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(1) Identifies the FOA research area (a,b, or c) that the preapplication addresses

This application addresses FOA research area (c) Characterizing Key Molecular Species, Events, and Multicellular Processes for Genomic Science. The research uses a combined computational and experimental approach to identify promising plant species, growth conditions, and gene networks involved in oil production.

 (2) States the research objectives of the project

We propose to identify plant species and growth conditions to enhance specifics traits (especially biodiesel production). This work consists of three related efforts: 1) Identify “elite genes” controlling oil production identified from model species (using mutant analysis and genomic expression studies) and use measurements on those genes to select new candidate plant species or varieties that hold promise for biodiesel production; 2) vary nutrient treatment conditions to optimize oil production in those selected candidate species; 3) perform expression analysis on the selected species using RNA-Seq, Q-PCR, or expression arrays as appropriate to identify promising conditions for fuel production and to discover underlying gene regulatory networks. This responds to the focus of the DOE RFP concerning the determination of optimal environmental variables for biodiesel conditions.

(3) Describes the technical approach(s)

While the technology for sequencing the DNA of a new species has vastly improved in the last few years, sequencing and analyzing whole genomes and obtaining omic data from a new species still requires a substantial effort.  For this reason, it is of interest to develop a method to select only the most promising plant species to be sequenced for specific traits such as biodiesel utility. In addition, for newly sequenced genomes, it is of interest to perform experiments under treatment conditions that give as much information as possible related to those specific traits. Finally, once good treatment conditions are found that affect the trait, it is of interest to vary them to maximize that trait. Our strategy employs (a) homology, (b) the experiments already done on well-studied species and (c) well chosen experiments on target species to determine the potential of those species for biodiesel production.

To start, we have identified a set of “elite” genes that have been identified (by mutant analysis, expression studies and other methods) to enhance oil production in the model plant Arabidopsis thaliana.  These “elite oil genes“ are associated with increased oil production by their induction (e.g., WRI1, TAG1, ATS1, FUS3, ABI3, LEC1, ABI5, LEC2, SSE1, FAD3) or by their repression (e.g., GL2, TTG1, FAD2).  The elite genes include master regulatory genes controlling downstream genes involved in oil production and some key enzymes.
We next identify the Arabidopsis microarray experiments in which at least 70% of these elite oil genes respond in the correct (either two-fold induced or two-fold repressed as appropriate) direction to maximize oil production and accumulation. We measure the similarity between pairs of these oil-relevant microarray experiments based on the response of the elite oil genes. Specifically, two oil-relevant experiments E1 and E2 are similar if the induced genes in E1 (induced(E1)) have a high similarity (based on a Jacquard similarity metric) to induced(E2) and repressed(E1) is highly similar to repressed(E2). We then identify a “dominating subset” D of the oil-relevant experiments having the property that every oil-relevant experiment is either in D or is similar to a member of D.  We will use the conditions of experiments D to test other species as new prospects for improved oil production.
Because there are relatively few elite oil genes, we can use Q-PCR to measure their activity in a wide range of potential target species. If those experiments indicate either promising production of oils or (if direct oil measurements aren’t available) promising movements of the critical elite genes, then the potential target may be a good candidate genome to study and target for whole genome analysis, based on the further studies below.

Having identified a promising target species (or variant), we will optimize experimental treatment conditions by trying variants of the dominating subset conditions that may yield even better oil production. To do this, we take advantage of the observations that increasing levels of the hormone ABA increase oil biosynthesis as do drought, high salinity, high sunlight, and, to some extent, high temperature. Experiments in algae suggest that limiting nitrogen and phosphorous increases lipid accumulation. We will systematically vary the levels of those environmental conditions using a Combinatorial Design (CD) approach that we have used successfully in the past to investigate genes controlling nitrogen use (Lejay et al, 2004). In the CD approach, a factor space consisting of several factors can be explored efficiently with a small number of experiments. (For example, whereas exploring all combinations of 10 factors each having 3 values requires over 59,000 experiments, achieving a two factor combinatorial design on those 10 factors requires only 15 experiments.) The same CD approach can be used in a feedback-driven machine learning mode (Lejay et al, 2004) to choose follow-on experiments.

As a proof of principle, we will first use the described approach to evaluate conditions in Canola (Brassica napus) and in Arabidopsis to determine whether similar conditions enhance oil production and cause homologous genes to respond in the same way. Canola is an appropriate species on which to test our approach since it is a close relative of Arabidopsis and shares high co-linearity as well as super-elite oil genes like WRI1, LEC-1, and GL2 (Liu et al 2010, Sharma et al 2008, Maisonneuve et al 2010, Niua et al 2009, Chai et al 2010). Once we have shown that this approach works in a closely related species, it can be expanded to other oil producing species with less well-characterized genomes to meet our stated objectives.
System analysis of processes associated with oil production: For species for which the elite gene analysis suggests new candidate species and/or treatment conditions for improved oil production, we will perform RNA-seq to examine the effects on a systems wide level.  We are currently using RNA-seq for Arabidopsis as well as for non-fully sequenced genomes, as part of other funded studies.  Our goal here will be to analyze the RNA-seq data to identify which gene networks or metabolic processes correlate with regulation of “elite oil genes” under the optimized treatment conditions.  For these studies, we will use the Systems Biology tools we have developed including BioMaps (a GO enrichment tool) and the Arabidopsis multinetwork (Gutierrez et al 2007 Katari et al 2010) which will enable us to view the genome wide responses as gene regulatory networks and to define which biological and metabolic processes correlate with the regulation of the elite oil genes.  This will give a systems wide view of how increases in oil production may be associated in a positive way or in a negative way with genes or processes associated with other functions (e.g. carbon metabolism, nitrogen metabolism, and photosynthesis).  These studies will be important in selecting targets for transgenic studies for testing and future field trials.
The results of these studies will:

1. Identify new species or variants as candidates to be used for biodiesel production

2. Identify treatment conditions to improve biodiesel production in candidate species

3. Identify gene regulatory networks associated with biodiesel production

4.  Provide a generalized computational and experimental approach to identify new species associated with any trait of interest.

(4) Identifies the proposed team members and their expertise

Interplay between Biology and Computation. One benefit of the close and ongoing collaboration of computer scientists with biologists in this proposal is that the combination of informatics and experimentation pervades all aspects of this proposal. 

Proposed Team members are:
1. Gloria Coruzzi, PI (NYU Biology, Center for Genomics and Systems Biology) – overall director of the project, expert on Arabidopsis, genomics and systems biology.
2. Dennis Shasha, co-PI (NYU Courant Institute of Mathematical Sciences), director of the bioinformatics portion of the project, including the algorithmic portion (combinatorial design) and machine learning  
3. Manpreet Katari, Senior Personnel, bioinformatician expert at the analysis of RNA-Seq data and general database expertise
4. Arthur Goldberg, Senior Personnel- computer scientist in charge of multi-species homology search and network inference
5. Rebecca Davidson, Programmer- computer scientist in charge of statistics
6. Amy Marshall-Colon – Post-doc plant biologist interested in metabolic flux and biodiesel
7. Alex Rubensteyn, computer science doctoral student- machine learning for the purpose of determining the most promising experimental conditions through machine learning
8. Melissa Ingram, Biology undergraduate with independent interest and high school awards in biofuel research who has already begun laboratory work and literature review in the area.
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