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Open-source software automates high-throughput imaging.

istorically, biology researchers

H examined samples predomi-
nantly by eye, but now digital
capiure of images is commonplace, and
objective quantification of those images
using automatic analysis software is in-
creasingly desirable. Analyzing images
one by one (for example, with Adobe
Photoshop) can be tedious and subjec-
tive. Fully automated image analysis is
not only more objective, but it also al-
lows thousands of images to be analyzed.
We created CellProfiler to meet the

need for flexible, user-friendly and inex-
pensive software for cell image analysis,
especially for large, image-based experi-
ments. [t incorporates several techniques
from the image-processing and computer-
vision literature, With the software, in-
dividual modules designed for a partic-
ular task can be chained together to build
complex analysis pipelines. The software
is distributed under an open source li-
cense so that programmers can design
new modules and features, if necessary.

Image-processing pipelines in Cell-

Profiler usually follow a three-step ap-
proach: illumination correction {often
necessary for accurate measurements),
identification of objects and measure-
ment of each object. In the identification
module, objects first are distinguished
from the background; then clumped
groups are separated into individual ob-
jects. If the objects identified in this step
are actually the centers of larger, enclos-
ing objects labeled with a second stain, as
in the common case of nuclei sumounded
by a cytoplasmic stain, the locations of
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measurements can be explored directly
within the software or exported (o a
spreadsheet, and larger data sets can be
stored in a database system such as Ora-
cle or MySQL for more intensive pro-
cessing and analysis. To efficiently process
hundreds of thousands of images, the
software supports cluster computing —
dividing large sets of images into small, in-
dependent batches that can be processed
in parallel.

The software's flexibility has enabled
its use in a variety of biological contexts,
For fluorescence microscopy cell samples,
it has been used to quantify cell count,
cell size, cell cycle distribution [DMNA con
tent), organelle number and size, cell
shape, staining texture, total amount of
a protein or phosphoprotein per cell
(amounting to single-cell Western blots),
cytoplasm-to-nucleus translocation, mem-
brane translocation, DNA damage foci,
cytoskeletal rearganization, bi- and
multinucleation, spindle morphology and
phases of mitosis."* It also has been used
to quantify a number of other biological
systems via images, including lung tumor
growth in mice, wound-healing assays,
growth of veast colonies, time-lapse analy-
sis of Drosophila embryonic develop-
ment, and viability and reporter gene as-
says in C. elegans.’

CellProfiler, plus example pipelines
and images, can be downloaded freely

CellProfiler software was used to analyze yeast colonies growing on a plate (left). All steps
are automated, so images of thousands of plates can be processed automatically. The
color coding is arbitrary in this example; the software counts the colonies and measures
the size, shape, color and texture of each colony and can color code them by any of those
measurements (right). Courtesy of AH Scheel, Georg-August University Gattingen.

from www.cellprofiler.org. O
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