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Biologists

This Talk

Goal
Give you an understanding

of what Chado can do

Computing folks
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Chado is a database
schema for biological data

• A schema is a database design
– Blueprint for a database, a way of

organizing data
• Independent of specific data

– Chado provides structure
– You provide the hard work and data

Chado is a core GMOD component
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• Set of interoperable tools for managing,
annotating, and viewing genomic data:
– GBrowse - genome viewer
– Apollo - genome annotation editor
– CMap - comparative mapping viewer
– Sybil - comparative genomics viewer
– plus many other tools.

• Active community of users and developers
– Mailing lists, semi-annual meetings

What is GMOD?
−
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http://gmod.org



• Lots of communities now have genomic data
• Managing, visualizing, annotating and

exploiting this data is non-trivial
• GMOD provides

– tools for this and
– a community of people dealing with the same

challenges.

GMOD and you? 
−
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GMOD @ Arthropod Genomics Symposium
W

orkshops
Talks

Thursday 7-9pm
Community Contributions to Genome Annotation

Christine Elsik, Christopher Childers, Darren Hagen

Friday 7:30-9:30pm
Chado Databases and Integration with GMOD Tools

Scott Cain, Dave Clements

Friday 11:25-11:45am
Unlocated arthropod genes and ways to find them

Don Gilbert

Posters

Friday 5-6:30pm
A comparative annotation of Drosophilid dicistronic genes

Saturday 10-11:30am
A Complete System For Community Genome Annotation

GMOD: Database Resources for Emerging Model Organisms
Comparative genomics and database construction for Lepidoptera

Unlocated Arthropod genes, and ways to find them
VectorBase: A genome resource for arthropod vectors of human pathogens

The VectorBase Manual and Community Annotation Submission pipeline
ButterflyBase: A framework for comparative genomics in butterflies and moths

http://gmod.org
Got data?

GMOD Users
wFleaBase
BeetleBase
FlyBase
AphidBase
ButterflyBase
VectorBase
BeeBase
HeliconiusBase
GnpAnnot-Lep
+ hundreds more

GMOD Tools
Chado
Apollo
GBrowse
CMap
Table Editor
GMODWeb
Ergatis
Textpresso
Sybil
BioMart
LuceGene
SynBrowse
Galaxy
InterMine 
…



More on Databases
• Chado is a schema, a database design
• Distinct from

– Database Management System (DBMS)‏
• Software system for storing databases
• e.g.,Oracle, PostgreSQL, MySQL

– Database, a very loose term
• Any set of organized data that is readable by a computer
• A web site with database driven content, e.g., FlyBase
• Schema + DBMS + Data
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Why use Chado?

• Good for genomic data
• Widely used

– AphidBase, BeeBase, BeetleBase, FlyBase,
GnpAnnot-Lep, HeliconiusBase, VectorBase,
wFleaBase, many others

• Integrates with other GMOD tools
• Great community of support

– Mailing List (779 threads in 2007) ‏
– Plus Scott and Dave!

• Modular & Extensible

−
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Chado Modules
general

cv

pub

organism map

genetic
mage

companalysis

sequence
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Controlled Vocabulary (CV) ‏
List of terms from which a value must come

Pull down menus are examples of CVs
ZFIN assay type CV

Ontology
Ontology = CV + rules + relationships

  between terms
Gene Ontology, Sequence Ontology
Many standard ontologies available

from OBO
FlyBase CV Term Viewer:
GO term “tissue regeneration”



CVs and Ontologies in Chado

• Controlled vocabularies and
ontologies are key in Chado

• Maximally used for
– Integrity
– Interoperability

• Can create your own, but …
– Please use standard ontologies when they exist

• e.g., SIBO: Social Insect Behavior Ontology (Abbas & Smith)
– See OBO: http://www.obofoundry.org/

CV
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Requirements
• Operating System (OS)‏

– Linux preferred
• Recommend CentOS; most distributions will do

– Mac OS X, other Unix - workable
– Windows - doable, but hard

• Database Management System (DBMS)‏
– PostgreSQL preferred
– MySQL, Oracle, Sybase, … - doable, but hard

• GMOD Systems Administrator
– Understands Linux, relational databases

                  http://gmod.org/Computing_Requirements
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Importing and Exporting Data
• GFF3

– dedicated loader
– bulk file dumper

• configurable GFF3, Fasta dumps

• Chado-XML
– XORT

• Chaos-XML, oboxml
– xslt
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Integration with Other
GMOD Tools

• GBrowse
– Web-based feature browser

• Apollo
– Desktop-based feature editor

• GMODWeb
– Web front end for Chado

• CMap
– Comparative mapping

−

+



GBrowse



Apollo



GMODWeb
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CMap
−
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SyntenySybil SynBrowse

gbrowse_syn



Sequence Module

• All features (chromosome, gene, exon,
etc) go into one table

• Typed using the Sequence Ontology
• Linking tables for annotating db xrefs,

ontology terms, publications, properties,
relationships between features

• Separate tables for synonyms (which
are also typed)‏
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Storing Sequence Features

features

Figures based on A Chado case study: an ontology-based modular schema
for representing genome-associated biological information, by Christopher
J. Mungall, David B. Emmert, and the FlyBase Consortium (2007)
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Feature coordinates

featurelocs

using
“interbase
coordinates”
relative to any 
other feature
(contig,
chromosome,
transcript) ‏
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feature_relationship

part_of
derives_from
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Other annotations

• Link to any feature via feature_id:
– GO terms in feature_cvterm
– DB links in feature_dbxref
– Miscellaneous features in featureprop
– References in feature_pub
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Storing BLAST/BLAT results
• A little more complicated, since there are

two reference sequences (which means
two entries in featureloc).

• analysis and analysisfeature
tables used to store information about
how the analysis was done and what
scores resulted.
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Feature locations: Rank

Genome (contig) ‏

Query (EST)‏

Hit (EST_match)‏

HSP (match_part)‏
part_of

featureloc:rank 1

featureloc:rank 0
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Resources: GMOD.org

Download 
Software

FAQs and 
HOWTOs

GMOD for the
Biologist

Project
Events

Project News

Contribute
Doc! GMOD.org

is a Wiki

Support: Help
Desk, mailing
Iists, meetings

Contribute
 Code! GMOD 
Is open source

Popular GMOD
Components
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Mailing List: GMOD-Schema

http://gmod.org/GMOD_Mailing_Lists
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GMOD Help Desk
• User help
• Web site and documentation
• Education and outreach
• Developer support
• Promote GMOD for evolutionary

biology
• Sponsored by NESCent

– Funded by NIH grants to Ian
Holmes (UC Berkeley) and James
Hu (Texas A&M)

– Dave in Oregon, Scott in Ohio,
Lincoln in New York, Hilmar and
Todd in North Carolina
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Thank You!

Scott Cain, PhD.
GMOD Project Coordinator
Cold Spring Harbor Laboratory
cain@cshl.edu
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Database + Accession = Identifier
GO + 0043565 = GO:0043565

InterPro + IPR001356 = InterPro:IPR001356
YourDB + whatever = YourDB:whatever

Shown on web pages, published
Each defined DB has a prefix & URL

IDs can have associated names

Internal IDs
Long integers

Used inside database
Rarely shown or published

FlyBase:

wFleaBase:

ZFIN:

External IDs


