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Two-Wavelength Laser Confocal Scanning System for
Microarray and Image Processing
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Abstract A dual-wavelength microarray scanner based on laser confocal principle is constructed to detect two-color
(Cy3/Cy5) fluorescence. Volume holographic filters are employed. It is not necessary to switch filters when
samples tagged with Cy3 and Cy5 are scanned because of diffraction and band elimination property of volume
holographic filter. Filter and gridding of microarray images based on order morphological methods are presented.

Experimental result shows that sensitivity of the system is 0.1 fluo/um’. The gridding algorithm is simple and effective.
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Table 1 Absorption and emission peaks of Cy3/ Cy5

Excited laser Fluorescence Absorption Emission

wavelength / wavelength / wavelength /

nm nm nm
532 (green) Cy3 552 568
632.8 (red) Cyb5 650 667
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Table 2 Parameters of spike cut-off holographic filter

Filter Central wavelength A /nm FWHM @ /nm Central wavelength diffracting efficiency Incidence g, /(°)
Holographic filter 1 532 27 >90% 23
Holographic filter 2 633 30 >90% 22
Holographic filter 3 532 18 >90% 10
Holographic filter 4 633 30 >90% 4
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Fig. 1 Holographic filter transmission curves
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Fig. 2 Structure of laser confocal measure system with

holographic filter
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Fig. 3 Order median and minimum operation of X(x)
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Table 3 Sample parameter

Fluorescence Molecular Concentration / Sampling Spot diameter / Fluorescence molecule number
weight (fluo * ™1 bulk /uL mm density /(fluo/pum?®)
1gG-Cy3 163575 1. 7549 X 107 1 2 5.58
IgG-Cy5 162259 1. 0606 X 107 1 2 3.378
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Table 4 Detecting sensitivity of Cy3 and Cy5-fluorescence

Fluorescence ~ Mean foreground Mean background Background standard deviation SNR Sensitivity /(fluo + pm™?)

Cy3 130 20 3.2 34 0.164
Cy5 110 10 3.0 33 0.102
4.3 EBEBLBER X, /Y, WE 4Ca) B 4(d) , H P TE 4 H A6 38 3

RAREN Cy3 RABBMWE=THAK HMIBRELERLELD), (), ), (D), Mgkl



1102 H & B )t 33 %
160 140 -
160 J @] 140 ®1 120 ©
120
100
> 120 100 ﬁ
= 80
5 80 80 60
2 60
40 | 40 40
20 20 (J
0 0 0
0 100 200 300 0 100 200 300 0 100 200 300
x /pixel x /pixel x /pixel
140 140
160 @] 120 ©1 120 ®
100 100
120
<) 80 80
g 80 60 60
- 40 40 40
~ 20 20
0 0 0
0 20 40 60 80 100120 0 20 40 60 80 100120 0 20 40 60 80 100 120
v /pixel y /pixel y /pixel
B4 Cy3 RMEBRM X,/Y, TFBEARES
(a) Xp3 (b) X, WAFF IS FEER; (o X, PR SR/MEER;
D Yy; (o Y, AR EESFEES; DY, RFESH/NMIER
Fig. 4 Order morphology transform of Cy3- fluorescence image
(a) Xp; (b) order median operation of X, ;3 (¢) order minimum operation of X,;
(d) Y, 5 (e) order median operation of Y, 3 (f) order minimum operation of Y,
(@ (8 (h)
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Fig. 5 Filtering and gridding results of fluorescent images
(a) Cy3 image; (b) gridding of Cy3 image; (c) Cy5 image; (d) gridding of Cy5 image;
(e) image f1; (f) filter and gridding of image f1; (g) image f5; (d) filter and gridding of image f»
R5 BFRESTHRSH
Table 5 Parameters of order morphology transform
Image By 2R h, (median filter) hy (minimum filter)
Cy3-fluorescence Line 30 5 15
Cyb-fluorescence Line 28 5 15
fi Line 15 3 9
f2 Line 18 3 11
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