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Cytoscape.org

http://magnet.systemsbiology.net/software/Dizzy/

BioTapestry.org



Alternative Talk Title:

Mistakes, I’ve made a few…
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Characteristics of bioinformatics in systems biology:

• Inherently cross-disciplinary in content and approach

– Algorithm design, e.g. sequence assembly and alignment

– Statistics, e.g. transcription factor binding site prediction

– Engineering, e.g. simulation modeling, sensitivity analysis

– Math/physics, e.g. network inference, graph theory

– …

• Rapidly growing

– New biotechnologies   new data interpretation needs

– New bioinformatics tools and methodologies  rapid obsolescence 

– Few degree courses cover the full spectrum of topics

– Tension between the need for immediate results and fundamental research

– Need for win-win collaborations among wet and dry scientists
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Characteristics of intensive bioinformatics workshops

- a few days to a few weeks (often off-site)

- typical student is a researcher
grad students, post docs, industry professionals, faculty

- mixture of student backgrounds
‘dry’ / ‘desk’  scientists
(computer scientists, physicists, applied math, statisticians, engineers…)

&

‘wet’ / ‘bench’ scientists
(molecular/cell biologists, bioengineers, pharmacologists, biochemists…)

- many students have relevant advanced specialists skills
(in a narrowly focused area)

- students are motivated and intelligent
uneasy about showing ignorance
eager to share expertise 6



Lessons learnt (so far)

• No time to build up conceptual infrastructure

∴ Use examples from students’ own background to build intuitive understanding

– E.g. for dry scientists:   examples of useful non-mathematical models

– Make an intuitive connection ↑ , then present specific examples ↓

Red sky at night,
Sailor's delight;
Red sky at morning,
Sailor's warning. 

F=m.
a
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Declarative/data-driven/implicit 
modeling

http://cytoscape.org/ 
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Declarative GRN 
modeling

View from the Genome

View from All Nuclei

View from T1 Nuclei

View from T2 Nuclei
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Lessons learnt

• No time to build up conceptual infrastructure

– Use examples from students’ own background to build intuitive understanding

– E.g. for bench scientists: the need for mathematical models

– Make an intuitive connection ↑ , then present specific examples ↓
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Too much analyte in 1-step sandwich immunoassays

[analyte]<<[antibodies] [analyte]>>[antibodies]

e.g. J Autoimmun (1988) 1: 109-17.
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Simple gene regulatory systems with complex behavior

gene G
Toy model: .Gk
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rate of production > rate of clearance  G will increase over time

stable steady states

unstable steady state

stable
steady 
state 1

stable
steady 
state 2

unstable
steady 
state 1

At Steady states, 
production rate = clearance rate

1 2 3 4

0.25

0.5

0.75

1

1.25

G

rate of 
change
(dG/dt)

11



Lessons learnt

• Use specific examples to teach general principles

• Follow up each topic with a hands on (computational) lab-exercise

– Mixed groups of bench and desk scientists

• Challenges and leadership opportunities for both types

– Graded difficulty set of objectives

• Relax those feeling ‘challenged’. Provide a challenge for the (inevitable) expert(s) in the class.

– Eg1. Data integration using Cytoscape/BioTapestry

• Curate papers/DBs, interpret data, build network, discover the unexpected

– Eg2. Searching a sequence for putative transcription factor binding sites

• Students download weight matrices and sequences, scan sequences, rank findings

– Eg3. Characterizing network ‘building blocks’ with simulation modeling

• Use intuitive modeling environments 

– http://magnet.systemsbiology.net/software/Dizzy/ http://www.berkeleymadonna.com/

– Lab time is a great opportunity to circulate among students and learn their needs
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Risky ventures 1: getting caught up in analogies

gene G

gene G

Add negative feedback (e.g. siRNA)?

Fascinating, but too easy to go off-topic (Rube Goldberg contraptions)
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Risky ventures 2: 

Assuming background knowledge

Theorist vs. experimentalist jokes.

Experimentalists observe things that cannot be explained
Theoreticians explain things that cannot be observed

The only true science is physics, everything else is stamp collecting

Lab group sizes > 3  (silent and dominant partners)

Mini competitions and prizes for good questions

Worth experimenting with:

Student project presentations if time/numbers permit

Surgery hours in the bar
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Need intuitive, learn-by-doing bioinformatics tools

Web-based menu-driven instead of

plsf=plsr(ymat~xmat,ncomp=4,scale=T)
covs=cov(cbind((3*ymat),xmat), plsf$scores)
…

http://www.its.caltech.edu/~hbolouri/
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