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Research questions
Why is person A severely affected by 
dengue virus infection, and person B not? 

Can we predict whether a drug will work 
for A? For B? 

How about drug combinations?

Why do more and more people become 
allergic to their environment?

How to diagnose breast cancer before it starts?

Can we find the better drug targets against malaria/HIV/
tuberculosis/Alzheimer’s/colon cancer/... 
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Systems Biology:
From molecules to systems

– Experimental technologies & data
– Computational models

DNA / genes ProteinRNA
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High-level and low-level modeling

6
Ideker and Lauffenburger (2003), TiBS
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What is complex about biological systems?

1. Biological parts interact in large networks.
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What is complex about biological systems?

Yuh, Bolouri, Davidson (1998), Science
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What is complex about biological systems?
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What is complex about biological systems?

DNA
mRNA

Proteins
Pathways/Modules

Cells
Tissues
Organs

Individuals
Populations
Ecosystems

2. Different levels interact.

L. Hood
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What is complex about biological systems?

L. Hood
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What is complex about biological systems?

Charles Darwin

1837

3. Different parts are related by evolution.
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What is complex about biological systems?

4. Interacting timescales.
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What is complex about biological systems?

Four nonlinear contexts.

Timescales

Evolution

Levels

Genes



DNA/RNA sequencing technology



Textbook dream and large-scale reality

Mazurie, Bottani,  Vergassola (2005), Genome Biology



Visualiza(on
of	  interac(on	  networks
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The first large-scale PPI dataset

• ~50% false positives/
   false negatives
• Is this data good for anything?

Uetz et al. (2000) Nature.



Advantages of graphical 
representation

Questions to assess usefulness
• How many interactions involve YHR105W?
• Are YHR105W and Pep12 closely related?

Ypt1 — YPL246C
Akr2 — YHR105W
Yip1 — YGL161W
YPL246C — Vam7

YGL161W — Pep12
YPL246C — YHR105W
YHR105W — YGL161W

Linear Graphical



One graph,
many visualizations
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Visualization

Schwikowski, Uetz, Fields (2000) Nat. Biotech.
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Visualization

Schwikowski, Uetz, Fields (2000) Nat. Biotech.
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Statistical analysis

• Correlation interacting proteins/function?
• Is that correlation statistically significant? 
• Exploitable for function prediction?

Schwikowski, Uetz, Fields (2000) Nat. Biotech.
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Protein interactions contain information
about cellular roles

Simple prediction algorithm for the cellular role of a protein

1) Rank known cellular roles among the interactors
     from most frequent to least frequent.

2) Take the first three (or less) roles as predictions.

Accuracy on 1,393 out of 2,039 proteins:    72%  (6 out of 8)
…on 100 scrambled networks:                   12%  (1 out of 8).

Schwikowski, Uetz, Fields (2000) Nat. Biotech.
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25Mayer, Hieter (2000) Nat. Biotech.



Protein interactions today

22

May 21, 2012

Nov 28, 2012



Cytoscape
A digital systems microscope
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Cytoscape core functionality
Data model

–Network 
(Graph)
–Nodes
–Edges

–Attributes



Cytoscape file formats

YDR216W pd YIL056W
YDR216W pd YKR042W
YDR216W pd YGL096W
YDR216W pd YDR077W

[...]

GENE DESC exp0.sig exp1.sig exp0.sig exp1.sig 
GENE0 G0 0.0 0.0 23.2 11.5 
GENE1 G1 0.0 0.0 34.6 5.2 
GENE2 G2 0.0 0.0 10.0 28.0 
GENE3 G3 0.0 0.0 1.64 4.77 
[...]

Sample interaction file

Sample expression file



Cytoscape interface
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Visual Styles

Expression data mapped
to node colors
Expression data mapped



Visual Styles

Map expression values
to node colors using a
continuous mapper



Visual Styles

Î“

Spring-embedded layout



Color reflecting GO classes

Î“

Spring-embedded layout, supplemented with color-coding



GO categories driving layout

Î“

GOlorize layout algorithm, informed by the Gene Ontology classes
Garcia et al. Bioinformatics 2007



Visualizing dense information
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King et. al., Physiol Genomics. 2005 Sep 21;23(1):103-18.



Cytoscape,	  a	  digital	  microscope	  
for	  cell	  biology

• Different	  qualita(ve	  and	  quan(ta(ve	  informa(on	  accessible	  
in	  a	  visualiza(on	  and	  analysis	  pla?orm

• Organized	  into	  interac(on	  networks	  that	  represent	  systems

• Visual	  explora(on	  goes	  hand	  in	  hand	  with	  sta(s(cal	  data	  
explora(on	  and	  analysis

• Simple,	  open-‐standard	  file	  formats,	  links	  with	  many	  
databases

• Ac(ve	  community	  exchanging	  networks,	  know-‐how,	  and	  
new	  func(onality



Cytoscape

• Cross-‐pla?orm	  (Java)

• Plug-‐in	  architecture	  that	  allows	  external	  
developers	  to	  easily	  extend	  core	  pla?orm

• Nearly	  100	  plugins	  available	  through	  our	  website:	  	  
hOp://cytoscape.org

• Downloaded	  ~2500	  (mes	  per	  month.

• Very	  popular	  in	  the	  Systems	  Biology	  community,	  
but	  also	  used	  in	  other	  domains

http://cytoscape.org
http://cytoscape.org


The Collective Dynamics of Smoking 
in a Large Social N etworl< 

Nicholas A. Christakis, M.D., Ph.D., M.P.H., and james H. Fowler, Ph.D. 

N ENGLJ MED 358;21 WWW.NEJM.ORG MAY 22, 2008 



Dissemination

• Cytoscape is released under the LGPL software license 
- it is free software available for download from our 
website.

• The hub of our dissemination efforts is the project 
Website:  http://cytoscape.org

http://cytoscape.org
http://cytoscape.org


Website

Text



Cytoscape	  Plugins



Training and Education

• Numerous tutorials and video lectures available
on http://cytoscape.org

• Annual Symposium and Developer’s retreat.

• Held each year.

• Features invited talks, a plugin expo, tutorials, demonstrations, 
and user feedback forums.

• Participation in the Google Summer of Code.

• Taught in graduate, undergraduate and other classes 
(e.g. UCSD, UCSF, Lund University, DTU, ISB, ...).

http://cytoscape.org
http://cytoscape.org


Cytoscape status

• The Cytoscape codebase is very feature-rich, but is becoming 
increasingly difficult to maintain, and more importantly difficult 
to extend.



What’s next?

Modular Network Biology Toolkit

(aka Cytoscape 3.0)



What does this mean?
• A set of independent Java modules (jar files).

• A well defined and principled API - culmination of our 
team’s collective experience with Cytoscape.

• Use of OSGi to support and enforce modularity.

• Use of Spring-DM to abstract away the complexities of 
OSGi.

• Use of Maven to facilitate distribution and integration 
of modules.

• Follow accepted best programming practices (information 
hiding, code to interfaces, dependency injection, extensive unit testing, scrum, 

code quality metrics, semantic versioning, thread safe, ...).



Overall Goals

Make Cytoscape...

• Easier to use

• Simple programming model = more consistent user interface.

• Easier to understand

• Well defined APIs, well defined dependencies, Maven archetypes.

• Easier to maintain and extend

• Clear APIs, separate API and implementation, semantic versioning, 
well understood dependencies.



Capabilities

• Do everything the current desktop version of 
Cytoscape does.

• Run in headless mode to support batch operations.

• Run in daemon mode to support backend web services.

• Take advantage of multithreaded and/or clustered 
environments.

• Many new features (scripting in different languages, 3D rendering, 

custom graphics, ...).



1A.	  Modular	  Layouts	  and	  Views



2A.	  Seman(c	  Zooming:	  
from	  genes	  to	  exons
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Cytoscape	  Network	  Inference
(CYNI)



Questions we’d like 
biologists to ask

• What is the best network explaining the data?

• Which parts of this network are well-supported?

• Is there a well-supported subnetwork?

• Which experiment could be done to better distinguish 
different possible models?

• Given a model, which parts are consistent/inconsistent 
with the data?

• Which interactions could be added (removed) to make 
the data compatible with the model?



Visualiza(on	  example	  in
proteomic	  data	  analysis



LC-MS/MS is throughput-limited

Aebersold and Mann (2003)



Label-free proteomic analysis

• Transfer of IDs between experiments
• Detection and quantitation of very low-abundance, and missing proteins

Experiment 1 Experiment 2



LC-MS reproducibility

From Aebersold and Mann (2003)



Fr
ac

tio
ns

  → Pairwise
Alignment

Exp. 1 Exp. 2

Implementing the comparative 
approach: Sequence alignment



Sequence alignment

…LPGNARKMDKSTVLQKTIDF…
…LPGNARKMDKSTVLQ-EIDF…

• Scoring function BLOSUM62
BLOSUM62 (E,Z)= 5.0
BLOSUM62 (E,Z)= 1.0



The “dot product” score function for 
comparing two spectra

Idea
(Stein & Scott, 1994)
  
1.  Reward all “close 
enough” peak pairs by 
amplitude product

2.  Add over all such peak 
pairs

3.  Normalize by total peak 
sum



� wt � n� f A� � t zk�

 (Data from SCX fractions 23A and 24A, yeast cell cycle data, t=0, Mark Flory)



Problem:	  Noise

 (Data from SCX fractions 23A and 23B, yeast cell cycle data, t=0, Mark Flory)

23A vs. 23A 23A vs. 23B



Modified score function

Modifications

•  “Background subtraction”:
Locally subtract spectrum 
“noise level” before 
comparison
  
•  Subtract match score 
between randomized spectra 
before normalization, so 
expected value becomes 0

s(i, j) =
Mi ⇥Nj � E(Mi ⇥Nj)p

(Mi ⇥Mi)(Nj ⇥Nj)



E(Mi �Nj) =

X

Peaks s,t

p(s, t ’close enough’) · int(s) · int(t)

=

X

Peaks s,t

c · int(s) · int(t)

= c ·
⇣ X

s

int(s)
⌘

·
⇣ X

t

int(t)
⌘

= c

Computing the expected score
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 (Data from SCX fractions 23A and 24A, yeast cell cycle data, t=0, Mark Flory)

Stein-Scott score Modified Stein-Scott score



Modified	  edit	  matrices

 (Data from SCX fractions 23A and 23B, yeast cell cycle data, t=0, Mark Flory)

23A vs. 23A 23A vs. 23B



Regions of optimality and suboptimality

Prakash et al. (2006), Mol. Cell. Prot.



Improvement in alignment

 (Alignments of SCX fractions 23A and 24A, yeast cell cycle data, t=0, Mark Flory)
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We are quantifying experimental similarity

Time point 1 Time point 2

2. Compare signals
“point-wise”

3. Sum over all
comparisons

1. Compute optimal 
alignment between 
experiments
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A distance matrix between 
experiments

• Distance matrix over 50 experiments

Prakash et al. (2007), Mol. Cell. Prot.
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A 2D embedding

Data
“Pure” angiotensin II

Purpose
QC

Instrument
FT-ICR

Colors
Different days

Shapes
Different LC columns

Prakash et al. (2007), Mol. Cell. Prot.
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Cross-platform reproducibility

Data
Human blood serum
Identical samples

Blue/Red
QSTAR/QTOF

Numbers
Run order

 
Prakash et al. (2007), Mol. Cell. Prot.



Summary

• Systems	  Biology	  faces	  biological	  complexity

• Models	  must	  capture	  complexity	  along	  several	  
axes

• Visualiza(on	  helps...

• Comprehend	  data	  in	  an	  integra(ve	  manner

• Develop	  experimentally	  testable	  hypotheses	  and	  
models

• Comprehend	  complex	  rela(onships



Challenges	  around	  
visualiza(on	  in	  network	  biology
• Dense	  networks,	  “scrollable”

• Visualiza(on	  capturing	  dynamic	  behavior

• Visualiza(on	  of	  uncertainty	  (in	  the	  network)

• Standardized	  access	  to	  different	  data	  sources

• Many	  tools	  are	  not	  interac(ve

• More	  effec(ve

• Development	  and	  maintenance	  of	  tools	  in	  an	  environment	  
that	  rewards	  publica3ons

• [...]
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your attention
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