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ABS1RACT 
This paper presents a set of algorithms aimed to directly read DNA sequences from 
autoradiographs using version 4 of VIPS (Vision Image Processing System) [1], which is 
implemented on Micro Vax under VMS, ffiM compatible PC under Windows, and Macintosh. 
The DNA sequence reading software structure, algorithms for geometry correction, contrast 
enhancement, background removal, feature extraction, sequence scanning and sequence joining 
are presented. Problems solved are irregular lane geometry, low contrast, variations in background 
contrast, unexpected horizontal lines, and dealing with data uncertainty. 

1. Introduction 
DNA sequences are a convenient representation of the genetic structure of DNA 
molecules. The generation and analysis of DNA sequence data has played a 
significant role in the elucidation of biological systems. DNA sequence reading is 
part of DNA sequencing, and provides a bridge between the generation and the 
analysis of DNA sequence data. Algorithms for DNA sequence reading by image 
processing are developed for directly reading DNA sequences from 
autoradiographs. 

DNA strands consist of a sequence of four different bases: Adenine, Cytosine, 
Guanine, and Thymine. DNA sequencing determines the sequence of bases along 
the length of the DNA strand, so is an important feature of the characterisation of 
newly isolated genetic elements. There are three main stages in DNA sequencing 
[2]: 

1) prepare DNA and carry out the DNA sequencing reactions; 
2) run the reactions on an electrophoresis gel and obtain an autoradiograph; 
3) read the sequence from the autoradiograph. 

The sequencing reactions produce a series of DNA fragments, each starting at the 
same place in the sequence. The fragments are first· separated depending on the 
type of base at end of the fragment. Since the fragments are of different length 
they may then be separated by using an electrophoresis gel. The samples are 
placed at one end of the gel, using a different lane for each base, and move 
through the gel under the influence of an electric field. The small fragments travel 
faster and move further than the larger fragments. The distance moved in a given 
time therefore depends on the length of the fragment, hence the position of the 
base from the common starting place in the sequence. By labelling each fragment 
with a radioactive element, an autoradiograph taken after electrophoresis shows 
where each fragment has travelled to in the gel, giving a banded appearance. The 
sequence is then determined by reading the sequence of bands in the four lanes. 



2. DNA Sequence Reading Software Structure 
Software for reading DNA sequences can be split into three parts: image 
preprocessing, band feature extraction and sequence scanning [3]. DNA sequence 
images on the autoradiographs are often geometrically irregular, low contrast and 
have a variation in background contrast. In order to successfully process most of 
the autoradiographs, preprocessing is necessary. Geometry correction, contrast 
enhancement, background removal are involved in image preprocessing. Band 
feature extraction involves noise smoothing, feature enhancement and band 
detection. Sequence scanning involves scanning the bands, indicating regions in 
the sequence where the data is uncertain and joining different parts of the 
sequence. The DNA sequence reading software structure is shown in figure 1. 
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Figure 1. DNA sequence reading software structure. 

3. Algorithms for Geometry Correction 
Geometric distortions often occur on the autoradiograph because of variations in 
the conditions during electrophoresis (see figure 2a). Also the lanes in the 
captured image are not always horizontal. In order to successfully process most of 
the autoradiographs, straightening and trapezoid warping are used to correct the 
geometry of the image. 

Straightening is the first of the geometry correction algorithms. The group of 
lanes are straightened horizontally by selecting key points and shearing the image 
vertically to put the key points on the same row of the image (see figure 2b). The 
straightening algorithm is as following: 

Straightening procedure: 
count the number of key points and determine the number of sections; 
sort the vectors of the key points by column; 
for each section (between two key points) 

determine the key line between two key points; 
for each column in the section 

shift pixels vertically to make key line horizontal; 
fill empty spaces at top or bottom of column with white; 

end for; 
end for; 

end procedure. 



a) 

b) 

c) 

Figure 2: Geometry Correction. a) Geometrically distorted image. 
b) Straightened image. c) Geometry corrected image. 

Figure 3 shows how the pixels are shifted in the straightening algorithm. All 
pixels in a given column are moved by the same amount: 
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Figure 3: Shift pixels vertically to make key line horizontal. 

A similar procedure may be used if necessary to make the bands vertical by 
shearing the image horizontally. 

Lanes may not be the same width over their complete length. Lanes can be made 
parallel by warping the image from a trapezoid (see figure 2c). The trapezoid 
warping algorithm is as follows: 



Trapezoid warping procedure: 
count the number of key points and determine the number of sections; 
sort the vectors of the key points by column; 
for each section (between two key points) 

determine the key line between two key points; 
for each column in the section 

copy each pixel vertically to one or more new pixels; 
end for; 

end for; 
end procedure. 

The trapezoid warping procedure is similar to the straightening procedure, except 
instead of moving the whole column of pixels, it stretches the pixels out, as shown 
in figure 4. The stretching is performed by duplicating certain pixels as the 
column is copied. 
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Figure 4: Stretching the pixels out for trapezoid warping. 

4. Contrast Enhancement 
Some of the bands in the image are quite faint, and are not able to be detected 
reliably. A contrast enhancement step is required to make the faint bands readable. 
This improves the readability of the autoradiograph and increases the accuracy of 
the system. A local intensity stretch operation is used to enhance the contrast. 
First, the minimum and maximum pixel values within a moving window are 
obtained. The proportion between these two levels of the centre pixel in the 
window is determined, and the output pixel is assigned a value in proportion 
between 0 and 255. For each window position, only the pixel in the centre of the 
window is stretched [4]. Using a large window size (99 x 40) enhances the faint 
bands without introducing false features in the large empty areas. Figure 5 shows 
a contrast enhanced image. 

b) 

Figure 5: Contrast enhancement. a) Geometry corrected image. 
b) Contrast enhanced image. 



5. Background Removal 
The background does not contain any information of interest, and variations in 
contrast in the background cause problems in later processing. Global 
thresholding methods are adversely affected by the presence of a background 
intensity gradient. Since the background is lighter than the bands, the background 
may be estimated by using a local maximum filter. This selects the maximum 
value within a rectangular window from the input image. Using a window that is 
only a few pixels high also removes unwanted horizontal lines among the bands, 
along with the background. After this, a moving average filter smooths the 
background image to reduce false edges caused by small steps in the background. 
The variation in background intensity may be removed by subtracting the estimate 
of the background from the input image. Figure 6 shows a background subtracted 
image. 

Figure 6: Background subtracted image from figure 5. 

6. Feature Extraction 
The next step is to select only the bands. Smoothing along the length of the bands 
before feature extraction reduces the noise and enhances the separation where the 
bands are very close. Such a smoothing step increases the accuracy and extends 
the readable range of the DNA sequence from the autoradiograph. 

A 3x3 linear convolutional filter is used to enhance the bands. For each output 
pixel, the linear filter takes a weighted average of the pixel values in the 
neighbourhood of that pixel in the input image. A mask is used to define the 
weights, which is a 3x3 array, shown in figure 7. 
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Figure 7: The filter mask for extracting the bands. 

This filter combines vertical smoothing with horizontal edge detection in one 
operation. After linear filtering a non-linear edge enhancement filter [5] further 
enhances edges and separates close bands. Keeping only the centre parts of each 
lane is useful to avoid problems when bands from different lanes overlap. Figure 
8 shows a filtered and enhanced DNA sequence. 
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Figure 8: Feature extracted image. 



The darkest pixel in each column of the band is extended through the whole band 
to make detection more reliable. The image is then thresholded to detect the 
bands. Thresholding classifies each pixel as belonging to the background or to a 
band. If the value is greater than the threshold level, it is set to white, indicating 
background. If it is less than the threshold level, it is set to black, indicating the 
presence of a band. This may be represented mathematically as follows [6] 

{
255 f(x,y) >Threshold level 

g(x,y) = 
0 f(x,y)::; Threshold level 

Again, only the centre parts of each lane is kept. Figure 9 shows the detected 
bands of the example. 
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Figure 9: Thresholded image from figure 7. 

7. Sequence Scanning 
DNA consists of four bases Adenine, Cytosine, Guanine and Thymine. Each lane 
in the DNA sequence autoradiograph represents one of the four bases (abbreviated 
as A, C, G and T). The lane sequence is defined by the user (or is assumed to be 
T, C, G, A by default). The series of bands indicates the relative positions of the 
different bases along the DNA strand. The four lanes are scanned in parallel to 
determine the order in which the bands appear in the different lanes, hence the 
order of the bases in the DNA sequence. As the data is scanned, the sequence is 
saved to a file for later addition to or comparison with a database. 

Ambiguities may arise on a sequencing gel and during sequence reading. Several 
bands may be bunched together in the same lane on the autoradiograph. In this 
case it is not always possible to resolve all of the bands [7]. Aq uncertainty code 
can be used to indicate that there may be one or more extra undetected. 
Sometimes bands may be detected in the same position in different lanes. In such 
cases, it is uncertain which band is correct. A similar problem occurs when the 
bands are very close in the image. Uncertainty codes increase readable range of 
DNA sequence on the autoradiograph by indicating possible errors in the output. 
If necessary, such uncertainties may be resolved by the user. A lower case letter is 
used to indicate that the result is uncertain, which is ·useful in later data analysis, 
when comparing the sequence with a data base of DNA sequences. 

The image is scanned left to right. When a band is found, the letter corresponding 
to its lane is inserted into the output. If two bands are found in the same column, 
the result is ambiguous, and a lower case letters is used. To make the resulting 
sequence easier to read, a space is inserted after each tenth base is output. The 
DNA sequence extracted from this example is shown in figure 10. Note that there 
is no uncertainty in this example. 



TTAACACTAT 
TATGAGTTGA 
CTCAAAAG 

AAGGTCGTTT 
GTGTGTACCT 

GTTAGTTACA 
AGATGCATTA 

AGAGCTACTA 
GACATAGTTG 

Figure 10: DNA sequence read from figure 9. 

8. DNA Sequence Joining 
Varying the gel running times makes different parts of the DNA sequence 
readable. Therefore it is possible to get a very long DNA sequence by joining 
different parts of the sequence that are obtained from different gel running times. 
The DNA sequence joining algorithm is given as follows: 

Sequence joining procedure: 
put fist part of the sequence in the result sequence; 
take the first band of the second part; 
for each band in the same base in the first part 

check that the remaining bands in first part match the second part; 
if all remaining bands match 

copy remainder of second part to result sequence; 
finished match - exit; 

end if; 
end for; 

end procedure. 

This procedure can be repeated to join multiple parts together. A DNA sequence 
joining example is shown in figure 11. 

... GTGAATG TTAACACTATAAGGTCGT 
TT AACACT ATAAGGTCGT TTGTTAG ... 

Figure 11: Joining different parts of the sequence. 

9. Discussion 
At this stage, the image processing algorithms are still being refined. The 
algorithms work for some examples, but they have not been tested on a wide 
range of autoradiographs. For the above example, the image processing takes 52 
seconds (not including the time for the user to specify the geometry correction). 
Currently the sequence scanning is performed by a VIPS program. This step could 
be made significantly faster by adding a new VIPS command. 

If 30 images are required to get the data from all readable sections of an 
autoradiograph, the image processing steps would take about half an hour to 
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process the complete autoradiograph. However, this does not include the time 
required for capturing the image sections and getting the key points for geometry 
correction from the user. The complete process would therefor take much longer 
than half an hour. 

The current algorithms require users to be familiar with some basic image 
processing concepts for selecting parameters at different stages of the processing. 
This is one of the current algorithm's weaknesses. Further work is required to 
automate parameter selection in these cases to make the procedure independent of 
different users. The algorithms do not give highly accurate results for all DNA 
sequence images, and further work is required on the algorithms to improve the 
robustness. 

In addition to the above improvements, another desirable step is to allow users to 
edit the results interactively to add or remove bands which were not detected 
reliably. 

At this stage the algorithm is not yet ready for general use, but should be a viable 
alternative to manual analysis methods after the suggested improvements have 
been incorporated. 
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