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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.



Transcription Factors and Regulation

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



MotifMap Pipeline

1. Collect data for motifs from TRANSFAC, JASPAR

2. Search for motif binding sites across a genome

3. Score using the PSSM representation of the binding site

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

5. 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

Found binding site in promoter (p-value <= 1× 10−5)



Highly conserved across species:

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



Assessing Conservation - Bayesian Branch Length Score [3]

BBLS(pV ) =
∑

σV

P(σV )BLS(σV )

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



Validation - BBLS Outperforms Other Methods - p53 [3]

p53



Validation - BBLS Outperforms Other Methods - CTCF [3]

CTCF



Validation - BBLS Outperforms Other Methods - NRSE [3]

NRSE



Integration With Other Data Sources

◮ HT data (GEO Microarray, ChipSeq, RNASeq)

◮ Gene Ontology (GO)

◮ Genome-wide SNP Datasets (GWAS)

◮ Protein-protein Interaction Networks (PPI)

◮ Epigenetic Interactions (Methylation, etc.)

◮ 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 Item Recognition Test



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



Regulatory Networks of Transcription Factor Genes



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?
◮ I want to visualize all the binding sites for X and Y binding

sites across the genome.
◮ I know the transcription of genes X and Y are somehow

correlated. What binding sites do they share?
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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



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 400 61,078,732 35,706,731
Chimpanzee 400 72,129,675 39,834,020

Mouse 400 63,075,690 17,128,081
Fly 150 12,937,527 6,234,280

Yeast 150 12,415,229 8,080,077
Nematode 9 2,319,239 314,351



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 III 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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