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Abstract

Maximizing an individual's genetic information from its DNA fingerprint image depends on the number of bands
distinguished from the background. To approach this goal, the background should be normalized while the information is
preserved. Morphological operators have been used by some authors to normalize the background for two-dimensional gel
images. Methods such as mean, median and “maxpolygon” are presented in this work to normalize the background in DNA
fingerprint images. Mean and median methods will lead to some deformations. Visual evaluation of the results show that the

original shape of the column signals are better preserved by the maxpolygon.
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1. Introduction

Getting the maximum genetic information in a
DNA fingerprint image that belongs to an individual,
depends on the number of bands detected from the
image. Therefore, the detection of all DNA bands
having intensities that exceed the background noise
will be one of the important steps in DNA fingerprint
analysis. The problem in implementing this step
directly on DNA fingerprint images is that the
background intensity level, upon which the DNA
bands appear, is not only non-uniform over an image
but also varies between images. Therefore, it is
necessary to normalize the background (remove the
trend) in the image, so that the DNA bands are better
distinguished from the background.

Performing this task requires a background image
which can be defined as an image prepared in the
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same way as a DNA fingerprint gel image, but
without the DNA fingerprint included. Generally, a

background image can be estimated by defocussing
or removing the objects (DNA bands) from the
original image. Subtracting the background image
from its corresponding DNA fingerprint image would
result in a background normalized image. Since
preparing such a background image is not possible, it
must be estimated from the DNA fingerprint image
itself. In this work, methods such as mean and
median filtering, morphological operfitef] and
maxpolygon are tested on a number of DNA finger-
print images to estimate their corresponding back-
ground images. These methods could be applicable
to other electrophoretic methods such as sodium
dodecylsulfate—polyacrylamide gel electrophoretic
(SDS—PAGE) separations of proteins. Then esti-
mated background images will be used to normalize

the background in their corresponding original im-
ages. A combination of morphological operators
have been used by some auth¢2s3] to estimate
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background normalized images for two-dimensional reason is that the 33.6 probe can produce high
gel images. A structuring element that depends on resolution fingerprints from the rooMimlaus
the objects in the image should be used in this oeconomus as well as from several non-rodent
method. To apply mean or median filters, a filter size mamiisdlsThroughout this article we will refer to
should be defined which depends on the size of the images generated on X-ray film by DNA fingerprints
DNA bands in the image. It may be necessary to in the electrophoresis gels as gel images. We are
iterate the filtering to remove or defocus all DNA dealing with one spectral band, i.e., images with gray
bands in the image. In that case the number of values between 0 (black) and 255 (white). A rotating
iterations depends on the size of the filter. drum scanner are used for image digitization in this
The maxpolygon method is based on the global work. A sampling frequency between 1 and 2 pixels
maximum in the image and the maximum value in a per 200 is deemed to be adequajé]. DNA
sliding window over the column signals in the DNA fingerprint images produced by slab gel electro-
fingerprint image. Visual inspection will be used to phoresis are often degraded by different types of
evaluate the results obtained by these methods. noise such as film grain noise and noise from

different other sources, for example electrophoresis,
membrane, hybridization process in making DNA

2. Experimental fingerprints, dirt on the film (due to holding the film
with hand and washing the film), etc. To enhance the
2.1. Materials images we have applied a homomorphic low pass

filter [6,7] as a preprocessing operation.
The DNA fingerprints which we are going to use Fig. 1billustrates the image obtained by applying
in this project, are produced with the 33.6 probe. The the homomaorphic low pass filter on the infage in

150

(a) (b)

Fig. 1. (a) DNA fingerprint image fronMicrotus oeconomus hybridized to 33.6. (b) Image obtained by applying a homomorphic low pass
filter on the image in (a).
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la. Through the rest of this paper, the imageHig.
1b will be referred as the original image.

2.2. Mean and median filtering

A background image is estimated by using a mean
or median filter to remove or defuse the DNA bands
in the original image. Using mean or median filters
to estimate a background image will be in the sense
of defocussing the DNA bands on the original image.
These methods depend on the size of the filter which
again depends on the size of the DNA bands in the
image. The first step in preparing an estimated
background image is defocussing or removing all
DNA bands from the original DNA fingerprint
image. Using a mean filter with a size larger than the
largest DNA band on the original image will defocus
all the DNA bands in the image. The image pro-
duced after this operation reflects mainly the varia-
tions in the background and will be called the
background estimated image. An image that is free
from the background variations and contains only

(a)

Fig. 2. (@) Estimated background image obtained by using the
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DNA fingerprint bands from the original image, can
be estimated by subtracting (absolute difference) the
background estimated image from its corresponding
original DNA fingerprint image. The image obtained
by this process is called for the background normal-
ized image and is negated to provide a better
visualization.
The background imadidgin2ais estimated by
applying a mean filter with the deree-ofidthXx
50 (with a scanning resolution qirR0the lane-
width is approximately 15 pixels and therefore a
filter with the size @bQ<ould be applicable) on
the imag€ign 1b. The background normalized
imagEifn 2bis obtained by absolute differencing
of the image iRig. 1b and its corresponding
estimated background im&ge 2a,followed by
negatieig. 3illustrates the signal from column 22
in both the original imageFiopn 1b and the
background normalized imdgg. i2b.
Visual inspection of the column signals (intensity
profileg)dn 3 indicates the deformation and loss
of information (indicated by arrows) on the back-
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(b)

mean filter with a window siZ&016n the image inFig. 1b. (b)

Normalized background obtained by subtracting (absolute difference) the image in (a) from the infkage lib followed by negation.
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Fig. 3. The signal from column 22 in both imagE®s. 1b and 2Hor comparison.

ground normalized image. Estimating a background
image by using a median filter can be performed in
the same way as described for the mean filter.

Results obtained (not shown here) by using a median
filter is mostly the same as mean. The processing

time for a median filter depends on the implementa-
tion of the algorithm[8,9].

2.3. Morphological operators

A background image can also be estimated by
using morphological operations on the original
image. In Refs[2,3] it is stated that a background
image can be estimated by using gray-level mor-
phological opening which is a gray-level mor-
phological erosion followed by a gray-level mor-

phological dil§tidr12]. A structuring element is
required to perform the opening operation. Such a
structuring element can be obtained from the original
image by choosing one of the DNA bands in the
image. The same structuring element will be used for
both the erosion and dilation operations. We choose
the structuring element to be one of the large DNA
bands in the image. Since the images which we work
on are positive images, the structuring element will
be negated and the morphological closing operation
(morphological dilation followed by morphological
erosion) will be applied to estimate the background
imageig. 4b indicates the estimated background
image obtained by using the structuring element in
Fig. 4afor morphological closing on the image in
Fig. 1b.The background normalized imageHig. 4c
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Fig. 4. (a) The structuring element chosen from the original image and negated for using in the morphological closing operation. (b)
Estimated background image obtained by using the structuring element in (a) for morphological closing on the iRiggéhin(c) The
background normalized image obtained by subtracting (absolute difference) the inféigeiband the image in (b), followed by negation.

is obtained by absolute differencing of the image in size of the window depends on the scanning res-
Fig. 1band its corresponding estimated background olution and the size of the DNA bands in the image.
image inFig. 4b, followed by negation procesgig. With a scanning resolution of 20@m we found by
5 illustrates the signal from column 22 in both experiment that a window with the sizex&01
“original” image (Fig. 1 and the background could be adequate. At each point on the column
normalized image irFig. 4b. signal, the global maximum in the sliding window is
Visual inspection of the column signals (intensity selected to be the value for the corresponding point
profiles) inFig. 5indicates that the background trend in the estimated background signal for that column.
is removed. But, there are some deformations (indi- The results obtained by this process on each column
cated by arrows) on the background normalized in the image will be the background signal for the
signal. The process of morphological operation is corresponding column in which all valleys are
very much dependent on the selected structuring removed. The word “valley” is used here because
element. the DNA bands in the images appear toward black
and the background is toward bright. Therefore DNA
2.4. Maxpolygon bands appear as valleys on the column signals in the
image. Fig. 6 shows the estimated column signal
Maxpolygon is an adaptive algorithm to estimate obtained by using this algorithm on column 22 in
the background signal for each column in the image. Fig. 1b.
Each column in the image is processed separately as An estimated background image will be obtained
a one-dimensional signal. A one-dimensional sliding when all columns signals in the image are processed

window will run over each column in the image. The by this algorithm. The result obtained by using this
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Fig. 5. The signal from column 22 in both imagEgs. 1band 4c for comparison.
algorithm on the image irFig. 1bis illustrated in the difference between each point on the estimated
Fig. 7a. background image and the global value in the
The estimated background image which is ob- original image. The following algorithm is used to

tained with this algorithm, can be combined with its make the background normalized image.

corresponding original DNA fingerprint image to B
make the image in which its background is normal- len (% Y) =
ized (background trend is removed). This is based on (1)

[max(original image)- (X, )] + 1(X, ¥)
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Fig. 6. The signal from column 22 in both imagegs. 1band7a. The signal presented by dashed line is obtained by using the algorithm
described in Section 2.4 with a sliding window of the siz&80 on the image irFig. 1b.
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Fig. 7. (@) The background estimated image obtained by using the maxpolygon algorithm on the irkagelin (b) The background
normalized image obtained by the algorithm described in Eq. (1) in Section 2.4.

wherelg (X, ) is intensity value in the background the image. Visual inspection of some column signals

normalized imagejg(X, y) is intensity value in the in the background normalized image obtained by

estimated background imageé(x, y) is intensity these methods indicates the changes between the

value in the original DNA fingerprint image; max- original and the estimated estimated background

(original image) is global maximum in the original imageBig. 3 shows the intensity profiles for

DNA fingerprint image. The background normalized column 22 in both the original im@&ige 1b and

image obtained by using Eq. (1) on the images in its corresponding background normalized image

Figs. 1b and 7as illustrated inFig. 7b. (Fig. 2h. Some points which are highly deformed
Visual inspection of the column signals (intensity are indicated by arrowsign3.

profiles) inFig. 8indicates that the background trend (2) Using morphological operations to estimate a

on the column signal is removed and the original background image depends on the selected structur-

shape of the signal is better preserved than in the ing element. The background trend in the estimated

previous methods. background image is removed. Visual inspection of

column signals in the background normalized image
obtained by this method indicates small changég.
3. Discussion 5 shows the intensity profiles for column 22 in both
the original image Kig. 19 and its corresponding
(1) Estimating a background normalized image background normalized irkagetf). Some points
using a mean or median filter depends on the size of which are slightly changed are indicated by arrows.
the filter and the size of the objects (DNA bands) in The process of morphological closing with a struc-
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Fig. 8. The signal from column 22 in both imagE®s. 1cand 7b for comparison.
turing element of the sizen X n will require more global maximum in the original image (assuming the
mathematical operations than a mean or median filter image is positive, background is bright) and the size
of the same size. of the sliding window. The size of the window
(3) The maxpolygon method is based on the depends on the size of the DNA bands in the image.

Fig. 9. (a) Background normalized estimated image obtained by using the point-to-point division of the inkagelinby the image in
Fig. 2a.(b) Background normalized estimated image obtained by using the point-to-point division of the inféige ib by the image in
Fig. 4b. (c) Background normalized estimated image obtained by using the point-to-point division of the inféige 1b by the image in
Fig. 7a.
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The results obtained by this method indicates that the
background trend in the image is removed while the
information is preserved. Results are shownFig.
8.

(4) The point-to-point division of the original
image by its corresponding estimated background

image obtained by the methods described above, is

also tested to estimate a background normalized
image. The results are shown Iig. 9 for com-
parison.

Visual comparison of images iRig. 9a,b and ¢o
their corresponding images (figs. 2b, 4c and 7b,
respectively) obtained by usingbsolute difference
indicates that the background is not properly normal-
ized. Therefore, usingabsolute difference is pre-
ferred to point-to-point division.

4, Conclusion

In this work, four methods are tested on different
one-dimensional DNA fingerprint images to normal-
ize their background. Methods such as mean and
median filtering depend on the filter size which again
depends on the size of the DNA bands in the image.
In addition to this, the background normalized

19

depends on the size of the one-dimensional sliding
window which can be fixed experimentally. It also
depends on the global maximum in the original
image. The results obtained by the maxpolygon
method illustrate that the information and the shape
of the intensity profiles for the column signals in the
image are better preserved than the results obtainec

by other methods described in this work.
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