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• Use computer vision to localize ﬂuorescent
chromosomes from Epulopiscium sp. Type B.
• Use convex hull to estimate the volume of
Epulo cells.
• Estimate the chromosome density for cells at
diﬀerent stages in production of oﬀspring
cells.
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Figure 1 Life cycle of Epulopiscium (clockwise). Image analysis was performed on
stages A, B, and C.

Epulopiscium spp. are a genus of bacteria
famous for their extreme size, with a high copy
number to survive at such as massive size. When
Epulopiscium reproduce, they spawn internal
daughter cells that receive a proportion of the
mother’s chromosomes. The mechanism behind
how the mother’s chromosomes are segregated,
however, is still unknown.Using ﬂuorescence
microscopy and computer vision we developed a
system to localize tagged chromosomes, and to
calculate the chromosome density during
diﬀerent stages of the reproductive cycle.
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Figure 5 Distribution of chromosomes per μm 3, sorted by stages. We
found that stage A had a median density of 0.083 chromosomes per
μm3, stage B had a median density of 0.059 chromosomes per μm 3,
and stage C had a median density of 0.055 chromosomes per μm 3.

Discussion

Figure 2 Fluorescence microscopy images show spatial distribution of chromosomes.
Bright spots correspond to chromosomes hybridized the the rhodamine probe.
(Pictured Left) A stage A Epulopiscium cell has small clusters of chromosomes at the
poles and dispersed evenly throughout the cell. (Pictured Right) In stage C cells, the
daughter cells are fully engulfed within the mother cell.

In preparation for ﬂuorescence in situ hybridization,
a sequence from the Epulopiscium Spp. type B
genome, 10-12kb in length, was used to make a
rhodamine-labeled probe. Images were taken 0.5
μm apart with an exposure of 0.5s through the
complete depth of the sample using a Deltavision
Spectris DV4 deconvolution microscope.
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We found that there was no statistically signiﬁcant
diﬀerence in chromosome density between stage B
and stage C (p-value = 0.06). This is consistent with
density results obtained by Mendell et al. using
[4]
quantitative PCR. Since our data is spatial, we
have the added beneﬁt of being able to perform
spatial analyses on the chromosome distribution.
Our data suggests that chromosomes are not
distributed equally throughout the cell, with
chromosomes congregating towards the cell
membrane and into clusters that will become
daughter cells. Through our use of computer vision,
we add the ability to add spatial analyses to
traditionally non-quantitative techniques. Our novel
use of computer vision in conjunction with
microscopy presents a new technique in spatial
analysis with applications in microbiology,
molecular biology, and diagnostic medicine.
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Figure 3 Chromosome identiﬁcation via Suzuki contour detection algorithm. Detected
chromosomes are marked by green circles.
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To identify and localize ﬂuorescent
chromosomes, we analyzed stacks of images
using OpenCV 2.4[1], an open source computer
vision library. Images were preprocessed to
remove background and to improve contrast. A
binary threshold isolated chromosomes, and
erosion separated spatially close chromosomes.
Individual chromosomes were identiﬁed using
the Suzuki contour detection algorithm. A kmeans clustering algorithm was used to
separate chromosomes in images with multiple
cells. To compute the volume of the cell, the
outermost chromosomes were used to calculate
the convex hull of the cell using the QuickHull
algorithm[2,3]. We then used the convex hull
and the total number of chromosomes observed
to calculate the chromosome density for the cell.
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Figure 4 Z projection of chromosomes as detected by our algorithm. Chromosomes
are colorized by the average distance to the nearest 10 neighbors.
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