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1. DESCRIPTION
Which proteins have similar locations within cells? How

many distinct location patters do cells display? How do we
answer these questions quickly, from a large collection of
microscope images such as in on-line journals?

This tutorial focuses exactly on questions like the above,
with the goal to highlight the database and data mining
research questions in ”location proteomics.” The field of
proteomics tries to understand the organization of cells by
studying all proteins in parallel, using high-throughput meth-
ods. Of particular importance is determining which proteins
associate with each other and the locations within the cell
where these interactions take place.

The Human Genome Project and other genome projects
have led to the population of large sequence databases as
well as methods such as BLAST for retrieving sequences
from them. The focus of most biomedical research is now
shifting from simply identifying gene sequences to determin-
ing the properties and functions of the proteins encoded
by those genes. Since mammalian cells have a number of
distinct sub-compartments (such as the nucleus, mitochon-
dria, and lysosomes) that play different roles, knowledge of
the subcellular locations of all proteins is critical to under-
standing their functions and the mechanisms by which those
functions are accomplished. Using fluorescence microscopy,
we can illuminate and track the molecules of a given protein
and take a photograph of them inside a human cell; this way
we can figure out the places in the cell where a protein is
found.

Current approaches to using fluorescence microscopy rely
on visual interpretation of images and description of proteins
with a limited vocabulary. Recent work provides an auto-
mated and systematic alternative that involves creation of
databases of fluorescence microscope images for many differ-
ent proteins and tools for automated analysis and retrieval
of images from those databases.

One fundamental problem is how to compare two such
images. We present such solutions, using low-level features
from the protein images. We show how these features can

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
SIGMOD 2005 June 14-16, 2005, Baltimore, Maryland, USA.
Copyright 2005 ACM 1-59593-060-4/05/06$5.00.

be used to

• Train classifiers that can recognize the patterns of all
major organelles with high accuracy in previously un-
seen images,

• Rank images in a set by how typical they are of that set
(e.g., to find the most representative or typical image),

• Provide sensitive, statistically sound comparisons of
sets of images collected for different proteins or for the
same protein under different conditions (e.g., with and
without a drug) to determine whether the patterns are
the same,

• Group proteins by their location patterns, forming a
tree hierarchy,

• Index image databases to permit content-based retrieval
Retrieve and analyze microscope images from on-line
journal articles.

The combination of these automated methods with meth-
ods for large-scale fluorescent tagging of proteins (such as
CD-tagging) and automated fluorescence microscopes en-
ables the new field of Location Proteomics, providing for
the first time sensitive, objective and systematic determi-
nation of the subcellular location for all proteins in a pro-
teome. This approach also permits determination of the
ways in which these locations change in response to a vari-
ety of phenomena, including growth and development, onset
of disease, or exposure to drugs or pathogens.

2. OUTLINE
The material consists of the following topics.

• Problem definition and introduction to relevant cell
and molecular biology (Murphy)

• Results on supervised and un-supervised learning on
microscope images (Murphy)

• Current approaches to creating databases of fluores-
cence microscope images (Murphy)

• Automated retrieval of images from on-line journal ar-
ticles (Murphy)

• Automated and interactive feature selection methods
(Faloutsos)



• Fast and flexible feature-based image retrieval meth-
ods (Faloutsos)

• Clustering and Singular Value Decomposition (Falout-
sos)

• Future directions (Faloutsos)

3. AUDIENCE
Computer scientists interested in learning about the chal-

lenges and opportunities in this new area of computational
biology research, as well as current methods for interpreta-
tion and retrieval of complex images that differ dramatically
from natural scenes.
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