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ABSTRACT

A cDNA microarray is a powerful tool in biotechnology providing useful information in analyzing
thousands of gene expressions simultaneously. The analysis of microarray images allows the identification
of gene expressions to draw biological conclusions for applications ranging from genetic profiling to
diagnosis of cancer. The DNA microarray image analysis includes three tasks: gridding, segmentation and
intensity extraction. The gridding process is usually divided into two main steps: sub-gridding and spot
detection. Most existing gridding algorithms are semiautomatic requiring human intervention and
parameter presetting. Each spot is associated with a gene and contains the pixels that indicate the level of
expression of that particular gene In addition, improper gridding will affect image analysis in extracting
intensity values from each spot that represents gene expression level. In this paper, a fully automatic
approach to sub-gridding and spot detection is presented. After gridding, the image is segmented using
fuzzy c-means clustering algorithm for separation of spots from the background pixels. The result of the
experiment shows that the method presented in this paper is accurate and automatic without human
intervention and parameter presetting.
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1. INTRODUCTION the image. User assistance was required in this
method to fix image rotation and check if the

Microarrays widely recognized as the next segmentation is correct. This software provides
revolution in molecular biology that enable an optional step to enforce a regularization of the
scientists to monitor the expression levels of griddings and adjust the intervals between
thousands of genes in parallel [1]. A microarray horizontal and vertical lines. This is valid if the
is a collection of blocks, each of which contains sub-array sizes are equal. Jain [7] proposed a
a number of rows and columns of spots. Each of gridding algorithm based on axis projection of
the spot contains multiple copies of single DNA image intensity along the rows and columns of
sequence [2]. The intensity of each spot indicates the microarray image. The algorithm requires
the expression level of the particular gene [3]. large number of spots and is not robust to
The processing of the microarray images [5] misalignment of different grids. Y.Wang [8]
usually consists of the following three steps: (i) demonstrated a precise and automatic microarray
gridding, which is the process of segmenting the gridding method which will eliminate the need
microarray image into compartments, each of human intervention and correct the potential
compartment having only one spot and alignment and rotation problems. The method is
background (ii) Segmentation, which is the sensitive to contaminations and large number of
process of segmenting each compartment into missing spots. If big chunk of contaminations or
one spot and its background area (iii) Intensity noises appear to be the similar size of subarray,
extraction, which calculates red and green misclassification of rotated/nonrotated subarrays
foreground intensity pairs and background will happen. Shuqing Zhao [9] proposed
intensities. microarray image processing using mathematical
morphology. An improved gridding method

. Many apprQaches have been I?mposed for based on mathematical morphology is proposed,
grld.din.g of microarray images using intensity which is characterized by filtering out the block
projection profiles. Hirata [6] presented an noise and filtering projection plots. Several
automatic sub-array and spot gridding method parameters about the sub-array and spots are

using the horizontal and vertical profile signal of
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required during the gridding and spotting
procedure which can be preset in advance or
acquired from database. Deepa.J [10] proposed
automatic gridding of DNA microarray images
using optimum subimage. The approach is based
on the selection of optimum subimage and the
parameters for gridding are calculated using the
intensity projection profile of the sub-image.
This process does not consider the intensity
projection profile of whole image, which is
highly depending on the intensity characteristics
of the image.

In this paper, a fully automatic algorithm for
sub-gridding and spot detection is presented.
This automatic gridding algorithm utilizes the
image processing techniques for calculating the
parameters like spot centroids and spacing
between the spots. Accuracy of gridding method
depends on the accuracy in the calculation of the
parameters like spot diameter and inter spot
distance. After gridding, fuzzy C-means
clustering algorithm [4] is used for segmentation
of microarray image into spots and image
background. The algorithm is automatic and
accurate for misalignment of spots in microarray
image. Furthermore, when we apply this
algorithm on different microarray images, human
intervention and parameter presetting is
unnecessary. The paper is organized as follows:
section II presents sub-gridding algorithm,
Section III presents spot detection algorithm,
Section IV presents the qualitative and
quantitative results, and finally Section V repots
conclusions.

2. AUTOMATIC
ALGORITHM

SUB-GRIDDING

Microarray images are grouped in sub-grids,
with each sub-grid containing hundred of spots.
To extract each spot from the image, first the
image has to segment into sub-grids. The output
of the sub-gridding algorithm is a two
dimensional matrix G' of same size of original
image of size MxN. Initially the values of
G'[i,j]=0, for i=1,...M and j=1,...N. The steps of
the automatic sub-gridding algorithm are as
follows:

Step 1: Convert the original microarray image
into grayscale image

Step 2: Compute the standard deviation of pixel
intensities of every row, producing the profile of
horizontal standard deviation

236

M -1
for i=1,2,.....M and I(i,j) is the intensity of pixel
located at row i and column j.
Step 3: Compute the standard deviation of pixel
intensities of every column, producing the
profile of
vertical standard deviation

1 M
S —— (0. /)5, 216G, 1) (2)
N-1 i=1
for j=1,2........ N and I(i,j) is the intensity of
pixel located at row i and column j.
Step 4: Find the minimum value in S; and S;.
MINI1= minimum (S;)
MIN2=

S=— (I, )~ L Y16 ) )

minimum(S;)
3)

Step 5: These standard deviation profiles have to
be thresholded for the estimation of row width

and column width.
TS;=1,if S; > MIN1+ Th * MIN1
= 0 otherwise
TS; = 1, if §;> MIN2+ Th * MIN2
= 0 otherwise [Threshold (Th) = 0.1]
4)

Step 6: Calculation or row width and column
width: The value in TS; and TS; looks like 1°s
followed by 0’s again 1’s and so on.
The procedure for row width calculation is as
follows:
i for i=1toM,
Count the number of 0’s in TS; (between the
elements in TS; having 1) = RW,, Where p
=1, 2,3...,k
Count the number of 1Is in TS; (between the
elements in TS; having 0) = RW,,, Where p
= 1,2,3 ...,k
il. for p=1,2,....k
RW,,= RW,, + (RWy, + RW,(i1)/2,
(%)
iii. Row width (RW') = median (RW,).
iv. Using the value RW' draw horizontal grid
lines at positions of i, where i=1, 2 ..... M with
step increment RW'.
for i=1to M step RW'
forj=1to N
G'[ij] =1;
The procedure for column width calculation is as
follows:
i forj=1toN,
Count the number of 0’s in TS; (between the
elements in TS; having 1) = CW,,, Where p
=1,2,3...,k
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Count the number of 1’s in TS; (between
the elements in TS; having 0) = CW,,
Where p = 1,2,3 ..., k.
ii. for p=1,2,....k
CW,,= CWy, + (CWy,, + CWypi1))/2,
Column width (CW') = median (W,).
Using the value CW' draw horizontal grid
lines at positions of j, where j=1, 2 ..... N
with step increment CW'.
for j=1to N step CW'
fori=1toM
G'lijl =1;
Step 7: Map these grid matrix G' onto the
microarray image producing sub-gridding.

(6)
iii.
iv.

3. AUTOMATIC SPOT DETECTION
ALGORITHM

A microarray image contains a number of sub-
grids and each sub-grid representing a two
dimensional array of spots. Gridding refers to
accurately locating each spot within a microarray
image namely sub-gridding and spot detection.
The sub-grid detection is done by the method
presented in Section I. After sub-grid detection,
the aim is to separate the sub-grid into spot
regions by means of a grid. The output of
gridding is to obtain a 2D matrix G of same size
of sub-grid. Initially the values of G[i,j]= 0, for
i=1,....,Mand j=1,....,N.

The steps of the automatic spot detection
algorithm are as follows:

Step 1: Consider the sub-gridded microarray
image.

Step 2: Perform Edge detection using Bi-
dimensional Empirical Mode Decomposition
proposed in [11]

Step 3: Perform morphological filling on the
edge image obtained from step 2.

Step 4: Perform mean intensity of the pixels on
each sub-grid from the morphologically filled
sub-gridded image. Consider the sub-grid with
maximum mean intensity. That sub-grid is called
optimal sub-grid. Perform spot detection on this
optimal sub-grid.

Step 5: Calculation of Horizontal and Vertical
Intensity profiles

Horizontal and vertical intensity projection
profiles of binary image (Morphological Filled
Image) are the sum of pixel intensities along
each row and column respectively. Let M,
indicates the filled image of size MxN. Then the
intensity projection profile along i row and j*
column are computed using (3) and (4). Si=

iii.
iv.
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N
M, =ZMb(i,j) for i=1,2...M
j=1

(7
M

S=M,, =Y M,(i, j)forj=12......N
i=1

)

Step 6: Calculation of row width (RW) and

column width (CW)

The values in S; are used for identification of
row width and values in S; are used for
identification of column width. The values in S;
and S; looks like zeros followed by nonzero
again zeros and so on.

The procedure for row width calculation is as
follows:

i. fori=1toM,

Count the number of zeroes in S; (between
the elements in S; having nonzero) = W,,,, Where
p=1,2,3..,k

Count the number of non-zeroes in S;
(between the elements in S; having zero) = W,
Where p = 1,2,3...,k.

ii. for p=1,2,....,k

Wap= Wi + (Wyp + Wypi))/2, (9)
iii. Row width (RW) = median (W,).
iv. Using the value RW draw horizontal
grid lines at positions of i, where i=1, 2 ..... M

with step
increment RW.
for i=1to M step RW
forj=1to N
Glij] =1;
The procedure for column width calculation is as
follows:
i forj=1toN,

Count the number of zeroes in S; (between the
elements in S; having nonzero) = W,,, Where p =
1,2,3 ..,k
Count the number of non-zeroes in S; (between
the elements in S; having zero) = W,,, Where p =
1,2,3,......k

ii. For p=1,2,...,k

W= Wi + (Wyp + Wyp1))/2,
Column width (CW) = median (W,).
Using the value CW draw horizontal grid
lines at positions of j, where j=1, 2 ..... N
with step increment CW.

for j=Ito N step RW
fori=1toM
Glij] =1;

(10)
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Step 7: Map these grid matrix G onto the
optimum sub-grid image.

Step 8: Compute the total number of connected
components in the gridded optimum image using
4-adjacency or 8-adjacency. The number of
connected components is equal to the number of
spots. Assign a label for pixels in each connected
component generating a label matrix.

Step 9: The pixels with one particular label
represents a region of the single spot. Using
region properties, compute the centroid and area
for each region (spot). From the centroids of the
spots, we can find the distance between the
spots.

Step 10: If the number of connected components
is not equal to the number of spots, adjust the
grid lines in horizontal and vertical direction for
the spots having same label.

4. QUALITATIVE AND QUANTITATIVE
RESULTS

The proposed automatic gridding algorithm is
performed on a two different microarray slides
drawn from the Stanford microarray Database
corresponds to breast category aCGH tumor
tissue. First, automatic sub-gridding algorithm is
applied on two microarray images to obtain sub-
grids. The output of sub-gridding on two
microarray images is shown in figure 1 and
figure 2. Then automatic spot detection
algorithm is applied on optimum sub-grid for
spot detection. The first sub-grid slide taken
from figurel is a 261*289 pixel image that
consists of a total of 75429 pixels. The second
sub-grid slide taken from figure 2 is a 559*489
pixel image that consists of total 273351 pixels.
The output of the proposed automatic spot
detection algorithm on two microarray sub-grids
is shown in figure3 and figure 4.The accuracy of
the gridding algorithm was calculated as
Percentage accuracy

_ Number of spots perfectly gridded *100

Total number of spots

an

The performance of the proposed gridding
algorithm was evaluated by comparing the
results with the existing methods are shown in
table 1.

Table 1: Percentage Accuracy Of Gridding

Method Percentage Percentage
Accuracy Accuracy
Image 1 Image 2
Hirata [6] 87 79
Jain [7] 89 81
Wang [8] 91 82
Shuqing 90 84
Zhao[9]
Deepa .J [10] 92 88
Proposed 94 91

After gridding, the segmentation of spots from
the background pixels is done by using fuzzy c-
means clustering algorithm. The method is
implemented in such a way that the intensity
value of each pixel and the pixels of the image
has been grouped in two clusters. The number of
pixels clustered as spot and background for two
different microarray images has been presented
in Table 2.

Table 2: The Number Of Pixels Clustered As Spots

And Background
Fuzzy C- Total Spots | Background
means Number
of Pixels
Image 3 75429 40535 34714

Image 4 273351 111669 161682

5. CONCLUSION

In this paper, a fully automatic gridding
method for separating spot centers in microarray
images has been proposed. The proposed method
automatically locates the individual spots
without any input parameters and human
intervention. It can be proved that percentage
accuracy of gridding is high with the methods
that use projection profile of the entire image.
After gridding, the image is segmented using
fuzzy c-means clustering algorithm. The
proposed method is accurate and automatic,
which takes a microarray as input image and
makes no assumptions about the size of the
spots, rows and columns in the grid.
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Figure 2
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(d) Plotof M i (for all rows) (S)

(g) Spot centroids

(a) Grey scale Image
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Figure 4

(b) Edge Detection
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Figure 3
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(h) segmented image using fuzzy c-means




