R and 2R could have been major effectors in the fast rise and diversification of angiosperms in the Early Cretaceous (145–125 Mya), events referred to by Darwin as ‘an abominable mystery’. Many different plant lineages seem to have experienced a recent genome duplication which, starting from paralogous genes lying in duplicated segments or identified in large EST collections, we have dated through penalized likelihood phylogenetic tree inference at about the same time, close to the Cretaceous-Tertiary (KT) boundary. Due to advantages such as altered gene expression leading to hybrid vigor and an increased set of genes and alleles available for selection, polyploid plants might have been much better adapted to the drastically changed environment and probably outcompeted many of their diploid relatives.

However, we have only begun to elucidate the mechanisms underlying evolutionary innovation through genome duplication. Currently, our main goal is to study the role of small- and large-scale duplications in the evolution of plant complexity and developmental processes (evo-devo) from a systems biology perspective. In recent years, it has become widely acknowledged that morphological evolution reflects the evolution of the underlying developmental networks, and that it is therefore necessary to study the evolution of genetic networks in order to comprehend the evolution of organisms. Such network-level analyses have recently become feasible thanks to the increased availability of functional genomics data, fuelled by the development of high-throughput technologies such as microarray-based transcript profiling. In the context of the cell cycle systems biology project (see above), we gathered an expression compendium of 1231 Affymetrix ATH1 array for A. thaliana, focusing on tissues, conditions and perturbations relevant for the study of developmental and cell cycle processes. We plan to add at least as many arrays on biotic and abiotic stress conditions and mutants, creating an expression compendium 

An ever increasing dataset of whole genome sequences from angiosperm lineages will also allow high resolution comparisons of gene order and content between these genomes. This data will help to unravel the multiple genome duplications in the angiosperms and potentially allow the tracing of the rearrangement histories of these genomes since their common ancestors.

Analysis of Functional Divergence of Duplicated Genes

Recent genome analyses have revealed that gene duplication is rampant in eukaryotic organisms and that many of the duplicated genes have been created through large scale or even genome wide duplication events. Such large-scale events have been considered important for adaptive radiations of species and for introduction of evolutionary novelties. While gene duplication is known to be one of the most common mechanisms of genome evolution, the fate of genes after duplication is still under debate. Several models have been put up that describe the fate of duplicate gene copies (e.g. nonfunctionalisation, neofunctionalisation, subfunctionalization and redundancy), but their prevalence is currently unknown. 
We aim to resolve some of the remaining questions: how fast do duplicates diverge, does the rate of expression divergence depend on the tissue in which a gene is expressed, how widespread is subfunctionalization (where two duplicates split up the expression patterns of the ancestor gene), is there evidence for sets/networks/pathways of genes that evolve in expression together? Using microarray data, we study the functional divergence of duplicated genes.

Analysis of large-scale gene duplications in fishes as model systems for vertebrate genome evolution

Gene duplication is assumed to have played a crucial role in the evolution of vertebrate organisms. Apart from a continuous mode of duplication, two or three whole genome duplication events have been proposed during the evolution of vertebrates, one or two at the dawn of vertebrate evolution, and an additional one in the fish lineage, not shared with land vertebrates. Here, we have studied gene gain and loss in seven different vertebrate genomes, spanning an evolutionary period of about 600 million years.

Gene family evolution in the Chromalveolates

The Chromalveolate supergroup represents a large fraction of known eukaryotic diversity, ranging from tiny obligate intracellular parasites to free-living algae.  Many of these protist species are of great medical (e.g. Plasmodium spp., causative agent of malaria), veterinary and agricultural importance because of their pathogenicity to man, cattle and crops.  Others are of ecological interest such as the diatoms, which are responsible for approximately 40% of the marine primary production. In contrast to the higher eukaryotes like plants, animals and yeasts, the general knowledge of gene and genome organisation within the protists is very limited.  

With the genome sequence data of several Chromalveolate genomes we are investigating the evolution of gene families by means of phylogenetic profiles.  These profiles allow to characterise the genome dynamics and to unravel the molecular mechanisms responsible for the unique features of these species.  Currently, gene loss in the different Chromalveolate lineages is being studied, both quantitatively and qualitatively.  Additionally, lineage- and species-specific gene families will be studied, as well as gene family expansions.

Gene family evolution in the green lineage

With the presence of the complete sequenced and annotated genomes of two green algae (Ostreococcus tauri and Chlamydomonas reinhardtii), and three land plants (Arabidopsis thaliana, Oryza sativa and Populus trichocarpa), an extensive comparative analyses concerning gene content regarding members of the green lineage can be performed. All available genes will be clustered regarding their molecular function and it will be the aim of this project to filter out some interesting trends: which gene families are conserved among all green plants, which genes have undergone a lineage specific gene expression, can we correlate some gene families with the transition from water to land plants, from uni- to multi-cellular plants? 

Protein Coding Repeats Involved in Adaptation

Duplication of genomic data is ubiquitous in nature at all scales from the level of single nucleotides to whole genome duplications. Duplication undoubtedly provides much degenerate raw material which selection can potentially act upon for adaptation. An estimated 14% of proteins in SWISSPROT contain recognisable tandem repeats within the protein, yet little has been done to address the adaptive potential of repeats in coding regions. 

Long term objectives:

· dissecting the role of gene and genome duplications in the developmental wiring of A. thaliana and its evolution

· comparative analysis of the A. thaliana developmental network with networks for other plants (rice, poplar), to unravel how shared and lineage-specific gen(om)e duplications affected the evolution of development in different species and the radiation of species. 

· investigate the link between 1R and 2R and decisive moments in angiosperm evolution

· Quantify the divergence rates of genes belonging to different functional classes.

· influence of ancient and recent duplications on the current status of several vertebrate genomes

· Studying genome evolution through multiple inter-species comparisons in Chromalveolates and plants.

Short term objectives:

· study the role and functional divergence of duplicate genes in the developmental gene expression network of Arabidopsis by using our ENIGMA software (see under Systems Biology) on a compendium of relevant gene expression datasets.

· extend the duplication dynamics model we developed for Arabidopsis to be able to jointly model the duplication history of several plants (Arabidopsis, rice, poplar, grape) taking into account their common ancestry.

· Infer the ancestral gene order at the base of the ancestral paleohexaploid lineage of angiosperms using genomic comparisons between Grapevine and Poplar lineages and investigate the rearrangement dynamics in extant species since that point.

· reconstruct ancestral expression profiles along phylogenetic gene family trees using techniques used for ancestral sequence reconstruction and test the hypothesis that there was a period of increased tissue-specific expression divergence following 1R and 2R in the Arabidopsis ancestor.

· include the genomes and EST collections of more plant species as they become available, look for additional evidence linking extinction events and the occurrence of genome duplications

· Investigate the coexpression relationships of different types of duplicated genes, depending on the time and mode of duplication, and the molecular and biological function.

· large-scale study of the faith of duplicated genes, study of genome organization in vertebrate genomes

· Investigate the differences in gene family loss between the different Chromalveolate and plant lineages + functional biases in the gene family loss.

· Locate examples of possible adaptation in protein sequences caused by small tandem repeats in the coding region of genes.
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Genome of multicellular organisms, model for robotics

Principal investigator: Yves Van de Peer

Personnel involved:

Post-doc: Steven Maere

PhD-student: X

General context:

Recently, there is considerable interest in the robotics field to build multicellular robots that consist of multiple identical or different unit bots that can self-assemble and that have at least some capability to function on their own. Such self-sufficient robot organisms are conceptually very similar to multicellular organic life forms. Like living organisms, autonomously operating robot organisms need to be able to evolve and adapt to the environment in order to survive. These adaptations may include changes in robot morphology, moving strategy, self-repair capability and energy management. The primary tool of living organisms to adapt to environmental challenges and control their assembly or development is their genome. In the SYMBRION FP7 project, we explore which concepts from molecular genetics would be of use for engineering self-sufficient and evolvable robot organisms.


Long-term goals

· build evolvable multicellular robots

· test various evolutionary strategies in robot organisms 

Short-term goals

· conceive a suitable structure for the 'robot genome' and 'genes' which is both bio-inspired and workable from the robotics perspective 

· translate evolutionary principles and mechanisms to the robotics world and test their efficacy in hardware simulations

Development of Databases and Tools

Principal investigators: Yves Van de Peer, Pierre Rouzé

Personnel involved:

Post-docs: Eric Bonnet, Steven Maere, Tom Michoel, Yvan Saeys, Lieven Sterck, Klaas Vandepoele

PhD-student: Thomas Abeel

Senior Staff : Stephane Rombauts

Staff : Kenny Billiau, Michiel Van Bel, Thomas Van Parys, Frederik Delaere

General context:

The development of databases and tools has long been seen as a natural side aspect of the scientific activity of our team. Nevertheless, since its early days, databases (e.g. PlantCARE) and tools (e.g. TREECON, NetPlantGene, EuGene, ADHoRe) have been developed by our group, alone or in collaboration, which were published, used and valued outside our group. This activity is now taking an important part of our projects, involving a team of developers next to scientists proper, and represent an increasingly significant contribution of our impact and visibility. It is also an inside issue for the group, with the input of many students and post-docs properly valued on the longer term by tools that are robustly developed and maintained even when they are gone, and by the strong interaction it stimulates among team members, which the work of each seen as a potential contribution of tools to come or evolve. 

Some tools come from internal needs of our group (e.g. ADHoRe), some are built for the completion of the many projects we have in collaboration with experimental teams within or outside the PSB department (e.g. annotation, expression analysis), in which the aim is to allow easy curation/input and/or analysis for experimentalists. Currently, the situation is in transition, with a mix of tools developed by scientists alone and an increasing number of tools in which developers take part which are described here below.

Our objective is to have databases and tools that are i/ developed, maintained and incremented in a sustainable way, ii/ non redundant and integrated iii/ of world-wide impact, complying with accepted standards, aiming at a large audience, taking into account the existing public resources and integrating as often as possible within the frame of widely used public databases and platforms

BOGAS

BOGAS is an online annotation tool with versioning system. This makes it possible to correct gene models and annotate without loss of information. The system is currently used for the annotation fo Ectocarpus and will be the main annotation tool for tomato for EU-Sol. The next stage in development is to have plugins for the BOGAS back- and front-end. Which means that one should be able to modify its functionality (backend) and modify the display of the information (front-end). A tutorial will be written and an API will be made available.

Application Server

To remove the current load away from our departmental web server, an application server has been acquired this year Software has been written to submit requests to this server and to poll for the results. This software still needs some major improvements which will be implemented in the near future. These improvements include the building and maintaining of the API.

Cluster Monitoring Tool

A web front-end for the qstat software, in development. Currently we are improving the stability of the program, before releasing it.

FunSiP

FunSIP is focused on predicting functional sites in DNA/RNA by applying machine learning techniques. 

Long term objectives:

The idea is to use balanced weight matrices based on reading frame dependent amino acid translations of the original DNA sequences around splice sites. These weight matrices provide a much better way to distinguish coding from non-coding regions (e.g. transitions between introns and exons). This extension of FunSIP has been tried as proof-of-concept and will be integrated in the program.

Short term objectives:

Provide improvements (mostly to do with splice site prediction) and maintenance.

PLAZA

PLAZA is an access point for plant comparative genomics centralizing genomic data produced by different genome sequencing initiatives. Currently, it integrates plant sequence data and comparative genomics methods and provides an online platform allowing to perform evolutionary analyses and data mining within the green plant lineage (Viridiplantae). The goal of this project is to centralize all genomic data produced by the different genome sequencing initiatives in plants in an integrated system.

Long term objectives:

· to allow the use of phylogenetic methods to define orthologous and paralogous relationships between homologous genes derived from sequence clustering

· to improve and apply methods to detect genomic homology to characterize genome organization within and between different species

· to develop and implement phylogenetic footprinting methods to identify cis-regulatory elements and other conserved noncoding sequences

GenomeView 

GenomeView is a genome browser and annotation editor. It allows to load and combine data from different sources (flat files as EMBL, GFF3 and fasta) and the BOGAS database (using the BioMoby protocol), browse and edit this data and save or export the result. It is a stand-alone genome editor, much like Artemis, Apollo and Argo, that is specifically designed to work together with the BOGAS annotation and curation platform. 

EP3 & ProSOM 

EP3 & ProSOM are both core promoter prediction software. EP3 developed first aims at large scale genome analysis using a single average structural value over a window of 400 bp, using universal features with no need for training. ProSOM focus at a smaller scale and uses an unsupervised self-organizing map (SOM) to distinguish core promoter regions from the rest of the genome, which requires proper training to adapt optimally to each given genome.

Bibliography

Simillion, C., Janssens, K., Sterck, L., Van de Peer, Y. (2008) i-ADHoRe 2.0: An improved tool to detect degenerated genomic homology using genomic profiles. Bioinformatics 24, 127-8.

Van Bel, M., Saeys, Y., Van de Peer, Y. (2008) FunSiP : A Modular and Extensible Classifier for the Prediction of Functional Sites in DNA. Bioinformatics Jul 1;24(13):1532-3. Epub 2008 May 12. PMID: 18474505

Helaers, R., Tzika, A., Van de Peer, Y., Milinkovitch, M.C. (2008) MANTIS, a phylogenetic framework for multi-species genome comparisons. Bioinformatics 24, 151-7.

Foissac, S., Gouzy, J.P., Rombauts, S., Mathé, C., Amselem, J., Sterck, L., Van de Peer, Y., Rouzé, P., Schiex, T. (2008) Genome Annotation in Plants and Fungi: EuGene as a model platform. Current Bioinformatics 3, 87-97.

Abeel, T., Saeys, Y., Rouzé, P., Van de Peer, Y. (2008) ProSOM: Core promoter prediction based on unsupervised clustering of DNA physical profiles. Bioinformatics 24, i24-i31.

Maere S, Van Dijck P and Kuiper M (2008) Extracting expression modules from perturbational gene expression compendia. BMC Systems Biology 2:33. (ENIGMA)

Abeel, T., Saeys, Y., Bonnet, E., Rouzé, P., Van de Peer, Y. (2008) Generic eukaryotic               core promoter prediction using structural features of DNA. Genome Research 18(2), 310-23. (EP3)

Michoel T, Maere S, Bonnet E, Joshi A, Saeys Y, Van den Bulcke T, Van Leemput K, van Remortel P, Kuiper M, Marchal K, Van de Peer Y. (2007) Validating module network learning algorithms using simulated data  BMC Bioinformatics 8:S5. (LeMoNe)

Saeys, Y., Abeel, T., Degroeve, S., Van de Peer, Y. (2007) Translation initiation site prediction on a genomic scale: beauty in simplicity. Bioinformatics 23, 418-23.

Maere, S., Heymans, K., Kuiper, M. (2005) BiNGO: a Cytoscape plugin to assess overrepresentation of Gene Ontology categories in biological networks. Bioinformatics 21, 3448-9.

Degroeve S, Saeys Y, De Baets B, Rouzé P, Van de Peer Y. (2005) SpliceMachine: predicting splice sites from high-dimensional local context representations. Bioinformatics. Apr 15;21(8):1332-8. Epub 2004 Nov 25.

Wuyts, J., Perrière, G., Van de Peer, Y. (2004) The European ribosomal RNA database. Nucleic Acids Res. 32, D101-3.

Van de Peer, Y. (2003) Analysis of nucleotide sequences using TREECON. in The phylogenetic handbook Cambridge University Press, UK.

Rombauts, S., Van de Peer, Y., Rouzé, P. (2003) AFLPInsilico, simulating AFLP fingerprints. Bioinformatics 19, 776-7.

Crowe ML, Serizet C, Thareau V, Aubourg S, Rouzé P, Hilson P, Beynon J, Weisbeek P, van Hummelen P, Reymond P, Paz-Ares J, Nietfeld W, Trick M. (2003) CATMA: a complete Arabidopsis GST database. Nucleic Acids Res. Jan 1;31(1):156-8.

Bonnet, E., Van de Peer, Y. (2002) ZT: a software tool for simple and partial Mantel tests. J. Stat. Soft. 7, 1-12.

Lescot, M., Dehais, P., Moreau, Y., Van de Peer, Y., Rouzé, P., Rombauts, S. (2002) PlantCARE, a database of plant cis-acting regulatory elements and a portal to tools for in silico analysis of promoter sequences. Nucleic Acids Res. 30, 325-7.

Van de Peer, Y., Taylor, J.S., Joseph, J., Meyer, A. (2002) Wanda: A database of duplicated fish genes. Nucleic Acids Res. 30, 109-12.

Vandepoele, K., Saeys, Y., Simillion, C., Raes, J., Van de Peer, Y. (2002) The Automatic Detection of Homologous Regions (ADHoRe) and its application to microcolinearity between Arabidopsis and Rice. Genome Res. 12, 1792-801.

Sahnoun I, Déhais P, Van Montagu M, Rossignol M, Rouzé P. (2000) PPMdb: a plant plasma membrane database. J Biotechnol. Mar 31;78(3):235-46.

Raes, J., Van de Peer, Y. (1999) ForCon : a software tool for the conversion of sequence alignments. Embnet. News 6, 10-12..

Tolstrup N, Rouzé P, Brunak S. (1997) A branch point consensus from Arabidopsis found by non-circular analysis allows for better prediction of acceptor sites. Nucleic Acids Res. Aug 1;25(15):3159-63. (NetGene2, NetPlantGene)

PLANT MICROBES 

Principal investigator: Marcelle Holsters and Sofie Goormachtig

Our research group investigates the cross talk between plants and endophytic bacteria with as common theme de novo plant organ induction as a consequence of the successful colonisation of either nitrogen fixing microsymbionts or a biotrophic pathogenic endophyte. The different themes are coordinated by Marcelle Holsters (PI). The symbiosis research is performed under the joint guidance of MH and SG (PI). The pathogen induced organ formation studies are directed by DV (senior research associate) and MH. 

Co-evolution of plants and microbes has generated several types of intimate and intricate interactions, ranging from extremely pathogenic to very beneficial. The outstanding example of the latter category is the biological nitrogen fixation by rhizobial endosymbionts of leguminous plant species, a symbiotic process that is an essential component of the nitrogen cycle because it is responsible for nitrogen input in the ecosystem. Also several biotrophic bacterial pathogens establish subtle relations with host plants and have evolved sophisticated adaptations to the particularities of the endophytic environment. The study of the molecular basis of the co-habitation of bacterial endophytes and their host plants may thus contribute to agricultural implications or applications in the field of pathogen protection, plant growth promotion and sustainable agriculture. Our research focuses on the establishment and maintenance of the legume symbiosis in the interaction between the tropical legume Sesbania rostrata and in the model legume Medicago truncatula (Goormachtig et al., 2004a; den Herder et al., 2006) , as well as on plant colonization by the biotrophic endophyte Rhodococcus fascians (Goethals et al., 2001; Vereecke et al., 2002). During the different stages of these interactions bacterial partners undergo essential changes in transcription patterns to switch to the endophytic lifestyle. The plant partners actively or passively participate in the establishment of microbial colonization and concomitant organ formation.

Nodulation adapted to habitat submergence

Principal investigators: Marcelle Holsters, Sofie Goormachtig

Personnel involved:

Senior scientist: Danny Vereecke (50%, till 08/2009)

PhD-students: Philippe De Backer.

Technicians: Christa Verplancke (30%)

General context:

In legume symbiosis, bacteria trigger the formation of new root organs, the nodules. Plant cells of the central nodule tissue house internalised bacteria that fix nitrogen and supply their host with nitrogen compounds. Induction of nodule primordia and bacterial entry are dependent on bacterial Nod factors. These lipochitooligosaccharide signal molecules are active in nanomolar concentrations and are perceived by receptor complexes the first elements of which have been identified (Endre et al, 2002; Stracke et al., 2002; Limpens et al., 2003). Primordia originate from cortical cells that dedifferentiate and enter the cell cycle. Bacterial entry usually takes place via intracellular invasion of root hairs in a particular zone of the root. Intracellular invasion however is blocked by submergence and semi-aquatic legumes have developed an alternative intercellular pathway for invasion at positions of cracks at lateral root bases that are generated by lateral root protrusion.

The tropical legume S. rostrata is the best-studied example of this type of entry. Moreover, the symbiotic interaction between Azorhizobium caulinodans and S. rostrata offers the opportunity to study, in one and the same host plant, the two different invasion ways: inter- and intracellular. Intercellular invasion is an adaptation to water logging, it happens during stem-based nodulation and on hydroponically grown roots and is dependent on cell death (D’Haeze et al., 2003). Roots grown in aerated conditions (in vermiculite) are predominantly infected via the intracellular root hair curling process, which is also the mode of invasion for the model legumes M. truncatula and Lotus japonicus. Intra- and intercellular entry in S. rostrata have an opposite ethylene dependency (Goormachtig et al., 2004a, 2004b).

Lateral root base (LRB) invasion avoids the epidermis, which has been shown to integrate a stringent level of specificity for intracellular infection. Therefore, the model legumes M. truncatula and L. japonicus are difficult to use to ask question about Nod factor perception in cortical tissues, an issue which can be easily addressed using lateral root based nodulation (Goormachtig et al., 2004b; Capoen et al., 2005).

Long term objectives 

· The bacterial determinants for efficient nodulation and fixation are studied through analysis of the genomic sequence of A. caulinodans.

Work program 2009

Bacterial partner (DV, PDB). Several A. caulinodans entry mutants are arrested at different stages of the interaction with the host. The analysis of the mutant ORS571-II7 that shows an altered invasion resulting in non-functional nodules will be continued: microscopic analysis of the nodule structure, characterization of the mutated gene, complementation of the mutation, expression analysis. 

The functional genetics of the noe genes of A. caulinodans encoding the enzymatic machinery that allows arabinosylation of the Azorhizobial Nod factors will be completed and published.

Analysis of the genomic sequence of A. caulinodans strain ORS571 to get detailed information of the genetic composition and comparative genomics to obtain insight into the conserved and specific features of this organism.

Medicago truncatula symbiosis

Principal investigators: Sofie Goormachtig, Marcelle Holsters 

Personnel involved:

PhD-students: Katrien D’haeseleer (till 31/12/08), Virginie Mortier

Technicians: Annick Dekeyser; Christa Verplancke (50%)

General context

Medicago truncatula is the model legume chosen by a consortium of European laboratories for genetic and genomics, transcriptomic and proteomic research and figures as such in the EU fp6 program on “Grain legumes”. Like the research in S. rostrata, we focus on the signalling events that take place during nodule development. To make a nodule, a variety of pre-existing programmes have been merged and in view of extending nodule formation to non-legumes it will be necessary to unravel those pathways and how they are integrated.

Nod factors are the main bacterial signals that switch on the nodulation program in the plant, including the re-initiation of cell division in pericycle and cortex. Auxins and cytokinins have important role in the formation of the nodule primordium. However, knowledge about the involvement of other hormones such as peptide hormones is scarce (Frugier et al., 2008). We have identified 2 peptide genes coding for CLE peptides (CLV-ERS-like) which are involved in primordium formation and meristem maintenance.

Central in N-fixation are the symbiosomes that contain bacteroids that fix atmospheric nitrogen. Symbiosomes are formed via infection droplets, wall-less regions of the infection thread were bacterial release in the plant cytoplasm takes place. Still not much is known about the process via which the release and symbiosome differentiation is taking place. SymRK, a receptor like kinase was shown to be essential for symbiosome formation (Capoen et al., 2005, Holsters, 2008). 

At last, nodule cells senescence. By getting an insight in this process, we might find important molecular players via which we might be able to extent the life of the nodule, thereby enhancing N input in the legumes.

Long term objectives

· The molecular basis of nodule primordium development and meristem formation. 

· Involvement of CLE peptide signalling in nodule development.

· Identifying essential components for symbiosome formation and maintenance.

· Identification of molecular markers for nodule senescence and development of strategies to prolong nodule activity

Work program 2009

The molecular basis of nodule primordium development and meristem formation (CV). Construction of transgenic lines expressing pCLE13:GFP and pCLE12:GFP for transcriptome analysis in 2010.

CLE peptide signalling (VM, AD, CV). Functional analysis of two CLE genes that are specifically upregulated during nodule development:

- Looking for interaction with other components involved in nodule primordium formation

-Search for downstream signalling via array hybridisations.

-Isolating putative receptors using a combined bio-informatic and genetic approach. 

Identification of molecular markers for nodule senescence and development of strategies to prolong nodule activity

 (KD). Involvement of MtRAP2.4 and MtATB2 in nodule senescence. Looking for target genes of MtRAP2.4 by array hybridisations.

Symbiosome formation and maintenance (CV). Role of MtDf1 in symbiosome maintenance. Constructing stable RNAi plants.

Signalling during the Rhodococcus fascians-host interaction

Project leader: Danny Vereecke, Marcelle Holsters

Personnel involved:

PhD-students: Elisabeth Stes

General Context

R. fascians is a Gram-positive Actinomycete that is adapted to live as a biotrophic epi/endophyte on a wide range of host plants. Its virulence depends on the controlled synthesis of hormone-like signal compounds that are essential for de novo shoot meristem formation. The bacteria penetrate the plant surface and invade the host plant tissues, colonizing the newly induced shoots (Goethals et al., 2001). In this interaction, as in symbiosis, no major host defence is elicited and the plants are triggered to form new organs in response to bacterial signals. 

The Rhodococcus research equally covered both the field of bacterial genetics and plant research. The main “bacterial” questions we ask are how the bacteria control and mediate their epiphytic and endophytic life styles, how they evade host defence, and which molecules they produce to initiate de novo organ formation by the host. The biological activity of the morphogens produced by R. fascians is extremely powerful and can possibly find applications in in vitro propagation technology but also in transformation protocols to stimulate regeneration. From the plant side we are interested in how the bacterial morphogens are perceived and transmitted to eventually trigger shoot formation and how the plant reacts to the presence of the bacteria. The information obtained through this line of work will contribute to the understanding of how plant development is altered by bacterial signals and more generally how plant development is controlled.

Long term Objectives

The R. fascians project is an extinguishing line of research. No long term objectives are put forward. Running projects will be finished and the results published.

Work program 2009 

Role of auxin in symptom development (ES). Infection of auxin-related marker lines indicates that the very first response of the plant to R. fascians may well be the local accumulation of auxin, suggesting that the symptoms are not merely a cytokinin effect. The generation of a bacterial mutant defective in auxin biosynthesis is instrumental for the analysis of the involvement of bacterial auxin in the interaction with Arabidopsis. Our microarray data predict a significant role in plant defence suppression. From the plant side, SLR and AXR3 are apparently required for symptom development. Further analysis will place these genes and the pathways they control in the molecular model that has been assembled from the data obtained in the finished R. fascians projects.
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PLANT GENE REGULATION 

Principal Investigator: Ann Depicker

The research in the plant gene regulation group intends to understand and explore mechanisms that govern gene expression in plants. At the genome level, we will focus upon the link between epigenetic modifications and stability of expression levels. More downstream we study in particular various regulation mechanisms at the transcriptional, posttranscriptional and translational level. During these studies emphasis is given to transgene approaches allowing dissection of motives and signals. Below, an overview is given of the different projects actually being carried out.

Research topics:

1. Transgene integration via site specific recombination

2. Molecular farming of proteins

3. Epigenetic inheritance

Personnel involved:

· Post-Docs: Sylvie De Buck, Annelies De Paepe 

· PhD-students: Kirsten De Wilde, Rim Ghedira (until 31/05/2009), Leen Vermeersch, Virdi Vikram (from 1/12/2008) 

· Technicians: Jonah Nolf, Els Van Lerberge, Nancy De Winne

Transgene integration via site specific recombination 

General context:

The classical method for obtaining transgenic plants is the use of Agrobacterium tumefaciens which is capable to transfer a specific sequence flanked DNA fragment, the so-called T-DNA, to the plant cell. This T-DNA integrates via illegitimate recombination at semi-random positions in the genome (Windels et al., 2003). It is this process that was studied in more detail in order to obtain more insight and to manipulate the process so that precise and clean inserts can be obtained. Very frequently, multicopy T-DNA insertions are found after Agrobacterium-mediated transformation, probably as a result of extrachromosomal ligation before integration (De Buck et al., 1999; De Neve et al., 1997) and because of replication before or during integration (De Buck et al., submitted). Such multiple T-DNAs, oriented both as direct and as inverted repeats can trigger gene silencing (De Buck and Depicker 2001). Therefore, it is important to improve vectors and cocultivation conditions that favour a silencing-insensitive transgene integration pattern. The ultimate goal will be to insert transgenes at defined positions as to minimally disturb the transformed plant genomes. 

Long-term objectives:

· Efficient recovery of stably expressing transgene inserts

· Improve T-DNA transformation vectors

· Improve targeted gene integration

· Evaluate whether systems used in animal cell lines to obtain site specific recombination and integration can also be used in plants

Short-term objectives + work program 2009

Controlling T-DNA integration by transient expression of the CRE recombinase  

T-DNA vectors (Ksb and Ksc) have been constructed with inverted lox sites just inside the left and right T-DNA border repeats. As a consequence, T-DNA tandem and inverted repeats are resolved by Cre mediated recombination into a single T-DNA copy upon crossing a complex T-DNA locus into CRE expressing plants (De Buck et al., 2007). Recently, we found that Cre resolvement to a single copy is also efficient upon transformation of a T_DNA with only one lox site in plants expressing the CRE recombinase. (De Paepe et al., submitted). In the coming year, we will evaluate the CRE-mediated resolution of multiple T-DNA copies to a single copy by cotransfer of the CRE recombinase::VirE2 fusion.protein (Vergunst et al., 2003), thereby avoiding the presence of the Cre recombinase in the obtained single-copy transformants.

Evaluation of T-DNA transfer and T-DNA integration after floral dip 

Floral dip is currently the most widely used method to genetically transform Arabidopsis plants. However, the transformation efficiency from plant to plant is very variable. To determine the major parameters, a floral painting method will be used and the transient transfer and transient expression will be compared with the integration frequency in several independently dipped plants. 

Evaluation of the different Agrobacterium strains to improve the transformation efficiencies after floral dip and root transformation of Arabidopsis thaliana

Improving transformation frequencies in recalcitrant crop plants remains one of the major challenges in plant biotechnology. As different vir plasmids show a considerable difference in floral dip transformation frequency, we thought it was worth to evaluate more Agrobacterium strains from the collection on their transformation capacity during root and floral dip transformation. 

Evaluation of the use of the site-specific integration potential of the phiC31 recombinase for T-DNA integration in plants 

We make use of the phiC31 integrase for efficient integration into its recognition site in the plant. The iterative site-specific integration system (ISSI) makes it possible to stack additional genes at a pre-selected site with concomitant removal of the resident selectable marker. To use the iterative site-specific integration system in plants, the site-specific recombination mediating elements were cloned in suitable constructs and via Agrobacterium transferred to Arabidopsis thaliana. We found 2 site-specific integration events among the 26 tested and cuurently we are finalizing the molecular characterization. 

Molecular farming of proteins

Seeds, compared to leaves, are convenient tissues in which to express recombinant proteins because they accumulate proteins in relatively large amounts in a stable environment for long periods of time.  An expression cassette build from the regulatory sequences of seed storage protein encoding genes was shown to direct extremely high accumulation levels of several recombinant proteins (De Jaeger et al., 2000). The N-glycosylation analysis and intracellular localization study of different scFv-Fc antibodies accumulating in Arabidopsis seeds unexpectedly revealed that up to 40% of the antibodies was never glycosylated and surprisingly, that they accumulated in huge protein deposits observed between the plasma membrane and the cell wall (Van Droogenbroeck et al., 2007; Van Droogenbroeck et al., 2008). 

Long term objectives 

· To study the effect of overexpression of a recombinant protein in plants on plant physiology and gene transcription, subcellular targeting and post-translational modifications of endogenous proteins

· To study the economic viability of Arabidopsis seeds as a flexible and contained production platform for the production of different classes of high-value proteins, through internal and external collaborations.

· Active immunization against avian influenza with Neuraminidase variants produced in Arabidopsis seeds (Contacts with Dr. Xavier Saelens, Dept. for Molecular Biomedical Research)

· Production of veterinary vaccines using plant produced antigens (with Faculty of Veterinary Sciences and Intervet).

· To compare different purification systems for the isolation of high-value proteins out of seed protein extracts. 

· Evaluation of the immune response and the stability of different in planta produced antibody formats in the digestive tract of animals and after parental administration 

· Evaluation of the impact of high heterologous protein levels on the secretory pathway in seeds 

· Identification and evaluation of economically feasible new production platforms for heterologous proteins in plants  (in collaboration with ILVO)

Short term objectives (target 2009)

· To production full-length IgG, ER-retained or secreted antibodies in Arabidopsis seeds and characterize these in detail

· N-glycan profiling (Collaboration with PHARMA-PLANTA partner Prof. Dr. Friedrich Altmann, BOKU University Wien, Austria)

· Intracellular localisation both via EM (Collaboration with PHARMA-PLANTA partner Prof. Dr. David Robinson, University of Heidelberg, Germany)

·  Characterization of Antibody/Antigen interaction using Biacore technology (Collabotation with DR. Marcus Sach, Aachen)

· To assess the influence of antibody format on accumulation level, N-glycosylation, subcellular localisation and antibody kinetics by carrying out a comparative characterization analysis between scFv-Fc and IgG versions of two monoclonal antibodies (Andreas Loos)

· To produce full-length camel antibodies (hCAb) and nanobodies (VHHs) in Arabidopsis seeds and carry out their detailed characterization, as described above

· Studying the effect of high heterologous protein production on seed development via characterization of the transcriptome

· Production of several subunit vaccines in Arabidopsis seeds and experimental validation in animals  

Epigenetic inheritance 

It is evident from the last years of literature that genes are not only regulated by transcription factors but also by the epigenetic mechanisms such as the chromatin status and controlling small RNAs. In the coming years we are interested in determining the mechanistic links between RNA- and chromatin-mediated gene regulatory mechanisms. We want to better understand the properties of epigenetic gene regulation controls by further exploring two experimental systems. 

A first system is based on a transgene locus that can occur in different expression states, being either transcriptionally or posttranscriptionally silenced. Both expression states are meiotically inheritable and correlated with particular DNA methylation patterns. We are intrigued by the metastable propagation of those epialleles and we plan to characterize the transition among the different states upon hybridization and genotoxic stresses in coolaboration with Dr. Ales Kovarik and Dr. Mila Fojtova.

A second system is based on transgene induced cosuppression.  On the basis of RNA targets, primary siRNAs can be amplified resulting in secondary and even tertiary si RNAs. This process spreads the silencing initiating properties along the gene and results in systemic silencing throughout the plant.  

To gain more insight, we plan to study DNA methylation and/or chromatin structural changes at inducer, primary and secondary target transgene and endogen loci of hairpin induced silencing versus sense transgene induced silencing.
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