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Network Topology

Reasons for Networks: 
Overcome shortcomings 

of linear genome annotation
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Current Annotation: 
1D Browser Tracks

Will this scale to 1000+ 
tracks? What will next-gen 

annotation look like?...

Systems from Parts

Scale
chr2:

GM78 NRSF PCR2 1

GM78 POL2 PCR2 1

GM78 POL24 PCR1 1
GM78 SIX5 PCR1 1
HESC SIX5 PCR1 1

K562 POL24 V101 1

K562 SIX5 PCR1 1
K562 TAF1 V101 1

GM78 ATF3 PCR1 1

GM78 BATF PCR1 1

GM78 BCL1 PCR1 1

GM78 BCL3 V101 1

GM78 BCLA V101 1

GM78 EBF1 PCR1 1

GM78 EGR1 V101 1

FetalPBDE GATA-1 Pk

GM12878 BRCA1_(A300-000A) Pk

GM12878 CHD2_(AB68301) Pk

GM12878 CTCF_(SC-15914) Pk

GM12878 EBF1_(SC-137065) Pk

GM12878 GCN5 Pk

GM12878 IRF3 Pk

GM12878 NF-E2_(SC-22827) Pk

GM12878 Nrf1 Pk

GM12878 p300_(SC-584) Pk

GM12878 c-Myc Pk

GM12878 CTCF Pk

GM12878 Pol2 Pk

H1-hESC c-Myc Pk

H1-hESC CTCF Pk

H1-hESC Pol2 Pk

K562 c-Myc Pk

K562 CTCF Pk

K562 Pol2 Pk

K562 FOS/GFP Pk

K562 GATA2/GFP Pk

K562 HDAC8/GFP Pk

K562 JunB/GFP Pk

K562 JunD/GFP Pk

K562 NR4A1/GFP Pk

GM12878 CTCF Ht 1
GM12878 CTCF Pk 1

GM12878 CTCF Ht 2
GM12878 CTCF Pk 2

K562 CTCF Ht 1
K562 CTCF Pk 1

K562 CTCF Ht 2
K562 CTCF Pk 2

100 kb
191700000 191750000 191800000 191850000 191900000 191950000 192000000 192050000

ENCODE Gencode Manual Gene Annotations (level 1+2) (Oct 2009)

ENCODE Gencode Automated Gene Annotations (level 3) (Oct 2009)

UCSC Genes Based on RefSeq, UniProt, GenBank, CCDS and Comparative Genomics

ENCODE Transcription Factor Binding Sites by ChIP-seq from Stanford/Yale/UC-Davis/Harvard

ENCODE Transcription Factor Binding Sites by ChIP-seq from HudsonAlpha Institute

ENCODE Transcription Factor Binding Sites by ChIP-seq from Stanford/Yale/UC-Davis/Harvard

Open Chromatin TFBS by ChIP-seq from ENCODE/Open Chrom(UT Austin)

Transcription Factor Binding Sites by Epitope-Tag ChIP-seq from ENCODE/University of Chicago

CTCF Binding Sites by ChIP-seq from ENCODE/University of Washington

GLS
GLS
GLS

GLS
GLS

KIAA0838

GLS
STAT1

STAT1

STAT1
STAT1

STAT1

STAT4

STAT4

STAT4
STAT4

STAT4

STAT4
STAT4

STAT4
STAT4

GM12878 Pol2 Sig
GM12878 Pol2 Sig

GM78 NRSF PCR2 1

GM78 POL2 PCR2 1

HESC SIX5 PCR1 1

K562 POL24 V101 1

K562 TAF1 V101 1

GM78 ATF3 PCR1 1

GM78 BATF PCR1 1

GM78 BCL1 PCR1 1

GM78 BCL3 V101 1

GM78 BCLA V101 1

GM78 EBF1 PCR1 1

FetalPBDE GATA-1 Sig
PBDE Input Sig

GM10847 NFKB Sig
GM10847 Pol2 Sig
GM10847 Input Sig
GM10847 Input Sig

GM12878 BRCA1_(A300-000A) Sig

GM12878 CHD2_(AB68301) Sig

GM12878 CTCF_(SC-15914) Sig

GM12878 EBF1_(SC-137065) Sig

GM12878 GCN5 Sig

GM12878 IRF3 Sig
GM12878 JunD Sig
GM12878 Max Sig

GM12878 NF-E2_(SC-22827) Sig
GM12878 NFKB Sig

GM12878 Nrf1 Sig

GM12878 p300_(SC-584) Sig

GM12878 c-Myc DS
GM12878 c-Myc OS

GM12878 CTCF DS
GM12878 CTCF OS

GM12878 Pol2 DS
GM12878 Pol2 OS
GM12878 Input DS

H1-hESC c-Myc DS
H1-hESC c-Myc OS

H1-hESC CTCF DS
H1-hESC CTCF OS

H1-hESC Pol2 DS
H1-hESC Pol2 OS

K562 c-Myc DS
K562 c-Myc OS

K562 CTCF DS
K562 CTCF OS

K562 Pol2 DS
K562 Pol2 OS
K562 Input DS

K562 FOS/GFP Sg

K562 GATA2/GFP Sg

K562 HDAC8/GFP Sg

K562 JunB/GFP Sg

K562 JunD/GFP Sg

K562 NR4A1/GFP Sg

GM12878 CTCF Sg 1

GM12878 CTCF Sg 2
GM12878 Inp Sg 1

K562 CTCF Sg 1

K562 CTCF Sg 2
K562 Inp Sg 1
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Current Annotation: 
1D Browser Tracks

Will this scale to 1000+ 
tracks? What will next-gen 

annotation look like?...

Systems from Parts
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100 kb
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ENCODE Gencode Manual Gene Annotations (level 1+2) (Oct 2009)

ENCODE Gencode Automated Gene Annotations (level 3) (Oct 2009)

UCSC Genes Based on RefSeq, UniProt, GenBank, CCDS and Comparative Genomics
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Networks occupy a midway 
point in terms of level of 

understanding

1D: Complete 
Partslist 

(“Elements” in 
genomic tracks)

~2D: Network
Wiring Diagram of a 
Molecular System

3D & 4D: 
Detailed structural 

understanding of cellular 
machinery

(e.g. ribosome in different 
functional states)

[Jeong et al. Nature, 41:411]

[UCSC genome browser]

[Chiu et al. Trends in Cell Biol, 16:144]
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Network Topology

Reasons for Networks: 
Useful way of thinking 

about disease
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Breast
Cancer

Parkinson’s
Disease

Alzheimer’s
Disease

Multiple
Sclerosis

Interactome networks

Network pathology & pharmacology

[Adapted from H Yu]
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Network Topology

Reasons for Networks: Comprehensive 
representation, capable of representing 

many types of biological & non-biological 
data & bridging between disciplines
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Networks as a universal language

Disease 
Spread

[Krebs]

Protein
Interactions

[Barabasi] Social Network

Food Web

Neural Network
[Cajal]

Electronic
Circuit

Internet
[Burch & Cheswick]
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Using the 
position in 

networks to 
describe 
function

[NY Times, 2-Oct-05, 9-Dec-08]

Guilt by association

Finding the 
causal 
regulator
(the "Blame 
Game")
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Combining networks forms an ideal way 
of integrating diverse information

Metabolic 
pathway

Transcriptional 
regulatory 
network

Physical protein-
protein Interaction

Co-expression 
Relationship

Part of the 
TCA cycle

Genetic interaction 
(synthetic lethal)
Signaling pathways
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VisualComplexity.com

Some structure (connectivity) 
but some flexibility (e.g. edge 
colors, node positions and 
shapes) that can used to 
encode additional information

Richness of the Visual 
Representation of Networks



Network Topology

Building Networks 
in Genomics
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Origin of Networks

• Protein-protein interactions
à Phosphorylation networks

• Metabolic Networks
• Regulatory networks 

à from Chip-Seq (see next slide)

• “Squared” scale
à 6K genes in yeast but ~18M potential interactions 

(6000 chose 2 pairs of interactions) 
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Different Types of Molecular Networks

Protein-protein Interaction networks

[Toenjes, et al, Mol. BioSyst. (2008); 
Jeong et al, Nature (2001); [Horak, et al, 
Genes & Development, 16:3017-3033; 
DeRisi, Iyer, and Brown, Science, 
278:680-686]

TF-target-gene Regulatory networks

Undirected

Directed

Metabolic pathway networks miRNA-target networks


