1. Current Progress in the Microbes Portion of KBase
Currently, efforts in the microbial portion of KBase are centered on seven activities: (i) tools for genome assembly, (ii) tools for genome annotation, (iii) tools for the assembly, storage, and analysis of phylogenetic gene trees, (iv) tools for metabolic model reconstruction, optimization, and analysis, (v) integration of phenotype data, (vi) visualization of metabolic networks, and (vii) tools for regulon, regulatory network, and regulatory model reconstruction. Together with the large-scale integration of biological data that is taking place as a part of the infrastructure effort in KBase, these tools are enabling an end-to-end analysis pipeline of biological data that begins with raw reads from a genome sequencing effort and culminates with an optimized and validated metabolic and regulatory model of the assembled and annotated genome sequence. 
These capabilities enable a unique end-to-end analysis of the increasingly prevalent genome sequence, growth phenotype, and gene expression data that is emerging today. While many of these capabilities exist individually today, they are far from being either user-friendly or integrated. To use existing genome assembly tools, one must be an expert in genome assembly. The same goes for metabolic model building, phenotype data reconciliation, and expression data analysis. Before KBase, no tools existed for automated reconstruction of regulatory models, and no repository existed for growth phenotype data. Our work on KBase is offering a unique integration of tools and data, presented in a user-friendly way to makes these tools accessible to a much wider portion of the community, and in some cases, offers new capabilities and data sources.
These tools advance the DOE mission because they support efforts to explore novel metabolic capabilities of microorganisms, opening the path towards novel biofuels and biofuel pathways. They enable bioprospecting for novel enzymes from metagenomics data, because they support improved annotations and development of a high-quality reference database of full genomes. Finally, they support the characterization of microbial metabolic capabilities, as well as the engineering of microbes to desired applications (e.g. biofuel production). 
All microbial analysis tools developed are fully integrated with the KBase infrastructure. All data required by these tools and produced by these tools are maintained within the KBase central data store (CDS). This includes genome sequences, annotations, metabolic models, biochemistry, regulons, expression data, and most recently, growth phenotype data. The KBase CDS now represents the most integrated repository of biological data and constructs that exists anywhere, and the only known repository for growth phenotype data. All microbial data and algorithms built into KBase are wrapped by the KBase web service infrastructure hosted in the cloud, making data and algorithms available for rapid scalable programmatic access anywhere in the world. Finally, the microbial tools utilize Kbase computational infrastructure including the NERSC cluster at Oak Ridge and the Magellan cluster at Argonne to provide compute for all analyses. 
The new algorithms and data are currently being made available to the scientific community in two ways: (i) through programmatic calls to the KBase Web API, and (ii) through command-line calls in the new IRIS web interface. A full web interface to supports the visual browsing of all data and the visual applications of all methods is planned but still in development. Access is provided to all data at the most fundamental level through “get_entity_...”, “all_entity_...”, and “get_relationship_...” commands available in IRIS and the web API. These commands can be called dynamically to construct complex tables of interconnected data. With a single command to IRIS, a user can print: (1) a table of all reactions mapped to all genes in all KBase genomes, or (2) all universally expressed biological functions across all genomes for which expression data is available. The API also provides commands for simple immediate access to commonly requested sets of data (e.g. features_of_genome, function_of_CDS). Analytical routines are also made available through simple program calls, which are specifically designed to be chained together. The most prominent example is the chain of commands the support model reconstruction and analysis:
Step 1. fasta_to_genome: converts and uploaded fasta sequence into a genome object
Step 2. annotate_genome: annotates the genome object to call genes and assign functions
Step 3. genome_to_fbamodel: automatically creates a draft metabolic model
Step 4. gapfill_fbamodel: fills gaps in the metabolic model to enable biomass production
Step 5. runfba: runs flux balance analysis on the metabolic model to simulate growth
Using these commands either in IRIS or via the web API, users can construct and analyze a genome-scale metabolic model of a new genome sequence in a few minutes to a few hours depending on how long the gapfilling (step 4) requires to complete. The IRIS tools have already been applied extensively by stakeholders in the scientific community, with over 100 metabolic models being constructed in the month since these commands became available in the IRIS environment. Additionally, we have received feedback on how IRIS may be improved, which we are in the process in integrating as improvements in IRIS.
These capabilities also impact the microbial community and plant domains. Specifically, the metabolic model reconstruction and analysis algorithms developed for microbes have also been constructed to be equally applicable to build models for plants and microbial communities. Once a metabolic model has been constructed for a plant genome or a microbial community metagenome, all metabolic model analysis algorithms may be immediately applied to this model. At this stage, interactions with community resources (e.g. JGI, iPlant, IMG, KEGG) primarily consist of the integration of data from these resources into KBase. However, we ultimately expect these resources will apply KBase web services to integrate data and services from KBase into their own user interfaces.
2. Development plan and accomplishments to date for Microbial Effort in KBase
To date, the focus of the Microbial effort in KBase has been on the integration of biological datasets, the integration of analytical tools and algorithms, and the development of reference data on which new analysis may be built. The first step in this process was the design and development of the central data store, and the web API for the central data store. The central data store represents a universal integration of all biological data encompassed by KBase into a relational data model. The store includes genome sequences and annotations, subsystems and functional roles, biochemical compounds and reactions, metabolic models with compartments, gene expression data, growth phenotypes, strains, experimental specifications, and experimental protocols. All entities and relationships between entities are accessible via a web API, which was developed early in the KBase project to provide all project developers with rapid access to data. Next, we focused on integration of new tools and algorithms into KBase, including algorithms for genome assembly, genome annotation, phylogenetic gene tree assemble, metabolic model reconstruction, reconciliation of models with phenotype data, biclustering analysis, prediction of regulons, and regulatory model reconstruction. As with the CDM development, we deployed algorithms as web services. From now until the February demo, our focus will be on finalizing services, testing for robustness, and developing user-friendly web services for data access, data query, and algorithm operation.
Service deployment:
We are deploying all algorithm and data infrastructure as web services. This strategy ensures that services can be called from any location by any user or any other service. Web services are also scalable, as heavily used services and computationally intensive services may be deployed on multiple servers or in computational clusters to enable parallel computation. All services are deployed as web services and as commands in IRIS. Tests have been written for all deployed services. Tutorials and documentation are posted in the IRIS environment (http
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Milestones accomplished:
By December 1, 2011:
· Data and Model integration requirements from Key Stakeholders enabled for Microbial Sciences and Microbial Communities Objectives
By February 2012:
· Prototype user experiences for Microbial, Plants and Microbial Communities
By May 2012:
· Data QC, metabolic, regulatory models for microbial sciences
· Develop a prototype to visualize metabolic networks for Kbase plants
By August 2012:
· First Public User Interface released
· Model Inference/Model building framework expanded
Data access services deployed:
Diagrams of the current KBase data model are available on the KBase website: http
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· all_entities_...: retrieves a list of all entities of the specified type (e.g. genome)
· get_entity_...: retrieves an entity (e.g. genome) from the database
· get_relationship_...: retrieves a relationship, which governs how two entities are interconnected (e.g. a metabolic model “models” a genome)
· Custom commands to retrieve commonly requested data elements (e.g. fids_to_protein_families)
Algorithm services deployed:
· id_server: issues all KBase IDs from a centralized point, ensuing IDs are unique and unifying all KBase data under a single ID set
· annotate_genome: annotates a fasta sequence with gene calls and functional annotation in less than three minutes
· genome_to_fbamodel: generates a draft metabolic model from an annotated genome in less than 60 seconds
· runfba: runs flux balance analysis on a metabolic model predicting fluxes, essential genes, minimal media, and reaction activity in any media condition in less than 60 seconds
· gapfill_fbamodel: fills gaps, adds to media, and adjusts biomass compoistion in a metabolic model to enable the model to grow in a specified conditions; a part of the phenotype data reconciliation pipeline required to correct false negative growth predictions (model doesn’t grow when it should); requires from minutes to hours to run
· gapgen_fbamodel: removes pathways, removes from media, and adjusts biomass composition in a metabolic model to disable growth of the model in a specified condition; a part of the phenotype data reconciliation pipeline required to correct false positive growth predictions (model grows when it should not); requires from minutes to hours to run
· simulatephenotypes: accepts a table of growth phenotypes consisting of a list of knockouts and media conditions in which an organism is, and is not, viable, and simulates these conditions using the metabolic model to determine if the model predictions agree with the data; runs in less than 60 seconds
· fbamodel_to_html: creates an HTML view of the metabolic model
· fbamodel_to_sbml: prints the model in SBML format
Web interfaces/User experiences deployed:
· GLAMM is a web-based application for visualizing biological data in the context of metabolism. It is actively being developed as a viewer for metabolic and regulatory models, and the results of experiments with those models. Although designed for microbes, GLAMM is extensible for viewing any metabolic model, and will be useful for the Plants and Communities domains. 
· IRIS is an interface enabling the use of KBase command line services from within a web browser. Commands may be piped together into complex pipelines, enabling the reconstruction and analysis of a draft metabolic model for a genome in approximately 5 minutes (although gapfilling can take much longer). IRIS is more than just a simple command prompt however. It also provides a remote workspace where data and algorithm pipelines may be shared by many users, and it will soon be expanded to do much more. Commands like “fbamodel_to_html” are the start of this, as these commands show how results from IRIS analysis can be visualized in a user-friendly way in a web browser. Thus IRIS will become a prototyping environment for KBase algorithms and KBase visualizations, as well as a work environment for running complex KBase pipelines.
3. Approach to developing collaborations, acquiring datasets and partners in this area
Extensive effort has been expended spreading news about KBase development to the scientific community. This has taken the form of KBase workshops and tutorials, KBase presentations at major conferences, and in depth collaborations with KBase stakeholders.
Personnel from the Microbial portion of KBase have attended and/or presented at the following conferences: Metabolic Engineering 2012, ISMB 2012, Sequencing, Finishing and Analysis in the Future Meeting, BESC retreat, and ISME 2012.
Four KBase workshops and tutorials were presented with an in-depth focus on KBase functionality:
· KBase GTL meeting workshop in 2/26/2012: at this workshop, we identified and invited potential KBase stakeholders and presented our plans for KBase capabilities
· KBase JGI workshop in 3/19/2012: At this workshop, we presented KBase plans to JGI scientists and collaborators with a focus on potential interactions and collaborations with JGI
· KBase GLBRC retreat workshop in 5/22/2012: At this workshop, KBase personnel presented plans and progress to GLBRC personnel, and during this meeting new KBase collaborations began involving Yury Bukham and James Steele
· KBase Alpha Tester tutorial in 6/14-6/15/2012: At this tutorial 20 scientists attended from JBEI, GLBRC, UIUC, ISB and other stakeholder groups to learn about the KBase data, the KBase API, and the IRIS prototype. We worked through examples and attendees applied KBase to study their own research challenges. 
To develop KBase collaborations and stakeholders, we have had in depth interactions with the following groups:
· Adam Deutsbauers group at JBEI: The focus of this collaboration is the integration of fitness data into KBase, including almost two million measurements of Shewanella oneidensis MR-1 with over 3300 individual gene knockouts in over 3500 unique environmental conditions. KBase is being applied not only as a repository for this data, but KBase algorithms are also being applied to use this data to improve metabolic models and genome annotations.
· Nathan Price’s group at ISB: The focus of this collaboration is to integrate new methods in metabolic model reconstruction being developed in the Price group into KBase so they may be applied to build and improve metabolic models in KBase
· Mary Lipton’s group at PNNL: The focus of this collaboration is on the integration of proteomics datasets from PNNL into the KBase central data model, to enable the use of these datasets in modeling efforts
· James Steele’s group at Wisconsin: The focus of this collaboration is on the annotation and modeling of numerous Lactobacillus genomes to identify unique characteristics of strains with favorable properties for biofuel production
· Yury Bukham’s group at GLBRC: The focus of this collaboration is the integration of growth curves for 130 strains of yeast collected from a wide variety of experimental conditions. Yury’s team is also helping to install a growth curve analysis tool developed by GLBRC into KBase.
· JBEI: The focus of this collaboration is to leverage the extensive biofuels related strain fitness data as well as C13 metabolite flux profiling available at JBEI. We have had preliminary meetings to determine required changes to the CDS and will continue semi-regular meetings to move forward.
4. Future work and major milestones for next 18 months
Milestones for month 24:
· Improved FBA modeling service with regulatory constraints: We will add the capacity to run metabolic models with regulatory constraints defined in draft regulatory models also generated by KBase. We will also enable models to identify regulatory constraints that are inconsistent with model activity or observed gene expression data.
· RNAseq datasets for reference genomes: Infrastructure will be added to KBase to support the upload, analysis, and integration of RNAseq data for KBase genomes. Publicly available datasets will be identified and integrated into the KBase central store.
· Other expression datasets (Pavel, Sunita)...
· Interactome data for PPI and P-DNA interactions: Import of published reference PPI datasets from highly used data sources such as EcoCyc, DIP, MINT, IntAct, BIND, etc.
· Reference genomes reannotated with improved gene callers, etc.: We will define a standard infrastructure for the reannotation of reference genomes in KBase. This reannotation pipeline will be defined as a sequence of standard KBase gene-calling and annotation routines. The reannotation pipeline software will be added to the KBase software infrastructure as additional standard tools, and will be documented and under version control. Hence it will be available to end users who wish to maintain updated annotations of their data in synchronization with the KBase reference genomes.
Milestones for month 30:
· Model based hypothesis generation service: We will create tools to support the prediction of fluxes and the correction of models based on transcriptomic, metabolomics, and proteomic data. This expands on the growth phenotype data analysis services already produced for KBase.
· Definition of blessed, semi-automated pipelines for update of CDM from external partners (e.g. JGI, NCBI, myEMSL, EMBL Plants, etc.). 
Month 18: Selection of data management group.
Month 24: Database representation of all partner data sources should be finalized. Exchange formats finalized, several successive loads managed successfully by hand.
Month 30: Publication of all exchange formats and data definitions. Hand procedures coded into semi-automated pipelines to be run with manual oversight.
· Expanded quantitative growth and other phenotypes (e.g motility): Update bacterial phenotypes schema to efficiently represent proteomics (from PNNL) and metabolomics (from Bowen, Northen, Garcia) data
· Transformed into KBase MicroPheno schema data set
· Needed for advanced metabolic modeling using protein and metabolite abundance [and C13 flux ?] data to validate models or as input to models
· Experimental datasets to drive gapfilling: Transcriptomic, metabolomic, and proteomic datasets will be integrated and utilized for support model gapfilling.
· Reference genome annotations flagged with consistency data from FBA models: Reference models will be constructed for all reference genomes, and these models will be analyzed to assign confidence to annotations based on the functional consistency of the annotations in the context of all metabolic pathways in the organism. When phenotype data is available, annotations will also be flagged when available phenotypes support or conflict with the annotation.
Milestones for month 36:
· FBA and regulatory model overlay, visualization and interaction: Visualization and integrations of diverse data types and models.  This includes GLAMM and Networks. These tools enable multiple data types to be projected into a single framework.  This doesn’t care if it is propagated data or primary data.  It can be either one.  It is things like putting views together that show regulons, with fitness and expression data into a coherent view where lots of datatypes and predictions are easily reachable and assembled together.  
· Enable dialogue based narrative analysis of open-datasets in KBase
· Design viewers of related data and predictions
· Select models to modify and perform simulations
· View results of model predictions
Multiple concurrent datatypes will be projectable onto networks visualized with GLAMM or other viewer. By month 30, projections should be available for viewing not only those datatypes required for the 18 month goals (including flux balance analysis results), but also results from:
· metabolic flux analysis
· regulons and other regulatory models
· fitness and RNA expression data
Along with being passive viewers, the network viewers in KBase will also function as a point for interaction with models and their results. By month 24, GLAMM will function as an entry point for model analysis and generation through the scientific workflows. For example, a user may load a pre-generated model using GLAMM, set parameters, run a simulation, and view the predictions.
By month 36, we will generate specific views for visualizing models and data pertaining to communities, plants, and other multi-cellular or multi-compartment systems.
· Regulatory network prediction service: Broad application of regulatory models.  This includes RNAseq support, integrated FBA/regulatory modeling, and expression data.  There is an ever increasing amount of regulatory knowledge being acquired within KBase; however, this information is not being utilized to its fullest potential.  Here, we will implement methods for integrating metabolic and regulatory models; as well as integrating regulatory predictions with gene-fitness data.
· Make FBA-Regulatory models
· Utilize RNAseq to validate regulatory models
· Design viewers for raw RNAseq data
· Identify promoter sequences, internal promoters, transcript start sites, operon structure
· FBA model experimental validation interface: Extrapolation of measurement and model predictions across KBase.  This is about propagating information from one microbe to another.  Often times, there will be measurements and predictions made for one microbe that we will need to propagate to a closely related microbe.  Here we will be enabling ways of doing this across the tree of life.
· Implement tree-based linkages across all organisms
· Implement rules for propagation
· Implement views to select propagation method and visualize alternative propagations
We anticipate that KBase services will be widely used by the community, and the 18 month goals specifically serve the person with a genome and phenotypic experimental data. Due to this, there will be an ever-increasing amount of knowledge growing in the KBase space.  For the 36 month goal, we will show how to best utilize this information: in terms of propagation across the entire system and integration across diverse data types.  This will require development of analysis approaches for assigning linkages across the system in a tractable way, visualization to convey meaningful understanding of complex content, and user interfaces to capture highly-structured narratives and workflows which are meant to be shared.
KBase has enabled the average bench biologist to build models of regulation, metabolism, Flux Balance Models and joint regulatory Flux Balance Models. Building on this groundwork, the second 18 months will focus on demonstrating the utility of models and how to use the models to generate hypotheses to guide research. Examples of this include: predicting growth conditions, gene functions, biology of closely related organisms, combining single organism models to understand ecology, end to end hypothesis testing and experimental design engine; thus providing an open-access easy to use platform for creating predictive models with broad biological relevance from high-throughput genome scale data.
· Pathway design service and metabolic flux analysis: This aims to support synthetic biology goals including design, metabolic flux analysis, and pathway activity measurements.
· Customization of metabolic and regulatory models
· Simulation of large-scale model-compendiums for optimization strategies
· Constraining metabolic flux predictions by measured isotopomers and isotopologues
· Optimization by balancing enzyme abundance across pathways
· Pan-genome analysis service (Dylan)
· Microbial genome assembly service (Rick)
· Genome annotation service for eukaryotes (Rick)
· Unified phylogenomic services including basic annotation, tree services, and unified gene information. (Parmvir)
· Basic biclustering and network analysis service supporting data integration across data types (Adam)
· Prototype model/experiment reconciliation service. A general framework for model comparison with data. (Rick, Adam, Ross)
· Definition of blessed pipelines for update of CDM based on new information within the store (e.g. better RNA-SEQ for genome annotation)
Month 30: Identification of requirements
Month 36: Manual pipelines created, initial automation.
· Expand strain schema to allow representation of any bacterial strain vs. knockouts only (enable import of JBEI data):  Transformed into KBase MicroPheno schema data set; needed to allow representing strain data other than knockouts (e.g. plasmids, inserts, non-knockout modifications)
· Genetic variation: natural and artificial (unified with plants) (Paramvir, Dave)
· Methylation profiles, BSseq, TNseq other data sets? (Jer-Ming, Paramvir)
· Regulon predictions for reference genomes (Pavel)
· Draft regulatory models for all genomes based on template projection (Pavel)
· Pan-genomes for key reference genera (Rick)
