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Motivation for MotifMap

» Understand non-coding, “genomic dark matter”

» Build maps of gene regulatory networks

» First step: build complete maps of all TF binding sites in
all genomes!

» Applications

» Fundamental biology
» Medicine/Pharmacology
» Many diseases (e.g. cancer) are complex diseases of regulation



Genomic Dark Matter - Conserved Non-Coding Elements

One putative function of conserved, non-coding elements that are
under positive selection are regulatory binding sites.
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Transcription Factors and Regulation

Tumor Suppressor Protein 53 (p53) - The guardian of the cell
Mutations in p53 protein involved in most cancers

E ma X A_C—v £ =T AW _—=
FNmTID O~ O NI BONOD 0= N B
FFFFFFFFFF aNNN

/ \
\
\ /'
Transcription

Initiation complex ey

( Transcriotion
£I9

Initiation
Proximal TFBS

R P e



MotifMap Pipeline

N

Collect data for motifs from TRANSFAC, JASPAR
Search for motif binding sites across a genome
Score using the PSSM representation of the binding site

Assess conservation using multiple alignments and
phylogeny of relationships between species (BBLS)

Assess quality using False Discovery Rate, experimental data
(ChipSeq)

6. Integrate with other biological data

7. Disseminate data for public use



Example: p53 Binding Site
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Highly conserved across species:
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do we assess this aligned motif to find good sites genome-wide?



Assessing Conservation - Branch Length Score [2]

BLS = Sum the length of the branches of the subtree to most
recent common ancestor

echTell GGTGACACCGT (Score = 0)
loxAfr1 GGTGRCGCCGT (Score =1)
dasNovi - (Score = 0)
bosTaud GGTGECGCCGT (Score =1)
equCabi GGTGACGCCGT (Score = 1)
felCaiz A (Score = 0)
canFamz2 GGTGECGCCGT (Score=1)
eriEurt GGTGACCCCGT (Score = 0)
sorArat GGTGACGCCAT (Score = 0)
oryCuni GGTGACACCGT (Score =0)
cavPor2 GGTGACACCGT (Score = 0)
mms GGTGACACCGT (Score =0)
m4 GGTGACACCGET (Score =0)
tupBell GGTGACGCCGET (Seore = 1)
oloGart GGTGRCGCCET (Score=1)
rheMac2 GGTGACGCCGT (Score = 1)
panTro2 GGTGRCGCCGET (Score = 1)

hgt8 GGTGACGCCGT (Score = 1)



Assessing Conservation - Bayesian Branch Length Score [3]

BBLS(pv) = 3" P(0v)BLS (V)

echTell
loxAfr1
dasNov1
bosTau3
equCab1
felCat3
canFam2
eriEurt
s
oryCunt
cavPor2
mmé&
md
tupBel1
otoGar1
rheMac2
panTro2
hg18

P(oy) = probability of a motif (score from PSSM)
Recursive implementation of algorithm is O(n), n = number of species

ov

GGTGACACCGT
GGTGACGCCGT
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GGTGACCCCGT
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(Score = 0.662)
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Validation - BBLS Outperforms Other Methods - p53 [3]
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Validation - BBLS Outperforms Other Methods - CTCF [3]
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Validation - BBLS Outperforms Other Methods - NRSE [3]
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Integration With Other Data Sources

v

HT data (GEO Microarray, ChipSeq, RNASeq)
Gene Ontology (GO)
» Genome-wide SNP Datasets (GWAS)

Protein-protein Interaction Networks (PPI)

v

v

v

Epigenetic Interactions (Methylation, etc.)

v

Sets of Homologous/Orthologous Genes (Homologene)



SNP Data Integration

The genetic basis of some diseases (or phenotypes) is not necessar-
ily due to changes in the coding sequences of proteins/genes, but
disruption of regulator elements (motif binding sites).

» Hypertension

» Schizophrenia

> Accelerated growth in flies



SNPs and Schizophrenia

» 1,879 genes (literature, GWAS, and domain knowledge)
» Illumina Human CNV370 (64 chronic schizophrenia subjects,
and 74 matched controls)

Significance of these 302,783 SNPs (Z-scores) determined using
blood oxygen level in the brain during an ltem Recognition Test



Regulatory Networks of Transcription Factor Genes

What binding sites are found near a genes which are themselves
transcription factors?
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Regulatory Networks of Transcription Factor Genes
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MotifMap Web Server

» Access to data (biologists in particular)

http://motifmap.ics.uci.edu/

» Answer common questions:

» Where are the binding sites for some binding protein that are
highly conserved?

» What binding sites are nearby my favorite gene?

> In which species is the binding site for p53 binding protein near
the p73 gene conserved across?

» | want to visualize all the binding sites for X and Y binding
sites across the genome.

» | know the transcription of genes X and Y are somehow
correlated. What binding sites do they share?



Search MotifMap | Genome Browser View

SNPer

Gene MotiFinder

Select Genome Track: | Human (hg18 multiz28way_placental)

Plotst

Mo tifMap:: Copyright (c) University of California, Irvine ::

Select Motif: Human (hgl8 multiz2Bray_placental Version 1) |+
_ Human (hgl8 muitiz28way_placental)

Motif ID | Human (hg18 multizadvay_placental)

MO0&74 ‘ Fly (dm3 multiziSway_fllesonly)

MO0476 Yeast (sacCer2 multiz7vay) -
MO0477 FOXO3 HNBTTGTTTACDTW
MO0478 Cdcs GNKTTAACRTAD

mM00492 STATL BNNTTCCS

Parameters:  ZScore: BLS: _Eﬂ BBLS: FOR:

L Preview | | Addto Genome Browser View |

Location +/- NLOD | Z-score BLS | BBLS v FDR
chr7:113841746..1138417... A + 0512 4500 2845 1741 0.000
<chr2:174968639..1749686... A - 0.825 | 4.704 2.546 | 1.696 0.000
chr5:64955831..64955845 A+ 0.881 4.332  2.847 1.664  0.000
chr1:87567626..87567640 A -  0.930 4744 2136 1495  0.000
chr1:152107762..1521977... A + 0875 4281 2545 1489  0.000
<hr18:30545110..30545124 A - 05920 4735 2586 1465  0.000
chr1:172684492..1726845... A + 0.906 4.540  2.845 1.440  0.000
chr5:131160175..1311601... A - 0.919 | 4.652 2.182 1.435 0.000
chr18:37354308..37354322 A + 0.896 4453  2.945 1434  0.000
<chr2:196230266..1962302... A + 0.942 4.850 1.872 | 1.406 0.000

Documentation

Gene
FOXP2
CIR1
TRIM23
Lmo4
CRTC2
DTNA
GPR52
FNIPL
KCB

SLC39A10

About MotifMap

0105 Dismnce: 1000 |

Distance (bp Description
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-251
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forkhead box P2 isoform IT

CBF1 interacting corepressor

ADP-ribosylation factor domain protein 1 isoform
LIM domain only 4

CREB regulated transcription coactivator 2
dystrabrevin alpha isoform 4

G protein-coupled receptor 52

folliculin interacting protein 1 isoform 1

solute carrier family 39 (zinc transporter),

ICS 1 IGB



Search MotifMap

Genome Browser View

SNPer

Select Genome Track: l Human (hg18 multiz28way_placental)

Gene MotiFinder
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Plotst

Dacumentation
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J 1
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(NLOD = 0.536)
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Select Motif:
Motif ID s | Name Consensus Length
MO0a74 FOXO1 | chi7:113841746..113841760
100476 isott |__Show in UCSC genome browser | | Download Alignment Plot
M00477 Fox03
M00478 Cdcs
echTelt @ GCATTGTTTACTTT
Magas swan loxAT @ GCATTGTTTACTTT
Parameters:  2Score: | 3.72| 3] BL dasNovt @ GCATTGTTTACTTT
bosTaus @ GCATTGTTTACTTT
Preview | [ addto Gen equCabl @ GCATTGTTTACTTT
= felCats @ TCATTGTTTACTTT
Location +
| canfamz @ GCATTGTTTACTTT
e e e e el el eiuri @ GUATTGTTTACTTT
chr2:174968639..1749686... A sorAral @ GCATTGTTTACTTT
chr5:64955831..64955845 A |+ onGunt, @ (CEATTCTTTACIIL
cavPor2 @ GCATTGTTTACTTT
chr1:87567626..87567640 A % mm8 ® GCATTGTTTACTTT
chr1:152197762..1521977... A + 4 ® GCATTGTTTACTTT
chr1B:30545110..30545124 A - fupdel! @  GCATTGTTTACTIT
otoGar1 @ GUATTGTTTACTTT
chr1:172684402..1726845... A + heMacz @ GOATTGTTTACTTT
chr5:131160175..1311601... A - panlo2 @ GUATTGTTTACTTT
chr1B:37354308..37354322 A  + (0 8 (GEATIGTTIACTTT
chr2:196230266..1962302... A +  0.842 4850 1.406 0.000 | SLC39A10 170

Mo tifMa pi: Copyright (c) University of California, Irvine i

selute carrier family 39 (zinc transporter),
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Home

Genomes Blat Tables Gene Sortel PCR DNA Convert Ensembl PDFI/PS

UCSC Genome Browser on S. cerevisiae June 2008 (SGD/sacCer2) Assembly
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Search MotifMap | Genome BrowserView | SNPer | Gene MotiFinder | Plotsi | Documentation = About MotifMap

options
| Human (hg18 muttiz28way_piacental) + | [ nM_oo3106/s0X2
(Buita, atignment) Scores:
Location Strand | NLOD | Z-score BLS  BELS  FDR | Motifld TF Name Distance (bp) Region woo: 55T
chr3:182012155..182012161 A+ 1000 4127 1113 1113 0030  M00271 AMLa -260 Upstream
BBLS: 0.5 tﬂ
chr3:182012201.182912301 A - 1000 5110 1472 1.472 0026  MOD93L sp1 126 Upstream
sis: [0
chr3:182012200..182912303 A |- 0097 5243 1472 1455 0,000 Mo0932 Sp1 125 Upstream =
FDR: 0.1 =
chr3:182912990.182912096 A+ 100D 4127 2087 1sg5 0022 Mooz Amts 15 Dounstream =
chr3:182913163..182913171 A+ 1000 3971 2206 2258 0010 | MO0&71 8P 748 Downstream Distance:
chr3:182913368..182913376 A+ 0971 4421 1670 1381 0002  M00698 HEB 953 Dawnstream Upstresm: 1000
Downstream: 1000

Search!

Reset |

Downloag:
GFF3 BED csv
Showin UCsC

Mo tifMap:: Copyright () University of California, Irvine :: ICS :: 1GB.



Search MotlfMap | Genome Browser View ‘ snper

[ v |

It]

Search by Mol | Search by Co-ordinates

| Peman (ng18 muzasway_pacentan | | [ M00172 AL % =
st speciss (build, alianment) anter Franscriation Factar namear Tansfac 10,

Summary M00172_AP-1 ‘ i
Motif tnformation HapMap SNP Density (SNPs/Kb DNA) dbSNP Density (SNPs/Kb DNA) :
Length of Motif: - Al Sites: - Al Sites: )
Total # of sites = BALE>/0(5; -BBLS >0.5
Sites with BBLS > 0.5: - BBLS > 1: - BBLS > 1: HapMap SNP Options
Sites with BBLS > 1 - BBLS > 2 - BBLS > 2: Dovsjont OBk
Sites with BBLS > 2: # of sites with overlapping SNPs: | Refresh il Reset
dbSNP (version 130) data 10 record(s) found
Location | strana LoD 2z-scora BLs BaLs FOR Mottt SNP-rss | sWestart | Observed | Functon | class
ehrL:15482903 + 0.958 4:356 1.756 1325 0.000 mMooL72 2939417 | 76165 o1 neargene-s | single -
chri:15489782 + .82 4538 Lo24 1242 0.000 Mo0L72 5772017 | 77148 - neargene-s | Insertion
chrs:s08ss08.| + 0953 as21 zas1 1390 0.000 00172 28693527 | 847038 a6 near-gene-s | single 2
chro:16620707 + 0.969 2,439 L1742 1167 0.000 MoDL72 59192718 | B47515 o neargene-s | single
chrsi2zio7593 + 0.960 @371 Le70 Lo77 0.000 MooL72 171509446 | 849563 /6 neargene-s | single
chrs:2z145120 + o.545 2270 2262 1426 0.000 mooL72 1571508445 | 849563 /6 near-gene-s | single L
HapMap3 data 10 record(s) founa
Location Strand | nop | z-score BLs BBLS FOR Motif SNP - rs# SNP Start
chrL:2306417..230¢ + .56 a.a39 348 1018 2.000 00172 511045050 21549797 -
hrL:2377778..2377 + 1.000 4672 L1533 1153 0.000 moo172 51250388 126877347
chrL:3000522..300¢ + | n.ss2 | 4312 1841 1.005 0.000 MoD172 51183756 105230013
ChrL:a766062..475¢ + 0.594 4628 1650 1276 0.000 Moo172 516916114 0886905 -

MOTIFMap:: Copyright (c) University of Callfarnia, Irvine :: ICS :: IGB
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Thank You!
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Validation - Estimating False Discovery Rate [3]

1. Randomize original TF binding site PSSM (permute the
nucleotide positions only)

2. Apply the same MotifMap pipeline to find matches to the
control motifs

0.9

True Sites 108

Number of sites
True positive rate
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Data sources

» TF Binding matrices
» TRANSFAC database
» JASPAR database
» Biologists

» Genomes
» UC Santa Cruz Genome Browser
» Species-specific databases
» Size: 10MB-4GB/species

» Multiple Sequence Alignments/Phylogeny
» UC Santa Cruz Genome Browser
» Biologists
» Size: 100MB-400GB



Currently Available Species:

Species

# of matrices

Sites identified

Conserved sites

Human
Chimpanzee
Mouse

Fly

Yeast
Nematode

400
400
400
150
150
9

61,078,732
72,129,675
63,075,690
12,937,527
12,415,229
2,319,239

35,706,731
39,834,020
17,128,081
6,234,280
8,080,077
314,351



Other Current Projects

» Fly Growth - Find TF binding sites with SNPs that change
binding affinity (Anthony Long)

» Nematode Germline Development - Examining DNA and RNA
binding motifs to identify candidate genes (Olivier Cinquin)

» Yeast Transposons - finding sites of Pol Ill binding to BoxA
and BoxB elements (Suzanne Sandmeyer)

» Genome wide analysis to find genes with multiple, common
binding sites (cis-regulatory modules)

» Genome wide comparison of human and chimpanzee to find
genes with common and different binding sites
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