Q THE HONG KONG
Q' db POLYTECHNIC UNIVERSITY
v T T AR

Pao Yue-kong Library
BIERIESE

Copyright Undertaking

This thesis is protected by copyright, with all rights reserved.
By reading and using the thesis, the reader understands and agrees to the following terms:

1. The reader will abide by the rules and legal ordinances governing copyright regarding the
use of the thesis.

2. The reader will use the thesis for the purpose of research or private study only and not for
distribution or further reproduction or any other purpose.

3. The reader agrees to indemnify and hold the University harmless from and against any loss,
damage, cost, liability or expenses arising from copyright infringement or unauthorized
usage.

If you have reasons to believe that any materials in this thesis are deemed not suitable to be
distributed in this form, or a copyright owner having difficulty with the material being included in
our database, please contact lbsys@polyu.edu.hk providing details. The Library will look into
your claim and consider taking remedial action upon receipt of the written requests.

Pao Yue-kong Library, The Hong Kong Polytechnic University, Hung Hom, Kowloon, Hong Kong

http://www.lib.polyu.edu.hk




Abstract

Abstract of thesis entitled

“Development of A Cost-effective Image Analysis System and Its Applications in

Electrophoretic Separations™

submitted by CHAN Cheok-man, Andy
tar the degree of Master of Philosophy in Chemistry

at The Hong Kong Polytechnic University in Qctober. 1999,

Owing to the rapid advancement in microelectronics. image analvsis is now
widely applied to the fields of sciences. industry and medical weatment. In this
rescarch. image analysis was applied to study and to enhance separation teehniques

in chemical and biochemical studies.

Two-dimensional crossed immunoelectrophoresis (2D-CIEPY is o technigoe
widely used fur studying composition of protein mixtures in biolovical and clinical
studies. A low cost image analysis system with the use of an opiical Ta-bed scanner
and an 1BM-compatible PC was set up in this work for capturing 20-CHIP patterns.
A computer package CIEPEASY was developed lor modification and analvsis ot the

acquired image o determine important peuk parameters such as the migration



Abstract

distance. peak height and peak area of the constituting components for both
qualitative and quantitative studies. In th_ins approach, more composition information
of the standard and sample gel patterns could be extracted from the proposed image
analysis sysiem. [n addition, the running cost of data analysis is low compared to
conventional methods. The time required for data collection and interpretation of
2D-CIEP images was shortened signiﬁcgntly and the results obtained have a higher
accuracy than those obtained by using conventional methods. Moreover. a linear
relationship between the peak area and the amount of antigen present in a sample
was confirmed accurately and reported for the first time in the literature, The
developed system was applied to study abnormal 2D-CIEP patterns of prothrombin
i patients with lupus anticoagulant. It was found that patients with a previous
history of  thrombosis showed significantly reduced peak heights.  Further
investigations are required to verify whether this difference is an indication ol an

increased ol thrombosis.

Deoxyribonucleic acid (DNA) fingerprinting for personal tdentificution is o
powertul wol for criminal investigation for judgement in forensic science, In this
research. the proposed image analysis svstem with the developed software packagce
DNATASY were utilized 10 enhance DNA lingerprinting analysis in silver stained
electrophoretograms. Matching of the DNA ulleles of the suspect and the reference
stundurd 15 able to perform automatically. Intensities ol alleles can he acquired for
improving the judgement of stutter bands and sex identitication functon s
provided. By comparing with the conventional visual mxpeciion method, more

objective judgements can be obtained.
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1.1 Background

Images acquired from different sources contain a large amount of essential
information. Image analysis is simply a process to extract useful information from
pictures (Glasbey and Horgan, 1995). Over the twenty years. the rapid development
of microelectronics and microcomputer systems facilitates the use of image analysis
techniques in different fields of science. In the past. both qualitative and quantitative
image information  generally obtained by human visual nspections and
measurements which are repetitive tasks and time consuming. So. when the speed
and storage capacity of a computer were greatly improved. image analysis
applications of industrial. military. medical. chemical and biochemical areas are

developed rapidly. In the change of the image analysis being carried out by human to

computer. analysis time is shortened dramatically and human errors are minimized.

Scientists have developed applications of image analvsis in document and
map data analysis. medical image analysis. satellite image understanding. rohot
viston and fingerprint analysis (Kasturi and Trivedi. 1990). Moreover. it was also
used to study the detection and analysis of human motion {Tsukivana and Shirai.
1985). Much interest exists i applying some of the newer artilicial intelligence
techniques 1o pattern recognition (Freeman. 1986). In the textiie weehnology, image
analysts has been successtully applied in measuring Hiber crimp. cotton muturity.
fiber cross section shape and fiber damage. Application of imaging technigues 10
evuluating carpet appearance and its change with wear started in the carly 1980 s and

is gclli|1g prosperous recently (Xu, 1994).

12



Chapter

In the biochemical and biological science, image analysis has been employed,
for instance, in the following areas: (1_?_ to count and measure algal cells in an
microscope image (Martin and Fallowfield, 1989); (2) to obtain numbers and sizes of
muscle fibers in a cross section image for the development of a drug that enhances
muscle development (Maltin er al, 1989); (3) to study porosity and pore-size
distribution within a sample of soil aggregates (Darbyshire ef al.. 1989; Glasbey e
al . 1991). (4) to measure the fiber diameters automatically in an image of cashmere
voat fibers in support of a goat breeding programme (Russel. 1991). (3) to
understand the spatial structure of the fungal hyphae in relation to their environment

(Ritz and Crawtord. 1990); (6) to summarize the statistics on size and shape for

making comparisons between different fish species (Strachan ¢r ¢, 1990) and so on.

In the separation chemistry. image analysis has been applied to the most
sophisticated analvtical nstruments such as gas chromatography coupled to mass
spectrometry {GC/NS) and tiquid chromatography coupled o mass spectromelry
(LC/MS). These involve the analysis of the chromatograms and matching ol mass
spectra bibrary. Moreover. it has also been utilized m thin laver chromatography
(CT1.C) for qualitative and quantitative analysis. A modern TLC scanning svstem such
as the Camag TLC Scanner 11 with Labdata Station AT and CATS soluware (Fricd
and  Sherma. [994) can acquire TLC images. and perform  calibration and
gquantitation autematrcally. For the application ol secondary ion mass spectrometry
(SIMS) in surface chemistry. image analyvsis technique is adopted 1o denovise the
SINIS images (Leuny er af.. 1998). For example. some researchers reporied an
apphication of a new image analysis technique. wavelet tansform. lor denvising

SIVES tmages in recent vear (Hutter ¢f af. . 1996: Nikolov er al.. 1990).

rl
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1.2 Introduction to the Research Work

In this research, image analysis methods were developed and applied to the
study of gel images as obtained from  two-dimensional  crossed
immunoelectrophoresis (2D-CIEP) and DNA electrophoresis. In the past. the
electrophoretic pattern was mainly analyzed by visual inspection. Nowadays. some of’
the instruments developed by laboratory and commercial companies are available.
However, the price for such instruments is still expensive. [n addition. there is a lack
ol image analysis system for 2D-CIEP and DNA electrophoresis specifically, Owing
o the wide ranges of electrophoresis applications. image patterns of
electrophoretograms obtained from different electrophoresis applications differ quite
a lot and the information that has to be extracted from the these images is not the
same. Commercial available image analysis software and svstems are usually not
able o suit specitic single chemical and biochemical applicaton. Development of

automatically analvtical system for these applications is still in demand.

Within this research work. specific image analysis svstem was developed (0
extract important information such as peak heights. peak areas. peak profiles and the
nmovration distances from 2D-CIEP gel pattern. Such information can be used 1o
determme the abnormality of patient protein in blood plasma. By applving this
techinique. more information that is essential can be obtained with higher accuracy
and shorter time. While in the DNA electrophoresis. image analvsis was emploved in
the ficld of paltern recognition for forensic purposes. This is known as DNA

lngerprinting. {t involves the comparison of the gel patterns from the suspect with
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reference patterns. The degree of matching is usuallv subject to analyst
determination. By the use of our developed image analysis system. the judament wili

be much more objective and scientific.

In the above mentioned applications, gel images obtained from experiments
were acquired and converted into digital form with the use of an optical scanner,
Image analysis was then carried out on the digitized images by the specific developed
software. Information was extracted, reported and archived by the software. Delails

will be discussed in the following chapters.

In Chapter 2. a brief introduction of image analysis will be viven. This details
the comparison between human and computer interpretation of images. the
operations procedure of image analysis by computer and the hardware requirements
for an image analysis svstem. Chapter 5 will describe the development of an image
analysis technigue to study 2D-CIEP gel patterns. Peak parameters were extracted by
the developed soltware CIEPEASY. A linear relationship was found between the
peak area and the amount of antigen present in a sample and iz reported for the first
time i the lierature. With the help of the image analvsis svstiem and CIEPEASY.
they were also apphied 1o study abnormal 2D-CIEP paiterns of prothrombin in
patients with Tupus anticoagulant. It was found that patients with a previous history
ol thrombosis had signiticantly reduced peak heighis statsiicallv, This will be
deseribed in Chapter 4. Chapter 5 will discuss the application ol image analvsis
system in DNA fingerprinting. A software called DNAEASY was developed in this

work (o mateh the DNA alleles of the suspect and the reference. More objective
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judgements can be achieved by this technique. Chapter 6 will give a brief conclusion

of this research.

In conclusion, image analysis is the framework of this research work and
thesis. Novel applications based on image analysis were studied. developed and

applied to analyze images acquired from chemical and biochemical systems.
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Introduction to Image Analysis
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2.1 Human and Computer Interpretation of Images

Visual imagery is one of the most important sensory inputs to the human
perceptual system (Kasturi and Trivedi, 1990). When comparing the ability of vision
system with computer, the human vision system is superb. particularly at qualitative
tasks, for example to recégnize a coarse picture even though it is not clear. However,
for extracting quantitative information from images such as measuring a distance or
counting an area within a region in an image. computers can do better than humans

and can reduce the tedious aspects of image interpretation (Glasbey and Horgan.

o
-

1993).

Computers have been recognized as an effective and efficient wol Tor
processing and analysis of high volumes of data since their development in the
middle of this century (Kasturi and Trivedi. 1990). They are widely emploved for a
variety oi applications such as image segmentation. object recognition. motion
characterization. three dimensional feature analvsis. and many other tisks associated
with the broad area of scene understanding. In these applications. luree volume ol
digital image data s produced and has to be manipulated. Therefore. computer ollers
an ideal plattorm for image analysis and measurement becanse it can perform simple
and repeatable operations i very short time {(Wajnar. 19991 Therelore. image

analysis technigues are widely utilized in industrial. medical and scientific aspects of

the Suci\;‘l_\'.
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2.2 Image Analysis by Computer

Image analysis is simply the extraction of information from pictures (Glasbey
and Horgan, 1995) and it is a process of image data transformation, leading to some

actions, decisions or conclusion (Wojnar, 1999).

In the development of image analysis for a specific application. one generally
has o employ image processing and pattern recognition techniques. Image
processing refers to the manipulation of digitally encoded images and t convert
them from a given form to another form that is more useful. The purpose of the
conversion maybe o achieve a geometric transtormation. to enhance the imave so
that 1ts visuat understanding by human is made easter. or w extract features of
mterest that will facilitate subsequence computer analr)'sis. Pattern recognition is the
ability o perceive structure in sensor-derived daia. whether by humans. animals or
computers. [Uis a fundamentalb activity that is intimately intertwined with our coneept
ol intetligence. The sensor-derived data can be of any form that includes visual,

tactile. sonie and so on (Freeman. 1986).

Image processing and pattern recognition are two closely related conputer
application arcas. which together define the Feld of machine vision. There is un
anilogy here between a machine vision system and human vision — with computer
ttage processing being analogous to the process that takes place i the human eve
and the optic nerve. while pattern recognition representing more  the visual

perception activities that tuke place in the human brain (Freeman. 1986). Both image
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processing and pattern recognition, however, also have their own distinct application
areas. [mage processing may be used purely to enhance an image. with io intent at
subsequent machine interpretation. Similarly, pattern recognition has an application
range that reaches far beyond visual images. It includes the interpretation of speech,
seismic data. radio waves, and various other sensor derived signals not normally

regarded as imagery (Freeman, 1986).

2.3 Basic Computer Hardware Components for Image

Analysis

For an image analvsis system, it is essential to have the following basic

hardware components (Glasbey and Horgan. 1993).
2.3.1 A Central Processing Unit (CPU)

The central processing unit is the “brain” of the computer. It is the main factor
i determining the speed which a system works. Most computers have only one CPL.
Computers with more than one are also built. and desianed so that computing lasks
can be shared out and performed on different CPUs. This is parallel computing.
Many image analvsis tasks involve repeating the same operation many Umes. and are

well suited 1o parallel implementation.
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2.3.2 A Display Monitor

The monitor is used to display the digital image for image analysis. Different
monitors will differ in the number of pixels and the number of colors or grevlevels
that can be displayed. A monitor with an adequate number of pixels and number of

color should be chosen.

2.3.3 Image Storage Device

For many applications, it will be necessary to store digital images so that they
can be accessed on the computer in the future withoul the need o capture the image
again, Computers usually store information on a hard disk which can be accessed
quickly. Images for which rapid access is unnecessary can be stored on some other
peripheral device. These include diskettes. cassettes. tapes of various sorls and
various opticat storage media. These are the commoniy used backup archive media.
Conventional diskettes can store only a litde bit of information each. but are cusy 10
use. convenient for transferring information between compuiers. Modern diskelie
avitlable now can store up to 1000 mega byvies. ('c_ﬁnpucl disk read-onlv-memory
(CDH-ROND i an-inexpensive way of storing a large wmount of data or inages.,

although it can be written only once.

In deciding what storage is to be used. the amount of storace needed should
be considered. Digital images occupy a lot ol space. 11 the images are 1o be i x o

pixels m size. with A byvies per pixel, then each image wili occupy at least s bvies.
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For example, a 512 x 512 pixel image of 1-byte pixels will occupy 0.25 Mb. If many
images are to be stored, consideration r§hould be given with image compression
techniques (Jain. 1989). These are ways of storing images in smaller amounts of
storage space. They make use of the property that adjacent pixels tend to be similar.
or identical. in value. and so image detail can be stored without the need to record
each individual pixel. Compression has the disadvantage that images take longer to
access. Some image analysis programs will offer compression as an option.

Alternauvely. stand-alone programs can be employed to compress images file

1743
[
[¥4]

stored on the computer. They can then be decompressed before use.

2.3.4 lmage Capture Devices

Any image. seen in the microscope or taken by any twpe of camera or other
device has 1o be vansformed into digital torm that can be processed by computer.

This process s catled image acquisition (Wojnwr and Majorek. 1994

The tmave capture device s an equipment that provides the link between the
Creal world and the digital image ina computer. It can be any machine that records o
sigiial Trom the object under study and converts it o a set ot pisel values. Sueh
devices may be roughly divided into three tvpes: electronic cameras, scanners and

other image devices tGlasbey and Horgan, 19935).

[lectronic cameras like the familiar video cameras which produces, as an

electronie signal. images of the scene that it 15 focused at. Usealty this is an analog
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signal. but an analogue-to-digital converter will turn it into a digital signal, which
may be arranged to form an image. This pﬂonversion is often done in an image frame
store with the computer. A still video camera operates very like a photographic
camera. but can store images in digital form, which can later be transferred 1o a

computer.

A scanner is a good and relatively cheap solution. It is the best solution if the
images for analysis are available in the form of photographs or hard copies of some
other type. Most of modern scanners are flatbed scanners and work like phatocopiers.
They are widely available in desktop publishing. Hand-held scanners. which are
cheaper. produce lower quality images. However. scanners work relatively slowly. so
they are not a good solution for massive data input. Thev can often produce images
with higher spatial resolution and more pixeis than cameras. But. thev are not

sultable for freezing an image at a chosen moment for a changing scene.

A CCD (coupled charged device) video camera is currently one of the most
Irequently used device in computer image analvsis. fUis a smart device. oflering goad
sensitivity and speed. being standard  equipment on many optical microscopes.
However. some problems may arise it we want to analyze color or hivher resolution
images because appropriate cameras and adapters are very expensive. Besides, the

adapters require special seftware to be coupled w the computer.

Contemporary electron microscopes are equipped with modules lor storage ol
digital tmages. Therefore. there 1s no problem to analyze the images from clectron

microscope using computer. Many other tvpes of imaging equipment. particularly
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medical imaging equipment such as differential interference contrast (DIC)
microscope (Martin and Fallowfield, 1989), magnetic resonance imaging (MRI)
(Fowler et al., 1990), X-ray computer tomography (CT) (Simm, 1992), ultrasound
imaging (Simm. 1992). landsat thematic |nappe|"(TM) imaging (Glasbey and
Horgan. 1995), synthetic aperture radar (SAR) imaging (Glasbey and Horgan, 1993)

has been developed to capture images from different sources.

After image acquisition, an image is converted to-a digital form. In image
analysis. 1t is always necessary to save the digital images for further manipulation or
analysis. Digital images may be stored in form of computer files with several
different formats. These differ in how the pixel values and extra information are
arranged. Commonly used image formats include Tagged Image File Format (TIFF).
True Vision Targa Format {TGA), Windows Bitmap Format (BMP). CompuServe
Graphics Interchange Format (GIF). Windows Device Independent Bitmap Format
(DIB) ZSOFT Bitmap Format (PCX) and Joint Photographic Experts Group Forma
(JPC o NMedia Architect. 1996). 1f necessary. programs that convert between dilferent

formuts mav be used.

~J

3.5 Printing

I mmage analvsis, a printer or other device W produce permanent copics ol
imiges i usually necessary. Most printers can produce some furms ol image
printout. but the guahity of the result can be very variable. Printers designed mainly

for printing text usually give very poor reproductions of images. and are only suitable
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for very himited purposes. High resolution color printers are useful and available
nowadays. For normal desktop printers,_“printer resolution can now reach 1440 x
1440 dpi (dot per inch). They are usually adequlate for general image analysis
purposes. Other devices such as plotters and slide-writers can also be used for special

applications.

2.4 Operations of Image Analysis

2.4.1 Digital Image

To a computer. any image is a mosaic of very small areas. called pixels. filted
with a single grevlevel or digitally defined color (Wojnar, 1999). The brivhiness in
cach pixel ts yoverned by a digiial number. So the entire digital image is represented
by lung list of digital numbers: each number i'C])l't)SCVH[S the intensity of a pixel. and
the number’s location in the list represents the pixel’s location in the image. When
the number ol pixels is large enough and the size of the pixels is sutticiently small.
they wre not perceived individually (Kuni. 1988). Thousands ol pixels. wuching cach
other and locating within a grid. give us an illusion of realistic. smooth picture. This
pixcl nature of computerized images allows us 1o store them and tanslorn them as
matrices of aumbers. This 1s the basis tor computer-aided image analvsis. The
number of pixels in an image is directly related 1o the spatial resolution of the image
thouni. T988). An image that shows much fine detail has a large number ot siall
pixels. Stnee images wpically contatn a large number ol pixels. it is convenient w

keep the storage space as small as possible for cach pixel.
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2.4.2 Image Analysis Steps

One way of describing image analysis is to recognize distinct steps that
follow each other logically, namely display, filters. geometric transformation.
segmentation algorithm, mathematical morphology and measurement (Hall. 1979;

Rosenfeld and Kak, 1982; Glasbey and Horgan. 1995).

2.4.2.1 BDisplay

Display of an array of pixel values as a picture on a computer screen is the
fiest stage in analyzing a digital image. Digital images can be divided into three

different types of binary. grevscale and color image (Glasbeyv and Horean. 1993),

A binary image is the most straight forward tvpe to displav. Pixels lnl;e only
value of O and 1. The display simply needs 10 distinguish between these two levels, A
natural way te de this is 10 show one value as black and the other as white, This is
known as the “black and white™ image. Any computer monitor is capable o display

this kind of image.

Another Kind of 1mage 1s grevscale image. Grevscale display is w0 use the
pixcl values to specily the brightness with which a pixcel is illuminated on o computer
screen. Grey mmages are usually described by 236 vrevlevels. This corresponds 1o 8
bit per pixet as 236 = 2% In this representation 0 cquals black and 233 denotes

whites. 236 greyvlevels are quite sufficient tor most applications as humans can
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distinguish approximately only 30 to 40 gray levels. In some applications, however,
other depths of image data are used: 2 (binary images), 12, 16. or 32 bis per pixel

(Wojnar. 1999).

Color images are most commonly stored as RGB (Red. Green, Blue) images,
In fact. each of the RGB channels is a single grey image. Analysis of color images
can be broken down into analyses of indi\riclua] grey components being put together
at the end to produce the final color image (Wojnar. 1999). This is referred to as the
RGB svstem. Most technological use of color, from photography to television
screens and computer monitors employs the RGB svstem to produce chtterent colors.
The screen of a color monitor consists of many small light-emitting dots ot three
(vpes — blue. green and red. The brightness of each of the three tvpes of dots
determines what color is seen in a particular part of the screen. If each component
cun be displayved in 236 different intensities then there are 236° (= 16.777.216)

different possible colors that a pixel can have. This is known as the true color.

To observe the final detail of an image. we mav not be able to examine this
detail casily in a standard display on a monitor. We would like w entarge a part ol
the imuage. This is known as zooming. We cannot usually enfarge the pisels on the
monitor. and zooming must consist of allocating maore than one pixel on the monitor
tor cach pixel in the image. The simplest form of zooming ix pixel replication. It is

g oglass i front of the sereen. I is not always

o=
L=

cquivalent o holding a magnilyin
necessany o replicate pixel values in the computer memory. Some computer
hardware has the ability to replicate pixels on the screen by making use of the way

that the display control electronics access the computer memory, On other occasions.
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we may wish to reduce the size of an image. This may be for display purposes.
because our original image has too many-Pixels to be accommodated on the monitor.
Alternatively, we may wish to reduce the size of an image so that it can be processed
in less computer time, or occupy less storage space. One can form the reduced image
by selecting a subset of pixels from the original image. This is known as pixel
sampling. For example. if we take every third pixel in every third row of the original
image. we shall have reduced the image size by a factor of nine. Another method is
known as block averaging. One may define each pixel in the reduced image to be the
average of a three-by-three block of pixels in the original imave. This method

reduces the loss of information in the process (Glasbey and Horuan. 1993).

2.4.2.2 Filters

Most images are affected to some extent by noise. that is. unexplained
variation in data: disturbances in image intensity that are either uninterpretable or no
ol interest. Real images often contain some artilacts induced during specimen
preparation. like scratches. smearing. relief. pull-owts. comet tils or fapping tracks.
lmage analysis can be simplified if this Kind of noise is Fltered out prior o any
gquintitative analysis, Image filters may be used 10 emphasize edoes-boundaries
between objects or parts of objects in images. Filters provide an aid to visual
merpretation of images and can also be used as o precursor o (urther digital

processing {Glasbey and Horgan. 1993 Wopnar. 1999).

Filters are neighbor-type operations. In other words. the pixel value ulicr

lltering 15 a tunction of its own value and the grevlevels of its neighbors, Usually.
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filters return values that are weighed means of neighboring pixels. Filters of various
types are also among the most frequentlx used tools for image treatment. Common
filters used in image analysis are brightness, contlrast, sharpening, b].Ln'ring and
soflening. simoothing, edges, maximum and minimum filters (Glasbey and Horgan.
1995. Media Architect, 1996; Wojnar, 1999). The duty of an image analyst is to

decide the appropriate filters in order to enhance the efficiency of the noise removal.
2.4.2.3 Geometric Transformation

When an image is obtained by a capture device and loaded into the computer.
it 1s usually necessary to adjust its alignment and position i the image analvsis
saftware. [t can be accomplished generally by the function of rotation. scafing. and
cwrvilinear or warped mapping (Freeman. [986). This 15 mosi important when

dillerent images have 1 be overlaid together for measurement and comparisen.
2.4.2.4 Segmentation Algorithm

Seamentation imvolves dividing an image up into regions. which correspond
o defterent objects or parts ot objects. by classilving alf pixels «Glasbey and Horean,
[993), Fvery pixel inan image is allocated 10 one of number ol these categories. A
cood segmentation is tpically one in which pixels in the sume catezory have similar
erevscale and form 2 connected region or neighboring pixels that arce e ditterent

categories ave disstmilar grevievel values.
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Segmentation is often the critical step in image analysis. There are three
general approaches to segmentation, terq}ed threshelding. edge-based methods and
region-based methods (Glasbey and Horgan, 1995). In thresholding, pixels are
allocated to categories according to the greylevel range. In edge-based segmentation,
an edge filter is applied to the image, pixels are classified as edge or non%:dge
depending on the filter output. and pixels that are-not separated by an edge are
allocated to the same category. Region-base segmentation algorithms  operate
teratively by grouping together pixels that are neighbors and have simiiar areylevel
values. and splitting groups of pixels that are dissimilar in value. Despite all of these
commont approaches to seg-mentation, an image analvst may usually have (o design
hisher own algorithm in order to extract more useful information from a specilic

Image Lvpe.
2.4.2.5 Mathematical Morphology

Mathematical morphology is a theory that provides a number of useful wals
for image analysis (Russ. 1995). Morphology is an approach image analysis that is
based o the assumption that an image consists ol structures that may he handled by
set theary. Due to their complexity. morphological operators are implemented oniv in
advanced packages. On the other hand. mathematical marphology enables detection
ol various features in an image in a way somewhat similar w heman intuition, As 2
consequence. application of morphological operators enahles detection ol features
not avatlable with other analysis methods, Morphological transformations such os
hit. miss. erosion. dilation. opening and closing are used guite commaonly in MR

anatlvsis (Wojnar, 1999,

0
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2.4.2.6 Measurément

Measprement, the extraction of quantitative information from images, is the
final stage in the analysis. The objective may simply be to count the number of
objects in a scene, compute their areas, or measure distances between objects such as
computing the cross-sectional areas of the muscles. These measures of size can be
obtained simply by counting the number of pixels in the muscle regions. Three
general categories of measurement are size. shape and boundary. Measurements are
usually taken from the images output from Segmenrlalion algorithms. which have
possibly also been processed using morphological operators. In some application.
measurements can be obtained directly from the original image (Glasbey and Horgan.

1993).

2.5 Conclusion

Recently. image analysis has been applied to difterent tield ol science rapidly.,
Lising image analysis techniques instead of the human manual eperations. analvsis

time is greatly reduced. Accuracy and reliability of the results obtained arce higher,

Moreover, with the improvement of the peripheral devices tor compuier and the

development ol new image processing methods. the mmage analyvsis techniques will

hecome u powertul ol for scientific research in chemisty and biochemistry,
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Development of Image Analysis Method to
Two-Dimensional Crossed

Immunoelectrophoresis Study
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3.1 Introduction

Electrophoresis as an analytical and preparative tool began with Tiselius in
1937 (Rilbe, 1983) and is defined as the migration of a charged particle in an electric
field (Dunbar, 1987). The tecln1i§ue 1s usually used to separate proteins in aqueous
mixtures.  To  characterize  proteins and  other antigenic  substances,
immunoelectrophoresis, an application of the electrophoresis technique. was developed
by using both electrophoretic migration mobilities of these components in a matrix
(usua[l)"agarose) and their immunological properties. There are many variations of this
technique such as rocket immunoelectrophoresis. crossed immunoelectrophoresis. line
immunoelectrophoresis and tandem-crossed immunoelectrophoresis (Dunbar. 1987).
Yet. they are all based on the electrophoretic migration of antigens in an antibody-
containing gel and the specific immunoprecipitation of the antigens by using the
corresponding precipitating antibodies (Dunn. 1993). However. when applving these
methods o wel electrophoresis. they are usually unable o resolve individual
components from complex mixtures. Two-dimensional crossed immunoetectrophoresis
(2D-CIEP) was then developed for this purpose with the resolving power increased by
several orders of magnitude compared to the one-dimensional methods as mentioned
above (Dunn and Burghes. 1986). This technique is widely used 1o detect the presence
ol abnormal protein i a protein mixture (Baker ¢/ «f.. 1999). Abnormal binding of a
protein to a cofactor could also be detected by the 2D-CH:P svstem (Michiels and

Hamuivak. 1998: Nasher and Ciznar. 1998: Shirotant ¢f «f.. 1999).

I
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[n the past, electrophoretic pattern was mainly analyzed by visual inspection.
Nowadays, several types of instrument are available for studying electrophoretic
pattern. These include densitometers, laser densitometers, television cameras, coupled
charged device (CCD) array scanners, radioisotope imagers and photostimulable
phosphor-imaging systems and hardwares (Dunn. 1993). Several laboratories and
commercial companies ‘have also developed computer systems for auwtomating
quantitative analysis of 2D gel images {Sondergaard er «/..1987. Dunn, 1993).
However. theT price for such instruments is still high. In this work. a low cost image
analvsis system consisting of an IBM compatible-PC and a flatbed scanner was set up
for capturing the 2D-CIEP pattern. In addition. a software called CIEPEASY for
Windows was developed for manipulating 2D-CIEP images. In this way. the image ol
a 2D-CIEP profile can be acquired faster and easier in a cheaper way by using the
proposed image capture system compared with other imaging instruments. The prolife
can also be digitized under high resolution to hold useful information of the 2D-CIEP
gel for archiving purposes. Furthermore. our sofiware CIEPEASY was designed
specitically for analyzing 2D-CIEP patterns while other software packages are ux?uall_\'
designed Tor general 2D electrophoretograms. Hence. CIEPEASY can be used 1o
determine important peak parameters of peak arca. position and height of a 2D-ClEP
peak awtomatically within a short time interval. The results thus obtained are more

aceurstie than those deduced from the conventional methods (Andrews. 1986). Bestdes.

quantitative analysis on the 2D-CIEP pattern can also be performed.
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3.2 Methods of Investigation

3.2.1 Principle of Two-Dimensional Crossed

Immunoelectrophoresis

When any charged molecule is placed in an electric field. a force is exerted
on it. The magnitude of the driving force depends on both the strength of the
clectrical tield as well as the charge of that molecule. Since proteins possess charues
as a result of amino acid residues in their backbones. they mav migrate in the
presence of an electric field at any pH. At high pH (e.g. pH 8.6 as used in the first
dimension of 2D-CIEP). proteins will possess a net negative charge and hence move
towards the anode. The rate of migration of a protein in this electric field also
depends on the charge density. that is. the charge to mass ratio. The greater the value
of this ratio. the faster the molecule will move. So. different proteins can be
separated (Dunbar. 1987). In the 2D-CIEP experiment. the electrophoretic process is
carried out in two different steps with the direction of the second electrophoresis step
being al right angles o that of the first one (Melvin. 1987). In the first step. agarose
without antibody is used while agarose with antibody (v the antizen being tested is

emploved in the second step (Bzg-Hansen. 1990).

The first 2D-CIEP-separation method was developed in middle 1970s For both
qualitative and quantiiative purposes (Rickwood ef «f . 1990). Since then. it has been
Swidely applied 10 examine the purity of protein preparation and 1o analvze the
composition of prowein mixtures. Moreover. with the use ol selected antibodies, the

technique may be employed to investigate presence of the corresponding antivens and

I~
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to check the identity or degree of differences between two antigens (Lo ¢/ «f.. 1990;
Michiels and Hamulyak, 1998; Nasher a.nc_i_.Ciznar, 199'8; Shirotani ef ¢l., 1(599). In this
application, sample proteins were first applied to the wells cut in the agarose gel and
then separated electrophoretically in that agarose gel. Afterwards, these separated
proteins were electrophoresed at right angles to the direction of the first development in
another laver of agarose.containing specific antibodies to the antigens being tested.
With an equivatent amount of antibodies, eaéh protein will give rise to a precipitate or
a peak. Figures 3.1a and 3.1b (Lo et al., 1990) show the 2D-CIEP precipitin protiles of
plasma samples from a normal control and a patient. respectivelyv. Usually. peak
parameters such as migration distance, peak height and peak area ot a 2D-CIEP peak
are measured manually. for example, by visual inspection. However. in some cases.
due to the abnormal appearance of the 2D-CIEP gel (2.u. FigLilli'e 3.1b) it is nol easy Lo
identify the peak profile or parameters correctly by visual inspection. Hence. the
accuracy of the results obtained is not high. Furthermore. other parameters such as the
peak position and the shape of the peak profile that may contain important information
cannol be deduced accurately. To illustrate this. the 2D-CIEP profile of a plasma
protein called anti-thrombin [ from a normal person. i the presence of heparin was
shown e Fieure 3.1a. It consists of only one peak with its shape like o Gaussian curve,
Flowever. the profile of a patient (Figure 3. 11 is composed of two overlapping peaks.
Figure 3. 1¢ depicts a combination of Fizure 3,10 and 3.1b together. 1t can be seen that
the two proliles are different. This information is important for climeal diagnosis.
Presence ol a mutant protein that lacks a binding epitope has been described using this

technique (Shirownt ¢ ol 1999). Besides. Bog-Hansen (BCy-Hansen. 199,
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Figure 3.1 The AT-III-CIEP pattern of a plasma sample of (a) a normal person, and (b)

a patient (no. 1) and (c) a combination of Figures 3.1a and 3.1b. Sodium

heparin (15 units/ml) was added to the agarose in the first dimension.
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suggested that the area enclosed by the precipitate is proportional to the amount of
antigen to be investigated. Traditionally, the quantitative measurement is achieved by
setting the area equal to the product of the peak height and its width at half height
(Andrews, 1986). However, if the peak is asymmetric, the peak area obtained will not
be so accurate. As a result. new methods have to be developed for analyzing 2D-CIEP

profiles in a more scientific manner.

3.2.2 Image Processing of Two-Dimensional Crossed Immunoelectrophoresis

Profiles

In order to extract peak parameters from the 2D-CIEP profiles automatically
or semi-automatically. the 2D-CIEP pattern must be digitized first. In this
mvestigation. an optical flatbed scanner coupled with a PC was used to achieve this
purpose. Aller tmage acquisition. the digitized 2D-CIEP pattern is then converted
to the grayscale with 256 grevlevels and stored in a common graphical format such
as BMP.PCONL or TIFF. In terms of image processing terminology. a gravscale image
Is represented by the intensities of light for ail the pixels of the image on o
continuous scale (Wegner. 1992). An absolutely black pixel has a grevievel of 0
while an absolutely white pixel has a grevievel of 233, Parameiers such as migration
distance. peak height. peak area. peak profile. well center and others of the 2D-CIEP

predile are extracted from the digitized image. Details are viven as follows,
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3.2.2.1 Reduction of Background Noise

As shown in Figure 3.1b, unwanted spots or noise are usually observed in the
antithrombin-III (AT-IIf) 2D-CIEP pattern. The noise may be contributed by
diffusion of the sample in the gel or from staining of the ge! in the final stage (Boy-
H-ansen., 1990). Sometin{es, its intensity is comparable to that of the peak signal and
leads to inaccurate results. Three different methods were used in this investigation to
reduce the noise. In the first method, the greylevel value of a certain pixel within the
image is simply assigned to be 255 (white color) manually. One misht also define the
areylevel values for all the pixels within a sub—regionAto have values of 235 The last
method involves the use of a threshold to remove noise. Any pixel within the image

that has a greylevel value greater than the threshold value will be converted 10 233.

3.2.2.2 Method for Determination of Well Bound:ary and Well Center

In Figure 3.1, a circular pattern is observed on the lower left comer. |l
originates from sample loading during the experiment and is cilled sampling well
(Bog-Hansen. 1990). Within this region. the position of the well center is a veny
important quantity for determining other peak parameters such as the migration
distnee (Figure 3.2) in the AT-U2D-CIEP pattern. In order we deiermine the well
center. the well boundary has to be defined first. As the region wizhin the well should
be clear and the grevlevel of the constituting pixels have values usually near 233, (he

well boundary can be identified by setting the noise threshold value above the
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Figure 3.2 Screen layout of the main menu of the software CIEPEASY together with

a 2D-CIEP pattern.
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greylevel value of the noise around the well. In general. pixels outside the well
boundary have lower greylevel value than that find insides the sample well. In this
investigation, the threshold value is assigned to have the minimum greylevel value
around the boundary region. Once this quantity is set. the greylevel value of the
pixels within the defined region for the well will be compared with this value to
distinguish whether a pi‘xel should be within or outside the well boundary. If the
grevlevel value of a pixel is larger than the threshold. then the pixel is within the well
or vice versa. Once the well boundary is defined, the x- or y-coordinate of the well
center is determined by averaging all the x- or y-coordinates of the pixel within the
well as follows:

Sum of all the x - coordinates of pixels within the well

X = coordinate = - — {3.1)
Total number of pixels within the well
and
: Sumol all the v - coordinates ol pixels within the well =
1= coordinate = (3.2}

Total number of pixels within the well

3.2.2.3 Method for Determination of 2D-CIEP Peak Parameters

Neveral parameters are required o quantify the presence ol a particudar
protein in the 2D-CIEP pattern. That includes migration distance. peak height and
baseline (Figure 3.23 The migl'ationl distance tor a protein is dehined as separation
between the well center and the position ol the peak maximum in the horizontal
dirccuion. The baseline of a 2D-CIEP image represents the separation between vl
Tavers with and without antibodies. In general. the upper part of the gel contins

antibodies and the lower part does not. The baseline has 10 be assigned belore the
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determination of peak height and area. Besides, a topline (Figure 3.2) should also be

assigned to facilitate the determination of the overall peak profile.

The boundary of the 2D-CIEP profile is determined in this mvestigation by
scanning the greylevel value of each pixel between the baseline and topline. Two
methods have been imp]émented in this work for such purpose. In the first method.
scanning of pixel intensities 1s performed vertically upwards from the baseline to the
topline and then-from left to right. Generally. a pixel in the peak boundary of a 2D-
CIEP profile has a sudden change in the greylevel from a higher value to a lower one
in the upward scanning. A pixel with the maximum change is assumed 10 be that
representing the boundary. In this manner. all the boundary of the 2D-CIEP profile is
determined (Figure 3.2). The change is from a higher grevlevel value to a lower one.
All the pixels on the boundary thus determined wre joined tovether 1o form the 20-
CIEP profile (Figure 3.2). However. in some cases. the boundary cannot be detecied
successfully by this algorithm owing to the poor quality ot the 2D-CIEP profile or
the presence of backeround noise. [n order to improve the accuracy. various hlter
funcuons were ntroaduced to assist the boundary determination. Such filers utitize
ditferent combination of threshold values to cither enhance the boundwy or

suppressing the background noise to locate the boundary position.

Onee the 2D-CIEP profile is determined. the positions ol all local peak
maxina can be lound out and the peak heights (Figure 3.2) can be obtained by
muasuring the perpendicular distance, in terms of pixel. from the peak masimum o
the baseline. Shoulder peak is often observed in the 2D-CIEP image with

overlapping with other peaks (Figure 3.1b). The peak with the highest rate of change
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of slope on the peak boundary will be identified as the shoulder peak position. The
peak height and migration distance of the shoulder peak can also determined using
similar approach as mentioned before. The area of the region between the baseline
and the 2D-CIEP profile is regarded as peak area. The peak area of the 2D-CIEP
profile is proportional to the amount of antigen or protein applied in the sample well

(Svendsen. 1979) and is determined by counting the total number of pixels within the

region between the peak boundary and the baseline.

3.3 Experimental

3.3.1 Software Implementation

2D-CIEP images analysis was carried out by the software CIEPEASY
developed in the present work. CIEPEASY can help the user to determine the
required parameters such as migration distance. 2D-CIEP profile. peak height and
peak area awtomatically for quantitauve analvsis. The program was coded in
. -” . . . . " ~ - . P - -~ . -
Microsolt  Visual Basic Version 3.0, Professional Edition {Microsoft Corporation.
. P . ~ k - ™ - bl . - .
WAL USY under Microsoft Windows 3.1 environment on a PC compatible with a
LG . i P .I\I “ . . N
E3SMIZ Pentium processor. ImageKnife/VBX 2.0 (Media Architects. Ine.. OR.

LSt was also embedded in the prograny for graphic fle manipulation.

CIEPEASY provides a user-friendly graphical interface for 2D-CIEP gl
pattern analvsis (Freure 3,21 Al the functions have their own pull down menus and

icons. Major Tunctions and options available are listed in Tahle 3.1 2D-CU:P

L)
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electrophoretic pattern can be imported to CIEPEASY in BMP. TIFF, GIF. PCX.
IPEG, DIB or TGA graphic format. General image prpcessing tools such as contrast.
brightness, sharpness and softness adjustments are also available in CIEPEASY. As
the image may not be acquired in an absolutely vertical or horizontal position. this
will affect the accuracy of the analysis. A rotation function is provided to the user to
adjust the image positio’n circularly on the screen to minimize this type of error.
Background noise and noise incurred during the experiment can be reduced by the
methods mentioned previously. Different threshold values can be assigned by the
user to facilitate the determination of the 2D-CIEP profile. After the user defines the
location of the sample well. baseline and topline.- peak profile and other peuk
parameters will be determined automatically using the methods as described betore.
The peak height and migration distance may be reported in pixel unit or in centimelter
{cm) while the peak area in the total number of pixel or in cm. With regard (o data
reporting and archiving. images processed by CIEPEASY can be saved in the form of
_]’(‘.'X. TIFE. TGAL JPEG. DIB or BMP gmp_hic files. A bard copy of the image can
also be provided upon request, The ~Copy™ and “Paste”™ tunctions available in
CIEPEASY provide image exchange capability 1o other software packages such as
Microsoft Word or other image processing sol’t;\'ares. Moreaver. informatton
exiructed from the image under study mayv be exported o Microsolt. Write lor

further data manipulation and storage.
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Table 3.1  Major functions available in CIEPEASY

Options provided Functions available

lmage Processing Adjustment of image size
Adjustment of zooming ratio
Adjustment of sharpness and softness
Adjustment of contrast and brichtness
Conversion of a color image to that in gravscale

Rotation of an image

Noise Reduction Rubber erasing
Noise bounding and cutting

Noise level excluston

Imuge Analysis Determination CIEP prolile
Adjustment of shape ol the CIEP profile
Determination of peak aren
Determination of peak  height and  migration
distance

Determination shoulder peak

Reporting and Archives Saving processed image

" . - . It E— - -
Exporting ol report to Microsoft Write tor further
manipulation and archives,

LPF)
Lo
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[lmages of 2D-CIEP gel patterns as studied in this work were captured by a
HP Scanlet 1lc flatbed scanner (Hewlettr-ﬂl_’ackard Company, US) at a resolution of
200 dot per inch (dpi). This resolution level was found to be good enough for the
present investigation. Although higher resolution can be used, more memory and
storage space is required. All digitized images were stored using the BMP graphic
format with 256 greyscé]es. No image post-processing steps stch as contrast and
brightness adjustment were applied on the scanned images. All scanned 2D-CIEP gel

tmages were then imported and analyzed by CIEPEASY.

3.3.2 2D-CIEP Experiment

CIEPEASY was applied in this work to study the effects of different sample
sizes 1 the anti-thrombin [T (AT-IH) CIEP with the presence ol 3 units/ml. ol
heparin in the first dimension agarose as described previously (Lo ¢r af.. 1990).
Brietly. 1.65 mL of 0.9% molten agarose in barbitone bulfer (0.0375 M Na-
barbitone. 0.015 M barbitone. pH 8.6) containing i3 units'mf Na-heparin was
poured onto an area of 1.5 cm x 3 em on the hydrophobic side of a gelbound (Bio-
Rad Laboratories Inc.. US). After sohdification. a sumple well was cut on the leht
hand side of the agarose. Plasma sample and 3 pl. ol a blue marker (0,370 Evan's
blue and 3% bovine serum albumin in barbitone bulter) was put into the well. The
frst dimension electrophoresis was applied from lelt (cathodey to wight tanode) at 1.3
mA emountl the blue marker reached |oem of the right lund side ol the eel.
Subseguently. 3.9 ml 0.9% agarose comaiming AT-1T anubodics (Calbiochem-
Behring, Australia) was poured onto the remaining 3.5 ¢m x 3 ¢m ol the gelbond.

Aler solidification. the eel was tumed at right angle and the second dimension
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electrophoresis was applied from the side of plain agarose gel (cathode) to the side of
the antibodies containing gel (anode) at 1 mA/em for 16 hours. Prothrombin 2D-
CIEP was also performed in a similar fashion. The 01?ly difference is that no heparin
was added in the first dimension agarose. Prothrombin antibodies were purchased

trom Dakopatts, US.

Precipitin patterns in the gel were visualized by Coomassie blue staining.
Briefly. the agarose gel was washed in 0.9% saline for 4 hours. After a brief dipping
in distilled water. the agarose gel was squashed between several folds of filter paper
and then blow-dried. Finally. the gel was stained in staining solution (0.23%
Coomassie brilliant blue. 45.4% methanol and 9.2% ulacial acetic acid) for 30
minutes. Precipitin patierns were visualized after destaining in destaining solution
(45.4% methunol and 9.2% glacial acetic acid) for about t hour or until prominent
precipitin patterns with clear background can be seen. Gels were prepared and
provided by the co-supervisor Dr. S.C.L. Lo from the Department of Applied

Biology and Chemical Technology. The Hong Kong Polvtechnic University.,

3.4 Results and Discusston

Figure 3.3 shows the 2D-CIEP pattern tor different sampie stzes ot heparin in
the AT-H-CIEP study, Columns A and B are. respectively. the 2D-CHZP imaoes
from the plasma samples of a normal person and a patient {no. 1) with the
corresponding sample sizes Listed m column Co The AT-UHI-CHEP abnormaline of

plasma from the patient is found to be dose dependent (FFigure 3.3 An abnormal A~
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[11-CIEP precipitin arc which was indicated by arrow 3 in Figure 3.5 was observed with
a sample size larger than 5 pl. when comparing with the 2D-CIEP patt'e:ms of the
normal person. However, when the sample size was decreased to 3 L, normal AT-11I-
CIEP precipitin arc that was indicated by arrows 1 and 2 was observed. The results as
obtained from analyzing the 2D-CIEP patterns of plasma samples by using CIEPEASY
are listed in Tables 5.2 tb 3.4. Arrows in Figure 3.3 indicate the peaks being studied.
By applving CIEPEASY to study both normal person and patient. a linear relationship
wus found between the peak area and the sample volume with the correlation
coctheient greater than or equal to 0.97 (see Table 3.2) although some of the 2D-CIEP
patterns ot the patient are abnormal. However. this is not true if the peak height instead
of peak area was utilized (Table 3.3). The calibration curve based on the peak area can
be employed to determine the amount of antigen present in human plasma. To our best
knowledge. this is the first ime in the literature reporting a linear relatonship between
peak area and the sample size in 2D-CIEP study. To test this hypothesis further. two
more sels of CIEP experiments with increasing sample sizes were pertormed. Although
with different concentrations of antibodies. both additiona! experiments use ani-
prothrombin antibodies as the precipitating antibodies. These antibodies were chosen
because the precipitin patterns formed are different when compared o that o AT-11
antibodies (Figure 3.4). [n the first experiment. plasma samples [rom 2 patients (s, 2
and ) and normal pooled plasma were used. In the second expertment. one patient and

ancther normal plasma samples were used. Results of the first experiment were given
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Figure 3.3 Effects of different sample sizes in the AT-III-CIEP study with the
presence of 15 units/mL of heparin in the first dimension agarose. Image
on the left (column A) and the night (column B) hand sides are,
respectively, the 2D-CIEP images from the plasma samples of a normal

person and a patient with the sample sizes listed in column C,
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Table 3.2 Areas of the AT-III-CIEP peaks with different sample sizes as shown in

' . b B )
Figure 3.3.

Plasma sample size (uL) Area under the AT-HI-CIEP profile / cm’
Normal Patient
3 0.92 0.98
4 1.03 1.23

i
<
A
(el

S 1.35 1.73
9 1.53 1.88
Correlation coefficient . 0.99 . (.97
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Table 3.3 Peak heights of the AT-III-CIEP peaks with different sample sizes

as shown in Figure 3.3.

Plasma sample size (uL) Peak height / cm
Normal Patient
Peak Pealk Peak Peak Peal
1 2 ] 2 3

3 0.17 124 0.18 1.26 N/a

4 0.19 1.32 0.23 t 30 N/A

3 0.19 1.79 32 ].39 NYA

S 0.20 1.92 (.39 .44 1.21

9 0.32 1.70 .48 1.26 1.33
Cuorrelation coelticient 0.79 0.77 .93 0.04 N/A
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Table 3.4 Migration distances of the AT-UII-CIEP peaks with different

sample sizes as shown in Figure 3.3.

Plasma sample size (uL) Migration distance / cm
Normal Patient
Peak Peal Peak Peak Pealk
] 2 ] 2 3

3 1.24 2.57 .38 251 N/A

4 [.26 2.49 .26 24 INJA

3 1.45 2.39 1.32 2.44 NSA

Y 1.33 2.64 1.2] 227 .80

9 1.27 249 1.22 230 1.88
Percentage of relaiive 10.22 250 3.60 4.18 N/A

standard derivation
(YRSD)
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Figure 3.4 Effects of different sample sizes in prothrombin-CIEP. Images in column
A are prothrombin-CIEP images of a normal plasma sample while that in
columns B and C are CIEP images from 2 patients (nos. 2 and 3). Column

D represents the sample sizes.

N.D. SuLL

~ 4L
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in Table 3.5. Very high correlation was obtained between the peak areas and the
amounts of plasma samples used. Results 9f the second experiment were very similar
with correlation coefficients around 0.99. Hence to avoid repetition, the results were
not shown. Taken overall, our results indicate strongly that with the use of our
proposed image analysis technique, the 2D-CIEP method can be extended for
quantitative study. It should be mentioned that the accuracy of the areas as listed in
Table 3.5 is not known. It is because to our knowledge there is no report on the true

values of this kind in the literature.

It should be pointed out that peak areas of plasma samples from patient no. | as
seen in the AT-[I-CIEP study were found to be Iargér than those of normal person.
This implies that the amount of antigen in the plasma of the patiznt is higher than that
of the normal contral. Chromogenic enzyme assay of AT-/1 zaivity of the patient
plasma using commercially available reagent S2238 (KabiVicrum * Ortho Diagnostic
Svstem. US) and performed as previously described (Shah e7 «of.. 1992) contfirmed that
this patient had an elevated level of 130% when compared w a pooled pormal control

ol 100%, (unpubhshed data).

The migcration distances of different 2D-CIEP peaks ol the constitutmg
components  of a plusma sample  provide important huermation about the
characteristics o the antigen. These quantities and their percentages ol velative
standard deviations (YaRSD) of AT-H1 2D-CIEP are listed in Table 3.4, T0is abvious
that some of the gel patterns of the patient contained three peaks with a few ol them
heing present as shoulder peaks. As the pore size ol the agarese matrix s relativels
lareer than that ol the plasia proteins. these proteins are sepaiated mainly by their
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differences in their overall molecular electrical charge densities. The additional
shoulder peak observed might represent the presence of abnormal variants of that
protein with different mélecular electrical charge densities. As the electrical charge
density of the abnormal antigen decreased. the antigen would migrate slower. The
migration distances of different antigens on the gel in the first electrophoresis would be
difterent. This gives rise to various peaks on the 2D-CIEP gel. The overall results from
this work support the abnormality of the patient’s antigen in blood plasma. The
%RSD values of the migration distance as given in Table 3.4 are venerally low which
idicate that the results obtained in this work are precise. For clinical diagnosis. by
using the proposed image analysis technique. one can actvally locate precisely the
mivration distance of a specific antigen. From a study on a control group of normal

persons. an indicator can be set up based on the migration distances which can then be

used for comparing samples from patients as a clinical reterence.

The advantage of owr method cannot be obtained by using the conventional
methods such as visual mspection. counting squares. using ruler lor measurement or
other approximation methods like the product of peak height and Tutl-width-at hall-
maximum (FWHM) (Andrews. 1986). A study on the precision of the resuits obtuined
e this work was also performed. The AT-HE-CIEP gel pattern as shown in Figure 3. 1a
was analvzed by both the conventional methods and ours, For the former ones.
migration distanee and peuk height were measured by ruler whereas peak arca was
measured by utilizing eraph paper and the FHWM approximation method. The results
thus obtained are listed m Fables 3.6 and 3.7, 1t can be scen that both methods give

compurable  results  lor peak  parameters. Replicate  analvses  on the samwe
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Table 3.5 Areas of prothrombin 2D-CIEP peaks with different sample sizes as
shown in Figure 3.4. Prothrombin antibodies at a concentration of 0.4%

were used in the second dimension.

Plasma sample size (L) Area under the prothrombin-CIEP profile / cm2
Normal Patient 2 Patient #3
) 1.19 20 .97
8 1.55 242 1.73
[ 2.36 3.97 N.D
16 2.88 4.01 243
Correlation coefticient 0.99 0.98 0.98
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Table 5.6 AT-HI-CIEP

(see text).

Chapter 3

analysis results as obtained by the conventional methods

Parameters

Analysis Method

Ruler Graph Approximation
paper (FWHM)
Peak Height / cm 1.8 N/A N/A
Migration Distance / ¢ 2.5 N/A N/A
Peak Area/cm’ N/A 1.03 1.04
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Table 5.7 Results of analyzing the AT-III-CIEP in Figure 3.3 by CIEPEASY (sce

text).
Parameters Replicates Average %RSD
L 2 3 4 5
Peak Height 1.78 1.79 1.78 1.79 1.78 1.78 0.31
{cm)
Migration 2.58 2.60 2.59 2.59 2.54 238 0.91
Distance
{cm)
Peak Aren 1.08 1.13 1.11 111 .10 [ 1.64
(cm:)
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normal person’s AT-11I-CIEP pattern (5 uL sample) as shown in Figure 3.3 by using
CIEPEASY were also performed to test its precision. Low %RSD (see'Table 3.6)
indicates that CIEPEASY can obtain reproducible results. Similar results were obtained
with prothrombin-CIEP precipitin peaks using plasma samples from control, normal.
pooled plasma and 2 other patients. It is obvious that the proposed hmage analvsis
method 1s superior to the conventional ones using ruler. graph paper and FWHM
approximation in determining peak parameters (Andrews. 1986). Normallv in
measuring a distance by utilizing ruler, an absolute error of +1mm is anticipated. For a
2D-CIEP-gel image scanning with a resolution ot 200 dpi. the absolute error incurred
by our method in measuring the peak height or migration distance is onlv 22 pixels. or
+0.234mm. Analytical ervor will be further reduced when a higher resolution image is
used. But the mmage processing time will be increased as the image size becomes
larger. More serious error may incur in determining other parameters such as the well
center by visual inspection and peak area by the counting square methods using 2raph
paper. CIEPEASY can help the user to save more time in determining peak paraneters

ol 2D-CIEP pattern and minimizing personal errors.

3.5 Conclusion

In concluston. an image analysis system with a PC aind an opucad Nathed
scanner and a sollware puckage CHIEPEASY was developed 1o analvze 20-CIHEP
pattern. From the results of AT-II-CIEP and prothrombin-CHEP swidies. a lincur
rekationship between the peak area and the sample size was observed the first ume by
usig this new method. Besides. the results also indicated that CIEPEASY was
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superior to the conventional method in term of the time for image analysis as well as

accuracy and precision of results obtained.

@ Pao Yue-Kong Library
PolyU + Hong Kong
30



CHAPTER 4

Application of Image Analysis Technique to
Study Abnormal Two-Dimensional Crossed
Immunoelectrophoresis Patterns of
Prothrombin in Patients with

Lupus Anticoagulant
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4.1 Introduction

Lupus anticoagulant (LA) was first described in a patient with Systemic
Lupus Erythematous (SLE) in 1952 (Conley and Hartmann. 1932). Many other
assoctations with this entity have been reported (Schleider ef af.. 1976; Ruggieri ¢/
al.. 1985; Cohen et «f., 1989) and thrombosis appears to be the most common
(Bowie er al. 1963). The finding of patients with the LA or anticardiolipin
antibodies can help identify those patients more prone 1o thrombotic episodes.
However. at present. evidence that these antibodies that cause the thromboses are

lacking.

Although mechanism of thrombosis in pattents with the LA is still uncertain.
abnormalities in terms and levels and functions of procoagulants/fibrinolytic factors
found in pltasma trom patients with the LA have sometimes been inferred as the
cause of thrombosis. With a two-dimensional crossed immunocelectrophoretic (20-
CIEP)Y techmique. abnormal precipitin ares associated with the presence ol slow-
moving material (SMM) were seen in patients with antibodies (Edson ¢/ «f.. 1984,
fmportantly. these antibochies commonly occurred in paticnis wiith quaniitatively
normal prothrombin levels as measured in clotung studies as well as rockel
immunoelectrophoretic assays, This abnormality would theretore remain undetected

without the use of 2D-CIEP techniques.

In this work. prothrombin (PT). factors 1X. X as well as von-Willebrand s

Factor (v W) plasminogen (PLG), prekallikrein (PKK) and high molecular weight

N
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kininogen (HMWK) in plasma samples from 21 previously reported patients with the
LA were analysed by 2D-CIEP techniques (Lo ¢/ af.. 1990). It was aimed to correlate
any abnormality found in the various pro-coagulation and/or fibrinolytic factors with

a previous history of thrombosis.

An image analysis system with an IBM PC compatible coupled with an
optical scanner was established for capturing 2D-CIEP patterns. A computer package
CIEPEASY (Chan ef uf.. 1999) as developed in the previous chapter was utilized w
analyvze the 2D-CIEP electrophoretograms of these patients. CIEPEASY can be used
for modification and analysis of the 2D-CIEP patterns acquired to determine the peak
parameters such as the migration distance. peak height and area under the precipitin
arcs for both qualitative and quantitative studies. In this approach. the time reguired
for data collection and interpretation of 2D-CIEP wvel images was shortencd
stenificantly and the results thus obtained have a higher accuracy than those by using
conventional methods (Andrew. 1986). More tmlormation could be extracted [rom

the proposed nmage analysis svstem in a scientitic and statistical presentation,

4.2 Experimental

P12 factors IND N VW PLGLPRK and HMWR in plasima saumples from
aroups ol previously reported patents (7= 21) with the LA were analyvzed by 2i)-
Cil: P techniques (Lo ef of 0 1990). The 2D-CIEP experimental procedure can be

found 1 Chapter 3 and 15 not repeated  in here. Al 2D-CiEP

L
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immunoelectrophoretograms were provided by Dr. S.C.L. Lo, Department of
Applied Biology and Chemical Technology, The Hong Kong Polvtechnic University.
One groups of patients had a previous history of thrombosis (thrombotic group.
number of patient = 13) and the other group without (non-thrombotic group. number
of patient = 8) In the experiment. normal persons 2D-CIEP
immunoelectrophoretograms were used as control. To quantitatively compare subtle
changes seen on the 2D-CIEP immunoelectrophoretograms. image analysis was
applied to these patterns by CIEPEASY. All the 2D-CIEP ¢lectrophoretograms were
scanned using an optical flat-bed scanner HP Scanlet lc (Hewlett Packard Company.
USyata resolution of 200 dpi (dot per inch) and analysed by CIEPEASY in this study
With the help of CIEPEASY program. peak heights. migration distances. and arcas

undter the precipitin arcs of the electrophoretograms were measured and compared.

4.3 Results

Out of the 21 LA patients in this study. 10 patients had ane or more abnomal
2N-CIEP patterns among the different proteins analvsed. But these §0 patients all had
abnormat prothrombin 20-CIEP precipitin ares and six ol them had previous
thrombotie episodes. Figures 4.1a and 4.1b show the selected prothrambin 20-CEP

clecrophoretograms of the control and the abnormal patient respectively
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Figure 4.1 Selected prothrombin 2D-CIEP electrophoretograms of (a) a control

sample, (b) an abnormal patient and (c) a thrombotic patient indicating a

significant reduced anionic peak.

55
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In the 2D-CIEP investigation of PT. factors IX, X, vWI PLG. PKK and
HMWEK, patterns of the precipitin arcs"_from all 11 control samples were highly
consistent. For all the normal 2D-CIEP electrophoretograms and with the use of the
proposed image analysis system. two times the standard deviations of the peak heights
had never been greater than 0.5 cm while that of the migration distance had never been

greater that 0.22 cm and that of the area had never been greater than 0.64 cm”.

In all the 2D-CIEP eletrophoretograms analysed. except for prothrombin 2D-
CH:P electrophoretograms. there are no significant differences among the control,
thrombotic and non-thrombotic groups in terms of peak heights. migration distances
and areas under the precipitin arcs. As for the image analvsis of prothrambin 2D-
CIEP (PT-2D-CIEP) electrophoretograms. the results are summarized in Table 4.1,
When comparing ditferent groups. it was found that patients with a previous history
of thrombosis had signiticantdy reduced peak heights for the more anionic peak than
that of the control (+-test. p = 0.007). This is not seen in the non-thrombotic group (p
= U17). Frgure 4.1c shows a selected thrombotic patient’s prothrombin 2D-CHEP

clectrophoretograms which indicate a significant reduced anionic peak.

4.4 Discussion

Out of the 21 LA patients in this study. 10 ol them have demonsirated an abnoral
prothrombin 2D-CHZP. with all 10 showing the presence of slow-muoving materials

associaied  with normal  antigenic  levels ol prothrombin, These  resulls e
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Table 4.1 Results of image analysis of prothrombin 2D-CIEP electrophoretograms by
using CIEPEASY.
More Anionic Peak Less Anionic Shoulder

Peak Migration Peak Height  Migration Area

Height Distance Distance

{cm) {cm) (cm) {cm) (mm:)
Control
(Mean 22 S.D.) 1.78£0.50 2481022 141+048  195+0.22 1.79 £ 0.64
LA patients with
athrombotic history 125+0.82 249+ 038 1.19£090 207x048 1352 1.36
{Mean =2 5.D))
LA patients without
athrombotic history 30+ 1.03  2.54+0.16 132087 2072017 1642 114

{(Mean=25.D.)
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consistent with those reported previously (Edson er /1984, Fleck er «l. 1988).
suggesting the presence of a non-neutralising antibody to prothrombin in these

patients.

When the PT-2D-CIEP electrophoretograms were scanned and analysed by
CIEPEASY. it was found that the more anionic peaks of samples from patients of the
thrombotic group had a statistically reduced peak height when compared with normal
(p = 0.007). This phenomenon is not observed in the non-thrombotic group. Whether
this reduced peak height represents a decreased amount of more anionic prothrombin
sub-species in LA patients with a thrombotic history remains unclear although
Murakami and coworkers suggested that anti-prothrombin anubodies reduced
prothrombin activities in a patient with LA (Murakani ¢f «f.. 1990). Possibilities
also exist that awoantibodies to prothrombin increased the clearance rale’ of
prothrombin. Further studies are required to verify whether such a difference in peuk

height represent an increased risk of thrombosis.

4.5 Conclusion

Without the use of CIEPEASY. it was dilTicult 1o compare 2D-CHEP paterns
between normal persons and patients quantitatively. Moreover, the accuraey of the
analvsis was greaty improved when comparing the measurement of peak parameters
like peak heights. migration distance and peak areas by using ruter or graph paper.

Also. the tme needed Tor the analysis of electrophoretograms was vreatly reduced. In
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clinical application, image analysis also make the medical judgement more objective.
Human error is also minimized by transferring the tedious repetitive pattern

measurements from labor work to computer.



CHAPTER 5

Development of Image Analysis Method to
Enhance DNA Fingerprinting Analysis in

Forensic Science
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5.1 Introduction

In board definition. forensic science is a science used for the purpose of the
law. Thus. any branch of science used in the resolution of legal disputes is in the
barrier of forensic science. This definition covers criminal prosecutions in the widest
sense. including consumer and environmental protection, and health and safetv at
work, as weU as civil proceedings such as breach of contract and neglivence.
However. in general usage the term is applied more narrowly 10 the use of science in
the investigation 0fcrime by the police and courts as evidence in resolving the issue
in an subsequent trial that includes the investication of offences such as murder.
vivlent assault. robbery. arson. breaking and entering. fraud. motoring offences itlicit

druys. and poisoning (Cobb. 1998},

Deoxyribonucleic acid (DNA) fingerprinting for personal identification is a
powerfut tool for criminal investigation and justice. Characterizution. or “typing” of
DNA lTor purposes of criminal investigation can be thought ot as an extension of the
forensic tvping of blood that has been common for more than 30 vears (National
Rescarch Council. 1992). DNA fingerprinting can be an essentiai adjunct to personal
identihcation in Torensiv science. The first suspect o have been convicied larcehy on
the basis ol DNA wnalysis of blood samples was sentenced at the Crown Court
Leicester on 22 January. 1988, Since this case. DNA technology has hecome
commonplace in forensic kiboratories around the world and has been instrumentat in

extiblishing both guilt and innocence in many court cases (Watson. 1998).
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DNA, the active substance of the genes, carries the coded messages of
heredity in every living thing: animals, plants, bacteria, and other microorga-nisms. In
humans. the code-carrying DNA occurs in all cells that have a nucleus, including
white blood cells, sperm, cells surrounding hair roots, and cells in saliva. These
would be the cells of greatest interest and sampling target at the crime scene.
(National Research Cdtmci], 1992). Each individual, except identical twins.
possesses a unique genetic signature that can be visualized using recombinant DNA
techniques. The signatures resemble the bar codes on supermarket products. These
DNA fingerprints or profiles. have broad applications in forensic analysis. paternity
testing. diagnostic medicine. plant and animal sciences. wildlife poaching and

homicide. rape. and assault cases (Lorne. 1990).

The use of short tandem repeat (STR) analysis of polvmorphic loci is the
commonly used method for individual identification in DNA analvsis. Coupled with
the applicaton of polvmerase chain reaction (PCR) wechnology, the system has
enabled the development of rapid. sensitive analvsis even on highly degraded DN A
(Sparkes er al. 1996). After gel electrophoresis on the processed DNA frauments.
Muorescent labeling or silver staining is chosen as o visualization and detection
muthed for the gel patterns. For fluorescent labeling. it has an excellent resolution
and selectiviey. The Taser detector gives high accuracy and reproducihitite result.
Hlowever. the equipment is much more expensive and the time require for analvsis is
longer than using the silver staining method (Micheli and Bova, 1997) In contrast.
silver stming detects nucleie acids with high sensitivity and avoiding uorophore or
rachorsotopic labeling. Silver staining of complex nucleic acid profiles that separated

i polyvacrylamide gels provides high band resolution. These gels permit the
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retrospective recovery and examination of nucleic acids, constitute experimental
vecords. avoid the costs of photography, and allow easy densitometrical scanning of
DNA profiles for data analysis (Kirby, 1990). However. selectivity and

reproducibility are not as good as fluorescent labeling.

For the DNA electrophoretogram analysis after sliver staining. allele band
matching can be arduous if it is done by the eye and hand. Traditionallv. bands are
sized and matched directly on gels, autoradiographic or photographic tilms or
photecopies on transparency overlays. The presence. absence and intensity of a band
in particular location is noted relative to the weight standards. usually with the help
of rulers or alignment devices and a light box. Allele matching by eve and hand is
demanding and may suffer from error and bias from i‘n\'estigmor (Micheli and Bova.
1997). However. DNA fingerprinting requires a precise and obiective matching rule

lor declaring whether two samples match (National Research Council, 19929,

Nowadays. image analysis for DNA fingerprinting can now be autonyited
with appropriate hardware and software tools. The image can he recorded via o high
resolution video camera. scanning device. or phosphorimage analvzer. The IMage is
edited with appropriate software to reduce buckeround. to pertormy band alicament,
and band maiching. Automated image analvsis has increased the level of aceuriaey
with which fingerprints are analysed and has simplified enomoushy the wsk (Gitl o
al . TH. Some of the computer software have hccn developed Tor analysing sliver
staied images. such as “Kodak Digital Science 1D lmage Analvsis Software”
(Lastman Kodak Company. 1997). However. it has a number of limitations. For cach

mnge analysis. only one single molecular weieht standard (STR locus) can be
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analysed at one time and it does not provide the function of sex identification. So
more rapid image analysis system and software with more functions for the analysis

of DNA silver stained electrophoretograms should be developed.

In this work. a low cost image analysis system consisting of an IBM
compatible-PC and a flatbed scanner was set up for capturing the DNA gel pattern. In
addition. a software package called DNAEASY for Windows was developed for
manipulating DNA gel images. Comparing with other imaging mstruments. the
proposed image capture system is faster and cheaper and the DN A patterns can be
digitized for archiving purposes. Furthermore. the sofiware DNAEASY was designed
specifically for analvzing DNA silver stained gel patterns. [t can be used to determine
the matching of allele band positions in sample with siandard automatically within a
short time interval. Three STR loci are able to be analvzed at the same time with sex
identification provided. Moreover. the intensily of the altele bands are provided For the
Judgement of shutter bands. The results thus obtained are more accurate and objective

than those deduced from the conventional methods.

5.2 Method of Investigation

5.2.1 Principles of DNA Fingerprinting Analysis

Iy DINA figerprinting analysis. genomic DNA was sobated from samples
such as bloodstamns or buceal swabs from random individuals (Micheli and Bova,
1997). The DNA samples were quantified prior o amplilication using  the

polvmerase chain reactions-based polymorphisms in short tandem repear (PCR-STR)
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systems. Then, the amplified products were separated by gel electrophoresis and
detected by silver staining method. Image analysis of the gel images was carried out

after.

PCR is a DNA amplification technique which allows a million or nmore
copies of a short region of DNA to be easily made. It has been particularly useful in
the field of forensic science, where many biological evidence samples contain either
extremely small quantities of DNA, or degraded DNA. Because the quantity of DNA
fragment is amplified and improved. DNA fingerprinting can rely on methods of
detection that do not use radioactive substances. Furthermore. the technique of PCR
amplification permits the use of very small amount of tissue or bodv fuids.
thearetically even a single nucleated cell for sample preparation {National Rescarch
Council. 1992). In forensics. the quantity and quality of DNA in a sample can be
imporiant factors in deciding how to proceed with the analvsis of that sample,
Therefore. samples containing only a few nanograms of degraded DNA are more

suttable for analvsis by PCR methods (Walsh ¢r «f.. 1992).

STR loct are a class of polymorphic markers which ocear throughout the
human genome and consist of simple tandemiy repeated sequences of -6 bose pair
thpr i tengthe DNA proliling based on PCR amplitication ol STRs (PCR-STR
svstem) has the advantuge of being more sensitive than conventional weehnigues.
STR systems have been shown 1o be successtul in ivping material containing highly
degraded DNAL Furthermore, the ability to resolve STR amplilication products on
polvacrvlamide gels allows precise allele sizing (Kimption of o/ 1994 11 also

ciihances the ability w distinguish discrete alleles and it can co-amplily three TR
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toci in conjunction with the X-Y homologous gene Amelogenin for sex identification

(Sparkes, 1996).

After DNA is processed by the PCR-STR system. DNA amplification
fingerprinting (DAF) profiles are obtained. DAF profiles can be electrophoretically
separated in polyester-backed polyacrylamide gels by using a vertical. open-faced
horizontal or miniaturized electrophoretic unit. Sepélx"dti@ﬂ of the DNA fragments
which are produced by restricfion enzyme cleavage is carried out by conventional
sub-marine gel electrophoresis in agarous gels. The rate of the movement of the
tinear double-stranded molecules is directly proportional to the voliage applied and
inversely proportional to the log of molecular weight (Kirbv. 1990). After silver

staining. clearly resolved DNA fingerprints are obtained (Figure 2.1),

Figure 3.1 shows a DNA fingerprinting gel image after shver staining, The
direction of the electrophoresis was from the bottom 10 the wp of the gcl. fn this
work. the gel were separated into four regions. THOT. TPON wnd CSFIPO were the
three STR foci. And the Amelogenin was the X-Y homuojogous vene for sex
identification. They were developed from the bottom to the top of the lane. From the
left o the vight of the image. the gel was divided into twent-four lanes, Fieht of
them were size-markers (ladders) which are standard Tanes wsed ior comparison with

the sample individuals and monitoring the electophoretic ariations during the
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A DNA fingerprinting gel image after sliver staining.

Figure 5.1
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experiment. The other sixteen lanes were the sample lanes where indicating DNA
samples obtained from suspects. One ladder was placed between two sample lanes.
For the three loci in each ladder, the fragments of CSFIPO are the lightest whereas
“the fragments of TPOI are the heaviest. The lightest fragment in the CSFIPO locus
moved fastest to the highest of the gel and the heaviest fragment in the THO! locus
moved slowest and stayed at the lowest part of the gel. Each of them also contains
different molecular fragments of various weights themselves. Therefore. all the

fragments were separated after electrophoresis.

For ditferent bands in each locus, thev are known as alleles. Each allele is
assigned a number to indicate its molecular weight. For locus CSFIPO. there are 0
alleles with number ranging from 7-15. The lightest allele from the top is named
allele 13, Down to the bottom. the heaviest allele is named allele 7. In similar
principles. alleles numbers of TPOX and THOD with range 6-13 and 3-11 are
assigned respectively. Sample alleles molecular weight can be known afier mutching
the sample and ladder alleles. However. in the experiment. artitactual production of
“stwtter” bands are frequently observed (Stimson and Mertz. 1997). These shuuer
bids which have generally lower band intensitics are observed i the positions of
the sample alletes. From experts empirical point ol view. il the inensity of an allele
b lowver than 30% ol the maximum intensity ol the STR loct. it can be considered as
& stutler band and needed not be considered in the allele assizmment. They min

contuse the investigators in the judgement ol the allele matching.
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5.2.2 Image Capture and Image Processing of DNA Gel Images

[n this work, an image analysis system with an IBM PC compatible and an
optical scanner were utilized to capture DNA gel images. After Image acquisition,
images were imported into the developed software package. DNAEASY. to perform
the allele matching autmimtically. The results listed in the analvsis report inctude the
allele number matched for various loci in each sample together with its band
intensity provided and the sex type indication of the sample individual. The

algorithim of detection are listed as follows.

5.2.2.1 Matching of the Alleles between Sample and Ladder Lanes

To match the sample alletes with ladders. the First thing 10 do is w0 locate all
the positions of alleles in the three loci of the ladders. To start. user has 10 assign g
detection region. This detection region should be set 1o just contning all the sumple
and Jadder lanes, DNAEASY will then awtomatically separate each of the sample and
ladder Tanes (Figure 3.2). The houndary lines are in blue where the central lines of
the Tanes of the sumples and ladders are in green and red respectively, The central
lines are set right at the middle of the lanes. The grevievel values of the piscls
tocated at the Tudder central Tines are then determined and obtained. A sinple
grevievel plotacross the central of a ladder i shown in Figure 3.3 The s-uxis is the
Intensiy ol piseds and x-axis is the vertical position uf the pisels on the central line

from the top o the bottom of the gel image. Due 1o the iniensin change across

oY
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Figure 5.2 Screen layout of the DNAEASY
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Figure 5.3 Greylevel plot of a ladder across a central line
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different alleles, there are many peaks found in the plot. And the positions of those
peaks maxima are assigned to be po_;_itions correspond are the ladder alleles
positions. There are some split peaks appearing in real situation as shown in Figure
5.5. These split peaks will certainly affect the correct detection of the allele positions.
Data smoothing method such as Savitzky and Golay least squares procedures
(Savitzkv and Golay. 1964) was applied to smooth the curve. Figure 3.4 shows the
result of a selected curve with smoothing. All the split peaks disappear with the
proposed smoothing treatment. All the peak maxima and the alleles locations are
then determined by the first derivatives of the curves and are indicated by blue lines
(Figure 5.2). In the first derivative profile of the selected lane. the zero crossing point
represents the location of the peak maximum. The sample lanes and alleles positions
are detected similarly. Matching of detected allele bands in the sumple lanes are
completed by comparing the alleles positions with the standard ladder foci and the
alleles numbers of the detected bands together with band intensities are assicned and

reported respectively.

3.2.2.2 Determination of the Sex Type of a Sample Individual

The region numed Amelogenin in Figure 3.1 ts used tor sex identiticuiion,
Within this region. two bands can be identificd. The upper and lower hands
correspond to chiromosome Y and X respectively. ITDNAEASY detects two hands in
this region, the sex type is male for that sample. On the other hand. il only one lower

bund N 1s detected. the sex tvpe is female. The algorithm ol determination ol N and
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Figure 5.4 Smoothed greylevel plot of a ladder across a central line
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5.3 Experimental

5.3.1 Software Implementation

DNA gel images analysis was carried out by the software DNAEASY as
developed in the present work. DNAEASY can help the user to determine matching
between sample alleles and ladder alleles in various loci with known molecular
wetght automatically. Moreover. intensity of the matched alleles can be reported for
the determination of the stutter bands. Also. DNAEASY is able to identifv the sex

- . .o - . . L .
type of the sample individuals. The program was coded in Microsoft' Visual Basic
Version 3.0. Professional Edition (Microsoft Corporation. WA, US) under

. n .. I . . . . .
Microsoft - Windows 3.1 environment on a PC compatible with a 133Nz

. K . i - . - gre
Pentium - processor. ImageKnife/VBX 2.0 (Media Architects. Ine.. OR. US) was

also embedded in the program for graphic file maniputation.

Same as CIEPEASY (Section 3.5.1). DNAEASY provides a user-friendly
craphical interface for DNA gel pattern anafvsis (Fioure 320, All the functions have
their own pull down menus and icons. Major Functions and options available are
hsted in Tahle 3.1, DNA electrophoretic pattern can be imporied 0 DNAFASY in
BMPTIFE. GIF. PON. IPEG. DIB or TGA eraphic Tormuat. User may input sample
names Jor individual idcntiﬁcatioﬁ. Image processing functions such as contrast,
brightness. sharpness and sofiness adjustments are available. Rottion function s
alsa provided for image alignment. Background noise incurved during the experiment
can be reduced by noise reduction functons (Scction 3.2.2. Adter the user defines

the detection region by setting the boundary, matching ot the sample and fucder
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Table 5.1 Major functions available in DNAEASY

Options provided

Functions available

Image Processing

Noise Reduction

Image Analvsis

Reporting andk Archives

Adjustment of image size

Adjustment of zooming ratio

Adjustment of sharpness and sofiness
Adjustment of contrast and brightness
Conversion of a color image to that in gravscale

Rotation of an image

Rubber erasing
Noise bounding and cutting

Noise level exclusion

Determination -of sample and ladder alieles
positions with intenstty

Sex type identification of sample individuads
Grevievel intensiy plat tfer samplie and Jadder

lanes

Saving processed image

— . - - - " P . .
Exporting of report to Microsolt Write for Turther
manipulation and archives.

~J
L
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alleles, intensities of alleles and sex types will be determined automatically.
Moreover, DNAEASY is able to show g_r__fj‘ylevel intensity plots across the central of
lanes for both smoothed and non-smoothed curves (Figure 3.3 and 5.4). For visual
determination of alleles matching, greylevel intensity curves of sample and ladder
can be overlapped for comparison (Figure 5.5). With regard 10 data reborting and
archiving. images processed by DNAEASY can be saved in the form of PCX. TIFF.
TGA. IPEG, DIB or BMP graphic files. A hard copy of the image can also be
provided from printing The “Copy” and “Paste” functions available in DNAEASY
provide image exchange capability to other software packages such as Microsolt
Word or other image processing softwares. Moreover. information extacted from the.
image under study may be exported to Microsoft  Write for further data

manipulation and storage.

[n this investigation. images of DNA gel patterns as studicd in this work were
captured by a HP Scanlet lle flatbed scanner (Hewlet-Packard Company. US) ul a
resalution of' 73 dpi. All digitized images were stored using the BMP araphic format
with 236 grevscales. No image post-processing steps such as contrust and brightiness
adjustment were applicd on the scanned images. All scanned DN A lingerprinting gel

images were then imported and analvzed by DNAFASY.

3.3.2 DNA Fingerprinting Experiment

The DNA gel were prepared and provided by D, Law. MUY, and Dr. Chiu.

FLOT Tram Forensic Science Division. Hong Kong Government Laboratory, Tl
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Figure 5.5 Greylevel intensity plot shows overlapping curves of ladder and sample lanes.
The black and blue lines represent the ladder and sample profiles

respectively.
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fingerprinting experimental procedures consist of three parts and are described in the

following.

5.3.2.1 Genomic DNA Isolation and Quantiation

Genomic DNA were isolated from bloodstains or buccal swabs from random
individuals using Chelex extraction procedure-(Walsh ¢ «f.. 1991). DNA samples
were quantified prior to amplification using the slot-blot hvbridization method

{(Walsh er of.. 1992),

5.3.2.2 Amplificafion of Sample DNA

Co-amplification of the CSFIPO. TPOX. THOI loci and Amelogenin was
perlormed using the GenePrint™ STR System (Prumeg;l Corporation. Madison. W),
The PCR was carried out in 23ul reaction volumes contamning .3-1.0 ng template
DNA and (1L75 units of Taq DNA polymerase. The PCR reactions were placed into a
PTC-E00 thermal eveler (V) Research Inc. LIS}, It involves denaturation m 96°C Tor
2 mins and then 10 ¢veles of denaturation ai 94°C for | min: primer annealing ag
047C for b omin: and primer extension al 70°C For 1.3 min. Then the PCR was
continued [or 20 eveles of denaturation at 90°C for | min: primer annealing ul 64°C

lor T min: and primer extension at 70°C for 1.5 min.
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5.3.2.3 Detection of Amplified Products

Amplified products were separated by electrophoresis through a 0.4 mm
thick. 4 % denaturing poiyacrylamide gel containing 0.5x TBE and 7M urea. 2.5 ul
of cach sample was mixed with 2.5 pL of the loading solution (10mM NaOH. 935%
formamide. 0.05% b1'01116p]1€110| blue, 0.05% xylene cyanol), denatured at 95°C for 3
minutes. and chilled on ice prior to loading 5 uL of the mixture. The gels were
subjected to electrophoresis for 30 to 60 minutes prior to loading of the sample.
Electrophoresis was performed at 40W with the SA 32gel apparatus {Gibeo BRL.
Bethesda. MD) in 0.5x TBE for about 1.3 howrs at ambient temperature. The
developed electrophoresis DNA patterns were then flclecrecl by the sibver staining

method (Bassam er af.. 1991).

5.4 Results and Discussion

The DNA gel shown in Figure 3.1 was anahvzed by DNAEASY and the
results ol sample T was reported in Table 3.2 for the llustraion of the sotiware
competence. By visual determination of Figure 3.1 there e 2 dwek bands in
CSEISO Tocus. 2 dark bands in TPOX locus and | dark band in the TIHOT locus.
Morcover. there 1x a few gray bands appeared wround the two Jdirk bands of CSFISO.

These are the stutter bands (Figure 1). In the Amelogenin regivr, @ Tower band N was

vhserved showing that the sex type of sample 1is temale, Tn Table 3.2, the alleles

tound - that matched by DNAEASY in sumple | were  reported. [mage

79



Chapter 5

Table 5.2 Image Analysis Report of the DNA gel as shown in Figure 3.1

Image Analysis Report

Image information

File Path : ¢\98089.bmp

Image Format : BMP

Color : 256 grayscales

Dimensions : 490 x 332 pixels
Resolution of image : x- 75 dpi . y- 73 dpi

Analvsis Results

Sample 1

Loci : Allele No. (Relative Intensity in the same locus)
CSFIPO: 100 (100.0%)
CSFIPO: 990 (76.8%)
CSFIPO: 8.0 (4.4%)
TPOX: 9.0 (100.0%)
TPOX: 8.0 (69.0%)
THO1: 93 (100.0%)
AMG-: X (100.0%)
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information was also provided in the image analysis report. When comparing with
the results, DNAEASY located all the dark alleles and reported sex type correctly. A
grey band (allele 8} is also detected in CSF1SO. As the relative intensity is only 4.4%
when comparing to the darkest alleles in the same locus. it is easy to judge that the

allete is a stutter band coming from the artifacts during experiment.

An image analysis system was established with the use of an optical scanner
for image acquisition and the software DNAEASY as developed in this work for
image processing and analysis. Through which the efficiency on the determination of
DNA fingerprinting on silver stained gel is enhanced. The svstem produces accurate
matching within a shorter period of analysis time when compared with the human
visual nspection. The analysis taken by DNAEASY on the gel in Figure 3.1 take
only about 13 seconds for 16 samples. Morcover. when there is a large number of
sumples. repetitive analyses are tedious for visual determination. Human errors can
be minimized by using DNAEASY. As objectiveness and accuracy are of great
importance in the forensic science. image analysis by computer svstem is much more
objective than human determination especially in the judgement ol stutter bands,
Furthermaore. the proposed svstem provides an inexpensive wan for DNA analysis

and information such as images and reports can be saved Tor permanent records.

However. DNAEASY still has some limitations. The soltware supports only
the toct CSFIPOL TPOX and THOT and the sequence ol Janes where Tadder and
sample we placed in clectrophoresis s fixed. Improvements can be made o cope

with these limitations in future development.
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5.5 Conclusion

Image analysis technique was applied to enhance the DNA fingerprinting
analysis of sliver stained gels. The system is easy to use and inexpensive. The results
obtained are more accurate and objective and the analysis time is shortened when

comparing with the conventional methods.
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Conclusion
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Nowadays. image analysis is applied to different aspects of the society.
Instead of using conventional methods mainly through visual and manual operation,
image analysis usually enhance the extraction of essential information from images
obtained from various applications. The analysis time is shortened significantly and
human errors are minimized by avoiding repetitive manual measurements. Moreover.
more information can be extracted and the resﬁlts are more objective and
teproducible. In this research. image analysis is the framework and associated
methods  were developed and applied to studv two dimensional crossed
immunoelectrophoretograms and DNA  fingerprint electrophoretograms. A brief

summary of the results are given in the following.

n Chapter 3. image ahalysis technique was applied 1o study 2D-CIEP uel
patterns. Peak parameters such peak heights. migration distances. peak profile and
peak areas were extracted by the developed image analvsis svsiem with softwire
CHEPEASY automatically. A linear relationship was Tound between the Pk wrea
and the amount ol antigen present in a sample and is reported for the Tirst time in the
Hiterature. In Chapter 4. the system was applied to study abnormial 2D-CIEP patlerns
ol prothrombin in patients with lupus anticoagulant. Patients with u previous Nistory
ol thrombosis showed significantly reduced peak heights. In Chipier 30 the proposed
ihage analysis system coupled with the selt-deveioped sofiware DNALASY was
applied to enhance DNA fingerprinting analvsis. matching ol the DNA alleles ot (he
suspect and the standard automatically, Intensity of alleles and sex identilication

vesults are provided. More objective judgements can be oblaine!.
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In conclusion, image analysis was applied into different fields of chemical
and biochemical systems for information extraction to enhance the performance of
the existing methods. Image analysis is anticipated to be adopted more widely in the

other fields of chemistry and biochemistry in the future.
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