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Spikes, Speckles, Canyons and Craters: Noise Reduction in MAGIC Tool Images
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Abstract:

MAGIC Tool is a software implementation of algorithms to evaluate gene activity by creating a ratio of mRNA in a cell at one time or circumstance to another time or circumstance.  These ratios can be used to draw conclusions about whether genes are turned on or off.  We create and justify the use of a different gridding method and a filtering algorithm.

I. Introduction

Microarray technology has been heralded as the new biological revolution. Until this breakthrough, genes were manipulated or monitored in different experimental conditions one at a time. Little was known about how they interacted with many genes. Microarrays have given biologists a way to analyze the activity of thousands of genes at a time. Microarray technology works by taking a DNA microarray slide (Figure 1) or chip and through robotic means (Figure 2), placing converted mRNA onto the slide. 


Figure 1:  DNA microarrays are created by spotting every gene in a genome onto a glass microscope slide. 
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Figure 2: Microarray Printer 

A scanner reads the chip and creates a TIFF file by analyzing the light reflected when a laser is passed over the slide.  When two conditions are to be compared, one will be scanned in green and the other in red.  The two will be combined into a single image and interpreted by a computer using software such as MAGIC Tool. The software analyzes each cell using a number of predetermined algorithms and the readings help the biologist interpret the interaction of the genes. 
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Figure 3:  MAGIC Tool showing red and green images with their totals and density ratios.

The first issue came to light when we starting trying to superimpose a grid upon the combined TIFF image.  After addressing this issue we next noticed the noise that was present on the slides, some of which caused problems with the adaptive circle and seeded region growing algorithms.  The noise also disrupted the calculation of total foreground and background for all algorithms.  While manipulating the images we noticed a discrepancy between the values generated by Mac and PC machines.  Finally, we went through the list of cells to compare the filtered and unfiltered images to determine if we were getting reasonable results.

II. GRIDDING

As an aid in reference to the cell grid, cells should be named with the convention GaSb, where a is the grid number and b is the spot number of the specific grid.  For example G1S87 would be the 87th spot of grid one as illustrated in Figure 4.  
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Figure 4: Naming the cells of the grid.




In MAGIC Tools the user has to place three points to align a grid over the microarray slide.  The three points are top left, top right and bottom row.  The method used should be changed slightly.  Rather than picking two spots along the x-axis, the spots should be chosen along the longer axis whether horizontal or vertical.  This reduces the amount of error correction needed as shown in Figure 5.

III. NOISE

Noise showed up in a number of different ways on the slide and we categorized these as either a spike, speckles, canyons or craters.  A spike is a small diameter, high intensity section of the slide.  It obviously does not coincide with the data around it and can throw off the measurements by a large amount.  Speckles are similar in diameter to spikes, but smaller in intensity.  Although sparkles are not as destructive to the data on an individual basis because they are more numerous than spikes, they can still throw off the measurements.  Canyons can be described as a streak of low intensity pixels that goes through an entire section of data.  Canyons may be caused by the pin slipping or dragging during the construction of the microarray.  Craters are areas of low intensity that are surrounded by higher intensity data, possibly caused by the pins hitting the slide too hard.
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Figure 6:  A Spike



Figure 7: Speckles
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Figure 8: A Canyon



Figure 9: A Crater

IV. MEDIAN FILTER ALGORITHM

The median filter algorithm replaces the center pixel of a neighborhood with the median value of its neighbors.  It replaces pixels that are significantly out of line with those in its neighborhood by the value of the middle value in its neighborhood.  This does not give the overall smoothing effect of most other filters such as the mean filter, but rather reduces large discrepancies or disturbances [2].  To avoid affecting subsequent filters new pixel values are placed into a separate (filtered) image.  An example of median filtering with radius one is shown in Figure 6.  
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Figure 6: 

Arrange the numbers from low to high {2, 

2, 3, 3, 3, 4, 5, 5, 9} and replace the center value in 

the new (filtered) array with t

he median value, 3.

 


One concern with median filtering is the time necessary to calculate the median of each neighborhood.  This can be addressed in two ways; first by taking advantage of the fact neighborhoods overlap and the filter we are looking at is very small relative to the size of the image.  As we move the filter window horizontally (or vertically) across the image to filter, we change only one column (or row) at a time and can therefore use the previously sorted data removing only the elements of the column (or row) dropped and adding the elements of the column (or row) added. [1] As an example we extend our illustration of sorting in Figure 7.  
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Figure 7: 

After finding th

e first median (3) from 

the sorted array, slide the filter window to the 

right, but rather than starting a new sort, remove 

the leftmost elements {3, 4, 5} from the sorted 

array {2, 2, 3, 3, 3, 4, 5, 5, 9} and use (binary) 

insertion sort to get the new sor

ted array {2, 2, 3, 

3, 3, 4, 4, 5, 9} quickly.

 


Since we have kept our filter radius small relative to the number of spots on our slide, the time taken to sort the values for each median is a constant multiple of the number of spots (or even pixels) on our slide.  Taking advantage of the repetition and keeping a small radius on the filter can ensure that although the algorithm runs in slow linear time, it will never be worse than linear. 

The result of applying the median filter to an area with a spike is the removal of the spike with very little change to the actual signal ratios.  It provides better results than a mean filter, which would change the signal values since they would be averaged with the spike.  For speckling, the median filter also works well, removing the small blips from the data and background while affecting the signal only slightly.  Canyons and craters tend to be filled in by the median filter.  This result is good if the majority of the pixels carry actual data as it moves the value of the damaged pixels toward the actual data. 
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Figure 8:

 At top is an array of consistently good 

data with a spike to the left and a crater to the 

right.  Note that the mean filter has changed some 

of the good data while the median filter tends to 

leave data surrounded by s

imilar values alone.

 

 

V. PLATFORM DIFFERENCES

We found an anomaly in the calculations of the total foreground and background intensities when working with Macs and PCs.  A different intensity is calculated for the two platforms, possibly from differences in algorithms or rounding regarding the grid and circle calculations.  These errors affect both red and green approximately the same amount in the same direction and therefore have very little effect on the final ratios.  

VI. FURTHER RESEARCH

Some topics for further research are:

1. The effect changing the median filter radius has on noise suppression.

2. Comparisons between the possible filters (mean, median, high pass, low pass, gaussian elimination) for noise reduction and time.

3. Comparison between the effect median filtering has on the different data selection algorithms.

4. Creation of new data selection algorithms using graph theory and/or combinatorics.

5. Possibility of having the robot place calibration markings and/or gridding markings on the microarray.

6. Checking the algorithm further on differing datasets.
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Figure 5: If the top right corner is placed with an error of 2 pixels vertically (where the black circle is in the left drawing) it results in a horizontal error greater than 2 pixels where the arrow points.  However, an error of 2 pixels horizontally along the longer edge, (the black circle on the bottom left in the drawing on the right) results in a smaller vertical error along the shorter edge and less error correction is needed overall.
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Figure 7: After finding the first median (3) from the sorted array, slide the filter window to the right, but rather than starting a new sort, remove the leftmost elements {3, 4, 5} from the sorted array {2, 2, 3, 3, 3, 4, 5, 5, 9} and use (binary) insertion sort to get the new sorted array {2, 2, 3, 3, 3, 4, 4, 5, 9} quickly.
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array after applying mean filter to row 2







Figure 8: At top is an array of consistently good data with a spike to the left and a crater to the right.  Note that the mean filter has changed some of the good data while the median filter tends to leave data surrounded by similar values alone.
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Figure 6: Arrange the numbers from low to high {2, 2, 3, 3, 3, 4, 5, 5, 9} and replace the center value in the new (filtered) array with the median value, 3.
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