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Model Organism Databases



TAIR: The Arabidopsis Information Resource

• The Arabidopsis Information Resource
• collect, curate and distribute information on Arabidopsis
• information freely available from arabidopsis.org



• Gene structure - Philippe 

• Gene function - Donghui

• Metabolic pathway - Karthik

Goal of this workshop

• highlight important data sets and tools

• demonstrate search strategies

Outline



Slides available from TAIR



TAIR is used worldwide
Visits per month (source: Google Analytics)



What we do: (1) Arabidopsis genome annotation



What we do: (2) manual literature curation

• Controlled vocabulary annotations

Gene Ontology (GO) http://www.geneontology.org/

Plant Ontology (PO) http://www.plantontology.org/

• Gene name, symbol

• Allele, phenotype

• Summary statement composition



What we do: (3) metabolic pathway curation

AraCyc

A metabolic pathway database for Arabidopsis thaliana that 
contains information about both predicted and 
experimentally determined pathways, reactions, 
compounds, genes and enzymes.

PlantCyc and PMN (Plant Metabolic Network)



What we do: (4) work with ABRC to distribute 
research material



How do TAIR curators annotate gene structures?
Where can gene structure related data be found 

at TAIR?

Part I: Tips for Accessing Gene Structure Data

Philippe Lamesch



Gene structure Annotation
• Arabidopsis genome sequenced almost 9 years ago
• High quality sequence with few gaps
• TIGR did initial genome annotation
• TAIR took over responsibility in 2005
• Current stats:
27,379 protein coding genes
4827 pseudogenes or transposable elements
1312 ncRNAs



Responsibilities of a gene structure curator

exons introns

5’ UTR
3’ UTR

5’ 3’
ATG TGAGT GTAG AG



Responsibilities of a gene structure curator

ATG TGAGT GTAG AG

Add novel genes



Responsibilities of a gene structure curator

ATG TGAGT GTAG AG

Delete wrongly predicted genes



Responsibilities of a gene structure curator

ATG TGAGT GTAG AG

cDNA

Update mispredicted exon-intron structure



Responsibilities of a gene structure curator

ATG TGAGT GTAG AG

cDNA

Update mispredicted exon-intron structure



Responsibilities of a gene structure curator

ATG TGAGT GTAG AG

Annotate splice-variants

ATG TGAGT AG



Responsibilities of a gene structure curator

Annotate ‘atypical’ gene classes

*    * *  **  *      *

Trans. element

Short protein-coding genes

Transposable element genes

Pseudogenes

uORFs (genes within UTR of other genes)



Responsibilities of a gene structure curator

ATG TGAGT GTAG AG

Define gene type

ü Protein-coding
ü tRNA
ü snRNA
ü snoRNA
ü rRNA
…



Gene structure annotation in Arabidopsis

NEW: 282 genes; 1056 exons

UPDATED: 1254 models; 1144 exons 

NEW: 1291 genes; 683 exons

UPDATED: 3811 models; 4007 exons 

NEW: 681 genes; 828 exons

UPDATED: 10,792 models and 14,050 exons 

T A I R 6



How do MOD curators 
annotate genomes?

Experimental & Computational 
Evidence 

Automatic 
pipeline

Manual
annotation

Genome annotation



How do MOD curators 
annotate genomes?

Experimental & Computational 
Evidence 

Automatic 
pipeline

Manual
annotation

Genome annotation

ESTs 
cDNAs



Automated pipeline at TAIR
Program for aligned sequence(PASA)

Clustered transcripts

NCBI



Automated pipeline at TAIR
Program for aligned sequence(PASA)

Clustered transcripts

Resulting gene model

Previous gene model

NCBI



Automated pipeline at TAIR
Program for aligned sequence(PASA)

Clustered transcripts

Resulting gene model

Previous gene model

NCBI

comparison



Automated pipeline at TAIR
Program for aligned sequence(PASA)

Clustered transcripts

Resulting gene model

Previous gene model

Based on a set of rules a decision is made

comparison

NCBI



How do MOD curators 
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How do MOD curators 
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How do MOD curators 
annotate genomes?

Experimental & Computational 
Evidence 

Automatic 
pipeline

Manual
annotation

Genome annotation

Alternative gene models
Short MS peptides
Community submissions
…



Manual annotation at different MODs

Genome
editing

tool

Evidence
set

Set of 
annotation 

rules
+ +



Manual annotation at different MODs

Genome
editing

tool

Evidence
set

Set of 
annotation 

rules
+ +

Nucleotide sequence
Short peptides
Protein similarity
Alternative predictions
…

Apollo (Arabidopsis, Fly)
Aceview (Worm)
Zmap/Otterlace (Human)
Artemis (Pathogen Project)
…

Exon size
Intron size
Number of UTRs
Coding/Non-coding ratio
Splice-junctions
…



ESTs

cDNAs

Radish sequence alignments
Eugene 

predictiondicot sequence 
alignments

monocot sequence 
alignments

Aceview gene
predictions

2 gene isoforms

Manual annotation at TAIR: Apollo
Short MS peptide



Examples of large-scale community datasets 
recently integrated into the Arabidopsis 

annotation
• Transposable elements (Quesneville Lab)
• Pseudogenes (Gerstein Lab)
• Short MS peptides (Baerenfaller et al, 

Castellana et al)
• Short genes (Hanada et al)



Where can you find gene structure data on 
TAIR?

• ON GENE MODEL PAGE
• Graphic of exon-intron structure
• Coordinates of each exon
• ON GBROWSE
• Graphic display of structure and overlapping 

evidence data
• ON FTP SITE
• GFF files with exact structures of each gene model
• Files with gene confidence ranking information



Gene Locus Page



Gene Model Page



Where can you find gene structure data on 
TAIR?

• ON GENE MODEL PAGE
• Graphic of exon-intron structure
• Coordinates of each exon
• ON GBROWSE
• Graphic display of structure and overlapping 

evidence data
• ON FTP SITE
• GFF files with exact structures of each gene model
• Files with gene confidence ranking information



Gbrowse



GBrowse
Header

Main Browser Window

Track Menu



Where can you find gene structure data on 
TAIR?

• ON GENE MODEL PAGE
• Graphic of exon-intron structure
• Coordinates of each exon
• ON GBROWSE
• Graphic display of structure and overlapping 

evidence data
• ON FTP SITE
• GFF files with exact structures of each gene model
• Files with gene confidence ranking information



FTP site



FTP site



FTP site



Where can you find gene structure data on 
TAIR?

• ON GENE MODEL PAGE
• Graphic of exon-intron structure
• Coordinates of each exon
• ON GBROWSE
• Graphic display of structure and overlapping 

evidence data
• ON FTP SITE
• GFF files with exact structures of each gene model
• Files with gene confidence ranking information



Gene Confidence Rank

• Attributes confidence scores to all exons and 
gene models based on different types of 
experimental and computational evidence



Assigning A Confidence Rank

E1

E4



Full support

No support



How to effectively use the tools and 
resources at TAIR to enhance your research

Part II: Tips for Accessing Gene Function Data

Donghui Li



1. Finding a specific gene of interest in TAIR

2. Getting lots of data about that gene of interest

3. Getting data sets on multiple genes

4. “Analyzing” your data sets

Overview

Focus on how to use the tools, not on how we make functional annotation



1. Finding a gene/protein

Case 1: You know exactly what gene you want

• You know the AGI locus code (e.g. At2g46990)

• You know the gene symbol (e.g. PHYA)



Use the quick search box!

1. Finding a gene/protein: by name/AGI locus code





1. Finding a gene/protein: Exact name search



1. Finding a gene/protein: by sequence

Case 2: You have a gene / protein sequence and want to 
find the most similar gene/protein(s) in TAIR 

• You have the nucleotide sequence of a gene from another 
organism and want to find a homolog

• You have the amino acid sequence of one Arabidopsis 
protein family member and want to find related family 
members

Use a sequence similarity search tool
BLAST



Use the sequence similarity search tools

1. Finding a gene/protein: by sequence



2. Getting data from locus page

• locus
• other names
• description

• map detail

• annotations

• RNA data
• Nucleotide sequence
• Protein data

• polymorphisms
• germplasms
• phenotype

• external links
• publication



2. Getting data from locus page: description

• curated description
• computational description



2. Getting data from locus page: description

• computational description



free text annotations

controlled vocabulary
annotations



2. Getting data: GO / PO annotations



Are there reported 
mutant phenotypes? 

Can I get the seeds?

2. Getting data: getting the plant lines you want



What is known about this 
gene’s expression pattern?

2. Getting data: expression



What else is known about this 
gene’s expression pattern?

2. Getting data: more expression data via external links



Arabidopsis eFP Browser expression data

2. Getting data: more expression data via external links



2. Getting data: gene model page 



2. Getting data: model-specific data 



p Scientists often want to work with more than one gene or protein that are 
related through some common feature 

p TAIR offer some basic tools to create and/or enhance these customized 
data sets

Sometimes, one gene isn’t enough



You have mapped a mutation that disrupts flower development to a 
region of Chromosome 1

Q: What genes in the mapping interval are good candidates?

n Get a list of all the genes in the mapping interval involved in “flower 
development” 

n Download all the associated GO and PO terms for the candidate genes

3. Customized data sets: case studies



n Get a list of all the genes in a mapping interval involved in “flower development” 

3. Customized data sets: Search:Genes



3. Customized data sets: Search:Genes



3. Customized data sets: Search:Genes

Gene search

Function: identify a list of genes (that have certain 
function) (located in a specific region) (additional 
parameters)



You work on a transcription factor, you have a mutant of this TF gene, you 
have obtained a list of genes whose expression is altered in this mutant

Q: What’s the cis-element for this TF?

n Get upstream “promoter” sequences for these genes

n Search for over-represented DNA sequences in “promoters”

Q: What are the potential target genes  that might be regulated by this TF?

n Find all genes with similar DNA sequences in their upstream regions

n Identify all domains found in the encoded proteins

3. Customized data sets



n Get upstream “promoter” sequences

3. Customized data sets: 
Download:Bulk Data Retrieval:Sequences



n Search for over-represented or prevalent DNA sequences in “promoters” 
p Use the Motif Analyzer in TAIR to identify common 6-mers

AT1G69490
AT1G48270
AT1G11870
AT1G12820

3. Customized data sets: Tools:Motif Analysis



n Experimental results provide a more detailed sequence:
p (A or T)C(A or C or G)TCGGT(G or T)A

3. Customized data sets: Tools:Patmatch



n Identify all of the other domains found in those proteins

3. Customized data sets: 
Download:Bulk Data Retrieval:Proteins



3. Customized data sets: summary

bulk data retrieval:sequence list of AGI codes upstream sequence

motif analyzer list of AGI codes DNA motif in promoter

Patmatch motif (DNA or protein) list of sequences

Bulk data retrieval:protein list of AGI codes protein features



n Classify your list of genes/proteins using GO annotations

4. Analyze data sets: Functional categorization



GO categorization



How to effectively use the tools and 
resources at TAIR to enhance your research

Part III: Tools for analyzing the results of experiments  

on an Arabidopsis metabolic map

A.S.Karthikeyan



n AraCyc can help you find these connections!
p Arabidopsis Metabolic EnCyclopedia
p Database of metabolic pathways found in Arabidopsis

§ www.arabidopsis.org/biocyc/ (TAIR)
§ www.plantcyc.org/ARA (Plant Metabolic Network)

Everyone is studying metabolism

• Many biological processes connect to metabolism
– Drought tolerance – changes in osmolyte concentrations
– Hormone signaling – biosynthesis and degradation of hormones
– Photosynthesis – chlorophyll production and ROS scavenging
– Translation – amino acid biosynthesis and riboswitching
– Plant defense – phytoalexin synthesis
– Your favorite process . . .



p AraCyc – Arabidopsis Metabolic EnCyclopedia
n Database of metabolic pathways found in Arabidopsis

How to Access AraCyc 

p Accessible from:

n TAIR – The Arabidopsis Information Resource
p www.arabidopsis.org 



p AraCyc – Arabidopsis Metabolic EnCyclopedia
n Database of metabolic pathways found in Arabidopsis

How to Access AraCyc 

p Accessible from:

n PMN – Plant Metabolic Network
p www.plantcyc.org



AraCyc 5.0

Pathways 332

Compounds 2312

Reactions 1928

Genes 
(in pathways)

1970 

Citations 2543



AraCyc Pathway pages 

Pathway

Enzyme Gene

ReactionCompound

Evidence 
Code

+ Additional curated information

All items can be clicked on to obtain more information



AraCyc Pathway pages 
Classification

Summary

References

Superpathways

Pathway variants



OMICS Viewer:

Analyzing the results of experiments  

on an Arabidopsis metabolic map



OMICS Viewer to the rescue . . .
p Overlay experimental data on a metabolic map

n Transcript data (for enzymes)
n Proteomic data (for enzymes)
n Metabolomic data

p Use multiple data sources

n Your data
n Publicly available data 

p Gene Expression Omnibus
p NASC Proteomics Database
p NSF2010 Metabolomics 
p Many more . . .

p Generate new testable hypotheses about your favorite
n gene
n metabolite
n biological process
n etc.



Addressing common research conundrums . . .

– Compare transcript levels / protein levels / metabolite levels in wild-
type and mutant plants using the OMICS viewer

– Look for “hidden” perturbations in metabolism

– Use the OMICS viewer to compare data from WT and mutant plants

– Download publicly available data sets related to the biological process

– Scan for affected areas of metabolism 

– Use the OMICS Viewer to quickly identify metabolic pathways that are 
up- or down-regulated

– And many more . . .



OMICS Viewer Overview

related pathways are 
grouped together   



OMICS Viewer Overview

TRANSCRIPTS
or PROTEINS (lines)

COMPOUNDS (icons) 



Viewing gene/protein families

Expression levels for
individual genes/proteins
can be displayed

Caution: 
Only the highest expression 
level is shown using the single 
line on the diagram

Changes in the levels of 
homologs are hidden in the 
low resolution map 



Getting more information

Clicking on a pathway 
brings you to a pathway 
detail page



AraCyc Pathway pages 

Pathway

Enzyme Gene

ReactionCompound

Evidence 
Code

+ Additional curated information

All items can be clicked on to obtain more information



AraCyc Pathway pages 
Classification

Summary

References

Superpathways

Pathway variants



OMICS Viewer Statistics



OMICS Viewer in action

• Multiple data sets can be entered using the same input file

• An animation can show changes in data sets:
– wild type /mutant a / mutant b / mutant c / . . .
– time points 0, 1, 2, 3, . . .
– compound concentration x, y, z, . . .

Suberin Biosynthesis

Wild type mutant A mutant B



OMICS Viewer data inputs

• Input file
– tab-delimited text file
– pre-analyzed / cleaned data
– Identifiers in first column 

• Genes
– AGI locus codes (e.g. At2g46990)

• Enzymes
– AGI locus codes (e.g. At2g46990)
– EC number (e.g. 2.4.2.18)

• Compounds
– Enzyme name (e.g. arogenate dehydrogenase)
– Compound name

– Data in additional column(s)
• absolute or relative values

– Sample file and tutorial available at website



OMICS Viewer data upload
TAIR - www.arabidopsis.org

AraCyc - www.arabidopsis.org/biocyc



OMICS Viewer data upload
PMN – www.plantcyc.org



OMICS Viewer data upload

• Select species

• Upload data file

• Enter appropriate parameters

• GO!



New ideas to pursue . . .

Wild type

Mutant with 
“no phenotype”

The transcript levels
of several enzymes in the 
lysine biosynthesis pathway
are reduced ~4-fold!

New hypotheses and experiments

Mutant with 
a metabolic
phenotype



www.arabidopsis.org

curator@arabidopsis.org

www.arabidopsis.org/biocyc

curator@arabidopsis.org

www.plantcyc.org

curator@plantcyc.org
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TAIR Workshop II 

TAIR, PMN, SGN & Gramene 
Joint Workshop 

When: Tonight at 7:00 PM 

Where: 318 A & B


