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Abstract

The single cell gel electrophoresis, called comet assay  is a very sensitive method of detecting the DNA strand breaks at the level of single cell. This method allows the measurement of the rate of initial DNA breaks and rejoining and indicates the repair capacity of cells. Our interest is the application of the comet assay as a predictive method of evaluating the individual radiosensitivity of cancer patients. In this paper we introduce a quite new method of the visualization of the comet tail. To our knowledge it is the first technique capable of determining the comet tail shape in form of a binary image, which allows not only the calculations of all relevant comet parameters, but also enables the description of the comet shape and its structure.

1   Introduction

So far the images of damaged cells, showing the DNA which migrated under the influence of the electric field were thresholded using black and white or pseudo-colour representation and on this basis the comet coefficients were calculated. The analysis of  the available commercial image processing systems designed for the evaluation of comets and the so called self made software used in many laboratories ( the most popular are macros written for the NIH Image) and the review of the literature [1-19] leads to the following conclusions : 

(  The length of  the comet tail and  other comet parameters which describe the amount of the DNA that migrated from the cell are defined in different ways, so that the comparison of the results obtained in different research centres is difficult and sometimes impossible. 

(  As can be easily  observed  the comet head is surrounded by some kind of a shadow called halo, and this comet feature is not carefully considered, when calculating the comet parameters, which can lead to severe errors.

(  The shape of the comet seems to be an important feature, which contains relevant information concerning the damaged cell properties. The commonly used methods are not able to detect the comet tail as a topological object and no measurement of the comet shape parameters were so far  possible.

The method presented in this paper is to our knowledge the first technique able to extract and visualize the comet tail, without any thresholding performed either by the computer system or by the operator and it is also the only method which can extract the tail as a topologically connected and homogeneous binary object. 

                               2. NEW METHOD OF COMET TAIL  VISUALIZATION

In the paper we use   a probabilistic approach to the problem of  comet tail extraction. The algorithm introduced here is  based on a model of a virtual particle, which performs a random walk on the image lattice. It is assumed, that the probability of a transition of the walking particle from a lattice point to a point belonging to its neighbourhood is  determined by a  Gibbs distribution, defined on a specified neighbourhood system [20, 21].
Let the image be  represented by a matrix  F  of size 

, and let us assume the eight-neighbourhood system on the image lattice. Additionally let us introduce a  virtual particle  which can visit  its neighbours or stay in its  temporary position.

In this work  it was assumed, that the particle moves on the image lattice with probabilities derived from the Gibbs distribution formula

 

  

,

where 

 denotes the neighbourhood relation,  V(i, j)  is  the potential energy of the pixel (i, j) and  (  plays the role of the inverse of temperature of the statistical system. In this work V(i, j) is represented simply by the gray scale value F(i, j)  of the point (i, j). 
Let us now assume, that the value of  the  centre pixel  (i, j) is set to zero, which means that F(i, j)=0. Then, the intensity  of   (i, j) is not taken into consideration, while  calculating the probability 

. Under this assumption 
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The probability that the virtual particle will stay at its current position, and in this way the probability that the particle will not escape from (i, j) is 
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Assigning to each image point the probability that the randomly walking particle will stay at its current position leads to a new image, which after the normalisation can be treated in an iterative manner. The successive iterations,  lead as can be easily shown, to a binary image  showing the image of the comet head and its tail. As can be seen in  Fig. 1 and 2, the processed comet image is a closed object with perfectly defined boundary. All the images were obtained using the same parameter (  of the Gibbs distribution. Having the information about the region which can be classified as the comet, different calculation of the comet tail parameters can be performed.

3.  CONCLUSIONS

In our report we propose, a reliable method of comet tail and head extraction. This new method  of the visualization of the DNA flow from the cell kernel is fast and reliable, it is not sensitive  to noise and acquisition parameters.  The authors are planning the implementation of the new algorithm into the comet assay software, so that the process of calculating the different comet parameters can be done automatically.
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Fig. 1 The results of comet tail and head extraction, with the use of the new method presented in the paper. On the left the original comet assay images, beside the binarized versions and the superposition of the boundaries and original images.
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Fig. 2 The results of comet tail and head extraction, with the use of the new method presented in the paper, at different image  acquisition parameters  (illumination and noise).
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