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TAIR: The Arabidopsis Information Resource

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

The Arahidopsis Information Resource (TAIR) maintaing a datahase of genetic and molecular
hiology data for the model higher plant Arabidopsis thaliana. Data available from TAIR includes
the complete genome sequence along with gene structure, gene product information,
metaholism, gene expression, DNA and seed stocks, genome maps, genetic and physical
markers, publications, and information ahout the Arabidopsis research community. Gene
product function data is updated every two weeks from the latest published research literature
and community data submissions. Gene structures are updated 1-2 times per year using
computational and manual methods as well as community submissions of new and updated
genes. TAIR also provides extensive linkouts from our data pages to other Arahidopsis
resources.

The Arabidopsis Biological Resource Center at The Ohio State University collects, reproduces,
preserves and distrihutes seed and DNA resources of Arabidopsis thaliana and related
species. Stock information and ordering for the ABRC are fully integrated into TAIR.

Breaking News

TAIR Curator position,
Stanford, CA

YWe're seeking a genome
annotation and literature
curator heginning Jan-Mar
2008. Biology Ph.D and strong
research background are
required.

AraCyc 4.1release

23 pathways were significantly
updated in the last release in
October. More details.



Outline

Gene structure - Philippe
Gene function - Donghui

Metabolic pathway - Karthik

Goal of this workshop
highlight important data sets and tools

demonstrate search strategies
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TAIR is used worldwide

Visits per month (source: Google Analytics)

Map Overlay Jun 30, 2008 - Jul 1, 2009
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1,520,067 visits came from 10,483 cities
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What we do: (1) Arabidopsis genome annotation




What we do: (2) manual literature curation

e Controlled vocabulary annotations
Gene Ontology (GO) http://www.geneontology.org/
Plant Ontology (PO) http://www.plantontology.org/

e Gene name, symbol

Allele, phenotype

e 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

it Arabldopsis Biological Resource Center
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How do TAIR curators annotate gene structures?

Where can gene structure related data be found
at TAIR?

Part |: Tips for Accessing Gene Structure Data

Philippe Lamesch



27,379 protein coding genes
4827 pseudogenes or transposable elements
1312 ncRNAs

Gene structure Annotation

Arabidopsis genome sequenced almost 9 years ago

namre

Arabidopsis
Current stats: ' thaliana

High quality sequence with few gaps
TIGR did initial genome annotation
TAIR took over responsibility in 2005




Responsibilities of a gene structure curator

introns

| |

GT AG GT AG

[ 3" UTR



Responsibilities of a gene structure curator

Add novel genes

GT AG GT AG




Responsibilities of a gene structure curator

Delete wrongly predicted genes

GT AG




Responsibilities of a gene structure curator

Update mispredicted exon-intron structure

GT AG GT AG

cDNA



Responsibilities of a gene structure curator

Update mispredicted exon-intron structure

GT AG GT AG

cDNA



Responsibilities of a gene structure curator

Annotate splice-variants

GT AG GT AG

g ™ AN
GT AG




Responsibilities of a gene structure curator

Annotate ‘atypical’ gene classes

Short protein-coding genes

B Transposable element genes

* %% #% * % Pseudogenes

— — I uORFs (genes within UTR of other genes)



Responsibilities of a gene structure curator

Define gene type

GT AG GT AG

v’ Protein-coding
v tRNA

v' snRNA

v snoRNA

v rRNA



Gene structure annotation in Arabidopsis

TAIRG6
NEW: 681 genes; 828 exons
UPDATED: 10,792 models and 14,050 exons

7 Genome release
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NEW: 1291 genes; 683 exons
UPDATED: 3811 models; 4007 exons

NEW: 282 genes; 1056 exons
UPDATED: 1254 models; 1144 exons



How do MOD curators
annotate genomes?

Experimental & Computational
Evidence

\WETIE] Automatic
annotation pipeline

Genome annotation
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How do MOD curators
annotate genomes?

Experimental & Computational
Evidence

\WETIE] Automatic
annotation pipeline

Genome annotation

VAN ONYN YNNG



Automated pipeline at TAIR

Program for aligned sequence(PASA)

e

Clustered transcripts PE—




Automated pipeline at TAIR

Program for aligned sequence(PASA)

e
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Previous gene model e T T



Automated pipeline at TAIR

Program for aligned sequence(PASA)

e

—/\—
Clustered transcripts DE—
v
(" e St g ')

Resulting gene model
.1,1‘ comparison

Previous gene model SRS




Automated pipeline at TAIR

Program for aligned sequence(PASA)
[ NCBI ]

Clustered transcripts DE—

Resulting gene model
.1,1‘ comparison

Previous gene model e T T

!

Based on a set of rules a decision is made




How do MOD curators
annotate genomes?

Experimental & Computational
Evidence

\WETIE] Automatic
annotation pipeline

Genome annotation

VAN ONYN YNNG



How do MOD curators
annotate genomes?

Experimental & Computational
Evidence

\YEIVEL Automatic
annotation pipeline

Genome annotation

VAN ONYN YNNG



How do MOD curators
annotate genomes?

Experimental & Computational

Evidence

Alternative gene models
Short MS peptides
Community submissions

\YEIVEL Automatic
annotation pipeline

Genome annotation

VAN ONYN YNNG



Manual annotation at different MODs

Evidence Set of
set + annotation
rules




Manual annotation at different MODs

Evidence

set

Nucleotide sequence
Short peptides

Protein similarity
Alternative predictions

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

Set of

annotation
rules

Exon size

Intron size

Number of UTRs
Coding/Non-coding ratio
Splice-junctions



Manual annotation at TAIR: Apollo

Radish sequence alignments Short MS peptide
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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

ATYGOITIOO

orofew_Codeg

ATIGATTE 1, F2406 11, 240011 PAI PHOSAHORDOS YLANTERAMLATE SOMIRASE 1 TRANSENT RICIPTOR
POTINTIAL 6 TRPE

ATMOOTTEN 4 ATIGATIES ' ATI047786 2

(MORCe vBeT) [nphoe varant
318 Ty BT 4 ’
Protals Codiag Gose Models
STi0ATTR0 .4
R R e S e ¢ R e
STL0OTTE0 2
P — S B B R s B —)
ATL0ATTE0.D
P S B R R S L
STL0ATTE0 4
s S B SRS i se— s e
Cavegory Rewtonshg Type © Keyword §
GO Dologas Fracess eolved TpPONAN BOS pETAts [FTCML
G0 Cotdar Componert oosied n chioropiant
G0 Veokculat Function ey phoagtirtonylart™ arigle aomerase scihvly
Pt wrvctae coressed n puard cet




Gene Model Page

s
Frotein Coding Gere Sodels
NISGTM0 . L
| o
ATLEOTING 2
R -, T —
ATLROT)
., —g
ATLEOTT0 4
< | S aE M -
type coordinaies sanotation sowrce date
o 432004
Yo L)
L LIS
codwg_fepee  B433542
odng_regee M5 119T
coding regee 12001600
coding_regon  1T00-1942
Codwg regue 2093 200¢
eain ' AR
(LSS a7 .&%%
exoe oarasl
réton a53-1134
exze ER-1097
Lo 85 MAeT
erce b W
feon T
e 1750194
o 198462053
eace N0
g S5 IH

M

—- T — )

=3
L ==
=




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
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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
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FTP site

Index of ftp://ftp.arabidopsis.org/homeftair/Genes/TAIR9_genome_release/TAIRI_gff3/
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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

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

TYPES OF EXPERIMENTAL & COMPUTATIONAL DATA USED

We used 4 types of experimental evidence to generate conhidence scores:

1) Arabidopsis transcript data (ESTs, cONAs, fragmented mRNAs from Ecker lab: Lister et al Cell 2008)

2) Proteomics data (Castellima et ol PNAS 2008; Bacrenfaller ef al Science 2008)

i) X-species alignments (Brassica, Radish, + 5 other dicot (Glycine max, Solanum tuberosum, Malus x
domestica, Gossypium hirsutum and Vitis vinifera) and 5 other monocot ( Triticum aestivum, Zea mays,
Oryza sativa, Saccharum othcinarum and Hordeum vulgare) sequences from JCVI htep//plantta jevi.org

imdex sivtml)

4) Vista genomic conservation (Shah ef al Biotnformatics 2004)



Assigning A Confidence Rank
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How to effectively use the tools and
resources at TAIR to enhance your research

Part Il: Tips for Accessing Gene Function Data

Donghui Li



Overview

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

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



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)



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

Use the quick search box!
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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



1. Finding a gene/protein: by sequence

BLAST query on TAIRY Genes (+introns, + UTRs) (DNA) sequences
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2. Getting data from locus page

e |ocus
e other names
e description

e map detail
e annotations
e RNA data

 Nucleotide sequence
e Protein data

polymorphisms
germplasms
phenotype

external links
publication



2. Getting data from locus page: description

e curated description
e computational description

Locus: AT1G08570
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2. Getting data from locus page: description

e computational description
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2. Getting data: GO / PO annotations




. Getting data: getting the plant lines you want
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2. Getting data: expression
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2. Getting data: more expression data via external links
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2. Getting data: more expression data via external links
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2. Getting data: gene model page

Locus: AT1G095T0
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2. Getting data: model-specific data

Protein: AT14 ‘-P'
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Sometimes, one gene isn’'t enough

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

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



3. Customized data sets: case studies

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?

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

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



3. Customized data sets: Search:Genes

Search by Name or Phanotype ©

m Getalist of all the ¢

pment”

Leare roros L s e W [
R N R R e i e U
4 S Bpb ch o dute | goam s _F
»
r w S’ b | bmten $0306N by ASSOCined Reyword ©
» -
Lasmmt tun® | COMEr ¥ Rowa St
b“. .~~ .‘ VOO K et mast i h ol
‘e A et e [ revweed 2ve | _"‘5 A "
) G0 Calgiar Componand
LR TURN B i -
‘,~ vV aae O AP0 DY a4 LA SARSY, .
— Fem e
vhpvwd Worw [dn e ol rhra bie .
Cat leem w gwom
Povoes b Resuict vy Feanwes ©
‘“m I Rl L TR TR “I

Nrni-.-»«n evert E -
aray

(i) jere

e e reoorel me @
L R .
Qeae PhuChae prechcied -~
B ern maeee Pt ALLOCHORT Mt Bhie
DRI oS o
N.‘-“- 18 NP Beuenced v
Toaw Femure @ D) oy oA Latt 2 rotive
v " Rettrict by Map Locations €@
CEREES I
[ ] 1 -
LA T e e @

E LY =8 i Detween W oo ¥ W ;vvn.c -




3. Customized data sets: Search:Genes
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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)



3. Customized data sets

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?

m Get upstream “promoter” sequences for these genes

m Search for over-represented DNA sequences in “promoters”
Q: What are the potential target genes that might be regulated by this TF?

m Find all genes with similar DNA sequences in their upstream regions
m |dentify all domains found in the encoded proteins



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

m Get upstream “promoter” sequences
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3. Customized data sets: Tools:Motif Analysis

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

" tair

AT1G69490
AT1G48270
AT1G11870
AT1G12820




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

[ | Iden E

" tair PO BT T I

Ul Data Retrieen




3. Customized data sets: summary

bulk data retrieval:sequence
motif analyzer
Patmatch

Bulk data retrieval:protein

list of AGI codes
list of AGI codes
motif (DNA or protein)

list of AGI codes

upstream sequence
DNA motif in promoter
list of sequences

protein features



4. Analyze data sets: Functional categorization
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How to effectively use the tools and
resources at TAIR to enhance your research

Part lll: Tools for analyzing the results of experiments

on an Arabidopsis metabolic map

A.S.Karthikeyan



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 . . .

AraCyc can help you find these connections! Opx AraCyc

o Arabidopsis Metabolic EnCyclopedia

o Database of metabolic pathways found in Arabidopsis
www.arabidopsis.org/biocyc/ (TAIR)
www.plantcyc.org/ARA (Plant Metabolic Network)



How to Access AraCyc

AraCyc — Arabidopsis Metabolic EnCyclopedia

m  Database of metabolic pathways found in Arabidopsis

oH O
ke AraCyc

Accessible from:

_ m  TAIR — The Arabidopsis Information Resource
v ® . .
tair o www.arabidopsis.org

Q= e —— |




How to Access AraCyc

AraCyc — Arabidopsis Metabolic EnCyclopedia

m  Database of metabolic pathways found in Arabidopsis

oH o
‘3;},‘, AraC}?C

OH

Accessible from:

S
PMN’ & PMN — Plant Metabolic Network

Plant Metabolic Network

o www.plantcyc.org

PMN’ X,
Plart Metubede Network e -

Th PO W et M o 0




AraCyc 5.0

Pathways 332
Compounds 2312
Reactions 1928
Genes 1970

(in pathways)

Citations

2543




AraCyc Pathway pages

All items can be clicked on to obtain more information

Compound

AraCye Pathway: choline besynthesis Il

< = owGenf | L ODwed | Covrfpeom Compomoe | Ooersond Gemen | BePAComme |

Enzyme

Gene

- el s

“eme wt e S et

-

/

Evidence
Code

Reaction

Pathway

+ Additional curated information




AraCyc Pathway pages
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OMICS Viewer:

Analyzing the results of experiments

on an Arabidopsis metabolic map



OMICS Viewer to the rescue. ..

Overlay experimental data on a metabolic map
m  Transcript data (for enzymes)

= Proteomic data (for enzymes)
m  Metabolomic data

Use multiple data sources

m  Your data
= Publicly available data

o Gene Expression Omnibus
o NASC Proteomics Database
o NSF2010 Metabolomics

o Many more. ..

Generate new testable hypotheses about your favorite
gene

metabolite

biological process

|
|
|
| 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
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Viewing gene/protein families
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Pathvay: ethylene biosynthesis from methicnine

Close

4 Amino Acids
Carbohydrates
Proteins
Purines

Compound: L-methicnine

L-methionine

AT3G17390
S—adenosyl-L-methionine

ACS2 0.

AT4G1128

1 —aminocyclopropane -1 —carboxy
!

ethene

AT4G01350
AT2G36830

03

ATSG64330

ATSG53970 ATSGS51690

ATSG28360 -0.02

ATSG10330 AT4G377700.55
AT4G284201.25
AT4G26200 1.75
AT4G23590 1 .48

07.1 AT4G0S040

AT3G49700 AT2G47120

AT1G30360 ATIGF7FEY0
AT1G72330 AT1IGF1920
AT1G62960 AT1GE2800 0.55

[~ 3

late

Printable version of this pathway diagram

Pyrimidines
Cofactors
tRNAs
Other

(Filled) Phosphorylated

xpression Ratios
+7.8

+5.9

-—4.
--59
--78

No data available
Unknown enzyme

Histogram

71
eft side =

genes in overview
right side =

Z":A:)!U o

-
oOoOOeaTo oo

[T__genes not inoverview

07




hidines

d) Phosphorylated
a available

WI enzyme

ram

B
Q

ALl

- -

NN YT o .

e

o me B wv s e e ksion Ratios

Al

| ARG S0 AR

!

e

AN

2
e
I wohrwe
SN
AT Lancx
LD
AT AN
!
|
OO A YO e

1

'

s il

P RSN WA SRR S

Cowewend g atansdacicodak

AT
#

A

Al
.

-
-

A
1 AN

;\-‘D(-f “FOwe

:

s

-
-

regreryl s Parvbewe
N st yw P s e Foogt e
N BTN T O Pty

Pvtam

S, —

Pl haT e Anmn

=8 30000 080000440044
cseses osescesseed oo = g

-
o.otlo.oo.c.oo.o.k-oal =

Getting more information

[
1=

3

;

3

1

0 4= @

hSd

: - -

- = = -

‘oy‘“.}

.‘W_.“A!.

g 22383

.‘"All
-

iyﬁhmu

SHRTE

* E P2 CL 2

< A3 (%
-
-y

osq nan k80 mﬂ.\“

oDeg "ea 0N =g

ocen HEEO IAM

» ?!ﬂlﬁl

*o

—ez- G

co®rs  goese s &
29000 0000 800D 2

tooge 888

OC...: qQoaat 0

Q2
mes 0ce 00 g2 2090 063395

00d® oo $99ccc0000

A0 0-0-C ¢ 00 0 0-0-00-0-00 ggg g oIV an.oo.wo

2588 298888

L ] o

000000
QVAVVOO o.ﬂ.AnM 0

Q
Q
3

s not in overview

2903030000300

o.r 4009 oo

o p 2338288 €

0000 Q300

0000d 3005 o0 o4




AraCyc Pathway pages

All items can be clicked on to obtain more information

Compound

AraCye Pathway: choline besynthesis Il

< = owGenf | L ODwed | Covrfpeom Compomoe | Ooersond Gemen | BePAComme |

Enzyme

Gene

- el s

“eme wt e S et

-

/

Evidence
Code

Reaction

Pathway

+ Additional curated information
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OMICS Viewer Statistics

Total ruarest Of GalA Nows (008 NCLNG Comerant boerd ) 490
Number of rows 1or which he gene could not be founa 1
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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 / mutantc/...
— timepointsO,1, 2,3, ...

— compound concentrationx, vy, z, . ..

Suberin Biosynthesis

Wild type mutant A mutant B

SI
&, & g

00—
oo e



OMICS Viewer data inputs

Input file
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OMICS Viewer data upload

TAIR - www.arabidopsis.org

tair

AraCyc - www.arabidopsis.org/biocyc




OMICS Viewer data upload

PMN - www.plantcyc.org

~
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OMICS Viewer data upload

Pathway Tools Omics Viewer

The Pathway Tools Omics Viewer (formerly the
Pathway Tools Expression Viewer) paints data e o
values from the user's high-throughput and lle containing .
other experiments onto the Metabolic Overview ~ experimental data (NOT |C:\Documents and Sefti  Browse...
diagram for an organism. a URL):

Do you want to display

The Omics Viewer can be used for: absolute or relative data | Relative v
values? ’ '

Select a dataset: iArabidopsis thaliana COL v:

. Select species
. Upload data file
. Enter appropriate parameters

. GOl




New ideas to pursue...

Wild type
Espreasion Levels
{ t 1%
: The transcript levels
12 of several enzymes in the
**  lysine biosynthesis pathway
-2 are reduced ~4-fold!
=3
Mutant with I
“no phenotype”
Mutant with
a metabolic {
phenotype !

New hypotheses and experiments



“tair

d'i 0
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PMN’

Plant Metabolic Network

www.arabidopsis.org

curator@arabidopsis.org

www.arabidopsis.org/biocyc

curator@arabidopsis.org

www.plantcyc.org

curator@plantcyc.org
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