SPECIAL INFORMATION AND SUPPLEMENTARY DOCUMENTATION (A1-A6) 

(A-1) Sharing of Results and Management of Intellectual Property

Results Sharing 

1. Informatic Resources & Software: The informatic analysis pipelines for X-Net Builder discussed in Aim 3 will be made available to the community free of charge.  We will implement X-Net as a general-purpose tool to be used by plant scientists. We plan to deploy X-Net as a website linked to several additional platforms, first to VirtualPlant website (www.virtualplant.org), and second via iPlant. 
Publications: The results of the analysis of the data we generate will be made available through peer- reviewed literature as it is the most appropriate way to make this information available.

Intellectual Property

1. Invention Disclosure and Patent Management:

Invention Disclosures: Invention disclosures will be reported by the inventors to the office responsible for patenting and licensing at their institutions.  At NYU, this is the Office of Industrial Liaison.  Invention disclosure forms are available at the Office of Industrial Liaison website (www.nyu.edu/oil) under “New Invention Disclosure Form.”  The principal investigator at each institution will be responsible for ensuring that inventions are disclosed to their institution’s patenting and licensing office sufficiently prior to public disclosure to allow the office to evaluate patentability and commercial potential, and to have a patent application filed if appropriate.  The offices at institutions other than NYU will notify the NYU Office of Industrial Liaison of any inventions made at their institutions.
Patenting: The institution at which the inventor is employed will be responsible for evaluating whether to retain title to inventions, filing U.S. and/or foreign patent applications, and notifying NSF.  Inventions will be disclosed to the funding agency promptly upon receipt. Decisions on whether to file a patent application will be based upon an evaluation of the commercial potential of the invention by the institutional patenting and licensing office, and an evaluation of the patentability of the invention (including a search of prior art) in conjunction with an outside patent law firm.  It is expected that the first patent filing will typically be a provisional filing. Decisions on whether to file non-provisional U.S. and or PCT applications will be made in the 10-11 month timeframe following the first (provisional) filing.  
Patent Reporting: NYU participates in the Interagency Edison System.  NYU will notify the funding agency and grant the required non-exclusive license for government purposes for inventions for which NYU elects title.  A final invention statement will be sent to NSF upon completion of the grant.
2. Licensing and Commercialization: The Office of Industrial Liaison at NYU shall be responsible for seeking to make technology developed under the grant at NYU commercially available. Technology developed at the other participating institutions will be licensed by the technology licensing offices of those institutions. Research materials developed under the grant will be made available to researchers at not-for-profit institutions under a material transfer agreement with intellectual property terms consistent with NIH guidelines.   The Office will also seek out appropriate industry partners to commercially develop technology.  Potential arrangements will include exclusive or non-exclusive licenses. Any licenses will contain provisions requiring the licensing company to diligently develop the technology. Options may also be granted to companies considering licensing for limited time periods (e.g., 3-6 months) to allow them to conduct due diligence and evaluate their interest in a license.   It is expected that technology will be licensed to existing companies, but if the technology is of sufficient breadth to justify the creation of a new start-up company, this will be considered.

3. Inter-Institutional Agreement: As described above, inventions made solely by one institution shall be managed by that institution. For inventions made by more than one institution, an inter-institutional agreement shall be agreed upon, under which the parties shall agree on which institution shall take the lead in managing patenting and licensing activities, and on sharing patent expenses and license revenues based on relative contributions. License agreements shall require the approval of all institutions with an ownership interest in the licensed technology.

(A-2) Management Plan

Overview: This proposal involves an intricate interplay between computation and experimental validation, which is a highlight of Systems Biology.  The diverse background of the participants in this project provides an opportunity to combine the expertise of investigators with backgrounds in plant biology, genomics, bioinformatics and computer science.  This combined expertise will enable us to develop, test and deploy and experimentally validate machine-learning approaches to enable on-the-fly construction of gene networks for (i) any single species and (ii) networks across multiple plant species – which will enable plant biologists to mine the large (and rapidly growing) plant genome datasets, to identify network hubs of significance across species – including crop and models – so as to enable translational research.
Part I: Computational & Systems Biology:  This proposal is a result of a highly successful collaboration between computer scientists at NYU Courant Institute of Mathematical Sciences and biologists at NYU Biology’s Center for Genomics and Systems Biology. Our close proximity and ongoing successful working relationships during the “VitrualPlant” software development NSF project (DBI DBI-0445666) to enable Systems Biology and network analysis in Arabidopsis. Dennis Shasha (NYU Courant) will lead the computational aspects including Machine learning for infered and weighted networks (Aims 1, 2A), and the development of the X-Net pipline (Aim 3), alond with Manpreet Katari (NYU Biology).  X-Net will be created with a biologist-friendly interface, as several of the computer scientists in this project have joint training in biology:  Manpreet Katari (Co-PI) (Computational DB & PhD Genetics), and Kranthi Varala (Computational Training & PhD Molecular Biology).  
Part II: Experimental Testing & Validation:   As proof-of-principle, we will use a model (Arabidopsis) and Crop (Maize) to validate network predictions, and to cross-validate between a model and crop (Aim 2B). To this end, our group includes senior experts in Arabidopsis (Coruzzi, NYU & Martienssen, CSHL) and Maize (Moose, U Illinois & Martienssen, CSHL).  The Maize experts will oversee the testing of genes associated with traits such as “seed development” (Martienssen) and N-use (Moose).  Candidate gene testing will first be performed by the Coruzzi lab in the transient assays in the protoplast “Network Walking” system, which is currently used routinely for Arabidopsis and which we will test for Maize, as described in the proposal.   Initial maize mutants in target regulatory genes will be isolated by Martienssen (CSHL) who will also monitor seed phenotypes in Arabidopsis and Maize.  Steven Moose’s lab’s (U. Illinois) adds a field testing component, as well as the economic/environmental positives that would come from increased N-utilization. 
A successful management plan is already in place and this plan is described below: Gloria Coruzzi (NYU Biology) and Dennis Shasha (NYU Courant) will be equal contributors to this project as it is equally balanced between computation and experimentation.  In addition, the PIs will also serve as Project Managers for experimental (Coruzzi) and computational (Shasha) aspects. This includes monitoring and facilitating the experimental approaches, such as the testing of candidate genes in Arabidopsis and their relevance to crops (e.g. Maize), and monitoring and facilitating the technical operations such as computational software development, testing, and implementation. The PIs/Project Managers will facilitate communication between PIs, senior personnel, post-docs, graduate students, and laboratory technicians by scheduling weekly meetings of all participants to manage immediate issues regarding research needs.  Communication with Senior Personnel at CSHL (Rob Martienssen) and at U Illinois (Stephen Moose) will take place via email/skype exchanges on a regular- biweekly basis, as well as at quarterly meetings.   As almost all of the participants are proximal to NYU, we will hold the quarterly meetings at NYU, and Moose will participate by Skype, and in personal (at least once a year).   This type of management plan has worked successfully for our other collaborative grants.
Software developer: Co-PI Dennis Shasha  (NYU Courant) will manage the software developer who builds the new software analysis tools and pipelines to enable InferNET and network inference (Aim 1, 2A), and X-Net Builder (Aim 3), which will support the different species and inference, especially as they relate to crop species.

Principal Investigators: The principal investigators will each commit a minimum of a half-day per week to this project. This will include supervision of personnel, organizational meeting attendance, and intellectual developments and contributions.

Role of senior participants and timeline:
	Name
	Institution
	Role
	Aim

	Gloria Coruzzi

PI 
	NYU Biology 
	Project Leader 
	Oversee all Aims

	Dennis Shasha

Co-PI
	NYU Courant
	 Co-Project Leader: computational
	Oversee Aims 1, 2A & 3

	Manpreet Katari

Co-PI
	NYU Biology
	Bioinformatics Manager
	Aims 1, 2A & 3

	Kranthi Varala
	NYU Biology
	Senior Personnel
	Aim 2B: Arabidopsis validation testing & Maize protoplast testing

	Rob Martienssen
	CSHL
	Senior personnel
	Aim 2B: Maize mutants isolation and validation testing (seed phenotypes) 

	Steven Moose
	U. Illinois
	Senior Personnel
	Aim 2B: Maize mutants validation testing (N-use efficiency)




TIMELINE:
Year 1: Test performance of Network Inference (InferNet) using a variety of machine learning and analysis methods (Aim 1). Test methods for crop-driven weighted predictions using existing seed data and mutants for validation (Aim 2A).  Assemble data sources for X-Net database. Test transient protoplast assay system for Maize.  Year 2/3: Select nodes identified in studies from Aim 2A (e.g. TF hubs of specific biomodules (e.g. N-assimilation, or seed development) for initial experimental validation in Arabidopsis (e.g. transient assays and mutants) (Coruzzi, NYU).  Mutants shown to have molecular or other phenotypes (e.g. seed development, N-response) in Arabidopsis, will be targeted for cross-validated in Maize.  We will test the transient protoplast system using Maize to identify alterations in network responses.  Identify genes to advance to Maize mutants isolation.  Begin mock-up of query interface for X-Net (Aim 3). Year 3: Test field trials of maize mutants for defects in Seed development (Martienssen, CSHL) or N-use (Moose, U Illinois) (Aim 2B) to assess translation of predictions. Deploy the first version of the X-Net software platform to beta-testers and deploy to plant community (Aim 3). 
(A-3) Coordination with Outside Groups

Rob Martienssen (CSHL) – Senior Personnel. The Martiessen Lab has a primary interest in the genes that regulate seed development, and have active programs in both Arabidopsis and Maize.   In addition to being experts in scoring for seed phenotypes in both species, the lab has a fully functional and comprehensive transposon knockout system in maize, using the Maize Targeted Mutagenesis (MTM)  Mutator transposon system [May et al., 2003]. In addition to selecting mutants by PCR, they use comprehensive next generation sequencing of transposon flanking DNA to map more than 1 million transposon insertions in the genome.  This should give about 10x coverage of insertions into maize genes.  In addition, the entire MTM collection has been screened for seed phenotypes, which can be searched online (http://mtm.cshl.edu).  Although backcrosses to test linkage are still advisable, this resource should provide rapid validation of candidate genes involved in seed development.  An equivalent Maize mutant resource is available through [McCarty (2005].
May BP, Liu H, Vollbrecht E, Senior L, Rabinowicz PD, Roh D, Pan X, Stein L, Freeling M, Alexander D, Martienssen R. (2003) Maize-targeted mutagenesis: A knockout resource for maize.  Proc Natl Acad Sci U S A. 100 (20):11541-6.

McCarty DR, Settles AM, Suzuki M, Tan BC, Latshaw S, Porch T, Robin K, Baier J, Avigne W, Lai J, Messing J, Koch KE, Hannah LC. (2005) Steady-state transposon mutagenesis in inbred maize. Plant J. 44(1):52-61.
Stephen Moose (U. Illinois)- Senior Personnel: The Moose Lab will perform the analysis of Maize mutants for defects in N-use efficiency, an important agricultural trait.  Steven Moose’s lab’s (U. Illinois) adds a field testing component to this grant, as well as the economic/environmental positives that would come from increased N-utilization. We expect there to be considerable translation between Arabidopsis and Maize in the N-responsive genes, as our preliminary studies have shown that N-regulation of target genes in the N-assimilation pathway is conserved across maize and Arabidopsis, so we aim to identify the conserved TFs that regulate this N-response (See Aim 2B).  For analysis of maize mutants, confirmed homozygous mutant plants and wild-type sibling controls will be grown under N-limiting conditions in either a hydroponic system and/or in nitrogen-responsive field plots.  In addition to any obvious visible phenotypes associated with N-deficiency such as yellowing of leaves (quantified by SPAD chlorophyll meter), faster leaf senescence, or reduced growth, we can also measure biomass accumulation and free amino acid profiles of leaves and developing earshoots.  Corn is a hybrid crop and so agronomic N utilization is typically defined as grain yield per unit of N supply, but grain yield is also influenced by heterosis and rate of shoot maturation (typically observed as flowering time but includes how fast seeds reach physiological maturity).  We have found that measuring earshoot amino acids is a more robust indicator of genetic variation in N utilization that is largely independent of these other confounding factors.  It would also be possible to assay expression of marker genes for N metabolism, particularly if a change in amino acid profiles was observed. 
iPlant. We will coordinate with iPlant to make our cross-species network inference platform  (X-Net) modular, independent, accessible with and compatible with iPlant. Please see attached letter of collaboration.  iPlant is developing cyberinfrastructure to support plant biology research and has recently developed an iAnimal prototype that is being tested by livestock breeders and animal genomics researchers.  The cross-species network platform X-Net will be very valuable to iPlant and iAnimal users, and coordination of development efforts will be mutually beneficial.  iPlant will provide access to NSF-sponsored national cyberinfrastructure through the Texas Advanced Computing Center in Austin, and to iPlant's DataStore, Discovery Environment, APIs and cloud computing platform Atmosphere as options to maximize synergy between the iPlant and X-Net. 
(A-4) Not Applicable (BECCA- IS THIS TRUE?????)
(A-5) Postdoctoral Mentoring Plan 

Co-mentorship across disciplines and institutions: Post-docs will receive novel cross-disciplinary training in Genomics (NYU Biology, Center for Genomics & Systems Biology), and Informatics and Systems Biology (NYU Courant). The PIs with expertise spanning these disciplines will co-mentor students and post docs individually and also at the weekly meetings where postdocs & students present their results. 
Training as Educators: In this project, Post-Docs are paired up with graduate students, undergraduate students, and technicians in the laboratory/at the computer to practice mentoring skills in a research context.  Post-docs are also afforded the opportunity to teach in NYU Biology courses where they are mentored by faculty advisors. For example, Dr. Katari, is currently co-teaching an undergraduate course “Introduction to Genomics & Bioinformatics” with a faculty mentor (Kris Gunsalus). 

Career Development: Post-Docs receive counseling from their co-mentors and practice presentation skills during regular group-lab meetings, through a special NYU Biology Post-Doc seminar series, and at annual poster sessions at the NYU Biology retreat. Funds are provided Post-Docs to attend at least one meeting each year and are expected to widely disseminate their work.

(A-6) Graduate Student Mentoring Plan 

Co-mentorship across disciplines and institutions: Graduate students will receive novel cross-disciplinary training across biology & genomics (NYU Biology, Center for Genomics & Systems Biology) and algorithm, programming, systems biology, and general data science (NYU Courant). The PIs with expertise spanning these disciplines will co-mentor students individually and also at the weekly meetings where postdocs and students present their results.

Training as Research Scientists: All entering graduate students receive training on responsible conduct of research and conflict of interest. This is supplemented by discipline specific content provided through round-table discussions.

Training as Educators: In this project, graduate students can request undergraduate student interns to practice mentoring skills in a research laboratory context.  PhD students are also expected to gain teaching experience at the college level through teaching assistantships that are offered within the department.

Career Development: Graduate students receive counseling from their co-mentors and practice presentation skills during regular group-lab meetings and through a required weekly NYU Biology PhD student seminar series. Funds are provided for students to attend at least one meeting each year and are expected to widely disseminate their work.










