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AIMS

e Support plant genome research networks based by
training of young investigators

e Summer courses with theoretic and practical training

o Access to technologies, resources, skills and know-how
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ENSS 2009

Plant Bioinformatics, Systems and Synthetic Biology

27-31 July 2009
University of Nottingham, UK
Natalio Krasnogor, Jaume Bacardit, Malcolm Bennett

ENSS 2010

Plant Epigenetics

September 2010
Leibniz Institute of Plant Genetics and Crop
Plant Research (IPK) in Gatersleben, Germany
Michael Florian Mette

LROPEAN
CIENCE
B 28.7.2009



Comparative and Functional Genomics

Comparative genomics involves the use of computer programs to line up
multiple genomes/genes for the identification of similarities

Functional genomics is the understanding of the function of genes
and other parts of the genome
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What is needed to do comparative and
functional genomics?

model organism

Why are model organisms important?

Criteria for a good model organism?

Relationship of the model to important crop plants?

How many genes are the same?

Why using knock out/down mutants?

How will they help us determine gene function?
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What will you hear?

Background on annotating gene function using comparative
genomic tools

Example to show how these tools can be employed to
get a glimps on the function of a yet unknown gene

Example for the use comparing genomes/genes from
Individuals between populations to determine their function
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All Starts With Genome Sequencing Projects

How many plant genomes have been sequenced?

=Bl ™2 Genome Preject —

Entrez Gename Gane Huzleatide Protein PopSet

SearchlGeane Froject '” Go | Clear |

connection

information
discovery

Fubhed Taxonamy

‘ Properties of Eukarvotic Genome Sequencing Projects

Cirgamism Group: |AII Eukarsotes j SEfUENCcing Status: IAII vI Sequencing Method: | Al

= Gul Hesetl

Abhreviations: GH - GenBank Accessions; PR - PubMed; E - RefSeq Accessions; G - Eniver Gene; T - Trace Avrchive; B - BLAST; B - Map Viewer; F - FTP Sites

| 602 Eukarvotic Genome Sequencing Projects Selected: Complete - 24, Assembly - 267, In Progress - 311

http://www.ncbi.nim.nih.gov/genomes/leuks.cqi

http://www.ensembl.org/info/about/species.html

save
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Plant Genome Sequencing Projects

Crganism Group: I—AII Flants —

j Sequencing Status: IAII vl Sequencing Method: IAII

Abbreviations: GH - GenBank Accessions; PM - PubMed; F - RefSeq Accessions; G - Entrez Gene; T - Trace Archive; B - BLAST; M - Map Viewer; F - FTP Sites

j il Feset |

| 78 Eukarvotic Genome Sequencing Projects Selected: Complete - 3, Assembly - 14, In Progress - 61

save

Organism Information
GFID Organism Group Subgroup TaxID
13141 Oiyza sativa Japonica Flants Land 20047
== Group Flants —
13174 Oryza sativa Japonica Flants Land 20047
== Group Flants —
. . . Land
13190 Arabidopsis thalisha Plants 3702
Flants —
Physcomitrella patens
13064 Physcomitrella patens Flants Land 145431
== subsp. patens Plants —
Lotus japonicus Land
28041 M0 Plants Plants 24305
! Land
10772 Populus trichocarpa  Plants 369
Plants =
20267 Carica papaya SunlUp Plants Lt Zad9
Plants =
Sorghum bicolor BT x Land
13878 623 Plants Flants 4558
Mlictomonas puasilla Green
L5678 COME 545 Plants Al SaAE0E
Oiyza sativa Japonica Land
12139 Croup Mipponbate ST Flante 3047
18785 Witis vinifera PHA0024 Plants Lt 29740
Flants —
Oyza sativa Indica Land
48l Group indica St Flants 22046
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Sequence Information

Status Method Depth
Cottplete Clone-bazed 10
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TGS &
Complete Clone-based
A zsembly WGE 31X
WO &
fssembly Clone-based
A szembly W3 T.5%
A szembly W3 3E
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Release
Daie

[nternational Fice Genotne

Center/Consortium

12A18/2002

Zeguencing Project [more]
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06,05/2003

Seguencing Consgortium

more
Arabidopais Genome

[mitiative [more

121442000

12142007 el

06272008 Eamisa

DOE Toint Genome
[nstitute [more

The Papaya Genome

091472006

047232008

Iloss Genome Consortium

Zeguencing Consortium

more

DOE Toint Genome

0a/22/2009 [nstitute

Micfomonas Genotme

DRidete s C onsortium [more

105212004 Beying Genomies [nstitute

/3007 [ntemnational Grape

Genotne Prograt [tmore]

Chitiese Academy of
Sciences

04/06/2002

Links
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Improvements in the rate of DNA sequencing over
the past 30 years and into the future

Single
molecula?
1,000,000,000 4
o 100,000,000+ Massively parallel
c seqguencing
L
H P00, Short-read
= sequencers
+ 1,000,000+
Q@
(o
= 100,00004 . : Microwell
g Capillary sequencing e T
§ 10,000
o Gel-based systems
5 1,000 Second-generation
E Autornated capillary sequencer
2 10090 Manual slab gel First-generation
x slab gel capillary
10—

| | I | | | 1
1980 1985 1990 1995 2000 2005 2010 Future
Year

Stratton et al., 2009 28.7.2009



Quote from Joe Ecker IARC2009

Capillary sequencing — 500 people — 7 years — 70.000.000 $

Perlegen sequencing — 50 people — 1 year — 70.000 $
¥

wm.d@aatccatgttGogttgtecacagg...

Reference DNA
v bbttaggtacaaCgcaacagtgtce.....

Synthesized 25-mer ttttaggqtacaaTgcaacagtgtec]
robes on glass

o - g ttttaggtacaaGgcaacagtgtcc
// - |—_.tttaggtacaa{:gcaacagtgtcc]

ttttaggtacasAgcaacagtgtcc

~ Next generation sequencing — 2 people —
7 days — 7.000 $ - 50 x coverage

454 GS FLX* AB SOLID Illumina GAIl
Chemistry Pyroseguencing Ligation based Reversible terminators
Standard Fragment Fragment 28.7.2009

Run Time 7 hours 365 days 3 days



Paradigm Change

Old paradigm

Transcriptomics

» Reference/model M i
organism * Microarray * Gene kncdmutfHN Ai
* Sanger sequencing * cDNA sequencing * Mutation mapping

Genetics

New paradigm

» Strain selection » Any organism
» Generation of novel * Multiple samples
* Genome sequence
* Digital transcriptome |

28.7.2009



After genome sequencing still many
guestions remain — example Arabidopsis

MASC 2009
Biological Molecular Subcellular _
. .- Expression
Process Function Localization
28,523
27,589 ) 27,589 [ 27,589 (=) 26,670
26,133
24318
21,030
6,991
3,044

Loci with cDMAS

— . : . . ) . . ) + Loci with ESTs
Loci with experimental evidence  [J] Loci with experimental evidence [J] Loci with experimental evidence

+ Loci with ‘other’ evidence . + Loci with ‘other’ evidence . + Loci with ‘other’ evidence

+ Loci with mpss or sage

+ Loci with microarray expression

MASC 2007
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Sequenced genomes — the basis to
address questions on

Function of all genes

Functional redundancies/diversification of gene families

Role of single nucleotide polymorphisms (SNPs, natural variation)
Role of alternative splicing variants

Role of noncoding regions and repeats in the genome

When? — Regulation (transcriptional, post-transcriptional, post-translational,..)
Where? - Localization (organs, tissues, cellular, sub-cellular)

Interacting partners - Networks

Biological role(s)

28.7.2009



Functional Genomic Tools

Sequences genome, full-length cDNA clones

Gene knock-outs, knock-downs (T-DNA, transposon, amiRNA, tilling,
gene targeting, collection of natural variants, ....)

Methods for studying functions of nonprotein-coding sequences

Comprehensive analysis of gene expression (microarray, deep
sequencing, cell sorting, laser dissection, reporter constructs, ... )

Large-scale protein analyses (proteomics, protein arrays, large scale
Y2H, interactomes-networks, 3D structures)

Metabolomics

-omics

28.7.2009



Comparative genomics between species

comparison of genomes from different taxa
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Comparative genomics within a species

comparison of genomes from different individuals between populations
that might be differentially adapted to particular environments ....

Weigel Lab 28.7.2009




What to compare?

on the structural level:

sequence similarity (nucleic acid, protein, domains)

gene location (synteny)

gene structure (length, number of exons)

amount of noncoding DNA

highly conserved regions (fundamental/essential genes)

highly/less polymorphic regions (indication of adaptation,
selection)

on the functional level:
expression pattern
epigenetic regulation
post-transcriptional
translational regulation
subcellular localization
interactions
post-translational regulation/modification

28.7.2009



How to compare?

Search tools for homologies: BLAST

nucleotide hlast

protein blast

hlastx
thlastn

thlastx

FASTA

mearch a nucleotide database using a nucleotide query
Algonthms: blastn, megablast, discontiguous megablast

=earch protein database using a protein guery
Algonthms: blastp, psi-blast, phi-blast

=earch protein database using a translated nucleotide guery

=earch translated nucleotide database using a protein guery

mearch translated nucleotide database using a translated nucleotide query
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How to compare?

http://www.expasy.org/

Site Map | Search ExPASy Contact us

|
SEEI’EhIExPﬁ.S}fWEb site jfEII’I il Clearl

ExPASy Proteomics Server

he ExPASyY (Expert Protein Analysis System) proteomics server of the Swiss Institute of Bioinformatics (318) is dedicated to the analysis of protein sequences and structures as
gl a5 2-0 PAGE (Disclaimer | References [ Linking to ExPASY).

[Databases] [Tools & Software] [Education & Services] [Links]
[Announcements] [Mirror Sites] [Job openings]

Databases Tools and software packages

¢ UniProt Knowledgebase (Swiss-Prot and TrEMEL) - Pratein » Proteomics and sequence analysis tools
knowledpebase o Identification and characterization (Aldente, FindMad, Popitam, Phenyx,
¢ ViralZone - Partal to viral UniProtkB/Swiss-Prot entries nltwy, ProtParam...)
¢ PROSITE - Frotein families and domains o OMA -= Protein
» SWISS-2DPAGE - Twio-dimensional polyacrylamide gel electrophoresis o similarity searches (BLAST ..
» World-2DPAGE Repository - A public standards-compliant repositary for o Pattern and profile searches (ScanProsite. )
gekhased proteormics data published in the literature o Posttranslational modification and topology prediction
* MIAPEGelDB - A public repositary for MIAPE Gel electrophoresis o Prirmary structure analysis
documents o Secondary and tertiary structure tools (Swiss-Pdbviewer. )
o ENZYME - Enzyme nomenclature o Alignment and Phylogenetic analysis

* Melanie [ ImageMaster - Software for 2-0 PAGE analysis
e MSight - Mass Spectrometry Imager
¢ Roche Applied Science's Biochemical Pathways

¢ GlycoSuiteDB - a curated and annatated glycan database ™
¢ UniPathway - Metabalic pathways
¢ SWISS-MODEL Repository - Automatically generated protein models

* Links to many other molecular biology databases
28.7.2009



o BELAST al Metwork Service on ExPASy

o BLAST &8 at EMBnet-CH/SIE (Switzerland)

o BLAST at NCEI

o WIL-BLAST at Bork's group in EMEL (Heidelberg)

o WIL-BLAST and ELAST at the EEI (Hinxton)

o BLAST at PEIL (Lyon)

o Fastas - FASTA version 3 at the EBI

s MPsrch - Smithdaterman sequence comparison at EEI

s Mropearch - Structural homolog search using a '‘properties' approach at Montpellier
s SAMBA - Systolic Accelerator for Molecular Biological Applications

s SAWTED - Structure Assignment With Text Description

» Scanps - Similarity searches using Barton's algorithm

o SECQUEROME - ELAST similarity search and sequence profiling at Georgetown University
o SHOPS - Analysis of the genomic operon context far any group of proteins

e BLASTZFASTA - Converts NCBI BLAST output into FASTA format ™

Pattern and profile searches

¢ [nterPro Scan - Integrated search in PROSITE, Pfam, PRINTS and other family and domain databaszes
e Hits &9 - Relationships between protein sequences and motifs

s ScanProsite ﬁ.— Scans a sequence against PROSITE or a pattern against the UniProt Knowledgebase (Swiss-Prot and TrEMEL)
e HamapScan el - Scans a sequence against the HAMAR families

o MotifScan &S - Scans a sequence against protein profile databases (including PROSITE)

o Pfam HMM search - Scans a sequence against the Pfam protein families db [At VWashington University or at Sanger Centre]

FroDorm - Compares sequences with ProDom search utility ™

SUPERFAMILY Sequence Search - Assign SCOP domains to your sequences using the SUPERFAMILY hidden Markov models
FingerPREINTScan - Scans a protein sequence against the PRINTS Protein Fingerprint Database

doff - Complex Pattern Search - e.g. to search for a maotif with 3 basic A2 in & positions

ELM - Eukaryotic Linear Maotif resource for functional sites in proteins _
PRATT - Interactively generates conserved patterns from a series of unaligned proteins; [at EBl/ ExPASy sl
s PPSEARCH - Scans a sequence against PROSITE (allows a graphical output), at EEI

* PROSITE scan - Scans a seguence against PROSITE (allows mismatches); at PEIL

o PATTINPROT - Scans a protein sequence or a protein database for one or several patternis); at PEIL

o SMART - Simple Modular Architecture Research Tool, at EMEL

e TEIRESIAS - Generate patterns from a collection of unaligned protein or DNA sequences; at IBM

e H33TAD - Prediction of Mine Amino Acid Transactivation Domain



Sequence alignment

Binary

o SIN + LALNVIEW ol - Alignment of two protein sequences with SIM, results can be viewed with LALRNYIEW
e | ALIGN - Finds multiple matching subsegments in twio sequences
o Datlet &9 - A Java applet for sequence comparisons using the dot matrix methad

Multiple

o Decrease redundancy i - Reduce a set of sequences into a non-reduncant set
« Momad (Meighborhood Cptimization for Multiple Alignment Discavery) s - Ungapped local multiple alignment, optimized for protein sequences, even when distantly relz

o CLUSTALW [At EBI, PEIL, My Hits ar at EMBnet-CH]

¢ KALIGN - An accurate and fast multiple sequence alignment algarithrm [At Karolinska Institute or at EEI]

¢ MAFFT [At Kyyushu University, EBI or at MyHits)

o Muscle [t Berkeley or at BioAssist]

¢ T-Coffee [Af MyHitz, BioAssist or at EBI)

e M3A - ot Genestream (IGH]

¢ JIALIGN - Multiple sequence alignment based on segment-to-segment comparizan, at University of Bielefeld, Germany
o Match-Box - at University of Mamur, Belgiurm - at Washingtan University

¢ Multalin [At GenoToul Bioinfo or at PHEIL]

e MUSCA - Multinle sequence alignment using pattern discovery, at IEM

Alignment analysis

o AMAS - Analyse Multiply Aligned Sequences

¢ Bork's alignment toals - Yarious tools to enhance the results of multiple alignments {including consensus building).
¢ CINEMA - Color Interactive Editar for multiple alignments

o ESPript - Toal to print 2 multiple alignment

¢ MaxAlign - Post-processing of alignments by remaoving sequences (taxa) with many gaps

o PhyloGibhs &3 - Gibhs motif sampler incarporating phylogeny and tracking statistics

e VA - Seguence Variability Anahyser for multiple alignments

o P35 - A protein variability server optimized for conserved epitope discovery

o Wehlogo - Sequence logos at Berkeley/USA

¢ plogo - Sequence logos at CESMenmark

¢ GENIC/ogo - Sequence logos at Stuttgart/Germany

¢ Seglogo - Sequence logos at the Immunomedicine Group, Facultad de Medicina, U.C M, Spain (The Malecular Immunology Foundation (MIF) does not exist anymore)
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Post-translational modification prediction

ChloroF - Prediction of chloroplast transit peptides

LipoP - Prediction of lipoproteins and signal peptides in Gram negative bacteria
MITOFPRECT - Prediction of mitochondrial targeting sequences

FATS - Prediction of apicoplast targeted sequences

Flastit - Prediction of mitochandrial transit peptides in Plasmodium falciparum
Fredotar - Prediction of mitochondrial and plastid targeting sequences

FTZ1 - Prediction of peroxisomal targeting signal 1 containing proteins
SignalP - Prediction of signal peptide cleavage sites

DictyOGyve - Prediction of GlcMAC O-ghycosylation sites in Dictyostelium

MNetCGlye - C-mannosylation sites in mammalian proteins

MNet2Glye - Prediction of O-GalMAC (mucin type) ghycosylation sites in mammalian proteins

MNetGlycate - Ghycation of epsilon amino groups of lysines in mammalian proteins

MNethGhye - Prediction of M-ghycosylation sites in human proteins

OGPET - Prediction of O-GalMAC (mucin-type) glycosylation sites in eukaryotic (non-protozoan) proteins
YinDyang - O-beta-GlcMAC attachment sites in eukaryotic protein sequences

hig-FI Predictar - GPI Modification Site Prediction

DGR - Prediction of GPl-anchor and cleavage sites (Mirror site)

GRIS0M - dentification of GRl-anchor signals by a Kohonen Self Organizing Map
Wyristoylator & - Prediction of MN-terminal myristoylation by neural netwarks

MNMT - Prediction of M-terminal MN-rmyristoylation

C55-Palm - Palmitoylation site prediction with C33

FreP5s - Prenylation Prediction Suite

MNetdcet - Prediction of M-acetyltransferase A (Mat®) substrates (in yeast and mammalian proteins)
MNetPhos - Prediction of Ser, Thr and Tyr phosphorylation sites in eukaryotic proteins

MNetPhosk - Kinase specific phosphaorylation sites in eukaryotic proteins

MNetPhosYeast - Serine and threonine phosphorylation sites in yeast proteins

GFS - Prediction of kinase-specific phosphorylation sites for 408 human protein kinases in hierarchy ™
Sulfinator & - Prediction of tyrosine sulfation sites

Sulfoite - Prediction of tyrosine sulfation sites

SUMOplat - Prediction of SUMO protein attachment sites

SUMOsp - Prediction of sumoylation sites ™
TermirMator - Prediction of MN-terminal modification (version 3)

MNetFPicoRMNA - Prediction of protease cleavage sites in picornaviral proteins
MNetCorona - Coronavirus 3C-like proteinase cleavage sites in proteins
FroF - Arginine and lysine propeptide cleavage sites in eukaryotic protein sequences
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Example

Proteome analysis in Poplar result a peptide of MILSALLTSVGINLGLC

2. UniGene
Score E
SJequences producing significant alignments: [Eit=z) WValue
Items 1 - 5 of & One page. _ _
W Taxonomic Groups [ﬂ]
a: Transcribed locus, moderately similar to P 002278752.1 PREDICTED: hypothetical HTUEJ;EEHDETS =
protein [Yitis winifera] Fabales 1)
Solanwm vcoparsicum g;?:g;ﬁ‘zlf?ﬁ”
Les.14950; 11 sequences, monocots (2)
Hordeur (1)
I 2: 051290522200 Oryza (1)
Dsl12g05822800, Oryza saiiva
25,5169 24 segquences,
I~ a: Transcribed locus, moderately similar to P 002305383, 1 predicted protein [Populus
trichocarpal
GEiYcine max
Gama.3ay7a0; 11 sequences,
™ 4: Transcribed locus, moderately similar to NP 001067142,1 ©s12g052822800 [Oryza
sativa (japonica cultivar-groupd]
Hordeunn wulgare
Hw,19022; 7 sequences,
" 5: Transcribed locus, moderately similar to NP 001030613.1 HY¥P1 (HYPOTHETICAL

PEOTEIM 1% [Arabidopsis thalianal

Baphanus raphanistrum
Fra. 232027 2 sequences,




G — Entrez Gene

" 1: POPTRDRAFT_712840 hypothetical protein [ Popuius frichocarna ]

Genell: 7463061

updated 07-May-2009

Summary

Locus tag
Gene type
EMNA name
RefSeq status
Organism

Lineage

t?

POPTEDEAFT_712840
protein coding
predicted protein
PROVISIONAL

Ponwlus trichocarpa

Eukaryota, Vindiplantae, Streptophvta, Embryophyta; Tracheophyia, Spermatophyita;
Magrnoliophyta, eudicotyledons; care sudicotyledons, rosids; eurosids I Malpighiales; Salicaceas,;
Saliceae, Populus

Genomic regions, transcripts, and products t 2

Go to reference seguence details Tre our new Sequence Viewer

HC_00g8470.1

[13517171 [ 15326956 b
5%t 1 3"
dH_002505547.1 Hl i HI—E—B—B8—8—A -P_002305555:1  hypothetical proses
B - coding region B - untransloted region

28.7.2009



G — Entrez Gene

General protein information

MNames
hypothetical protein

XP_002305383.1
3" partial

NCEI Reference Sequences (RefSeq)

Genome Annotation

The following sections contain reference sequegltes that belong to a specific genome build, Explain

mRNA and Protein(s)

1. XM 002305347.1 ‘AP 002305383.1 predicted protein [Populus trichocarpal
Conserved Domains {2) summary

COG5594 COE5594; Uncharacterized integral mermbrane protein [Function unknown]
Location:3-659
Blast Score:532

pfam02714 DUF221; Demain of unknown function DUFZ221

Location:306-623
Blast Score:736

28.7.2009



Domains — Function - Localization?

kIRl Rafarancra Sadnanera %P OO 2052307 1

FEATURES Location/Qualifiers
Source 1..716
forganiswm="Populus trichocarpa™
fdb xref="taxon:3igo4r"
Frotein 1..>716

fproductc="hypothetical protein®
foaloulated mol we=81520

Fegion 3..653
fregiop name="COGo504"
fnnte%ﬁancharacterized integral menbrane protein| [Function

linear FLN Z6-FEE-2005

Fegion

CDa

CORIGTIH

L

Gl
121
131
241
301
Jal
421
431
541
a0l
6Gl

milsalltsv
lpsagirrrna
l=ddfghlpn
fysskpogphg
adklyrkldo
eevpaatfvst
vivastfaliv
lafvppimlt
niprvlaeaw
ipyyndipci
wpivhnstif
pteclikkdr

unknown] ; COZ5594"
fdb xref="CDD:35153"

J0o6..623

/region name="DUFZZ1"

fnote="Domain of unknown function DUF2Z1:

fdb xref="CDD:111594"

1..716

/

flncus_tag="PDPTRDRAFT_TIZBQD"
fcnded_hg="XH_DDESDSSQT.1:185..}2332"
HGDLCDmpDnent="GO:IEDZD - membrane
fdb_xref="InterPrD:IPRDDSBE%"
fdb_xref="GeneID:7463061"

ginlglellt
wiflsedeils
ksldsf=sisn
ftilvr=sips
mksnnhagon
ksrfgaswal
1flipwwriseg
fzaigqgyisr
pogqasffisy
1ffogllogicy
slilmhiiai
kdlneagmte

frtly=zilrkg
isgldglvlo
whdgsnr 1wy
ssgknfsetw
frrdgflglt
higoovwnpre
glanldoglek
sgiersscsk
wwhagutnls
fflsplilpf
gifglkklpl
Ivdklvtayg

punfyvyapr
riftf=slkrt
hfsaayvifty
esffteyvhps
grkwnlldly
wrterapepdg
wipflkdils
mlwfiiwnif
selfrliplwv
1lvyfolgyi
assliiplpwv
dpalrpvgvya

lvdkek=sgpg
tvagvigisi
wroyllyyeh
tyvlshswwhr
ekkledledn
dvhwaff=as
lewrsgricy
fanvli=sgsal
czfukrli=g
ifrncllnwvy
lelifnavodg
rssdrdtspl

pfamdZ714™

ezddfvlerl
llpinyEfonog
nymsakriay
tskigdlind
lrkegnllag
fikrwifklw
vipslilglt
vivnwflepk
kvogdefevps
apkvetaot
krflplfkav
lh=stew

Tobhrvophyta:

doant,J.

trichocarpal

Tracheophyta;
core eudicotyledons:
saliceae:;

Populus=s.

Grigoriew,I.,

28.7.2009



Example

Proteome analysis in Poplar result a peptide of

1. BLAST:

SJequences producing significant alignments:

MILSALLTSVGINLGLC

Score E

[Eit=z) WValue
ref |xXP 0022758752.1] PREDICTED: hypothetical protein [Vitis wi... 5S5.8 Se-07 EE
gh |[EEFZ23758.1| conserwved hypothetical protein [Ricimis communis] S5.8 Se-07
ref|xP 002305383, 1] predicted protein [Populus trichocarpal >... S5.8 Se-07 EE
enh |CAOLSZ0Z5.1] unnamed protein product [Vitisz winiferal] a0. 0 Se-07
dby |EADSA2953, 1| hypothetical protein [Arabidopsis thalianal a2. 0 Te-06
gh |A4F-6163. 1 |ACO0826] <0 hypothetical protein [Arabidopsis t... 5SE.0 Te-05
enb [Cadbtaldd. 1| umnnamed protein product [Arabidopsis thalianal K20 Te-0n
ref [NP 0010306135.1] I HYP1 (HYPOTHETICAL PROTEIN 1) [Arabidopsi... 5S52.0 Te-06 F
ref |[NP 156759.2| HYP1 (HYPOTHETICAL PROTEIN 1) [Arabidopsis t... 52.0 Te-06
gh |ABR16200.1| unknowm [Picea sitchensis] »gb|ABR16390.1| unk... 46.0 de-04d
gb |[EAYTE3674.1| hypothetical protein 03I 38395 [Oryza sativa I... 4d6.0 de-0d
ref |NP 001067142, 1] 0s12g0552500 [Ory=za sativa (Japonica cult... 4d6.0 de-04d EIE
ref |XP 002269926.1| PREDICTED: hypothetical protein [Vitis wi... 4dl1.8 0.00s8

39,2 0.048 E

ref |XF 00:24436459.1| hypothetical protein S0REIDEAFT 03gl2z34d0. ..

28.7.2009



G — Entrez Gene

" 1: HYP1 HYP1 (HYPOTHETICAL PROTEIN 1) [ Arabidopsis thaliana ]

Genell: 821205

f Entrez Gene Home

updated 23-Jul-2008 ¥ 1;pje Of Contents

Summary

Gene name
Primary source
Locus tag
Gene type
RefSeq status
Organism

Lineaqe

Also known as

t 2

HYP1
TAIRATIG01100
AT3501100

protein coding
REVIEWED

Arabidonsis thaliana (ecotype: Colurmnbia ]

Eukaryota, Vindiplantae, Embryophyta; Tracheophyta, Spermatophyta; Magnoliophyta,
eudicotyledons; core eudicots; Rosidae, eurosids I, Brassicales, Brassicaceas, Arabidopsis

ARABIDOPSIS THALIAMA HYPOTHETICAL PROTEIM 1; AT3G01110; ATHYP1; HYP1; HYPOTHETICAL
PROTEIM 1; T4P13.21; T4P13_Z1

¥ Links
v Conserved Domains

Genomic regions, transcripts, and products

{minus strand) Go to reference sequence details

Try our new Sequence VWiewsr

HC_003074,8
A 35529 ] A 34719 ]
5t a3t

t?

Surmmary

Genomic regions, transcripts...
Genomic contesxt

Bibliography

General gene information
General protein information
Reference Sequences

Related Sequences

additional Links

Genome
GED Profiles
HomoloGene
Map Viewer
Mucleotide
EST

Probe
Protein
Taxonomy
KEGiG

MIPS

TAIR 4"------l
TIGR
UniGens
LinkOut

P Entrez Gene Info

Explain

RA_001035536,2  —EHEE-E- - N WP 00i0506135.1 HYPl CHYPOTHETICHss
RA_110375.4 — - R 156759.2 HVPL CHYPOTHETICAL 444

B - coding reaion B - untranslabed region

P Feedback

P Subscriptions
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G — Entrez Gene

General protein information t ?

MNames
HY¥P1 (HYPOTHETICAL PROTEIN 1)

MNP_001030613.1
H¥POTHETICAL PEOTEIN 1 (H¥P1); LOCATED IN: endomembrane system, membrane; EXPRESSED IM: 24 plant
structures; EXPRESSED DURIMG: 14 growth StagESmpruteiﬂ of unknown function
DUF221 {InterPro: IPRO0O3864); BEST Arabidopsis thaliana protein match is: unknown protein (TAIR: AT1G69450,1%;
Has 875 Blast hits to 804 proteins in 135 species: Archae - 0; Bacteria - 0; Metazoa - 157; Fungi - 429; Plants -
243; Miruses - 0; Other Bukaryotes - 46 {source: NCBI BLink).

MP_186759.2
HYPOTHETICAL PROTEIM 1 {(H¥P1); LOCATED IM: endomembrane system, membrane; EXPRESSED IM: 24 plant
structures; EXPRESSED DURIMG: 14 growth stages; COMNTAINS InterPro DOMAIN/S: Protein of unknown function
DUF2Z21 (InterPro:IPRO03864); BEST Arabidopsis thaliana protein match is: unknown protein (TAIR: AT1G69450.1);
Has 902 Blast hits to 823 proteins in 137 species: Archae - 0; Bacteria - 0; Metazoa - 161; Fungi - 434; Plants -
2E51; Miruses - 0; Other Bukaryotes - 56 {source: MCBI BLink).

NCEI Reference Sequences (RefSeq) &2

Genome Annotation
The following sections contain reference sequences that belong to a specific genome build. Explain

mRNA and Protein(s)

1, NM 0D01035536.2 ‘NP 001030613.1 HYP1 (HYPOTHETICAL PROTEIM 1) [Arabidopsis thalianal
UniProtkBfTrEMBL DEVIET
Conserved Domains (2) summary

COGS594 COG5594; Uncharacterized integral mermbrane protein [Function
Location:2-585 unknown]
Blast Score:406

pfam02714 DUF221;: Domain of unknown function DUF221
Locaton:304-583
Blast Score:544

28.7.2009



¥

\ tair

Search

Horme  Help  Comtact  Aboodt Us

Browse Tools Stocks

Gene

Logind/Regi ster

Portals Downlead Sulbimit

;I Search

Hews

Locus: AT3G01100

g“lme History  aT3G01100 replaces AT3G01110 on 2003-10-24

Date last

modified 2003-05-02

;i!ission Locus: 2102117

Ez:z;ﬁeﬂ?ﬂg& ATI6OTI00 Cne-channel
?;I:: Model pratein_cading Arrays

Other names:  ARARIDOP SIS THALIANA

T4P13.21, T4P13_21

Description @  unknown protein, has cOk
Other Gene AT3:01100.2
Models @ tsplice variant) )
Associated
—t—+ . Transcripts @
] 35k
Mn_p Lzl Protein Coding G
Image AT3AG01100 .1 .
— - Chromosome
pliEat e Mucleaotide
Annotations @ ¢ ategory RelaSeuence @
&0 Callular 1ac5 PTOTEIN Data @
Component

Map Locations

o

Map Links @
Paolymorphism

Showing 15 of
33 entries
(see all)

array element avi). signal

avi. signal
percentile (stid. error)

G4.968 (0.271)
B2.437 (0.294)
52.979 (0.7 46)

name @ intensity (sti. error)
165251 _AT 127 773 (8.901)
289318_AT 217 M6 {5.051)
165252 G_AT BOE3IT {5174y

type number associated
EST 19y

cOMA i4)

3

full length COS  full lendgth genamic  full length cOMA

name Lendgthi{aa)l :::ilg;:nulm'
AT3G011001  FO3 Ta72548
chrom map map type @

3 AG| NuUc_segquence

3 T4P13 assembly_unit
mMap Viewer Sequence Viewer | GBrowse
name @ type @
ETS967 Ds3.06.20 2003 jx11.314  inserion
FLAG 3948045 insertion
FLAG 3948045 inzerion

Isoelectric domains( £ of domains)

point * 8 *

5 E4G] Frotein of unknowen function DUF221 Cellular
: CompornPROOZEE4(1)
coordinates orientation attrib
34719 - 38529 bp reverse r

58636 - 62446 bp forward

Polymaorphism site  Allele type 7]

promoter Unknown
BN Unknown
intran nkndwmn



Landmark or Region:

IChr3:31 G624 41623 Search |

Data Source
| Arabidopsis thaliana TAIRS x|

GBrowser

Reports & Analysis:

| Annotate VISTA Plot

j Canigure...I GDl

Scroll/iZoom: ﬂﬂ —'I Show 10 kbp j ‘JI" ﬂﬁ ™ Flip

= Overview
B B HPlant Gene Familieq (Phiytozome)
Large Cluster TAIR :ATLGLOMS) . 1 Sholg03d130.1
1 L L
Cluster has 200 memnbers Arabidopsiz thaliana Sorghum bicolar
= Details TAIR ATAGO2 900 .1 Bradilsel2an.1
— L L

gene family 13 members

Arabidopsiz thaliana
TAIR :AT4GO4 340 .1
|

Brachypodium distachyon

477417
[

Arabidopsis thaliana

TAIR:ATdGZ2120.1
[

Arabidopsis thaliana
THIR :AT1GEI450 .1
L

Arabidopsis thaliana
TAIR :AT1GAST20 .1
L

Arabidopsiz lyrata
Glumad9g37o20.1

Glumaldgd9660 .1

GRMZMZGOTSLSS_ToZ
L

Arabidopsiz thaliana

Zeal maus

TAIR :AT3G94510 .2
L

AC119412_§
L

Arabidopsiz thaliana
TAIR :ATLGEZ 320 .1
L

Medicago truncatula
ACL405d4d_4
L

Arabidopsis thaliana

Medicago truncatula

TAIR:ATIG21620.1
[

evm.TU.contig 2530562.1
L

Arabidopsis thaliana
THIR :ATLG303600 .1
L

Carica papaya
12003, 02287
L

Arabidopsis thaliana

Oruza zativa

TAIR :AT1G11960 .1
[

333709
[

Arabidopsis thaliana
TAIR :ATLGIZ20590 .1
L

Populuz trichocarpa
GEVTWTOQOZL 002001
L

Arabidopsiz thaliana

TAIR :AT4G154350 .1
[

Arabidopsiz thaliana
Shids0275310.1
|

Sorghum bicolor

Shi3go=3990 .1
[

Snr-dhom bicnloe

Vitiz wvinifera



Synteny Search

Can the annotation of one member of the gene family in any plant species

guide to the function?

phytozoimne

BioMart

itive Genomics

What is Phytozome?
Fhytozome is a joint project of
the Cepartment of Energy's
Joint Genome Institute and
the Center for Integrative
Genomics to enahle
camparative genomic study of
green plants. [Imore]

@
N

Phytozome: a tool for green plant comparative genomics
Click on & node () or organism [G@e] Vitis vinifera
or use the select menus to the right. A & Populus trichocarpa

Medicago truncatila

Fhytozome version 4.0 is
niowe awailahle

Maize (Zea mays) BAC
hroweser and BLAST
interface are now
availahle

News

13 May 2002 Phytozome vhi
released. “ersion 4.0 of
Phytozome iz nowe available,
festuring 14 complete green plant
genomes clustered into gene
farmilies st 20 evolutionarily
significant nodes.

[miore]

I3 Aar 2008 Zea mays (maize)
available. The Zea mays (maize)
broweser and BLAST interface are
nowy svailable.

[more]

8 Dec 2008 Ghrowse upgradedd

htkpe ffunan, phvtozame, net ) ®

F Glycine max
Arabidopsis thaliana
Arabidopsis lyrata
Carica papaya
[ = Sorghum bicolor
Zea mays
Brachypodium distachyon
Oryza sativa
Selaginella moellendorffii
= FPhyscomitreffa patens

Cifamy domonas reinfardti

Explore & genome:

| Select an organism: h

-0r -

Find a gene family:

|Se|ec1 node

28.7.2009



[ Classification 0 ( Find rel%ed clusters

KOG Class:

Search for HYP1

- 3
§  Aligncluster members | Get Data

- = -

Z
1| Display options

POORLY CHARACTERIZED [ R 1:

neral function prediction only

\ Y
_(Genes in this cluster ﬂnf Functional Analvsis W| Multiple Segquence Alignment Hi

& 0RG cHROM
Ath Chrl
& A chrl
Ath Chrl
& Amh chrt
Ath Chrl
@ Ath chrl
Ath Chrl
Ath Ches
& Amn chea
Ath Che3
& Ath chrd
@ Ah chrd
Ath Chrd
Ath Chrd
& prr LG
@ prr La
& perr Lal
@ per Lol

0 B LGl

0. 00 O D 0 0D DG O 0D Do O D O o R

& P Lo

DEXREF SYMBOL
AT1G10090.1

AT1G11960.1

AT1G30360.1 ERD 4
AT1G32090.1

AT1GE3520.1 RS
AT1GE2320.1

AT1GE94580.1

AT3G01100.1 HYP1
AT3G21620.1

AT3GR4510.2

AT4G02900.1

AT4G04340.1

AT4G15430.1

AT4G22120.1

176674 2wl 44741
423625 Pt-RiE. 1
THBEETE fgeneshd_pg£C_LG_IIOD2086
424864 and [l1.966.1
ThHE125 fgeneshd _pg.C_ LG IIOOLGET
712540 Pt-HYP1.1

DEFLINE

unknaown protein

early-responsive to dehydration protein-related ..
ERD4 (EARLY-RESPONSIVE TO DEHYDRATION 4)
early-responsive to dehydration protein-related
RS

garly-responsive to dehydration protein-related /..
unknaowen protein

HYPL(HYPOTHETICAL PROTEIM 1)
early-responsive to dehydration protein-related # ..
unknowen protein

garly-responsive to dehydration protein-related /...
early-responsive to dehydration protein-related © ..
unknown protein

unknown protein

similar to early-responsive to dehydration stress (.
similar to garly-responsive to dehydration __.
similar to garly-responsive to dehydration ..
similar to early-responsive to dehydration ...
similar to early-responsive to dehydration (..

similar to HYPOTHETICAL PROTEIM 1; [ ortholog of L.

DOMAINS SYNTENY EXOHS

L
o
28.7.2009




Common Function?

Genes in this cluster Functional analysis € MuUltiple Sequence alignment

Ontologies associated with this cluster:

= D> IYPE DESCRIPTION
O FTHR13018 FAMTHER FROBABLE MEMBRANE PROTEIN DUFZ221-RELATED 105
O FTHR130185FE FAMTHER SUBFAMILY NOT NAMED - .. - 0
O  PFO2714 PFAM Domain of unknown function DUF221 1314/ 10 1 101
] kOG1134 kOG Uncharacterized conserved protein -- 1 a4
o GOo016020 GO fnemtrane - - - - 0
o GO0003ET4 GO function - - - - 0
O EO000E1ED E0 process 1 - - - 4]
o EO000s414 F0 I response to water deprivation I 1 - - - 4]

28.7.2009



Other Synteny Tools

PGDD PLANT GEMOME DUFLICATION DATABASE
PG00 s a public database to identify and catalog plant genes interms of infragenome or cross-genaome
syntenic relationships. Current efforts focus on flowering plants with availahle whole genome sequences n ml
(preferrably assembled pseudomolecules with ordered gene models).
DATA SOURCES s .
Plant genomes in this database [9 genomes DOT PLOT A
Species name Common nane Release version Gene Access Reference
=k ' number LOCUS SEARCH 2
*’E‘l Arabidopsis thaliana thale cress TAIR 2.0 [Aug, 2002) 26990 TAIR Nature MAP VIEW A
ﬁ- Carica papaypa papaya EWM [Jul, 2007) 25536 Genbank  Aatuere DOWHLOADS 2
Popules trichocarpa oplar 151 1.1 (Dec, 2004 45554 IGI Science
. T L pop [ 1 MCSCAN =
0 Medicago tranculata * barrel medic  Releasze 2.0 (Feb, 2002) 38834 UMM ==
ABOUT A
% Glycine max * zovbean Release 1 [(Dec, 2008) TS77T8 IGI --
CONTACT A
‘ Vitis vinifera grape Genoscope [Aug, 2007 04324 Genoscope Aatare
‘Bracbrpndiu:w distachypon pur;l:rzilse Release (May 2009) 29955 1GI _ TOOLS FOR
E Orpza sativa rice R&P 2.0 (Mow, 2007) 30192 RAP Nature SYNTENY
i* Sorghum bicolor sorghum Shi 1.4 (Dec, 2007) 34496 IGI Nature
In queue (3 genomes) CQ'Ge <
@ Arzbidopsis fprata * lyrate rockcress Release (Jul. 2002) == IGI ==
ﬁ Ricinus communis * castor bean  Release 0,1 (May 2002 38613 TIGR -- VI STA
= o Releaze 42,53 (Jun, - -
t Zea mays COFn 2003) AGI

*Un-published genome data therefore termpararily restricted for downloading. This is in accordance with }
the understandings in the Fort Lauderdale meeting and NHGRI policy statement for the genome
sequencing projects that have not published their major results. pgﬁjﬁ' ——

http://chibba.agtec.uga.edu/duplication/

28.7.2009



Plant Genome Duplication Database
(PGDD)

The duplication history of major angiosperm taxa
Iavehdet clrcles reprasent Infetrect polgoioidy evients, drawhn roughls to scale

@ @ Arabidopsis

Carica
— 5
O Popuius

Medicago
_0_
O—

O

Glycine
Vitis

Brachypodium

Q

Cryza

Sorghum

i — |
) mullion years

http://chibba.agtec.uga.edu/duplication/ 28.7 2009



Intra-genome Dotblot analysis at PGDD

non-synonymous substitution (Ka)
synonyoumous substitution (Ks)

Eudicokbs
a.
. papaya (papayal
. trichocarpe (poplar)

. trunmoulaete (barrel medio) #
. max (soybean) *

thaligma (thale o

= @ ka0

. vinifera (grape)

Honocots

0. sativa (rice)
Z. bicelor (sorghum)

[ Ksfilter: betweenlﬂ.s and |1.0

E. distechyon (purple false brome) *

Eudicoks
A. thaliame (thale ar
C. pepaya (pepaya)
I trichocarps (poplar)

VS

G. mex (soybesn) *
V. vimifera (graps)
Honocoks
L. distechyon (purple false
0. sativa (rice)

5. bicolor (sorghum)

[ |

(uae the toggle bulton below to identiy the range)

HOME b [T Display anly Chromosomeli vl\ts. Chromosome | £ =
DOT PLOT A
Toggle Ks distribution
LOCUSSEARCH =~
4143 pairs of anchor points plotted, click on block to zoom in
MAAP VIEW A
DOWNLOADS A
MCSCAN 2 ol
ABOUT A \
.\}
CONTACT A 7
TOOLS FOR < | Pl
e ~ . duplication of
, hr 3 and chr 2
c3|° e b
3
cal . e )
. | 82
- \ !
A, . .
(] > ‘ * .
B ) P
> "o o ¢ o

M. trumeulata (barrel medic,

within
Block

1

[1] Elock (Score

Locus 1

At2g42180

At2g42370

AtZ2g42380

At2g42430

At2g42470

At2g42480

AtZg42500

T014.0, E-valus 3e-80)

Annotation 1 Locus 2

similar to unknown protein
[Arabidopsis thaliana]
(TAIRIAT3IGE7950.1); similar to
050990279200 [Oryza sativa
(japonica cultivar-group)]
(GB:NP_001062757.1); sirilar to
hypothetical protein 0s]_027512

At3g57950

[Oryza sativa {japonica cultivar-
group)] (GB:EAZ44029.1)

similar to unknown protein
[Arabidopsis thaliana)
(TAIR:AT3G58110.1); similar to At3g58110
hypothetical protein [Vitis
vinifera] (GB:CANRIZE1.1)
bZIP transcription factor family

} At3958120
protein
LBD16 (ASYMMETRIC LEAVESZ-

At3g58190
LIKE18)

meprin and TRAF homology
dormain-containing protein / At3g58230

MATH domain-containing protein

meprin and TRAF homology
dormain-containing protein / At3g58250

MATH domain-containing protein

PPZA-4 (protein phosphatase
ZA-4); protein serine/threonine  At3g58500

phosphatase

with 149 anchors.

Annotation 2

similar to unknown protein
[Arabidopsis thaliana]
(TAIR:AT2G42180.1); similar to
hypothetical protein [Vitis
vinifera] (GB:CANE3225.1);
similar to unnamed protein
product [Vitis vinifera]

(GBI CADZ3380.1)

similar to unknown protein
[Arabidopsis thaliana)]
(TAIR:ATZ2G42370.1); similar to
hypothetical protein [Vitis
vinifera] (GB:CANS1A63.1)

bZIP transcription factor family
pratein

ASL16/LBDZ29 (LOB DOMAIN-
CONTAINING PROTEIN 29)

similar to unknown protein
[Arabidopsis thaliana)]
(TAIR:AT3G5E320.1); contains
domain PTHR10420
(PTHR10420); contains dornain
PTHR10420:5F29
(PTHR10420:5F29)

meprin and TRAF hormology

darnain-containing protein /

MATH domain-containing protein

PP2A-3 (PROTEIN PHOSPHATASE

2A-3); protein sering/threonine

phosphatase

c2:3591-
0.26 0.84

34776

c2:3610-
0,35 0.9

c3id791

c2:3611-
0.14 0.76

ciid79e

@ 2:3616-
34799

c2i3620-
0.49 1.38

c3:i4803

c2i36E1-
0,67 141

c3:4805

213623
0.01 047
c3:4830

£0.1.£9UVI



IR

Cross-genome Dotblot analysis at PGDD

Horocots

L. d

thaliana (thale cress)
. papaya (papayal
trichocarpae (poplar)

W Ksfiter: betweenID.S and|1.0
[T Display anly Chramasome | 2 =] vs. Chromosomel 1 I

sativa (rice)
5. bicolor (sorghim)

Toggle

(purpl

trunculate (barrel medis) *
. max (soybean)
vinifera (grape)

distributian

10233 pairs of anchor points plotted

zZoom in

cl

c4

Cl0
Cll

C12

(ks filter:

5. bicolor (sorglud)

0.5 to 1.07,

trunculata (barrel medic)
mIX (5oybean)
vinifera (grapsel

[use the foggie hulfon below to identify the rangea)

thaliens (thale cress)
bapeya (papayz)
trichosarpe (poplar)

click on block to

\
7
/
EJ
< 42 & &

1w —

Eudicots
A
. papaye (papayal
P tpigheocarpa (poplar)

M. tmpioulata (barrel medic) *
T

v

thelians

A. thaeliagma (thaele cress)
. papaye (papayal

M. trumeoulata (barrel medis) *
5. max (soybedsn) *
V. vinifera (grape)
Monocoks

. max (soybean) * vs
vigifera (grape)
Monocoks

L. distechyon (purple false brome)
0. satiwva (risce)
5. bicoleor (sorghbum) ;I

. distachyeon (purple faelse brome) ¥
0. satiwva (rice)
5. bicoler (sorghbum)

-

[T Ksfilter: betweenl 0.5  and|1.0  jusethe toggle button below to identify the range)

[T Display only Chromosome | 2 = vs.Chromusomeli vl

20890 pairs of anchor points plotted, click on block to zoom in

Cc1

Q

2 B 98 @

Poplar

c1o

Cl1
cl2
Cl13
Cl4
C15

Cle
Cc17
c1s

Cl9
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PGDD

microsynteny

HOME A
DOTPLOT A
LOCUSSEARCH |~
AP VIEW A
DOWHLOADS A
MCSCAN A
ABOUT A
COMTACT A
TOOLS FOR
STHTEMY

Locus identifier

Display region € 50kh @& 100kh © 200kh © 500KD

411 intrafcross—-species blocks for At3g0ll0D, graphs and tabhles display $100kb
region. Blue arrows are other anchor genes in the region, red is query locus.

[1] At3g01100 i=s contained in a huwge block (Score 3730.1, E-waluese Ze-130) with 99
anichors

i Arabidopsis

oL F g

At chr3
£0.06-0, 1460

..... v ; b v chrla — \/jtis vinifera

18.95-19.15Mb

& y & & £ Grape]

Order )

Annotation
within Locus 1 Annotation 1 Locus 2 2
Block

WREYSES [WRKY DMA-binding protein 527;
3 AtIg0 1080 s Yeldgl68g NULL 0.44 2.54
transcription factor

7 At3g01085 protein kinase family protein Yuldqled7 MULL 0,31 -1.00

AKIMN10 (ARABIDOPSIS SHFL KINASE
=] At3q0 1090 Yuldqledd MULL 010 1.&e7
HOMOLOG 10

9 AtZIgill00 HY¥P1 (HYPOTHETICAL PROTEIM 1) Yuldqledz MULL 0.2e 1.58

MTO1 (METHICOMNIMNE
10 At3g0llzo Yuldqleed MNULL 0,15 1.495
CONVERACCUMULATION 1)

MY¥B106 (myb domain protein 1067 DA
11 AtIgolld0 = o Yeldgl667 MULL 0,22 2.18
binding / transcription factor

[£2] AtIg0ll0D is contained in a large block (Score 432.4, E-walus 0.0) with 12

anchors
£EEP # Medicago
| ) At chr3
£.08.0, 1408 trunculata
Mt chré 28.7.2009

& & & & & Medicago



title

Matural genetic variation in

whole-genome expression

in Arahidopsis thaliana: the
impact of physiological QTL
introgression.

FProtein-coding genes are
epigenetically regqulated in
Arahidopsis polyvploids.

Back to TAIR

A0 Yiew

External Link
o MPSS

MASCArrays Digital Marthern
MASCArays Spot Histan
Genevestigator Gene Atlas
Genevestigator Gene Chranologer
Genevestigator Response Yiewer

e-FF Browser

AtGenExpress Visualization Tool

MIFS Wiew

NCEI-Entrez Gene
Salk SKP Wiewer

InFaranoid Ortholog Groups

T-DMA Express

Flant Proteame Database

ATTED-II
A ehiey

—— P GO0 duplications and ohologs
= The Subcellular Location of Proteins in Arabidopsis Database (SUBA)

Source

MOLECLULAR ECOLOGY

FPROCEEDIMNGS OF THE
MATIOMNAL ACADEMY OF
SCIEMCES OF THE
LIMITED STATES OF
AMERICA,

associated loci

AT1GIA770 AT1G12050 AT1GZ2410
AT1G13450 AT1GEAE90 AT1G55030
AT1GTOEE0 ATT1GTOB50 ATT1GO7530
AT1GTT0ED ATT1GEEEED AT2G46330
AT2G46430 ATZG4E530 AT2GAERSD
ATZGEA1Z90 ATZG435240 ATZ2G435210
ATZGAZE70 ATZG42500 maore...

AT GSEEEDIATEGD'I 100 |

ilate

2006

2001
3.7.2009



Plant Energy Biology

ARC Centre of Excellence .

AT3G01100.1 |AT3G01100.1

Subcellular Localization GFP MSTS Annotators

no data  no data nodata

Computational Systems Biology

Contre of Excellence

About SUBA
The SubCellular Proteomic Database (SUBA) houses

protein subcellular localisations,

Back to SUBA search] [SUBA tutarial] [SUBA citation

Lookup AGI |

Predictors GFP Images

IPSORT : no data
LOCiree : mitochondrion
MitoPred : mitochondrion

noimages

proteomic and GFP localisation sets from cellular compartments of
Arabidopsis. It also containg precompiled bioinformatic predictions for

Description (TAIRS)

Coordinates (TAIRS)
Molecular Weight
IEP

GRAVY

Length

Sedquence (TAIRS)
{BLAST)

Hydropathy Plot
(raw data)

See Also  Aramemnon AtProteorme  DBGET  Inparanoid MIPS  MP3S FPlus FPPDB  PlantSpecDB  ProMEX  Proteins Wiki  SALK {(insers)

Mitoprot 2 - no data
MultiLac : no data

FeroxP : no data
Predotar : endoplasmic reticulurm

Subloc : extracellular

TargetP : exracellular
WolLFPSORT : plasma membrane

protein_cading HYP1 (HYPOTHETICAL PROTEIMN 1) unknown protein, has cDMAs and ESTs associated to it similar to unknown protein [Arahidopsis
thaliana] (TAIR:AT1 GEI4450.1); similar to unnamed protein product [Vitis vinifera] (GB:CAQB4743.1) similarto unnamed protein product [¥itis vinifera]
(GBR:CAD150245.1); similar to Protein of unknown function DUF 221 [Medicago truncatula] (GBABNOS2T2.1%; contains InterPra domain Protein of unknown

function DUF221; {InterPro IPRO038E4)
chr3-34726..38536

TUET5.59 Da {calculated)

8.85 (calculated)

0.34 {calculated)

703 amino acids

MLLSALLT SVGINLGL CFLFFTLY 3ILREQPS
YGIFILLP WNYMGTEF EEFFDLPE E3MDNFSI
ENFFEEYVH S33YLSHI WVHRTDEL EVLMNDAE
GAATATNI QQGIDFT] WLTEAAPE PEDVHWPF
LFLLIVPP IMLLL3SM QGFISHSQ IEKSACIE
FITELFGE EDDFEFEV PSTPFCOE IFRILFFG
ELPYA55L TIPLPVLT WLFSIYCO RRFLPNFE

INTVYGPR. LVEFDGES QQ3SNEFNL ERLLPTAG WYERALEF TNDEILSN LGLDALVF IRVFVFSI RVF3IFASY
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ree formal | ultiple protein sequence alignmen | . .
et L[ 1 e == http://aramemnon.botanik.uni-koeln.de/

[~ At4g15430 (ERD4 protein-related)
[T At3g21620 (ERD4 protein-related)
memnon

[~ At4022120 (ERD4 protein-related) : :
[ At4g04340 (ERD4 protein-related) ) =d) T
7 Atag01100 i ~, Lis]
" | arabidopsis thaliana BB A e lg ﬂI\I!IET‘:%E
= [~ Atlgl1960 (ERD4 protein-related) ' _ '

[~ At1g62320 (ERD4 protein-related)

alged 2| At4g02900 (ERD4 pratein-related)

15 related proteins
- . [~ Ak1g3z090 (ERD4 prokein-related)
- . [~ Aklg30360 (ERD4 protein)

- - [~ Ab4g35870 { protein invalved in vacualar sarting of storage proteins (ALGFS1D) ) €————— novel putatlve fu nCtI on

- - [~ At3g54510 (ERD4 protein-related)

[~ Ab1g10090 (hypothetical probein) — H Y P 1
[~ At1g58520 (ERD4 protein-related) '
= [~ At3g01100 (ERD4 protein-related) 28.7.2009

[~ At1ga94s0 (ERD4 protein-related)




What iIs A}GFSlO’?

(A

E

http://www.ncbi.nlm.nih.gov/sites/gquery

rez, The Life Sciences Search Engine
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FubMed | All Databases |

GenBank [ Map Viewer
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Search across databases |GFS1EI

| GO || Clear | Help
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Arabidopsis vacuolar sorting mutants (green fluorescent seed) can be identified
efficiently by secretion of vacuole-targeted green fluorescent protein in their seeds.
Fuji K, Shimada T, Takahashi H, Tarmura K, Koumoto ¥, Utsumi 3, Mishizawa K,
Maruyama M, Hara-Mishimura |.

Plant Cell. 2007 Feb;19(2):597-603. Epub 2007 Feb 9.

PRIC: 17293565 [Pubhed - indexed for MEDLIME]

Related Adicles  Free aricle in PMC | at journal site

Millks fatty acid composition of cows fed a total mixed ration or pasture plus
concentrates replacing carn with fat,

achroeder GF, Delahay JE, Widaurreta |, Bargo F, Gagliostro GA, Muller LD.
J Dairy Sci. 2003 Oct 360100, 3237-48.

PRIC: 14594244 [Pubhed - indexed for MEDLIME]

Related Adicles  Free aricle in PMC | at journal site
. . . _

o
o “ra protein Clusters: 3 collection of related protein sequences o

[

Peptidome: MS/MS proteomic experirnents
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overview

transmembrane spans

At3001100.1

—

At3g01100.2

Protein sequence

length 703 aa
M 79,7 kDa

n different cOMAfprotein models (multiple signment of al protein rmodels)
m protein with putative alpha helix transmembrane region(s)

Topology Prediction

10

200 F00 40y a0 Ao FLS

o Consensus subcelular location with weal., strong scores
B Ccnsensus TM alpha helical segrnent with weak, strong score (TrConsens)

B T alpha helical segment with low...high average hydrophobicity
B Ccnsensus TM alpha helical segment with weak., strong scaore

{in}/ (out)  Cytoplasmic f non-cytoplasmic MN-terminus

m [-terminal transmembrane region probably wrongly predicted caused by misinterpreted signal peptide
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subcellular location

Strongly predicted to be in the secretroy
pathway

BaCello
ChloraP_wl.1
iPSart
Mitopred
MitoProt_w2
Multiloc
PA-SUE_w2 .5

PELR 0.2 chloroplast | mitochondrion | secr.patbways comment
PProwler_wi.1

Predisi consensus prediction 0.0 1.8 - secretory pathuways

Predotar_wl
PredsL
SignalP_HMM_w3
SignalP_NM_w3
SLP-Lacal
TargetP_wi .
Waol F-PSort

0 1.column - chloroplast location is weakly. ..strongly predicted
2.colurnn - mitochondrion location is weakly.. strongly predicted
I C.columnn - secretory pathways location is weakly, . strongly predicted

28.7.2009



€ Expression Analyses

Data Source Mode [ ™ Primary AGIID  Secondary AGIID  Signal Threshold [
(?) |Developmental Map i=] | Absolute x| [43a01100 41901010 554 58 Go |

Chermical
* igw BXpre Haormaone 01100 Poplar ortholog (PipAf 19651 1 A1_at)
o View exnre] I LT 1 1 00's Foplar ortholog (PipAfixd 2167 1.81_at < POpIar hOI | IOlogS
® icw expre Tissue Specific 01100 Poplar oholog (PipAf:1551457.1.81_at

Matural Variation
® iew alignl Seed 5 for At3g01100
® This probe Biotic Stress wpression level (expression potential) of 955.59 in the Seed data source.
® MNote the 1M Ahiotic Stress creased to 594.58 from 482.74. Use the Signal Threshold option to keep it constant at 432.75, ar

enter avall Deyelopment Fhkda 0¥, such ag 955.58. The same colour scheme will then be applied across all views,
Light Series

Arabidopsis eFP Browser at bar.utoronto.ca
Winter et al., 2007. PLoS One 2(8). e718

http://bbc.botany.utoronto.cal/efp/
cgi-bin/efpWeb.cqi

Ahzolute
534 .58
53512
475 66
416.2
356.74
297 .28
23783
178.37
115.91
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Data Source Mode || Foplar Frabeset  gignal Threshold r

Expression Analvses  »m armammeesice s w

Cata Source Mods | Foplar Frobe set

SIgnsI Thraghald I_
2 [Foplar = | [2bsolute =] [Feizsiarist o | [
Foplar eFP Browser at bar.uloronlo.ca

‘Wilkina. e al | 2008, Plant Physadl. 1459815493

Poplar eFF Browser Developmental Series. Data from the Campbed Laboratory.
. - 77T sthod, with a TGT walue of 500

Data Source Mode [ Poplar Probeset  signal Threshold [ ibouse-grow of fiskd-grown
@ [Fepiar__ =] [absotute =] [ProafeTo651.1.01_a [175.35 6o | (Lo on e fer e
Yols alng s=3m b melEny,
Poplar eFP Browser at bar.utoronto.ca Absolte wnight
Wilkins ef al, 2008. Plant Physiol. 149:981-993 :;? ;?
Poplar eFP Browser Developmental Senes. Data from the Campbell Laboratory. 360 36
Affymetrix expression data nomalized by the GCOS method, with a TGT value of 500. 33282
Duplicate or triplicate samples were analyzed from greenhouse-grown or field-grown 285.27
material (in the case of the catkins). The seedlings were grown on moist filter paper. ?g ]?g *
All material was grown under a diurnal cycle of 12h light/dark and sampled at midday, 18263 !

except for the xylem samples, which were sampled at midnight
Ptpaifx.19651.1.a1_at

female catkins

male catkins

mature leaf

young leaf mature leaf

) /
highest in male catkins

wovart. Poplar e P Browser implamented by Justin Foong and Hardeep Mahal. nplemented by Justin Foong and Hardeep Mahal

light-grown
seedling
dark +3hr light

etiolated seedlings

highest in leaves

Images drawn by Josephine McKeever and Nicholas Provart. Poplar eFP Browser implemented by Justin Foong and Hardeep Nahal.

highest in roots and young leaves



e - g

@ IPbplalTreatmer\t - ”Absolute v”Pum 1955110 o | |PASRSGI SN |4~z|.|'1 (=] @ [Foprrirentment = lm e (S (S

® O the maAn i 51131V §aE Ncreaied 491,13 Tom 75,45, ACTEE he SHAI TS0k offion © beep Ronstt ® Hok tia mankn i skl e b decreased © 155,55 on 452,53, Actise e SENal Thiss boklopto © keep fteoistrt

Poplar eFP Browser at bar.utoronto.ca r.utoronto.ca
Wilking &l 1 {2009} Plant Jouiral stbeniled. dbsarle e sbsaute
31 13
Poplar e Brawaer Dvaught Senes. e fum the Canpbed Labortor. Afymets e e2m 22, Duafam the Campoel Laburatory Aymenix expession et 1
::::m. e with 2 TGT vl of B00, Tripheate eaf samples were analyzed fron I
first Rl axpande lsaves wore samplod al mickdy - MO, Lo day - LD, midnight - MN, and pradsmn - PD EAH ﬁ;‘;‘;ﬁ;ﬂ';‘gﬁ;;‘;“'w m;.;?.q' w:‘re:;;m PO 2338
o choughled and well walkred clones of DN3A and NMB poplar sapings 1 s of DN and NG poplar sapiings. 5
4 2558
Prpati.19651.1.a1_at i it
a0
Maskeed

Pt an d

;%%;g‘ day/night cycl

~ ] [Pesterore 15 | [Penees i [ e
2 [PoptarTieatment =] [ebsoiute 7] [P | [ | ammnamep
5N KEINE 35 ICTecabec T 309,53 Mo 176,73, AR fhe 101 THIEEhok] o) 1 heep Reoks Bt Teart dTorunca ‘ ‘
‘z" e i = - -y S ppten
r 1 1 1 1 | rowser at bar.utoronto.ca B o o @m« 12h 160 ok 24h 4h &n
Midda Late da Midnight Predawn Plant Jouma, subertted. P oy, gt | | ] 1 ] ] | [ 1
v Y 'ﬂ 335,03 = ::\.‘- . Midday Late day Midnight Predawn

s roug Series. Data o he Canphell Laboratory ABmets espression s 275 03

S00S method, with 3 TGT vale of 500, Tripkeate leal samples were analyzed from 247 1 it

n rm\uu A matesial was grown under a diumal cycke of w.l.;,wem dark aand I. A 0. and fatstied using the
Labciod

SRR |
slandard Affymariiz Labeled loaves were samplad at midday - MD, late day - LD, midright - MN, and peodswn - 158,28 T prossest
Scptar Wecle Genome Arcay well waterad clonas of D3 and NMB poplar sapings e e At
o ~ ‘ N : D ‘
|
Q =N 2y : :
mi |
e orouaed | AN S =
A " TR <

a

a-El

wo  Fo W FD

Sl G,
| .
-

NME Droughted

DN34 Droughted

“2n 16n E 2an ”
' \ ' \ ' | —— i
Midday Late day Midnight Predawn

gb ) -:
8 o4
= ]
‘i
oo
R
i
gg/ gg/

28.7.2009

Images drawn by Josephine icKiseves, with graphs from Ofiia Wilkins. Poplar Drought eF P Browser implemented by Jusiin Foong and Hardeep Mahal.
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co-expressed gene in Arabidopsis

functional annotation

locuz: At3g01100 (g

Exrernal

short description HYPl (HYPOTHETICAL PROTEIN 1)
TAIR curator summary  unlmown protem, has cDINAs and ESTs azsociated to it
alins ATHYPl ARABIDOPSIS THALIAMNA HYPOTHETICA
HYP1 HYPOTHETICAL PROTEIN 1

GO BP®
GO cc*
GO MF*
NSG’C’
KEGG™
KaPPA™

residues | MW | pl | membrane | TargetP™ WolF PSORT™

. At3e011001 TO03 TAT2H 8.8 2] zeret 8 |plaz 4, chlo 2, E.RE.plaz 2
protein AZE01100.2  BOA 67532 |80 T scret 8 plas 4, chio 3
[blastp to Arabidopsis proteinz]  blastp to nr-aa in Genomenet I

E&ne Coaxp ressian

At1g31480
SGR2

At2g335a0
cinnamoy oA T,
A2g45500 At3g09310
ATF bi o LACT
AISGOEIT0
Ar3gB3330 i
Kinase
o o8
Ai1g32400 Al4g23820 .
LR CEM2S Atlg47310
= At1gO4B30 Al gSBE10 Arig21780
coexpressed gene network RabGAP syraxin BTR
around At3g01100
|
| .
A2g3EE10 At3gE2aa0 £}
CEP16-4 S VL
At3gl10550
hyd o lase

Genes directly connected with At3g01100 on the networlk

AlSg05230
ubliguitin-prota..

Al1g36070
W10 rapaat

At 30500
CBF-BMNF-YA

MR* Cor®| locus function me:perti?;;ion

1.7 068 | Atlgl4220 RabG AP/ TEC domain—-containing pratein [detail]

25 063 | At3g03310 |lecithin:cholesterol acyltransferaze family protein # LACT family protein [detail]

3.2 068 |Atde20820 CFIM-25 [detail] 28.7.2009
11.6 054 | AtZg36810 binding [detail]

143 065 | At3gb3330 protein kinase family protein [detail]




Expression of the Arabidopsis homolog upon
osmotic stress

At3g01100 259318 _at  ATHYFT Arabidopsis eFP Browser at bar.utoronto.ca
Winter et al., 2007. PLo%hOInte 2(8). e718
S0IUTe

———— Ventilation

l' L__ Lid = —|"| a plants 482 75
' 434 47
Vessel - 366.2
-~ 337 92
289 65
24 37
Plants 1931
144 52
Raft 96.55
e -~ 45.27
_— Membrane 0o
e i Masked
_— Float
—— Liguid Media Figure and data from Kilian et al. (2007,

28.7.2009

(150mM MNaCl)



Still no entry in Proteins Wiki

Article | Discussion §7

At3g01100.1

Click here to start this page!

search Proteing Wik E}

Proteins Wiki

Top Content }
New Pictures & Improve Proteins Wiki by editing this & Wihat links here

Recent Blog Posts page

http://proteins.wikia.com/wiki/

28.7.2009



Summary Peptide/Protein Annotation
MILSALLTSVGINLGLC

* Dbelongs to gene family —
« members HYP1 (hypothetical protein 1)

« RXWS8 (name of cDNA)

« ERD4 (early responsive to dehydration)
 AtGFS10 (protein involved in vacuolar sorting fo storage proteins,

green fluorescent seed, gfs mutant)

Quote: ,no closely related homologs of GFS10 in the Arabidopsi:{ S o
but topology similar — Aramemnon and 39% amino acid |

e Integral membrane protein
« plasma membrane, secretory pathway

e induced during water stress

secrete vacuole-targeted GFP out of the seed cells
28.7.2009



What next?

Design experiments for functional characterization
Poplar gene with homolog in Arabidopsis (81%)

First functional tests in Arabidopsis: knock outs

y the National SHERERROURREYG) over-/ectopic-/ inducible expression
in vivo localization — XFP, immuno
interaction with other proteins

My Favourite Site

Single Feature
SIGnAL T-DNA Express

Polymorphism Database

Arabidopsis Tiling ﬂ | H |

High Resolution
Array Transcriptome

d Arabidopsis Exosome
Arabidopsis Gene
ORFeome Collection

Salk Insertion L‘\ _‘ ce“tral

Sequence Database

v

.AGRIKOLA ® PARTNERS ® OBJECTIVES # PROTOCOLS # DATABASE

Horme

Salk Homozygote
T-DNA Collection

High Resoluti eﬂ@
o [rahidopsis 2“19

‘ AGRIKOLA: Systematic RNAi knockouts in Arabidopsis

The AGRIKCLA project [Arabidopsis Genomic RMAI Knock-out Line Analysis) is funded by the Ewropean Union as part of the Sth Frameswork

Perlegen Arabidopsis nanmmen ns‘"e Hesn"rce Programme, and stated officialy on the 15t November 2002, Six Europesn lsbs are using high-throughiput recombinationsl cloming to clong

Res cquencing gene-zpecific tags (35Ts) into kinary hairpin RNA vectors and to uze many of the resulting plasmids to create & collection of silenced Arabidopsis

s { - 'ﬂr n“aWSI of F]'amﬂ["]sm l;no?m ;:: ?oSrTjsl;S;c:nErth:r rparoj;cutd\in:zre ovignall develoged by the CATMA consartuum, comprisig pan genarics laborstores in ight European
Genomics Database i G |,F ' i '
B!lﬂ |l ﬂllﬂll ‘

The reference to cite when wsing data or resources from AGRIKOLA

Hizon P, Allemeersch J, Atmann T, Aubourg 5, Avon &, Beyron J, Bhalerao RP, Bitton F, Caboche M, Cannoot B, Chardakav V, Cogret-Holliger C,
Colot ¥, Crowe M, Darimort C, Durinck S, Eickhotf H, Falcon de Longgvialle A, Farmer EE, Grant M, uiper MTR, Lehrach H, Léon C, Leyva A,
Lundebery J, Lurin C, Moreau ¥, Nigtfeld W, Paz-Ares J, Reymond P, Rouzé P, Sanckery G, Dolores Segura M, Serizet C, Tabrett A, Taconnat L,
Tharesu ¥, Van Hummelen P, Yercruysse 5, Vuylsteke M, Weingariner M, Weisheek P J, Wirta ¥ Wittink FRA, Zabeau M and Small | (2004)
‘eradfile gene-specific sequence tags for Arabidopsis functional genomics: franscript profiing and reverse genetics applications, Genome
Research 14, 2176-2159

AGRKOLA resources are distributed by the Nottingham Arabidopsis Stock Center and can be orclered on line.

HEW:! Purified sequence-validated AGRIKOLA clones can also be ordered on line via the Belgian BCCMLMBP

This weh ste is hosted by Department of Plant Systems Biolocy -V1B, Ghert University.

28.7.2009
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QTL-Analysis or Association Mapping
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Understanding functional conseguences of
natural variation: trichome patterning in
Arabidopsis

Example for the comparison of genomes/gene and their
function from individuals between populations

Julia Hilscher, Christian Schlotterer, Marie-Theres Hauser

28.7.2009



Trichomes in Arabidopsis

Single cell structure

Present on leaves, stem, petioles, sepals
32C->polyploid

Model for cell fate specification

28.7.2009



Trichome function

Arabidopsis
— Protection against herbivory
Mauricio & Rausher (1997), Handley, Ekbom & Agren (2005)

A. lyrata
— Protection against herbivory
Kivimaki, Karkkainen, Gaudeul, Lge & Agren (2007)

Other plants

— Decrease of water loss

— Increased light reflection

— Freezing tolerance

— Ca** homeostasis

— Heavy metal storage

— Metabolite production and storage
— Cotton fiber development

28.7.2009



Cross-species function of Trichome
regulators

; . . 35S::GaMYB2in
Trichome development of Arabidopsis Arabidopsis

,hairs on seeds*

100 pm

0 dpa ovule {20X) 0 dpa (100X)

28.7.2009
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QTL mapping
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Composite Interval Mapping
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Model of epidermal patterning

Phenotypic
class of Gene Action
mutants
no trichomes GL1 Positive
“glabrous” regulators
TTG1
decreased GL3/
trichome # EGL3
GL2
nests of TRY Negative
trichomes regulators
single-repeat
increased CPC R3 MYB genes,
trichome # act non-cell
autonomous

@ CPC, TRY, ETC1, ETC2,

Y TCL1, TCL2,ETCS

a
N IXT

o3
GLZ, ...

All of the genes or their paralogs are also
involved in root hair patterning

modified from Larkin et al., 2003

28.7.2009



Composite Interval Mapping

ETCA1
Clw2
nga63

ngai62
F19G14A
AthZFPG
nga2235 GLA
nga2837
TCL2 ngaT3B23 O.
ETC2, TCL1
nga361i .
nga3470-
i} ngal692
T27K12-Sp6 1TG2
ngaT2P4 F1P2TGF
PC

T2K10
EGL3 ngas
. Total Trichome Number
. Trichome Density
O Edge Trichomes

GL2 . Heteroblasty

v v
JV30/31 . O
GeBP .
CPL3
ngai51
nga8
TTG1
nga139
CIw7
atso191 == @) @
Atmyb23
ngai139 GL3
ngai29
TRY
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Fine mapping on chromosome Il

e Selective genotyping
— 465 F2 with extreme phenotype
— 10 additional markers
e 66 recombinants in the initial interval
-> expected mapping resolution of 40kb

6
5 A

4 o

/

% recombinant chromosomes

o
=
=
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=
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——
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N
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gaT3B23
nga3000
nga3023
HDUP3038
Small Mybs
nga3073
nga3098
nga361
nga31082
nga3119
nga3168
nga3341

o 288 kb mapping interval with remainig 87 genes 28,7 2009



3 candidate genes

Three single-repeat R3 MYB genes are located in the fine-
mapping interval

TCL1 TCL2 ETC2
1kb

< AL A

At2g30440 A12930430 KIS
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Assoclation with trichome number

Small MYB_A

698

926

Small MYB_C

941

CPC
Can
Gr
84-|

Ler

20-13
Col

CPC

Small MYB_B

CPC

84-1

903

848

Can

Oy

830

Ler
BRY

Col

low trichome number accessions

high trichome number accessions
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Complementation test

mutants are complemented with the wildtype alleles from high and
low trichome number accessions

# of trichomes/leaf

400

300

200 |

100

I
= T © g I
S, % o &
> 2> > >
£ = = =
© © © ©
e S e e
n 0] " n

1

|

SmallMYB2°

F1 cross to

low trichome number
accession

high trichome number
accession
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ldentification of QTN

Many SNPs show association with trichome phenotype

Screen many high/low trichome accessions for recombinants
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ldentification of QTN: 2 candidates

-53 +55

"Ws-0
"Hi-O
"Mh-0
"Col
"Tscha-1
"Ga-0
"Di-0D
"Ba-1
"Ler
'BuckhornPass
"WE-5
ct-1_4
"Hok-0
10v-0
"Lz-0
"83-3
"Wa-1_3
"Gr-1
"Brast

'Rub-1_2
'Mas 2
'Ryb-2
'Bas-2 3
'84-1
"Tsar_1

"Ws-0
"Hi-D
"Mh-0
"Col
"Tscha-1
"Ga-0D
"Di-0D
"Ba-1
"Ler
"BuckhornPass
"WE-5
ct-1 4
"Hok-0
10y-0
"Lz-0
"83-3
"Wa-1_3
"Gr-1
"Brast

e TTTgTAATTAAATGARRARRAA T ACATTTAATT S A AN AP RRARARARRAAACTAGTA]

— TT1A1§AT1&#AT1#JJJJJJA T ACATTTAAT T A AR AR AR AR AR ARRAAACTAGTA]

CCAATRRA == .T=1AATT=I-!AT'[F!IJFFIJFIJA T ACATTTAATT, ARARRRARARRRRRRRRAAAAACTAGTA

CCF‘ATEIJA = '[h'[h. .ﬁﬁAT'[ﬁJJJJJJA T ACATTTAAT T A AR AR AR AR AR ARRAAACTAGTA]

CC ,Zlh'[f-lf-lh == TT1A1I-|AT1IJFAT1DFIJFIJFFA T ACATTTAATT, CARRARARRRRARARRRRRRAAACTAGTA

= T.'[A'[h '[IJIJAT'[A‘JAIJJJJA T ACATTTAATT, AARAAARARRRRRRRARRAAACTAGTA

CC ,Zlh'[f-lf-lh == TTT.'[)’JA '[ﬁ)’-L.T'[ﬁiiiiiiA TgeGTTgTC R ACATTTAAT gl ARARRAARRRRRARAAACTAGTA

c1aT2Al I = TTT&F‘AT'{F‘F‘AT'{F‘JJALJJA T AR RRRRRRRAAACTAGTA|

i LR AR I e ACAC S CTATTAA ETT1ATLAT1DF‘AT1F‘F§F§F§A T ARARRRARARRRRRRRRAAAAACTAGTA
CTATARA = TT1A1§AT1&#A=A=JJJJJA T - AAAARRRRRRARAAAACTAGTA

'[A[:TT'[F!F!AIZ CTATARA e TTTATAATTARATTARRRARARAA,

=

CARRARARRREAPRARRRAACTAGTA

'[hCTT'[ﬁﬁADIl“'[h'[ﬁﬁh = T=h1ﬁhT1ﬁﬁAT1ﬁiﬁiﬁiﬁA G CT ﬁﬁﬁﬁﬁﬁﬁﬁﬁiiﬁiﬁﬁﬁhaThGTh
'[ACTT'[F!F!AI:II“'[F!'[F'F'F! e TTTATAATIARATIARRARARAARA, G TACTATCCCCT e AR RRRRRRRRRRRAACTAGTA
'[hCTT'[ﬁﬁADIl“'[h'[ﬁﬁh = TT'[A'[IJAT'[&IJAT'[A‘JJA!JJJA G TATCACCCATG

TACTATCCCCT S AR AR RRRRRRRRPRAACTAGTA
TACTATCCCCT C R AARAAARRRRRRRARRAACTAGTA
TACTATCCCCT S AR AR AR RPRRRRRRPR A ACTAGTA
TACTATCCCCT C AR AR RRRARRAACTAGTA
TACTATCCCCT e AR RRRRRRRRRRRACTAGTA
TACTATCCCCT C AR AR RRRARRAACTAGTA
TACTATCCCCT S AR RRRRRRRRRRRAACTAGTA
TATCGCCCATG

TACTTTAAACGCTATARR
h'l"[h=h GDIF[ AATRR =
TACTTTAAACGCTATARR
'[hCTT'[ﬁﬁADIl“'[h'[ﬁﬁh =
'[ACTT'[F!F!AI:II“'[F!'[F'F'F!
'[hl“'l"l"[ﬁﬁhl“ll“'[h'[ﬁﬁh'l' =

IJI-'ADIA'[F;'[F'IJATI
F!F!ADIA'[F!'[F'F'F!T AGT TATCGCCCATG
IJI-'ADIA'[A'[F'F'A G = TATCGC ATG
}!}!ADIA'[F!'[F!F!F! e TTTATAATIARATIARARARAARA, G TATCGCCCATG,
IJI-'ADIA'[A'[F'F'A = TT'[A'[IJAT'[&IJATTEJJJJJJA G TATCGC ATG
}!}!ADIA'[F!'[F!F!F! e TTITATAATIARATIARARARAARAA, G TATCGCCCATG,
IJI-'ADIA'[A'[F'F'A = TT'[A'[IJAT'[A!AT'[A‘JJJJJJJA G TATCGC ATG

TTACAACAA

AAACRATATAAA e TTTATAATIARATIARARARAARAA, G TATCGCCCATG,

IJI-'ADIA'[A'[F'F'A e TTTATAATTARATTARRRARAAAA, G TATCGC TTACAACAA
}!}!ADIA'[F!'[F!F!F! == T=T='[F!AT'[F!AAT'[AFFFFFFA

IJI-'ADII“'[A'[F'IJA e TTTATAATTARATTARRRARAAAA, G CGCYPC G G TTACAACAA
}!}!ADIF’[A'[F'F'F! e TTTATAATIARATIARARARAARAA, G TATCGCCCATG,
IJIJADI(“'[A'[F‘F‘ATIAHT e TTTATAATTARATTARRRARAAAA, G TATCGC TTACAACAA

el A AACGCTATARATGANT TATCGC,

CTTACAACAA

Bl gty CACT B E CTCGCACAGTATTIATTGT Rty CATGCTGTACTIAT R TACATATCT gy CCACTATAATTCARARARACCAGTTTTTAAT

TTTTATARAAA B e C ACT S CTGCACACTATTATTGT gkl CATGCTGTACTTAT g TACATAT! = CCAC'[A'[A‘JATTCJJJJACLAI TTTTAAT
TTT'[ATFF}’-L:T Bl gty CACT B E CTCGCACAGTATTIATTGT Rty CATGCTGTACTIAT g TACATATGCT gl CEAC'[A'[F!ATTCFPFIJAC('AI TTTTAAT
TTTTATARAAA B e C ACT S CTGCACACTATTATTGT gkl CATGCTGTACTTAT g TACATAT! e CCACTATAATTCARRAACCARTTTTTAAT
Bl gty CACT B E CTCGCACAGTATTIATTGT Rty CATGCTGTACTIAT e TACATATCT gl CCACTATAATTCARAARACCA TTEI!AT

TTTTATARAAA B e C ACT S CTGCACACTATTATTGT gkl CATGCTGTACTTAT g TACATAT! = CCAC'[A'[A‘JATTCJJJJACLAI TTTTAAT
TTT=A1A!A!AEAT Bl gty CACT BB CTCGCACAGTATTIATTGT Rt CATGCTGTACTIAT g TACATATGCT gl CEAC'[A'[F!ATTCFPFIJAC('AI TTTTAAT
TTTTATAA[A e 7 i C A C SR CTGCACACTATTATTGT gt CATGCTGTACTTAT g TACATAT! e CCACTATAATTCARRAACCARTTETTAAT
TTTITATAAAAT Bl gty CACT B E CTCGCACAGTATTIATTGT Rty CATGCTGTACTIAT R TACATATCT gy CCACTATAATTCARARARACCAGTTTTTAAT
TTT'[A'IJJAI B e C ACT S CTGCACACTATTATTGT gkl CATGCTGTACTTAT g TACATAT! = CCAC'[A'[A‘JATTCJJJJACLAI ATTTAAT
TTTITATAAAAT Bl gty CACT B E CTCGCACAGTATTIATTGT Rty CATGCTGTACTIAT R TACATATCT gy CCACTATAATTCARARARACCAGTATTTAAT
TTTTATAAAA B gt CACT R CTCCACACTATTATTCT R CATCGCTCGTACTTIAT R TACATAT! — CCAC'[A'[AATTCJJJJAC[_AI'[ATT'[AAT
e~ g C A CT CTGCACAGTATIATTCT glalely C A A stk CATGCTGTACTIATGRRTACATATGT ity CEAC'[A'[AATTI’FFFFAI‘I'A.I'[ATT'[I!AT
ATACTGCTAACACTATACATACAACTTIACTCCCAC 'lIa)‘4'I"I"l)‘4l:TTGTTTTTCA.='[A'[AAT=AGC'[A‘-!AATT=TGCATTTCT1AC #'{ATT'{AAT

?Al AC A CACT CTGCACAGIATIATTGT CATGCTGTACTIAT TACATATGT, CCACTATAATTCARAAACCAGTATTIAAT

TTTTATAAAA CAC A CACT CTGCACAGTATIATTGT CATGCTGTACTIAT TACATAT CCACTATAATTCAARAACC A.I TTTTAAT
TTTITATAAAAT A CACT CTGCACAGIATIATTGT CATGCTGTACTIAT TACATATGT, CCACTATAATTCARAAACCAGTATTIAAT
TTTTATAAAA A CACT CTGCACAGTATIATTGT CATGCTGTACTIAT TACATATG) [“FA[“'[A'[IJATT[JJIAJA[‘[AI ATTTAAT
TTTITATAAAAT A CACT CTGCACAGIATIATTGT CATGCTGTACTIAT TACATATGT, CCACTATAATTCARAARAACCAGTATTTIAAT
TTTTATAAAA A CACT CTGCACAGTATIATTGT CATGCTGTACTIAT TACATAT [“FA[“'[A'[IJATT[JJIAJA[‘[AI ATTTAAT
A CACT CTGCACAGTIATIATTGT CATGCTGTACTIAT TACATATGT, CCACTATAATTC F}’JF}’JF)(‘I AgTATTTAAT

C 2ATTIACTTCTTTTTCANRT222 AT ACCTARATTRCCCATTTCTTIAC) I ATTTAAT
ATAGTGCTAACATIATACATACAAGTIACTCCCACCTATTCGCTGGTAATTIACTTGTTTTTCAGETAARAT AEC'[F!F!F!'["[‘I CATTTCTTAC ATTTAAT
ATACTCCTAACATIATACATACAACTIACTCCCACCTATTCCTCCTAATTIACTTCTTTTTCAGETAARAT AG[:'[F!F!F!TTI CATTTCTTAC, I ATTTAAT
ATAGTGCTAACATIATACATACAAGTIACTCCCACCTATTCGCTGGTAATTIACTTGTTTTTCAGETAARAT AEC'[F!F!F!'["[‘I CATTTCTTAC ATTTAAT
ATACTCCTAACATIATACATACAACTIACTCCCACCTATTCCTCCTAATTIACTTCTTTTTCAGETAARAT AG[:'[F!F!F!TTI CATTTCTTAC, I ATTTAAT
ATAGTGCTAACATIATACATACAAGTIACTCCCACCTATTCGCTGGTAATTIACTTGTTTTTCAGETAARAT AEC'[F!F!F!'["[‘I CATTTCTTAC 'IA. ATTTAAT
ATACTCCTAACATIATACATACAACTIACTCCCACCTATTCCTCCTAATTIACTTCTTTTTCAGETAARAT AG[:'[F!F!F!TTI CATTTCTTAC, 'IAI'[ATT'[AAT
ATAGTGCTAACATTIATACATACAAGTTIACTCCCACCTATTGCTGCGTAATTIACTTGTTTTTCAGETAAAAT R AGCTAAATTgCGCATTTCTITAC ANTATTTAAT
ATACTCCTAACATIATACATACAACTIACTCCCACCTATTCCTCCTAATTIACTTCTTTTTCAGETAARAT AG[:'[F!F!F!TTI CATTTCTTAC, AgTATTTAAT
ATAGTGCTAACATIATACATACAAGTIACTCCCACCTATTCGCTGGTIAATTIACTTGTTTTTCAGETAARAT AEC'[F!F!F!'["[‘I CATTTCTTAC 'IA.I'[ATT'[I!AT
ATAGTGCTAACAGTATACATACAAGTTACTCCCAC AATTITACTTGTTTTTCAGETATAAT AG[:'[F!F!F!TTIT CATTTCTTAC, I ATTTAAT
A'[APTr*[‘T:Al’AE'[A'[FyCF!'[F!EF!F!GT'[ACTCCCACF COTAATTTACTTGTTTTTCAGETATAAT AEC'[F!F!F!TTIT CATTTCTTAC I ATTTAAT
ATAGTGCTAACAGTATACATACAAGTTACTCCCAC AATTITACTTGTTTTTCAGETATAAT AG[:'[F!F!F!TTIT CATTTCTTAC, A.I'[ATT'[)’-!AT

CgATAGTGCTAACAGTIATACATACAAGTIACTCCCACC COTAATTIACTTGTTTTTCAGETATAAT R AGCTAAATTgTGCATTTCTITAC AgTATTTAAT
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SNP status

wit

+55 Gr-1
-53 Can-0

+55 Can-0
-53 Gr-1

ldentification of QTN

osition - + allele
P 53 bp S5 bp background

A G Gr-1
C A Can-0
C G Gr-1
C G Can-0
A A Gr-1
A A Can-0
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# of trichomes/leaf

300

250

200 -

150 -

100 -

50

ldentification of QTN

Transgenic complementation

allele background

M Gr1
M can-0
ANOVA
SNP state: p=0.001
allele background: p=0.35
Mean * s.e.m. of n>21 T1 lines each, 3 leaf positions
+55(3r—1 +55Can—0

_ 53Can-0 _ 53Gr-1
I
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QTN is highly conserved among family

members

+55 mutation leads to an amino acid replacement: Lysine (K) to
Glutamate (E)

K: ancestral, yet unknown importance

K19E
H1 H2 H3
‘30 40 50 ald 70 20 50 100 110
[y [ I - | | | ey py ey [y ey I T | - :
ETC2 GPS LTI RIR SRY ~ o o s SE 8 .EEDLIeFM‘;‘Rw F'HIJLIAGFT.?! R !
TCL2 rIR LR~~~ SRS G oo DTA~ "-HEFIII!TEO.EEDLII FIEPWGDFHDLIAGFV!G
TCL1 R IR SRR ROZ K J TR e '-HEFIII!TED.EEDLII FMYRIVGDFWDLIAJFV }GR
TRY R0 I WA : SRR |E'HEFIII!TEO EEDLIEFMYRIVGDFWDLIAGEVEGE
ETC1 eI SKHLKTNETIVAS 2 OiEEDLI.FI!:.RL'UCEFHDLIAG IEGRTAZEIE :1- 1
€EPL3----- RQEK fY- ~ M S~ TVTS S MR OEEED -Fri:mvm::m- ¢ LIACRUEPCRTAEETER: W Mo
CEC Tolodrg AT~ e o ASciad JMEE u-EE]:JLIiFI!LRH.?G]:JF'Ir 1. TACRECRTS:ETERY Wil MIEletat FENY
-3 s T : QIFWELIASFVECGRT ROl v W I
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I S I -
ETC2 S RLNNSPFFSTSPLNLOENLEL~—
TCL2 FRVHEFYRFS TSP P~ m o oo —
O I
TRY QLHESSSHEHTEPHRPRFSIYPS-
ETC1 BSQLR ~~~~~~~~~~~~~~~~~~~
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Alpha Helices 1-3 constituting R3 MYB domain with conserved W residues forming cluster
Predicted bHLH interaction motif: [DE]Lx2[RK]x3LX6LX3R (Zimmermann et al., Plant J 2004)

Required for CPC movement (Kurata et al., Development 2005)
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Competition between activators and
repressors

o

competition

- \
[

itarget genes

GL3/EGL3 \
|

itarget genes
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3 possible factors for trichome patterning

Binding strength to GL3 or the regulatory region
Movement rate to neighboring cells

Stability

NH., Lysine modification by: methylation
N-glycosylation
ubiquitylation
sumoylation
acetylation

Glutamate modification by: methylation

28.7.2009



Next steps

Biochemistry

Cell Biology
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Sumoylation? Use EXPASy

Post-translational modification prediction

s ChloroP - Prediction of chloroplast transit peptides

¢ LipoP - Prediction of lipoproteins and signal peptides in Gram negative hacteria
o MITOPROT - Prediction of mitochondrial targeting sequences

e PATS - Prediction of apicoplast targeted sequences

¢ PlasMit - Prediction of mitochondrial transit peptides in Plasmodium falciparum
s Predotar - Prediction of mitochondrial and plastid targeting sequences

e PT31 - Prediction of peroxizomal targeting signal 1 containing proteins

s SignalP - Prediction of signal peptide cleavage sites

o DictyDGlyo - Prediction of GlcMAz O-ghycosylation sites in Dictyostelium

o NetZGye - C-mannosylation sites in mammalian proteins

o MNetDGhyeo - Prediction of O-GalMAc (mucin type) glycosylation sites in mammalian proteins

e MNetGGlhyoate - Glycation of epsilon amino groups of lysines in mammalian proteins

o [ethlGlye - Prediction of M-ghycosylation sites in human proteins

o OGPET - Prediction of O-GalMAc (mucin-type) ghycosylation sites in eukaryotic (non-protozoan) proteins
e YinOang - O-beta-GlchAC attachment sites in eukaryotic protein sequences

¢ hig-P| Predictar - GPI Modification Site Prediction

s OGP - Prediction of GPl-anchor and cleavage sites (Mirrar site)

o GPL5S0M - Identification of GPlanchaor signals by a Kohonen Self Qrganizing Map
o Pyristoylator é - Prediction of M-terminal myristoylation by neural netwarks

o NWMT - Prediction of M-terminal MN-rmyristoylation

o C55-Palm - Palmitoylation site prediction with C55

o PrePs - Prenylation Prediction Suite

o MNethcet - Prediction of N-acetyltransferase A (Mat&) substrates (in yeast and mammalian proteins)
s MNetPhos - Prediction of Ser, Thr and Tyr phosphorylation sites in eukaryotic proteins

¢ NetPhosk - Kinase specific phosphorylation sites in eukaryotic prateins

¢ MNetPhosYeast - Serine and threonine phosphorylation sites in yeast proteins

e GFS - Prediction of kinase-specific phosphonydation sites for 408 human protein kinases in hierarchy ™
o Sulfinator s - Prediction of tyrosine sulfation sites
¢ SulfoSite - Prediction of tyrosine sulfation sites

— o UM OpIOL - Prediction of SUMO protein attachment sites

= + SUMOsp - Prediction of sumaylation sites ™
s Termillator - Prediction of M-terminal modification (version 3)

e NetPicoREMNA - Prediction of protease cleavage sites in picarnaviral proteins
o MetCorona - Coronavirus 3C-like proteinase cleavage sites in proteins
e ProP - Arginine and kysine propeptide cleavage sites in eukaryotic protein sequences
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Take Home Message

Functional genetics & natural variation — powerful tool
Requirements for success

Strong QTL or Association

33% of natural variation in trichome number was explainable by a
single aa replacement

Classical genetic studies failed to identify the major modifier of
trichome number

Typical accession used for functional tests (Ws, Col) have
intermediate-high trichome number and the weak suppressor allele

28.7.2009
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Association Mapping

Genomic polymorphism data in Arabidopsis thaliana
The Arabldopsis thallana "HapMap™ project
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More sequences * More functions * More to compare

-
HGSS Sﬁq UenC[nq 1 00 1 Genomes |http:.I'.I'IUDlanDmes.org,l'accessions.html % !é :
ﬁ A Catalog of Arabidopsis thaliana Genetic Variation @ »
%. Home Collaborators ACCESSIONS Tools Downloads Shout Help desk
E Accessions
o
v ; ;
O Accession Alternative 1D Sequenced by Platform Status
Fb‘ Bay-0 CS22676 JGI Hlumina # Released
- Bur-0 CE22679 MPI Hlumina # Released
) Col-0 C522681 MPI Hlumina # Released
(] Cvi-0 Salk Hlumina # Released
Ler-1 CS2Z2686 Salk Hlumina # Released
Sha C522652 151 Hlumina # Released
Tsu-1 C522693 MPI Hlumina # Released
Altenb-2 icelg3 MPI Hlumina Dione
.-‘HTGCTI— _ ca4 522680 MPI Hllumina Done
AGTA Cal-0 C570000 Salk flumina/SOLD Daone
TaccCToA Cal-0 £5930 WIM 50LID Dane
THGT Cyi-0 Cs522682 Salk 454 Done
CcﬂG Eil-0 C56593 LIMIL Hlumina Done
Est-1 CS22683 MPI Hlumina Done
bg Ulktﬂr S Podr Le-0 CSE769 UNIL Hlurmina Done
Sah-0 C56917 WM SOLID Done
Saw-0 CS6326 LINIL Hlumina Done
Agu-1 MPI Humina @ Phase 11
Aitha-2 ice49 MPI Hlumina ' Phase 11
Angel-1 icedl MPI Hlumina @ Phase 11
Anagit-1 ice9? MPI Humina & Phase 11

28.7.2009



THANKS

<

1

QUESTIONS?

22008 Macrillan Publizhers Limited, Al rights reserved

28.7.2009



