
The Chicago Center For Systems Biology (CCSB)



CCSB Objectives & Core Research Projects

HIGH-LEVEL OBJECTIVE:  To promote research and education in systems biology in Chicago

OVERARCHING RESEARCH AIM:  To reveal structure-function relationships in transcriptional 
regulatory networks that lead to physiological, developmental and evolutionarily robustness



Center participating labs

ÅLabs at University of Chicago
ïDinner, He, Ismagilov, Kreitman, Rebay, Ruvinsky, Rzhetsky, 

Singh, White

ÅLabs at Northwestern University
ïAmaral, Carthew, Crispino, Morimoto

ÅHarvard
ïCluzel

ÅNew Chicago Center for Systems Biology labs recruited in 
2010
ïBob Grossman, John Reinitz, Mike Rust

ÅCreated Graduate program in Genomics, Genetics and 
Systems Biology; more than 50 labs, went from 4 (2009) to 
13 (2010) new grad students in program this year



Training, Outreach, and Education
Chicago Center for Systems Biology

ÁField Museum Project: Professional Dev & Camp High School Teachers & Students
ÁCollegiate Scholars Program, Research High School Students
ÁResearch in the Biological Sciences High School Students
ÁNSF Education Grant Proposal Initiatives Chicago Public Schools (7-12 grades)
ÁMuseum of Science & Industry, Interactive Undergraduates & General Public
ÁResearch Experiences for Undergraduates Undergraduates
ÁCommittee on Genetics, Genomics & Systems Biology Graduate Students
ÁSystems Biology & Disease Journal Club Course Graduate Students, MD/Ph.D. Students
ÁIGSB/CBC Fellows Program Post-Docs
ÁCareer Development Program Faculty



CCSB Education 
Program

# of 
Participants: 
2009 & 2010

Activities & Learning 
Experiences

Metrics & 
Assessments

Field Museum-H.S. 
Teachers
Field Museum-H.S. 
Students

20 & 3 teachers

21 & 22 high school 
students

Presentations, Lectures, Lab tours
Readings
Hands-on experiments; systems biology 
related lesson Plans R&D

Presentations
Questionnaires
Tracking

Collegiate Scholars 
Program-H.S. Students
(CSP)

4 & 5 high school 
students

Readings and Experiments in CCSB Labs 
5-wks program; culmination event

Meetings
Surveys
Presentations & Posters
Tracking

Research in the Biological 
Sciences- H.S. Students 
(RIBS)

22 & 23 high school 
students

4 wks lab activities + 2-wk experiments: 
systems biology & osrmutants

Presentations, Surveys 
Questionnaires
Tracking

NSF Education Grant 
Proposals + Chicago 
Public Schools, 7-12 grd.

Potentially thousands 
of h.s. students & 
hundreds teachers 
via  MSP, iTEST, K-12 
Fellows 

Interactive iSTEM Modules for urban  
classrooms: real experiments, simulations 
aligned to curricula and testing

Pre & Post assessments
Surveys
Presentations, Tracking

Chicago Museum of 
Science & Industry (MSI)

Potentially millions 
of people

Conceptual development of iPad/Android 
interactive systems biology unit for exhibit

Formative and Summative 
Evaluation

Research Experiences for 
Undergraduates (REU)

4 & 4 undergraduates Research in CCSB Labs Working Lunch 
presentations & 
symposium; 
surveys/Tracking

Genetics, Genomics & 
Systems Biology (GGSB)

4 & 13 new grad 
students

Graduate Program in the Biological 
Sciences Division (BSD) at the University of 
Chicago

Course exams, prelims, 
presentations, surveys, 
tracking

Systems Biology & 
Disease Journal Club 
Course: MD./Ph.D. 
Students

5 MD/Ph.D. students 
(2010) 

Reading and presenting systems biology 
research papers. Discussions and short 
report.  Visiting seminar speakers.

Oral presentations, class 
participation, short 
reports.

Training, Outreach, and Education

ң Ґ мрл



CCSB Cores & Resources

ÅAdvanced Imaging Core 

ÅBAC-Recombineering Core 

ÅMicrofluidics & Micromachining platform  

ÅBioinformatics and Data analysisplatform
(Open-source cloud-based bioinformatics platform called Chicago Utility for Biological SciencesCUBios)

ÅHigh throughput Genome Analysis Core 

ÅCellular Screening Center 



Goal: Minimize 
latency and control 
heat.

Goal: Maximize data 
(with matching 
compute) and control 
cost.

Goal: Minimize cost 
of virtualized 
machines & provide 
on-demand.  

HPC

Large Data Clouds

Elastic CloudsData analysis platforms



Bionimbus

www.bionimbus.org

Database 
Services

Analysis Pipelines 
& Re-analysis 

Services

Web Portal & Widgets

Large Data 
Cloud Services

Ingestion 
Services

Elastic Cloud 
Services

Scalable data 
transport

Elastic Cloud

Bob Grossman
Kevin White



Cube is an Elastic 
Cloud For Re-analysis



BionimbusDelivery Mechanisms

ÅLogin and use the Bionimbuscloud.

ÅUse BionimbusVirtual Machine Images in a) 
your private cloud; b) Bionimbuscloud; c) 
public clouds such as Amazon.

ÅBionimbusis open source and you can build 
your own cloud (and interoperate with ours) 
(First release of integrated system 3Q 2010)

ÅBionimbusdata services for genomic data, 
even for large datasets 



Operates Clouds

Å500 nodes

Å3000 cores

Å1.5+ PB

ÅFour data centers

Å10 Gbps

ÅTarget to refresh 1/3 
each year.

ÅOpenCloud Testbed

ÅOpenScience Data Cloud



 

No gene-specific antibodies needed
Streamlining of ChIPfor large scale studies 

Genome Engineering using BAC recombineering

Poser et al. Nature Methods 2008
Venken et al. Nature Methods 2009
Hua, Kittler and White Cell2009



Digital Scanned Laser Light Microscope

(DSLM)
Collaboration with Ernst Stelzerat EMBL

Useful for live imaging, ChIPΣ ƛƴ ǎƛǘǳΣ ǊŜƎǳƭŀǘƻǊȅ ŜƭŜƳŜƴǘ ƳŀƴƛǇǳƭŀǘƛƻƴΣ ŜǘŎΧ

Tagging pipeline has developed reagents for ~100 fly and human TFs



Research focus: 
How do transcriptional networks achieve 

physiological, developmental and 
evolutionarily robustness?

ÅLevel of gene networks
ÅLevel of transcriptional input-output (cis-trans regulation)



Canalization/Developmental Robustness
In 1942, Conrad H. Waddington noted:  Phenotypes of 
animals are variable in mutants but constant in wild type.

Wieschauset al. (1984), 
Dev. Bio. 104:172-186

+

Kr-

άŘŜǾŜƭƻǇƳŜƴǘŀƭ ǊŜŀŎǘƛƻƴǎΣ as they occur in organisms 
submitted to natural selection, are in general canalized. 
That is to say, they are adjusted so as to bring about one 
definite end-result regardless of minor variations in 
ŎƻƴŘƛǘƛƻƴǎ ŘǳǊƛƴƎ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘŜ ǊŜŀŎǘƛƻƴέ

Waddington (1942), Nature 150:563



Robustness of Segmentation in 
Development and Evolution

Reinitz, Kreitman, Ismagilov and White labs

Carlos Martinez, Manu, Misha Ludwig, Ah-Ram Kim, Susan Lott 
(alum), Elena Luchetta(alum), Nicolas Negre, Rebecca Spokony



General Result: Patterns are Variable
at Early Times, Uniform by Gastrulation

This is a molecular instance of canalization.

53 minutes before gastrulation 14 minutes before gastrulation
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Model correctly predicts reduction of 

variance

Manu et al. PLoSComputational Bio. 2009



Rules in Mathematical Model of transcription output
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Feed forward model 
(transcription rate depends on 
TF concentrations v).



Model prediction ïstripe 5 
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Model prediction ïstripes 4 + 6 
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Model prediction ïstripe 2 in different species



Model prediction ïother loci



Adapted from Waddington (1957), embryos taken from Lott et al. (2007).

The epigenetic landscape

sequence

PWM

Transcriptional 
Model

Predicted 
expression 

pattern

Ancestral sequence 
reconstruction

Evolutionary path 
prediction

Phylogenetic data

Transcriptional model

In silicoevolution of the even-skipped stripe 2 enhancer of Drosophila

D. melanogasterD. sechelliaD. simulans

+

Functional constraint

+

Pathway optimization


