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GENOME ASSEMBLY STEWARDSHIP

One of the main priorities at MaizeGDB is to provide genome assembly and annotation
stewardship for the maize research community. With falling sequencing costs and improved
genome assembly methods, it has become feasible to generate dozens of reference-quality
genome assemblies for maize accessions of importance to maize breeders and researchers.
MaizeGDB currently hosts information for 10 high-quality genome assemblies (B104, B73,
CML247, EPL, F7, Kil1, Mol17, NC350, PH207, and W22)
(https://maizegdb.org/genome/assemblies_overview) and has integrated them with data held by
MaizeGDB. This enables both exploring individual genomes, and comparing them in sets. In
anticipation of more genomes expected in the near future, MaizeGDB developed a set of
minimum standards for hosting a new genome assembly, designed templates for collecting
essential metadata related to the genome and assembly, enforced naming conventions set out by
the maize nomenclature committee, created documentation to help submit genome assemblies to
GenBank, and developed a pipeline for loading new assemblies. All of this enables comparative
analysis. In addition to bringing in new genome assemblies and providing the research
community with a means of improvement, MaizeGDB will continue stewardship of the B73
genome assembly and annotation (https://maizegdb.org/assembly), which is expected to remain
the representative reference maize genome assembly for the foreseeable future. Multiple, high-
quality genome assemblies and annotations integrated with trait, phenotype, and germplasm data,
will improve researchers’ ability to conduct trait and germplasm analyses and to identify
appropriate germplasm for breeding programs.

Overview of the Genome Assemblies for Maize

Toronto

Assembly Name Identifier Line Quality et Status

Zm-B104-DRAFT-ISU_USDA-0.1 Zm00007a B104 Draft genome yes Eeta version released on October 4th 2016 uncer Toronto Agreement. Draft
pseudomolecule release in December 2016, Full reference genome relaase
Fall 201?.

Zm-B72-REFERENCE-GRAMENE-4.0 Zm00001d B73 Full reference no A y completed and ar ion is nearly o

genoma

Zm-CML247-DRAFT-PANZEA-1.0 Zm00006a CML247 Draft genome y and i leted

Zm-EP1-REFERENCE-TUM-1.0 Zm00010a EP1 Reference genome yes ﬁssembry completed an d annotation in progress

Zm-F7-REFERENCE-TUM-1.0 Zm00011a F7 Reference genome yes Assembly completed and annotation in progress

Zm-Kil1-REFERENCE-GRAMENE-1.0 Zm00012a Kill Reference genome In progress

Zm-Mo17-REFERENCE-NRGENE-1.0 Zmd0005a Mol7 Reference genome Completed

Zm-Mol17---1.0 Zm0000%  Mol7  unknown Near completion

Zm-NC350-REFERENCE-GRAMENE-1.0 Zm00013a NC350 Reference genome In progress

Zm-PH207-REFERENCE_NS-UIUC_UMN-1.0 Zm00008a PH207 Reference genome A bly and

Zm-W22-REFERENCE-NRGENE-2.0 Zm00004b waz Reference genome yes A bly and anr

Click here to learn about maize genome and gene model nomenclature rules.

Genome Assemblies Overview. Overview of the genome assemblies currently publicly listed at
MaizeGDB. MaizeGDB hosts maize genomes with metadata, structural and functional
annotations, genome browsers, and BLAST targets.



Creation of MaizeMine, a Data Warehouse for Maize

In collaboration with Dr. Chris Elsik at the University of Missouri, MaizeGDB has developed
MaizeMine, aworking interoperability data warehouse based on the Intermine software package.
MaizeMine accelerates genomic analysis by enabling researchers without scripting skillsto
create and export customized annotation datasets merged with their own research datafor usein
downstream analyses. MaizeMine integrates genomic sequences and gene annotations from the
B73_RefGen_v3 and v4 genome assemblies, Gene Ontology, protein annotations (UniProt),
protein families and domains (InterPro), homologs (Ensembl Compara), and pathways
(CornCyc, KEGG, Plant Reactome). It also provides simple and sophisticated search tools,
including a keyword search, built-in template queries with intuitive search menus, and a
QueryBuilder tool for creating custom queries. The Regions search tool executes queries based
on lists of genome coordinates, and supports both B73_RefGen_v3 and v4. The List tool allows
usersto upload identifiers to create custom datasets, perform list operations such as unions and
intersections, and execute template queries with lists. When used with gene identifiers, the List
tool automatically provides gene set enrichment for GO and pathways, with a choice of statistical
parameters and background gene sets.
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MaizeMineis a user-intuitive data warehouse based on the B73_RefGen v3 and v4 assemblies that
allows users to create and export custom listsin variety of formats. It contains over 20 pre-built
templates that allows users to retrieve datain the most frequently requested data configurations.

Data Highlightsfor 2017

e CornCyc 8.0 was released at MaizeGDB for the v4 gene models after being developed by
the Plant Metabolic Network in collaboration with MaizeGDB.

e The maize core bin markers have been converted to SNP-based markers based on pan
genome anchors. Thiswill allow easy projection of core bin SNPs on to the numerous
new whole genome assemblies being hosted at MaizeGDB.

e MaizeGDB has a new genome browser track for over 300,000 EM S point mutations and
over 5,000 Indels contained in 1,942 sequence indexed maize lines that are available
from the Chinese Academy of Agricultural Sciences.

e MaizeGDB curators, in collaboration with personnel at the NCBI have selected over 300
RNA-SEQ datasets from over 90 B73 maize tissues for inclusion in the pipeline used to
develop the NCBI RefSeq gene modelsfor B73_RefGen_v4.

e MaizeGDB has created a new genome browser track for B73_RefGen_v3 and v4 for
NCBI dbSNP’ s 58 million non-redundant SNPs with permanent RS#s. Thisiscritical, as
these non-redundant RS#s represent the best way for tracking SNPs across new whole
genome assemblies.

e Student curators, guided by MaizeGDB curators, are systematically curating Maize
Meeting abstracts to identify and document information on gene model function that
would otherwise be missed by automated annotation al gorithms.
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e MaizeGDB in collaboration with the Schnable laboratory at | SU has uploaded over 1200
gel picturesfor asurvey of 24 inbred lines with | SU molecular markers. Information on
molecular markers is one the most frequently requested bulk downloads at MaizeGDB.

e MaizeGDB has developed MaizeDIG which is a curation pletform that allows phenotype
images to be displayed on a genome browser enabling MaizeGDB’ s usersto view the
phenotypic images within its genomic context. See Figure below.

e MaizeGDB worked with collaborators from the Plant Breeding, Technical University of
Munich, Germany to make publically available two whole genome sequences of the
maize Flint lines EP1 and F7. The European Flint reference sequences provide additional
diversity to other previously sequenced lines and complement the maize pan-genome.

e MaizeGDB worked with NRGene to submit four whole genome assemblies (EP1, F7,
FH207, W22) to GenBank.

e MaizeGDB isworking with collaborators at NRGene and the Chinese Agricultural
University in Beijing, Chinato make the M017 genome sequence publically available.

e MaizeGDB worked with collaborators at the lowa State University and the ISU
Transformation Facility to sequence, assemble, and annotate the maize line B104. New
data includes 12X PacBio sequences. B104 istheinbred line used by the Transformation
Facility to produce all of its primary transformants.

A.

S Tocls PO #Tap P Omelmin M Nom

% s==e= IIII--; s

s - LSS IS INIEE =S =

MaizeDI G is aweb-based tool that allows curators to manually annotate genotypic-phenotypic
relationship on images. MaizeDIG has been preloaded with over 1,000 mutant phenotypes images
that have aready been associated with a maize gene/gene model. These images are then
dynamically made available as a custom track on the MaizeGDB Genome Browser. Panel A shows
the curation interface for mutant phenotype image associated with the shl gene. Panel B shows the
shl region on the MaizeGDB Genome Browser with the MaizeDIG and gene model tracks.




MaizeGDB Outreach Activities

MaizeGDB organized a series of six workshops at the 59" Annual Maize Genetics Conferencein
St. Louis, Missouri (https://community.maizegdb.org/workshops/workshops.php ). MaizeGDB
team members Maggie Woodhouse, Jesse Walsh, and Lisa Harper led four of the workshops that
were filled to capacity and standing room only. Curator Lisa Harper also organizes monthly
seminars for the AgBio working group, which cover topics on biocuration and biol ogical
databases. Lisawas aso one of the organizers for an April 2017 meeting of AgBio Data working
group in Salt Lake City, Utah. Over 45 scientists from 21 different institutions representing 32
agriculturally relevant databases and resources attended. This meeting covered topicsin curation,
metadata and persistence, database storage, data sharing using web services, policy, and
communication. From these discussions and previous work, the AgBio working group is
currently writing awhite paper on best practices in each of these areas. Thiswill help enhance
genetic, genomics and breeding research outcomes through standardization of practices and
protocols across agricultural databases. MaizeGDB, in collaboration with Gramene
(www.gramene.org), also organizes the Agricultural Database booth at the Plant and Animal
Genome (PAG) Meeting in San Diego where personnel from the various agricultural databases
can present informational materials to PAG attendees and give hands on, in person tutorials. In
2017, over 20 databases participated in the Agricultural Database booth.

Community L eader ship Roles
e USDA-ARS Executive Scientific Advisory Committee — C. Andorf (new)
USDA-ARS CERES High Performance Computing Policy Committee — J. Portwood (new)
USDA-ARS Database Committee - J. Portwood (new)
Maize Genetics Conference Steering Committee — C. Andorf (ex-officio)
AgBioDatabase Consortium Steering Committee — L. Harper (chair) and E. Cannon
Maize Nomenclature Committee — L. Harper and E. Cannon (new)

MaizeGDB aso provides technical support for the Maize Genetics Executive Committee, Maize
Genetics Conference Steering Committee, the McClintock Prize for Plant Genetics and Genome
Studies, and the Maize Community Awards.

Staffing at MaizeGDB

Staffing at MaizeGDB has been relatively stable over the past year with afew notable changes.
The biggest change at MaizeGDB is that Maggie Woodhouse, previously in a part time,
temporary position, has moved to afull time permanent position and relocated from Sacramento
to Ames, |A. Maggi€ s computational skillsin genome biology have been invaluable in
recruitment, analysis, and display of whole genome assemblies. John Portwood has moved from
his temporary position to a permanent position ensuring his continued presence at MaizeGDB.
Carson Andorf continues to serve as the lead scientist for MaizeGDB. LisaHarper (0.5 FTE)
and Jack Gardiner (1.0 FTE) are curators. Retired curator Mary Schaeffer continues to work part
time (0.2 FTE) at MaizeGDB. Ethy Cannon works half-time on the project as a bioinformatics
engineer. She also holds a half-time scientist position with the Computer Science Department at
lowa State. Jesse Walsh is a postdoctoral fellow. Current students funded though MaizeGDB
are Nancy Manchanda (B014 assembly), Kyoung Tak Cho (MaizeDIG), David Schott (tool
development), and Mandy Dietze (curation). There are still two vacant positions at MaizeGDB:
Computational Biologist (Scientist) and Scientific Programmer (IT-Specialist).
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