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Biological Goal

Analysis of the role of Polycomb Group Proteins (PcG) in the epigenetic signature
of Laminopathies.

Scientific Computing Goal
Design of algorithms and software to automatically identify and analyze PcG
proteins in fluorescence image sequences.

= FIRB 2010 Project n.~RBFR106512002
= EPIGEN Flagship Project
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Main Goals and Outline

Outline

1. Fluorescence microscopy images
Introduction, features and issues

2. Imaging Framework
Segmentation, 3D reconstruction and analysis

3. Results

4. Conclusions and Future Work
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Fluorescence microscopy images

Introduction

Principles of Microscopy Images

* Fluorescence microscopy has become an important imaging technique in cell
biology. It is used in conjunction with staining techniques to visualize a whole
range of intracellular structures.

* The specimen is examined through a barrier filter that
absorbs the short-wavelength light used for illumination and
transmits the fluorescence, which is therefore seen as bright
against a dark background.
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Fluorescence microscopy images

Features and Issues

Lamin Nucleus PcG bodies

* When cells are excited by the illumination of a short
wavelength, for example ultraviolet, the emergent rays
are converted into longer wavelength light. Thus red,
blue, or green light is emitted depending on the
composition of the substance.

* The variety of fluorescent proteins and labeling
techniques leads to considerable differences in the
appearance of cells.

* Fluorophores lose their ability to fluoresce as they are
illuminated in a process called photobleaching. &

* Fluorescence microscopes produce images with very low contrast, since cells are sensitive to
photodamage.
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Fluorescence microscopy images

Why Use Automated Image Analysis?

High-Throughput image analysis

Manual analysis of a large volume of light microscopy images is slow, time consuming
and subject to observer variance.

* number of image sequences:

* number of frames per sequence:
* single frame sizes:

* number of nuclei:

* number of PcG bodies per nuclei:

The large number of images generated in biological experiments that rely on
advanced microscopy increases the demand of automated image analysis tools.
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Imaging Framework

Sketch
/ fromework We have realized an efficient and automatic imaging
/ processing step

framework in order to analyze the features of PcG in

2D Segmentation o each image per sequence and in each cell per image
* image partition: nuclei regions and
background . . . .
« PcG detection in nuclei regions * The framework integrates algorithms written in
3D Reconstruction C language for the 2D segmentation and
\__ *identification and reconstruction existing tools of the MatlLab Image Toolbox for

the 3D reconstruction.
e The framework has several functions

analysis step
2D/3D Analysis

« nuclei features: implemented in MatlLab to analyze the PcG
area/volume, number, fluorescence, shape features which can be combined in order to
* PcG features: create a customized analysis

area/volume, number, fluorescence

distribution within nuclei,
proximity to nuclear periphery
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Imaging Framework

The most challenging part of image analysis is usually
Image segmentation determining which pixels in the image belong to each
object (e.g., a protein, nucleus, or cell).
This task is known as segmentation.

framework

processing step

. The framework combines two segmentation methods:
2D Segmentation

* image partition: nuclei regions and

1. Region-based method based on the convex relaxation of the Chan-
background

Vese model. This provides a two-region partition: nuclei regions and
background using a combined image of lamin and nuclei images

minge, co.FU Cins Cout) = J |VI|dx + )\f ((cin - f)z) I+ ((cout - D2> (1-Ddx st0<I<1
0 0

Cin » Cout ‘Mean values of the image I intensity of foreground and background I' :image to be segmented
Q c R? :iImage domain

Numerical technique
 first discretize then optimize
* Discretization step: all the quantities in the functional F are discretized
* Optimization step: the alternating Split Bregman method
Laura Antonelli ICAR-CNR
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Imaging Framework

The most challenging part of image analysis is usually
Image segmentation determining which pixels in the image belong to each
object (e.g., a protein, nucleus, or cell).
This task is known as segmentation.

framework

processing step

. The framework combines two segmentation methods:
2D Segmentation

* image partition: nuclei regions and

1. Region-based method based on the convex relaxation of the Chan-
background

Vese model. This provides a two-region partition: nuclei regions and
background using a combined image of lamin and nuclei images

miny ¢,y coneF (L Cins Cout) = f |7Ildx + A f ((cin - DZ)I + ((cout - T)Z) (1-Ddx st0<I<1
Q Q

Cin »Cout :mean values of the image [ intensity of foreground and background I :image to be segmented
Q c R? :iImage domain

Nucleus Lamin Segmentation

HO -
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Imaging Framework

The most challenging part of image analysis is usually

Image segmentation determining which pixels in the image belong to each
object (e.g., a protein, nucleus, or cell).
/ S \ This task is known as segmentation.
processing step

. The framework combines two segmentation methods:
2D Segmentation

* image partition: nuclei regions and 1.
background
\_° PcG detection in nuclei regions:

Region-based method based on the convex relaxation of Chan-Vese
model. It provides a two-region partition: nuclei regions and
background using a combined image of lamin and nuclei images

« thresh = p,, 2. Classification method based on the ISODATA applied only on the
* repeat nuclei regions of the PcG image: the initial value of classifier
Lo Shpliht image into R, and R, regions using threshold is Pin the mean intensity value of all nuclei regions in
thres .
2. compute the PcG image. PcG bodies Segmentation

M;= mean intensity of R,
M,= mean intensity of R,

thresh = average(p; , p, )

Qntil ( My -p,) <tol /
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Imaging Framework

Nuclei Identification and Reconstruction

/ framework \ Nuclei identification
Nuclei are numbered according to the number of connected
components of the stack and are separated from each other.

/ processing step
2D Segmentation
* image partition: nuclei regions and
background
* PcG detection in nuclei regions
3D Reconstruction

& * identification and reconstruction /
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Imaging Framework

Nuclei Identification and Reconstruction

/ framework \ . .
/ - 3D reconstruction of nuclei and PcG
processing step The nuclei and the PcG bodies are reconstructed through a connected
2D Segmentation components algorithm using a 6-connectivity.
* image partition: nuclei regions and .
backggrosnd & Random shuffling of detected PcG
« PcG detection in nuclei regions PcG are scattered in the nucle.us.usmg a random dlstrlbut.|o.n with the
. same mean and standard deviation as the actual PcG position
3D Reconstruction T . .
distribution. Random location results are compared with the real

K * identification and reconstruction . . . o L
\ J location results in order to evidence a significance position.

2D segmentation stack 3D reconstruction

20 s g

10 """

Real PcG location PcG random shuffling
Laura Antonelli ICAR-CNR
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Imaging Framework

Image analysis

/ framework \ PcG bodies: number and features
* Percentage/Number of Nuclei and PcG
* Volume of Nuclei and PcG

analysis step

2D,’3D Analysns Number of PcG bodies ) Volume of Nuclei Volume of PcG bodies
\ |, &= ] —

* nuclei features: \ —
area/volume, number, fluorescence, shape p
* PcG features:
area/volume, number, fluorescence
distribution within nuclei,
K proximity to nuclear periphery /

40 o o so 100 150 200 250 o EX

* The ‘roundness’ of each nucleus is evaluated by the eccentricity on
the mean plane of the z-stack
{ =1 -> nucleus is a circle

roundness := 4nNCL,.area/(NCL, .perimeter)’=

=0 - nucleus is not a circle

NCL, : n-th nucleus

ICAR-CNR
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Imaging Framework

Image anaIySiS PcG distribution
* The distance from the nuclear centroid
/ framework \

analysis step

2D/3D Analysis
* nuclei features:
area/volume, number, fluorescence, shape| | « The distance from the mean z-axis
* PcG features:
area/volume, number, fluorescence
distribution within nuclei,
K proximity to nuclear periphery /

* The ‘proximity’ of the PcG from nuclear periphery is the ratio between:
d,; the minimum euclidean distance of PcG from the nuclear periphery
d, the distance of the nuclear centroid from the point on nuclear

periphery closest to the PcG

=1 -> PcG is near to the centroid
d,/d,= . 4
=0 = PcG is near to the periphery

ICAR-CNR
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Nucleus Lamin PcG bodies

Image Analysis

PcG bodies distribution

* The distance from nuclear centroid
shows that the PcG bodies are excluded
from periphery

* The scattering around the mean z-axis
shows that PcG bodies are horizontally

3D reconstruction PcG random shuffling

" . Scattering around mean on z-axis
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Lamin PcG bodies

3D reconstruction PcG random shuffling

Murine myoblast

Image Analysis

PcG bodies distribution

* The distance from nuclear centroid
shows that the PcG bodies are excluded

. . S
from periphery %, o
* The scattering around the mean z-axis B S ¥ i .:%’“
shows that PcG bodies are horizontally % '
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PcG bodies

. Human myoblast Nucleus Lamin
Image Analysis WL

PcG bodies distribution

¢ The distance from nuclear centroid
shows that the PcG bodies are excluded
from periphery

3D reconstruction PcG random shuffling

* The scattering around the mean z-axis k&Y
shows that PcG bodies are horizontally 3 w®
C0p|a nar Distance from nuclear 02|T|troid e Scattering around mean on z-axis
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Future Work

* Hierarchical clustering of different cell nuclei populations
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Thank you for your attention!
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