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1 — Meeting Agenda (Shown as Pacific Time)

3:45 p.m. Dial in to the conference call
1-888-282-8355 PASSCODE 13781

4:00 p.m. Welcome and overview
Genome Browser
Interface development
Curation and outreach
POPcorn
Database
Recap and charge to the Working Group

5:00 p.m. Working Group Executive Session

5:50 p.m. Working Group Summarizes for MaizeGDB Team

7:00 p.m. Optional dinner in Old Town: meet at the train station

Working Group’s Role

Carolyn
Taner
Carson
Mary & Lisa
Ethy

Darwin
Carolyn

The Working Group is tasked with evaluating MaizeGDB current status and recommending a
course of action that should be taken to insure that the MaizeGDB project tracks the trajectory of
maize research as closely as possible. The goal is to provide a 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.

Working Group Membership

Volker Brendel*, Mike Freeling, Owen Hoekenga, Anne-Francoise Lamblin, Thomas
Liibberstedt, Karen McGinnis, Lukas Mueller, Mihai Pop (chair), Marty Sachs*, Pat Schnable,

Anne Sylvester, and Doreen Ware.

Additions: Thomas Liibberstedt (unable to attend)

. These close collaborators are considered ex officio members of the Working Group.



2 — Status

Executive Summary

Since the Working Group Meeting in May of 2009, our focus on data curation has been reinvigorated
with: further development of the Maize Gene Review, literature curation based upon Editorial Board
input, the addition of Lou Butler to incorporate and improve upon M.G. Neuffer’s lesion mutant data
descriptions, and the addition of a 2/3 curator (currently vacant) to integrate CIMMYT data as well as
GRASSIUS and UniformMu resources. The MaizeGDB Genome Browser now is available in two
versions: a BAC-based browser and a newly released B73 RefGen_v1 browser. Links out to other views
are available, data including centromeres are mapped, and additional data tracks are planned. With the
Locus Lookup Tool in place and plans to show inferred centiMorgan distances within the browser,
MaizeGDB is on the cutting edge of integrating genetic information with sequence data. The POPcorn
resource has continued to develop despite our problems with recruiting a programmer. The goal of
sequenced-indexed searching is being addressed with two utilities: POPcorn BLAST, which permits
researchers to BLAST against maize sequence at multiple sites, and Sequence-Indexed Data Search,
which carries out multi-step searches of sequence-indexed data. Efforts to create a virtual server
environment are underway with anticipated full virtualization planned for Spring of 2010. The next major
endeavor will be to create a Pathway View, as outlined in the MaizeGDB Project Plan. Current plans are
to work with Gramene to further develop their implementation of MaizeCyc as a joint venture.

Personnel:

Federal

Carolyn Lawrence, research geneticist and lead scientist, USDA-ARS in Ames, [A
Taner Sen, computational biologist, USDA-ARS in Ames, [A

Carson Andorf, IT specialist (bioinformatics engineer), USDA-ARS in Ames, IA
Darwin Campbell, IT specialist (database administrator), USDA-ARS in Ames, [A
Mary Schaeffer, geneticist (curator), USDA-ARS in Columbia, MO

Lisa Harper, geneticist (curator), USDA-ARS in Albany, CA

State

Ethalinda (Ethy) Cannon, POPcorn solution/application architect, ISU in Ames, IA

Lou Butler, Program coordinator (term curator), ISU in Tucson, AZ

VACANT, POPcorn programmer, ISU in Ames, [A

VACANT, 2/3 curator, ISU — location to be determined, funds from USAID via CIMMYT and NSF via
GRASSIUS and UniformMu

Noteworthy:
Lawrence, Sen, Andorf, and Campbell were members of the group awarded the USDA-ARS Midwest

Area’s Outreach, Diversity, and Equal Opportunity Award in 2009 for Outreach to American Indians (led
by C. Lawrence and C. Gardner; funded by NSF)

Campbell was awarded the USDA-ARS Midwest Area’s Research Support Award in 2009.



Response to May 2009 Working Group guidance
Report by Carolyn Lawrence in response to “May 2009 Guidance” (accessible online at
http://www.maizegdb.org/working group.php)

BLAST queries to proteins are now supported.

Linkage to remote sites from the MaizeGDB Genome Browser are now in place.
Microarray probes mapped to the BAC-based Genome Browsers are in place. As other
datasets become available and are mapped to the B73 RefGen_v1 sequence, they will be
incorporated.

Comparative tools are planned, but thus far are not yet implemented. Linkages into
CoGe are being incorporated currently.

Release of RefGen_v1 has allowed for immediate data consistency. Continued use of a
particular genome assembly will be a requirement from now on. Sequence version
information soon will be more transparent and the GenBank versions of sequence data
will be noted.

Curation is taking center stage and we are evolving curation partnerships with Gramene
(MaizeCyc), CIMMYT (moving their molecular characterizations into MaizeGDB),
UniformMu, GRASSIUS and others to leverage existing resources and identify new
resources to support curational efforts.



The MaizeGDB Genome Browser
Report by Taner Z. Sen

In continuing our efforts to develop the MaizeGDB Genome Browser, our main goal is to create a data-
consistent view by displaying genomic data mapped to the same release of the pseudomolecule sequence
(B73 RefGen_v1). To fulfill this aim, we obtained pseudomolecule-mapped data from various research
groups, integrated the new data with our database, and created new Web views.

Our biggest challenge was to encourage maize researchers to align their data to the pseudomolecule in
time for our release in November. Although the pseudomolecule sequence was available since Spring
2009, most groups were not able to map their data to the pseudomolecule before MaizeSequence.org’s
release in November. Even now, some maize data mapped previously to BACs are still not mapped to the
pseudomolecule (for example JGI’s Mo17 SNP data).

Our accomplishments can be summarized as follows:

1)

2)

3)

4)

We kept the pre-pseudomolecule version of the MaizeGDB Genome Browser intact. We renamed
it as the “BAC-based” browser, and created interlinks within the new pseudomolecule browser.
Our aim when serving the pseudomolecule-mapped data in the MaizeGDB Genome Browser was
to ensure data consistency. We therefore created tracks only for data mapped to the B73
RefGen_v1. We currently have the following data in the pseudomolecule-based genome
browser: the B73 RefGen_v1 sequence; centromere regions and anti-CENH3 ChiP data from the
Jiang/Presting groups; MAGI data from the Schnable lab; ESTs, cDNAs, and Ac/Ds from
PlantGDB; and MIPS repeats and filtered gene set from MaizeSequence.org.

We included outgoing links (“buttons”) at the top of the pseudomolecule-based MaizeGDB
Genome Browser to allow users to view the same genomic regions from the BAC-based context
and via the Maizesequence.org and PlantGDB resources.

Quality of the Filtered Gene Set from MaizeSequence.org are now shown as a color-coded track
served via DAS from PlantGDB, as is a track showing community annotations of gene structure.

In the future,

1)

2)

3)

4)

To assist maize cooperators to align their data to the current and future versions of a B73 genome
assembly, we are in the process of creating a BLAST service that will enable users to align large
datasets to the pseudomolecules. This BLAST service will allow nucleotide and protein queries.
We will integrate more data into the MaizeGDB Genome Browser in the near future:
PlantGDB’s assembly of GSSs and PUTs, UniformMu, and IBM 2008 markers aligned by the
Maize Genome Sequencing Consortium.

When available, new tracks will be created for the following data: Microarray probes from
PLEXdb, Mo17 indels from JGI, SNPs from Ed Buckler from the Diversity Project, SNPs from
Pat Schnable’s group, and Dana-Farber TCs from JGI.

Currently the browser notes how many base pairs are represented in a given screen. Soon, the
approximate number of centiMorgans also will be noted based upon stored genetic maps.



Interface and tool development
Report by Carson Andorf

Since May of 2009, I have made changes to 193 web pages on their production site. This
includes HTML pages, record pages (pages that displays data from the MaizeGDB database),
and tool pages (e.g., Genome Browser, Locus Lookup). These changes do not include static files
such as images and documents. They changes include new pages, functionality upgrades, bug
fixes, content changes, and integration with new data.

One of the major goals of the past six months is the integration of MaizeGDB interface with the
recently released Maize B73 RefGen_v1 pseudomolecule sequence. Currently we have created
or integrated the following pages and tools with the new data:

Genome Browser
Chromosome image viewer
Locus Lookup

Locus Pair Lookup
BLAST tool

EST record pages

cDNA record pages

BAC record pages

PN

In addition to the integration with the pseudomolecule sequence, the Locus Lookup and the
BLAST tools’ functionality have been upgraded. The Locus Lookup allows for more flexible
searching. The BLAST tool offers faster searching and additional visualization displays.

Highlights of other examples of new or modified MaizeGDB pages can be found below:

Newly characterized maize gene page: This page now displays all newly updated maize genes
sorted by the most recent updated gene. An “updated” gene is defined as a gene that has had a
recent reference, a new gene product, a new variation, or has been recently recommended by a
maize scientist.

Mo17 SNP page: This page has been upgraded to show a detailed view of the B73 and Mo17
sequence centered on a specified Mo17 SNP. This region will show any nearby insertions,
deletions, or substitutions. The user can change the region size to 81,241,401, or 561 base
pairs. An integrated tool will also “predict” the Mo17 sequence for the specified region.

Maize Meeting 2010 website: The Maize Meeting website has been redesigned by MaizeGDB
this year. The Missouri site and the MaizeGDB site have been consolidated and a new interface
has been added.



MaizeGDB curation and outreach
Report by Mary Schaeffer

Community curation - via the maize gene review, sponsored by the Maize Genetics Cooperation
Newsletter, J Birchler, M Schaeffer eds. This online journal has peer review, and will be assigning DOI
accessions. See www.maizegenereview.org.

The goal is to engage community experts in providing succinct descriptions of empirically confirmed
locus functions to MaizeGDB. Authors provide one or two paragraph summaries of a gene with reference
citations and an unpublished image with a caption; information about key alleles; regulation of/by other
genes or genetic elements; gene product, function, pathways (GO terms welcome); and any other
information, e.g. paralogous loci. Each contribution counts as a reference citation in the 'maize gene
review', and 'gold stars' at MaizeGDB. Some 24 reviews have been published online, and in the 2009
print copy of the MNL Some 50 others have been promised and many of these are in process. 'In process'
includes entering genes and sequence accessions, with the reference citation. Volunteered submissions,
genes published in papers recommended by the editorial board and any newly sequenced genes take
priority in this process.

As a MaizeGDB curator, I transfer this information to MaizeGDB, along with GenBank links for each
allele, and, where possible, link each review to the genome browser using the cDNA accession.
Formatting of the journal website and links to MaizeGDB is aided by part-time graduate students in the
School of Journalism.

MNL back issues. Almost all of the past MNL, which go back to early 1930's, are being double checked
for linking to the MaizeGDB citations.

Working with MG Neuffer and Lou Butler towards updating Neuffer’s text descriptions of mutant
images at MaizeGDB and summary articles for the maize gene review.

Genetic Maps Curation

In progress.

A Consensus IBM genetic map (Schnable et al.) with some new loci and aligned to the B73 RefGen_vl1
pseudomolecules.

In the future.
The only large maps on the horizon may come from the extensive SNP genotyping of the 5000 RILs from
the NAM project.

Community OQutreach

Organized a new workshop, Sunday morning, Jan 10, at PAG, on Plant Phenotypes. This year speakers
represent Oryzabase, TAIR, Soybase, CGIAR, SGN, LemnaTec. The introductory remarks by Chi-Ren
Shyu will show his image lookup tool, which uses images and text from MaizeGDB, along with the Plant
Ontologies. A goal of the workshop is to discuss strategies for representing phenotype and related 'omics
data; a panel discussion is planned for last 30 minutes of the workshop.

Hosted the Plant Genome Databases Outreach Exhibit Booth at PAG 2010 meetings. This year there are
13 databases.



Curation and outreach (continued)
Report by Lisa Harper (half time)

Literature curation: The current policy is for our five-member Editorial Board to nominate about
5 papers per month, which are curated (that is, the data is entered into MaizeGDB). The 2009
Board was: Mike Scanlon, Jane Dorweiler/Lyudmila Sidorenko, Peter Balint-Kurti, Randy
Wisser and Cliff Weil. The 44 papers entered June-Dec 2009 can be viewed at:
http://www.maizegdb.org/cgi-bin/editorial board.cgi#

Papers are also added to MaizeGDB by request from individual researchers, and where it appears
to curators that the data will be high-impact (about 20 such papers in 2009).

Editorial Board members serve one year, and in Decemeber 2009, each nominated several
replacements. The new Board for 2010 is: Erik Vollbrecht, Pat Brown, Mario Arteaga-Vazquez,
Nick Lauter and Paula McSteen.

Phenotype curation: As of December 2009, I have received and reviewed expert help for the
revision of approximately 200 phenotypes — about 17% of all phenotypes we currently list.
These revisions are written, but not yet uploaded. To collect information from experts in the
phenotype area I contact researchers by email, phone, and in person. Each time I contact
someone, I gently explain the great benefits of having a controlled vocabulary, and I have gotten
full and enthusiastic cooperation from most everyone. As a long time researcher in the maize

community, I understand that asking maize researchers to use controlled vocabulary is
"difficult".

Tutorials and Outreach:

The tutorial movie showing caveats of the BAC-based Genome Browser was reviewed by many
people, including the Maize Sequencing Consortium, and released in June 2009. It was
generally well received and is thought to be informative based on email, verbal feedback, and
online ratings (4.5/5 stars).

A new B73 RefGen_v1 pseudomolecule-based genome browser tutorial movie is in progress and
will be released at the end of January 2010.



Curation and outreach (continued)
Report based on the POPcorn supplement proposal authored by Lou Butler and Carolyn
Lawrence.

A one-year supplement from NSF to the POPcorn grant was requested to enhance and expand
the data in MaizeGDB for M.G. Neuffer’s (MGN’s) extensive maize mutant collection. It is well
known that maize is an excellent system for basic research based on determining gene function
through mutation, and MGN’s collections of mutants and his careful analysis of them is
unparalleled in the maize community. Documenting these treasures in MaizeGDB for others to
leverage these mutants for their own research purposes is the focus of the work described here.

The purpose of this collaboration is to 1) improve existing mutant phenotypic data for maize
mutants already posted within MaizeGDB and 2) further characterize and standardize new data
that have been recently generated so that the new mutations are consistent with the format of the
original dataset. The new mutants are a collection of approximately 200 EMS-induced dominant
mutants and a smaller collection of disease lesion mutants generated by MGN.

Much of the data to be documented already are available and simply must be added to the
MaizeGDB resource. The data are being entered by Lou Butler (LB). She prepared and entered
all the original datasets and prepared all the images for MGN’s mutants into MaizeDB and
assisted MGN in the preparation of Mutants of Maize. Because LB was already familiar with the
terms and general layout of MaizeGDB, little to no training time or direction was required. LB
has been given full curation privileges to MaizeGDB and collects data directly from MGN via
Skype in regular sessions. This allows MGN to gather manageable groups of data from original
sources in his office in Missouri, and give the information to LB (who lives in AZ) over a series
of phone sessions; she enters this information directly into MaizeGDB. After each session, she
reviews the work completed and determines whether crosslinking is necessary and maintains
communication with MaizeGDB personnel regarding progress and to make requests for technical
assistance. This arrangement allows MGN to focus on gathering, organizing, and confirming
data and images while LB focuses on entering the data appropriately into MaizeGDB.

Quality of existing mutant images is being assessed by MGN and LB as they are processed for
upload into MaizeGDB. Where image quality is determined to be inferior, new ones are being
generated. In addition, for newly discovered lesion mutants digital images are being captured
and optimized for the first time.

10



POPcorn
PI: Carolyn Lawrence, Co-PI: Taner Z Sen, Solution/Application Architect: Ethy Cannon
Report by Ethy Cannon

As of December 2009 there are 71 projects and 112 resources in the searchable project database. This
database contains maize projects (funded or non-funded research efforts) and resources (online data,
tools, and/or information, typically but not always, associated with a research project). For each project
and resource we collect a short description, lists of institutions and investigators, and project funding
information. Projects and resources are tagged by one or more categories (e.g. “sequencing”, “mutation”,
“breeding”). Where applicable, resources are associated with related projects and projects with each other.

The site is available here: http://www.maizegdb.org/POPcorn/.

The goal of sequenced-indexed searching is being addressed with two utilities: POPcorn BLAST, which
permits researchers to BLAST against maize sequence at multiple sites, and Sequence-Indexed Data
Search, which carries out multi-step searches of sequence-indexed data.

As of December, 2009, POPcorn BLAST can BLAST against target sequence at MaizeGDB, PlantGDB,
GRASSIUS, and NCBI.

As of December, 2009, Sequenced-Indexed Data Search permits searching for seed stock containing a
specific mutation (Ac/Ds, UniformMu, TILLING), matching loci, phenotypes, and PlantGDB PUT
identifiers. Results contain summary information about the match and links to the original source for
more information.

An example of a sequenced-indexed data search is locating UniformMu seed stock for a given sequence:
BLAST query sequence against NCBI GSS with entrez search term “UniformMu”

Parse definition line to get locus name

Get LOCUS record at MaizeGDB

Get VARIATION records for that LOCUS at MaizeGDB

Get STOCK_GENOTYPIC_VAR records for each VARIATION at MaizeGDB

Get STOCK records for each STOCK_GENOTYPIC_VAR at MaizeGDB

. Construct links to MGC Stock Center for each stock found.

POPcorn carries out all of these steps on behalf of the researcher.

N Uk w

Two risks of the sequenced-based searching are obscuring the provenance of the data and a poor
interpretation of the results. To this address both concerns, POPcorn is collecting attribution and citation
information, links to collaborator sites, and short descriptions are to be displayed prominently in the
POPcorn pages. Curation pages will allow project PIs to maintain this information themselves.

Prototype versions of POPcorn BLAST and the Sequence-Indexed Data Search will be released for
community input in February 2010.

Collaborators during this period include MaizeGDB (http://maizegdb.org), PlantGDB
(http://plantgdb.org), GRASSIUS (http://GRASSIUS .org), and BioExtract (http://bioextract.org).
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Database
Reported by Darwin Campbell

Data additions in the past year have resulted in 1.7M new records with the addition of 14 new
tables supporting the needs of MaizeGDB and POPcorn development. The implementation of
the MaizeGDB Genome Browser added 20 new tables and nearly 13M records. We maintain our
weekly database backup process both locally and remotely (University of Missouri in Columbia,
MO.)

Recent focus is on the implementation of a virtual server environment. A virtual server
environment aligns with Executive Order 13423: Strengthening Federal Environmental, Energy,
and Transportation Management, sec. 2(h); sec. 3(a, and (f)) by improving energy efficiencies
and extending computer replacement lifecycles by reducing the number of physical computers
while maximizing existing hardware capacity. Virtual servers interact with each other and users
just like physical servers, without dedicating new or specific hardware to a specific purpose.
New virtual servers allow the testing of new operating systems, software patches and application
interactions with the ability to roll changes out of the testing procedure with out starting over.

After careful consideration and investigation of virtualization platforms and consultations with
IT specialists who work with an installed virtual environment, we purchased 6 core licenses of
VMware ESX 3.5 (enough for 3 servers with 2 cores per server). ESX is the physical server
operating system that supports the creation/operation of virtual servers and one instance of
vCenter Server; the VMware application that manages the physical host servers; virtual server
load balancing and high availability.

The virtual environment is made up of three identical servers; each acts as a host. Two will be in
the CGIL building and the third will be placed in another building to act as the “high
availability” server. In the event of a failure of one of the physical hosts in CGIL, vCenter
Server on the SAN device will sense the failure and activate a copy of the virtual server(s) on the
spare physical server, which will pick up the services provided by the failing host with priority
given to production virtual servers.

We plan on full implementation by the end of Spring 2010.

12



5 — Topics of requested input

1.

What are some reasonable ways to encourage researchers to document their use of
MaizeGDB in publications? Acknowledgements? Citations? Sending out a notice with
each large dataset shared that its use should be documented in resulting publications?
Any ideas here would be most welcome.

. Please comment on the NSF supplement supporting Gerry Neuffer and Lou Butler. Is

this the sort of thing that should be pursued again? Is it a good mechanism for collecting
data from senior or retired members of our research community? Perhaps from active
persons who didn’t or don’t have a component in their budget to transfer data to
MaizeGDB as well?

. MaizeGDB has evolved a paradigm of centralizing I'T work (Ames) and locating curators

where a large group of maize researchers is located (Berkeley/Albany, CA; Columbia,
MO; and Tucson, AZ). Is this reasonable? Should this sort of thing be continued?
Expanded?

As more lines are sequenced, what sorts of data analysis will be needed? More
specifically and more urgently, what is the best way to represent the HAPMAP of maize
and what sorts of analysis tools are going to be needed? Because the human data rely on
populations, not inbreds, it is likely that their tools will not leverage this aspect of plant
breeding.

. Please comment on our additions and improvements in curation. Have we improved the

areas of curation that were of concern to you? Are there specific areas of data curation
we should be focues on?

13



3 — Appendix: peer-reviewed publications since last meeting
Published and available online at http://database.oxfordjournals.org/cgi/content/full/2009/0/bap020
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Genomic sequence data
display and integration
with genetic maps

Genome browser
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wnrking growp phpl and the Allerton maeting raport (4],
tha MaizeGDE Team began development toward making
MaizeGDRB become more sequenca-cantric in early 2000 To
this end, an initiative to implement a MaizeGDR Genome
Arowser was launched inoearly 20308 and complated in
December 2008, The MazeGDE Genome Browsar enables
MaizeGDB 1o pecome the lang-term ana central zed keepers
of maize gane models (which ensures proper nomencla-
Tufe) and seraes 35 3 way To COMPAre Yarous Groups’ asem-
Bhies and annctations simultanecusly

A vanety of genome browser apphcations ware evalu-
ated wia 3 survey prepared on behalf of the Maze
Genetics Executive Committes (accessble anline at hitpe!
oo mazegdl orglilanksurvey himl) to gauge Ccoogaera-
tors’ irppression of existing software and 1o lind out what
lurctionalities they would ke Lo bave in & maize genome
Browaer, Aosummary ol the survey resulls s available online
al hltpfeeveve maizegdborgigenorme browser survey php.

Based wpon resulls ol the survey, GBrowse (7] was
salectied [or the lollowing reasons:

G The three most desired fealures reporied wene sgaee
ol use, wvisuals and speed, Crossapecies comparnson
capabilities [whene Eraembl {8) shinas| was ranked
lourth, and GBrowse has such capabilities available
SynBrowess (3], GHrowse syn [Bltgfgmod.orgfeikil
GErowse syn|, CMap [reviewed in {101], e1c)

(i} Covperators would hee to see specific teol develop-
ment 1o enfance Ltheir ressarch (eg, inding all the
geres between tao given rarkers) Flexibility of code
and tonl developmaent s an intrirsic feature of
GErawse, which is a rammunity based open source
praject that allovs development of new madules
wia its customizable plug in architecturs

(i} Thase  surveyed  commented  an various Maodel
Organism Databases (MOD) and their genome brow
sers. Sites using GRrowse [e.g. TAR and FlyBase; (1)
and {12} received far fovier negative carmments than
sites using ather mainstream softwaare platfarms.

Ly the MOD for maize, MaizeGDE strives ta consalidate
data from any groug that makes information availatle.
Far this reasan, the MaizeGDE  BAC based  Gonome
Broweser
viath many groups’ data to create an inteqrated wiew
of the maize genome within a3 single  resource
Current contributors include the Maize Mapping Project

(httptbac.maizegdborg) has been populated
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MAMP {13]], the Maize Genorpe Seguencing Consortium
MGEC wia  their MaiseSeguendeorg  resource (6]
BlamGDE N4, the Unifarmbu grous  95),  the
Bepartment of Energy's loint Ganome Institute (httpd
weaew phytozome orgimaze phpe) and the Maize
Aasembled Gene  lulands (MAGHK) resource (16). The
WMaseGDE Genome  Browser includes direct links Lo
BlamGDE,
‘tracks’ allowing direct access to relevant data and tools
avalable from 1hose specalized resources.

The 873 MMP anc MCSC outcomeas serve 3s the pass for
the Genome Browsers framewark, The MGSC used a ann-
imal Liling patk ol - 19 000 mepped bactarial aruliciel chro-
masaome [(BAC) rlones derived fram the MNP for QA0 based
genome sequencing. The focus has been 1o produce high-
guality coverage of all identifizble gene-contaning regions
of the maize genome where only gane-<cntaining rag ons
are ordered, oriented and anchored Lo the physical and
greaetic mags of the maize genome (8).

For the MaizeGDE Gerome Browser, genomic roordi
natas for alements that can ba mapped to the BY3
genome representation are provided by individual research
grougs, which creates a need for coordination in data
relegse among Lthe various contnibutors, To facilitate coor
dinatior, MaizeGDE, PlantGDA and MaizeSequence org

MAG! and MaizeSequence.org from several
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are currerttly working logether o align leatures Lo the
sama GenBank (171 releases, Untl this coordination s lully
arcamplished, genormic features  displayed  within the
MaizeGDR Genoma Browser may have been aligned by (nai-
widual growps te diffarent GenBank record relaases, caus ng
L wlerpents on diflerent tracks within @ particuler BAC 1o
be out ol order relative Lo eath ather, This is dos 1o the facl
that subsequences within cach BAC can be reardered and
renriented as the records are updated in GenBank Maize
pseudamolecules have bean computed (18F and will serve as
Lhe backbore thal enables all growps Lo accomelish data
eonardination. & pseudomalecule based Gename Broweser
at MaizeGDE is currently under progaration,

Im addition 1o data provided by rontributars, twa large
scale tracks hawe hean calculated and are included in
the MaizeCDB Genome Browsern a "Seguenced FRC contig”
track that dearly specfies requers that are not yet
seguenced and a 'BINT track thal relies upon asscciation
af genetic markers to BACs for estimating maize Bin
houndaries (Figura 1} In the "Sequencad FRC contig’ track,
sequenced ragions are shown as Soses and unsegueanced
regions are shown as lines. These regrasenlations are
based upon mapzing the 3AC Lo the FRC contigs (13)
and demarstrate places where the minimal tiling path
does nat fully cover the contig For the "3IN' track, the
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Figure 1. The MageGhRE Genome Browsar showng chromosamea 5 from auckeohide gasitaea 3 TI0700 12 1TR3749% The 'EINT
track shows bins 5071 and 502, and the "Sequencad FRC contig” Track clearly daplays requons wothin the FRC contigs that are not

currently sanuanied
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A0 gunetic markers that delineate stretches of - 10-20 <0
alang each chromasome (15 weare magpad to the genome,
Thase oo boundary markers are called the "core oo mar-
kers’, Becawse only a fraction of these core Bin markers
cutrently align with precision greater than a 3AL the
disglayed Din Boundarnes are anly approxmate. 10 some
cases, there is no evidence (2g. denved from seguence-
pasad of hybrdization-based mathods) indicatng  bin
poundary position. In such instances the corresgending
Ding are shown to axtend between the flanking core bin
markers, For example, although the core bin marker umcsa
should delineate the boundary batween Dins 2 06 ana 2 07
an chromosome 2, that marker sequenca currently aligns
only ta a region on chremoseme ¥ the core bin marker for
247 is rot known This results in complete overlap of
nins 2,08 and 2.0V within tha browser

Although the currant view of the B¥3 genoma is fluid
anad continues 1o change as more data hecome availahle,
the addition of the genome orowser to Maize D8 enables
researchers 1o use the emerging 873 sequenca data in
real timme ardd allova them ta visualize geromic elemaents,
identify bow these plements are pasitioned in the genoma
with resgect to each ather and relate the B73 maize phys
iral map to the genctic maps by way of shared markers,
As our view of the genome improves, the MaizeGDE
Grenome Braveaer’s representation of the genaomae il
trark that pragress sa that researchers will ke able ta
make use of available data as it emarges.

Genome browser integration with the existing
MaizeGDE resource

The WMazeGDE Genorme Browser provides integratad views
ArPuny genornic regions, genelic markers and seauendes
pased upon the 873 seguence assembly. To enhance the
capebilitios ol the Genome Brovesar and Lo Baeller intaegrals
it with the axisting MaizeGO3 resourte, imagaes ol relevant
gueromic ragions bave been inlegrated inlo vanous pages
A1 MazeGDE [o g expressed seguence tag (EST)], genome
survay seguence (G551 and molecular marker  pages)
where each image s linked into the approgeate fagons
within the Genome Srowser, In addition, the MaizeGDB
BLAST (220 100l cutputs were upgraded 1o show genomic
locations of hits wsually and a Locus Lookup Too! (21 that
integrates genetic data woth genomic viaws was creatad
The MaizeGDE BLAST 1ool, which s locally run and
vpdated maonthly, 5 accessible from vanow locatons
within MaizeGDB, including the top of the Genome
growser tself (alongside varinus other MaizeGRE toals),
BLAST searches can be performed anainst BACs, ESTs,
GS%%s, overgos and other maize nuclectide saguances,
Fach BLAST hit with known genomic coardinates shows a
snapshnt of the appropriate genomic contest, the evalua
of the hit ana a shart descrigtion of the genamic element
{Figure 2), Researchers can click an the image to access that
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ragion in the MaigeGDE Genome Browser, Detailed inlor-
mation abeut the LAST hit along with nuclectide-level
ahgnments of seguences can be reachad by soralling
down 1he rasults page.

Tomare predsely map a BLAST it 10 1he gename, fun-
vonality has been added 1o allow researchers to upload
BLAST hiis &5 a separate Track 1o the Genome Browser,
By cleking & button on the results page (red arrow in
Figure 2), & BLAST track becomes exclusively avalable 10
tha maching that launched the BLAST search

Maize is a specias with a long genatic history, and over
1HI0 genatic maps are currently avalable via MaizeGos
Because genomic coordinates are not available for all locl
and some genetically mapped loci ara not donad, a mach-
anism for estimating the genomic location of swch oo s
needed for, e.q researchers walking to genas. To meat this
need, the Locus Lookup Tool (Figure 31 was implamanted
The Locus Lockup Tool (availagle from tha MaizeGOE front
page, the Genome Broweser and throughaut MaizeGDE in
ather relpvant Incations) warks By first checking physical
mag roprdinates to find aut whether the loous is already
placed, If sp, the physically mapped locus is highlighted in
red in the approgeiate genamic region. f nat, the taal
checks the lacus recard at MaizeGDE to find aut it ary
sequenced BACs are kroen to detert the lacus, and, i s,
that BAC is roturned within its genamic context. If not,
genctically mapped gprobes that are nearest ta the inpat
loxcus are identified, the taal checks whether thase peabes
have knawn genamic caardinates {warking putward until
appropriate probes are identified) and linally the region ol
L genome conlained by Uhe identilied probes & reported
with bounding probes showerr inored,

It should Be noted well that even though a looas
may pkysically map Lo a knoen lotation wathin & BAC
because maost 873 BAC sequendes durrently are concate-
nated segquence fragments of unknown order and orienta-
tion, the locus positicn on eadh individeal 3AC sequence
may be anywhers on the BAC assaciated with a physically
mapped grobe. For this reason, a comservative window
shoving 1he entire 3ACHE) to wiich the progels) have
been physcally mapped is displayed,

txpanded structural and genetic map sets integrated

with BACs and the B/3 genome sequence

As mentoned previously, MaizeGDB 5 1he central archive
for maze mags and documentation, MaizeGDE mag pages
include waws of mapped markars and ganotyping scoras,
upadatad files for sequence-based markers with assigned
map  locations, GenBank (17 accession numbars and
FASTA formattad sequances as bulk downloads (see, eq
tha LUNC 498 sequence view' for chromnsome 1 at hitped
woery maizegoh ergiegi-hinddisglaymapwithaccessions, cgi *

i@=141431) To facilitate linking genetic maps 1o the 473
qenome sequence, BAL saquance accessions are imparterd
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Figure 2. A view Trom the BLAST rasults interlace Mote the link Loward the Log ol the gage allovang BLAST hits 1o be upleaded
Ay a rack in Ve Genome Browser, resulls tabls showng a thambinal of the bi's genomie contaxt and bl sssigrmsent 1o BAC wa

the muolecular markers gssociatsd walh the hit seguerce

manthly from GenfBank, linked to MaizeGDE's malecular
marker data and assigned a in coardinate, The BAC bin
values  are based on coordinates  prowvided by the
MaizrSequence.arg FTR site (htipdftpomaizesequenme.arg!
currentifpe report txt) ar, in the case of some 230 B73 BACs
seguended by other groups, computed locally te be comis
lenl with MazeSeguenceory  coordinales, There ara
currently 61 000 loci waith some geratic mag inlormation,
These include the 15568 seguenced BACY and 27870
{rmostly E5T-based) rmarkers resolved at the level of @ EAC
on the |[BM2 FROOSDT mags (21 New recom binaticn-tased
maps, descnbad below, contribute & large number of
seguencad markers that an be used for integrating geneatic
maps with the gencme segueance,

Nawdly avalatie data include the new genaration 'WAR'
(Mestad Associate Mapping) mags from the Maize Divarsity-
gased Geromics project (220 Thase are fully dorumented,
with genatype  data  provided  pre-publication. They
corstitute 27 map sets, based on high-throughput singla
nucleatide polymarphism (SNPL genatyzing of some 11040

markers far nearly 5000 recombinant inbred lines (RiLs).
The mags are sequence ased and closely tied by related
awergos ta the 873 genome sequence (23 The mapping
storks were designed 1o suppart randidate gene discovery
for agrancmic traits using @ nested assaciation mapping
strategy {24-28), The RlLs are available froem the Maize
Genetics Cooperation-Stock Center [MGCSC (271, Docu-
marttation incudes the genotype scoring for all the lines,
seguence gucessions submitled 1o Genlank, wequences ol
Lha allelespecilic interrogation primers Tor BT and Mol7
and allale dascriptors for each ralevant SMP with nomencla-
twre based on the style developed for thae maize TILLING
(28) project (e, bttp e ma zegadborgici-inddisg! ay
|-C-Cu$"&{l..‘(d.t(_li?ld=9?8391}. Links are gropded to the
source databese as well as MCCSC

Ancther additon is the Genetic 2008 mapg. It includes
qenes  with  expenmentally  confirmed gene  products
(19001 andior phanctypes {380) that can be orderad to a
rasclution of 1-2 M or batter, The map was compiled
manually from classical recombination data (24), along
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with sequernce alignment 1o B73 BAC dones ordered by
the maize FAC {130 Maew genes may be indoded by any
cooperalorn direclly by request.

Trhe 200E Neighbors Cormsersus mags incorgorats the
ey genelic maps, intluding Genetic 2008, The curent
Neighbors maps indude 15 934 lod, representing mulliple
marker technologies (6016 indels; 13BE 5MP; 1365 wmpla
seguence repeals and 2153 overgos), Some 21% {3414) ol
Lhese loci have been assotialed vath the 873 genome BEAC
conligs &y rmappings Dased on seguence identily Lo mar-
rers'protes andior high seguence simnilarily 1o markersS
probes. This version ol the Meighon mep differs from
the previous iteraticn, 1BMZ 2005 (20), by including only
markers ordered by recomBination analyss and  thus
axcldes most af the overge and EST based markers repre
sented inthe hybric IBMZ FRCOSET map set (2]

Current endeavors
POPcorn—a Priject Portal for com

Maize resparchers rannot easily leverage all available
aenetic and geromic data Decause the anline lorations
of all resaurces are not easy to find and the sequence
indexer rescurces genaratad by individual projects must
oe searched independently. 1n addition, it s often the
case that whan a project’s funding peried ends, the genar-
atad data are lost becausa they ara not moved to long-term
repositones these once-funded projact sites deqgrade over
tima and somatimes disappear entirgly, The MaizeGDR
team aims to owercome thase challenges o collabora-
tinn with the community of maize researchers thraugh
FOPFcorn (Priliact Portal for corn; http sheeses maizenob
arg/popcarn), a needs-driven resource and data pipeline,
FOPcorn offers {11 a centralized web-access ble resource to
search and Browse cagoing maize genomics proects and
will make available (h) a sngle, stand-alone 100l that makes
vie of web seraces and minimal data warehousng to
analile researchers 1o carry oot seguence searches at
one lotaton that return matches for &l paricpating
projects’ related rescurces and () a set of tools that
anabile collaboratoss to migrate therr data to MaizeGDE at
the groject’s conclusion, & functional version ol 1he POPoom
respurce thal serves 4y 2 porlal Lo research projects hes just
pren relegsed. Sequence search cagabnlities and data
upload tools are plarmed lor relesse in early 2010,

Community-driven maize genome annotation

The BAC hy BAC maize geonome sequencing effart s
mearly complete with = 17000 Phase 1 840 deposited
in GenBank., The BACs are physically mapped (130
Although most Bals consists of several  unordared
sequence segments [or scaffolas) separated by unse
querced gaps, it is dear that sufficent sequence and map
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inlormation is nows available Lo derive gens  models
and assign them to classical genetic loci,

Maize stands out amongst the other plant gencmes
(2.0, Poguius, Sorghum and Brachyoodicm) at similar anno-
tanon stages bacause of both the availal ity of roe and
Aradopss as excellent mode! orgamsms to help the anno-
taton effort and a large, well-organized research commu-
nity that is ready to be anganged in the affort. Moraovar,
currant annotation projacts (including Maizesaguance org,
MAGH and FlantG 8] can be easily usad as a springboard
to complate community-drven annotation, For example,
PlantGOA provides a daily updated table of new maize
BACs fram GenBank annotated with matching rice and
Arabidopsis  proteins (hitpifeceeee.plantagabora@ mGDA!
DisplayGenedann.gshipl. The table is sortable by location,
rice gene product annotation or date and linked o
gename cantext views with assaciated yrGATE community
annotation lools, T, newly seguenced  hormologs ol
known rice or Arabidopsis genaes are imrmedialely accessble
Lo the comrmunily  for perusal and  polential espert
annolation,

In tarieel, the annotation prodess consists of: {i) a compu-
tational stage in which gene strottures are predicled
togather with ahgnment evidence and (i) subseguent
rounds of manuwal annotation in which these models are
impreved. One set of computationally derwed modals
for maze will be avalable from MaizeSequence org (B}
In addition, the EVidenceMaodeler (EVM) [31] mata-
annotation systamn will he used to derive consensus gene
structures This program currently reconcilas gene struc-
twres derived from a variety of computational gena finding
tools andlor manwal annotations according 10 3 waight-
hased voting schama, where weights are either st mani-
ally or learned wsing statistical training routines. Such sys
tems have heen shawen ta exhibit gere finding rompetency
commensurate with that af expert hurman annatatars (32
As deployed for the maize rommunity gename annatation
project, EVA reronciles: gene structure predictiors gener
ated by the ab initio gene finders AUGUSTUS {33) and
Genelars HMM {34, genes functonally supported Dy
DA alignments 4y predicled by the GeneSeger +
MetWakier system (35), as well as sirnilanly <ata align-
marnly generatad by GenomeThreader [protem alignments
(381 and GeneSeoer [CDNA alignments (371 Elements in
this panel of gane finders wera selectaed largely based on
thar abilities 10 be retrained in & sgeciesspecfic mannar,
enabhng the generation of maizespecfic parameter sats,
It s antiopated 1hat @ more diverse wllection of gene pre-
diction software wil be intagrated into the ppeline over
tme, Once the maize genome has been comgutationally
annctated using ooth de aove and comparative methods,
irstancas of genes whera cONA andior mENA evidence are
not congruent with the computationally derivad annota-
tion will ba identified
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Ter lacilitate tommunity-driven maizss genoime annola-
tion, the NMazeGDE and PlantCDB groups are waorking
together, A boef overvaws of the annolaton process
5oas follows, The gene maoadels made avalable on
MazeSeguance.ong 1By and those denved from the EVM
pipelne {described above) are evaluated for congruancy
with the most recant available data {857 and cDMNA ev-
dence that align to the gera) Naxt, a list of gena madels
that should e manually annctated is craated using tha
sGDR GARVAL [Gene Annctation EVALuation) system at
FlantGDE (14} and made availaole to the community,
Annatation project personnel contact researchers whao
may he warking on particular genes in the list: the
resparcher annotates the gene directly using yrGATE, the
xGDE genome annotation tonl (38 and that annatation
breames available at both PlamGDE [via the maize xGDR
pbrawser ralled ZmGORE (39)) and MaizeGDE, prrding
aggrovel by groject personnel. Annolaticon project person-
mel will () conduct training in the use of yrGATE; (i) alert
memzers of the maize comrmunity 1o the need lor cuaration
of imcengruent gene roodels thal are of interest Lo then:
{0} encourage resesrcherns 1o do the annotations {though
this may seam mince, it is antiopated that this wall regquire
the majonty of tme and effertl, and (v) regort the swocess
of the groject at conferences. The yrGATE 1raning sessions
will pe conducted at the Annual Maze Genetics Conference
ANa via thres of more site wsits per yvear 1o locanons whare
Many maize rasearchers are located.

It is anticipated that researchers may vwish to annotate
genas hased upnn (1} genomic location, (i} gene family
pathways, To aid in identifying researchers and students
whao may wish to be irvalvad in the genome annotation
praject, a query will be sent out to all maize cooperaton
asking far the cantact information far at least one persan
prr research group wha wall seree ta annotate on behalf of
the lab. Alang with cantact information, respordents vall
br asked for a list of lorationsgene families'pathesys
of interest to the resecarch growup, Agaein, this effart in
maize will beralit from the many resources novwe avail able
lor other model orgamsms and  pan-species studies,
a.g. hitpifaaww kagg.comy, htipdtacaca biocycorgd, hiltgdf
wavwebilat.ukToolvinterProScand

Se oullined atove, the MaipeGOE Team has chosen
GErowse to sarve as the bass for the MazeGDE Genome
Srowser This is very helpful for working woth PlantGDE'S
AGDB and yrGATE systems given that CBrowse supgorts
Distributed Annciaton System (DAS, htipdiawves Diodas
orgd for data transfer and ZmGDE has DAL capabilities,
FlamGDE's dmCDB resource will serve annotations as
a Community  Annctation Track' to the MaizeGDR
Genome Brovisar via DAS, so researchars’ annotations vl
oe available in real time, In addition, Ersembl (the genoma
orowser  software  underlying  MaizeSequence org  and
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Grarmena) also sugports DAS Tor sharing annolation dala,
which woll maee the generated gena maodels readily avail-
able for vanous plant database sites 1o gick up fraaly.

As wath @l other data generated by PlantGDE and
MaizeGDB, all annotation efforts woll e mmadiately and
comprehansively avalacle 1o the community, wa web
broresers, via DAS and hy downlnad, For example, twn of
tha authors (MBS and W B A | recently identi fied 1565 nan-
radundant full-langth maize geras on 1463 unigue A0S
that are highly conservaed with Sorghum geoteins (36)
and which are served via DAS at httposunxdasloune grch
astate eduwBl0Adas?m to Sbovath ProServer software
(40). These data are peofiered to the maize community as
a high guality gene set far wae in training and assessing
gene finding saoftware tonls, which ran be arcessed anline
at htipdtaceew plantgdiz orgZmGDREDsplayZmTash php

Outreach

Qutreath continues Lo be an area ol ongoeing action al
PaizeGDB. Since March 2007, lutorials have been laughl
al the Univarsity of Floride (Gainesvillel, the Univeruly ol
Califorma (Berkeleyl, Stanford University (Califormia), the
USDA-ARS Plant Gene Expressan Center (Alzany, CA) and
lowwa State University (Amas) 1o addition, MaizeG03 Team
mambers are avalable for pecple to call or emal with
guestions. Resgonding to feedoack 15 & high grionty, and
the MazelDE team stnves to be responsive 1o the sugges-
vons and commeants of maze resaarch community mem-
Ders. In addition 1o lve tutorials, online movie tutonals
are alse available with more currently in the making
These short movies demonstrate a specific topic of intarast
and are available anline alongsicde ether outreach matenals
at htipitanaew maizenads orgitutorial,
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ABSTRACT

Summary: Methods to automatically integrate sequence information
with physical and genetic maps are scarce. The Locus Lookup Tool
enables researchers to define windows of genomic sequence likely
to contain loci of interest where only genetic or physical mapping
associations are reported. Using the Locus Lookup tool, researchers
will be able to locate specific genes more efficiently that will ultimately
help them develop a better maize plant. With the availability of the
well-documented source code, the tool can be easily adapted to
other biological systems.

Availability: The Locus Lookup tool is available on the web at
http://maizegdb.org/cgi-bin/locus_lookup.cgi. It is implemented in
PHP, Oracle and Apache, with all major browsers supported. Source
code is freely available for download at http://ftp.maizegdb.org/
open_source/locus_lookup/.

Contact: taner.sen@ars.usda.gov

Maize (Zea mays ssp. mays) has been an important model organism
for nearly a century due to its large chromosomes, ease of making
genelic crosses, and economic importance. Maize researchers have
created many genetic recombination maps, and more than 1700 are
available online via MaizeGDB, the maize model organism database
(Lawrence et al., 2006, 2007; Sen et al., 2009). Other maize maps
include physical, cytological [reviewed in Lawrence et al. (2006),
and optical maps (Aston et al., 1999; Zhou et al., 2009)]. In addition
to these maps, maize researchers now have access to genomic
sequence of the B73 inbred line’s genic regions (Schnable er al.,
2009) and p Jomolecules rep ing the seq 1 regions of
the genome (Wei et al., 2009).

The availability of the B73 reference genome sequence opens up
new research possibilif Investigators can more easily narrow the
genomic regions responsible for specific phenotypes with higher
accuracy in a shorter time frame: ‘walking to genes’ has become

*To whom correspondence should be addressed.

‘running to genes’. Researchers can dissect gene structure and
function faster, and more clearly define the relationship between
genotype and phenotype.

Although sequence data are becoming increasingly available
[especially with the advent of next-generation sequencing
technologies (Simon et al., 2009)], the bioinformatic tools
needed to integrate sequence with existing map information are
insufficient, not only for maize but for many other research model
species. Although these datatypes reside side-by-side in databases,
integrating the information in a meaningful way is not always
straightforward. In the absence of expensive manual curation by
database personnel, researchers often resort to copying and pasting
rows of data for loci of interest into spreadsheets and analyzing and
curating the data by hand.

To overcome some aspects of these challenges, the Locus
Lookup Tool was developed and deployed within the context of
the GBrowse-based MaizeGDB Genome Browser (Sen et al., 2009;
Stein et al., 2002). In overview, the Locus Lookup Tool takes the
name(s) of (i) a single locus or (ii) two loci that define a region and
returns a snapshot representing the likely genomic region containing
the locus of interest.

Here is how the Locus Lookup tool works. When a single
search term is entered, the Locus Lookup Tool (i) checks
whether the locus/loci is/are already mapped to the B73 sequence,
and if so, displays the genomic/nucleotide coordinates on the
MaizeGDB Genome Browser. If not, then (ii) it checks whether a
probe/molecular marker (e.g. a BAC) that recognizes/contains that
locus has known genomic coordinates. If no such probes/molecular
markers are returned, then the Locus Lookup Tool (iii) checks a user-
specified genetic map for the nearest left and right features/markers
neighboring the locus that are also placed on the B73 sequence in
genomic coordinates. If such left and right features can be found, the
Locus Lookup will return the coordinates between which the gene of
interest is likely to reside. Note also that because the B73 sequence
is BAC-based and BAC sequences consist of scaffolds as well as

© The Author 2009. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oxfordjournals.org 1
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Cl 2 i based on

e.org marker iti for: etl

The exact coordinates for et1 were not found. The coordinates will be estimated based on the nearest flanking loci with known coordinates.

The Locus et1 is flanked by the following loci with known chromosome coordinates: (npi425a and bnig1496)

The Locus et1 is estimated to be between position 214,541,600 and position 214,683,700 on Chromosome 3 based on the map: IBM2 2008 Neighbors 3
This region is 142,100 base pairs long.

(Click here to go to the Genome Browser or scroll to the bottom of the page)

Locus Chr. Map Position Chr Start Chr End
npi425a 3 759.9 214,541,600 214,546,500
etl 3 760.02 o 0

bnig1496 3 760.9 214,678,800 214,683,700

Loci known to be between the flanking loci at map positions 759.9 and 760.9 on the IBM2 2008 Neighbors map:
P Click to expand details

The Locus Lookup tool works by (1) checking physical map coordinates to find out whether the
locus is already placed. If so, your physically mapped locus is highlighted in red in the region
returned. If not, the tool (2) checks the locus record at MaizeGDB to find out if any BACs are
known to detect the locus and that BAC is returned within its genomic context. If not, (3)
genetically mapped probes that are nearest the input locus are identified, the tool checks
whether those probes have known genomic coordinates (working outward until
appropriate probes are identified) and finally the region of the genome contained by the
identified probes is reported with bounding probes shown in red.

More information

Your search for et1 got a result with the logic described in (3) above.

The Locus et is estimated between position 214,497,500 and position 214,884,600 on Chromosome 3 located on one or more of the following BACs:
AC197543 and AC208915

This region is 387,100 base pairs long.
(Click on image to go to the Genome Browser)
o3

214500k 214600k 214700k 214800k
BIN (approxinate)
3.09

FPC contig
cte1so0

Sequenced_FPC contig
cte150

BAC [fron MaizeSequence.org]
ACLO7543 ACL86645

—_—
CO406F0L 0184017
AC208915

—_—
028516

e Lo
i |

[
The estinated region for ctd based on locus lookip

Fig. 1. The Locus Lookup view of the erched 1 (etl) locus at MaizeGDB. At the top of the page. the estimated coordinates and the markers of known
coordinates that are used for estimation are shown. In the middle of the page, a box with a bolded section specifies which method is used for estimation. At
the bottom of the page, a view of the genomic region is shown. When the users click this view, they are lead to the MaizeGDB Genome Browser (with a
custom Locus Lookup track), which enables them to harness the full capability of the MaizeGDB Genome Browser to address their research problems.

unordered and unoriented pieces, the returned snapshot contains the
entire span of the left-most and right-most BACs in the region in
case the locus of interest falls outside the window due to possible
fragmentation of those BACs.

Because the precision of Locus Lookup Tool lies in the accuracy
of both genetic coordinates on the selected genetic map and genomic
coordi on the B73 the imperfections in both are
inherited. For the maize genetic maps, in particular consensus maps

such as Neighbors and the Genetic 2008 that are composites of many
different maps and experiments, genetic order and distance are only
approximated. In addition, among different maize cultivars or lines,
the order of certain genes along a chromosome varies in some cases
(Fu and Dooner, 2002). Some of the current limitations (as of July,
2009) of the maize B73 sequence are: (i) it is not yet known how
much sequence exists between physically mapped BAC contigs; (ii)
the sequence of each BAC consists of scaffolds, as well as unordered

[15:28 1/10/2009 Bioinformatics-btp556.tex]
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and unoriented pieces separated by strings of ‘N’s; (iii) the order
and/or orientation of BACs within a contig on the physical map
may be wrong; and (iv) the order or orientation of sequence contigs
may be wrong. In addition, as of this writing, the current version of
the genome assembly (MaizeSequence.org’s 3b.50 release) consists
of 16 581 sequenced BACs, 1024 of which (i.e. 6%) are not assigned
to a linkage group (chromosome). Sequences not assigned to a
chromosome will be missed by the Locus Lookup Tool.

The Locus Lookup Tool at MaizeGDB can be reached
a few different ways: (i) from the MaizeGDB homepage
(http://www.maizegdb.org) in the left green margin, (ii) via selecting
‘genome browser’ in the dropdown to the left of the search box
displayed at the top and bottom of every MaizeGDB page, and
(iii) from the search box on the MaizeGDB Genome Browser
(http://gbrowse.maizegdb.org). To do a Locus Lookup search,
researchers enter the search term (locus name) and click on the
search button. In the results page either the genomic coordinates
are shown as a snapshot of the MaizeGDB Genome Browser or, if
the position is based on flanking features, a genomic region will be
specified and presented [see the example of etched! (etl) locus in
Fig. 1]. Clicking the snapshot adds a custom track to the Genome
Browser allowing the region to be viewed in its genomic context.
In addition, if a genomic region bounded by two loci is desired,
researchers can type ‘locusl..locus2’ into the search box to define
the region bounded by the two loci using the same logic as above.

The logic and implementation for the Maize Locus Lookup
Tool are not specific to maize and generally applicable to any
research model organism and other model organism database groups.
For example, SoyBase (Grant et al., 2009) and SGN (Mueller
et al., 2005) are already planning to implement the Locus Lookup
Tool’s logic for the soybean and Solanaceae research communities,
respectively.
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ABSTRACT

As the B73 maize genome sequencing project neared completion, MaizeGDB began an endeavor
to integrate a graphical genome browser with its existing Web interface and database. To ensure
that maize researchers would optimally benefit from the potential addition of a genome browser
to the existing MaizeGDB resource, personnel at MaizeGDB surveyed researchers’ needs.
Collected data indicate that existing genome browsers for maize were inadequate and suggested
that the implementation of a browser with quick interface and intuitive tools would meet most
researchers’ needs. Here we document the survey’s outcomes, review functionalities of available
genome browser software platforms with respect to the data collected, and offer our rationale for
having chosen the GBrowse software suite for MaizeGDB. Because the genome as represented
within the MaizeGDB Genome Browser is tied to detailed phenotypic data, molecular marker
information, available stocks, etc., the MaizeGDB Genome Browser represents a novel
mechanism by which the researchers can leverage maize sequence information toward crop
improvement directly. The MaizeGDB Genome Browser can be reached at

http://gbrowse.maizegdb.org/.

27



INTRODUCTION

A genome browser is to genomic sequence data as a Web browser is to the World Wide Web:
both offer logical access to datastreams that are otherwise unintelligible. With the advent of new
DNA sequencing technologies and the availability of copious amounts of sequence-based data
from many species, genome browsers have been developed as a means for researchers to view,
interact with, search through, and display sequenced genomes as well as to compare syntenic or
similar regions of genomes among related species. Various genome browsers have been created
over the years, each with particular strengths and weaknesses. Many provide independent
solutions for integrating and visualizing sequence-based data alongside genetic and phenotypic
information.

Community resources including Model Organism Databases (e.g., TAIR(1), FlyBase(2),
etc.), Clade-Oriented Databases (e.g., Gramene(3), SGN(4), etc.), Automatic Annotation Shops
(e.g., PlantGDB(5), TIGR(6,7), etc.), and others have a responsibility to provide timely access to
sequence data well-integrated with existing traditional biological data. Determining how best to
choose genome browser software to meet the needs of its users within the context of the group’s
maintenance capabilities is a major challenge for the groups working to build and maintain these
community resources. Described here are the methodologies we used to determine which

genome browser to implement at MaizeGDB(8-10), the MOD for maize.

The need for a Genome Browser at MaizeGDB
These are exciting times for maize. Not only is it a major production crop worldwide; a reference

genome sequence for one inbred line, B73, has been released (www.maizesequence.org; (11)).

As of August 2009, the minimum tiling path included 16,910 sequenced BAC and fosmid clones



and encompassed 2.12 Gb or 93% of the 2.3 Gb-long B73 genome(12). A pre-publication
release of the B73 pseudomolecules is available through the Arizona Genomics Institute website.
(http://www?2.genome.arizona.edu/genomes/maize). Other whole genome sequences soon to
become available include an ancient popcorn landrace, Palermo Toluqueiio (Vielle-Calzada,
personal communication) and outputs from a project to shotgun sequence the maize inbred line
Mo17 (JGI-Joint Genome Institute). In addition, an extensive haplotype map is in progress for 27
lines of maize, enabling researchers to establish novel relations between genetic, physical, and
diversity data (13,14). Other sequence-based resources include over 2 million public ESTs

(http://www .ncbi.nlm.nih.gov/dbEST/dbEST summary.html) and a large number of genic

sequences from gene-enriched libraries (15,16). Various research groups and consortia integrate
large portions of these data sets, each in their own way. Examples include PlantGDB ((5);

www .plantgdb.org ), the Dana Farber (http://compbio.dfci.harvard.edu/tgi/tgipage.html; Lee et al
2005), MAGTI (http://magi.plantgenomics.iastate.edu/;(17)), NCBI RefSeq(18), and Uniprot
(www .unitprot.org; The UniProt Consortium 2009). Integration of the large data sets, at a single
location, with the information about the position, orientation and sequence of genes, genetic
markers, variations, and their association with phenotypic data would allow for a detailed
understanding of the maize genome within its biological context, when presented as centrally
accessible and simultaneously viewable.

At the completion of the Maize Sequencing Project, it is anticipated that genomic data
and gene models will be transferred from the Maize Genome Sequencing Consortium’s project
database MaizeSequence.org to MaizeGDB (8-10) and Gramene (3) . As a federally funded,
long-lived resource, MaizeGDB is tasked to serve the maize geneticists’ and breeders’

longitudinal data access and analysis needs. To accomplish these tasks, MaizeGDB primarily
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relies on direct participation by members of the maize community including the Maize Genetics
Executive Committee (MGEC; a group tasked to identify both the needs and the opportunities
for maize genetics and to communicate this information to the broadest possible life science
community), the MaizeGDB Working Group (a panel that offers guidance for MaizeGDB’s
continued development), and direct interaction with individual researchers from the maize
community.

Currently, MaizeGDB stores information on: loci (genes and other genetically-defined
genomic regions including QTLs), variations (alleles and other sorts of polymorphisms), stocks,
molecular markers and probes, sequences, gene product information, phenotypic images and
descriptions, metabolic pathway information, reference data, and contact information for maize
researchers. Like many other MODs (such as TAIR (1), Oryzabase (19), and Soybase (20)),
MaizeGDB incorporates and integrates newly generated genomic data into its existing database
and develops tools to help visualize genome structure, gene models, functional data, and genetic
variability. Toward this end, two groups directed MaizeGDB to evolve a more sequence-centric
paradigm: the MaizeGDB Working Group (via their 2006 guidance document; see
http://www.maizegdb.org/working_group.php) and maize principal investigators (in the 2007
Allerton Report that documents outcomes of a special two-day gathering of maize community
with a focus on “The Future of Maize Genetics Planning for the Sequenced Genome Era”; see
http://www.maizegdb.org/AllertonReport.doc). The time was right to carefully consider
implementing a genome browser as a way to integrate genomic sequence features with the
existing genetic and physical information at MaizeGDB.

At the time we began considering the implementation of a genome browser at MaizeGDB,

various other resources already represented maize genomic sequence graphically via genome
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browsers. Most notably, MaizeSequence.org, Gramene (which took down their genome browser
when MaizeSequence.org was released), PlantGDB with its maize ZmGDB browser, and the
Maize Assembled Gene Islands (MAGI) resource. A specific challenge for MaizeGDB was
whether to follow the lead of the Maize Genome Sequencing Consortium and collaborate with
that group to further develop MaizeSequence.org. This would be a very good use of funds in the
short term given that both groups could collaborate to maintain a single maize genome browser.
Another issue for consideration was the MaizeGDB team’s charge to make decisions based upon
input from the maize community as we are fortunate at MaizeGDB to be serving a cooperative
community that communicates well. Therefore, we followed the following hierarchical strategy
to gather the information needed to determine how to proceed with potentially implementing
MaizeGDB Genome Browser:

1. Should MaizeGDB make a genome browser available at all? If researchers were happy
with the existing options, implementing another resource would be a waste of time and
resources.

2. If researchers wanted MaizeGDB to implement a genome browser, we needed to know:

a. what they liked and did not like about available maize genome browsers and
b. examples of workflows they would like to be able to carry out so that we could
evaluate which software could best meet our stakeholders’ needs.
With these ideas in mind, we approached the MGEC and MaizeGDB Working Group. These
groups offered to survey the maize community on our behalf and worked with us to prepare a

survey that aims to answer questions 1, 2a, and 2b.

Materials and Methods
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Preparation of the survey

The MaizeGDB team prepared an initial draft survey, and sent it to the MaizeGDB
Working Group and the MGEC for suggestions. The updated set of questions was considered by
Dr. Patrick Armstrong in the Department of Psychology at lowa State University who made
recommendations on, e.g., how to eliminate potential bias by improving how the questions were
worded or ordered. The final form of the survey can be found at
http://www.maizegdb.org/browser_survey/ and in the Supplementary Materials section of this
document.

In November of 2007 MaizeGDB personnel distributed via email a request by the MGEC
for all “maize cooperators” (totaling 1,241 at that time) to take a survey regarding their use of
online maize data resources with emphasis on browsing the available genome sequence. ("Maize
cooperators" are a list of maize researchers maintained at MaizeGDB made up of attendees of
maize meetings, researchers publishing frequently on maize, or people who specifically request
to be considered a maize cooperator.) Each cooperator received a randomly generated unique

key to ensure that each email recipient was only able to submit answers to the survey once.

The Number of Respondents. Among the 1,241 cooperators surveyed, 99 responded. This
number is comparable to the number of participants to the last MGEC membership election
where 234 of the 1,190 contacted cast a ballot. Because the Genome Browser Survey requested
detailed answers to the researchers’ needs and not every maize researcher would feel
knowledgeable on genome browsers, this level of response to the survey exceeded our

expectation.
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RESULTS
The raw survey results can be found in the Supplementary Material section, as well as at

http://www.maizegdb.org/browser survey/analyze.php. Tabulated results are located at

http://www.maizegdb.org/browser_survey/analyze-tab-delimited.php.

Time Spent Accessing Maize Data Online. 37% percent of the survey takers reported that they
spend an hour or two each week online to access maize data. 39% percent spend between two
and five hours. 15% spend more than five hours online to access maize data. Only 8% of the

survey takers did not use online maize data resources.

Genome Browsers Used. 68% of the respondents reported that they use MaizeSequence.org and
66% use Gramene. A total of 76% use either MaizeSequence or Gramene. Although both sites
use Ensembl (one genome browser software option; described in the Discussion section;(21)) as
their genome browser, among the users of these websites, only a total of 35% of the all
respondents acknowledged using Ensembl. This result shows that the users may not be aware of

the underlying browser software that the various websites use.

MAGTI and PlantGDB are being used by 54% of the respondents (but not always by the same
people). 42% use NCBI’s Map Viewer. As above, although 45% use TAIR, among these users,
only 31% acknowledged that they are using GBrowse (another genome browser software option;

described in the Discussion section; (22)).
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Feature Rankings. The features are sorted as follows (rankings are shown in parentheses where
a lower number indicates more support): ease of use (1.9), visuals (2.6), speed (3.2), cross-
species comparison (3.7), multiple gene selection (4.1), differentiation between computational
and experimental data (4.1), and ontologies (5.1). Clearly, the respondents want a genome

browser that allows them to find data quickly and easily.

Desired Features. We thought that the “desired features” section of the survey might be very
helpful to guide genome browser developers in the creation of new features. Survey respondents
expressed interest to reach specific data using the most intuitive tools that require short learning
time. They also reported a need for enhanced cross-referencing between different websites and
called for downloadable data sets in various formats. In short, they want the most current data
along with tools that are easy to learn and apply for their specific research needs. As expected,

respondents want the minimized hassle and effort in reaching the needed maize data.

“Bad” Genome Browser Examples. We asked the respondents about what they do not like
about the current genome browser examples in the hopes that this would give us indication as to
which browsers or options to avoid. Among 29 comments left in “Bad genome browser
examples”, 19 of them cite either MaizeSequence.org or Gramene (66%), which use Ensembl as
their genome browser. The reason might be that MaizeSequence.org or Gramene is the most used
browser for the maize cooperators (75% of the respondents uses either site), but the high
percentage of the discontent hints that real issues may lie with some features of Ensembl that

need to be addressed by its developers. The respondents usually cited the perceived slowness of
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the website as the major (and sometimes the only) problem. Another reported problem was, as

one respondent says, “many, many noninituitive steps to get information”.

Four Software Suites to Choose From

Although many genome browser software platforms exist, survey respondents were most
familiar with Ensembl, GBrowse, the NCBI Map Viewer (23), the UCSC Genome Browser (24),
and xGDB (25). Each genome browser is designed with a different focus (Table 1). Here, we
provide a short review of some of their functionalities we considered in choosing a genome
browser for MaizeGDB. Among these genome browsers, the NCBI Map Viewer is not
downloadable to local machines, so it was not considered as a choice for the MaizeGDB Genome
Browser. Because our users are extensively using the NCBI Map Viewer, however, we included

it in our review for comparison.

(Table 1 here)

Ensembl. The Ensembl browser was originally developed to manage and display genomic data
for the Ensembl project as a human genome browser (21). Its developers’ current development
focus is centered on supporting mammalian genomes. Ensembl especially shines in comparative
genomics visualization and analysis. It provides a flexible framework that displays a wide variety
of genomes (currently the Ensembl browser displays 48 genomes (21). A recent addition to
Ensembl is the new multiple alignment pipeline that passes the data through 3 different programs

(the Enredo-Pecan-Ortheus (EPO) pipeline (21,26,27) to obtain alignment results.
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Ensembl’s web interface combines many distinct, dynamically-generated views (e.g. genes,
maps, contigs) to address different needs of the researchers. The framework is also integrated
with multiple tools, including the similarity search tools BLAST and SSAHA, the retrieval
software EnsMart, and the Distributed Annotation System (DAS) framework (28,29) for sharing
and displaying distributed data sets on any publicly-available Ensembl instance (i.e., locally-
installed software). Ensembl is designed to be portable—users with advanced programming
skills can extend or modify Ensembl code through the Ensembl API (application programming

interface), as it is a downloadable open-source package.

GBrowse. The Generic Model Organism Database Project (GMOD) (http://gmod.org) has the

mission to build tools designed to serve the needs of model organism databases. One of the
major and most popular tools developed by GMOD is the Generic Genome Browser (GBrowse)
(22), an open-source web-based framework for displaying genomic annotations and features.
Similar to other genome browsers, GBrowse allows the user to scroll and zoom within a genomic
region, search for features based on name or keyword search, and customize feature tracks. A
useful visual element in GBrowse is that each feature type can be represented by various
customizable “glyph”s, which are essentially symbols that vary in shape, color, and size to

represent genomic elements.

GBrowse was designed to be portable and extensible (i.e., its code is modifiable to add new
capabilities). A developer can modify GBrowse at the following three different layers: the
database layer, the data model layer, and the application layer. This flexibility allows the

administrator to control how the data are stored, how the data are visualized, and how the user
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interacts with the data. GBrowse is a downloadable, stand-alone, open source package and was
designed to facilitate third-party plug-ins for data analysis and visualization. Some examples
include plug-ins for calculating linkage disequilibrium, dumping data as GFF or FASTA, and
facilitating the connection between GBrowse and Galaxy (30). Gbrowse can also be integrated
with the comparative map viewer CMAP (31), the BioMart data mining system (32), and the
TextPresso text mining tool (33). Some developers have even harnessed the GBrowse
extensibility to create a web server for GBrowse that allows access without the hassle of local
installation (34). Similar to the Ensemble browser, users can upload custom data (flat files or an
URL) with ease through the DAS platform (28,29), which decentralizes data storage by allowing
the display of third-party annotations. GBrowse is used by many MODs, including TAIR (1),
WormBase (35), and Mouse Genome Informatics (MGI) (36), as well as CODs, such as SOL

Genomics Network (4).

NCBI Map viewer. As a static repository, the National Center for Biotechnology Information
(NCBI) strives to preserve the archives of large species-specific data sets for the scientific
community. Its primary mission is to keep them up-to-date, searchable, and publicly available.
NCBI accomplishes these herculean tasks in collaboration with many researchers and curators
across species. NCBI also provides a range of tools for the visualization and analysis of
genomes. Central to these tools is its genome browser, Map Viewer (23). Map Viewer is not
designed to be customizable, but it is capable of visually representing maps and genomic
elements and providing links to the webpages that include the most current and comprehensive

data about these genomic elements.
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One of the main disadvantages of Map Viewer is that it does not have the capability to be
downloaded and installed to personal servers. It is specifically designed to work under the NCBI
framework in accordance with the primary mission of serving to the public and the researchers as

a static data repository.

The UCSC Genome Browser Database. The University of California Santa Cruz (UCSC)
Genome Browser Database (24) started as part of the Human Genome Project (37) to make
newly generated human genomic sequences publicly available. Although the UCSC genome
browser remained focused on the human genome, its content over the years has extended to a
cross-comparison platform of 19 vertebrate and 21 invertebrate species(24). The UCSC browser
currently serves many tracks including evolutionary conservation track based on 28-species,
variation and disease tracks, and mammalian gene collection tracks. Plant genomes are not
included on the main UCSC site, any genome sequence, however, can be uploaded to a locally-
installed instance of the UCSC browser. The browser is open-source; therefore customization by
developers is possible. Also, the browser allows some customization in the form of “custom
tracks” that might be uploaded to the UCSC website or to any available instance of the UCSC
genome browser using the DAS framework. Note that similar to GBrowse and Ensemble, DAS
tracks in the UCSC browser can be created temporarily on any instance that uses the DAS
framework, but these tracks will only be privately available for the user who uploads them. It is
also possible to use the DAS framework to create publicly available, permanent tracks to display
data provided by third-party servers, but this requires access and administrative privileges to the

main server that the genome browser is located.
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xGDB. The eXtensible Genome Data Broker (xGDB) (25) is the genome browser developed by
personnel working at PlantGDB (5) to facilitate their need for a system to manage, store, and
display genomic evidence for 16 green plant genomes (including the maize genome). xGDB is a
software package designed to view the outcomes of sequence analyses within a genomic context.
xGDB can be customized for various individual research tasks and analysis needs. Other
features of xGDB include search tools, online publishing, Web services, and third-party tool

integration. The browser serves data through the DAS framework.

Choosing a Genome Browser

Choosing a genome browser to address the maize community presents a challenge given that
several browsers (reviewed above) have different strengths and weaknesses. For example, one of
the most popular genome browsers, Ensembl, provides the best tools for comparative genomics.
In contrast, another popular genome browser, GBrowse, provides a wide range of tools for
MODs, yet its tool repertoire for comparative genomics is not as rich as Ensembl’s. Therefore,
determining which software best suits the needs of maize geneticists is a task that requires a

careful consideration.

Based upon results of the Genome Browser Survey, we chose GBrowse as the MaizeGDB
Genome Browser for the following reasons:
1) Because maize researchers have a wide range of research interests, we decided to
implement a genome browser that could be adapted to addresses general research

questions. UCSC, xGDB, Ensembl, and GBrowse would all fit this need.
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2)

3)

4)

5)

The UCSC genome browser is highly capable. However, one disadvantage of choosing it
for the MaizeGDB Genome Browser is that no plant database currently uses the UCSC
Genome Browser; TAIR, Soybase, and SOL Genomic Network (among others) use
GBrowse. The availability of developers from plant databases, as well as from other
MODs (e.g., Flybase, Mouse Genome Informatics), creates more opportunities for future
collaboration to create similar solutions to respond to common challenges related to data
integration and visualization.

xGDB is a downloadable open source package, but it is not in wide use yet: so far
PlantGDB is the only site that uses xGDB, and it has a limited number of developers.

In the “Feature ranking”, the three most desired features are chosen as: ease of use,
visuals, and speed. The survey results indicate that cooperators do not consider Ensembl
easy to use, and it is definitely perceived not as fast when compared to the other software
available. Also, the desire to have cross-species comparison capability in a genome
browser (where Ensembl shines) is only ranked 4™. Note that although not extensive as
Ensembl’s, Gbrowse has some cross-species tools already available (Synbrowse (38,39),
CMap (31), and GBrowse_syn, which is included in the GBrowse 1.70 Release).

As indicated in the “Indispensable features”, cooperators would like to see specific tool
development in a genome browser to enhance their research (e.g., finding genes between
two markers). Therefore, a genome browser chosen by MaizeGDB should allow high
flexibility in terms of code programming, tools development, and community
involvement. The flexibility of tool development is intrinsic feature of GBrowse that
allows customizable plug-in architecture as a community-based open source project. In

the case of Ensembl, the code development is primarily done by a group in the United
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6)

Kingdom and ad hoc tool development is carried out by research groups for their specific
needs. Because this tool development by databases is specific to a particular Ensembl
version, the tools must be modified or re-written for each new version of Ensembl. This
creates an issue with Ensembl as it requires more manpower and funding to adapt the
code to new version of the genome browser. In the case of xGDB, the flexibility in code
development is somewhat limited. Because this browser is not widely used, the number
of independent developers working on xXGDB is not comparable to the community of
GBrowse developers.

MaizeSequence.org already provides maize genome sequence information using
Ensembl. Providing this information using GBrowse and providing links to
MaizeSequence.org would allow researchers to access different genome browsers for
different applications and preferences. For example, when a cross-species comparison
across many clades is necessary, Ensembl provides efficient solutions; however, when it
comes to developing customizable visualization and analysis tools for maize-specific
research problems, GBrowse stands out. Offering the availability of these two browsers
to maize researchers will facilitate answering different research problems and will

enhance agricultural research overall.

Although the MaizeGDB team devoted considerable time and effort to the decision of which
genome browser to implement, we realize that the current selection of a specific genome browser
may not matter in the long-term because the accelerating technology would certainly engender

new and improved genome browsers that are not currently available to be adopted.
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Implementing GBrowse

We started implementing the GBrowse-based MaizeGDB Genome Browser (described in detail
in the MaizeGDB DATABASE paper (10) in February of 2008. We obtained maize data from
various sources, including MaizeSequence.org, PlantGDB, and MAGI. We chose 5 people for
guidance (from academia and industry in the U.S. and abroad) and 10 people for beta testing
among the cooperators who agreed at the end of the survey to be a part of the Genome Browser
implementation. The guidance and beta-testing groups provided many valuable inputs to improve
our users’ experience with the MaizeGDB Genome Browser. The MaizeGDB Genome Browser
was released in December of 2008. We are still in the process of implementing the some of the
guidance and beta testing groups’ suggestions and continually work to better integrate the
genome browser with existing data by creating new tools. One of these suggestions, provided to
us by Dr. Sarah Hake, led to the creation and implementation of one of our most used tools in
MaizeGDB: the Locus Lookup tool (40). This tool takes one or two loci as input and returns an
approximate genomic region based on known physical and genetic associations, even in the case
when the locus of interest is not yet mapped to the maize genome. The utility of the Locus

Lookup tool is apparent especially for the genomes which are in the process of being sequenced.
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