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Defining Cis-Regulatory Mechanisms
for Co-Expressed Genes

GENOMICS DATA
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Data Challenges

* Need larger and more complete collections of
TFBS Profiles and Regulatory Sequence
Annotation

 Need annotated catalog of TFs both for
evaluation of results and for selection of
candidate members from families of TFs with
similar target site recognition

* Need larger compendium of reference
collections for evaluation of system
performance
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TF Catalog — Taking inventory of
mouse and human TFs

Debra Fulton and Wyeth Wasserman (UBC)
Jared Roach (ISB)
Gwenael Breard and Tim Hughes (UoT)
Sarav Sundararajan and Rob Sladek (QGC/McGill)
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U.Toronto McGill

3230 Candidate Mouse TFs

uBC
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TFCat Review Process

* (Genes reviewed: 841
« Assign category/judgement
* Link PMIDs for category basis
« Set biased for TFs with available literature

e Positive TF 82%
« DNA Binding 63%

— Sequence-specific subset 92%
* Independent re-review process
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DBD Super Class Taxonomy

(Luscombe/Thornton)

BASIC DOMAIN (BD) proteins which include a basic DNA binding
domain region;

BETA SCAFFOLD (BS) characterized by large beta sheets
structures used to bind DNA ;

ZINC CLUSTERING (ZC) composed of tetrahedral coordination of
1 or 2 zinc ions by conserved cysteine and histidine residues;

HELIX TURN HELIX(HTH) two alpha helices connected by a beta
turn or longer linkers such as loops;

WINGED HELIX TURN HELIX (WHTH) extension of HTH but
Includes a third alpha helix and an adjacent beta sheet;

OTHER ALPHA HELIX (OAH) all proteins that use alpha-helices
as method for DNA binding;

OTHER (O) this superclass accommodates all other DNA-binding
structures

Reg-Creative 2006



Extensions to Luscombe Taxonomy

1.1) Homeodomain-like
— 100) Myb Domain Family
1.1) Helix-Turn-Helix
— 101) GTF2l
1.2) Winged Helix-Turn-Helix
— 102) Forkhead Domain Family
1.2) Winged Helix-Turn-Helix
— 103) RFX Domain Family
2.1) Zinc-coordinating Group
— 104) GATA Domain Family
2.1) Zinc-coordinating Group

— 105) Glial Cells Missing (GCM)
Domain Family

2.1) Zinc-coordinating Group
— 106) SMAD MH1 Domain
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4) Other Alpha-Helix Group
— 28) High Mobility Group-Box
Family
4) Other Alpha-Helix Group
— 107) Sand Domain Family
6) Beta Hairpin_Ribbon Group
— 108) Methyl-CpG-binding
domain, MBD family
7) Other
— 109) High Mobility Group HMG-
AT-hook Family
7) Other
— 110) Runt Domain Family
7) Other
— 111) IPT/TIG Domain Family



S0 =0 = ==00N2 —0N

Protein Protein Group Description Family Family Description TF
Group Count
11 Helix-Turn-Helix 101 GTF2l 6
11 Helix-Turn-Helix Group 100 Myb Domain Family 19
1.1 Helix-Turn-Helix Group 2 Homeodomain Family 122
1.2 Winged Helix-Turn-Helix 102 Forkhead Domain Family 19
1.2 Winged Helix-Turn-Helix 103 RFX Domain Family 2
1.2 Winged Helix-Turn-Helix 13 Interferon Regulatory Factor 6
1.2 Winged Helix-Turn-Helix 15 Transcription Factor Family 8
1.2 Winged Helix-Turn-Helix 16 Ets Domain Family 15
2 Zinc-coordinating Group 104 GATA Domain Family 8
2 Zinc-coordinating Group 105 Glial Cells Missing (GCM Domain Family) 2
2 Zinc-coordinating Group 106 SMAD MH1 Domain 5
2 Zinc-coordinating Group 17 BetaBetaAlpha-zinc finger family 370
2 Zinc-coordinating Group 18 Hormone-nuclear Receptor Family 34
2 Zinc-coordinating Group 19 Loop-Sheet-Helix 1
3 Zipper-Type Group 21 Leucine Zipper Family 58
3 Zipper-Type Group 22 Helix-Loop-Helix Family 44
4 Other Alpha Helix Group 29 MADS Box Family 4
4 Other Alpha-Helix Group 107 Sand Domain Family 3
4 Other Alpha-Helix Group 28 High Mobility Group (HMG-box Family) 18
5 Beta-sheet group 30 TATA box-binding family 2
6 Beta Hairpin_Ribbon Group 108 Methyl-CpG-binding domain, MBD family 1
6 Beta-Hairpin_Ribbon 34 Transcription Factor T-Domain 10
7 Other 109 High Mobility Group HMG-AT-hook Family 1
7 Other 110 Runt Domain Family 2
7 Other 111 TIG Domain Family 8
7 Other 37 Rel Homology Region Family 7
7 Other 38 Stat Protein Family 5
8 Enzyme Group a7 DNA Polymerase-Beta Family 7

— 15%

— 47%
— 04%

12%



TFCat Summary

e Collection avalilable
« Ongoing curation

* Website release pending
 Building WIKI to collect user feedback

e Linking to PAZAR

e Questions? Debra Fulton is here
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S0P A ZARN

A PUBLIC DATABASE OF TRANSCRIPTION FACTOR AND REGULATORY SEQUENCE ANNOTATION

Open-access regulatory sequence
repository — an information mall

Elodie Portales-Casamar
Jonathan Lim
Stefan Kirov
Jay Snoddy

Wyeth Wasserman
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Numerous Regulatory Databases —
No Coordination

TRACTOR db

TRAnscriptional faCTOR database

@ Transcriptional Regulatory Element Database

TRANSCRIPTION REGULATORY
REGIONS DATABASE

TRRDT
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Grand Bazaar, Istanbul
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Retrieval/Browsing Interface

TFMART

Reg-Creative 2006

15



Highlights
* Avallable:

« All data linked to genome assemblies available In
EnsEMBL (limiting species)

* Three project classes
* Open — you can modify data
* Published — you can read (and copy) everything
* Restricted — only owner-approved users

¢ Open-Access/Open-Software
» Code in sourceforge
« Data can be extracted from “open” and “published” projects
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A complex database schema to allow flexibility

@ awamy VARGHAT 45)

& BME YARGHAN(E|

% D_meure_i: INTESER( S H
@ bard: Y2 IGHAR2D)

& widil_dae, TRMCETAN

@ pre Ll INTESERQ D)

legatian G0 i ate &3
i kezatan_d: INTEGER{1D) 9 scardines i INTEGER(! D)
@ species YVARG-ARSL) <} % lacatian dbINTEGE=ND 15K)

% e FHLIM ¥

% B MIEG=HIG)
% ol INTESER(1

% lengih INTECEH1C)
« efil_gale, TIRCETANP
o Loie kL INTEGEFD

TF savpioc =
ransmip: i TF_comples id: INTZGER o

it nancorint_ie- INT=GER(: 1)

@ DE_ain. YARGH 47430
4 lsoinm YRRGHAR 20)
@ omerens: TEXT

@ odi_zam: [IWEST AMH

@ gene_sowe_ld INTEGER(10] Fr]
@ OB _szime ki NTEEER: 0] (FK)

18- WEE]
W oog_oe_id T EGEF D)
@ TFEE nene. WARCHAR2D]

L

I TSR g cog W INTZSER

@ reg_seq_d: INFEGER!D)F4)
- @ TSR It INTEGER (FK)

@ projec_id; INTEGEA[10]

% TF i INTEGER(1@iF 40

@ fure TF Iz NTEGFRIA Q) (FI)

&

TS

Q i TF_d: INTEGER(O:

e rrig, KL INT2S0R 0y Tk
@ class WARCHAR QY
@ lam y. VARCHAR T00)

W analyzis_miiput_ie INTEGERY 1)
@ K3_tpe_kk INTESER( ) [FK]
 adit date: ™ UESTAMP
@ s L INTEGER{10)

o

fuast TF

(anatyss o link [

T unct TF_id: INTEGER[1D)
% unel T mzTec WAACHARZES)

¥ anadyse o lir< ik NTEGER
@ anabyze | link kg INTCGER (FK)

& coondinats_id: INTESERM0 FK

& seqquency TEXT

& guzlty = UB[r emasanmd” teetae pr
@ edi_cae: TMEST A=

& proact id: INTE SERU B)

W [F_enies 2 INTEGERI" )
& DB _nara: VARCHAR[HS]

L)) Ocieckt et TIMEGTANP % modfzatong TEXT @ andys's outeal 1 HTECEM1C117H)
o pmject i INTRGRFOD) & wl_jd. NTEGER[ 01 iFK)
¥ govs eme 1T WTEGERTS . m e iydceti
st k. ] mslhod 2 4 amjec_jel INTEGZR(0
@ DB _wome_k! INTEGER] 0] (FK) | rrethoc_id I\ EBER[M0] e o anayds Inaut -
9 DE_scan: WA PG AR(Gn) v el TEA ¥ aralysis_rpus KEINTIGER D)
o thendpian VARGRARS) % dessigton TEXC v % an alysts_c. INTEGER 10 F )
ez ue TIMEST P % =it deso: TINZSTAMP & 100 tyme_jd INTEGERD)
<@ Q % project id: INTEGEI[10] & arojest_id: INTEGERI10) ANy @ e Ldate: “IMSSTAMP
—————————" [ ¥ analsis 4 NTEGERI10| & 5 ominct 1 INTEGER
<} & mattad_id: INTESERN 1 [FR 2 omjed | HTECERND) |

fi

@ oe o INTCGEN0] (1K)
# time_d: INTEGE1011-K)
& mi_il INTZRER 10 EK)

W warments. TEXT

L

¥ ® 8 BRLANIC ANRE) 3 7] i ol 1z NTEGERLD)
9 o dus LM T ¥ T3F_ il NTEGER o pme INE3ERIE) &

o ol - BT @ gF w_awme_r INTFGRAD)(Fe) | % st cala TIMEAUP

W iy oy vl i NTERE 10 FEH $ iecigr L RTRSRT Py @ Emlact i NIECEH D)

@ wonaruct_il: INTEGER() ) FK; - : ﬁjza.r ﬂ;IN':EE'

by (M'{ “MT:;EOER"EJ K @ :r?_ﬂ:::'lrrrﬂ z;ltl\.'EGEF

. i d;?:-'r WESTEMP & & & a= edwe TIMESTAWP =

e Plizif o INTEGE A1) ¥ amjsal_d. INTEGER '!'rell H'IEFGFIIET
W nama VAHCHARS]
% Tsaur_oniology FATGHATZES]
% status - NUM i, 5rimary! el e

-] o - — e [, o Amary 7 P

o horakagy_pe: ENUN izt brholog parske_
@ edhl_dae: TRAFSTANR

G premet I INTE SFR o)

rokglion st =
¥ mutm on_o_jg: INTESER D)
& meg Ak TERER|IL)

@ mulit_man WAF CHAFE 2l

# goodlnass_d: INTEGERQ 0)iFs)
% methar_id INTEGER(1 0

@ ref i INTEGEF(r 3]

@ mutead_gae VARGHARIZES) Q
% commants: ¥AACHAREEE |

& arlit Azte TIWFRTSMP

% project &, INTEGZTIQ

Intarsetian 0
¥ irsraction iV EE=HIO)
W quEltEne WAGHAH(250]
% quantitaibve: vARCHAREST)
@ gzmenls TEXT

15 zeq el

# reg_sen s d: INTEQES

@ reg_soy il INTEGER(10) Fi
@ rrabix_d. INTEGER (FK)

Imir img -

@ rrobly_d INTEGES (FK)
@ specize WARCHAR(S)

@ pubmed: INTEGER

@ avphme VAAGHATE)
@ ol cue: TINESTAUP

ot B )
T rotaticn_id: IITOSCN

& rtAion_set_d INTRBRA( D) F4)
& pocitian: INTESER
o Eazer C-AR

&

W rradn mo_d; IRl O

¥ manly_id; INTEZIER

# DB _sourcz_d (MTEGIR{IC) (FK)
w DB _ag: WAR SHAR 45

o vecnrk: VARG HARIME,

& verom VAAGHAR 45,

@ varnr WRRCHERLR

B VBer] GRS

% dessrigtion VAGHAN 255

& elt date TINCETAMP

% pojecd ju NTEGER

*
-1
@
&

corserees 8l e

¥ consaved oo INTEGER(10]
@ gonserved_qmup_id; INTCGERI D)

Teg_sm_nd INTEGZRM B (P
ot g _varl_jd. INTEGEF 101
adt_cate: TIMESTARP

pEjpct ik InT RS0

% desaiplun, ARGHAR2S5)
@ pegew VAR CHARED)

@ it dew: TIMESTAMP

& et el INTEGER0)

10_plament_
w K alament_tpa: CHUK seditene <aesd..
% edit dates TIMCET AP
& puwel 1l NTEEZRIC)

0

¥ Kb npe I NTEGERY! |
?

@

&

EGE=(10)

ary|
¥ anakzz 1k i INTEGER

i3 =

ek Tk L4

¥ condruct_ic: INTSGER Iy

time:
9 time_ld: INTZGER 1 0)

od

@ womiael_g i VARG AFWE)
@ cextiafion TEIT

@ smqance TEXT

& edit date: T/MWEST AP

@ peofot i NTECZRL

% nania WAE BHAS a8)

& desrptian: JARCHAR2SE)
& male YAACHAR(10)

& sclil_dale. MES TAME

& projest itk INTESER O

Ararim.an -
T pasarwetor - INT =5EH D

4 kg WARCHAR[ZD,

& walue: UAR CHAR 45)
G tablo_namo: YABSHARAS)

G tabls_aimary_id: INTEGER[10]
@ adb cae TIMESTSMP

Re .

4 mlil_da TWESTAMP
4 poject_ic: INTSGER - U,

@ projac ke INTFGFA[10]

EApresin g ]
@ swarassan o NTEGERMQ)
@ qualies e YATGHATIESE]
@ quanttalhve VARGHARRSE!
@ qarmeils TEXT

@ wil_dhate. TH=STAMP

% Imjec_jo: MTEGER' 0

USArE X
T asar i INT=GEH] D)

@ rs_neTe: YAHGHANIED]
@ sz_neTe: YARCHARNZD

@ awsawond, WECHAS 21
O asemama: UARCHAR 21)
O st FARCHARGIEY

W candan_id: INTEGER(S!

@ pejedt & INTEGESND)

ronditian =

@ cand typa T=RT

& ralecule VAACHAR2D)

& vomiiphon, TSET

@ mreribabon. TARCHARI2CH
@ male VAACHAREZD

@ edit_date: TIMESTARP

et

% analvzs npw i INTCGOOAE TR
% anaiyss o (Irk id: INTESER [FF)

@ gample_tygs VAR CHAR 255)

=

¥ pmject ket INTEGERpC)

< ooll i INTEGERR) (FE)
“ tine_kk: INT Z5EF 7 0 [FK)
@ edt_cater TIMEST AP
& prjee bk NTEGER[HD)

@ uit_date. TH=5TAMP &

@ uce g INTEGE 310) F k)

% projed name: VANGILARES,

« pasaord VARZHAREZD)

» sl EnUbDiesiced, published)
% eoi;_cat=TIMESTAMP

17




PAZAR can be linked to external data resources
(ensembl, genekeydb) using a “talk” module

PAZAR is confined to the description of regulatory sequence features. There is often need for
other information, such as gene identifiers, genomic DNA sequence, etc. The APl talk module
grants access to external resources. It is easily extensible to support other databases, including
new “mallsjwhile providing standard accessor methods.

USER INTERFACE (UI)

URLs:

ENSEMBL  http://www.ensembl.org
ucsc http://genome.ucsc.edu
GENEKEYDB http://genereg.ornlgov/gkdb
JASPAR http://jaspar.cgb.ki.se

Reg-Creative 2006
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XML exchange format
<pazar>
<project name="example project" pazar id="project 0" status="restricted">
<user affiliation=""affiliation" first_name=""first name' last name="last name"
- pazar_id="user_0" username="'username" />
| | 1 lu </project>

-_ E <data>
<gene source description="PDE6B" pazar id="gene 0">

<db_accession db_acen="ENSG00000133256" db_name=""ensembl" />
<TSR fuzzy start="609373" fuzzy end="609373" pazar id="TSR 0'">
<tramscript pazar_id="transcript 0">
<db_accession db_acen="ENST00000255622" db_name="ensembl" />
</transcript>
<reg_seq TFBS_ name="NRE'" quality="tested" pazar_ id="reg_seq 0"
Relationship Between Entities and Tables sequence MATFIGTAGCAGICACTCACCTGACCOGT 1>
Entity Tahle(s] involved <coordinate begin="609283" end="609310" length="28" strand="+">
<location assembly=""NCBI 35" band="4p16.3" species="human">

a Transcription Factor (TF) TF, transeript, gene_source g

b Transcription Factor Binding Sits (TFBS) reg_seq, TSR, gene_source <db_accession db_name="ensembl" />

© TFBS Mutation mutation, mutation_set </location>

d TF - TFBS Intaraction (Inductsan of expression) intaraction / expression 5

¢ Mo TF - TFBS Interaction (ne induction of expression)  Interaction / expression </coordinate>

1 Experiment Description method, ref, cell, time, condition <mutation set pazar id="mutation set 0">
@ Project Description project, users =t = S

<coordinate begin="609294" end="609299" length="6" strand="+">
<location assembly="NCBI 35" band="4p16.3" species="human">
<db_accession db_name="ensembl" />
</location>
</coordinate>
<mutation base="g" position="1" pazar_id="mutation_0"/>

<mutation base=""a" posiffén="6" pazar id="mutation 5"/>
</mutation set>
</reg_seq>
</TSR>
</gene_source> wena
<gene_ source description="NRL"-pazar id="gene 1">
<db_accession db_acen="ENSG00000129535" db_name="ensembl" />
<tramscript pazar_id="transcript_1">
<db_accession db_accn="ENST 00000250471" db_name="ensembl" />
<tf class="DZIP" family="MAF" pazar_id="tf_0"/>
</transcript>
</gene_source>
<funct_tf pazar_id="funct_tf 0" tf ids=""tf 0"/>
<interaction qualitative=""yes" pazar_id="interaction_0"/>
<interaction qualitative=""no" pazar_id="interaction_1"/>
</data>
<analysis >
<method method="EMSA"/>
<ref pmid="11438531"/>
<cell name=""Y79" species="human" status=""cell_line"/>
<input_output >
<input inputs="funct_tf 0"/>
<output outputs="interaction 0"/>
</input_output>
<input_output>
<input inputs="mutation_set_0"/>
<output outputs="interaction 1"/>
</input_output>
</analysis>
</pazar>
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API data structure
The API is based on existing Bioperl data structures and methods.
Using Bioperl allows the PAZAR project to use standardized procedures.

User Interface

Data collection/API

Bio::Matrix;:PSM::InstanceSite/Bio::Seq object

accession_number

seq

species

Ensembl gene id

Sequence

anchor

annotation

start/end

PSM object features and
accessor methods

transcri

TSR, preferred
pt, etc. coordinates

binomial

chromosome

get_Annotations

get_Annotations

[ei]

| method | | expression |

| condition |

reference

annotation values, accepted by PAZAR

| preferred transcript |
| time I

API

PAZAR




Some Statistics

« “Restricted” but going public soon
— “PLEIADES PROJECT” NEURO GENES

Regulated Genes: 77

Regulatory sequence (genomic): 303
Transcription Factors: 78

Annotated Publications: 143

» “Published” projects include

 JASPAR

* Muscle

e Liver

* ARE collection

Reg-Creative 2006
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Current Efforts

 Three full-time annotators at work
» Pleiades collection

e Improving annotation interface

* Ontology links for expression

« TFCat Integration

« Graphical display of annotations
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PAZAR and OREGANNO

« Different systems and intentions
 PAZAR allows private curation projects
 Differ in style of annotations

« PAZAR data is not validated — you must choose data
collections that you trust

« PAZAR is a mall; OREGANNO is a super-store

« PAZAR allows for broad range of data
 SELEX
* Promoter deletion experiments
 TF Complexes
* Mutations
« TSS definition/Alternative Promoters

« Working together
* Ontologies
« Data exchange

Reg-Creative 2006
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Help?

* Text mining tools to accelerate annotation
« Graphical display of information in database
« Ontology building expertise

« Collaborative projects

* Open to expansion and improvements to facilitate
research projects

 Questions? Elodie Portales-Casamar Is here
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Putting It All Together
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