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ECS 234: Genomic Data Integration
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>gi|12004594|gb|AF217406.1| Saccharomyces cerevisiae uridine nucleosidase (URH1) gene, complete cds 
ATGGAATCTGCTGATTTTTTTACCTCACGAAACTTATTAAAACAGATAATTTCCCTCATCTGCAAGGTTG 
GGGAAGGGTTGGACAGCAATAACCAGCGACTGTTTGAAGAAAAGATGACTGTTAGTAAAATACCCATATG 
GCTAGATTGTGATCCTGGTCATGATGATGCCATAGCCATTTTATTAGGCTGTTTCCATCCAGCTTTCAAT 
CTTCTAGGAATCAGCACGTGTTTTGGTAACGCACCGCCAGAGAATACTGACTACAACGCCCGTTCTCTTT 
TGACTGCGATGGGCAAAGCACAAGCGATTCCAGTTTATAAAGGCGCACAGAGACCTTGGAAAAGGGAACC 
TCATTATGCTCCTGACATTCATGGTATATCAGGTTTAGACGGCACTTCTTTGCTACCTAAGCCAACATTT 
GAGGCAAGAACTGATAAAACGTATATTGAGGCCATTGAAGAGGCGATTCTAGCTAACAATGGAGAGATAT 
CCTTTGTGTCTACTGGTGCACTTACCACATTAGCAACAGTTTTTAGGTGTAAACCATACCTAAAAAAATC

>gi|13534|emb|V00696.1|MISC16 Yeast (S. cerevisiae) mitochondrial gene for cytochrome 
ATATATATAATTATAAATATATATATATATAATAAGTATTAATTAATAATATATATTTATATATTTTTTA 
TTAATTAATATATATAAAATATTAGTAATAAATAATATTATTAATATTTTATAAATAAATAATAATAATA 
TGGCATTTAGAAAATCAAATGTGTATTTAAGTTTAGTGAATAGTTATATTATTGATTCACCACAACCATC 
ATCAATTAATTATTGATGAAATATGGGTTCATTATTAGGTTTATGTTTAGTTATTCAAATTGTAACAGGT 
ATTTTTATGGCTATGCATTATTCATCTAATATTGAATTAGCTTTTTCATCTGTTGAACATATTATAAGAG 
ATGTGCATAATGGTTATATTTTAAGATATTTACATGCAAATGGTGCATCATTCTTTTTTATGGTAATGTT 
TATGCATATGGCTAAAGGTTTATATTATGGTTCATATAGATCACCAAGAGTACTATTATGAAATGTAGGT 
GTTATTATTTTCATTTTAACTATTGCTACAGCTTTTTTAGGTTATTGTTGTGTTTATGGACAGATGTCAC 
ATTGAGGTGCACTAGTTATTACTAATTTATTCTCAGCAATTCCATTTGTAGGTAACGATATTGTATCTTG

Heterogeneous Data Integration

• Microarray

Yeast Genes

• DNA Sequence

• Proteomics

Important to Integrate!
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ChIP-chip Data
(Large-Scale Genomewide Location Data)

• Detecting physical TF binding to DNA on a large scale

• Binding confidence P-value for each TF and DNA region

BUT:

• Localizes the binding coarsely, to a 1000-2000 bp region

• It doesn’t say anything about the nature of the regulation

• It is noisy

0.0110.120.15G3

0.60.0030.01G2

0.20.050.002G1

TF3TF2TF1
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Using ChIP-chip Data
(Lee et al. 2002) 

• Transcriptional Regulatory Networks in S. 
Cerevisiae (yeast)

• 106 TFs, 6000+ genes of yeast
• P-value: 0.001 (1/10 % by chance)
• Connect the TFs to the genes they 

regulate above that threshold
• The result is a regulatory network
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Network Analysis Detects Component 
Reuse (Network Motifs)
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Gene Modules and The Cell Cycle
• TF-DNA data combined 

with Expression Data 
from 500+ experiments

• Multi-Input Network 
Motifs + Coexpressed 
genes = MIM-CE 
(coexpressed and 
coregulated gene 
modules)

• MIM-CE aligned with 
known genes expressed 
in different parts of the 
cell-cycle

• Result: cell cycle 
modular regulatory 
network
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Improved Expression+TF-DNA 
Integration: Gene Modules (Bar-Joseph et al. 2003)

• GRAM algorithm: 
eliminate the strict 
significance threshold 
(P-value) for TF-DNA 
binding by 
considering 
expression data

• Find coexpressed 
genes and their 
regulators (ie gene 
modules)
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Benefits of Integration

GRAM detected 
gene modules are 
more likely to 
contain upstream 
the appropriate 
binding sites (from 
TRANSFAC) then 
the modules 
detected by using 
TF-DNA data only
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Results From Integration
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ChIP-chip + Promoter Sequence 
(Liu et al. 2002)

• TF-DNA binding is very coarsely localized with 
ChIP-chip data

• To find the actual binding sites use the TF-DNA 
binding evidence to narrow down the search 
space for motif finding

• MDscan: rank the DNA sequences and give 
more weight to sequences more enriched for TF 
binding

• Works better than motif finders that do not take 
TF-DNA binding into account
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Sequence + ChIP-chip + 
Expression Data (de Bie et al, 2004)

• Uses 3 independent data sources of yeast:
– M, Sequence motifs (obtained by comparative genomics)
– R, ChIP-chip binding (from Young’s lab)
– A, Microarray expression data experiments

• A module is:
– A set of regulators
– A set of genes it regulates
– A set of sequence motif where the regulators bind

• Algorithm: simple threshold based procedure for 
each data source, made efficient by observing 
hierarchical properties of modules
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Results

Known functional gene modules in yeast identified
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Protein-Protein Interaction Data (PPI)

• Yeast-two-Hybrid 
technology

• Large-scale
• Available for yeast, 

drosophila

Yeast PPI Network (largest cluster): nodes are proteins, edges PPIs
(red, lethal; green, non-lethal; orange, slow growth; yellow, unknown)

Jeong et al. Nature 2001



  

ECS 234

Gene Expression + PPI Data
(Ge et al., 2001)

Goals 
1. To compare the levels of 

interaction between proteins 
encoded by co-expressed genes 
vs. proteins not encoded by co-
expressed genes

2. Improved modeling of protein-
protein interactions

Methods

Calculate protein interaction 
density, and corresponding 
significance within and between 
co-expressed clusters of genes
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Transcriptome – Interactome 
Correlation Maps
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a) Protein-protein interaction data

b) Protein Interaction + 
Gene Expression Data

More Knowledge Yields Better Models

Stress response proteins
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Protein Function Prediction
(Marcotte et al., 1999)

or

Combining various strategies to link 
functionally related proteins. Total: 93750 links

Link confidence:
• highest confidence (4130 links)
• high confidence (19521 links)
• rest 
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4. Putting It All Together?
Davidson et 
al., 2002
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