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Abstract

Microarray image gridding is one important step of microarray image analysis to
determine 2D image coordinates of all array spots in the hybridized gene chip
image. Accuracy of image gridding will affect the reliability of gene-chip data
extraction and even the final analysis results of gene-chip assays. To promote
microarray image gridding accuracy and computation efficiency, we presented a
microarray image gridding method based on image projection transformation and
power spectral analysis. Firstly we transformed 2D microarray image into
vertical and horizontal 1D projection sequences, secondly utilized signal
processing methods of low pass filtering, zero mean, FFT, and power spectral
estimation by periodogram method to get spots array row and column span
information, and finally realized the microarray image gridding according to the
local maxima and span information of spots array. The gridding experiments
showed that this method had met the requirements of computing accuracy and
efficiency of microarray image gridding.
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Introduction

Gene chip is also called cDNA microarray or DNA chip. Gene chip assay is a
testing method of life sciences, which first makes biological genetic
material-nucleic acid molecules amplified and hybridized on one glass slide
surface, then detects hybridization signal of nucleic acid molecules on the gene
chip and acquires microarray images, and ultimately achieves the aims of
biological expression data extracting, handling and analyzing. Gene chip
analyzing technology has been applied extensively in such fields as life science
research, clinical disease diagnosis, food security and environment monitoring [1]
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[2] [3] [12].

Fig.1 shows the typical working process of gene chip analyzing system. The
gene chip is prepared by amplifying nucleic acid samples marked with
fluorescent dyes and hybridizing amplified nucleic acid molecules with the
arrayed probe spots (Oligonucleotide molecules) on the gene chip surface. The
hybridized arrayed spots with different fluorescent intensity on the surface of
gene chip are detected, imaged and scanned by an IR CCD camera, a fluorescent
microscope, and scanning machines. The typical low-density fluorescent spots
microarray image we utilized in this project is shown in Fig.2.

Microarray image gridding is one important step for gene chip image analysis
[1] [2] [3]. Through microarray image gridding analysis, 2D image coordinates
of each fluorescent spot on gene chip can be determined and prepared for the
consecutive single spot image segmentation and fluorescent intensity (or gene
expression) data extraction steps. Accuracy of gridding will affect the reliability
of gene chip data extraction and even the final analysis results of gene chip
assays.

In recent years, some microarray image gridding methods presented [4] [5] [10]
[11] [12] had more accuracy but more computation complexity than the
precedent ones. In this paper, we presented one serialized microarray image
gridding method based on image projection sequences power spectral
estimations and local maxima searching for projection sequences, which
promoted gridding accuracy and decreased computation complexity
significantly.
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Fig.1 the working process of gene chip analyzing system

Fig.2 the low-density fluorescent spots microarray image
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The principle of proposed method

Microarray image gridding is a serialized image analysis process. Our
microarray image gridding method includes the following steps: image
enhancement, image segmentation and binarization, binary image morphology
filtering, binary image projection transformation, one-dimensional projection
sequences compound filtering, FFT-based power spectral estimation and
projection sequences crest-trough search.

The basic thought of binary image projection transformation is projecting and
accumulating pixels of all the sampled spots with intensity over given threshold
on x-y axis of image coordinate system. As shown in the projection results
(Fig.3), the 2D signal of microarray image will be transformed into
one-dimensional space domain signals. These space domain signals will have
wave-crest and wave-trough distribution clearly (as Fig.4), which is consistent
with the microarray grid structure. After power spectral estimation to the filtered
and smoothed projection signals, we can get row and column span information
for the spots array with the known gene chip array parameters. According to the
spots array’s span information, the locations of every projection signal’s crest
and trough will be determined and then microarray gridding structure is also
recognized. This projection transformation method transformed the 2D signal
analysis into one-dimensional signal analysis, which reduced the computation
complexity and increased microarray image gridding analysis speed.

Realization of Algorithm

This algorithm is described as the following 6 steps:
1. For the image (as Fig. 2) which has N rowsand N columns in pixels

number, compute one-dimensional vertical and horizontal projection sequences
COL[j] and ROWTi].

ROW([i] = sz f(i,j) (i=04L...M -1)

COL[J]—Zf(I ) (i=01..,N-1)

2. Make a compound fllterlng with one-dimensional logical, median, zero
mean to the projection sequences COL[j] and ROWIJi]. The formulas of zero
mean are:
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COL[j]=COL(j)-C (j=04...,N -1)

3. Compute FFT for the filtered projection sequences, and then get power
spectral estimation sequences Pcol and Prow by periodogram method. The FFT
formulas are as follow: c(n) is filtered vertical projection sequence, r(n) is

filtered horizontal projection sequence, and L is transformation length.

C(k) = FFT[c(n)] = fc(n)wNkn

L-1
R(k) = FFT[r(n)] = > r(mw,"
n=0
The formula used for computing the power spectral sequences are:

P (@) = (™)

Pr (@) = - RE™)|

4. Search the locations of crest and trough for power spectral sequences
P, (@) and P, (@) which are represented by MaxVPSPos and MaxHPSPos.
W

So the columns span and rows span estimations are got by this way:
ColSpan = N /(MaxVPSPos —1)

RowSpan = M /(MaxHPSPos —1)
In above formula, MaxVPSPos and MaxHPSPos must meet the following

conditions:
PCO' (CO) w=MaxVPSPos = Mﬁx {Pcol (60)}
PFOW (a)) = Mﬁx {PFOW (a))}

5. Select one appropriate initial searching point js for the vertical projection

w=MaxHPSPos

sequence COL'[j] , and find the locations of local maxima in sequence
COL'[j] with length OfCOISpan- These locations of local maxima are just
the horizontal coordinates x. (n=12,..,NC) of each spot center, in which,

NC is the known column number in this spots array. Then, select one
appropriate  initial each point iS for the horizontal projection

sequence ROW '[i] , and find the locations of local maxima in sequence
ROW '[i] with length of RowSpan - These locations of local maxima are just
the vertical coordinates y. (m=12,..,NR) of each spot center, in which,

NR is the known row number in this spots array.
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In this step, x. (n=12,..,NC) and y, (m=12,.,NR) must be
satisfied with the following conditions:
coLTj], = MAX{COLTjl} (n=12...,NC)
=Xy ]

ROW il|_ :M,?\X{ROW'[i]} (m=12,..,NR)

6. Put all the spots’ 2D image coordinates
{(Xm y.),n=12..,NC,m=12,..., NR} into data files or one database in
the form of tables.

Experiments and result analysis

We have accomplished some gridding experiments by the method mentioned
above for the given low-density microarray image (as Fig.1) with 6x6 array
structure, which has been corrected tilting before gridding computation. Firstly,
we adopted the adaptive thresholding method to segment the image, and got the
binary image; secondly, we had a morphology close operation to the binary
image with the disk-structured element, whose radius is 1 pixel. After the first
step of the algorithm, we got the vertical and horizontal one-dimensional
projection sequence: COL[j] and ROWTi]. The waveforms of these sequences are
showed as Fig. 3.
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Fig. 3 the vertical (a) and horizontal (b) projection sequence waveform for the
6*6 low density micrarray image
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Fig. 4 the one dimensional synthesized filtering result waveform for the vertical
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(a) (b)
Fig. 5 the power spectral density waveform for the vertical (a) and horizontal (b)
projection sequence

In the second step of the algorithm, we adopted the compound filtering
methods of one-dimensional logic and median, and finally zero mean to the
projection sequences. The filtering results are shown in the Fig. 4.

By computing FFT to the filtered projection sequences in the third step of the
algorithm, we get the power spectral estimation waveforms. They are shown in
the Fig. 5.

Through searching locations with maximum values in the power spectral
waveform for the vertical and horizontal projection sequences in the fourth step
of the algorithm, we get two maximum values: MaxVSPPos=10,
MaxHSPPos=10. Furthermore, we get the spots array’s column-span and
row-span estimations, which are both 24.

In the fifth and sixth step of the algorithm, we make each forward jumping
point with minimum value as the initial searching point in the one-dimensional
compound filtered vertical and horizontal projection sequences, and search for
local maxima points in the subsequences with length of 24 of the above filtered
projection sequences, finally we get all the spots centers’ approximate pixel
coordinates in the microarray image. Fig. 6 shows the microarray gridding
result with power spectral analysis and local maxima searching method.

Fig.6. the microarray image gridding result with power spectral analysis and
local maxima searching method

Because this algorithm adopted a serialized signal processing method, its

computation complexity is not very high. For one microarray image which has

M rows and M columns of spots in the spots array, and M rows and
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N columns of pixels, this algorithm’s computation complexity is
O(mn+ MN), so to this algorithm presented, computation complexity will
increase with spotting density and image pixel resolution. For the low density
microarray image in our gridding experiments ( Fig6 ), m=6, n=6,
M =256, and N =256, the computation time of this algorithm is about

23.5 milliseconds on AMD 3000+, 2.3GHz, 1G RAM, and Windows XP SP2
platform.

Conclusion

According to the experiment results, the presented microarray image gridding
method has met the requirements of gridding accuracy and computing efficiency
for microarray image gridding analysis. However, because this algorithm needs
to compute power spectral estimations for the 1D projection sequences, the
gridding analysis results are susceptible to interference of image noises which
caused some deviations of gridding lines (as Fig. 6). To further promote the
gridding accuracy, we will improve this algorithm in the future work.
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