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Images contain a wealth of information

Images: http://www.microscopyu.com 2



Case study: Tuberculosis
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9.2 million new cases of tuberculosis in 2006
1.7 million deaths in 2006

WHO Report, Global Tuberculosis Control 2008



Traditional approach to find antibiotics
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Add 1,000,000 test 
chemicals, 

each chemical in a 
different well

Put bacteria in individual wells of multi-well plates

Measure amount of bacteria (fluorescence plate reader)
and look for wells where bacteria died



Alternate approach to find antibiotics (effective but non-ideal)
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Add 1,000,000 test 
chemicals, 

each chemical in a 
different girl

3
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Search for tuberculosis treatments
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Collaboration with Sarah Stanley in  
Deb Hung’s lab, Broad/MGH

green = tuberculosis bacteria
blue = human cells

Without drug With drug



Search for tuberculosis treatments
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Add 50,000 test 
chemicals, 

each chemical in a 
different well

Put bacteria and cells in individual wells of multi-well plates

50,000+ images, 
each with 500-1000 cells

Automated microscope



Automated image analysis
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Find tuberculosis 
bacteria

Find 
human 
cells

Count the number of  
bacteria per cell



Automated image analysis

9
free, at www.cellprofiler.org

Martha 
Vokes
Image 
Assay 

Developer

Find bacteria
Count the number of  

bacteria per cell

Find 
cells



www.cellprofiler.org
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http://www.cellprofiler.org
http://www.cellprofiler.org


Convenient for biologists, convenient for algorithm comparisons

CellProfiler in action
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Pipeline of modules

Ray
Jones
Comput’l 
Biologist
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DNA damage response
(cancer radiation treatment)

Mike Yaffe’s lab at MIT’s 
Center for Cancer Research 
(Scott Floyd & Michael Pacold, 
postdocs)
& The RNAi platform/TRC at 
the Broad Institute

Cell growth

David Sabatini’s lab at the 
Whitehead Institute for Biomedical 
Research (Jason Moffat, postdoc)
& The RNAi platform/TRC at the 
Broad Institute (Dave Root, et al.)

response to 
DNA damage

recovery from 
DNA damage

p-H2AX
foci

blue = DNA 
green = p-S6
red = actin

Control + rapamycin

Control SU6656

John Crispino’s lab at 
Northwestern University 
(Jeremy Wen)
& The Chemical Biology 
Platform at the Broad Institute

Polyploidization of megakaryocytes
(Acute megakaryocytic leukemia - AMKL)

DNA 
stain

Abnormal cell division

Riki Eggert’s lab at
Harvard Medical School
(Adam Castoreno, postdoc), ICCB

Control Binucleate

blue = DNA 

red = actin



CellProfiler around the world
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Yeast colony size:
Goal: to understand pathways 
leading to drug-resistant yeast

Yeast patch growth:
Goal: identify chemicals or genetic knockouts 
that enhance/
suppress growth 
of a yeast strain

Collaboration with Leah Cowen, Lindquist lab, 
Whitehead Institute: Eukaryotic Cell, 2006

Collaboration with Novartis

Image analysis can yield biological knowledge
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Yes

System presents ~500 cells to biologists for scoring

---

++

Rule

Iteration

No

System defines rule based on cytoprofile of scored cells

Based on:     - Boosting Image Retrieval (Tieu & Viola, 2000)
- GentleBoosting classifier (Friedman, et al. 1998)

Iterative machine learning



• Automatic machine learning
• Biological expertise during training phaseMakes use of: • ~50 features per cell, chosen from ~500

• Features are weighted, no hard thresholds

Automatically scoring complex phenotypes
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Eric Lander’s lab at the
Broad Institute (Piyush 
Gupta, postdoc)
& The RNAi platform/TRC 
at the Broad Institute

Breast cancer

Leukemia stem cells

Gary Gilliland’s lab at the Brigham 
and Women's Hospital and 
Harvard Medical School(Kimberly 
Hartwell & Peter Miller), Stuart 
Schreiber’s lab at the Broad 
Institute (Alison Stewart, Shrikanta 
Chattopadhyay, et al.), and David 
Scadden’s lab at Massachusetts 
General Hospital (Siddhartha 
Mukherjee)
& Broad Chemical Biology Platform

Control + Growth factor

blue = DNA

green = actin

Glioblastoma proliferation & 
differentiation

blue = Hoechst 
green = Tubulin

Cobblestones Differentiated hematopoietic cells
 Neurospheres Adherent

GFP

David Sabatini’s lab at the 
Whitehead Institute for 
Biomedical Research (Yakov 
Chudnovsky, postdoc) and Bill 
Hahn’s lab at Harvard Medical 
School and Dana-Farber 
Cancer Institute(Milan 
Chheda, postdoc) & The RNAi 
platform/TRC at the Broad 
Institute (Dave Root, et al.)

Normal mitosis Abnormal mitosis

Tim Mitchison’s lab at
Harvard Medical 
School
(Tiao Xie, postdoc; 
Melody Tsui), ICCB

Abnormal cell division

DNA 
stain



Beyond simple cells...
Zebrafish 
speckles, 

Peterson & 
Lees labs

C. elegans identification, 
Ruvkun, Ausubel, Ge, 
Atchinson, Yanik labs

Orientation Map

Orientation Reliability
Ridge Enhanced

Original Image Corrected Image 

Piecewise 
Worm Body 

Outlined Worms Labeled Worms 

Yeast progeny tracking, 
Weizt & Samadani labs

Neuron assays, 
Haggarty/Stanley Ctr, 
Sabatini, Gertler labs



Alternate approach to find antibiotics
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Add 53,000 test 
chemicals, 

each chemical in a 
different worm

Put bacteria and worms in individual wells of multi-well plates

53,000+ images

Automated microscope



Search for E. faecalis treatments
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Brightfield Image processing result:
Live/Dead

Looking for chemical compounds that rescue C. elegans from death by E. faecalis infection

Fred
Ausubel

Terry 
Moy



Fat accumulation (Nile Red)
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Brightfield Nile Red Brightfield + Nile Red

Eyleen 
O’Rourke

Gary
Ruvkun
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