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CCSB Objectives & Core Research Projects

HIGHLEVEL OBJECTIVE: To promote research and education in systems biology in Chi:

OVERARCHING RESEARCH AIM: To reveal structatien relationships in transcriptional
regulatory networks that lead to physiological, developmental and evolutionarily robustne

clcl’sIB CHICAGO CENTER FOR Studying the robustness of transcriptional networks in
System S BIOIOgy physiological, developmental and evolutionary time scales.

Core Projects:

DROSOPHILA EYE DIFFERENTIATION: THE YAN NETWORK
DYNAMICS OF THE DROSOPHILA SEGMENTATION NETWORK

GENE REGULATORY NETWORKS ORCHESTRATING
HEMATOPOIETIC CELL FATES

STRESS RESPONSE NETWORKS IN EUKARYOTES

TRANSCRIPTIONAL ROBUSTNESS OF THE E. CcoL!
MULTI-DRUG RESISTANCE SYSTEM
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THE COMMITTEE ON GENETICS, GENOMICS & SYSTEMS BIOLOGY




Center participating labs

A Labs at University of Chicago
I Dinner, He, Ismagilov, Kreitmamebay Ruvinsky, Rzhetsky,
Singh, White
A Labs at Northwestern University
I Amaral Carthew, Crispino, Morimoto

A Harvard
T Cluzel

A New Chicago Center for Systems Biology labs recruited in
2010

I Bob Grossman, John Reinitz, Mike Rust
A Created 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
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AField Museum ProjectProfessional Dev & Camp High School Teachers & Students
ACollegiate Scholars Programgsearch High School Students

AResearch in the Biological Sciences High School Students

ANSF Education Grant Proposal Initiatives Chicago Public Schools-{2 grades)
AVluseum of Science & Industrinteractive Undergraduates & General Public
AResearch Experiences for Undergraduates Undergraduates

ACommittee on Genetics, Genomics & Systems Biology Graduate Students

ASystems Biology & Disease Journal Club Course Graduate Students, MD/Ph.D. Students
AGSB/CBC Fellows Program PostDocs

ACareer Development Program Faculty



Training, Outreach, and Education

Field MuseumH.S. 20 & 3 teachers Presentations, Lectures, Lab tours Presentations

Teachers Readings Questionnaires

Field MuseumH.S. 21 & 22 high school = Handson experiments; systems biology Tracking

Students students related lesson Plans R&D

Collegiate Scholars 4 & 5 high school Readings and Experiments in CCSB Labs Meetings

ProgramiH.S. Students students 5-wks program; culmination event Surveys

(CSP) Presentations & Posters
Tracking

Research in the Biological 22 & 23 high school 4 wks lab activities +-2vk experiments: Presentations, Surveys

SciencesH.S. Students students systems biology &srmutants Questionnaires

(RIBS) Tracking

NSF Education Grant Potentially thousands Interactive iISTEM Modules for urban Pre & Post assessments

Proposals + Chicago of h.s. students & classrooms: real experiments, simulations Surveys

Public Schools,-12 grd.  hundreds teachers aligned to curricula and testing Presentations, Tracking

via MSP, ITEST;IR
Fellows

Chicago Museum of Potentially millions Conceptual development of iPad/Android  Formative and Summative

Science & Industry (MSI) of people interactive systems biology unit for exhibit Evaluation

Research Experiences for 4 & 4 undergraduates Research in CCSB Labs Working Lunch

Undergraduates (REU) presentations &
symposium;
surveys/Tracking

Genetics, Genomics & 4 & 13 new grad Graduate Program in the Biological Course exams, prelims,

Systems Biology (GGSB) students Sciences Division (BSD) at the University ofpresentations, surveys,

Chicago tracking

Systems Biology & 5 MD/Ph.D. students Reading and presenting systems biology  Oral presentations, class

Disease Journal Club (2010) research papers. Discussions and short participation, short

Course: MD./Ph.D. report. Visiting seminar speakers. reports.

Students



CCSB Cores & Resources

A Advancedmaging Core

A BAGRecombineering Core

A Microfluidics & Micromachining platform
A Bioinformaticsand Data analysisplatform

(Opensource clouebased bioinformatics platform called Chicago Utility for Biolo@cance€£UBio¥

A High throughput Genome Analysis Core
A Cellular Screening Center



Elastic Clouds
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Large Data Clouds

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

Data analysis platforms

HPC

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

Goal: Minimize
latency and control
heat.



CICISTBI SytemsBiology  BIONIMPDUS  8ob Grossman

Elastic Cloud

Kevin White

Web Portal & Widgets

A A
| /7

Elastic Cloud
Services

Analysis Pipeline
& Reanalysis
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Scalable data
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Home Cistrack Users About Us Contact Us

C/STRACK
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MAT analysis Cube Is an Elastic

i ~Add Job || Remove Job

oo Cloud For Ranalysis

Joh Number : |1

Experiment design
(As specified by the user when the experiment was created. Choose the files to analyze)
|Fi|e name |Type |Cata|0g

M [FTZ_ACEL [test [Attymetrix DM Tiling Array 2.0 MF

M [FTZ_B.CEL [test [Aftymetrix DM Tiling Array 2.0 MF

4] |Iv10ck_A4CEL |control |Affymetrix DM Tiling Array 2.0 MF

M [Mock_B.CEL [control [Aftymetrix DM Tiling Array 2.0 MF

Data Intensity analysis Interval analysis
handwidth (in hase-pairs): |E| MAT score: |—|
Genome group: W} maximum gap (in hase-pairs): l£| P-value: |E|
Repeat library: ']LE‘ minimum probes: |I| FDR: | |
control variance: [No |2 ] Extend: |0 |

logout




BionimbusDelivery Mechanisms

A Login and use thBionimbuscloud.

A UseBionimbusVirtual Machine Images in a)
your private cloudb) Bionimbuscloud;c)
public clouds such as Amazon.

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

A Bionimbusdata services for genomic data,
even for large datasets
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% Open Clowa Qperates Clouds

Consortium

A 500 nodes A OpenCloudTestbed
A 3000 cores A OpenScience Data Clou
A 1 . 5+ P B AN A CHICAGO CENTER FOR
A Four data centers CICISIBL systems Biology
A 10 Ghps UIC ‘:)
A Target to refresh 1/3

each year.
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Poser et alNature Method<2008
o Venken et alNature Method<2009
TEEambineEng| caseele Hua, Kittler and WhiteCell2009

‘*\1i _stop_ =7

No genespecific antibodieseeded
B Pl Streamlining ofChIPfor large scale studies

physiological chromatin ChIP tiling array
expression extract

M| i 5 Chromatin
e —» | ) e ﬂ » o " binding sites

formaldehyde »
cross-linking,
lysis & sonication



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

Useful for live imagingChIE Ay A A (dzx NB3Idzt | G2 NB €

2.00 h

Digital Scanned Laser Light Microscope

(DSLM)
Collaboration with Ernsbtelzerat EMBL




CHICAGO CENTER FOR

CLCIS 1Bl systemsBiology

Research focus:
How do transcriptional networks achiev
physiological, developmental and
evolutionarily robustness?

ALevel of gene networks
AL evel of transcriptional inpebutput (cistrans regulation)



Canalization/Developmental Robustne

In 1942, Conra#il. Waddingtonnoted: Phenotypes of
animals are variable in mutants but constant in wild type

4 Pal pd Pal

submitted to natural selectigrare in general canalizec
That Is to say, they are adjusted so as to bring about
definite endresult regardless of minor variations in
O2YRAUAZ2YA RdAdzNAYy3I G4KS O
Waddington (1942), Nature 150:563
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Robustness of Segmentation in
Development and Evolution

Reinitz, Kreitman, Ismagilov and White labs

Carlos Martinez, Manu, Misha Ludwig, ARam Kim, Susan Lott
(alum), Elend_uchetta(alum), Nicolas Negre, Rebecca Spokony



Fluorescence Intensity

General Result: Patterns are Variable

at Early Times, Uniform yastrulation
This iIsa molecular instance aanalization.

53 minutes beforgyastrulation 14 minutes beforeyastrulation
Time Class 1 Time Class 6
250 - I I I I = - I I I I -5
A — individual embryos
— integrated data
200 | . .
150 :
100 :
50 :
% 40 80 80 1000 20 40 80 80 100

Percent Embryo Length



Genetic Interconnectivity Matrix (T):

Gene \bl
a

1 2 N
1 Tl T2 TIN T parameters:
2 721 T22 T2N positive: activation
negative:  repression
‘O ‘O ‘O ‘O
N TN TN2 TNN




Model correctly predicts reduction of
variance

Relative Protein Concentration

40 50 60 70 80 40 50 60 70 80 90
A—P Position in % egg length (EL) A—P Position in % egg length (EL)

Manu et al.PLoSComputational Bio. 2009



Rules in Mathematical Model of transcription output
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Feed forwardnodel
(transcription rate depends on
TF concentrations).
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Model prediction T stripe 5

+7.4kb  +8.4kb

-3.8kb -3.3kb  -1.5kb -1.1kb | : +4.5kb +5.2kb
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Model prediction T stripes 4 + 6

-3.8kb -3.3kb  -1.5kb -1.1kb | : +4.5kb  +5.2kb +7.4kb +8.4kb
eve 4+6 5

3+7 2

700 bp DNA fragment

Relative [Conc]

| [




Model prediction T stripe 2 in different species

13 Drosophila species

Eve protein w=ssm prediction

2

eve S2E(mel)

N

eve S2E(pse)

eve S2E(yak)

eve S2E(ere)

eve S2E(sim)

eve S2E(ana)

eve S2E(mau)

eve S2E(tak)

)\

eve S2E(ore)

eve S2E(pic)

eve S2E(sec)

eve S2E(tei)

eve S2E(vir)




Model prediction i other loci

Kr protein runt protein
kni protein  mss= hairy protein

Gap & pair-rule enhancers bowl! protein =ssm prediction

bowl| O-E

run_strl7




In silicoevolution of the evenskipped stripe 2 enhancer ddrosophila

sequence Transcriptional eI?(I)erglsC;ie(;jn
PWM hece pattern

The epigenetic landscape

Phylogenetic data Functional constraint
+ +
Transcriptional model Pathway optimization
Ancestral sequence Evolutionary path

reconstruction prediction

D. simulans D. sechellia D. melanogaster
Adapted from Waddington (1957), embryos taken from Lott et al. (2007).



