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ABSTRACT. The Fluorescence Image Analyzer (FLIMA) software
was developed for the quantitative analysis of images generated by
fluorescence in situ hybridization (FISH). Currently, the images of
FISH are examined without a coefficient that enables a comparison
between them. Through GD Graphics Library, the FLIMA software
calculates the amount of pixels on image and recognizes each
present color. The coefficient generated by the algorithm shows
the percentage of marks (probes) hybridized on the chromosomes.
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This software can be used for any type of image generated by a
fluorescence microscope and is able to quantify digoxigenin probes
exhibiting a red color, biotin probes exhibiting a green color, and
double-FISH probes (digoxigenin and biotin used together), where
the white color is displayed.
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INTRODUCTION

The term “cytogenetics” was born by the junction of cytology and genetics, when
the theory of chromosomal inheritance based on Mendelian laws and cytological works
was proposed. Therefore, when a study is based on an isolated or aggregated chromosome,
condensed or distended, with relation to morphology, organization, function, and replication,
this study is called cytogenetic study (Guerra, 1988). Cytogenetics can be divided into two
branches: classical cytogenetics involving conventional staining techniques, impregnation
with silver nitrate, and C-banding and molecular cytogenetics, also called cytogenomics,
covering fluorescence in situ hybridization (FISH) and its derivations.

The main technique used in cytogenomics was described in 1986 by Pinkel et al.
(1986) and is called FISH. This technique is based on probe marking by fluorochrome through
the antigen/antibody bond; these probes are hybridized on the chromosomal DNA marking
the region that is demanded and viewed with a fluorescence microscope. Currently, the
analysis of FISH images generated by the fluorescence microscope is made only empirically
and subjectively, without a quantitative method as a form of analysis. With the development
of the FISH technique, the number of analyzed DNA sequences has been increasing, and
involves repetitive DNA sequences, single-copy sequences with organizing clusters dispersed
or located along the chromosomes.

Because of the lack of a method that allows a quantitative analysis of fluorescent
signals generated by the FISH technique, sequences that are dispersed in the genome of
organisms (such as transposable elements) can have their location underestimated. This type
of analysis is also more difficult to be made in studies where a comparative analysis of the
data is necessary. Therefore, the development of a quantitative and objective chromosomal
distribution analysis of these sequences is important, and allows the comparison of FISH
images. Then, a software that is capable of quantifying the fluorescence generated by the
images in fluorescence microscope was created.

MATERIAL AND METHODS
Library

GD Graphics Library.
Language

PHP.
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Information analyzed by the software

1) Image: generated by a fluorescence microscope when the blades are analyzed. These
images must be properly edited and without background (featuring only the chromosomes that
will be quantified).

2) Quantity of desired colors for quantification: refers to the amount of probes used for
hybridization and thecolors that are shown on the image.

3) Rate tolerance: refers to the accepted level of similarity between colors.

Methods of analysis

The system breaks the image and analyzes it pixel-by-pixel, recognizing the pixel
color and storing the value found. At the end of the analysis all the information is grouped
according to the similarity between the colors, and the amount of pixels related to each color
is converted proportionally to the coefficient of fluorescence.

RESULTS AND DISCUSSION

The FLIM A software was developed to quantify FISH images generated by fluorescence
microscope in studies where it is necessary a comparative analysis of images, for instance,
work that compare numbers of chromosomal markers of a given repetitive element in the
DNA of an organism found in different environments. This software may provide a numerical
quantitation of which organism presents the higher number of tags. The FLIMA software was
created with the purpose of having a coefficient of fluorescence where this coefficient may be
used to compare the images. Images that have higher coefficient are those that have more tags.
This software can be used for any type of image generated by a fluorescence microscope and
is able to quantify digoxigenin probes exhibiting a red color, biotin probes exhibiting a green
color, and double-FISH probes (digoxigenin and biotin used together), where the white color
is displayed. The FLIMA software quantifies the intensity of the probes, showing the value
found in the form of coefficient called coefficient of fluorescence.

For the FLIMA to perform the images analysis (Figure 1), it is necessary that images
be edited without background, or must be edited without scales or without any other type of
figure that are not part of the chromosomes for analysis (1). Since the image was selected it
must be told to software how many colors are expected in the image to be analyzed. Usually
for images of FISH we select only 3 colors (but we can select as many colors as the image
has): the background of image that is black, the chromosomes stained with DAPI that are blue
and markings made on chromosomes that are the colors displayed depending on the probe that
is used (2). Then, after the color selection, the tolerance rate must be chosen according to the
level of similarity accepted between the colors. The rate of tolerance is used to measure the
degree of similarity between the colors in the image; if it is too low the software considers
approximate colors as distinct, if it is too high, it considers only the primary colors. As in
the image presented by fluorescence microscope shades of red can vary from light or dark
pink and red, the recommended rate for analysis is 220 (3). Chosen the first commands to the
image, the option “analyze” can be chosen (4). Since the software analyzes the image, the
coefficient of fluorescence for each color is exhibited, where the color that displays the probe
used is selected (Figure 2).
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Figure 1. Initial interface of the FLIMA software.

CF

99.952380
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Figure 2. Output interface of analysis of the FLIMA software. The value 99.95 displays the CF (coefficient of
fluorescence) to black color. The value of 0.029 is the CF for the blue color. The value 0.017 is the CF for the red
color. The red color is the hybridized probe on the chromosomes.

The software has been tested in several studies involving FISH data and so far it has
been effective in quantifying the marks on the chromosomes. The FLIMA software will be
available for commercialization after all processes of intellectual property protection have
been made, but their negotiation can be carried out through contact with those responsible for
its development.
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