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B.2
PROJECT OVERVIEW AND OBJECTIVES 

MERIT integrates young researchers into a highly innovative interdisciplinary program aiming at the identification of regulatory control points of the low energy syndrome (LES) in plants, which is highly relevant for plant productivity. The active participation of Bayer BioScience, the plant biotechnology division of Bayer CropScience (full network partner) and Nunhems Netherlands (associated partner) will enable intersectorial industry-academia cooperation with the long-term objective of improving yield and stress robustness of crops. MERIT is an example of true translational research in which achievements from model organisms will be directly communicated to industrial partners. MERIT partners work on different aspects of the signaling components regulating LES in plants, ranging from environmental factors triggering the signaling to the downstream targets and the consequences of signaling in reprogramming metabolism and gene expression. This novel combination of expertise combines state-of-the-art technology in molecular biology, biochemistry, genetics, transcriptomics, proteomics, and metabolomics with bioinformatics approaches and industrial applications, which is one of the major strengths of MERIT, exposing involved researchers to different “schools of thought”. The integrated systematic training program of MERIT will boost the young researchers’ employability and is comprised of methodological and complementary skills workshops, accompanied by visits to partner laboratories. It will provide expert knowledge of different cutting-edge technologies, which are applicable to a wide range of biological problems and will generate expertise, which can be transferred to many other fields in life sciences, genomics and biotechnology. Moreover, training in industry relevant skills, provided by the industrial partner, will make the young researchers highly competitive on the European job market both in biotechnology and beyond. At the scientific level, MERIT will focus on the central regulatory pathway mastered by the SnRK1 kinase system. Four highly integrative scientific work packages specifically address different levels of signaling, ranging from effects of environmental factors on the signaling to the effect of active signaling on reprogrammed metabolism and changed growth. In order to maximize knowledge transfer, six technology centers will be formed enabling MERIT researchers to obtain hands-on training in most recent technologies under the guidance of the technology center managers. This will assure excellent training as well as generating synergism and cross-exchange via intensive exchange and collaboration. Overall, MERIT will advance understanding of general principles in the regulation of metabolism extending far beyond the plant field. The combination of expertise that our network brings together is currently not available within individual institutions or countries. Hence, this powerful collaboration is only possible on a European scale, through pan-national European funding. Thereby MERIT will help to create a European research community in the study of the LES, a new and competitive research field that offers a great potential for crop improvement. Since many of the techniques used in this network are available at only a limited number of sites in Europe, MERIT will contribute to disseminating these technologies to a wider range of laboratories. Training offered by MERIT partners will also be open for applicants from other European laboratories, ensuring extensive transfer of knowledge (ToK). Special emphasis will furthermore be given to support women and minorities among the PIs, the recruited trainees as well as independent participants in training events. In this context the fairly gender-balanced composition of MERIT (30 % female PIs) will function as a positive example.

B.3
S&T QUALITY

B.3.1 Scientific Background 

Acquisition of energy and regulation of its use by different metabolic pathways is the fundamental basis for life on earth. Energy is generally scarce and living organisms have to either feed on other organisms or use photosynthesis to generate the energy-rich compounds needed to sustain growth and development. Energy supplies vary over time and all eukaryotes have evolved methods to store energy rich molecules. This enables them to counteract adverse conditions as availability can be buffered via storage reserves. In all organisms energy usage is modulated by central and conserved signal transduction pathways regulating both the rate of energy usage and storage as well as the rate of energy capture (feeding or photosynthesis). When a plant or other eukaryotic organism faces a situation with limited energy availability then storage reserves are mobilized and energy-consuming activities (including growth) are inhibited. The ability to restrict energy usage is central for survival. To avoid the detrimental effects of prolonged starvation a large scale reprogramming of metabolism occurs (Polge et al. (2007) Trends Plant Sci 12, 20-28). This involves repression of biosynthetic activities and the induction of catabolic processes to generate the needed nutrients. This process is tightly linked to the repression of growth as well. We name this response the low energy syndrome, LES.

B.3.1.1 Snf1 related kinases (SnRK1) in plants - central regulators in plant energy management
LES is regulated in a similar fashion in all eukaryotic organisms. The plant Snf1 Related Kinases (SnRK1) (or AMPK in mammals, SNF1 in yeast) are activated by a range of factors indicating energy limitation. The mammalian AMPK is able to read the cellular energy status by directly monitoring the ratio of ATP/AMP levels. Low ratio is indicative of a shortage of metabolizable compounds in the cell. Once activated, AMPK induce processes like glucose uptake, glycolysis and fatty acid oxidation while repressing glycogen and fatty acid synthesis and energy consuming processes such as ribosome biogenesis (Hardie (2007) Nat Rev Mol Cell Biol 8, 774-785). In all eukaryotic systems AMPK/Snf1/SnRK1 is of central importance. 

Due to their sessile nature, plants are exposed to the ever-changing environment and have evolved ways to avoid the effects of adverse conditions. Plants often face conditions that affect the energy balance, such as shading, loss of carbon due to pathogen or herbivore attack, or stress like drought or flooding, which impair photosynthesis and/or respiration. Central to coping with stress is the ability to regulate energy usage. To counteract the effects of the energy deficit plants reprogram their metabolism during the LES. This combined response includes activation of catabolic pathways such as breakdown of starch and fatty acids and inhibition of energy consuming activity such as starch synthesis, translation and growth (Baena-Gonzalez et al. (2008) Trends Plant Sci 13, 474-482). LES is triggered by reduced levels of metabolizable carbon as indicated by the fast reversal of the process if carbon is supplied exogenously 
 ADDIN EN.CITE 

(Fujiki et al. (2001) Physiol Plant 111, 345-352; Osuna et al. (2007) Plant J 49, 463-491)
. Several lines of evidence show that the response is triggered before acute carbon starvation (Usadel et al. (2008) Plant Physiol 146, 1834-1861). Plants seem to adjust their metabolism in a diurnal manner to maximize growth but at the same time minimize the risks of starvation that will trigger LES (Smith et al. (2007) Plant Cell Environ 30, 1126-1149). SnRK1 master the regulation of LES in plants 
 ADDIN EN.CITE 

(Thelander et al. (2004) Embo J 23, 1900-1910; Baena-Gonzalez et al. (2007) Nature 448, 938-942)
. The activity of SnRK1 is tightly regulated and both stress and carbon availability have been reported to affect their activity (Halford et al. (2003) J Exp Bot 54, 467-475). In yeast and mammalian systems, phosphorylation of SnRK1 is of central regulatory importance. Regulatory upstream kinases have been isolated in mammals, yeast and plants 
 ADDIN EN.CITE 

(Hey et al. (2007) J Biol Chem 282, 10472-10479; Lee et al. (2009) Sci Signal 2, ra61; Shen et al. (2009) Plant Physiol 150, 996-1005)
, but a regulatory phosphatase is as yet not identified. SnRK1 are also reported to be both activated and repressed by changed sugar levels (Halford et al. (2009) Biochem J 419, 247-259) possibly partly through changed levels of trehalose-6-phosphate, an intermediate in trehalose biosynthesis tightly linked to cellular sugar levels (Lunn et al. (2006) Biochem J 397, 139-148), as suggested by Zhang et al. (Zhang et al. (2009) Plant Physiol 149,1860-1871). 

Due to their central role in metabolism a specific function of SnRK1 has been hard to approach by mutant analysis. However, over-expression of the SnRK1 catalytic subunit gene, KIN10, in Arabidopsis protoplasts revealed the consequences of uncontrolled activity 
 ADDIN EN.CITE 

(Baena-Gonzalez et al. (2007) Nature 448, 938-942)
. SnRK1 activity causes massive changes on the transcriptome, most dramatically on mRNAs that encode proteins involved in LES, emphasizing the important role of SnRK1 kinases in regulation of LES. By the analysis of the promoter elements of the affected genes a conserved G-box element was identified, previously shown to be bound by transcription factors (TFs) of the basic leucine zipper (bZIP) type (Jakoby et al. (2002) Trends Plant Sci 7, 106-111). Co-transfection studies reveled the S1 group of bZIP proteins in Arabidopsis to be responsible for a large fraction of the changed expression in response to increased SnRK1 activity 
 ADDIN EN.CITE 

(Jakoby et al. (2002) Trends Plant Sci 7, 106-111; Baena-Gonzalez et al. (2007) Nature 448, 938-942; Hanson et al. (2008) Plant J 53, 935-949; Weltmeier et al. (2009) Plant Mol Biol 69, 107-119)
, although most likely other TFs are involved as well. 

B.3.1.2 bZIP transcription factors translate SnRK1 activity into transcriptional changes

In Arabidopsis and all plants tested bZIP TFs represent a large family of proteins which can be subdivided based on the sequence of their bZIP domain (Jakoby et al. (2002) Trends Plant Sci 7, 106-111). Kinases, like SnRK1, cannot directly affect transcription but do so by manipulating the activity of TFs. Co-transfection has shown that bZIP factors of the S1 type (bZIP1, -2, 11, -44 and -53) are likely mediating the SnRK1 responses on mRNA levels 
 ADDIN EN.CITE 

(Baena-Gonzalez et al. (2007) Nature 448, 938-942)
. Transient over-expression of bZIP11 and related bZIP proteins results in reprogrammed transcription in a manner very similar to transient over-expression of SnRK1(Hanson et al. (2009) Curr Opin Plant Biol 12, 562-567; JH and WDL, manuscript in preparation). Direct testing with promoters of SnRK1 regulated genes has shown that the bZIP binding sites are required for their regulation (Hanson et al. (2008) Plant J 53, 935-949), whilst chromatin immuno-precipitation indicates that bZIP proteins are directly bound to the promoters (WDL manuscript in preparation). This establishes a very short signal transduction pathway especially suitable as a model pathway for a training program such as MERIT. 

bZIP TFs bind DNA as dimers. S1 bZIP proteins preferably form dimers with bZIP proteins of the C group (bZIP9, -10, 25, -63) 
 ADDIN EN.CITE 

(Ehlert et al. (2006) Plant J 46, 890-900; Weltmeier et al. (2006) Embo J 25, 3133-3143)
. Genes of both groups have partly overlapping expression patterns (Weltmeier et al. (2009) Plant Mol Biol 69, 107-119). Evidence derived from expression patterns indicates that each cell harbors several different dimer species consisting of combinations of different C and S1 proteins. However, the contributions of the different dimers will vary greatly both in different tissues and in response to different types of stress (Weltmeier et al. (2009) Plant Mol Biol 69, 107-119). Initial analyses have shown that the DNA binding specificity and thereby target genes vary greatly depending on the different members of the dimer (Hanssen (2009) PhD-Thesis, Utrecht University). Group S1 and C bZIP proteins are regulated post-transcriptionally. S1 proteins are translationally repressed in response to elevated sucrose levels 
 ADDIN EN.CITE 

(Wiese et al. (2004) Plant Cell 16, 1717-1729; Rahmani et al. (2009) Plant Physiol 150, 1356-1367)
. This offers a regulatory circuit in which the stress regulated gene expression can be inhibited if sufficient energy is present in the form of metabolizable sugars (Hummel et al. (2009) Ann Bot 104, 1-7). The group C factor bZIP10 is also regulated by controlled nuclear translocation 
 ADDIN EN.CITE 

(Kaminaka et al. (2006) Embo J 25, 4400-4411)
. Group C bZIP factors share conserved sites for phosphorylation by SnRK1. Moreover, preliminary in-gel phosphorylation assays have showed that the group C factor bZIP63 is phosphorylated by a number of different kinases including SnRK1 (MT, WDL and CC, manuscript in preparation). Altogether, several post-transcriptional regulatory mechanisms link SnRK1 mediated low energy signaling to bZIP function.

B.3.1.3 The Low energy syndrome reprograms primary metabolism

The genes regulated by the C/S1 bZIP dimers overlap with the genes shown to be regulated by SnRK1 
 ADDIN EN.CITE 

(Baena-Gonzalez et al. (2007) Nature 448, 938-942; Hanson et al. (2008) Plant J 53, 935-949)
. Generally the bZIPs used in MERIT regulate genes involved in primary metabolism such as ASPARAGINE SYNTHETASE1 (ASN1/DIN6), PROLINE DEHYDROGENASE (ProHD1 and ProDH2) and others. Changed expression levels of these genes alter the metabolite levels in agreement with the presumed activities of the enzymes. We have detected changed levels of amino acids, sugars and organic acids in response to increased bZIP activity levels (Hanson et al. (2008) Plant J 53, 935-949). Unbiased GC-MS analysis has also revealed massive reprogramming of metabolism in response to transiently increased bZIP11 expression, although the chemical identity of the metabolites is as yet not identified (JH, unpublished data). The regulation of primary metabolism is tightly connected to the regulation of growth and possibly stress tolerance 
 ADDIN EN.CITE 

(Meyer et al. (2007) PNAS 104, 4759-4764; Sulpice et al. (2009) PNAS 106, 10348-10353)
. The causative relation between metabolite levels and yield is currently not clear, but the fact that the SnRK1-bZIP signal transduction pathway modulates metabolite-levels in analogy with profiles correlated with biomass, or crop yield, is an intriguing possibility for future research. 

B.3.1.4 SnRK1-bZIP signaling mediates adaptation to low energy stress

LES is a response to multiple stress factors plants encounter, including abiotic stresses such as drought, shading, hypoxia, flooding or herbicide treatments. These stresses all affect the ability of plants to use or generate metabolizable energy. Several reports indicate the importance of the LES in sustained stress tolerance. Plants in which SnRK1 activity is diminished have severe problems to respond to the above-mentioned stress factors 
 ADDIN EN.CITE 

(Baena-Gonzalez et al. (2007) Nature 448, 938-942)
. Rice plants, which are deficient in an upstream kinase responsible for stress dependent activation of SnRK1 are more sensitive to flooding (Lee et al. (2009) Sci Signal 2, ra61). Moss lacking SnRK1 activity cannot cope with nocturnal carbon shortage and require constant light for growth (Thelander et al. (2004) Embo J 23, 1900-1910). Responses to biotic stresses are as well regulated by SnRK1 signaling as shown by increased susceptibility to geminivirus in SnRK1 impaired plants (Hao et al. (2003) Plant Cell 15, 1034-1048). Plants lacking the β-subunit of SnRK1 are impaired in the allocation of carbon from the stressed leaves and therefore are more sensitive to herbivory (Schwachtje et al. (2006) PNAS 103, 12935-12940).

Although, most of the TFs responsible for SnRK1 dependent regulation of stress tolerance have not been identified, several lines of evidence show that the bZIP proteins play major roles in this process. The bZIP10 protein is a positive regulator of programmed cell death. The interaction between bZIP10 and LSD1 determines the cell death response in response to infection 
 ADDIN EN.CITE 

(Kaminaka et al. (2006) Embo J 25, 4400-4411)
. bZIP10, -63, -1 and -53 play regulatory roles in abiotic stress responses such as salt, shading and extended night stress as well (unpublished data WDL, CC and MT). In addition bZIP63 interacts with the group G bZIP TF GBF1 (bZIP41), which is important for the regulation of rosette leaf senescence. One of the major research questions that will be studied by MERIT researchers is the involvement of SnRK1-bZIP signaling in stress tolerance. 
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Figure B.3.1.3 MERIT research activities cover a full signal transduction pathway.
B.3.2 State-of-the-art methodology of the MERIT network

Approaches to understand the mechanism and consequences of a complete signaling pathway must be interdisciplinary. That is evident from the methodology of the MERIT network. We will use state-of-the-art technology from various disciplines of life science ranging from molecular biology (chromatin immuno precipitation, microarrays, transgenic plants), genetics (mutants, epistasis analysis of double and triple mutants), cell biology (microscopy-based identification of protein localization, protoplasts), biochemistry (kinase assays, protein purification), high-throughput biology (GC-MS based metabolomics and Mass-western analysis) to bioinformatics (network analysis, promoter analysis of regulated downstream genes) and evolutionary biology (tracing the evolution of key proteins to understand conserved functions). This combined effort can only be brought into existence by a wide collaborative effort as the MERIT network. The research and training of MERIT is divided into four separate but highly interconnected subprograms. Most employees of MERIT will be active within more than one of the subprograms (see Figure B.4.1.1). 

	Table B.3.2a Subprograms of the MERIT network

	
	Focus
	Coordinated by

	WP1
	Regulatory mechanisms of the SnRK1 kinases
	EBG (Partner 6)

	WP2
	bZIP transcription factors executing low energy signals
	WDL (Partner 2)

	WP3
	Metabolic reprogramming - regulation and consequences
	WW (Partner 3)

	WP4
	Growth and physiological phenotyping
	MH (Partner 7)


The subprograms correspond to the research training work packages (WP1 to WP4) and are all characterized by the most recent research technology and methodology. In WP1 the newly developed high-throughput protoplasting technology (WDL, partner 2) will be utilized for advanced forward genetic screening and as independent confirmation of the results generated by yeast two-hybrid analyses of the kinases. In addition the mass western technology will be developed and utilized to not only to measure kinase amounts but to accurately quantify their corresponding phosphorylation levels, that constitute the active form of the protein. Mass western is a newly established technology (partner 3, ESR5), which will be utilized throughout the MERIT program. WP2 will focus on the activity of the downstream bZIP TFs, which regulate key enzymes for stress dependent metabolic reprogramming. Here, not only modern molecular biology and genetics will be utilized but also genome wide chromatin immuno-precipitation (ChIPSeq) (ESR7) and a newly developed proteomic characterization of translational control factors (ER1). Profiling of mRNA levels will be performed using Affymetrix GeneChip analysis and individual mRNA levels will be accurately determined using High-throughput Real Time PCR. In WP3 we will benefit from the accurate quantification of metabolite levels using GC-MS technology (including UHPLC-Orbitrap-MS, UHPLC-Triplequadrupole-Vantage-MS and GC-Quantum-Triplequadrupole-MS), routinely performed by Partner 3 (WW, who also offers a workshop on metabolomics to further strengthen the ToK on this subject). Both the pattern of stress dependent metabolic reprogramming and the individual contribution of the upstream signaling components will be investigated. This allows the analysis of regulatory networks and the identification of regulatory nodes in the information flow from stress to changed development, growth and physiology. Reprogrammed growth and stress-tolerance patterns will be further analyzed and quantified in WP4 (managed by one of the commercial partners). Even relatively small changes in stress tolerance might be of high value for crop development programs. Therefore, MERIT benefits from the experience and technology in non-invasive imaging offered by partner 7. The growth pattern and tolerance of several of the transgenic lines and mutants generated within the network will be quantified using the non-invasive imaging technology (Digital Imaging of Growth and Stress tolerance, DIGS- system). Physiology will also be addressed with respect to the regulation of NAD levels and its importance in regulating stress tolerance (ESR10). All activities will be supported to a high degree at the bioinformatics level (ESR2) supported by partner 1, 3 and 7. Access to proteomic and metabolomic databases (Partner 3), computing power (partner 1) as well as the computational biology experience of all 3 partners will be essential for the proposed activities. 

Collaboration is a hallmark of our planned activities. Many of us have already collaborated in various joint projects resulting in several joint publications. Every group leader in MERIT represents a specific expertise of which all employees can benefit. Modern biology is often interdisciplinary and therefore a generous scheme of secondments has been planned. The idea is that MERIT researchers learn essential technologies for their projects by working visits in the laboratory of the experts (see training section B.4.2.3). To efficiently organize these visits a number of technology centers (TCs) have been established. These centers are staffed with the expertise of partners and the TC coordinators will offer both generous possibilities for secondments in the center but most importantly also continuous support for their technology to other MERIT members throughout the program. The active effort of the TC managers to spread their expertise to the whole network will be facilitated by the efficient digital infrastructure of MERIT in which protocols, tips and tricks, sample results, as well as troubleshooting guides will be available.

	Table B.3.2b Technology centers of the MERIT network

	TC
	Focus
	Managed by

	TC1
	Analysis of mRNA abundance data and bioinformatics analysis
	Partner 1 (JH BS)

	TC2
	Metabolomic analysis using GC-MS
	Partner 3 (WW)

	TC3
	Protein interactions - MS analysis of Proteins, Yeast two hybrid
	Partner 3 (MT)

	TC4
	Microscopic analysis of cells and tissues
	Partner 5 (CC)

	TC5
	High-throughput protoplast technology
	Partner 2 (WDL)

	TC6
	Phenotypical growth analysis
	Partner 7 (MH)


B.3.2.1 Involvement of the private sector and exploitation of results

MERIT includes two participants from the private sector Bayer BioScience and Nunhems Netherlands. The companies are highly motivated as shown by the fact that they coordinate one of the work packages, accept several secondments in their laboratories and will arrange one of the skill training events (ST4). The scientific scope of MERIT is interesting in a crop biotechnological perspective. In order to maximize the involvement and to make it possible for the private sector representatives to fully share their experiences and knowledge to MERIT researchers, the number of private sector representatives was kept low. This will simplify the interaction between the academic partners and the private sector. The value of intellectual property rights generated through discoveries or results generated within the network will be shared between the discovering parties as determined by a mutually agreed consortium agreement. BBS will facilitate the protection of IP rights within the consortium. This will be fully covered in the consortium agreement and was agreed upon in principle by all MERIT members at the meetings held for the preparation of the proposal. 

B.4
TRAINING 

All major breakthroughs in experimental sciences have since ever been driven by development and application of new methods and technologies. Accordingly, knowledge and proficiency of state-of-the-art technology is a key qualification for the future employability of the trainees in modern biotechnology. Therefore a well-structured training program is a hallmark of MERIT, aiming at training the young researchers in newest and emerging technologies in different ways with the goal to educate the future top-performers of the European biotech sector. To ensure this we have established several local as well as network wide training activities. Multiple levels of training will be conducted ranging from hands-on workshops where relevant experimental technologies are taught (ST2 and ST3) to daily discussions both with the local supervisor and electronic message boards and messaging. The motto is learning by doing and the ESR and ER in the network will actively participate and shape the training by evaluating each other and through discussions. The training activities of each partner will be mutually recognized and network wide training events will be awarded with European Credit Points (ECTS-credits) by the organizing University (Utrecht in the case of the ST4) as indicated for each event. Complementary skill training will be offered both locally and network wide during workshops in connection with all meetings of the network. Complementary skills relevant for industry will also be taught during ST4, organized by the industrial partners. Although much of the training is performed locally in the host institutions the many secondments are an important element of the MERIT training program as well. Each ESR/ER will visit at least two other laboratories (often more, see Figure B.4.3) to learn specific methodology or to integrate results. Due to the experimental nature of the research project we estimate about three to six months of training outside the host institution to be optimal. The training program is described in detail in the following paragraphs: 

B.4.1 Local training: 

Every ESR and ER will have a local direct supervisor who carries the major responsibilities of the training. In addition every ESR and ER will have a secondary supervisor (other MERIT group leader). A Personal Career Development Plan (PCDP) will be formulated in the beginning of the training program by the supervisor in cooperation with the ESR/ER in question. The PCDP will contain not only relevant research objectives but also other training activities, such as complementary training and specific training aiming at improving the employability of the employee. The PCDP will be used throughout the MERIT program and the performance of the employee as well as the supervisor will be evaluated each year in relation to the goals set in the PCDP. The Secondary supervisor (see section B.5.4) will be instrumental in this evaluation. Each Transfer of Knowledge (ToK) meeting will include a meeting between the ESR/ER and the secondary supervisor and the progress will be discussed in relation to the PCDP. 

Within the program each supervisor will ensure a sufficient level of training in the following subjects:

• Experimental skills. From day one of the training the ESR (and possible ER) will be made aware of good laboratory practice and safety. Local training will also cover experimental technology needed to fulfill the project. 

• Analysis skills. Throughout the project awareness on relevant statistic analysis will be taught to ensure proper analytical capacity of the ESRs and ERs. MERIT members will as well be taught the importance of experimental design to maximize the power of the analysis. 

• Scientific communication. The candidate will be well-versed in communicating his/her the results or results of others in a concise and accurate form both orally and in written form. He/she will excel in graphical representation of data in a concise, exact and efficient manner. This will be practiced locally and will be tested at every meeting by evaluation of various presentations by the supervisors as well as other ESRs and ERs in the network. 

• Social and management skills. Modern experimental science is a team sport and this is more pronounced in the large interdisciplinary MERIT project. The capacity for efficient participation as well as management will be partly trained locally. Management skills will be trained during the organization of workshops and meetings in which the local ESRs and ERs will have a major role. All trainees of MERIT will have supervision responsibilities. Supervision of master and bachelor students will be encouraged.
How these training goals should be reached (courses/practical exercises/seminars) will be regulated at the local level and will be fully described in the Personal Career Development Plan of the trainee. 

B.4.1.1 Synergistic and highly integrated research training

Four work packages summarize the research training activities of MERIT. Each work package defines a level in the signal transduction pathway regulating LES. The individual scientific research training programs of MERIT are highly integrated. Most trainees are involved in projects spanning at least two different work packages (B.4.1.1 and the descriptions of the programs of the trainees).
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Figure B.4.1.1 Highly integrated research efforts within the MERIT network. The individual research objectives of each ESR and ER are depicted as rectangles shaded in accordance with the four research work packages (right). 
WP1 - Regulatory mechanisms of the SnRK1 kinases

Responsible coordinator: EBG, contributions: BS, WDL, WW, MT, UZ, EBG and MH.

The aim of WP1 is to elucidate the molecular mechanisms underlying SnRK1 action in response to environmental changes. The first major goal is the molecular analysis and identification of upstream regulatory kinases, phosphatases, and other regulatory components that mediate convergent stress-derived signals to the SnRK1 system in the form of energy deficiency (i.e. reducing equivalents (NAD/NADH), Ca2+ fluxes, reactive oxygen species). This work has already been initiated through a yeast-two-hybrid and a functional genomics cell-based screen in the EBG group and through biochemical and proteomic approaches in the MT group. In addition, partner 7 has already uncovered a link between energy availability/NAD and stress tolerance and will be investigating the possible involvement of SnRK1 in this connection. The impact of the identified components on SnRK1 function will be investigated at multiple levels as described in the corresponding ESR projects. The expertise of MT in biochemistry will be essential for examining the effect of the various factors using protein purification and in vitro kinase assays, whilst the background of EBG on cell signaling will be crucial for gaining initial functional insight on these components through analyses of target gene expression. A comprehensive and in depth physiological characterization of the identified components will be carried out with the help of the expertise and resources offered by partner 7. The second major goal of WP1 is to understand the connection between SnRK1 activity and its apparent nucleus-specific modification and degradation. The groups of EBG, MT, and WW have already obtained several lines of evidence supporting such a connection independently. Accordingly, a series of mutated SnRK1 effectors generated by EBG for further analysis of their impact on SnRK1 function will be investigated by the EBG group using subcellular fractionation in combination with analyses of target gene expression, either in the cell system using recombinant proteins or in planta, using specific antibodies available in this group. As above, these analyses will be performed in parallel with the corresponding immunocomplex kinase assays in the MT group. Successful completion of this task will require the expertise and resources provided by the MT and WW groups in biochemistry and proteomics that will allow the identification of the SnRK1 post-translational modifications. Both groups, on the other hand, share complementary experience on stress signaling, genomics, and physiology, which will be critical for the subsequent generation of pertinent transgenic lines and the comprehensive characterization of the newly identified regulatory factors at the whole plant level. In parallel with these approaches, phylogenetic analyses of the SnRK1 kinases will be performed by ESR2 (BS). These analyses are expected to provide further insight on the mode of regulation of SnRK1, by revealing conserved important domains and their concomitant emergence during evolution with possible interacting factors like the bZIPs.

WP2 - bZIP transcription factors executing low energy signals

Responsible coordinator: WDL, contributions: JH, BS, WDL, WW, JVC, CC, and UZ.

bZIP TFs constitute a crucial regulatory node in LES. WP2 will provide insight on how low energy signals control bZIP activity by post-transcriptional mechanism, in particular via SnRK1 mediated phosphorylation (MT, WDL), uORF regulation (JH) or protein-protein interaction (CC). Heterodimerisation of bZIP factors provides an additional important regulatory level in low energy signaling. Heterodimer formation, their impact on DNA binding and target gene regulation will be studied on a genome-wide scale using transcriptomic and ChIPSeq techniques (JH, WDL, JVC, BS, CC) and with respect to particular functional aspects such as seed maturation (JVC), senescence (UZ), stress responses (JVC, WDL, CC) and primary metabolism (JH, WDL). Data-sets recorded by the various approaches will be integrated using bioinformatic tools (BS). This WP uses a range of state-of-the-art techniques for expression analysis (transcriptomics, qPCR, high-throughput protoplast transfection), DNA binding studies (ChIPSeq, Immunodetection of DNA-protein complexes), cell-biology tools (multi-BiFC) and biochemistry methods (ribosome proteomics, IP). In conclusion, this WP will link the input of low energy signals (WP1) with transcriptional and consequently metabolic (WP3) and phenotypical (WP4) outputs.
WP3 - Metabolic reprogramming, regulation and consequences

Responsible coordinator: WW, contributions: JH, BS, MT, JVC and WW.

Dynamic SnRK1-bZIP signaling networks and protein complex formations are correlated to changes in metabolite levels (Hanson et al. (2008) Plant J 53, 935-949). Central in WP3 is efficient profiling of metabolites. The development of protocols for metabolite profiling of extracts from high-throughput protoplasting technology (TC5) is central and important. However, metabolite profiles will also be determined form whole plants as well as from seeds (ESR6). Focus will lie on metabolites central in primary metabolism such as sugars (sucrose, hexoses, sugar phosphates) amino acids, compounds important for nitrogen metabolism and energy status (NAD, organic acids). Of special interest are the integrative analyses in which metabolite level data will be integrated with transcriptomics data (ESR1, -2, -6, and ER2) and proteome data (ER2). Proteome and metabolite levels can be determined using the MetOH/Chlorophorm procedure (Weckwerth et al. (2004) Proteomics 4, 78-83; Morgenthal et al. (2007) Methods Mol Biol 358, 57-75). An integral part will be extensive data mining (Weckwerth (2008) Physiologia Plantarum 132, 176-189) to related changed levels of metabolites to biological and physiological processes. 

WP4 - Growth and physiological phenotyping

Responsible coordinator: MH, contributions: JH, WDL, MT, JVC, EBG and MH.

The aim of this WP is to robustly evaluate the physiological consequences for multiple loss- and gain-of-function lines, which target genes relevant to the pathways involved in LES. In response to biotic and abiotic stress, plants have to reprogram their primary metabolism to redistribute energy resources (Bolton (2009) Plant Microbe Interact 22, 487-497). Developmental programs, particularly senescence, also have a large impact on metabolic reprogramming 
 ADDIN EN.CITE 

(Hortensteiner et al. (2002) J Exp Bot 53, 927-937; Wingler et al. (2008) Plant Biol 10, 50-62)
. Therefore, it is likely that as well as specific responses, there will be substantial overlaps between the metabolic reprogramming that occurs in response to developmental senescence, abiotic stress and pathogen responses. This WP will therefore use three complementary platforms in order to phenotype plant material and to evaluate gene involvement in these responses. Developmental senescence phenotypes will be analyzed by detailed analysis of development rate (including flowering time) and leaf senescence by ESR8 (UZ). Color codes will be assigned to each leaf to allow the comparison of leaves of different ages within one plant and leaves of the same position within the rosette in plants of different ages. Number of leaves at flowering, chlorophyll fluorescence, chlorophyll content and the expression of early and late senescence associated genes (SAGs) will be analyzed to accurately assign the different leaves to different senescence categories. This will allow a precise comparison of developmental senescence onset and duration between plant lines. Abiotic stress phenotypes will be robustly evaluated for multiple plant lines by utilizing the battery of standardized abiotic stress phenotypic assays available to the industrial partner (MH). These represent conditions relevant to field situations (e.g. high-light, temperature, salt), as well as model conditions that are informative of stress sub-components (osmotic stress, oxidative stress). Non-destructive image analysis will allow growth to be analyzed at multiple time-points and for even subtle phenotypes to be detected. Furthermore, to specifically address well-characterized LES responses, ESR10 will use the available imaging tools (DIGS system) to establish new assays to investigate growth and recovery in response to extended darkness. Image analysis and statistical evaluation tools are in place to allow efficient and accurate assessments of plant growth phenotypes. Pathogen responses will be analyzed with respect to altered susceptibility to various biotrophic and necrotrophic pathogens, which are well established in the laboratory of WDL. Pathogen propagation and induction of typical marker genes will be analyzed.
B.4.1.2 Main S & T objectives of the MERIT network

• Identify key regulatory steps in the signaling pathway regulating the low energy syndrome (LES)

• Identify transcriptional control nodes responsible for metabolic reprogramming in response to stress

• Correlate the evolutionary history of stress resistance with evolution of factors regulating LES at both the phylogenetic as well as the functional level.

• Evaluate plant stress responses in a manner relevant for the industry to assess the potential of manipulated low energy signaling in crop development 

B.4.1.3 Outline of the individual projects of the young researchers

These individual research projects are based on the specific expertise of their host institutions (see B.5.1 and below) and combine on-site training by experienced colleagues in those laboratories with defined long-term visits to partner laboratories to obtain profound practical training in highly specialized cutting-edge methodologies and to carry out specific experiments, which are needed for their further work. The specific expertise provided by the host institutions for this hands-on training is summarized in table B.5.1 and fully listed for each member in section B.5.1. This allows the young researchers to adapt their individual training program at a very advanced level according to their specific experimental requirements.

	Table B.4.1 Early-stage and experienced researchers to be financed by the grant agreement

	Network Team

(Partner)
	Early-stage researchers (ESR) (person-months) (A)
	Experienced researchers (ER) (person-months) (B)
	Visiting researchers (VR)

(person-months) (C)
	Total (A+B+C)



	1 - The Netherlands (JH and BS)
	72
	24
	-
	96

	2 - Germany (WDL)
	36
	-
	-
	36

	3 - Austria (WW and MT)
	72
	24
	-
	96

	4 - Spain (JVC)
	36
	-
	-
	36

	5 - Germany (CC and UZ)
	72
	-
	-
	72

	6 - Portugal (EBG)
	36
	-
	-
	36

	7 - Belgium (MH)
	36
	-
	-
	36

	8 - The Netherlands (WV)
	-
	-
	-
	-

	TOTAL:
	360
	48
	
	408


The MERIT network proposes research activities of 10 ESRs (total 360 person months) and two ERs (total 48 person months). Each trainee will be fully integrated into established education program of the host institutes. The individual projects (36 months for each ESR, 24 months for each ER) are outlined below:

ESR1 - Differential impact of bZIP heterodimers on metabolic reprogramming

Partner 1, Supervisor: J. Hanson, Molecular Plant Physiology, Utrecht, The Netherlands

Secondary supervisor: U. Zentgraf, Secondments: TC5 (WDL), TC2 (WW), TC6 (MH) 

LES is mastered by SnRK1 kinases in Arabidopsis and regulates gene expression through dimers of bZIP TFs 
 ADDIN EN.CITE 

(Baena-Gonzalez et al. (2007) Nature 448, 938-942)
. We have recently documented differential gene regulatory activity of bZIP dimers formed by different bZIP proteins by combinatorial transfections of protoplasts followed by Affymetrix gene Chip analysis in cooperation with WDL (Hanssen (2009) PhD Thesis, Utrecht University). Over-expression of bZIP11 in seedlings affects plant growth and physiology (Hanson et al. (2008) Plant J 53, 935-949). Unbiased metabolome analysis of seedlings has indicated that primary metabolism is dramatically affected by over-expression of bZIP11 (Hanssen (2009) PhD Thesis, Utrecht University). ESR1 will focus on the following research aspects:

ESR1:1 Differential effect of distinct bZIP dimers on metabolism. (WP3) The previously successfully deployed protoplast system will be used to create situations in which activities of specific dimers are increased for further metabolome analysis in cooperation with WW. These experiments will be paralleled with mRNA profiling experiments to accurately correlate metabolite changes with mRNA expression differences together with ESR2 (BS) and a month of secondment in the TC2 (WW).

ESR1:2 Patterns of bZIP dimerization and its impact on transcription. (WP2) In order to test the biological relevance of dimmer-specific transcriptional control, bZIP11 will be over-expressed in various bZIP mutant backgrounds. We would start by determining the effect of induced bZIP11 activity in the bzip10 mutant background to test activation of bZIP11/10 dimer specific targets. Changed gene expression will be determined by both Affymetrix Gene Chip analysis and real time PCR analysis. The protoplast technology will be used via a secondment in TC5. To confirm DNA binding in-vivo chromatin immuno-precipitation of DNA bound to tagged bZIP proteins will be conducted. This activity will be performed in cooperation with CC. 
ESR1:3 Characterization of plants in which group S1 genes have been inactivated in relation to stress responses. (WP4) We have constructed a series of plants in which the activity of bZIP11, -44, and -2 are inactivated. Characterization will be focused on LES mediated stress responses (high light responses, hypoxia, etc) and growth. Many of the detrimental effects of low energy stress can be counteracted by exogenously applications of sugars 
 ADDIN EN.CITE 

(Koch et al. (2000) J Exp Bot 51, 417-427; Banti et al. (2008) Plant Cell Environ 31, 1029-1037)
. S1-bZIP proteins are all translationally repressed by sugar treatments 
 ADDIN EN.CITE 

(Wiese et al. (2004) Plant Cell 16, 1717-1729; Weltmeier et al. (2009) Plant Mol Biol 69, 107-119)
. The involvement of sugar signaling on LES will be studied using transgenes with impaired translational repression of bZIP11. The evaluation of production-related phenotypic improvement of the mutants and transgenes will be carried out by secondment to the Hannah laboratory of one month (TC). 
ESR2 - Bioinformatic investigation of the regulation of low energy syndrome 

Partner 1, Supervisor: B. Snel, Theoretical Biology and Bioinformatics, Utrecht University, The Netherlands

Secondary supervisor: W. Weckwerth, Secondments: TC2 (WW), CC 

TF networks are dynamic systems not only in time and space, but also across evolution: they are evolutionary characterized by many duplicated genes. This raises interesting questions on the fate of duplicated genes (e.g. sub- vs. neo-functionalization, motif evolution vs co-factor differentiation) and poses challenges for bio-informatic function prediction. TF target genes and sites are elucidated by novel omics techniques, which allow us to study the evolution and function of TF duplicates and the pathways and networks in which they operate. The bZIP family studied in MERIT include bZIPs which regulate many fundamental cellular processes. bZIPs form hetero- and homodimers (ESR1) which most likely bind DNA differentially. Novel omics techniques (metabolomics, transcriptomics, ChIPSeq) are increasingly applied to these TFs to elucidate their role in regulating primary plant metabolism. We thus will perform an integrative analysis of existing plant C/S1 bZIPs protein sequences, currently publicly available omics data and novel data that will become publicly available as well as generated in MERIT. This integrative analysis will be used to improve our prediction and understanding of the biological role of bZIPs in plants. Subsequently it will be used to obtain an evolutionary systems biology description of how the function of bZIP paralogs has changed over evolutionary time.

ESR2:1. Prediction of bZIP dimer cis regulatory motifs from genome, transcriptomics and ChIPSeq. (WP2) Although the core DNA binding site of bZIPs is known (ACGT), different bZIP dimers affect the expression of different sets of genes (Hanssen (2009) PhD Thesis, Utrecht University). We will test whether and what different bZIP dimers bind to different motifs by integration of these data with genome sequences from A. thaliana and relatives. Firstly, skill and toolset for bioinformatic motif searches will be developed on present data: e.g. investigate the applicability of different Gibbs-sampling implementations (MEME, WEEDER), or different backgrounds (only upstream versus also introns and 3' UTR). Secondly, we will implement network level conservation and k-mer algorithms, which have been shown to be a powerful tool for motif detection, but for which standalone algorithms like MEME are not available. Thirdly, we will test the application of phylogenetic profiling to improve promoter prediction given the current availability of more plants genomes, although the dominance of genome duplications poses challenges for this. Secondment in the laboratory of CC to cooperate on analysis of ChIPSeq is planned. 

ESR2:2. Integration of metabolome and transcriptome data. (WP3) The effect of TFs on the state of the cellular system goes beyond gene expression. Data on metabolite concentrations as well as transcriptomics for protoplasts over-expressing bZIP family members are available from MERIT partners (JH and WDL). The bioinformatic challenge is to find regions / pathways in the metabolic network that are significantly perturbed. We will solve this problem in three ways. Firstly, metabolites can be linked to enzymes and normal gene set enrichment analysis can be applied. Secondly, the use of KEGG (or databases made available by WW) to allow hypergeometric testing of over-representation of metabolites and genes in these pathways. Finally, we will apply the Siegl-Ideker algorithm for detecting modules in the network where a highly connected subgraph coincides with the statistically significant occurrence of metabolites and genes without arbitrarily predefining pathways. ESR2 will be first trained in these methods on existing data with unmatched data and will apply them on matched data will become available. An introductory secondment in TC2 is planned.

ESR2:3. Reconstruction of the evolutionary history of the SnRK1/bZIP pathway. (WP1) bZIP phylogeny is well studied (Correa et al. (2008) PLoS One 3, e2944), yet the increase in the availability of new plant (draft) genomes allows improved phylogenomic timing of duplications and losses. The functional information on bZIPs becoming available presents a rich functional description of present-day bZIP activity. Integration of both sources of information with comparative genomics allows for the reconstruction of ancestral bZIP repertoire and for the reconstruction of ancestral function: i.e. which targets of present-day bZIPs are ancestral / primitive targets and which targets are newly acquired. Subsequently we will map this on the phylogenies for SnRK1 to obtain a pathway-level evolutionary reconstruction.
ESR3 - Function of the C/S1 bZIP transcription factor network in low energy signaling 

Partner 2, Supervisor: W. Dröge-Laser, Pharm. Biology/Plant Molecular Biology, Würzburg, Germany. 

Secondary supervisor: C. Chaban, Secondments: TC1 (JH), TC2 (WW), TC6 (MH). 
The WLD lab has focused on functional analysis of these bZIPs studying expression, cellular localization and heterodimerization 
 ADDIN EN.CITE 

(Ehlert et al. (2006) Plant J 46, 890-900; Weltmeier et al. (2006) Embo J 25, 3133-3143)
. Importantly, group S1 bZIPs have been shown to preferentially heterodimerize with group C bZIPs constituting the C/S1 regulatory network. These bZIPs coordinate low energy signaling e.g. in amino acid and starch metabolism (Hanson et al. (2008) Plant J 53, 935-949). Along this line, previous work has demonstrated that the C/S1 network is implicated in transcriptional control in abiotic (Weltmeier et al. (2006) Embo J 25, 3133-3143) and biotic stress response 
 ADDIN EN.CITE 

(Kaminaka et al. (2006) Embo J 25, 4400-4411)
, regulation of seed maturation genes 
 ADDIN EN.CITE 

(Alonso et al. (2009) Plant Cell 21, 1747-1761)
 and is believed to balance plant growth and defense responses. The goal of this research is to understand the regulatory function of the C/S1 network as an integral node in SnRK1 mediated low energy signaling. ESR3 will focus on the following research aspects:

ESR3.1 Impact of SnRK1 on transcriptional and metabolic reprogramming during low energy stress (WP1) Stable loss-of-function approaches for SnRK1 appear to be lethal (Baena-Gonzalez et al. (2007) Nature 448, 938-942). In order to gain information on SnRK1 function, we have set up an estradiol inducible artificial micro RNA (amiRNA) approach in transgenic plants to study the impact of SnRK1 under low energy conditions provoked by extended darkness. In order to complement previous gain-of-function studies, transcriptome-wide expression analysis performed in co-operation with JH will disclose the functional impact of SnRK1 with a one month secondment in TC1 (JH). In a parallel approach, WW will analyze metabolic changes. Altogether, these data will provide the basis for a network analysis performed by ESR2 (BS). 
ESR3.2: Impact of bZIP transcription factors in mediating low energy stress responses (WP2) A protoplast based transfection system mimicking dark-induced energy deprivation responses has been established. In addition to gain-of-function approaches, protoplasts derived from multiple bZIP T-DNA insertion lines and SnRK1 amiRNA lines will be used to analyze the impact of these factors on starvation responsive promoter:GUS constructs. These systems are particularly suited to study the impact of bZIP specific mutations in SnRK1 phosphorylation sites identified by MT, SnRK1 upstream regulators (EBG) or heterodimers identified by JH. In order to define which part of the SnRK1 response is controlled by the C/S1 network, we will use a knock-down approach (ami bZIP44, 11, 2 in a bzip1bzip53 mutant background) to disrupt group S1 bZIP function. Based on an available bzip1bzip53 mutant, this line will be generated by ESR3. In order to gain insight into the regulatory function of group S1 bZIPs, expression patterns and metabolic profiles (WW) of wild-type and knock-down lines during extended night will be studied and compared to results obtained in part 1. Secondment one month in TC2 (WW) is planned. 

ESR3.3 Phenotypic characterization of C/S1 bZIP factors in response to stress (WP4) In co-operation with Partner 4 and 5 (CC, JVC) we have started to set up a collection of multiple T-DNA insertion lines for the nine members of the C/S1 bZIP network. This collection will be further extended and characterized. In response to biotic and abiotic stress, plants have to reprogram their primary metabolism to redistribute energy resources (Bolton (2009) Plant Microbe Interact 22, 487-497). Therefore, it is tempting to postulate that metabolic reprogramming in low energy and pathogen response substantially overlaps. Hence, the multiple C/S1 mutant lines will be analyzed with respect to altered susceptibility to various biotrophic (Pseudomonas syringae, Hyaloperonospora arabidopsidis) as well as necrotrophic (Botrytis cinerea) pathogens, which are well-established in our laboratory. In a complementary approach, these lines will be analyzed with respect to abiotic stress responses during a secondment to TC6 (MH)
ESR4 - Regulation of C/S1 bZIP transcription factors by phosphorylation

Partner 3. Supervisor. M. Teige, Max F. Perutz Laboratories, Vienna, Austria

Secondary supervisor: E. Baena-González, Secondments: TC5 (WDL), TC4 (CC), TC6 (MH).

Energy sensing and corresponding signal transduction involves different protein kinases including mitogen-activated protein (MAP) kinases as well as Ca2+-dependent protein kinases (CDPKs) and SnRK1s 
 ADDIN EN.CITE 

(Romeis et al. (2001) The Embo J 20, 5556; Schwachtje et al. (2006) PNAS 103, 12935-12940; Doczi et al. (2007) Plant Cell 19, 3266)
. Our previous work has been focused mainly on the functional characterization of MAP-kinases and CDPKs in different stress responses in Arabidopsis. Recently we identified the CDPK CPK3 as important regulator of salt-stress adaptation in Arabidopsis (Mehlmer et al. submitted) and isolated the bZIP TF bZIP63 as potential target of this kinase. Subsequent studies confirmed specific interaction and direct phosphorylation of bZIP63 by CPK3 in vitro. Several CPK3-dependent phosphorylation sites in bZIP63 could be identified by MS/MS analysis in vitro, and many of the identified phosphorylation sites are consensus sites for CDPK and SnRK1 phosphorylation. Most importantly, four of those sites could be confirmed to be phosphorylated also in vivo and in close collaboration with the CC and WDL groups we could obtain first indications, that a mutation in those sites in bZIP63 will affect its DNA-binding and transcriptional activating properties. The aim of this project is to study the role of CDPKs and SnRK1s in mediating adaptation to biotic- and abiotic stress by the generation of mutants and their functional characterization in collaboration with the other network partners. We will provide different kinase knockout mutants to be used as genetic backgrounds for further knockdown of SnRK1s and the available tools to analyze interaction with different kinases (i.e. split-YFP) and functional relevance of this (kinase interactions, specific antibodies against CPKs and SnRKs). 

ESR4:1 - Create multiple CDPK/SnRK1 knockout mutants. (WP1) In collaboration with partner 2 (WDL) and partner 5 (CC), mutants in kinases central in the regulation of LES will be created, to be used by the whole MERIT network. Available cpk mutant lines (cpk3, 4, 11, 12, 29, and crosses thereof) will be used and reduced activities of further kinases will be established using amiRNA approaches (www.weigelworld.org)

ESR4:2 - Phenotypic analysis of kinase mutants. (WP4) The mutants generated by ESR4 within this project as well as previously available mutants will be thoroughly tested for performance under biotic- and abiotic stress conditions in collaboration with WDL and the industrial partner 7 (MH) with particular emphasis on sugars and low energy stress. Stress performance of the lines will also be thoroughly tested using the DIGS system during a secondment in TC6. The further analysis at the molecular level will include gene expression studies of selected target genes in collaboration with JH, and metabolomic analysis with focus on amino acids and sugars in collaboration with WW.

ESR4:3 - Identification of regulatory elements for SnRK1 activity. (WP1) The SnRK1 kinases are specifically regulated by stress conditions, but detailed knowledge on the regulation of their kinase activity is still lacking. Therefore ESR4 will use a biochemical approach (immunocomplex kinase assays and co-immunoprecipitation of SnRK1 interaction proteins) to determine changes in SnRK1 kinase activity in response to different stimuli (i.e. stress, starvation) and moreover ESR4 will test different cpk mutants for changes in SnRK1 activity as it is known that SnRK1s are regulated by phosphorylation and CDPKs are suspected to be involved. In close collaboration with EBG, ESR4 will use available transgenic plants expressing tagged kinases under the control of endogenous as well as constitutive promoters, and identify precipitated proteins by MS-MS based proteomics approaches.

ESR5 - A mass western approach for the bZIP - SnRK1 signaling network 

Partner 3. Supervisor: W. Weckwerth, Molecular systems biology, Vienna, Austria.

Secondary supervisor: J. Hanson, Secondments: TC5 (WDL), TC1 (JH).

So far it is under strong debate how SnRK1 regulates the metabolic network. bZIP TFs clearly have an important role demonstrated by transcriptional control of metabolic enzymes 
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(Baena-Gonzalez et al. (2007) Nature 448, 938-942; Hanson et al. (2008) Plant J 53, 935-949)
. Furthermore, members of the MERIT network demonstrated bZIP TFs to be phosphorylated by SnRK1 (MT). SnRK1 is further known to be phosphorylated by an upstream kinase. To understand this tightly regulated network quantification of proteins and phosphorylation levels is essential. A targeted mass spectrometric technique called Mass Western is able to distinguish highly homologous proteins and their phosphorylation sites and, at the same time, quantify these proteins/phosphoproteins in e.g. pmol per cell. Furthermore it is possible to establish a sample throughput not achievable with classical antibody approaches by analyzing several dozens of proteins in one sample. This targeted approach was developed in our lab (Wienkoop et al. (2006) J Exp Bot 57, 1529-1535; Lehmann et al. (2008) Plant J 55, 1039-1046). For the selection of internal standard peptides proteotypic peptides are identified either in a mass spectrometric approach or via in silico selection. We established a mass spectral reference database called ProMEX for plant proteomics (Hummel et al. (2007) BMC Bioinformatics 8, 216) and a phosphorylation site database in Arabidopsis thaliana (Heazlewood et al. (2008) Nucleic Acids Research 36, D1015-D1021). Targeted proteomics will then be combined with subcellular fractionation to provide subcellular localizations and corresponding concentrations in attomol/cell for the respective proteins and their phosphorylation sites. ESR5 will focus on:

ESR5:1 Phosphoproteomic screening. (WP1 and WP2) The proteome and the phosphoproteome of bZIP and SnRK1 mutants will be analyzed to identify proteins, which are putatively involved in the regulation (in collaboration with partner 6 (EBG) and partner 2 (WDL)). These proteins are then further analyzed by using the Mass Western strategy. 

ESR5:2 Mass Western strategy for the bZIP/SnRK1 signaling network (WP1 and 2) From previous studies of the members of the ITN genes known to be regulated by either bZIP TFs and/or SnRK1 are mostly demonstrated for mRNA levels. Targeted proteomics will be set up for these protein candidates and putative or known phosphorylation sites based on the PROMEX, PHOSPHAT and other databases and/or in silico prediction of proteotypic peptides (Mallick et al. (2007) Nat Biotechnol 25, 125-131). Based on the protein candidate lists a mass western strategy will be designed for known and newly identified target proteins from ESR5.1 involved in the bZIP regulatory network. Proteotypic peptides are selected or predicted and chemically synthesized using stable-isotope-labeled amino acids. These stable-isotope labeled proteotypic peptides are further used as internal standards to accurately quantify the target proteins in complex protein mixtures. 

ESR5.3 Establishment of a combination of targeted proteomics and protoplasts (WP2) The Mass Western approach is established for various tissues. In this task the strategy will be tested for protoplast material. Special emphasis will be laid on the effect of bZIP transcription factors on the metabolome. Secondments will be instrumental both at TC5 (protoplasts) and TC1 (correlative analysis of metabolite and mRNA levels). 

ESR6 - C/S1 bZIP networks in the seed: integration of developmental, metabolic and environmental responses

Partner 4. Supervisor: J. Vicente-Carbajosa, Dep. of Biotechnology. Centre for Plant Biotechnology and Genomics (UPM-INA), Madrid, Spain. 

Secondary supervisor: W. Dröge-Laser, Secondments: TC1 (JH), TC2, (WW), TC6 (MH).

Our focus is on TFs involved in seed development. Most of these are involved in antagonistic metabolic processes under distinct hormonal regulation. We have analyzed functionality conserved cis-regulatory elements present in the promoters of maturation and germination specific genes (Vicente-Carbajosa et al. (2005) Int J Dev Biol 49, 645-651). In addition, we could establish regulatory networks based on protein-protein interactions and functional analyses in transient expression assays. In collaboration with WDL we have shown that bZIP10, 25 and 53 are key players in the regulation of seed-maturation genes in conjunction with ABI3, an important regulator of seed development 
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(Alonso et al. (2009) Plant Cell 21, 1747-1761)
. Within this project we will generate both constitutive and inducible mutants with gain or loss-of-function in different C/S1 bZIP members. Work of ESR6 will focus on the study of these mutants in the following aspects:

ESR6.1 Transcriptomic analyses of bzip10 and bzip25 single and double knock-out mutants in seed development (WP2) We have previously established that bZIP10 and 25 are the only C bZIP members expressed during seed maturation (Lara et al. (2003) J Biol Chem 278, 21003-21011). Consequently, mutants with impaired function of these factors are ideal to uncover the regulatory action of C/S1 heterodimers and alterations derived from interactions with other TFs participating in seed development. Collaboration with JH, WDL and CC is expected. Secondment and ST5 participation with TC1 is planned.
ESR6.2 Phenotypic characterization of C/S1 bZIP factors in abiotic stress responses (WP4) Besides its participation in a seed regulatory complex, no particular function has so far been associated to bZIP25. The generated mutants as well as others available for C/S1 bZIPs with overlapping patterns of expression with bZIP25 will be tested for phenotypic alterations both in the seed and in vegetative tissues. The multiple C/S1 mutant lines will be analyzed in collaboration with partners 2 (WDL) and 7 (MH), the later in form of a secondment in TC6.

ESR6.3 Participation of bZIP63 in the allocation of nitrogen resources within the plant (WP3) Among the C-bZIPs, bZIP63 transcripts are uniquely induced by nitrogen supply (Scheible et al. (2004) Plant Physiology 136, 2483- 2499). We have previously obtained bZIP63 knock-out and over-expressing Arabidopsis plants. Transcriptomic analyses performed on these plants allowed the identification of target genes like ASN1 with central participation in plant nitrogen mobilization. These plants will be further analyzed in their sink-source relationships and in particular in the allocation of N resources to sink tissues like the seed. Seed metabolite analyses will be performed in collaboration with WW and a one-month secondment is planned for these activities. 
ESR7 - Analysis of the combinatorial control of bZIP10-dependent stress responses

Partner 5. Supervisor: C. Chaban, Plant Physiology, Tübingen, Germany

Secondary supervisor: J. Vicente Carbajosa, Secondments: TC1 (JH and BS), TC3 (MT) and TC2 (WW)

bZIP10, a member of the C-group bZIP TFs, is involved, through its interaction with LSD1, in superoxide-induced cell death which is essential for the hypersensitive response (HR) upon pathogen attack 
 ADDIN EN.CITE 

(Kaminaka et al. (2006) Embo J 25, 4400-4411)
. Furthermore, bZIP10 was shown to form heterodimers with S1 group members 
 ADDIN EN.CITE 

(Weltmeier et al. (2006) Embo J 25, 3133-3143; Alonso et al. (2009) Plant Cell 21, 1747-1761)
. Nevertheless, the direct bZIP10 target genes as well as the regulation and signal-dependent function of bZIP10 are largely unknown. ESR7 will identify the bZIP10-regulated genes and explore the interconnections between LSD1 and S1 group-dependent processes controlled by bZIP10. ESR 7 will focus on two major research tasks:

ESR7:1 - Identification of genome-wide bZIP10 targets. (WP2) ChIPSeq and mRNA profiling of Arabidopsis lines expressing bZIP10 to different levels will be performed in collaboration with Max Planck Institute of Developmental Biology and TC1. In collaboration with JH, bioinformatics analysis of the obtained data will be performed and putative direct target genes will be identified. These candidate genes will be confirmed by Q-PCR in the bzip10 ko line and by DNA-binding assays. The expression of validated target genes will be further studied by Q-PCR in different Arabidopsis lines (including lines with altered expression of S1 group TFs and SnRK1 kinases (provided by MERIT partners) under stress treatments. Further analysis of the data will be performed during secondments in TC1 (JH)

ESR7:2. - The effect of LSD1 and SnRK1 on bZIP10-S1 heterodimer formation and localization. (WP2) Out of the four C-group members only bZIP10 was shown to locate as homodimer both in the nucleus and cytoplasm and to interact with LSD1. LSD1 is proposed to function as a cytoplasmic retention factor for bZIP10 and to release bZIP10 upon a specific signal 
 ADDIN EN.CITE 

(Kaminaka et al. (2006) Embo J 25, 4400-4411)
. To further analyze the mechanism of bZIP10 (in)activation through LSD1-dependent interaction, the fusions of LSD1 either with NLS (nuclear localization signal) or NES (nuclear export signal) will be generated and co-transformed either with bZIP10 alone or in combination with S1 group members in plant expression systems. Using imaging expertise available at ZMBP, the multi-BiFC approach will be used to monitor dimer formation and intracellular localization. The effect of either the cytoplasmic or nuclear localization of LSD1 on bZIP dimer behavior will be considered. Different signals (sugar, salt, osmotic stress) as well as the effect of SnRK1 kinases (in collaboration with MT and EBG) will be analyzed for their ability to trigger dimer (or protein complex) re-location. Furthermore, in collaboration with MT, the immuno-precipitation of bZIP10/LSD1-containing protein complexes from the cytoplasmic and nuclear cell compartments will be carried out and the identification of proteins will be performed by MS analysis. Metabolome analysis of protoplasts expressing bZIP10 and either LSD1 version will be performed in collaboration with WW. Arabidopsis plants over-expressing LSD1 in lsd1/bzip10 or lsd1/bZIP10ox background will be generated and their phenotype further characterized. Secondment periods in TC3 (MT) and TC2 (WW) of one month are planned for the IP and metabolomics analysis. 

ESR8 - Role of GBF1 in the crosstalk between LES and natural senescence

Partner 5. Supervisor: U. Zentgraf, General Genetics, Tübingen, Germany 

Secondary supervisor: M. Hannah, Secondments: TC5 (WDL), TC3 (MT).
Developmental as well as dark-induced leaf senescence are accompanied by a massive change in the transcriptome clearly implying an important role of TFs in these overlapping processes 
 ADDIN EN.CITE 

(Guo et al. (2004) Plant Cell and Environment 27, 521-549; Zentgraf et al. (2004) Plant Biol 6, 178-183; Buchanan-Wollaston et al. (2005) Plant J 42, 567-585)
 We could show that G-box binding factor1 (GBF1), belonging to the G-group bZIPs, is involved in the induction of developmental leaf senescence since gbf1 mutant plants exhibit a delayed senescence phenotype. GBF1 expression is not transcriptionally up-regulated during leaf senescence and therefore GBF1 is presumed to be post-transcriptionally regulated, possibly by the formation of specific heterodimers with other bZIP factors. bZIP63 belonging to the group C has been identified as an interacting partner of GBF1 using bimolecular fluorescence complementation assays (BiFC) and FACS analyses of transiently transformed protoplasts. Another possibility is that GBF1 is modified e.g. by specific kinases such as SnRK1 or that it is regulated at the level of translation or its the intracellular localization in analogy with bZIP10. The aim of this project will be to characterize this senescence-specific activation of GBF1 and the crosstalk to low energy stress in more detail. 

ESR8.1: Target genes and localization of GBF1/bZIP63 dimers. (WP2) ESR8 will test the influence of GBF1/bZIP63 dimer formation on its DNA-binding activity and on the expression of the reporter genes CAT2 and RUBISCO. ESR8 will follow up the intracellular localization of the proteins and the complex over plant development. New target genes should be isolated by ChIPSeq together with CC. 

ESR8.2: Influence of SnRK1 on GBF1/bZIP63 dimers. (WP1) bZIP63 is a target of SnRK1 (MT unpublished results). which is related to starvation and the LES in plants. Over-expressing a SnRK1 catalytic subunit increased the expression of sugar-repressed and autophagy genes and showed a delayed flowering and senescence phenotype (Wingler et al. (2009) J Ex. Bot 60 1063-1066). Therefore, ESR8 will analyze the interaction of bZIP63/GBF1 in the snrk1 mutant background and SnRK1 over-expressing lines and test the expression of reporter genes and senescence induction (in collaboration with partner 6, EBG). Conversely dark-induced senescence will be compared between wild type plants and gbf1 mutants. In addition, a direct interaction between SnRK1 and GBF1/bZIP63 will be tested by means of Y2H, BiFC and Co-IP. This task will be done in cooperation with MT and ESR8 will spend a one-month secondment in TC3.

ESR8.3: Identification of new interacting partners. (WP2) ESR8 will identify other bZIP protein interaction partners forming heterodimers with GBF1 using a protoplast-based high through-put system together with WDL. High-throughput protoplast technology will be taught during secondment in TC5.

ESR9 - Novel regulatory mechanisms of the energy sensor SnRK1 protein kinases

Partner 6. Supervisor: E. Baena-González, Instituto Gulbenkian de Ciência, Oeiras, Portugal

Secondary supervisor: M. Teige, Secondments: TC3 (MT), TC2 (WW), TC1 (JH).
The response to a particular type of stress is usually composed of both stress-specific as well as general responses shared by multiple pathways. Such convergent signaling events confer basic protection by rapidly bringing growth to arrest and by restoring homeostasis, redirecting energy to the repair of damaged cellular components and to the elaboration of a more targeted adaptive response (Kültz (2005) Annual Review of Physiology 67, 225-257). Most environmental perturbations interfere with photosynthesis and/or respiration, significantly impacting the overall energy status of the cell. We have recently identified the Arabidopsis SnRK1 protein kinases, as central mediators of various stress conditions that impinge on cellular energy levels 
 ADDIN EN.CITE 

(Baena-Gonzalez et al. (2007) Nature 448, 938-942; Baena-Gonzalez et al. (2008) Trends Plant Sci 13, 474-482)
. Sensing and signaling stress-associated energy deprivation, these PKs trigger global gene expression reprogramming, through S1 group bZIP TFs, enabling the adjustment of energy homeostasis necessary for coping with stress. To date, virtually nothing is known about how the energy deficiency signal is sensed and how the SnRK1 system is regulated. Energy levels seem to be indirectly sensed through a regulatory phosphatase rather than by the SnRK1 system itself 
 ADDIN EN.CITE 

(Sugden et al. (1999) Plant Physiol 120, 257-274)
. On the other hand, our preliminary cell fractionation studies under various conditions implicate nuclear localization, post-transcriptional modification, and protein stability in SnRK1 regulation. This suggests a scenario where upon stress-induced activation and entry into the nucleus, SnRK1 function is controlled through specific modification and subsequent degradation. The specific aims of ESR9 are: 

ESR9:1 - Identification of the SnRK1 phosphatase. (WP1) Early in vitro studies revealed that the SnRK1 complex can be dephosphorylated both by mammalian PP2A and PP2C 
 ADDIN EN.CITE 

(Sugden et al. (1999) Plant Physiol 120, 257-274)
. We will use a gain-of-function approach in the protoplast cell system to efficiently screen representative members of the phosphatase families for their effect on SnRK1 reporter gene expression. In parallel, a yeast-two-hybrid (Y2H) screen employing a stress-derived cDNA library has already been initiated to search for novel partners of SnRK1s. The effect of the newly identified factors on SnRK1 activity will be assessed in collaboration with ESR4 using in vitro kinase assays. Interactions will be confirmed by Y2H and by co-immunoprecipitation and bimolecular fluorescent complementation in collaboration with the MT group.

ESR9:2 - Elucidation of the role of SnRK1 subcellular localization, modification, and stability on SnRK1 function. (WP1) The role of these factors will be investigated in the protoplast system using stress treatments, specific inhibitors (e.g. of nuclear export, proteasome), and various wild type vs. mutated SnRK1 effectors. Their effect will be examined using reporter gene expression and subcellular fractionation, immunoprecipitation, and immunodetection. The activity of the mutated SnRK1 effectors will be measured in vitro in collaboration with ESR4 (MT). This collaboration will further be extended for the proteomic analyses of immunoprecipitated SnRK1 for the identification of SnRK1 modifications, with additional support from the WW group.

ESR9:3. - Examination of the effect of these components in planta. (WP4) through the generation of the necessary constitutive and inducible knockout (KO) and over-expression lines and through the complementation of single SnRK1 KO lines with the various SnRK1 mutated versions. The impact of SnRK1 signaling on the overall plant tolerance to stress will be assessed using the DIGS system in collaboration with MH, partly during a secondment period in TC6.

ESR10 - The role of NAD metabolism in SnRK1 dependent regulation during stress

Partner 7. Supervisor: Matthew Hannah, Bayer BioScience NV, Gent, Belgium

Secondary supervisor: J. Hanson, Secondments: TC3 (MT), TC5 (WDL).
Abiotic stresses are a major limitation of crop yield and the breeding of new varieties to increase tolerance to stress will be essential to increase future crop production. Bayer BioScience has identified modification of NAD metabolism as a target for engineering improved tolerance to abiotic stresses as part of their strategy of innovative biotechnological solutions. Arabidopsis and Brassica with reduced poly(ADP-ribose) polymerase (PARP) activity have increased tolerance to oxidative, high light and drought stress (De Block et al. (2005) Plant J 41 95-106; Vanderauwera et al. (2007) PNAS 104 15150-15155). Inhibition of PARP improves NAD and energy availability and recently it was proposed that low PARP activity increases stress tolerance by stimulating cADPR production as a consequence of elevated NAD, leading to stimulation of the ABA stress-response pathways (Vanderauwera et al. (2007) PNAS 104 15150-15155). In mammals changes in NAD pools have been linked to the activity of another NAD consuming enzyme, SIRTUIN (Canto et al. (2009) Nature 458 1056-1060). Furthermore, this work also provides a clear link to AMP-activated protein kinase (SnRK1) as SIRTUIN activity is enhanced by SnRK1-mediated increases in cellular NAD levels, which results in the deacetylation and modulation of the activity of downstream target genes by SIRTUIN. The aim of the proposed PhD project is to investigate the role of SnRK1 in modulating NAD levels and redox balance in plants, the role of these changes in SnRK1-mediated transcriptional and metabolic reprogramming and the consequences of these processes for plant abiotic stress tolerance. Bayer BioScience has expertise, plant lines and tools available related to deregulated expression of NAD consuming and recycling enzymes and in characterizing abiotic stress tolerance. In a collaborative project, plant lines with constitutive and inducible up- and down-regulation of the Arabidopsis SnRK1 will be provided by partner 6 (EBG). The project will focus on the following aspects:

ESR10:1 - Stress performance of SnRK1 signaling related lines. (WP4) The stress performance of plants with deregulated expression of SnRK1s, SnRK1 down-stream signaling genes (e.g. bZIPs), NAD consuming and recycling enzymes will be monitored by ESR10. This will be done using non-invasive imaging of plant growth under multiple environmental conditions that are established in the group of MH (DIGS system). These assays will focus on growth during 1) long-term stress exposure; 2) Transfer to stress conditions; and 3) Recovery following exposure to stress conditions. Lines with significantly altered performance will studied further and crosses will allow dissection of interactions between pathways. 

ESR10:2 - SnRK1 interaction with the regulation of NAD pools and cellular redox balance. (WP1) The consequences of SnRK1 deregulation on NAD pools and NAD/NADH ratio will be studied under normal and stressful growth conditions as informed by task ESR10:1. Additionally, ESR10 will study the consequences of altered NAD metabolism in plants with deregulated expression of NAD metabolizing genes on SnRK1-regulated transcripts, thus using downstream target gene activation as a readout of SnRK1 activity. ESR10 will also investigate SnRK1 regulation by studying i) how altered NAD metabolism may affect SnRK1 protein accumulation and phosphorylation via Western-blotting in collaboration with ESR9 (EBG); ii) the impact on the SnRK1 system by IP of SnRK1s and in vitro phosphorylation assays via a one month secondment to TC3 (MT); and iii) reporter gene expression and the other output parameters following the feeding of NAD, NADH and related metabolites in the group of EBG. Furthermore, the consequences for specific combination of genes or certain environmental conditions will be investigated further in later stages of the project. 

ESR10:3 - The role of SnRK1 in NAD status mediated molecular reprogramming. (WP3) In close cooperation with EBG, the molecular consequences of altered SnRK1 expression in whole plants growing under different environmental conditions will be investigated at the metabolic level (with WW) and at the transcriptional level (with JH). Using microarray data together with published data of SnRK1 deregulation (Baena-Gonzalez et al. (2007), Nature 448, 938), publicly available data and of lines with deregulated expression of NAD metabolizing enzymes (Vanderauwera et al. (2007) PNAS 104 15150-15155; BBS unpublished) ESR10 will perform a meta-analysis to identify conservation and interaction of transcriptional responses. These analyses will feedback and direct efforts in tasks 1 and 2 and will assist in the interpretation of the results from metabolic profiling. Secondments both in TC1 and TC2 are planned for these activities.
ER1 - Identification of proteins interacting with the regulatory Sucrose-Control peptide of bZIP11
Partner 1. Supervisor: J. Hanson, Molecular Plant Physiology, Utrecht, The Netherlands

Secondary supervisor: W. Weckwerth, Secondments: TC3 (MT), TC5 (WDL)

The S1-bZIP TFs in Arabidopsis are translationally repressed by sucrose (Wiese et al. (2004) Plant Cell 16, 1717-1729). The repression is dependent on a conserved uORF in the 5’leader of the mRNA. Only mutations that specifically affect the amino acid sequence of the translated sucrose control peptide (SC-peptide) encoded by the uORF affect translational repression. By thorough mutation analysis we have defined the C-terminal part of the SC-peptide of particular regulatory importance. Based on these and other findings a model in which the SC-peptide specifically stall ribosomal progression while being translated was formulated (Hummel et al. (2009) Ann Bot 104, 1-7; Rahmani et al. (2009) Plant Physiol 150, 1356-1367). The proposed stalling is dependent on the interaction between the SC-peptide and an as yet unidentified bio-molecule. ER1 will identify this molecule using two orthogonal methods to maximize the chance of success. This project although central for the understanding of bZIP regulation is very challenging as both biochemical isolation of large protein complexes, genetics and mass-spectrometry analytical skills are needed. We have therefore chosen to appoint an experienced researcher for this task.

ER1:1 Immuno-selection of stalled ribosomal complexes - SC-peptide proteomics. (WP2) Sucrose-mediated repression of translation occurs in all cell types of the plant 
 ADDIN EN.CITE 

(Rahmani et al. (2009) Plant Physiol 150, 1356-1367; Weltmeier et al. (2009) Plant Mol Biol 69, 107-119)
. Likely, all ribosomes undergo sucrose-induced changes. However, specific changes to the ribosome may only occur in the presence of the SC-peptide. This makes detection of sucrose-specific changes challenging. We have developed transgenic Arabidopsis lines expressing FLAG-tagged SC-peptide expressed under the control of the strong 35S promoter. In this way SC-interacting proteins can be immuno-selected from sucrose-treated plants using immuno-precipitation. 

ER1:2 Yeast-two-hybrid screen for SC-peptide interacting proteins. (WP2) The proteomics analysis will be complemented by yeast-two-hybrid (Y2H) interaction studies to identify SC peptide-interacting proteins. Y2H screens and interaction studies are routine in our laboratory (see e.g. (Rutjens et al. (2009) Plant J 58, 641-654). We have performed an initial analysis using the SC peptide and established conditions suitable for screening. ER1 will scale up the Y2H experiments and perform the screening; suitable libraries are available in the lab and could furthermore be obtained from MT. Possible positive interaction clones identified will be tested for biological significance using mutated forms of SC-peptides, which do not mediate translational repression in vivo (Rahmani et al. (2009) Plant Physiol 150, 1356-1367). Y2H methodology will be introduced to ER1 during a secondment in TC3 (MT), the duration of which will depend on the experience of ER1. 
ER1:3 Genetic characterization of identified leads. (WP2) In the above work tasks candidate proteins will be identified that interact with the SC peptide. Such proteins will be functionally tested in plant lines with reduced or complete loss-of-function of these proteins. Mutant lines for interesting proteins will be retrieved from Arabidopsis stock centers, their genetic identity confirmed, and used in a rapid biolistics based transient transformation assay where a 35S-SCpeptide-fLUC (firefly luciferase) construct will be delivered to seedlings to test for sucrose induced repression. High-throughput protoplast technology will also be modified for these purposes during a secondment at TC5 (WDL). 

ER2 - Metabolic reprogramming in response to stress - analysis and regulation

Partner 3. Supervisor: W. Weckwerth, Molecular systems biology, Vienna, Austria.

Secondary supervisor: B. Snel, Secondments: TC5 (WDL), TC1 (BS)

One essential aspect of LES is the great effect on primary metabolism. bZIP TFs under direct control of SnRK1 directly regulate the expression of genes encoding central enzymes in primary metabolism, like ProDH2 or ASN1 (Hanson et al. (2008) Plant J 53, 935-949). To understand this tightly regulated network metabolite quantification is essential. We ask the question how the bZIP/SnRK1 signaling network affects the metabolism of the plant? Unbiased metabolome analysis will be deployed in combination with a well defined experimental setup to make it possible to correlate changes in metabolite levels with changes in transcript (ESR1, ESR3) and protein levels (ESR4). Several MERIT researchers will send samples to be analyzed by ER2 (ESR1, ESR3, ESR6, ESR7 and ESR10). In total hundreds of samples from several different sources will be analyzed. High-level management skills are therefore needed, which justifies the selection of an experienced researcher for this position. 

ER2.1 Metabolomics in the bZIP/SnRK1 signaling network. (WP3) Gas chromatography and liquid chromatography mass spectrometry (GC/MS and LC/MS) metabolomics techniques will be applied to specific experimental systems, stressed plants and mutants, transfected protoplasts etc. GC/MS and LC/MS techniques are established in the lab. However, the application to protoplasts has to be established. The established protoplast transfection system developed by WDL will be optimized for metabolite analysis. For the targeted analysis of metabolites a GC triple quad MS will be used. Metabolites will be quantified and a calibration curve obtained using authentic standards. Here the major focus will be on metabolites involved in C/N metabolism. Sugars and amino acids can be easily analyzed with this technique.

ER2.2 Combined metabolome and proteome analysis. (WP3) We established a method for the integrative extraction of metabolites and proteins from the same sample using MetOH/Chlorophorm (Weckwerth et al. (2004) Proteomics 4, 78-83; Morgenthal et al. (2007) Methods Mol Biol 358, 57-75). For the rapid screening of metabolites a GC/MS will be used (Weckwerth et al. (2004) Proteomics 4, 78-83; Morgenthal et al. (2007) Methods Mol Biol 358, 57-75). For the rapid screening of proteins a Orbitrap MS will be used (Hoehenwarter et al. (2008) Proteomics 8, 4214-4225). The critical step in working with huge and complex molecular data sets is to reduce the information extraction to the most important components (Weckwerth (2008) Physiologia Plantarum 132, 176-189). We have developed robust strategies to address this critical step and to extract as much useful biological information as possible out of the data. Supervised and unsupervised strategies such as independent component analysis (ICA) are employed for multivariate data mining (Wienkoop et al. (2008) Mol Cell Proteomics 7, 1725-1736). Secondment in TC1 (BS) is planned.

B.4.2 Network wide training 

Specific topics of the training are more efficiently taught and learned in a more concentrated form. This includes training in experimental technologies, which will be taught in association with the technology centers of the network as secondments or in skill training workshops. This includes the industry relevant skills workshop as well, which will be organized by the industrial partner. In total eight network-wide workshops will be given where all MERIT researchers come together for about one week. According to the experience some of us gained in past and ongoing ITNs, this will push strong interactions and generate a common identity among the young researchers, who will also be encouraged to self-organize and to develop their own activities. In addition to network-wide activities, extensive scientific training of the ESRs/ERs will be conducted in the technology centers of the network. During secondments of a month or longer the trainees will conduct experiments in the context of their own project in the scientific environment of the technology centers. He or she will get supervision and support by the host laboratory of the centre. MERIT employees will only be employed for a limited duration of the program. All employees will therefore be invited to all training events regardless of the duration and timing of their respectively training contracts. All training events will also be open to other young researches if space requirements allow (at least three, often more). Workshops will therefore be announced at the MERIT web-page as well as on the web-pages of participating organizations and preference will be given for applicants from parts of Europe not represented in the MERIT network to maximize Europe-wide technology transfer. Training activities will be registered and ECTS credits will be awarded after successful participation by the hosting University (in case of the workshop organized by Bayer BioScience, by the University of Utrecht).

B.4.2.1 Skill training workshops (ST1 - 5)

The local training will be complemented by further network-wide workshops in experimental technologies and skills relevant to industry. As the complementary skill training workshops (B.4.2.2) these will be mandatory for the employees of the network. Within all workshops high level of active participation is central. Learning by doing is the motto, which will give the employees of MERIT the possibility to test the experimental procedures using their own research material, when possible. Five network-wide skill training workshops (STs) will be given as part of the network:

B.4.2.1.1 ST1 - Statistics and bioinformatics - new and old tools for the biologist (3 ECTS)
Organizer: J. Hanson and B. Snell (Partner 1). ST1 consists of two parts; 1) basic experimental statistics and 2) informatics which are both central to modern biological research and in our experience most PhD applicants have a lack of knowledge in these subjects. The workshop is therefore positioned as early as possible within the time schedule of the network and covers nearly two full working weeks. The weekend in between the two parts will be used for social activities in order to strengthen the interactions between the employees. Preliminary program: 
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The first week will focus on bringing all trainees to a sufficient level of statistical understanding. Much of the work will be in the form of computer practicals in which problems have to be solved by the trainees. The second week will focus on the rapid development of new methods in informatics-intensive experimentation such as massive sequencing, whole genome coverage microarrays, proteomics and metabolomics, etc. The aim of the classes is to: introduce and familiarize the ESR with the currently available online recourses, describe the strengths and weaknesses of the currently available technologies and to provide the basics of the statistic tools used in high-throughput biology. JH and BS and WW will give all lectures except when indicated otherwise. Some lectures will be given by researchers, which are not members of the network (Dr. Leonie. Bentsink; Utrecht University and Dr. Wilbert van Workum; Service XS, Leiden).

B.4.2.1.2 ST2 - Microscopy - imaging to understand signaling (2 ECTS)
Organizer: C. Chaban (Partner 5). The understanding of any biological process is not possible without combining molecular, biochemical and physiological analyses with visualization methodologies. Modern research units, including those involved in MERIT, are equipped with innovative instruments of high complexity, able to provide the highest image quality, which, however, is very often not achieved due to the insufficient skill of the users. On the other hand, industry regularly develops novel labeling compounds, which could expand the limits of the visualization of biological objects even more. The workshop “Microscopy - Imaging to understand Signaling” (ST2) would, therefore, be an absolutely necessary training activity, which would allow MERIT researchers to learn modern imaging techniques, get oriented in market products and make optimal use of the available equipment both in the local institution and, if necessary, in TC4. In addition to the information and practice in high-resolution light and electron microscopy, training will be provided in the field of Digital Image Processing. The one-week workshop will be organized as a combination of three independent workshops, which are routinely held at the UTU (Partner 5). Three main lecturers will be involved (all UTU employees): Dr. Schleifenbaum, Dr. Stierhof and Prof. Dr. Reuter. The complementary skills in computational analysis, data mining, result presentation and scientific communication will be taught during the preparation and holding of presentations, as well as in joint discussions. Preliminary program:
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B.4.2.1.3 ST3 - Metabolomics – measuring metabolic adaptation (2 ECTS)
Organizer: W. Weckwerth (Partner 3). The systematic description of living systems requires a substantial sample throughput in parallel with comprehensive and accurate analysis of as many constituents as possible. Metabolomics is currently one of the most promising techniques for such high-throughput analyses of biological systems (Weckwerth (2003) Annu Rev Plant Biol 54, 669-689). As a unique diagnostic technique to confirm rapid changes in metabolism it provides insights into gene function and plant metabolism (Fiehn et al. (2000) Nature Biotechnology 18, 1157-1161; Saito (2004) Plant and Cell Physiology 45, S7-S7). Metabolomics technology has nowadays a broad application range from plant sciences to biotechnology and microbiology to biomedical research. For metabolomics, GC/MS has evolved as an important technology (Weckwerth (2008) Physiologia Plantarum 132, 176-189). This workshop will provide insights into basic definitions of metabolomics technology, the various techniques used, and hands-on experience in the analysis of complex metabolomic samples with state-of-the-art GC/MS instruments, data mining strategies, statistics and biological interpretation. The workshop is based on a highly successful regular student course at the University of Vienna organized by the MOSYS Department at a half year frequency. The attendees (maximum fourteen due to space constraints) will have the opportunity to analyze their own plant samples. Members of the MOSYS Department, Stefanie Wienkoop, Volker Egelhofer and Wolfram Weckwerth will hold the lectures. Preliminary program: 
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B.4.2.1.4 ST4 - Industry relevant skills – from the laboratory to the field (2 ECTS) 
Organizers: M. Hannah (MH) and W. Vriezen (Partner 7 and 8). Many of the ESRs will interact with employees of the industrial partner Bayer BioScience N.V. either in meetings or via secondments. In addition to this scientific interaction, a workshop is planned to introduce the ESRs to the complexity of the R&D process within a modern agro-biotech company. This close industry interaction will be especially valuable for the ESRs to gain insight into applied aspects of research and the importance of R&D support activities, including IP and legal protection, licensing and stewardship, to allow successful product commercialization. This exposure to industry-relevant research and to the various departments and functions will also provide insights into the diverse career opportunities in non-laboratory functions. This four-day Workshop on Industry-skills will be organized and carried out by Bayer BioScience N.V. and coordinated by Matthew Hannah. The schedule of this workshop is outlined below and will include the following components: 
(i) A general overview of the current agro-biotech landscape, complemented with a specific example by describing the industry activities and organization of the industrial partner Bayer BioScience
(ii) The background and laws governing Intellectual property and their implications for the Ag-Biotech industry will be discussed with specific and relevant examples. This will be complemented by a hands-on IP activity for the ESRs.

(iii) A discussion of the importance of Public-private partnerships will illustrate the benefits of academia-industry interactions. This will be followed by an introduction of the activities of Technology Licensing and their role in supporting the R&D process. An interactive activity focusing on contract negotiations will complete this section of the training.

(iv) The third day will be mostly devoted to training the ESRs in Plant Breeding and its role in a modern agro-biotech company. Background and general introduction of plant breeding and its role will be complemented by a specific case-study of Plant Breeding at Nunhems.

(v) The day will be completed by bringing all of these aspects into context by a R&D pipeline activity which will be fun, practical activity and quiz where the ESRs will participate in building their own R&D pipeline and cooperating with other team members to successfully complete their “product”, and learning the R&D phases in the process.

(vi) The final day will focus on downstream effects and consequences, illustrating the potential for modern plant breeding with the example of submergence tolerant rice (Prof. J. Bailey Serres). This will be followed by an overview of the laws, processes and socio-economic implications of the Product Deregulation and Stewardship process. These topics will be brought together in an afternoon discussion activity where the ESRs will discuss Ethical issues in plant biotechnology. The workshop will be given in Gent, Belgium, organized and given by staff from partner 7 and 8. The workshop will however be acknowledged by Utrecht University (Partner 1) training program for ECTS certification reasons. 

Workshop schedule:
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B.4.2.1.5 ST5 - Analysis of Transcript profiling data – how to get relevant information out of great amounts of data (1ECTS)
Organizer: J. Hanson Partner 1. This workshop on getting biological relevant data from microarray and massive sequencing experiments is also based on the learning-by-doing principle. The participants will work on data from own experiments whenever possible, and will be guided through the introductory analysis like normalization and feature extraction to different methods of identifying differentially expressed genes (linear mixed models, ANOVA). Further basic GO analysis and pathway analysis will be performed and visualization of the data will be emphasized as communication of such data to biologists who are less familiar with the statistical basis is of increasing importance. This workshop has already been organized twice before with great success, and will be held several times during the duration of the MERIT network with a maximum of only three participants to ensure the highest degree on trainee-teacher interaction. External participants will be welcomed. The whole program is performed using the open source software suite R (www.R-project.org) and Bioconductor (www. bioconductor.org). Therefore, the participants could directly continue the analysis in their home institutions and possibly teach others members of their laboratories without the need of purchasing expensive software licenses. 

 B.4.2.2 Complementary skill training (CST1 - 4) 

Communication skills will be trained network-wide in connection with the meetings to further train the ESR and ER in relevant communication skills. Four topics will be covered in the complementary skill training (CST1-4):

CST 1 Efficient oral presentation of scientific data. After the ToK and recruitment parts of the kick-off meeting all candidates will be introduced to efficient presentation techniques by JVC. In association with the first meeting the presentations of each employee will be discussed and improved by input from both the employees as well as professional trainers. The presentation of each ESR will be discussed together with the teachers with the clear focus on constructive result-oriented criticism. Special care will be taken to clear and understandable oral presentation. The presentation will be focused on the background of the individual ESR projects and after CST1 activities, the improved presentation will be given in the meeting for all participants of MERIT. Estimated 2 ECSP

CST2 Posters to present scientific results. Organizer: EBG. Theoretical introduction will be given in association with meeting 1 on how to plan, organize and design informative and attractive scientific posters. In association with meeting 2 the posters will be discussed together with Dr. Vivian Siegel (Director Center for Scientific Communication, Vanderbilt University). The employees will bring posters of their own results in digital form and after improvement will the posters be printed and presented in association with the transfer of knowledge activities of Meeting 2. Estimated 2 ECSP.

CST3 The art of scientific writing. Organizer: WDL. Lectures on writing scientific papers will be given in association with meeting 2 by Dr. Vivian Siegel. Efficient writing skills are essential for a successful career in the academia as well as in the industry. The practical session of CST3 (in association with meeting 3) is therefore planned to last four full days. The ESR/ERs will bring their own texts intended for future publishing. During these days the text written by the trainees will be discussed in small groups consisting of one senior researcher (group-leader level) and maximum three trainees. In the small groups the trainees will work on the texts of the fellow trainees. Attention will be given to specific issues during independent sessions. Topics covered will include: structure, ‘clear and concise’, figure design, English for non-native speakers, etc. During the workshop for the trainees to improve their texts according to the suggestions given and to have their improved text reviewed by a second senior reviewer. The very experienced group leaders Prof. S Smeekens and Prof. K Harter (together coauthored more than 200 publications) have agreed to join the sessions. In addition Dr. Britta Mädge, Senior Scientific Editor of Cell, will give a lecture titled "Publishing in Cell - the editorial process at a top tier journal". Estimated 3 ECSP

CST4 How to write a successful proposal? Organizer: UZ. In association with meeting 3 lectures will be given on the art of writing successful scientific/industrial proposals. Patricia Fuchs from the KOWI (EU liaison Office of German Research Organizations) will be invited and will assist with the organization of the meeting. In association with the final meeting the ESRs and ERs will be offered the opportunity for constructive criticism on their proposals. Elisabeth Baier, the EU liaison officer of the UTU, will advice the ESRs and ERs to improve their grant proposals. These proposals could become instrumental for further employability of the employees after the MERIT network, i.e. as a basis for European re-integration grants or similar fellowships as well as applications for positions in the industrial sector. Estimated 2 ECSP.
	Table B.4.2.2 MERIT complementary skill training events

	Meeting
	Meeting activity
	Training activities
	Organized by 

	
	
	Employee activity
	Lecture session
	

	Kickoff
	Recruitment

T of K 
	Interviewed for recruitment
	Presentation (CST1)
	JH in Utrecht

	Meeting 1 (M1)
	T of K
	Presentation of background (CST1)
	Poster making (SCT2)
	JVC in Madrid

	Meeting 2 (M2)
	T of K

Mid term review
	Poster of own 

results (CST2)
	Efficient writing (CST3)
	EBG in Lisboa

	Meeting 3 (M3)
	T of K
	Scientific paper 

(CST3)
	Writing a successful proposal (CST4)
	WDL in Würzburg

	Final meeting
	T of K

Evaluation
	Proposal

(CST4)
	
	UZ in Tübingen


To improve training quality, all exercises will be conducted on the scientific topics or data of the employees. Theoretical aspects of each subject will therefore be given in connection with the meetings before the training event to link the five separate complementary skill trainings to our network meetings (Table B.4.2.2). 
B.4.2.3 Secondments

The time spent in laboratories outside the host laboratory is of vital importance to MERIT researchers. During these secondments, the employees will learn new technologies, benefit from the different research cultures in different institutes to widen their scientific horizons and establish their academic networks. The secondments are described for each researcher in the outline of the individual projects (B.4.1.3) and summarized in Figure B.4.3. 
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Figure B.4.3 Secondments and training schedule of the MERIT activities. ST, Skill training events; CST, complementary skill training. Secondments in which trainees spend up to a month in another laboratory for training purposes are marked with dark boxes with the initials of the host trainer. 

For the efficient transfer of knowledge six technology centers will be established in MERIT, to which employees could turn for advice and guidance. The ESRs and ERs will primarily turn to the technology centers but other visits are also planned (se section B.4.3.2). For the trainees that are specifically interested in a career in the breeding industry the associated member, Nunhems Netherlands B.V., will arrange short visits. During these visits the trainee will follow the activities in the breeding company labs to both learn about the challenges faced by modern breeding and as well broaden the network for future employments in the breeding industry - a sector of the biotech industry which is expected to recruit highly trained personnel in the future. 

B.4.3 Main Training objectives for the MERIT network

• Ensure state-of-the-art interdisciplinary research training to maximize the research potential and employability of the researchers employed in the program

• Develop complementary skills needed for a successful career in industry or in the academic institutions

• Provide a network of expertise for consultancy, reviewing and support to the MERIT researchers
B.5
IMPLEMENTATION 

B.5.1 Capacities and expertise of host institutions and partners 

MERIT is a novel combination of eight research institutions from six different European countries with a well-balanced geographical distribution. Academic and industrial research groups, working on different fields in plant research, will join their expertise to establish a European-level critical mass in a new and highly innovative research area. A number of already existing bilateral cooperations between partners will form a solid basis for successful interactions within the network. Young group leaders leading recently established groups dominate MERIT, which generates an innovative atmosphere and dynamic structure. The expertise and responsibilities of the network partners are summarized in table B.5.1

	Table B.5.1 Expertise and responsibilities of MERIT partners

	No.
	Partner and researcher(s)
	Expertise and

Training areas
	Responsibilities in MERIT
	In WP

	1
	UU

	Johannes Hanson (JH)


	Expression analysis

Transcription factors

Gene expression profiling
	• Network coordination

• Training ST1

• Training ST5

• Technology Center 1 (TC1)
	6

5

5

2

	Berend Snel (BS)
	Bioinformatics

Sequence evolution
	• Training ST1 

• Organization of Kick off

• Technology Center 1 (TC1)
	5

6

2

	2
	UWUERZ

	Wolfgang Dröge-Laser (WDL)
	High-throughput protoplast       technology

Chromatin IP

Plant Pathogens
	• WP2 coordinator

• Training CST3

• Organization of Meeting 3

• Technology Center 5 (TC5)
	2

5

6

1, 2, 3

	3
	UNIVIE

	Markus Teige (MT)


	Kinase biochemistry

Yeast two-hybrid
	• Training coordinator (WP5)

• Technology centre 3 (TC3)
	5

1, 2

	Wolfram Weckwerth (WW)
	Proteomics

Metabolomics
	• Training ST3

• WP3 coordinator

• Technology centre 2 (TC2)
	5

3

3

	4
	UPM

	Jesus Vicente-Carbajosa (JVC)
	Seed biology

DNA-protein interaction
	• Recruitment coordinator

• Organization of Meeting 1
	6

6

	5
	UTU

	Christina Chaban (CC)
	Microscopy - imaging

Nuclear trafficking
	• Training ST2

• Technology Center 4 (TC4)
	5

5

	Ulrike Zentgraf (UZ)
	Senescence
	• Organization of Final Meeting

• Equal opportunities representative

     (EOR)

• Training CST4
	6

6

5

	6
	FCG-IGC

	Elena Baena-González (EBG)
	Kinase genetics

Kinase regulation
	• WP1 coordinator

• Training CST2

• Organization of meeting 2
	1

5

6

	7
	BBS

	Matthew Hannah (MH)
	Abiotic stress 

Plant productivity 

Plant stress tolerance


	• Training ST4

• WP4 coordinator

• Valorization officer

• Technology centre 6 (TC6)
	5

4

6

4

	8
	NVS
	

	Wim Vriezen
	Plant Breeding
	• Training ST4

• Short visits
	5

5


Partner 1 (2 ESR, 1 ER)
Utrecht University (UU) (www.uu.nl) is ranked highest among Dutch universities (www.arwu.org) and the biology training offered by the university is ranked as the best in the country (Elsevier ranking ref.). The Biology department harbors eleven chairs in various disciplines, including five in subjects related to the MERIT network. UU is strong in molecular life science and is well equipped in relation to molecular biology, cell biology as well as theoretical computer aided biology, and the recently constructed new phytotron of 320m2, which could be used by MERIT researchers. They will furthermore fully benefit from the courses and infrastructure of two parallel graduate schools at the University of Utrecht, the Graduate schools of Life Science (www.uu.nl) and Experimental Plant Science (www.graduateschool-eps.info). 
Johannes Hanson (JH) (www.bio.uu.nl/mpp/) a newly tenured assistant professor (Jan 1st, 2009), is a specialist in metabolic signaling and its impact on transcriptional and translational regulation. His special interest is sucrose signaling that specifically regulates the translation of the S1-bZIP TFs. He has also proven the direct role of S1-bZIP (bZIP11) on the regulation of primary metabolism by direct interaction of bZIP11 to the promoters of key enzymes in primary metabolism. These findings are part of the basis of the MERIT program. He has a long record of array analysis and has planed and analyzed microarray data for several groups in Utrecht (in total more than 250 Affymetrix slides). Moreover, he manages a fully automated high-throughput real time PCR instrument (ABI7900) and time slots for analysis on this instrument will be reserved for MERIT members. The ST5 workshop offered has been held twice before with excellent evaluations. Dr. Hanson will also supply transgenic plants, harboring inducible expression constructs to control S1 group bZIP activity as well as Arabidopsis mutants. JH participates in the organization of the workshop in Statistics and bioinformatics (ST1) and the expression analysis technology centre (TC1). 

JH leads a group of three PhD students and one PostDoc. He has supervised two PhD students who successfully defended their thesis, and subsequently got positions in academia or the biotech industry. He has coordinated the writing of the MERIT proposal and he will coordinate the activities of MERIT if funded. He has participated in several big public-private research consortia (CBSG, CBSG2, in the Netherlands, REGIA, QLRT-1999-00876). For managing he will be supported by the contracts and project managing unit of the faculty of science of Utrecht University who has supported several successful ITN programs (e.g. HERODOT-214954 and INTRAMIF- 237890) of which UU researchers served as coordinators. 

Key scientific staff: JH, supervisor and MERIT coordinator (50%), PostDoc (Supervision of ESR1 and ER1) 20%, Three PhD students (Molecular biology technology) 10%, Technician (supporting laboratory activities, media, ordering) 20%. 

Relevant publications:

Hanson J, Hanssen M, Wiese A, Hendriks MM, Smeekens S (2008) The sucrose regulated transcription factor bZIP11 affects amino acid metabolism by regulating the expression of ASPARAGINE SYNTHETASE1 and PROLINE DEHYDROGENASE2. Plant J 53, 935-949

Hanson J, Smeekens S (2009) Sugar perception and signaling-an update. Curr Opin Plant Biol 12, 562-567

Rahmani F, Hummel M, Schuurmans J, Wiese-Klinkenberg A, Smeekens S, Hanson J (2009) Sucrose control of translation mediated by a uORF encoded peptide. Plant Physiol 150, 1356-1367

Berend Snel (BS) (bioinformatics.bio.uu.nl/snel/group) has played a pioneering role in the study of prokaryotic genome content evolution, being the first to reconstruct a tree of life based on the shared genes of genomes and the first to present a reconstruction of ancestral genome contents as well as a mapping of the processes shaping it. He has been exploiting comparative genomics methods for the prediction of gene function for poorly characterized genes, being one of the three initiators of the STRING database which provides high confidence interaction predictions for most proteins from all complete genomes. Currently he is an associate professor and studies the evolution of genomes at the functional network level (e.g. transcriptomics, interactomes) and has recently published one of the first cross-organism comparisons of phosphorylation events as derived from phosphoproteomics. He has published 50 peer-reviewed articles that have been collectively cited over 4200 times. His H-index is 31. 

Key scientific staff: Dr. Snel, supervisor (20%), 2 postDocs, supervising activities (10%), 3 PhD students and 2 master students. Of these, 1 postDoc, 1 PhD student and 1 master student are intensively involved in collaborating with the Utrecht groups that work on plant genomics, assisting them in protein sequence analysis, microarray data analysis, DNA regulatory motif prediction, protein interaction network analysis and heterogeneous data integration. BS participates in the organization of the workshop in Statistics and Bioinformatics (ST1) and the expression analysis technology centre (TC1).

Relevant publications:

van Dam TJ, Rehmann H, Bos JL and Snel B (2009) Phylogeny of the CDC25 homology domain reveals rapid differentiation of Ras pathways between early animals and fungi. Cell Signal 21, 1579-1585 

Boekhorst J, van Breukelen B, Heck AJ, Snel B (2008) Comparative phosphoproteomics reveals evolutionary and functional conservation of phosphorylation across eukaryotes. Genome Biol 9, R144.

Ciccarelli, FD, Doerks, T, von Mering, C, Creevey, CJ, Snel, B and Bork, P (2006) Toward automatic reconstruction of a highly resolved tree of life. Science 311, 1283-1287 

Partner 2 (1 ESR)

The University of Würzburg (UWUERZ), (www.uni-wuerzburg.de) has a long-standing tradition with respect to life and natural sciences. Recent evaluations rank this partner in a top-position within German Universities. The Julius-von-Sachs-Institute affiliates plant biology research in Würzburg focusing on Plant Stress Physiology and Molecular Biology, Biophysics, and Biochemistry, and hosts two collaborate DFG-funded research programs (SFB 567, GK1342). Besides general molecular biology equipment and plant growth facilities, the institute provides instrumentation for electrophysiology (e.g. Patch Clamp) and bioanalytic studies (analysis of lipids and plant hormones, Proteomics) as well as bio-imaging (e.g. confocal microscopy). 

Wolfgang Dröge-Laser (WDL) (www.ubpb.gwdg.de/wdllab/) has recently joined the institute as an expert in transcriptional control with a focus on plant biotic and abiotic stress responses. The laboratory will be equipped to perform state-of-the-art research on plant signaling. As part of the ITN network, the group will provide a collection of mutants and transgenic plants to study C/S1 bZIP function. WDL will in addition share high-throughput protoplasting technology (microtiter plate scale), DNA protein interaction techniques (ChIP, EMSA) and expertise on genomic screens to decipher TF function (AtTORF-Ex) and plant-pathogen interactions with other members of the MERIT network. During a 12-year time period as an independent PI, WDL has participated in several international research consortia such as REGIA (QLRT-1999-00876) and has established well-received teaching experience in Plant Physiology and Molecular Biology at the Universities of Bielefeld and Göttingen. WDL participated in the Göttingen Graduate School GAUSS, the Master/PhD Program for “Microbiology and Biochemistry” and a DFG funded Graduate Training Program (GRK242). Overall, he has supervised 19 diploma and 12 PhD students, which successfully developed careers in federal research institutes or in industry.

Key scientific staff involved in the research project: WDL 10%; post-doc (supervision of ESR, analysis of C/S1 bZIP network, expertise in patho-systems) 20%; 2 PhD students (protoplast high-throughput-screening, ChIP, EMSA) both 15 %; technician (protoplast work, media): 20% 

Most significant recent publications:

Alonso R, Oñate-Sánchez L Weltmeier F, Ehlert A, Diaz, I, Dietrich K, Vicente-Carbajosa J, Dröge-Laser W (2009) A pivotal role of the basic leucine zipper transcription factor bZIP53 in the induction of seed gene expression based on bZIP heterodimerisation and protein complex formation. Plant Cell 21,1747-1761
Weltmeier F, Ehlert A, Mayer CS, Dietrich K, Wang X, Schütze, A7lonso R, K, Harter K, Vicente-Carbajosa J, Dröge-Laser W (2006) Combinatorial control of Arabidopsis proline dehydrogenase transcription by specific heterodimerisation of bZIP transcription factors. Embo J 25, 3133-3143 

Ehlert A, Weltmeier F, Wang X, Smeekens S, Vicente-Carbajosa J, Dröge-Laser W (2006) Two-hybrid protein-protein interaction analysis in Arabidopsis protoplasts: Establishment of a heterodimerisation map of group-C and S bZIP transcription factors. Plant J 46, 890-900

Partner 3 (2 ESR, 1 ER) 

The University of Vienna (UNIVIE), (www.univie.ac.at) is the top-ranked University of Austria and one of the largest and oldest Universities of Europe with a long tradition in life sciences including several noble laureates. The faculty of life sciences and the Max F. Perutz Laboratories (MFPL) comprise a wide range of research fields from bioinformatics, molecular genetics, biochemistry, cell- and microbiology to evolutionary and developmental studies. They provide access to state-of-the-art infrastructure for plant and algae cultivation (greenhouses, phytotrones, etc.), transmission electron microscopy (TEM), laser confocal microscopy and a new nano-SIMS-platform, for measuring subcellular isotope patterns and corresponding metabolic fluxes. Besides the own bioinformatic research group in the MoSys Department, a new Department for “In Silico Genomics” will be installed at the end of 2009 providing strong support for all genome-related projects. Both faculties have long-standing experience with participation and coordination in EU-projects. For example the faculty of life sciences currently coordinates the FP7 ITN “EVONET” (www.itn.evonet.com), and the MFPL coordinates the FP7 ITN “COSI” (www.univie.ac.at/cosi).

Wolfram Weckwerth (WW) (www.univie.ac.at/mosys), head of the Dept. of Molecular Systems Biology, is one of the leading groups in metabolomics & proteomics and applications in plant systems biology. The Department is fully equipped with state-of-the-art mass spectrometers including UHPLC-Orbitrap-MS, UHPLC-Triplequadrupole-Vantage-MS and GC-Quantum-Triple-quadrupole-MS. All instruments are latest developments and newly installed in 2008. During the last 7 years 9 PhDs, 12 diploma students and 7 postDocs successfully carried out their work in the Weckwerth lab including several guest scientists with Marie-Curie-, Humboldt-, or other fellowships. All former members are employed in well-recognized positions in industry and academia. Currently, two assistant-professors, two postDocs, four PhDs and 5 master students are working in the department, supported by three technicians, an IT-manager and a secretary. WW has multiple cooperations worldwide and is an editor of the first “Methods in Molecular Biology” book on “Metabolomics: Methods and Protocols”. According to Web-of-Science he is the leading researcher in “Plant Systems Biology”.

Key scientific staff involved in the research project: WW 10%, 2 University assistants (Stefanie Wienkoop: Mass Western, Metabolomics, Proteomics, Volker Egelhofer: Statistics, Databases, Data mining, algorithms) both 10%, 1 postDoc (Wolfgang Hoehenwarter: proteomics, phosphoproteomics) 10%, and 1 technician (GC/MS targeted and untargeted metabolomics) 20%.

Most significant recent publications:

Lehmann U, Wienkoop S, Tschoep H, Weckwerth W (2008) If the antibody fails--a mass Western approach. Plant J 55, 1039-1046

Wienkoop S, Morgenthal K, Wolschin F, Scholz M, Selbig J, Weckwerth W (2008) Integration of metabolomic and proteomic phenotypes: analysis of data covariance dissects starch and RFO metabolism from low and high temperature compensation response in Arabidopsis thaliana. Mol Cell Proteomics 7, 1725-1736

Wienkoop S, Larrainzar E, Glinski M, Gonzalez EM, Arrese-Igor C, Weckwerth W (2008) Absolute quantification of Medicago truncatula sucrose synthase isoforms and N-metabolism enzymes in symbiotic root nodules and the detection of novel nodule phosphoproteins by mass spectrometry. J Exp Bot 59, 3307-3315

Markus Teige (MT) (www.mfpl.ac.at/index.php?cid=55), an expert in plant signal transduction, will provide the tools necessary to study protein kinases, protein-protein interactions, and in planta effects of kinase modifications in mutants and transgenic lines. MT holds a professional thesis (habilitation) in biochemistry and is strongly engaged in teaching and supervising undergraduate (Masters) and postgraduate (PhD) students. He is a member of several PhD committees of the Vienna Biocenter International PhD Program and gained significant experience in Marie-Curie training actions after receiving an individual Marie-Curie fellowship in FP5: Responses of yeast and plant cells to osmotic stress ERB-4001-GT-97-2588; as associated fellow to the TMR network RYPLOS, FMRX-CT96-0007, and most recently as coordinator of the FP7 ITN “COSI” (www.univie.ac.at/cosi). Former lab members have pursued research careers in other labs at the Vienna Biocenter as well as at various institutions throughout Europe (e.g. Station Biologique de Roscoff, FR or LMU Munich).

Key scientific staff involved in the research project: MT 10%, 2 PhD students (plant molecular biology, 2D gels, phosphoproteomics, protein purification and plant physiology) 20%, and 1 technician (plant work, media) 20%. For MS-related work: 1 senior scientist (5%), and 1 technician (5%) from the MS facility.

Most significant recent publications:

Teige, M, Scheikl, E, Eulgem, T, Doczi, R, Ichimura, K, Shinozaki, K, Dangl, JL and Hirt, H (2004) The MKK2 pathway mediates cold and salt stress signalling in Arabidopsis. Mol. Cell 15, 141-152

Benetka, W, Mehlmer, N, Sammer, M, Neumüller, R, Maurer-Stroh, S, Koranda, M, Knoblich, J, Teige, M, and Eisenhaber, F (2008) Experimental testing of predicted myristoylation targets involved in asymmetric cell division and calcium-dependent signalling. Cell Cycle 23, 3709-3719

Pitzschke A, Djamei A, Teige M, Hirt H (2009) VIP1 response elements mediate mitogen-activated protein kinase 3-induced stress gene expression. PNAS 106, 18414-18419

Partner 4 (1 ESR)

Universidad Politecnica de Madrid (UPM) (www.upm.es) is the oldest and largest Spanish technical University, with more than 3.000 faculty members. The presence of UPM in the international R&D arena is also highlighted by its consistent participation in various EU schemes. Over the past four years, UPM has taken part in around 200 European R&D projects, including 19 Networks of Excellence, and is currently a member of 10 European Technology Platforms. UPM receives a substantial financial support for research activities from external sources. It amounts to over 100 M€ per year and comprises a large part of the annual budget of the university, which is around 350 M€. The CBGP (Centre for Biotechnology and Plant Genomics) is a new research centre dependent on the UPM, with combined expertise in fields of plant molecular biology and genetics from the Dept Biotechnology-ETSIA and the INIA (Instituto Nacional de Investigacion y Tecnologia Agraria y Alimentaria). With a staff of more than 100 people, the main research lines are plant-pathogen and plant-arthropod interactions, protein biochemistry, transcriptional control of seed-specific expression and nitrogen fixation. This new research centre is equipped for high-throughput projects exploiting genomics, proteomics and bioinformatics approaches.
Jesus Vicente-Carbajosa (JVC) is a faculty member in the Dept. of Biotechnology (UPM) with extensive graduate and postgraduate teaching experience in Plant Biochemistry and Molecular Biology. He is also a principal investigator at the CBGP, with a solid experience in transcriptional control and seed biology. JVC has participated in different national and international research consortia such as REGIA (QLRT-1999-00876). As part of the ITN network his group will provide a collection of mutants and transgenic plants to study C/S1 bZIP function; and molecular biology tools to study protein-protein and protein-DNA interactions, transcriptomic analyses, transcription factor functional assays and phenotypic assays of plant responses to abiotic stress. 

Key scientific staff involved in the research project: JVC 15%, 2 PhD students (plant molecular biology and plant physiology experiments) 20%, and 1 technician (plant work, media) 20%. 

Most significant publications related to this project: 

Lara P, Onate-Sanchez L, Abraham Z, Ferrandiz C, Diaz I, Carbonero P, Vicente-Carbajosa J (2003) Synergistic activation of seed-storage protein gene expression in arabidopsis by ABI3 and two bZIPs related to OPAQUE2. J Biol Chem 278, 21003-21011

Weltmeier F, Ehlert A, Mayer CS, Dietrich K, Wang X, Schutze K, Alonso R, Harter K, Vicente-Carbajosa J, Dröge-Laser W (2006) Combinatorial control of proline dehydrogenase transcription by specific heterodimerisation of bZIP transcription factors. EMBO J 12, 3113-43

Alonso R, Oñate-Sánchez L, Weltmeier F, Ehlert A, Diaz I, Dietrich K, Vicente-Carbajosa J, Dröge-Laser W (2009) A pivotal role of the basic leucine zipper transcription factor bZIP53 in the regulation of Arabidopsis seed maturation gene expression based on heterodimerization and protein complex formation. Plant Cell 21,1747-61 

Partner 5 (2 ESR)

The ZMBP at the University of Tübingen (UTU) (www.zmbp.uni-tuebingen.de/) is a centre for plant molecular biology, which was founded in 1999. After 5 years, it was evaluated by an independent committee and was nominated as a centre of excellent science and therefore financial support has been guaranteed. Independent research groups organized in four departments are supported by excellent central facilities like e.g. microscopy, plant transformation and analytics. The ZMBP offers a modern infrastructure for many kinds of plant molecular biology techniques. Facilities at the ZMBP include several greenhouses, climate-controlled growth chambers and Percival incubators for special light regimes, as well as HPLC, GC/MS, LC/MS and flow cytometry (FACS). In addition an on-campus Proteome centre provides all necessary tools for proteome analyses (e.g. LTQ-Orbitrap mass spectrometry). Of special interest to the MERIT program is the well equipped molecular imaging facility harboring transmission and scanning electron microscopes as well as conventional and confocal light microscopes which will be used during the imaging workshop (ST2). The ZMBP is also engaged in training and education of young scientists. There are about 50 PhD students enrolled at the ZMBP. Currently, the ZMBP offers a series of lectures dealing with career development and career planning in the plant molecular biology field. In addition, an Interdepartmental Centre for Ethics in the Sciences and Humanities (IZEW) is located at the UTU, which completes the training of young scientists with workshops on different ethical issues in biology and medicine. 

Christina Chaban (CC) is leading a group working on the regulation of transcription, in particular focusing on bZIP-factor mediated responses in plants, being involved in SFB Program and in international consortia such as AFGN. As an independent member of the research group of Prof. Harter, she has tight collaboration with the regional institutional network including the Max Planck Institute for Developmental Biology. During the last 6 years CC has established teaching experience in Plant Physiology and Molecular Biology at the Universities of Cologne and Tübingen. She has supervised 2 diploma, 1 Staatsexamen and 1 PhD student which successfully continued their career in university and in industry. CC will coordinate the ST2 training event on molecular imaging and host ESR on secondment for microscopy related projects. 

Key scientific staff involved in the research project: CC 20%; 1 PhD students (plant molecular biology, ChIP, protein purification, EMSA) 15 %; 1 technician (protoplast and plant work): 20%. 

Relevant publications:

Kaminaka H, Näke C, Epple P, Dittgen J, Schütze K, Chaban C, Holt BF 3rd, Merkle T, Schäfer E, Harter K, Dangl JL (2006) bZIP10-LSD1 antagonism modulates basal defense and cell death in Arabidopsis following infection. EMBO J 25: 4400-4411

Schütze K, Harter K, Chaban C (2008) Post-translational regulation of plant bZIP factors. Trends Plant Sci 13: 247-255
Schütze K, Harter K, Chaban C (2009) Bimolecular fluorescence complementation (BiFC) to study protein-protein interactions in living plant cells. Methods Mol Biol 479: 189-202
Ulrike Zentgraf (UZ) (www.zmbp.uni-tuebingen.de/GeneralGenetics/ResearchGroups/schoeffl/zentgraf/), one of the founding members of the ZMBP, is the leader of the senescence group and an expert in transcriptional network regulation of developmental senescence. She will provide tools for protein-protein interaction in vitro and in vivo, different methods to analyze hydrogen peroxide levels and antioxidative enzymes and facilities to evaluate senescence phenotypes. UZ holds a professional thesis (habilitation) in genetics and is very much engaged in teaching at the University of Tübingen. She has ample experience in training undergraduate, master and PhD students and is a member of several PhD committees. Several PhD students have received their degree under the supervision of UZ and these researchers have found positions in industry or academic research groups. 
Key scientific staff involved in the research project: UZ 20%, 1 PhD student (plant molecular biology, Y2H, BiFC, protein purification, hydrogen peroxide measurements) 20%, and 1 technician (plant work, cloning work, expression analyses) 30%.

Most significant publications for this project: 

Zimmermann, P, Heinlein, C, Orendi, G and Zentgraf, U (2006) Senescence specific regulation of catalases in Arabidopsis thaliana (L.) Heynh. Plant Cell Environ 29, 1049-1060 (2006)

Miao, Y, Laun, T, Smykowski, A, Zentgraf, U (2007) Arabidopsis MEKK1 can take a short cut: it can directly interact with senescence-related WRKY53 transcription factor on the protein level and can bind to its promoter. Plant Mol Biol 65, 63-76. 

Miao, Y, Zentgraf U (2007) The antagonist function of Arabidopsis WRKY53 and ESR/ESP in leaf senescence is modulated by the jasmonic and salicylic acid equilibrium. Plant Cell 19, 819-830 

Partner 6 (1ESR)
The Instituto Gulbenkian de Ciência (FCG-IGC) (www.igc.gulbenkian.pt) supported by a private, non-profit Foundation (Fundação Calouste Gulbenkian, FCG), has a long-standing tradition in carrying out internationally recognized high-quality science and promoting education. It currently hosts around 30 research groups led by highly-qualified researchers and it holds 3 PhD programs with an excellent international reputation. Half of the IGC`s annual budget is obtained externally, through the Portuguese National Research Council (FCT) as well as through the EU, EMBO, the NIH, and pharmaceutical companies. Relevant facilities offered by the FCG-IGC include: i) a Genomics Unit harboring the latest Affymetrix Gene Chip hybridization and scanning Station; ii) a Bioinformatics Unit that provides user support and regular training courses; iii) a Cell imaging Unit that provides user support for the operation of e.g. three multi-photon confocal microscopes, a spectral Leica confocal and various other research microscopes, including an electron microscope (Jeol); iv) a Plant Growth Unit managed by a unit technician and comprising 4 climate-controlled walk-in growth chambers and one chamber for tissue culture; v) all the necessary equipment for molecular biology and biochemistry work.

Elena Baena-González (EBG) (www.igc.gulbenkian.pt/research/unit/94) holds a five-year position at the IGC as head of the group in Plant Stress Signaling. EBG is an expert in plant signal transduction with a solid background also in functional genomics, biochemistry and photosynthesis. In addition, she will contribute the virus-induced gene silencing (VIGS) technology in Arabidopsis, facilitating functional analyses of highly redundant and in cases embryo-lethal components like SnRK1s, PP2Cs and bZIPs. EBG initiated her group on October 2008 and is currently funded by the Portuguese National Research Council (FCT), by a Marie Curie International Reintegration Grant and by an EMBO Installation Grant. EBG is a member of a local PhD committee. She holds some previous teaching experience and is now engaged in the first-year courses of the current IGC PhD program. EBG will arrange the proposed CST3 meeting for 3 full days with the help of her 2 PhD students and 2 postDocs. 
Key scientific staff involved in the research project: EBG 10%; post-doc (supervision of ESR, cell-based assays, expertise in Y2H screens); 2 PhD students (cell-based assays, functional genomics screen, transcriptome analyses, transgenic lines) 15%; technician (plant growth, media) 20%
Most significant recent publications:

Baena-González, E., and Sheen, J. (2008) Convergent energy and stress signaling. Trends Plant Sci 3, 474-482

Baena-González, E., Rolland, F., Thevelein, J., and Sheen, J. (2007) A central integrator of transcription networks in plant stress and energy signaling. Nature 448, 938-942

Rolland, F., Baena-González, E., and Sheen, J. (2006) Sugar Sensing and Signaling in Plants: Conserved and Novel Mechanisms. Annu Rev Plant Biol 57, 675-709 ADDIN EN.REFLIST 
Partner 7 (1 ESR)

Bayer BioScience (BBS), (www.bayercropscience.com), is one of the six business operation units of Bayer CropScience, a Bayer AG company, and one of the world leading innovative crop science companies. BBS is focused on the production of vegetable and agricultural seeds. BBS uses plant biotechnology and modern plant breeding techniques to improve plant quality, increase yields and create innovative plant-based solutions to meet the increasing need for renewable resources. BBS has considerable expertise and state-of-the-art facilities for i) plant transformation, ii) plant biochemistry and molecular biology, iii) plant growth facilities, iv) imaging and microscopy as well as all the necessary licensing, intellectual property and regulatory expertise for seed and trait development. Of special relevance for the MERIT proposal is the Digital Imaging of Growth and Stress tolerance (DIGS) system in which plant growth and performance can be non-invasively monitored in real time during stress. 
Matthew Hannah (MH) is originally a plant physiologist, who gained experience of biochemistry and molecular biology before moving into the emerging field of systems-level biology with a focus on plant environmental responses. He moved from leading an academic research program to join BBS 18 months ago but retains strong links to academic research. His current position is as program leader of a large team focusing on emerging research on abiotic stress tolerance. In relation to the MERIT network MH serves as WP4 coordinator and organizes the workshop in industry relevant skills (ST4). 

Key scientific staff involved in the research project: MH 5%, 1 scientist 10%, 1 researcher 10%, multiple technicians, greenhouse and facility staff. 

Most significant publications for this project:

Cuadros-Inostroza A, Caldana C, Redestig H, Kusano M, Lisec J, Pena-Cortes H, Willmitzer L, Hannah MA (2009) TargetSearch - a Bioconductor package for the efficient pre-processing of GC-MS metabolite profiling data. BMC Bioinformatics (in press)

Bieniawska Z, Espinoza C, Schlereth A, Sulpice R, Hincha DK, Hannah MA (2008) Disruption of the Arabidopsis circadian clock is responsible for extensive variation in the cold-responsive transcriptome. Plant Physiology 147, 263-79

Redestig H, Weicht D, Selbig J, Hannah MA (2007) Transcription factor target prediction using multiple short expression time series from Arabidopsis thaliana. BMC Bioinformatics 8, 454
Partner 8 (associated partner)
Nunhems Netherlands BV (www.nunhems.com) is a subsidiary of Bayer CropScience and a global specialist in vegetable genetics and services. Founded in the early twentieth century it has now grown to one of the leading breeding company for horticulture with a presence in all major vegetable production areas of the world. To date Nunhems distributes an extensive range of 28 crops and some 2,500 varieties and sells its seed varieties in more than 100 different counties. Today, Nunhems employs 1,400 people in more than 40 countries. Research and development is a central part of the company policy an currently is over 300 persons employed in various research departments spread over 26 R&D stations in 14 countries.

Wim Vriezen (WV) graduated in 2000 in the group of Prof. Dr. C. Mariani at the Radboud University Nijmegen where he later led a research group on how developmental and environmental factors (temperature, water and nutrient status, light conditions) are translated by the plant into molecular signals such as activated proteins/chemicals and changed phytohormone levels. From 2009 he is senior Scientist Genomics at the molecular breeding department of Nunhems Netherlands B.V., Haelen, The Netherlands. 
Most significant publications for this project:

Giorno F, Wolters-Arts M, Grillo S, Scharf K-D, Vriezen WH, Mariani C (2009) Developmental and heat stress-regulated expression of HsfA2 and small heat shock proteins in tomato anthers. J Exp Bot 0, erp316v1-erp316

Nitsch LM, Oplaat C, Feron R, Ma Q, Wolters-Arts M, Hedden P, Mariani C, Vriezen WH (2009) Abscisic acid levels in tomato ovaries are regulated by LeNCED1 and SlCYP707A1. Planta 229, 1335-46 
de Jong M, Wolters-Arts M, Feron R, Mariani C, Vriezen WH (2009) The Solanum lycopersicum auxin response factor 7 (SlARF7) regulates auxin signaling during tomato fruit set and development. Plant J 57, 160-70
B.5.2 Working plan – Work packages, milestones and deliverables

The overall activities of the MERIT program consist of six work packages. Five of those are related to the training of the employees, including four scientific research-training packages, whilst the fifth work package includes the methodological skill training and complementary training. The management activities are organized in one separate work package. The four scientific research packages are focused on the different steps in the signal transduction pathway regulating the LES (Figure B.4.1.1). 

	Table B5.2a Work package list

	WP

No
	Work package title
	Type of activity


	Lead

Beneficiary No
	Lead beneficiary short name
	Person months


	Start month
	End month

	1
	Regulatory mechanisms of the SnRK1 kinases 
	Research
	6
	EBG
	108
	6
	48

	2
	bZIP transcription factors executing low energy signals
	Research
	2
	WDL
	144
	6
	48

	3
	Metabolic reprogramming, Regulation and consequences
	Research
	3
	WW
	72
	6
	48

	4
	Growth and physiological phenotyping
	Research
	7
	MH
	84
	6
	48

	5
	Coordinated European-wide training
	Training
	3
	MT
	-
	1
	48

	6
	Transparent Network Management
	Management
	1
	JH
	-
	1
	48

	
	
	TOTAL
	
	
	408
	
	


	Table B5.2b Deliverables list

	no. 
	Deliverable Title
	WP nr.
	Person month
	Nature
	Dissemi-nation level 
	Delivery date
(months)

	1.1
	Establishment of in vitro and cell-based assays for measuring SnRK1 activity and assays for evaluating interaction between SnRK1 and the putative upstream and downstream interactors
	1
	20
	O
	CO
	26

	1.2
	Identification of SnRK1 kinase interaction partners
	1
	48
	O
	RE
	42

	1.3
	Generation of plant lines with modifications for the identified components
	1
	20
	O
	RE
	42

	Table B5.2b Deliverables list (continued)

	1.4 
	Provide material for metabolic analysis in WP3
	1, 3
	20
	O
	RE
	12

	2.1
	Establishment of methods, ChIPSeq, amiRNA gene inhibition, SC-peptide IP and bioinformatic tools
	2
	25
	O
	CO
	26

	2.2
	Provide bioinformatic model for bZIP heterodimer regulated genes and define dimmer-specific binding sites
	2
	10
	O
	RE
	36

	2.3
	Provide transgenic lines to study bZIP function in low energy signaling
	2, 4
	35
	O
	RE
	26

	2.4
	Provide transcriptomic data to identify putative bZIP target genes
	2
	30
	O
	RE
	18

	2.5
	Identify target genes of bZIPs by ChIPSeq
	2
	24
	O
	RE
	42

	2.6 
	Provide material for metabolic analysis in WP3
	2, 3
	20
	O
	RE
	12

	2.2
	Mass-western protocol established
	1, 2
	10
	O
	CO
	18

	3.1
	Establishment of unbiased metabolic profiling protocol for Arabidopsis protoplasts and seeds
	3
	12
	O
	RE
	18

	3.2
	Metabolic profiles determined
	3
	40
	O
	RE
	42

	3.3
	Algorithms for integration of metabolite levels with transcriptomics and/or proteomic data established
	3
	10
	O
	CO
	18

	4.1
	Methods for senescence, growth response to extended darkness and pathogens, etc established 
	4
	30
	O
	CO
	12

	4.2
	Identification of Arabidopsis lines with statistically significant phenotype in at least one assay
	4
	54
	O
	RE
	42

	5.1
	Personal career plans approved
	5
	
	R
	CO
	12

	5.2
	Skill training workshops given
	5
	
	E
	PU
	40

	5.3
	Complementary skill training workshops given
	5
	
	E
	PU
	48

	6.1
	Communication infrastructure established (www, repositories, etc)
	6
	
	O
	CO
	8

	6.2
	Recruitment of ESR ready
	6
	
	O
	PU
	6

	6.3
	Recruitment of ER ready
	2
	
	O
	PU
	14

	6.3
	Reports approved by Supervisory board and sent to Commission
	6
	
	R
	PU
	48

	6.4
	ToK Meetings and Final Meeting
	6
	
	E
	CO
	48


	Table B5.1c List of milestones

	No
	Milestone name
	Work package involved
	Lead beneficiary
	Expected date 
	Comments

	1.1
	Decision on which SnRK1 interacting factors to modify in transgenic lines
	1
	MT, EBG
	22
	All candidate factors cannot be analyzed further. Decision will be taken at Meeting 2.

	2.1
	Decision on which bZIP combinations to use for mRNA profiling
	2
	JH
	12
	Due to financial and time constraints not all C/S1 combinations can be tested using profiling experiments. Decision will be taken at Meeting 1.

	3.1
	Decision on which metabolites to quantify using absolute methodology
	3
	WW
	22
	Focused quantitative analysis will only be done on metabolites with either documented changed levels or specific scientific reasons such as deregulation of enzymatic activities.

	3.2
	Decision on choice of algorithms for data integration
	3
	BS, WW
	18
	Several algorithms will be tested. Only the ones giving validated reliable results will be developed further.

	4.1
	Decision on which lines to phenotype in established assays
	4
	MH
	12
	Time constraints will limit the number of lines that can be DIGS phenotyped.

Decision will be taken in Meeting 1

	5.1
	Dates for network wide training activities determined
	5
	All
	2
	Final training schedule will be agreed upon at the Kickoff meeting.

	5.2
	Mid-term review of training progress
	5
	All
	22
	The progress of each trainee will be reviewed at meeting 2. This is an important Go/no Go position for the training projects of the trainees.

	6.1
	Recruitment of ESR
	All
	All
	6
	All trainees have to be appointed as early as possible.

	6.1
	Recruitment of ER
	All
	All
	14
	All trainees have to be appointed as early as possible.


B.5.3 Transfer of knowledge, networking activities and dissemination of results 

Intense networking activities and the exchange of researchers constitute the basis for the transfer of knowledge between the participants. Multiple interactions will be ensured by providing a range of activities including the exchange of material and secondments to perform key experiments in expert network laboratories according to Figure B.4.3. The Training coordinator (MT) will be responsible for coordinating the multiple interactions. In general, experienced researchers, present in the laboratories of the host institutions will contribute to the transfer of knowledge (ToK). In addition, the recruitment of ERs will help to overcome technically challenging experimental approaches using proteomics of immuno precipitated ribosomes (ER1) and the central activity of metabolic profiling (ER2). The ERs will be integrated into the multidisciplinary projects enabling them to widen their expertise and strengthening their management skills. Moreover, MERIT offers training in a wide range of different state-of-the-art techniques, which will be made available where possible to members of the host institutions outside of the project, thus extending training possibilities beyond the funded young researchers in this network.

Generally, senior researchers of each team will support the appointed young researchers. Each of the participating groups will hold regular group seminars to discuss the work progress and, in case of difficulties, discuss strategies to solve problems. This ensures that the trainees will be integrated into the team both technically as well as intellectually. Active participation of the young researchers in networking meetings as well as by visits to different network laboratories will further support this integration. The young researchers will also participate in the management of network meetings and workshops. A strong implementation of MERIT in research activities carried out at the host institutions will further contribute to ToK between MERIT and other research groups beyond this network. In this respect, the integration of the young researchers into the already established international PhD programs at the Universities of Utrecht (http://www.graduateschool-eps.info/), Vienna (www.univie.ac.at/vbc/PhD), and Tübingen will help to implement sustained exchange at both, scientific and intercultural levels. 
Importantly, we will establish an interactive homepage with both a general, public section and a confidential domain reserved for network participants for the exchange of protocols and results. The reserved domain will also link to a data repository where the data files produced by the network members can be shared prior to publication or the filing of patents. Such a web-based interaction system turned out to be a highly valuable tool to support networking in previous network projects, such as the REGIA network as well as Dutch CBSG and CBSG2 networks. We will use existing collaborations with local professionals to establish the homepage for the MERIT network. Furthermore, the public section of our website will help disseminate project activities and results. The use of modern internet-based communication and cooperation tools will be encouraged, such as Skype™ (http://www.skype.com) in which files could be shared during communication sessions and Google Apps™ (http://www.google.com/apps/intl/en/business/index.html) in which several researchers could work jointly on single documents. Links for these services will be added to the closed section of the web page and accounts for members that currently lack them will be created by the management team and usage encouraged. The choice of the protocol and services used will be selected before the initiation of the network and special care will be taken to ensure platform neutrality. Resources to establish the electronic infrastructure of the network will be allocated from the management resources. A university-based ICT group has been contacted, which has built similar structures for the CBSG and CBSG2012 programs. 

The regular network meetings (see Table B.4.2.1 and Figure B.4.3) will be mandatory for all MERIT researchers, and their scientific parts will be kept open whenever possible to other researchers from the participants’ home institutions and the associated partners, resulting in even higher levels of interaction. During these meetings the recent developments in the research of the trainees and their host groups will be presented and discussed. This will not only open a distinguished scientific community to the ESRs and ERs, but will also maximize ToK between different European laboratories and extend benefits to other researchers beyond the network. To enhance the ToK, MERIT meetings will be arranged close to other international workshops or conferences as exemplified by the Kickoff meeting being planned in combination with the Utrecht Environmental signaling summer school (http://www.bio.uu.nl/EPS-summerschool/). Scientific results of MERIT will be disseminated both on our network homepage as well as by publications by the employed young researchers in highly ranked peer-reviewed journals. In this respect, CST3 will be applied. The final symposium, which will take place in Tübingen, will be open to the scientific community and will thus be important for the dissemination of the results. The ESRs will play a major role in the organization of this event and will thus have the ability to gain first-hand experience in these important organizational skills, assisted by the (senior) scientists. They will also have the possibility to invite keynote-speakers of their choice and to present their own work in posters and selected short-talks. To strengthen the common identity in the network, previously employed researchers will also be invited.

Furthermore, MERIT aims to make the results accessible to the public by publishing articles in magazines and by presentations. The MERIT network will generate large sets of data to be published in peer reviewed journals. The writing of these publications will be an important part of the training for the trainees and successful publication is in many cases a requirement for graduation. All major publications generated by the network will be coauthored by members of different contributing groups. The trainee(s) that performed the major finding in the paper will write the paper and will be listed first in the author list. In analogy, the supervisor that contributed most will be last. All papers will be circulated in the draft form well in advance of publication, in order to facilitate IP protection of the results. If the results are interesting enough for IP, publications will be delayed for a maximum of six months for the generation of IP rights. Many of the partners of the network have successfully co-authored several major manuscripts and proposals and a well-established practice exists and was enforced during meetings in advance of proposal submission.

B.5.4 Career development, recruitment policy and gender issues 

Career planning is essential for personal development. Thus early-stage researchers will work out their Personal Career Development Plans (PCDP) together with the group leader of the host institution who will be his/her on-site supervisor. To provide maximum support, the appointed young researchers will be allocated a secondary supervisor from a participating institution who will offer his/her expertise from a different, unbiased perspective during the entire project. Time will specifically be allocated during the network meetings to ensure personal and confidential discussion between the trainee and the secondary supervisor. A particular need for young researchers is to get support in applications for their next career step to ensure employability within both academia and industry and one for which the CST4 (proposal writing) will be instrumental. To increase development of complementary skills, the ESRs will participate in the organization of network meetings as well as the final symposium. Additionally, the ESRs will be encouraged to attend lecture courses at the host institutions including project and experiment management, presentation techniques, patent law, ethics, gender awareness and languages as given by the host departments (local training).

MERIT is concerned about under-representation of women in leading positions in science and aims at supporting female researchers. 30% of the network group leaders in MERIT are female, thus providing an example of strive towards a gender-balanced scientific community. Female senior scientists will not only serve as role models for junior female scientists but also support and encourage them at various levels including mentoring activities and integration in female networks. To ensure the continuity of a high level of women scientists in MERIT, we will pay particular attention to gender aspects in recruitment of early stage and experienced researchers. Gender mainstreaming activities will be supervised by UZ as Equal Opportunities Representative (EOR) of this network. Her long experience as group leader will ensure thorough supervision. 

The planned recruitment of the MERIT network covers ten ESRs and two ERs. The recruitment procedure for researchers will be completely transparent and positions will be internationally advertised at the homepages of MERIT, the host institutions, the European Researcher’s Mobility Portal, and in naturejobs.com. They will particularly encourage the application of women and researchers from new member countries of the EU. The recruitment procedure will be performed according to the “Code of Conduct for the Recruitment of Researchers” as defined by the European Commission. JVC will supervise the recruitment procedure as responsible recruitment coordinator. Partners with established PhD programs at their home institutions (Utrecht, Vienna, Würzburg and Tübingen) will use this procedure to support recruitment. Qualified applicants will firstly be pre-selected by the group leaders (PIs). Selected candidates will further on be approved by a selection committee (chair: JVC) and subsequently invited for an interview. All candidates for the interview will be invited to the kickoff meeting where interviews will take place and final decisions of recruitments will be made. As this selection procedures turned out to be highly effective in another ITN Network (COSI) this procedure will be applied in MERIT.

B.5.5 Quality control – Scientific advice from external experts 

To obtain an external, unbiased critical view of MERIT activities, four experienced top scientists have agreed to serve MERIT on the Scientific Advisory Board: Prof. Julia Bailey Serres (UC Riverside, California), Prof. Detlef Weigel (MPI for Developmental Biology, Tübingen, Germany), Dr. Michael Metzlaff (Bayer CropScience, Gent, Belgium) and Prof. Christine Foyer (Plant (Crop) Sciences, University of Leeds, UK). Their broad expertise, coming from complementary fields in science and industry, will bring in valuable inputs in scientific as well as training aspects of the network. The members of the advisory board will also be invited to the meetings to give a lecture and share their experience with the trainees of the network. 

B.5.6 Management and financial issues in MERIT 

The network will implement a clear management structure to ensure adequate task distribution and to support the coordinator. A supervisory board will be established and function to coordinate all major tasks as described below. In addition to this, the coordinators of the WPs are responsible for coordinating collaborative work within their WPs and reporting to the network coordinator (every 12 months). The supervisory board will meet during every Network meeting and in between the meetings the coordinator will be responsible for solving organizational aspects in close interaction with the respectively PIs or employees. Of particular importance will be the kick-off meeting, where the coordinator will instruct all participants clearly defining the rules for financial issues and accounting (before any money has been spent!), and reporting. Furthermore, a Consortium Agreement based on the DESCA format will be drawn-up here to specify in detail the governance structure, aspects of IPR and dispute procedure, of which most aspects have already been agreed on in a preparative meeting during proposal writing. The establishment of a mutually acceptable consortium agreement will be aided by the participation of BBS in a previous ITN network, for which a suitable agreement was reached with a large network of institutions. To facilitate all these aspects, the project will install an internet-interactive platform (see above B.4.2) to be used on a daily basis by the project participants. This will keep track of participants’ activities, periodic reporting, follow-up of tasks and deliverables in close connection with parallel control of cost commitments and cost claims. In addition to that, all participants agreed to establish the following management structure for the MERIT network:
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Figure B.5.6 Management structure of the MERIT network
As such the coordinator can obviously not manage MERIT alone. A Network Manager will be employed from the management budget to assist the coordinator (half time position). The Network Manager will provide administrative assistance to the coordinator and the Supervisory Board with regards to the scientific management of the project, handling contractual and financial matters, and secretarial services. The Project Office will be responsible for: organizing the network meetings, support local organizers during organization of their events, circulating minutes, being a steady and reliable node between the employees and other parts of the network, preparing and organizing reporting to the commission and mediating and facilitating interaction with other networks and institutions/companies. The financial/legal Network Manager will be a staff member of the contracts and project management unit of the Faculty of Science and will be responsible for all contractual and financial aspects of the project. This unit has gained considerable experience in management of EU contracts, including multiple Marie Curie Training networks with coordination responsibility. Examples are the FP7 ITN networks HERODOT-214954, and INTRAMIF-237890. Furthermore it has full access to the resources of the legal department of Utrecht University 
All network partners agreed on the following distribution of the total budget and rules for financial aspects of MERIT, at their last meeting before submission of this proposal:

(i) All trainees will be employed according to the “Code for conduct and recruitment of researchers”, including salaries with adequate and equitable social security provisions (including sickness and parental benefits, pension rights and unemployment benefits). Responsibility for financial administration and personnel will be distributed among the network partners. The financial administrations of our host organizations will handle economic and personnel management. The ITN rules for monthly living and mobility allowances, travel allowances, mobility allowances and career exploratory allowances will be followed. Each institute's administration will produce the necessary contract based on EU and local employment regulations.
(ii) Workshops and network training and meetings will be organized by the host groups and cost will be divided on the respectively participants according to real cost model. There will be no subcontracts.
(iii) Overheads (category H) will be distributed to the partners according to the number of employed researchers. The money for management activities will be used by the coordinator for project management as described above (employment of project manager, establishment of internet based communication infrastructure, etc.).

B.6
IMPACT

B.6.1 Impact on career development of the ESRs and ERs 

One of the great strengths of MERIT is the unique capacity to apply data obtained from functional genomic studies to the development of novel approaches in plant-biotechnology using state-of- the-art techniques. Thus, MERIT will produce highly trained young scientists who will be in an excellent position to contribute to the industrial and academic development of Europe in the future with a wide range of career options in all sectors of biotechnology or scientific administration. In this respect, the support of Bayer BioScience, a leading global player in plant biotechnology, will enable training of young researchers in implementation of elite events arising from the discovery phase into crop trait development pipelines. This industrial environment, which every ESR will face in the ST4 workshop and many ESRs also during their secondments (Figure B.4.3) and short visits will enable them to gain relevant experience beyond scientific skills, and furthermore bring them into first contact with potential future employers. It will also inform them of opportunities for research careers in different sectors. Teaching of soft skills in ST4, during all meetings as well as continuously at the local level of scientific communication skills etc. will put the ESRs in a better position to pursue top jobs in academia, industry or even the political world. The trainees will benefit from the mutual recognition of the workshops given by the network by the different host institutions through the ECTS system. 

B.6.2 Impact on research and training at the host institutions

The workshops, which were designed for the integrated and complementary training program of MERIT (B.4.2) will later be implemented into postgraduate studies at the host Universities, thus generating a long-lasting added value of MERIT activities. They are well tuned to provide a broad but complementary training in highly innovative methods, which are indispensable for modern-time science. As young scientists outside the program will also be invited, a wider public will benefit from these scientific and training activities, leading to a spread of gained knowledge. The intensive exchange of researchers and of technologies between the participating groups will greatly stimulate scientific progress and favor future collaborations beyond the duration of this project. The proposed synergistic interplay between the involved partner laboratories is necessary for new discoveries in the field of plant (biology)-technology and to elevate scientific research to a higher level. In this respect, the proposed work is a prime example of a broad experimental approach, which could not be realized before since the necessary know- how and technology were not available at one location. The close collaboration with the industrial partners represents a great opportunity for the host institutions to understand the challenges of today’s plant biotech and breeding. Most research groups at universities are unaware of the problems battled within the plant biotech industry and have therefore difficulties to direct their efforts to applied areas accordingly. MERIT represent an effort to counter act this trend and the management structure is inspired by the public-private partnership CBSG in the Netherlands (www.CBSG.nl). The high degree in overlapping research topics of the partners combined with low degree of overlap in expertise warrants long-term cooperation that will continue longer than the MERIT program. 

B.6.3 Impact on development of the European area

The multinational structure of MERIT will promote mobility of young researchers within the network and expose them to different scientific and cultural European environments. As there is also a social factor involved, the diverse range of host institutions of this ITN will automatically generate a common identity among a new generation of young European citizens.

The subject area of MERIT is of European importance - it will have an impact on the sustainability of agriculture and the competitivity of the European bio-industry through the development of new products, thus making Europe globally competitive. This has been defined as a high priority theme for future European Research in the "Food, Agriculture and Fisheries and Biotechnology (KBBE) theme of FP7. It will establish Europe as a world-class centre of excellence in the field of regulation of low energy responses, reversing the brain drain of European researchers overseas and attracting top class researchers from third countries to Europe. MERIT will be producing a large cohort of researchers trained with an innovative blend of skills - this a sufficiently large cohort to make an impact at the European level once they are employed in academia and industry.

This will be of particular relevance for European agriculture as the demand of its products is continuously growing. This demand will be driven not only by the production of food, feed and fibers, but also by the use of biofuels. Hence, European agro-biotech companies have adjusted their research focus to the needs of the “new agro-economy” to overcome the problems of limited agricultural land, the uninterrupted growth of the world's population and the impact of climate change, which are threatening the supply of agricultural products. This “silent agricultural revolution” will in turn result in an increased European need for highly trained scientists in these areas of research. For example, Bayer CropScience will increase its annual research and development budget to some EUR 3.5 billion in research and infrastructure for its biotech and seed business between now and 2018 (Bayer CropScience Annual Press Conference September 17, 2009, Monheim Germany). In order to have maximum chances of profitable spin-off-activities resulting from the MERIT network is only one commercial partner is a full member of MERIT (to share the intellectual property gained from our activities). Competing partners would have been devastating for the open and collaborative atmosphere of the network as well as for the chances of generating profitable spin-off results. With one single commercial right holder theses problems are avoided. The associate partner Nunhems Netherlands is a like Bayer BioScience a subsidiary branch of Bayer and will not share the rights of the intellectual property but will benefit from the network indirectly through ToK activities. Both companies have a future high demand of highly skilled employees and they both welcome the possibility to network with MERIT employees at an early stage for recruitment purposes. 

The interchange of ideas between the project partners and the prospect of future research and training collaborations addresses the current fragmentation of effort and helps create a European Research Area in low energy syndrome well beyond the lifetime of the project. One of the roles of these new partnerships will therefore also be to examine future research and training collaborations.

B.7 ETHICAL ISSUES 

The project involves the generation of genetically modified plants for basic research purposes. They will under no circumstances be released into the environment and will be disposed of using standard biological safety procedures. All regulatory authorizations are in place in all the laboratories that will be involved in this aspect of the work. The use of genetically modified plants is controversially discussed, especially in Europe. In this respect, the use of GM-plants will be thoroughly discussed during workshop ST4, considering also ethical aspects of the usage of GM-plants. Noteworthy is that MERIT activities although heavily dependent on transgenic plants for increased understanding of basic principles, in no way is aiming on the usage if GMO for agricultural purposes. In all cases, this proposal fulfils all the legal, safety and ethical requirements of the member states in which research will be undertaken and the requirements of EU legislation.
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