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Automatic detection of noisy spots in two-dimensional Southern blots
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One of the problems of automatically quantitating 2D
DNA gels, is clearly detecting spots visualized by
Southern hybridization blots using DNA probes (Rogan
ef al. in this conference). Spots appear noisy due to
multiple transfer steps. If one applies standard 2D
PAGE protein gel spot segmentation methods, spots
fragment due to highly textured image noise and a
weak radioautograph signal and thus are poorly
detected. We have observed that these spots are all of a
minimum size. Therefore an image processing filter
which both takes minimum spot size into account and
has immunity to image texture-type noise should be
able to reliably detect this class of spots. The ‘Busse’
Laplacian filter used in the GELLAB-II system, is a
modification of the standard (1 —2 1) digital approxima-
tion of the Laplacian. In the Busse Laplacian, the
sampling interval is n pixels (m > 1) instead of 1. In
addition, 3 X 3 averaged ‘super pixel’ values are used
instead of single pixels for each element of the
Laplacian convolution. This gives the needed noise
immunity by filtering out the high spatial frequency
image noise while preserving the low spatial frequency
character of the spots. We have used this filter
successfully on 2D DNA Southern blot image data.
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Introduction

While the separation of genomic DNA by agarose gel
electrophoresis can resolve a broad range of restriction
fragment sizes, the gel band widths of individual
fragments can be quite pronounced. This can limit the
resolution of similarly sized fragments in a digest. By
sequentially digesting genomic DNA with two different
restriction enzymes, similarly sized fragments in the
first digest can be distinguished on the presence or
absence of internal restriction sites by redigestion with
a second enzyme. This approach has been coupled to
electrophoresis onto a two-dimensional (2D) agarose
grid (Rogan et al., 1991a; Mietz & Kuff, 1990).
However, the second electrophoresis step somewhat
dilutes homogeneous bands, resulting in broad spot
patterns (Holmes & Stellwagon, 1990). One of the
problems associated with automatically quantitating
these spots is to clearly detect them.
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Multiple fragments are visualized as spots in 2D
DNA gels by Southern analysis with probes containing
repetitive genomic sequences. Most of the genome can
be sampled by sequential hybridization of different
repetitive sequence probes to the same filter. The total
database, therefore, can consist of a large number of
unique spots. The ability to discriminate between
proximate, nonidentical spots is a critical requirement
of this form of genome analysis. This lets us construct a
computer database consisting of spots from many
probes reflecting the expression of these genes as a
function of experimental conditions. This could also
lead to an automatic system for 2D DNA gel analysis
based to a large extent on the GELLAB-II system for
2D PAGE gels (Lemkin & Lester, 1989; Lemkin,
1989). Although these low resolution 2D DNA gels
may not appear to warrant a sophisticated computer
analysis, the construction of a reliable multiple gel
database requires using an accurate spot segmentation
tool. Studies of multiple gels under different experi-
mental conditions with several probes generates a large
enough set of spots to require the use of a spot
management database (Rogan et al., 1991).

This issue stimulated the development of a spot
segmentation procedure which was sensitive enough to
differentiate closely-spaced loci, but, also could
recognize the diffuse spot shapes produced by the
agarose  gel  electrophoresis/Southern  transfer
procedure.

Standard 2D protein electrophoretic spot segmenta-
tion methods do not work as well for 2D DNA gels
because spots fragment due to highly textured image
noise and weak radioautograph signals. We have
observed that these spots are all of a minimum size. We
present a robust image processing filter which has
immunity to this type of image texture-type noise
allowing the reliable detection of this class of spots. It is
currently used in the GELLAB-II system and is a
modification of the ‘Busse’ Laplacian filter used in the
GELLAB-I system (Lipkin & Lemkin, 1980). The
original Busse filter was developed by Hans Busse
(Univ. Kiel) when working with the DEC10 based
GELLAB-I system.

2D DNA gel spot quantitation

The potentially large amount of data to be analyzed
motivated the development of automated computer
analysis methods to find and quantitate spots in
scanned 2D DNA gel images. The general problem of
finding and quantitating spots in 2D gels has been
solved a number of different ways over the years for 2D
PAGE gels (Anderson et al., 1981; Garrels, 1979;






