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Outline 
ÅWhat is CellProfiler?  
Åextracting measurements from cells  
Åother functionality ς Worm Toolbox and interfacing with 

Ilastik and Fiji/ImageJ 

 
ÅWhat is CellProfiler Analyst? 
Åexploring and visualizing extracted measurements 
Åother functionality ς Time-Lapse Tool, multi-collaborator data 

access and exploration 

 
ÅCellProfiler and CellProfiler Analyst as tools for helping 

others get started with their own analysis within 
SciLifeLab Sweden 

 



ÅPublished in 2006 (Carpenter et al, Genome 
Biology) 

ÅCited in >2,000 scientific papers 

ÅLaunched >100,000 times/year 

ÅOne of the Top 10 most-accessed papers of all 
time in Genome Biology 

ÅWinner of Bio-L¢ ²ƻǊƭŘΩǎ L¢ ϧ LƴŦƻǊƳŀǘƛŎǎ .Ŝǎǘ 
Practices Award (2009) 

ÅInterfaces with ImageJ/Fiji, ilastik, OMERO, 
KNIME, and more 

ÅOriginally based on Matlab, in 2009 completely 
re-written in Python 

Åwww.cellprofiler.org 

Anne Carpenter Ray Jones Lee Kamentsky 
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Input modules 

Analysis modules 



Correct illumination Split colors Original image 

Measure 
ϥŜǾŜǊȅǘƘƛƴƎΩΤ 
Counts, 
Shapes,  
Sizes, 
Intensities, 
Textures, 
Correlations, 
Relationships
Χ 
Saved to a 
spreadsheet 
or database 

Identify cells/  
compartments 

The analysis modules are built up based on a previous 
example pipeline or from scratch. Each step can be tested on 
a given or random image from the input modules, and the 
ŜŦŦŜŎǘǎ ƻŦ ǘƘŜ ǎŜǘǘƛƴƎǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛŦ ǘƘŜ ΨŜȅŜ ƛŎƻƴΩ ƛǎ ƻǇŜƴΦ 
 
A wide range of specific as well as general-purpose functions 
are available. 
 
Once the pipeline is completed, all images are analyzed by 
ŎƭƛŎƪƛƴƎ Ψ!ƴŀƭȅȊŜ ƛƳŀƎŜǎΩ 

Analysis Modules: setting up your pipeline 



Thousands of worms  
per multi-well plate 

C. elegans: a model organism used in 1600+ laboratories suitable for studying assays 
that can not be reduced to single cells: 

15-20 worms  
per well 

Stacks of multi-well plates 
can be imaged with 
automated microscopes 

Millions of worms  
per multi-plate experiment 

fat 
metabolism 

infectious 
disease 

inter-tissue 
signaling 

WormToolbox 



Challenge; worms often overlap and cluster. 
Approach: Find individual worms using a 
worm model. 
 

2. Combine many shape 
descriptors to a statistical 
model of worm shape. 

D 

1. Select non-
ŎƭǳǎǘŜǊŜŘ ΨǘǊŀƛƴƛƴƎΩ 
worms and create a 
low-dimensional 
shape descriptor. 

3. Search for the best 
combination of worm 
shapes within each 
cluster. 

Wählby et al ISBI 2010 
Riklin-Raviv et al MICCAI 2010 
Wählby et al Nature Methods 2012 
Wählby et al Methods 2014  



hƴŎŜ ǿƻǊƳǎ ŀǊŜ ǳƴǘŀƴƎƭŜŘΧ 

Χ ǿŜ Ŏŀƴ 
Å measure size and shape 
Å count signals per worm 
Å quantify reporter signal patterns 
Å etc 
 
Χ ŀƴŘ ƛƴŎǊŜŀǎŜ ǘƘǊƻǳƎƘǇǳǘΣ ƻōƧŜŎǘƛǾƛǘȅ ŀƴŘ ŀŎŎǳǊŀŎȅ ƻŦ ǇƘŜƴƻǘȅǇŜ ǎŎƻǊƛƴƎΦ 



Clec-60-p::GFP expression pattern 
changes  
in response to infection,  
pharynx marked with mCherry 
(Orane Visvikis & Javier Irazoqui) 

Quantification of variations in reporter protein expression 
 

GFP mCherry Bright  
field 

Overlaid  
atlas 

Signal distribution is difficult to quantify without the anatomical 
context.  
Once worms are delineated, we can resample each worm and 
align it with a common low-resolution atlas. 
 

wt 

pmk-1 mutant 
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Detection and 
amplification  

TTGT=HER2 
AGTG=TFRC 
GCTA=ACTB 
CAGT=RAC1 
TTAC=VIM 
GTCA=KI-67 
AAGT=STK15 
GTAA=ER 
Χ όнрс plex) 

Sequence decoding 

*  *  + 
o 
*  *  + 
o 

*  
+ 

o 

100 ɛm 100 ɛm 

HER2 
VIM 

R. KeΣ ΧΣ C. Wählby 
and M. Nilsson, Nature 
Methods, 2013  
A. PacureanuΣΧΣ C. 
Wählby, IEEE ISBI, 
2014 

Interoperability 

Efficient rigid image alignment was 
enabled thanks to the RunImageJ 
module and the TurboReg plugin of 
ImageJ. 

ImageJ 


