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Content-based image search 

•  Also called Query-by-image-content 
(QBIC) 

•  Find images whose content, as 
reflected by image features, is similar to 
one or more query images 

•  Can use positive and/or negative 
examples 

•  Can be iterative (relevance feedback) 



Why content-based search? 

•  In compound screening, to see whether 
anyone else in the organization (or the 
world) has seen a particular pattern 
before 

•  In proteomics, to find other proteins that 
show a subcellular location that is 
difficult to assign 





Testing search effectiveness 

•  Combined sets of images of different 
patterns into database 

•  Searched with one or more images of 
one of the patterns 

•  Observed how highly ranked images of 
that pattern are relative to other patterns 
(measure area under ROC curve) 



Results for images from diverse 
image sources 

Images from The Cell library 



Results for different patterns 
from same source 

Images from RandTag 



OMERO.searcher 

•  Open source content-based image 
database search 

•  Three ways to use:  
1.  Server – install on top of your OMERO db 
2.  External Search – search via web page 
3.  Local Client – search via Python script 

Can search with local 
images on any computer 

Ivan Cao-Berg Baek Hwan Cho Jenn Bakal 



1. OMERO.searcher Server 

•  Install on top of OMERO 4.3 
•  Installs feature calculation, content 

search and changes to OMERO.web 



OMERO.searcher workflow 



2. External Search page 

•  Django app installed with Server 
•  Allows search using external images 



2. External Search results 



3. Local Client 

•  Runs on local computer 
•  Requires python and packages 
•  Returns HTML page 

python omero.searcher.py *c1*.bmp *c0*.bmp 0.2 10!

Primary 
files 

pixels/
micron 

Reference 
files 

# to 
return 



Local Client version 1.2 
released January 8, 2013 

•  Supports user-specified feature sets 
•  Supports non-OMERO databases 



User-defined feature sets 

•  Define a feature set as an ordered set 
of individual features 

•  Use python template to produce a 
function that calculates desired features 



Portable content database 

•  Contains feature values (for one feature 
set) for each image in database, with 
URLs linking to that image 

•  Native format is python .pkl file 
•  Support for converting to/from .hd5 files 
•  Allows embedding of user-defined 

feature calculation code 



Making a database available 
for search 

•  If OMERO database, install 
OMERO.searcher 

•  If non-OMERO database, create 
content DB file containing features and 
URLs 

•  In either case, register the content DB 
so that other users can access, or let 
people know URL for database in some 
other manner 



Local Client workflow 

•  User specifies database URL, feature 
set name, query images 

•  Program 
–  looks for content DB for specified DB (and 

checks if it is latest version) 
–  runs feature calculation code on the query 

images (if features not already calculated) 
– produces HTML file showing results of 

search 



Publicly searchable databases 

•  Released 
– Nature Methods demo1 

•  http://pslid.org 
•  6099 CD-tagged clones, 99955 HTM images, 2777 

confocal images, 2937 genomic sequences 
•  Identified 116 tagged proteins in 189 clones with 

high confidence 
•  Identified additional 70 tagged proteins in 133 

clones with medium confidence 



http://pslid.org 





URL-based searching of PSLID 

•  Search by target or clone 
•  Return HTML or XML 
•  Can download images matching a 

query as a ZIP file of OME-TIFF images 



Planned publicly searchable 
databases 

•  The Cell library FM Subset1 (should be 
released next week) 

•  Human Protein Atlas confocal images 



OMERO.searcher plans 

•  Support for 
– OMERO 4.4 (done?) 
– Search across multiple servers 
– BioFormats for reading images 
– Other feature sets 
– Combining content and context for search 
–  Integration into base OMERO system 

•  Additional OMERO databases available 
for public search 



PatternUnmixer 

•  Performs supervised unmixing of 
subcellular location 

•  Versions 
– Matlab source 

•  Supports training on or unmixing 
images from local disk or multiple 
OMERO servers 

OME workshop, June 15-16, 
2010, Paris 



•  Lysotracker 

26 

Tao Peng, Ghislain Bonamy, Estelle 
Glory, Sumit Chanda, Dan Rines 
(Genome Research Institute of 
Novartis Foundation) 



•  Mitotracker 

27 



•  Mixture of Lysotracker and Mitotracker 

28 



PatternUnmixer plans 

•  Django app running on server 
– No requirements on local computer 

•  Heatmap displays and hit finders 
•  Other local feature detectors 
•  Add unsupervised unmixing (have code 

already) 



CellOrganizer 
•  Open-source system for learning generative 

models of cell organization 
•  Version 1.8 released tomorrow 

–  Includes diffeomorphic models for generation of cell 
and nuclear shapes 





	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  

stat 
model 

µ Σ	


randomly sample 
new parameters 

Synthetic 
cell 
images 

Statistical modeling and generation 
Zhao & Murphy, Cytometry 2007 

extract 
parameters 

Many 
cell 
images 



3D Nuclear Shape – Cylindrical Spline 
Surface 

Tao Peng 

Peng & Murphy, Cytometry 2011 

33 parameters 
(32 spline 
coefficients + 
height) 



Diffeomorphic analysis of shape 

•  Sometimes cell or nuclear 
shapes are irregular 

•  Can use distance between 
shapes to characterize shape 
instead of parameters of model 
(based on work by Michael 
Miller and colleagues) 

34 

Gustavo 
Rohde 



Target shapeStarting shape

 0.0165 0  0.0191 0.0194 0.0195 

Distance

Morphing one shape into another 



Shape space 

•  Can measure distance between all pairs 
of shapes to construct a “shape space” 

•  Captures essential aspects of how 
shapes vary 

•  Can be applied to nuclei, cells, 
organelles, etc. 

•  Can be applied in 2D, 3D, 4D and to 
more than one component at a time 



 
Cell and nuclear shape space 



CellOrganizer vs. traditional HCS 

Control 
images 
from 
HCS1 

Hit 
images 
from 
HCS1 

Control 
images 
from 
HCS2 

Hit 
images 
from 
HCS2 

Features Features Features Features 

Params Params Params Params 

Differences Differences 
comparable 

Differences Differences 
not 
comparable 

CellOrganizer 

Traditional HCS 





A Modest Proposal 

•  Register the large collection of cellular 
images within this consortium through 
generative models 


