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1 – Meeting agenda 

Friday, March 30, 2012 Times shown as Eastern
1:45 p.m. Dial in to the conference call or login to WebEx

call: 1-877-939-0771 
PASSCODE 2944749

WebEx: http://tinyurl.com/3sspngn
2:00 p.m. 
Presentation: MaizeGDB’s activities, accomplishments, and plans for the future 

· Introduction




  

· Past 1.5 Years

· Genome Assembly and Annotation Status
· Diversity

· Gene Function and Expression
· Metabolic Pathways

· Interface Redesign

· Current and Upcoming
· 5-year Project Plan for USDA-ARS
· ARS Process

· 2012 MGEC Survey Results

· Preliminary Concept Paper for the Next 5 Years( input please!!!
· Charge to Working Group

3:00 p.m. 
Working Group Executive Session

4:00 p.m. 
Working Group Summarizes for the MaizeGDB Team

5:00 p.m.
Meeting adjourns
Working Group’s Role

The Working Group is tasked with evaluating MaizeGDB current status and recommending a course of action that will insure that the MaizeGDB project tracks the trajectory of maize research as closely as possible.  The ultimate goal of MaizeGDB is to provide a robust and timely source of data and analysis tools that will help researchers to investigate the biology of maize, both as a research model and as a crop. 

Current Working Group Membership

Alice Barkan, David Jackson, Anne-Françoise Lamblin, Thomas Lübberstedt, Eric Lyons, Karen McGinnis, Lukas Mueller, Mihai Pop (chair), Marty Sachs, and Nathan Springer.

2012 new members: David Jackson and Nathan Springer
Rotating off: Owen Hoekenga, Pat Schnable, and Anne Sylvester 

2 – Executive Summary and Personnel List 

Executive Summary

In the past year, personnel at MaizeGDB have been involved in improving available annotations of the B73 genome sequence, primarily through data aligned to the sequence as made available at the Genome Browser. We also have strengthened ties with Doreen Ware’s Gramene project toward joint genome stewardship going forward and are currently in the planning stages on a joint project to assign functional annotation to gene models as listed in the GenBank records that represent the B73 genome assembly.  Along these lines, it should be noted that in the past year there has been a clear shift in researchers’ stated interests to determining what annotated genes do.  With that in mind, the team has expanded our collaborative activities with the Ware group to include a joint project to populate a maize BioCyc database of metabolic pathways, a project that will be completed shortly when we submit a descriptive manuscript for peer review.  We at MaizeGDB are committed to supporting the BioCyc Metabolic Pathways project long term, and have forged a collaboration with Sue Rhee’s Plant Metabolic Network group where they are generating pipelines that automatically populate BioCyc databases, a strategy which should make the maize Metabolic Pathways project sustainable. Other functional genomic tools deployed via MaizeGDB in the past year include the Electronic Fluorescent Pictograph Browser (eFP) and maize datasets that enable MapMan views of expression data.  These endeavors were made possible by funds from the National Corn Grower Association and would not have been nearly as successful without the publication of the Kaeppler lab’s Maize Gene Expression Atlas.  In the upcoming year we will write the USDA-ARS 5-year project plan for MaizeGDB.  You will find a description of that process as well as an initial outline for that plan in this document beginning on page 6.  It is our hope that during this Working Group meeting we can minimize time spent reporting on past accomplishments and focus on getting your input for these activities so that our activities over the next 5 years are in line with the research community’s needs and anticipated trajectory. 
Personnel


Federal (* demarcates term appointments)

Carson Andorf, IT specialist (bioinformatics engineer), USDA-ARS in Ames, IA


Lead programmer responsible for maintaining the MaizeGDB interface and the creation of data analysis tools unique to MaizeGDB.  Also assists with the implementation of available software packages (like the MaizeGDB implementation of GBrowser for the Genome Browser and MaizeCyc for a Pathway View tool) and with server configuration and maintenance.

Bremen Braun*, IT specialist (programmer), USDA-ARS in Ames, IA


Responsible for adding new data to the MaizeGDB Genome Browser and providing support, development and integration of new tools for MaizeGDB.
Darwin Campbell, IT specialist (database administrator), USDA-ARS in Ames, IA


Responsible for the Oracle databases which are the backbone of the MaizeGDB project.  Coordinates purchases (hardware, software, supplies/services) for the group, and is responsible for all associated accounting.
Lisa Harper*, geneticist (curator & outreach coordinator), half time, USDA-ARS in Albany, CA


Responsible for community outreach and education, video tutorials, Phenotypic Controlled Vocabulary, Editorial Board management, and literature curation.
Carolyn Lawrence, research geneticist and lead scientist, USDA-ARS in Ames, IA


Responsible for project management, coordination with outside groups, financial planning, and defining program direction in consultation with the MaizeGDB Team.

Mary Schaeffer, geneticist (curator), USDA-ARS in Columbia, MO


Responsible for curation involving maps, loci, literature, QTL, etc.  A member of the Maize Nomenclature Committee and a co-editor of the Maize Newsletter.  Mary is an excellent source of historical information on why certain data are represented in a particular way.

Taner Sen, computational biologist, USDA-ARS in Ames, IA

Responsible for the MaizeGDB Genome Browser, MaizeCyc, and other large-scale data management, analysis, and display endeavors. 

State (funded by NSF, NCGA, and ISU funds)
Scott Birkett, POPcorn programmer, ISU in Ames, IA


Responsible for the POPcorn sequence to publication search as well as the Palomero Toluqueño sequence public accessibility.
Ethalinda (Ethy) Cannon, POPcorn solution/application architect, ISU in Ames, IA


Responsible for design and development of POPcorn website, its integration with MaizeGDB, and communication with groups providing data access.
Jack Gardiner, curator, ISU located on the University of Arizona campus, Tucson, AZ

Curator on location at University of Arizona Campus, Tucson AZ: Responsible for identifying and recruiting gene expression, physical and genetic mapping, and epigenetic datasets with a special emphasis on large data sets.
Bhavani Satyanarayana, student hourly (Masters student in Computer Science).

Kokulapalan Wimalanathan, Bioinformatics and Computational Biology doctoral rotation student.

3 – Five Year Project Plan

ARS Process:
National Program 301 (Plant Genetic Resources, Genomics and Genetic Improvement) 
· Accomplishment report, 2006-2011:

·  http://www.ars.usda.gov/research/programs/programs.htm?np_code=301&docid=22191  

· Assessment, (last 5 years):

· http://www.ars.usda.gov/SP2UserFiles/Program/301/NP301%20Exec%20Summary%202011%20Assessment%20Report.pdf 

· Stakeholders meeting: November 15, 2011  

· Draft copy of the new Action Plan: March 1, 2012
· Scientists meeting: March 16, 2012
· Concept paper due: May 17, 2012
· Project Plan due to the ARS Office of Scientific Quality Review: January 3, 2013
· Project start date: May 28, 2013
MGEC Survey Results: http://maizemeeting.maizegdb.org/mgec-survey12/analyze_final_sort.php 

157 respondents

1. Research Directions 

- Advance functional studies of maize genes, gene families, and networks (including reverse genetics resources and developmental atlas RNAseq or proteomic data).
2. Bioinformatics 

2a. Genome assembly and annotation 

- Focus on assembly and structural/functional annotation of diverse inbred lines (i.e., move the focus from B73 to additional lines). 

- Improve assemblies and annotations of the B73 reference genome sequence. 

2b. New data type integration 

- Develop interaction networks for maize genes.

- Document experimentally confirmed (high-quality) phenotypes.
2c. Bioinformatics researchers should:

- Improve interoperability among the databases that serve our community including, but not limited to, MaizeGDB, MaizeSequence.org, NCBI, PlantGDB, TAIR, and Gramene 

- Establish a simple process for reporting and correcting assembly and gene model errors. 

2d. MaizeGDB should primarily focus on: 

- the creation of quality (gold-standard) datasets (versus large datasets)

3. Education and Outreach 

- Increase support for training in maize genetics, genomics, and bioinformatics.

- Support diverse bioinformatics “workshops” at Maize Genetics Conferences and other locations.
Preliminary USDA-ARS Concept Paper ( input please!!!
Project Name: The Maize Genetics and Genomics Database
Mode Code: 3625-21000-051
Location: Ames, IA
SYs: Carolyn Lawrence (Lead), Lisa Harper, Taner Sen, and Craig Abel (Research Leader)
NP301 Research Component: 2, Crop Genetic and Genomic Resources and Information Management
Problem Statement: 2A, Crop genomic information resources and bioinformatics
Possible Project Goals:

Objective 1: Support stewardship of maize genome sequences.

· Sub-objective 1.A. Develop and deploy infrastructure to support stewardship of the B73 reference genome sequence as well as forthcoming diverse maize genome sequences

· Sub-objective 1.B. Develop infrastructure, processes, and tools to enable updates to gene model structural and functional annotations 
Objective 2: Deploy open, standardized access mechanisms to the MaizeGDB database that allow user-specified and flexible queries (BioMart? Others?)

Objective 3: Create access to expanded datasets that describe gene function.

· Sub-objective 3.A. Expand high-quality datasets through curatorial activities 
· Phenotypic descriptions

· Expression sets

· Sub-objective 3.B. Enable visualization and analysis of biological networks in maize

· Develop and deploy infrastructure and software tools that enable network (e.g., metabolic, biochemical, genetic, and coexpression) visualization

· Populate network tools
· Curate high-quality datasets created by the community at large
· Predict and develop network datasets as needed
Objective 4: Provide community support services and increase documentation on responsiveness to community needs by coordinating annual meetings, conducting community elections and surveys, etc.

‘Anticipated Products’ to which these Goals Contribute:

· Actively curated, long-term, interconnected information resources that support crop breeding, genetic, genomic, or biological research. 

· Bioinformatic tools for data analysis or data mining that can extend from a single crop to related species. 

· New tools to manage high-throughput phenotypic and genotypic data. 

· Expanded outreach to instruct users on database access and the diversity of available data. 

· Database improvements resulting from user surveys and database working group recommendations. 

· Expanded domestic and international research community utilization of bioinformatic tools and data. 
Specific Project Products:

· Diversity-aware genome sequence representations that enable compatible formatting and data exchange among NCBI, MaizeGDB, and others.
· Mechanisms to allow standardized access to the MaizeGDB database.
· Gold-standard datasets for bench-marking high-throughput analysis results.
· Availability of datasets that show novel connections among maize genes and gene products to understand better how genotype contributes to phenotype.
· Data that demonstrate community need and MaizeGDB’s responsiveness to stated needs.
NP301 Partners:

Olin Anderson (GrainGenes), Ed Buckler (Panzea/diversity), Candice Gardner (PIRU and GRIN), Sarah Hake (Plant Gene Expression Center), Gary Kinard (GRIN), Mike McMullen (PGRU), Richard Percy (CottonDB), Marty Sachs (Stock Center), Randy Shoemaker (SoyBase), and Doreen Ware (Gramene).

 4 – Past 1.5 years’ activities and accomplishments

In addition to the project accomplishments listed below, it should be noted that Andorf, Campbell, Schaeffer, and Lawrence contributed heavily to community support including drafting the recent community survey (Lawrence in collaboration with the MGEC), administering community elections and surveys (Andorf), organizing the Maize Meeting Abstract book (Andorf and Schaeffer), and managing the IT needs of the Maize Meeting (Campbell).
Genome assembly and annotation 


B73 RefGen_v2 (Lawrence and the MaizeGDB Team)
The published B73 reference genome (RefGen_v1) available from GenBank consists of 2,048 Mb in 125,325 sequence contigs (N50 of 40 kb), forming 61,161 scaffolds (N50 of 76 kb) anchored to a high-resolution genetic map (Schnable, Ware et al., Science 2009). After predicting transposable elements (TEs), a combination of evidence-based and ab initio approaches and stringent TE filtering resulted in a set of 32,540 high-confidence, predicted protein-encoding genes (the “Filtered Gene Set”). Due to incomplete sampling of the genome, the B73 reference genome is estimated to be missing ~5-10% of genes that are physically present in the B73 genome.  Following the release of the first draft, B73 RefGen_v2 improved v1 by the addition of fosmid reads as well as by integrating genetic and optical map information. The assembly and various annotations are represented both at MaizeSequence.org and MaizeGDB with representation at GenBank forthcoming. For B73 RefGen_v2,  ~80% of the maize genome is ordered and oriented, and optical map and genetic map comparisons suggest that 2-2.5% of the sequences may be misplaced in the assembly (Fusheng Wei, Jeff Glaubitz, and Mike McMullen, personal communication).  B73 RefGen_v2 has been the version of the assembly in play since May of 2010.
GBrowse2 (Braun)

GBrowse2 has been installed at MaizeGDB and while its many new exciting features are too many to mention here, a few are still worth noting.  GBrowse2 uses a "tabs" approach to deliver an easy user experience and loads genomic information quicker due to improvements in track rendering.  GBrowse2 allows user to create their own secure login accounts, upload their own sequence data (including NextGen), create time-dated browser snapshots, and allows rapid side-to-side scrolling of browser views.  GBrowse2 also allows large data sets to be divided into subtracks that can be turned on and off individually for a less cluttered viewing experience.  Embedded and quantitative glyphs that allow direct insertion of pictures (for example GFP images or chromosome paints) into the browser and the display of data as pie charts or graphs (for example SNP frequencies) are also possible in GBrowse2.  To see a Top 10 list of new features in GBrowse2, go to http://gbrowse.maizegdb.org/gb2/gbrowse/maize_v2/ and select the GBrowse2 documentation tab. 

centiMorgan to Physical Distance Display Tool (Braun, Lawrence)

We have created a custom centiMorgan display tool that is located at the very top of the GBrowse2 page in the details section before the first track.  The centiMorgan feature tool displays the estimated genetic distance between a set of markers whose genetic and physical coordinates are both known.  These markers were previously used to generate the genetic map reported in Liu et al. 2009 and the full map is available at MaizeGDB.  This information is displayed as a track that can be turned on/off by selecting the "Segments of Known genetic Distance" under the "Genetic Map" section in the "Select Tracks" tab. 

UniformMu data/track [From UniformMu Project, NSF DBI 1116561] (Campbell, Gardiner)

MaizeGDB continues to receive data from the sequenced indexed, UniformMu insertional mutagenesis project.  It is expected that this collaboration will continue for at least another year.  The MaizeGDB Genome Browser serves as the main entry point into this data, which has become a pivotal resource for researcher looking for insertions into genes of interest. 

Sirevirus LTR Retrotransposon Data [Plant J V69 475-88 Editorial Board recommended] (Braun, Gardiner)
MaizeGDB has created a browser track to describe the Full-length Sirevirus LTR retrotransposons of the Copia superfamily.  Mousing over each feature provides a full description of the structure of individual elements, including predicted age of the insertion event.  It is worth noting that this data set benefitted from the new "subtracks" feature in GBrowse2 which allows complex datasets to be divided into subtracks which can be turned on/off. 

New SSR Markers [From the Hake Lab] (Gardiner)
MaizeGDB has worked with China Lunde at the Plant Gene Expression Center to incorporate a small collection (~10) of SSR markers (primer sequences, PCR amplification protocol, and genomic coordinates) into the database.  We realize that this is a small data set but feel that it is important to be responsive to the community regardless of the size of the data set. 

Heritable Mu Insertions [From the Barkan and van Wijk Labs] (Braun, Harper)
Heritable Mu insertion sites were detected by Mu-Illumina sequencing during mutant cloning efforts involving the Photosynthesis Mutant Library (PML, Barkan and van Wijk). These Mu insertion sites were aligned to B73 RefGen_v2 by the Mu-Illumina Group. More information is available here (http://teosinte.uoregon.edu/mu-illumina/) and here (Williams-Carrier et al. 2010 Plant J.).
Ac/Ds: Brutnell and Vollbrecht + Du and Dooner (Braun, Schaeffer)
A collection of sequence-tagged Ds insertions in W22-derived inbred lines was generated by Brutnell and Vollbrecht et al. 2,072 Ds flanking sequences were aligned against B73 RefGen_v2 by PlantGDB. More information, including how to order seed stocks can be found here (http://www.plantgdb.org/prj/AcDsTagging/) and here (Vollbrecht et al. 2010 Plant Cell).

A second collection of Ac and Ds transposants was generated about a decade ago from a W22 stock carrying the McClintock mutable alleles wx-m7(Ac) and bz-m2(D1) as Ac donor and reporter, respectively, by Hugo Dooner. The Ac element is 4565-bp long and encodes an active transposase, so it can be followed phenotypically by its effect on a Ds reporter allele. The Ds2(D1) element is 3253-bp long and arose by internal deletion of the Ac transposase, so it can only be detected molecularly. The collection is made up of roughly 1,150 lines carrying a unique transposed Ac element (trAc), obtained by selecting single nonwaxy, spotted exceptional seed from amongst the waxy, spotted parental seed in ears of the wx-m7(Ac) bz-m2(D1) stock. As subsequent sequencing has revealed, some lines carry, in addition to a trAc, unique transposed Ds2(D1) elements, which can be distinguished from trAcs by the smaller band that they produce in the PCR validation test.
Diversity
HapMap1 [from the Buckler Lab/Panzea] (Schaeffer, Gardiner, Braun)

A genome browser track indicating the positions where SNPs and/or small indel polymorphisms from HapMap1 (Gore MA et al 2009 Science 326:1115-1117) has been created.  The track indicates SNPs confirmed between B73 and one or more of a set of 26 inbred lines: the 25 NAM parental inbreds and Mo17. Clicking on the browser link provides details of the polymorphism in 27 inbreds, and a link to the context sequence in which the SNP resides, at panzea.org, along with tools to further query that region. 
Palomero Toluqueno Sequence Now in GenBank (Lawrence, Cannon, and Birkett)

The CINVESTAV/Langebio group who sequence Palomero maize, led by Jean-Philippe Vielle-Calzada requested help in making the sequence available.  Cannon and Birkett set up http://www.palomerotoluqueno.org to serve as an intermediate location to access the data during which time they recursively submitted the sequence contigs to GenBank to meet their evovling sequence requirements (i.e., limits on contig lengths and runs of N’s evolved as the work unfolded).  The sequence of Palomero Toluqueno is now available via GenBank and Palomero contigs soon will appear in the MaizeGDB Genome Browser aligned to B73 RefGen_v2. 
Gene function and expression

Genome Wide B73 Maize Gene Expression Atlas (Plant J V66:553-563, Gardiner, Schaeffer, Cannon, Braun, PLEXdb, Plant Ontology Consortium)
Working with Shawn Kaeppler's group prior to publication, MaizeGDB personnel recruited a very large gene expression data set encompassing 60 distinct tissues representing 11 organ systems.  Because this data set was NimbleGen microarray based, a collaboration with PLEXdb was established for development of a robust probe mapping pipeline which allowed expression information to be projected onto the maize gene models.  An additional collaboration was established with the Plant Ontology group to provide the expression information associated to the maize-specific ontology terms.  This data set has truly become a "core data set" at MaizeGDB as it has necessitated the implementation of functional genomics software visualization tools such as the eFP browser and MapMan in order to enable MaizeGDB users better access to this data. 

Shoot Apical Meristem (SAM) RNA-Seq Data (Gardiner, Braun)

In the past year, MaizeGDB has worked with the SAM Project (Mike Scanlon PI, NSF DBIs 0321595 and 0820610) to recruit two high quality RNA-Seq data sets mapped to the V2 filtered gene set that describe SAM development or eQTLs that underlie differences in SAM gene expression between inbred lines.  These data sets are briefly described below.  It is worth noting that both of these data sets benefitted from the Custom Gene Expression Glyph tool that was developed by MaizeGDB that allowed a better, more intuitive, representation of the data. 
1.  Using laser capture microdisecition, six SAM developmental stages were captured and subjected to deep RNA-Seq analysis. 

2.  Using pools of hand dissected SAMs collected from 105 IBM RILs and their Mo17 and B73 parents, potential eQTLs underlying SAM development were identified. 

eFP browser (Braun, Gardiner, Lawrence, and Wimalanathan)

Embedded images and context-appropriate links have been created at MaizeGDB to the electronic fluorescent pictograph (eFP) browser, a tool developed at the University of Toronto by Nick Provart's group.  eFP allows visualization of gene expression values across any tissue of interest (Winter et al. 2007, PLoS ONE 2(8): e718).  The eFP browser projects gene expression values on pictographs of maize tissues and uses a heat map approach.  The eFP browser tool is adaptable to any microarray or RNA-Seq expression data set.  Each gene model page links to the eFP browser and displays relative expression values for that gene model across a wide range of maize tissues.  See data sets section for detail on which expression data sets are viewable through this tool. 

MapMan (Gardiner and Wimanlanathan)

The MapMan software suite was developed at the Max Planck Institute for Molecular Plant Physiology in Potsdam, Germany.  MapMan allows the visualization of expression data in the context of a large number of well-characterized biochemical processes and metabolic pathways.  MaizeGDB has created 60 mapping files for maize expression data sets that allow comparison of maize tissues in the context of various biochemical pathways as well as a tool that generates MapMan files for any two tissues selected for comparisons.  A link to the tutorial for the MapMan software is supplied and once users have installed the MapMap software on their local machine, they can utilize MapMap to visualize the data set of their choice.

Custom Gene Expression Glyphs (Braun)

Inspired by the expression display at FlyBase, custom gene expression glyphs were created to allow gene expression data (either microarray based or RNA-Seq) to be visualized in a way that was previously not possible using standard GBrowse utilities.  This feature was developed by MaizeGDB to allow expression data to be visualized as popup bar graphs that could be color coded to depict either tissue types or expression values. 
Metabolic pathways for maize (Sen)

MaizeCyc 2.0 

In July 2012, MaizeGDB released MaizeCyc 2.0, Metabolic Networks for Maize, developed in collaboration with Gramene. MaizeCyc is mirrored at both MaizeGDB and Gramene:
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MaizeCyc contains 390 pathways and provides functional information for the Filtered Gene Set (FGS) of B73 RefGen_v2 genome assembly. This resource provides tools such as “Omics Viewer”, where the users can display quantitative data associated with proteins on pathways. For the MaizeCyc project, the curators at MaizeGDB provided literature-based evidence codes for the GO terms for more than 100 annotations. Along with these associations, EC numbers were assigned to gene products within MaizeGDB directly where possible.  Taner Sen gave an invited seminar on MaizeCyc at Plant and Animal Genome Conference XX and 54th Annual Maize Genetics Conference in 2012.  A manuscript is being written in collaboration with Gramene, where Pankaj Jaiswal from Gramene is the lead author. 
CornCyc 1.0

CornCyc 1.0 was developed by the Plant Metabolic Network (PMN) group at Stanford and released in March. At MaizeGDB, we put a large size boxed area on our Metabolic Pathways page so that the users can reach CornCyc 1.0 at the PMN website. (http://maizecyc.maizegdb.org/) 

Interface redesign: 
Already deployed:

BLAST (Birkett, Cannon, and Andorf)
As part of the effort to integrate the POPcorn resource into MaizeGDB, the POPcorn BLAST tool has been improved, integrated into the MaizeGDB infrastructure, and subsequently has become the default BLAST tool at MaizeGDB.   The BLAST tool has over 40 target databases and allows for multiple concurrent searches, some executing on remote sites.  Many of the target databases are stored on off-site servers that POPcorn accesses through web services. Queries can take the form of raw or FASTA sequence, GenBank IDs or maize gene models.

Sequence-indexed Data Search (Cannon and Birkett)

 An additional set of searches developed by the POPcorn project is now being integrated into MaizeGDB. These searches permit the user to input sequence, GeneBank IDs or maize gene model ids and receive matching non-sequence data, for example, seed stock with insertions in a gene of interest, publications, phenotypes, and loci. These searches are being integrated into relevant sections of MaizeGDB.
Under development:
MaizeGDB Wholesale Redesign (Andorf and Rao Satyanarayana)

To prepare for both current and future needs of the community we have completed the first year of a two-year effort to redesign our interface. The redesign is both cosmetic and functional. The overall goal of the redesign is to create a clean modern interface with improved user interaction while expanding the overall functionality of MaizeGDB. Cosmetically, we modernized the appearance and simplified page organization and navigation.  Currently the home page and the majority of the static pages have been converted to the new design.  The locus search and locus report page are nearing completion and will be used as a template for other types dynamically loaded data.  An alpha version of the redesign has been released (http://alpha.maizegdb.org) to the community. 

Templating Language for Wholesale Redesign (Braun)

Bauplan is the custom templating language being used for the MaizeGDB site redesign. 

It supports nested templates, remote loading of features, and per-template dependency loading, among other features and compiles to a serialized object tree for fast loading.
Current Activities
CornCyc 2.0 (Sen)

In 2012, a collaboration was established between Sue Rhee’s group at Stanford, Plant Metabolic Network (PMN) and MaizeGDB to create CornCyc 2.0. Taner Sen and Lisa Harper visited Stanford to learn about CornCyc. In addition, Kate Dreher gave a curation tutorial using Pathway Tools to MaizeGDB curators. At MaizeGDB, we performed a comparative performance analysis between CornCyc 1.0 and MaizeCyc 2.0. Our results showed that although MaizeCyc covers a larger number of associations, CornCyc provides a higher-confidence set. CornCyc builds a consensus-based pipeline for enzyme class prediction based on three different methods (BLAST, CatFam, and Priam). We are working with Sue Rhee’s group to generate and analyze the results to build the pipeline. After the pipeline is built, MaizeGDB curators will devote time to curate a select group of pathways. CornCyc 2.0 is expected to be available early Summer 2012.

B73 RefGen_v3 - Currently under review by GenBank.  Release within the next 2 weeks (Lawrence)

B73 RefGen_v3 is a refinement of v2 in which 454 contigs of novel sequence are inserted into the RefGen_v2 backbone.  Some slight refinements to contig placement are included based upon recent improvements to the IBM genetic map (Buckler and McMullen). It is anticipated that the improved genetic resolution of forthcoming genetic maps will provide support for future improvements of the B73 reference assembly. The MGSC’s final product (B73 RefGen_v3; currently computed but not yet publically available) will be high quality sequence in genic regions, but BAC sequences that remain in many pieces with some, but not all, order and orientation information annotated.

Gene Ontology Community Curation (Birkett)

Creating tools that enable users to add GO (Gene Ontology) Annotation to records at MaizeGDB.  The primary function of this GO Annotation in the database will be to provide a link to the Gene Ontology page describing function associated with entities like gene models.  The secondary function for these GO Annotations will be to link associated publications from internal and external sources, as well as to provide an authority on the GO assignment, if necessary.  These annotations will be proofed by our curators, but can be accessed by community curators.  Created annotations will appear on the Locus and Gene Model pages at MaizeGDB.
Upcoming

Functional Structural Diversity among Diverse Maize Haplotypes [In Progress – Schnable and Lawrence, PI’s] (Cannon)

The goal of this project is to test the hypothesis that differences in gene copy number (both gains and losses) contribute to the extraordinary phenotypic diversity and plasticity of maize. Maize is a good model for these studies because it exhibits a rapid decay of linkage disequilibrium (LD) and because a draft genome sequence of the B73 inbred and mapping populations are available. In this project, the "Zeanome", a near-complete set of genes present in B73, other maize lines and the wild ancestor of maize (teosinte), will be defined using existing genomic sequence data and newly generated transcriptomic data. SV among maize and teosinte lines will be identified relative to the Zeanome. By mapping these CNVs and PAVs to phenotyped RILs it will be possible to test whether SV contributes to phenotypic variation. The hypothesis that SV contributed to the domestication of maize and the success of long-term selection will be tested. This collaboration includes RNAseq data for the NAM parents and multiple tissues, a large set of SNPs, about 30 assembled transcriptomes, and a set of genetic maps.
Illumina Golden Gate SNP Data [In Progress - Natalia de Leon primary contact] (Gardiner)

MaizeGDB is working with researchers at the University of Wisconsin to incorporate SNP frequencies of 1536 Illumina Golden Gate SNPs on 411 predominantly Midwest dent lines selected on the basis of flowering time.  It is anticipated that a genome browser track will be created for these but we are still working out the details as to how this data will be stored internally at MaizeGDB  

Pan Grass Synteny Data [In Progress - James Schnable and Damon Lisch primary contacts] (Gardiner)

MaizeGDB is working with these researchers to display a subset of the maize gene models (~24,000) which are syntenically conserved across rice, sorghum, and maize and thought to represent the essential maize genes (Curr Opin Plant Biol 2012).  Over 90% of the classical maize genes are included in this set.  This data will be displayed as several tracks on the genome browser with links to the relevant gene model pages. 

RNA-Seq Data for 18 Maize Tissues [In Progress-From Kaeppler lab at the University of Wisconsin] (Gardiner)

We are working to develop browser tracks for RNA-Seq data from18 tissue samples, each replicated in triplicate.  These tissues used to generate this data are a subset of those used to generate the NimbleGen Microarray-based 60-tissue B73 gene atlas that we reported on previously.  The significance of this RNA-Seq data is that it is able to resolve alternatively spliced transcripts in addition to being able to detect extremely weakly expressed genes. 

Functional Annotation (Andorf)

The version 4a.53 set of gene models for B73 RefGen v2 has been submitted to GenBank.  Once accepted, functional annotations will be added to these gene models as an amendment to the original submission.  Currently, Josh Stein from the Ware lab has made homology-based annotations as well as domain/motif-finding approaches for approximately one third of the roughly 63,000 filtered gene models in B73 RefGen v2.  At MaizeGDB we propose to use machine-learning approaches to build classifiers from Arabidopsis, rice, and possible other data sources to predict family level annotations for maize.  This classifier would provide an additional level of validation and possibly novel functional annotations.  This approach would be repeated on the approximately 500 new or improved gene models be added for B73 RefGen v3. 
Phenotype RCN (Mabee-Huala Collaboration) (Lawrence, Harper)

The Phenotype Ontology Research Coordination Network (RCN) was funded by NSF to establish a network of scientists who are interested in comparing phenotypes across species and in developing the tools and methods needed in making this possible.  The representation of morphology, behavior, and other phenotypic traits using ontologies is in its infancy.  Integrating phenotypes with data across all levels of the biological hierarchy, however, is possible if standards are co-developed and coordinated.  As a first joint project currently underway involves gathering existing sets of mutant phenotype annotations that use species-specific ontologies like the maize and Solanaceae phenotypes and Trait Ontology annotations in Gramene, converting them to Plant Ontology and Phenotype and Trait Ontology (PATO) annotations with the help of George Gkoutos (the lead of PATO), and doing some cross-species analyses to show how we might be able to connect genes and phenotypes in one species based on relationships in another species.
5 – Presentations/Outreach

AgNetwork Live Radio (Lawrence)

Lawrence was interviewed July 23, 2011 re: the NCGA grant by AgNetwork.  The topic: how functional genomics gets deployed into farmers’ fields.
National Corn Grower Association (NCGA) PodCasts (Lawrence, Gardiner)

NCGA Communications Director Cathryn Wojcicki produced three Podcasts that have been disseminated through the NCGA outreach network.  The first Podcast occurred in June of 2010 and described what Function Genomics Tools are and how researchers use them to better understand maize. The second Podcast (August 3rd) introduced listeners to the concept of functional genomics and the need for software tools to visualize and analyze large data sets.  The third Podcast (January 18th) introduced listeners to the concept of a genome browser and its use in visualizing the maize genome sequence.  Additional Podcasts are planned at three-month intervals. The podcasts can be found here: http://www.ncga.com/audio/.
Cornell University (Lawrence)

Director Carolyn Lawrence was invited to describe the MaizeGDB project to the Cornell Plant Breeding group.  The presentation (November 2011) included a description of the MaizeGDB mission, recent accomplishments, and current endeavors.
Plant Genomes Resources Exhibit at PAG and ASPB (Schaeffer, Gardiner, Harper)

MaizeGDB organizes an annual exhibit booth displaying plant genome database resources at the PAG and contributes to a booth at ASPB.  This is done in collaboration with a number of other plant genome databases to both minimize costs and create a larger awareness of these resources.  

US/EU Plant Biotechnology Working Group meeting at PAG (Gardiner)

A brief presentation at the US/EU Plant Biotechnology Working Group meeting on Friday, January 17 at the PAG in San Diego.  The purpose of the meeting, which was convened by Klaus Mayer and Doreen Ware, was to identify potential areas of collaboration between the EU and US Plant Biotechnology Informatics Communities.  

Plant Ontology at PAG (Schaeffer)

Invited presentation at PAG Workshop, “Using Ontologies for Organizing Plant and Animal Genomics Data. Described curation path to associate Plant Ontology terms to expressed gene models, based on the data supplied in the Kaeppler B73 Maize Gene Expression Atlas. http://pag.confex.com/pag/xx/webprogram/Paper1717.html 
MaizeCyc presentations at PAG and Maize Meeting (Sen)

Computational Biologist Taner Sen gave presentations on MaizeCyc at both the PAG and Maize Meeting.  These presentations were designed to describe how one can access, interact with, and analyze maize metabolic pathway information through this resource.

Illinois Corn Breeders' School (Andorf)

Bioinformatics Engineer Carson Andorf gave a presentation on the redesign of MaizeGDB on March 5th at the annual Illinois Corn Breeders School.
ISU Department of Genetics, Development and Cell Biology, Faculty Brown Bag Lunch (Lawrence and Sen)
Director Lawrence presented an overview of MaizeGDB’s mission, recent accomplishments, and current endeavors (November 2011). Sen outlined the MaizeCyc project as well as his work on thermostability of endoglucanases in maize (February 2011).

Corn Insects and Crop Genetics Research Unit Brown Bag Research Seminar Series
In March, Sen outlined the MaizeCyc project as well as his work on thermostability of endoglucanases in maize (February 2011).
MaizeGDB Tutorial at Maize Meeting (Harper and the MaizeGDB Team)

Curator Lisa Harper conducted three MaizeGDB tutorials to a total of 60 attendees on March 15th at the annual Maize Genetics Conference in Portland OR.  These tutorials focused primarily on the genome browser and new functional genomics analysis tools but also allocated time for specific questions submitted by the attendees. 
Stakeholders Meeting Columbia, MO (Schaeffer)

Curator Mary Schaeffer attended and gave a presentation on MaizeGDB at the first annual Stakeholders Meeting held on March 21st organized by Research Leader Mel Oliver.  This intent of this meeting, attended by representatives’ from Monsanto, Pioneer, NCGA, and Soybean Growers, was to inform stakeholders about the various activities of USDA-ARS scientists.
6 – Collaborations and Strategic linkages/partnerships

Support from the National Corn Growers Association (NCGA, Ongoing)

MaizeGDB continues to receive support for a full time curator position from the NCGA.  Work is focused on the development of functional genomics software tools that support the visualization and analysis of large gene expression data sets.  It was recently announced that this support will be extended for another year.
Full Text Mining at the National Agriculture Library (Planned)

On December 9, 2011, MaizeGDB curators Gardiner and Schaeffer had a conference call with Stan Kosecki at the National Agriculture Library (NAL) to discuss the potential for full text mining at the NAL to support Gene Ontology annotation efforts at MaizeGDB.  Following the call, a white paper outlining the needs of all crop genome databases was developed.  Stan Kosecki responded to this white paper saying that he will communicate with his colleagues to say what is possible at the NAL.  We will continue to pursue this opportunity for collaboration as it has the potential to have a very big impact on our GO annotation efforts at MaizeGDB.  

Plant Ontology (Ongoing)

Curator Schaeffer continues her ongoing collaboration with Plant Ontology where by she assigns maize-specific plant ontology terms to maize tissues that have been used for expression profiling.  This was accomplished for both the 60 tissue Kaeppler Gene Expression Atlas and Scanlon SAM tissues and will be done for all large-scale expression data sets going forward.  

UniProt Association to Maize Gene Models (Planned)

MaizeGDB curators Schaeffer and Gardiner are working with UniProt to import protein annotation information and display it as subtrack to the gene models track on the maize genome browser.  This information will also be included on the maize gene model pages.  UniProt annotations contain information on ~25,000 maize proteins with ~17,000 contain GRMZM identifications.  

Participation in the Biocreate Workshop (April 4-5)

Curator Mary Schaeffer has been asked to participate as an evaluator at the Biocreate Workshop (www.biocreate.org).  The workshop is focused on evaluation of tools involved in the extraction of biological information with this years focus on text mining tools. 

Plant Metabolic Network (Ongoing)

Computational Biologist Taner Sen is engaged in collaboration with PMN that focuses on the evaluation of their primary maize metabolism pathway viewer product, CornCyc and comparison of its associations to those of MaizeCyc, the pathway viewer developed by Gramene and MaizeGDB.  The goal of this collaboration is to identify those criteria that give rise to the most meaningful and accurate pathway associations.  

Addressing Diversity Data Issues (Ongoing)

Bioinformatics Engineer Carson Andorf continues to work with Panzea and iPlant Collaborative towards finding solutions to deal with storing and displaying the over 200 billion maize SNPs that are anticipated to become public in the next three years.  A survey was sent to the maize community this past year asking for input on their needs so that any plan going forward will address them.  

PLEXdb (Ongoing)

Software Engineer Ethy Cannon serves as the lead contact with PLEXdb on issues involving gene expression data sets.  Working with PLEXdb personnel, a bioinformatics pipeline was developed that allowed mapping and normalization of expression information to the V2 gene models.  It is anticipated that going forward this pipeline will remain relevant for the V3 gene models and other alternative gene models produced by other annotation groups.

Phenotypes (Ongoing; Schaeffer, Lawrence, Harper, and Andorf)

The Mabee/Huala Phenotype Ontology Research Coordination Network (RCN) was funded by NSF to establish a network of scientists who are interested in comparing phenotypes across species and in developing the tools and methods needed in making this possible.  The representation of morphology, behavior, and other phenotypic traits using ontologies is in its infancy.  Integrating phenotypes with data across all levels of the biological hierarchy, however, is possible if standards are co-developed and coordinated.  We currently are collaborating with this group to enable cross-species queries among various plant repositories.

In collaboration with Chi Ren Shuy at the University of Missouri, MaizeGDB personnel are working to include the phenotypic search strategies developed for VPhenoDBS into the MaizeGDB redesign.  This will improve phenotype searches using both ontology terms and search by image.  To preview this functionality, visit http
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7 – Peer-reviewed journal articles since December 2010


Chromosome visualization tool: a whole genome viewer.

Cannon EK, Cannon SB.

Int J Plant Genomics. 2011;2011:373875. Epub 2011 Dec 19.

PMID: 22220167

Dynamics of endoglucanase catalytic domains: implications towards thermostability.

Yennamalli RM, Wolt JD, Sen TZ.

J Biomol Struct Dyn. 2011 Dec;29(3):509-26.

PMID: 22066537

POPcorn: An Online Resource Providing Access to Distributed and Diverse Maize Project Data.

Cannon EK, Birkett SM, Braun BL, Kodavali S, Jennewein DM, Yilmaz A, Antonescu V, Antonescu C, Harper LC, Gardiner JM, Schaeffer ML, Campbell DA, Andorf CM, Andorf D, Lisch D, Koch KE, McCarty DR, Quackenbush J, Grotewold E, Lushbough CM, Sen TZ, Lawrence CJ.

Int J Plant Genomics. 2011;2011:923035. Epub 2011 Dec 27.

PMID: 22253616

MaizeGDB: curation and outreach go hand-in-hand.

Schaeffer ML, Harper LC, Gardiner JM, Andorf CM, Campbell DA, Cannon EK, Sen TZ, Lawrence CJ.

Database (Oxford). 2011 May 29;2011:bar022. Print 2011.

PMID: 21624896

Multi-source and ontology-based retrieval engine for maize mutant phenotypes.

Green JM, Harnsomburana J, Schaeffer ML, Lawrence CJ, Shyu CR.

Database (Oxford). 2011 May 10;2011:bar012. Print 2011.

PMID: 21558151

The MaizeGDB Genome Browser tutorial: one example of database outreach to biologists via video.

Harper LC, Schaeffer ML, Thistle J, Gardiner JM, Andorf CM, Campbell DA, Cannon EK, Braun BL, Birkett SM, Lawrence CJ, Sen TZ.

Database (Oxford). 2011 May 9;2011:bar016. doi: 10.1093/database/bar016. Print 2011.

PMID: 21565781

Thermostability in endoglucanases is fold-specific.

Yennamalli RM, Rader AJ, Wolt JD, Sen TZ.

BMC Struct Biol. 2011 Feb 3;11:10.

PMID: 21291533
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