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Preface
Since the discovery by Hans Mutter that X-rays can induce mutations in fruit fly, a large

number of environmental agents have been found to be mutagenic in some life form or the other,

including the mammals and human cell lines. The progress on the structure and organization of the

genome has also revealed its vulnerability to endogenous and exogenous influences, contrary to the

earlier belief that the genetic apparatus is a highly stable entity. A considerable proportion of human

disease burden originates from spontaneously occurring gene and/or chromosomal mutations. Both

numerical and structural chromosomal changes, involving autosomes and sex chromosomes are

known to be associated with several well-known genetic syndromes and inborn disorders. Analysis of

human chromosomes for numerical and structural changes remains the main tool for elucidation of

the influence the environmental stresses on the genome at individual and population levels. Since, a

dicentric chromosome continues to be a marker for ionizing radiation, cytogenetic analysis remains

the most reliable method for biological dosimetry, during radiation exposure. However, chromosome

analysis is a tedious, time-consuming process and requires a great deal of expertise and commitment

on the part of the cytogenetisist. Therefore, a need for an automated system for cytogenetic analysis

has always been felt. With the recent developments in the field of microelectronics, high-resolution

optics and high-speed computers, there is revival of interest in developing imaging systems for

chromosomal analysis and other cytological applications. At BARC, in the Cell Biology and several

other Divisions, cytogenetic analysis of human and rodent chromosomes is being carried out to

address various issues under different programs. At the field laboratory, Kollam, a large group of

cytogeneticists are engaged in the assessment of effect of high level background radiation on human

chromosomes in the new born and adult population. The few systems that are available commercially

for automatic metaphase finding and semi-automatic karyotyping are not only prohibitively costly but

needs upgradation from time to time. It is well appreciated that automated image analysis is a

support system and not an alternative to the cytogeneticist. However, these systems can profoundly

enhance the speed of analysis and considerably reduce the stress on the cytogeneticist. A great

efficiency is accrued through automated recording of data, its storage and direct linkage with central

databases for analysis and graphics. The software presented in this report is a step in this direction

and efforts are underway to add more features for wider applications.

P.S.Chauhan
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Abstract

The paper describes a Digital Image Processing System, developed indigenously at

BARC for size measurement of microscopic biological objects such as cell, nucleus and

micronucleus in mouse bone marrow; cytochalasin-B blocked human lymphocytes in-vitro;

numerical counting and karyotyping of metaphase chromosomes of human lymphocytes.

Errors in karyotyping of chromosomes by the imaging system may creep in due to lack of

well-defined position of centromere or extensive bending of chromosomes, which may result

due to poor quality of preparation. Good metaphase preparations are mandatory for precise

and accurate analysis by the system. Additional new morphological parameters about each

chromosome have to be incorporated to improve the accuracy of karyotyping. Though the

experienced cytogenetisist is the final judge; however, the system assists him/her to carryout

analysis much faster as compared to manual scoring. Further, experimental studies are in

progress to validate different software packages developed for various cytogenetic

applications.

/. Development of Digital Imaging System for Cytogenetic
Analysis.

LI. Introduction

Application of imaging techniques for cytogenetic analysis goes back to 1960s during

which several instruments e.g. densitometers, TV monitoring systems, etc were devised

and/or applied for chromosome research (Carlson et al. 1963; Mendelsohn et al. 1966).

Digital imaging techniques for cytogenetic analysis have drawn considerable attention all over

the world. First computer-based imaging system for human chromosome analysis was



developed in 1976 (Castleman & Melnyk 1976). This system was developed for automatic

scanning of good metaphases and chromosome karyotyping. However, the system was not

much used due to the limitation of accuracy. Due to recent developments in the field of

microelectronics, imaging and computational power, there is revival of interest in the field of

imaging techniques all over the world, to develop and perfect systems for karyotyping and

other cytogenetic applications on human and mammalian chromosomes.

Cytogenetic analysis of metaphase chromosomes and micronucleated cells, from

mammalian and human systems, are being increasingly used in the field of radiation and

chemical mutagenesis. Chromosome aberrations, particularly exchanges, such as dicentrics

and rings are very specific biomarkers of radiation exposure and are used for biological

dosimetry in accidental radiation exposed cases (Salomaa et al. 1997). Micronucleus assay

(MNA), a relatively faster and equally sensitive technique as metaphase analysis, is also

widely used in the field of biological dosimetry (Countrymann and Heddle, 1976, Fenech and

Morley, 1985). Specialized techniques; e.g. G-, Q- R-, high-resolution banding and the

molecular cytogenetic technique, fluorescent in-situ hybridization (FISH), are increasingly

being used to detect precise changes in individual chromosomes (Dauwerse et al. 1992).

1.2. Objectives

An indigenous digital imaging system is being developed at this Research Centre for

cytogenetic analysis. The software (Cyto-Pro) has been developed for numerical counting and

karyotyping of metaphase chromosomes and (Cell-Pro) software has been developed size

measurement of cellular components in rodent and human cells including erythrocytes and

lymphocytes. These software packages have been developed to perform the following

measurements.

1. Size measurement of cell, nucleus, nuclear/cytoplasm (N/C) ratio, and micronucleus area.

2. Numerical abnormalities of chromosomes :

Aneuploidy: e.g. 2n+l, 2n+2,2n-l, 2n-2, etc.

Euploidy: e.g. 4n, 6n, 8n, etc.

3. Karyotyping of human chromosomes.

1.3. System description
1. Leitz Orthoplan Microscope, with 0.5x camera adapter lenses.
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2. P-U 400 MHz Computer with CD writer for image storage.

3. High-performance 3 CCD color video camera: (KY-F55BE 3 CCD, JVC Japan).

4. Flash bus™ MV Video Frame Grabber, INTEGRAL TECHNOLOGIES, INC

Indianapolis, Indiana, USA.

5. UMAX Astra 1220 S Scanner with Transparency Adapter.

6. HP DeskJet 880C Printer

This system supports colour image acquisition, processing and printing in Windows

environment. The system is compatible with Origin software, Ver. 4.1, and can be used for

statistical calculations and graphics. The image processing software supports convolution,

standard filters, and edge detectors. Histogram based processing, morphological operations,

arithmetic, logical and geometric operations are also supported. Interactive and auto

thresholding for segmentation; global and local interactive measurement functions are also

provided. Image processing functions from this library have been extensively used to develop

this system.

L4. Methodology

A high-performance 3 CCD color video camera is coupled to the microscope. The camera

consists of a lens, which focuses the light on the sensor e.g. Charge Coupled Device (CCD).

The CCD consists of a large number of interconnected discrete photosites (Pixels) in a

rectangular array which accumulates analog electrical charges based on the quantity of light

received. For high-resolution images, we have used three chip (also called 3 CCD or RGB)

camera. The KY-F55B camera is 1/3-inch 440,000 pixel CCD with one-chip lens. The KY-

F55B camera gives a high quality picture with a S/N ratio of 58 dB and sensitivity of 2000

lux at F5.6. It has a horizontal resolution of 750 lines.

A PC based; Flash Bus™ MV Video Frame Grabber has been incorporated into the

system. The purpose of the frame grabber is to get data from the camera and transfer the same

to the computer memory. The computer CPU uses this information for further processing.

FlashBus MV uses the PCI bus for real-time transfer of video signals to system memory. The

PCI bus has a theoretical data transfer rate fast enough for real-time transfer of video data.

A typical set of processing operations includes image acquisition, pre-processing, and

segmentation analysis of parameters and object classification. A video camera provides a

video signal of the sample under microscope or from a photograph. A PC-based frame

grabber board digitizes this signal and stores the images into the computer. A high-resolution



video camera and a frame grabber ensure acquisition of images without loss of useful

information from the samples.

The system includes several processing functions to sequentially process the images

for analysis. These operations can either be performed automatically one-after-another

without any human operator intervention or can be carried out interactively by observing the

processing results at each stage and modifying the processing parameters.

The acquired images have to be pre-processed to remove acquisition artifacts for

improving the picture quality. The signal to noise ratio is improved by frame averaging

technique. The fluctuations in supply voltage of a microscope lamp or other illumination

sources cause the gray level/color variations in the acquired images. These shading

corrections have to be carried out to compensate for non-uniform illumination across the

samples.

Next step of processing is to separate the objects (cells / chromosomes / micronuclei)

from the background using a thresholding technique. The system allows either interactive

setting of threshold or quicker auto-thresholding method based on Gaussian bi modal

histogram model. Measurements performed are in pixel units. The system has to be calibrated

to find the scaling factor with respect to camera and microscope setup. Cells, nuclei,

micronuclei can now be measured and also ratios of their dimensions are available. Point and

click operation facility is available for measurements.

/. 5. Methods for preparing cytogenetic specimens

I.S.I. The micronucleus test in mammals

The micronucleus test, initially developed by Schmid and Heddle independently in

early 1970's, is being increasingly used to assess the clastogenic effect of ionizing radiation

(Jenssen and Ramel, 1976; Chaubey et al. 1978a) and chemical mutagens in mammalian

(Schmid, 1975; Heddle, 1973; Chaubey et al. 1978b, 1993; Morita, T. et al. 1997).) and human

lymphocytes in vitro (Fenech and Morley, 1985). The test serves as an useful indicator of

cytogenetic damage and till to date has proved to be a convenient and rapid method for

detecting radiation and chemical induced chromosomal damage in vivo in mice with about the

same level of sensitivity as that of bone marrow metaphase analysis (Schmid, 1975).



1.5.2. Principle of micronucleus test

The test is based on the principle that chromatin fragments, which may be, produced

by the clastogenic agents or spindle poisons lag behind during anaphase due to chromosomal

breakage and spindle malfunction and are not included into the nucleus of the daughter cells.

These small fragments of chromatin or even whole chromosome subsequently give rise to

micronuclei, which are present in the cytoplasm of the daughter cells.

/. 5.3 .Procedure

1 Animals are exposed to radiation or chemical mutagen

2. After the schedule treatment, animals are sacrificed by cervical dislocation and femur

bones are removed and cleaned by cotton gauge from the adhering muscle and tissue.

3. Bone marrow is aspirated slowly into a centrifuge tube containing fetal calf serum (FCS)

using 25 g needle.

4. Bone marrow is aspirated and centrifuged at 1000 rpm for 5 min and supernatant is

removed with the help of a Pasteur pipette.

5. The sediment is mixed thoroughly with the help of Pasteur pipette and smeared onto a

clean slide.

6. The air-dried smears are stained in May-Grunwald Giemsa and mounted in DPX or

euparal (Schmid, 1975; Chaubey et al, 1993).

1.6. Cytochalasin B-blocked micronucleus test

1.6.1. Lymphocyte culture

1. About 5.0 ml of human peripheral blood is collected aseptically in heparinized vials and

lymphocyte cultures are set up in sterilized plastic tubes.

2. To 100 ml RPMI-1640 culture medium, 1.25 ml L-glutamine (200 mM), 0 1 ml 2-

mercaptoethanol (stock: 0.35 ml of pure 2-mercaptoethanol in 100 ml triple distilled water

and membrane filtered) and 1.0 ml Penstrep (to the vial, 20.0 ml sterile distilled water was

added, stock solution: Penicillin, 5000 I.U./ml and streptomycin, 5000 ug/ml). From this

bottle 4.0-ml medium, 1.0 ml FCS, and 0.4-ml whole blood sample are added to each

culture tube. Cultures are stimulated for mitosis by adding 0.2 ml of PHA (vial containing

PHA were diluted by adding 5.0 ml sterile double distilled water). Duplicate cultures are



set up at each dose point. Cytochalasin-B (stock solution: lSug/ml), 0.3 ml is added to

each culture tube 44h post stimulation with PHA.

/. 6.2. Harvesting of cultures, slide preparation and staining

1. After 72 h of incubation, cultures were transferred to centrifuge tubes and spun at low

speed (500 rpm) for 3 to 4 min.

2. The supernatant was removed with the help of Pasteur pipette and chilled hypotonic

solution (KC1, 0.56%) was added slowly and put for centrifugation at 500 rpm for 4 to 5

min.

3. Cells were fixed in methanol: acetic acid (3:1) and laid on chilled slides and air-dried.

4. The air-dried slides were then stained in Giemsa (Fenech and Morley 1885; Subha Venkat

et a l l 996).

/. 7. Human metaphase chromosome analysis

Cytogenetic analysis of metaphase chromosomes has provided valuable information

about various abnormalities and their frequencies in human population. Human peripheral

lymphocytes were first cultured successfully in vitro by Hungerford et al. (1959). In

subsequent years phytohaemagglutinin (PHA) was discovered and was used as a mitogen by

Nowell in 1960. This was followed by the development of air-drying method for metaphase

chromosome preparation (Moorhead et al. (1960). This improvement in the technique for

metaphase chromosome preparation allowed better identification of each chromosome, which,

led to the identification of Philadelphia chromosome in chronic myeloid leukemia (Nowell

and Hungerford, 1960). This was followed by identification two autosomal trisomies, which

were later identified as trisomies 13 and 18 (Patau et al. 1960). In subsequent years, Schroeder

et al. (1964) and German et al. (1965) identified genetically controlled increased chromosome

instability in Fanconi anemia and Bloom syndrome, respectively. Period between 1968 to

1975 marked the introduction of various banding techniques, which allowed unequivocal

identification of all human chromosomes (Caspersson et al. 1968). In 1981 Ynuis, introduced

high resolution banding technique. Late 1980's witnessed the development of non-radioactive

in situ hybridization methods for chromosome painting. These landmark developments in the

field of cytogenetics made it possible the use metaphase analysis and karyotyping for various

applications in the field of radiation and chemical mutagenesis including clinical cytogenetics.



/. 7.1. Method for human lymphocyte culture and metaphase preparation

Human peripheral blood lymphocyte cultures are setup as described in case of

Cytochalasin-B blocked micronucleus test. In case of metaphase preparation, Cytochalasin-B

is not added to the cultures. Instead, colchicine (0.2 ug/ml) is added at 48 h of culture and

harvested 4 h later. Cells are subjected to hypotonic treatment (0.56% KC1) for 15 min and

fixed in methanol: acetic acid (3:1) for 15 min. Cells are washed twice in fresh fixative. Slides

are prepared by air drying technique and stained in Giemsa (Eastmond & Pinkel, 1990).

L8.Results

1.8.1. Scoring of slides for micronuclei or micronucleated erythrocytes

Coded slides are scored for the presence of polychromatic erythrocytes (PCEs) and

normochromatic erythrocytes (NCEs) with or without micronuclei to estimate the frequency

of micronucleated erythrocytes (mn-Es). The same slide can also be used for measuring the

size of erythrocytes or micronuclei using Digital-imaging system.

Fig. 1 .Top two panels shows the micronucleated erythrocytes from the bone marrow

of gamma irradiated AKR mice. The bottom panel shows the image window, dialogue

window for image processing and the result window showing the values of the measurements.

Further examples are displayed in Fig. 2, which shows the micronuclei in cytochalasin B

blocked bi-, tri- and quadrinucleated lymphocytes from human peripheral blood. Nuclei and

micronuclei in these lymphocytes can be measured quantitatively using CytoPro package

developed at BARC. Fig. 3 shows a micronucleated binucleate lymphocyte from human

peripheral blood, the dialogue box for various operations for digital imaging and the result

window, showing the size of nuclei and micronucleus.



1.8.2. Chromosome karyotyping

The software for karyotyping of chromosomes uses shape features. Based on position

of centromere chromosomes are classified as metacentric, acrocentric and sub-metacentric.

Metacentric chromosomes have centromere roughly in the middle. Acrocentric chromosomes

have centromere very near to one end. This gives very short p-arms and these generally end in

structures called satellites. Sub-metacentric chromosomes have the centromere positioned

between these two extremes.

Cytogenetic nomenclature of human chromosomes is decided by the Standing

Committee on Human Cytogenetic Nomenclature, which regularly reviews the data and

update the system (1985). Their Report is called "International System for Human

Cytogenetic Nomenclature (ISCN). According to ISCN (1985) human chromosomes are

classified into seven groups:

• Group A: Chromosome pairs 1-3 (large metacentric chromosomes).

• Group B: Chromosome pairs 4-5 (large sub-metacentric chromosomes).

• Group C: Chromosome pairs 6-12, plus the X-chromosome(s), (medium sized sub-

metacentric chromosomes).

• Group D: Chromosomes 13-15 (medium-sized, acrocentric chromosomes).

• Group E: Chromosomes pairs 16-18 ( pair 16 is metacentric and pairs 17-18 are sub-

metacentric)

• Group F : Chromosome pairs 19-20 (short metacentric chromosomes).

• Group G: Chromosome pairs 21-22 plus the Y-chromosome (pairs 21 and 22 are short

acrocentrics with satellites and the Y- chromosome is similar in size and shape but does

not have satellites.

For karyotyping of human chromosomes, various procedures such as image

acquisition, pre-processing and segmentation operations have to be executed. The software

provides image-editing facility to take care of touching chromosomes; and cut, copy and paste

facility for taking care of overlapping problem of chromosomes. Each feature is labeled with a

tag and feature specific measurements are performed on chromosomes with facilities to

exclude features smaller than the desired size; load chromosome data on structure i.e. width,

height, length, area; location in the image, centromere position and count; and short arm to

long (p/q) ratio of chromosomes.



Fig. 4 shows a normal human metaphase chromosomes stained with Giemsa dye. Fig

5 shows an abnormal metaphase with different types of structural chromosomal abnormalities,

such as chromatid breaks, chromosome breaks fragments, etc. Fig. 6 shows an image display

window and a dialogue window for various operations such as thresholding, editing, changing

the orientation, enlargement and reduction of image; numerical values for length and p/q ratio

of each chromosome, etc. Here the chromosomes are arranged on the basis of the length and

p/q ratio. Fig. 7 shows a karyotype of human metaphase chromosomes in to various groups as

per ISCN system (1985) and the dialogue window for various operations for karyotyping.

1.8.3. Numerical counting of chromosomes

1. For numerical counting of chromosomes in any metaphase plate, the slide is scanned at

1000X magnification and suitable plate is focussed under the microscope.

2. Light intensity is adjusted to obtain proper image of chromosomes and a clear

background.

3. Area of interest is selected. The image of metaphase is acquired and stored in a file as in

the case of micronuclei area measurement.

4. Software program provides editing facility i.e. if any two or more chromosomes are

touching each other due to technical problem of metaphase preparation, they can be

separated manually and number of chromosomes can be counted.

1.9. Single-cell gel electrophoresis

Single cell gel electrophoresis (SCGE) or the comet assay is a relatively new

technique developed for monitoring DNA damage in individual cells both in vivo and in vitro

(Singh et al. 1991). In this technique the cells are lysed at 4° C and treated with proteinase K

at 37°C and electrophoresis is carried out in a horizontal electrophoresis unit. The cells are

stained with DNA specific fluorescent dye e.g. propidium iodide or ethidium bromide and

observed under fluorescent microscope with suitable filter set. Migration of DNA fragments

measurement is taken as the criteria of genetic damage. Fig. 8 shows the area measurement of

DNA from control and treated nuclei following single cell gel electrophoresis. The figure

shows the area measurements in control nucleus, damaged nucleus, dialogue box and the

result window.
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/ / . Validation of CytoPro System for area measurement of

microscopic cellular components (R. C. Chaubey).

ILL Measurements on the size of micronuclei in bone marrow erythrocytes of

cyclophosphamide treated Swiss mice.

Present study was carried out to validate the software Cell-Pro developed or area

measurement of micronuclei. Adult Swiss male mice, 10 to 12 weeks old, were injected i.p.

with 6.5, 13,26, 52, 78 and 104 mg/kg body weight of cyclophosphamide.

Table 1. Effect of Cyclophosphamide (CP) on the size of micronuclei in bone marrow
erythrocytes of Swiss mice using the software Cell-Pro.

Treatment
CP (mg/kg)

Control

Saline cont.

6.5

13.0

26.0

52.0

78.0

104.0

Mean
size of
MN
0.791

0.781

1.071

0.885

1.347

1.085

0.944

1.389

N

72

72

90

93

96

96

102

108

Variance

4.06E-4

0.00358

3.15583E-4

0.00264

0.0069

0.0028

0.0119

0.0041

F-value

0.0953

433.824

11.741

169.3197

108.366

7.5534

321.0586

p-value

0.76793

7.9744E-7

0.01403

1.2690E-5

4.6041 E-5

0.03336

1.9428E-6

Significance

NS

P<0.001

P< 0.05

P<0.001

P<0.001

P<0.05

P<0.001

N = Represents total number of micronuclei measured for area determination. Each dose point is

mean of four independent measurements. Statistical analysis of data was carried out by one-way

ANOVA using a computer program.

Twenty-four hours post-treatment, animals we sacrificed and bone marrow smears

were made and stained in May-Grunwald Giemsa. Three mice were used per group. The

micronuclei are predominantly seen in polychromatic (young) erythrocytes, which is

generally used for frequency measurement of micronucleated erythrocytes in mutagen treated

rodents. In the present study, micronuclei in both polychromatic and normochromatic

erythrocytes, were considered for area measurement. Measurements were repeated four times
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on each micronucleus to check the reproducibility of the system. A total of 727 micronuclei

were subjected to area measurement for validating the software. The data were analyzed,

using both t-test and one-way ANOVA, using a computer program supported by the present

software. There was no significant difference in the size of micronuclei between controls

(0.791 u 2 ) and saline (0.781 u2) treated groups. A dose-dependent increase in the size of

micronuclei was observed in the CP treated groups as compared to control group, however,

there was a lack of linearity of dose-response relation ship. Fig. 9 and Fig. 10 shows the

distribution of micronuclei based on size in mouse treated with 13 and 26 mg/kg body weight

of cyclophosphamide. Fig. 11 shows a plot of the mean size of micronuclei in different groups

of mice treated with different doses of cyclophosphamamide. The data clearly show low

variability between the measurements. Go-efficient of variation (CV) in control and saline

treated groups were found to be 0.0252 and 0.0769, where as in the treated groups CV was

0.0168, 0.0576, 0.0616, 0.0488, 0.1155 and 0.0461 at 6.5, 13.0, 26.0, 52.0, 78,0 and 104.0

mg/kg dose of CP, respectively.

II. 2. Studies on size variation of micronuclei in different strains of mice

exposed to gamma rays using the software package Cell-Pro.

II. 2.1. Studies on size measurement of radiation induced micronuclei in bone

marrow of female AKR mice.

Several workers (Reinhord et al. 1954; Grahn & Hamilton 1957) have amply

demonstrated differential sensitivity of various mouse strains to ionizing radiation with regard

to LD50. Broggs et al. (1978) has reported differential pattern of erythropoiesis following

whole body irradiation in two different strains of mice. More recently, strain specific

differences in the levels of radiation induced apoptosis, a DNA damage mediated

phenomenon, has been reported in crypt cells (Weill et al. 1996). and thymocytes (Mori et al.

1991). During the present study, we have investigated relative sensitivity of adult AKR

female mice to gamma rays using size of micronuclei, a relatively newer parameter for

genotoxicity studies, and their distribution profile in bone marrow erythrocytes.

Adult AKR female mice were used in this study. Groups of mice were exposed to

12.5, 25.0, 50.0 and 100.0 cGy gamma rays at a dose rate of 45.0 cGy/min. Measurements on

the size of micronuclei was performed on bone marrow erythrocytes. Three mice were used

per group. An untreated control group was also included in the study. Bone marrow smears



12

Table 2. Frequency of bone marrow micronucleated polychromatic erythrocytes in gamma

irradiated female AKR mice using Ceil-Pro software

Gamma

rays (cGy)

Control

12.5

25.0

50.0

100.0

Mean

%•

PCEs

2.16

9.15

16.78

21.38

25.91

SD

0.572

293

5.92

6.429

4.100

Variance

0.3267

8.5833

35.0467

41.3308

16.8162

t-Value

4.0540

4.25765

5.1587

9.9367

p-Value

0.01542

0.01308

0.006

5.7598E-4

N

3

3

3

3

Significance

Sig. (0.05)

Sig. (0.05)

Sig. (0.01)

Sig. (0.001)

Statistical analysis of data was carried out using two-tailed t-test. N •= Number of animals used at each

point Sig. = Significantly different from the control.

Table 3. Gamma ray induced micronuclei in bone marrow of female AKR mice: A study on

size measurement using Cell-Pro software

Gamma

rays

(cGy)

Control

12.5

25.0

50.0

100.0

Mean

size of

MN

0.98867

0.97433

1.12433

1.04733

1.09033

SD

0.524

0.314

0.544

0.548

0.386

Variance

0.01726

0.00143

0.01597

0.01186

0.00817

t-Value

-0.18157

1.28903

0.59541

1.0423

p-Value

0.86475

0.26688

0.58362

0.33145

N

3

3

3

3

Significance

N.S. (0.05)

NS (0.05)

NS (0.05)

N.S. (0.05)

Statistical analysis of data was carried out using two-tailed t-test. N = Number of animals used at each dose

point. N.S. = Not significant as compared to the control.

were made and stained May-Grunwald Giemsa. Coded slides were screened at 1000 X

magnification for micronuclei area measurement.
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Data on the frequency of micronucleated polychromatic erythrocytes (mn-PCEs) in

bone marrow of AKR mice is presented in Table 2 and Fig. 12. There was a dose

dependent increase in the frequency of mn-PCEs. Data was statistically evaluated

for t-test using a computer program. The data file can be imported for statistical

evaluation without refeeding of data.

Table 4. Distribution of micronuclei based on size in bone marrow of gamma irradiated AKR
female mice.

Parameters

Total MN
scored. (N)
Min.
(Sq.mic.)
Max.
(Sq.mic.)
Median

Range
(Sq.mic.)
0.25

0.75

1.25

1.75

2.25

2.75

3.25

3.75

4.25

4.75

Control

29

0.33

2.37

0.60

3

15

5

4

2

0

0

0

0

0

12J5 cGy

94

0.4

2.03

0.50

4

51

33

5

1

0

0

0

0

0

25.0 cGy

105

0.38

4.53

0.51

3

45

41

11

3

1

0

0

0

1

50.0 cGy

107

0.34

4.16

0.50

4

59

30

7

3

2

0

0

1

0

100.0 cGy

107

0.4

2,51

0.51

3

46

42

13

2

1

0

0

0

0

There was statistically significant increase in the frequency of mn-PCEs. Table 3,

shows the size of micronuclei in bone marrow erythrocytes of AKR mice exposed to gamma
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rays (12.5 to 100 cGy). There was a dose dependent increase in the size of micronuclei, but

the difference was not statistically significant as compared to the control group.

Table 4, shows the distribution of micronuclei in bone marrow erythrocytes of AKR

mice exposed to different doses of gamma rays. Though the minimum size of micronuclei in

treated group was higher than the control but the difference was not statistically significant. If

one looks at the maximum size of micronuclei in control and treated groups, no difference

was observed between control and treated groups except at 25 and 50 cGy exposed groups.

II.2.1Effect of gamma rays on the size of micronuclei in bone marrow

erythrocytes ofCsiBrCd mice.

During the present study, we have investigated relative sensitivity of adult Cs7BrCd

female mice to gamma rays using size of micronuclei, a relatively newer parameter for

genotoxicity studies, and their distribution profile in bone marrow erythrocytes. Adult

Cj7BrCd female mice were randomly distributed in to five different groups and exposed to

whole body gamma radiation at 12.5, 25.0, 50.0 and 100.0 cGy dose, using a ^Co-

Teletherapy machine, at a dose rate of 45 cGy/min. Three mice were used per group. A sham

Table 5. Gamma rays induced micronuclei in bone marrow of female Cs7BrCd mice. A study
on size measurement.

Treatment
(cGy)

Control
12.5
25.0
50.0
100.0

Mean
size
OfMN
0.934
0.759
0.820
0.935
0.955

SD

0.162
0.086
0.045
0.083
0.056

Variance

0.02611
0.0074
0.00206
0.00698
0.00309

F-value

2.75206
1.38389
4.0295 E"5

0.04247

p-value

0.1724
0.3046
0.99524
0.84678

N

3
3
3
3

3

Significance

NS (0.05)
NS (0.05)
NS (0.05)
NS (0.05)

Statistical analysis was carried out by One way ANOVA, using a computer program.

irradiated group of mice served as the untreated control. Twenty-four hours post irradiation,

animals were sacrificed and processed for bone marrow smears and stained in May-Grunwa!d

Giemsa. Coded slides are being used for size measurement of micronuclei at 1000X

magnification under oil. On an average 30 to 35 micronuclei per animal are used for size

measurement.
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However, in case of irradiated mice, no significant increase in the mean size of

micronuclei between control (0.9349 u2) and test groups was observed, the values being 0.759

u2, (12.5 cGy) 0.820 u2 (25 cGy), 0.935 u2 (50 cGy) and 0.955 u2 (100 cGy). Table 5 and

6shows the distribution of micronuclei in control and gamma irradiated C$7BrCd mice.

Table 6. Distribution of micronuclei based on size in bone marrow of gamma rays irradiated
C57BrCd mice.

Parameters
Total MN
scored (N)
Min
(Sq.mic.)
Max.
(Sqmic.)

Median
range

Range
(Sq.mic.)

0.25
0.75
1.25
1.75

Control
34

0.45

1.58

0.68-0.93

2
18
11

12.5 cGy
58

0.34

1.82

0.55-0.61

6
43
8

25.0 cGy
93

0.35

2.25

0.49-0.63

7
67
17
1

50.0 cGy
107

0.14

2.50

0.54-0.72

4
69
27
2

100.0 cGy
113

0.23

2.48

0.55-0.73

6
63
38
2

Number of micronuclei in the range of 1.26 u2to 1.75 u2 was observed only in case of

mice exposed to 25 cGy doses of gamma rays. Data on size variation in different strains of

female mice is in progress.

///. Discussion
Scoring of chromosomal abnormalities and karyotypic analysis of metaphase

chromosomes has several applications in the field of genetic toxicology, clinical and cancer

cytogenetics. These genetic end points are important and standard parameters to investigate

cytogenetic effects of ionizing radiation and environmental genotoxicants. Image processing

system is a powerful tool and can generate these data much faster than the manual scoring but

the accuracy of imaging technique for karyotyping has to be further improved. Image
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processing techniques are also being applied in the field of plant cytology and chromosome

studies (Fukui 1985, 1986). Weber et al. (1992), have compared the time required for

chromosome analysis for biological dosimetry, between manual scoring and imaging

technique for metaphase finding (Metafer2). They have found a time saving factor of 1.9

between manual scoring and analysis by imaging technique. Image analysis of chromosomes

enables to identify parameters like length and arm ratio. It also allows measurement of

condensation pattern (CP) of chromosomes, i.e. density distribution along the length of

chromosomes which varies between chromosomes and this may provide valuable information

on the chromosomal structure and may help in the identification of each chromosome more

accurately (Fukui and Mukai, 1988). The system can also be used to analyse banded

chromosomes by defining the density distribution along the chromatids or midribs of the

chromosomes effectively and helps to determine the position of each band very precisely

(Matsuno et al., 1985). Facility to give pseudo colours to chromosomes, based on density

values of the pixels, reveals small constrictions and gaps on the chromosomes far more clearly

compared with the original black and white images ((Fukui and Ito, 1985). Rapid

developments in the field of imaging techniques in cytogenetics are likely to change our

current knowledge about the chromosomes in the near future.

IV. Advantages of Digital Imaging System

Digital Imaging System for cytogenetic analysis provides several advantages. The

software allows wide range of image enhancement operations, powerful image measuring

tools, quantitative measurements, complete set of morphological operations, time and

frequency domain processing; storage and retrieval of images; scanning, verification of

results, statistical analysis and a user friendly graphical interface. The software has been

developed and requires validation for various applications. The software has already been

validated for area measurement of micronuclei.
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VI. Appendix I

VI. 1. Image analysis techniques used in the application.

This section describes the details of various imaging techniques utilized for

developing the software for digital imaging for cytogenetic analysis. Figure 13 shows the

block diagram of the Digital imaging System. Figure 14 shows various steps e.g. centromere

detection and chromosome straightening methods used for karyotyping of chromosomes.

VI. 1.1. Median filtering

Pixel value is substituted by median value of its neighborhood The median value of a

set of numbers is an element, which lies at the center if all elements are arranged in ascending

or descending order. Though it requires sorting of elements, it has advantage that it preserves

edges while removing noise.

VI. 1.2. Backgroundsubtraction

Background value is determined by K value of structuring element. This K value is the

¥^ entry after pixels are arranged in ascending order. The structuring element has to be

larger than any feature size. This background correction is useful against any non-uniformity

in illumination.

VI. 1.3.Auto thresholding

Purpose of segmentation is to divide an image into meaningful regions. For

karyotyping it is essential to separate chromosome from background. The histogram of image

with these two principal regions is sum of two uni-modal densities. One for light and other

for dark regions of image. To segment image optimally we have to find the valley point in the
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histogram. The mixture of statistical parameters is proportional to the areas of the picture of

each brightness. Supposing the image contains with additive Gaussian regions, then the

mixture probability density function is

P(z) = Gaussian 1 +Gaussian2;

If variances are equal that is a2 = ai2 = O22

Optimal threshold = (uj + u2)/2 +O2 In (P2/Pi)/((|ii - u2))

Whereas Pi , ui , ai and P2 ,U2 ,02 are probability, mean and variances of the two

distributions.

VI. 1.4. Separation of touching features

The touching chromosomes are selected by pointing mouse and eroded till they are

separated. The chromosomes are then geodisically dilated to their original shape with the

condition that they do not touch again.

VI. 1.5. Labeling of connected components

The labeling is divided in two step process. First is to identify seed point and second is

iterative procedure to label the feature. Image is scanned from, left to right and from top to

bottom to search for seed point. When this is seed point is found a feature number is marked

in label image. Also neighbors of these pixels are checked and labeled if found one. Once a

point is labeled it is cleared off from binary image. Thus the same pixel will not be labeled

again. The process of labeling neighbors is continued till the feature is completed.

VI. 1.6. Feature-specific measurement

Principle axis

A precise measure of orientation may be obtained from axis of minimum moment.

This is axis around which the feature has its minimum rotational moment. It can be calculated

from arc tangent of X and Y moments, which can be determined as part of centroid location

calculation.

Mxx =2j ( i -Xc) 2

Myy =Xj(j-Yc)2

Mxy = EiSj (i-Xc) (j-Yc)

Angle = XA arctan(2Mxy/(Mxx-Myy));
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Alignment with Y axis using geometrical rotation

Coordinates after image rotation, at the center of feature can be obtained by

Xow = cos 9 (Xnew -Xo) + sin 0 (Ynew-Y0) + Xo;

Yo,d = -sin 9 PC™ -Xo) + cos 0 (Ynew-Y0) + Yo;

Whereas

Xo ,Yo is center of rotation, which is Center of gravity of feature

Xo = ( S X)/Area;

Yo = ( S Y)/Area;

Ynew are coordinates in new image after rotation

, Yoid are coordinates in new image before rotation.

The Xow, YoW values are floating point values. The gray level information at these points is

calculated by linear interpolation between 4 nearest neighbors. Linear interpolation value at

point a given by

G = gl(l-dx) +g2(dx);

whereas the intermediate point lies at a distance dx from a point of level g2 and at a distance

(1-dx) from a point of level gl .

VL 1.7.Pattern recognition

A pattern is formed by descriptors or features. A pattern class is a family of patterns

that share some common properties. Pattern classes are denoted as wi, W2, wm Where M is

number of classes. Pattern recognition involves assigning patterns to their respective classes.

Descriptors vary not only between different classes but also within classes. Thus each pattern

represents an Euclidean space. Degree of class separability is depends strongly on the choice

of pattern measurements selected for an application.

Minimum distance classifier: Suppose each pattern is represented by a mean vector.

One way to determine class of an unknown pattern vector x is to assign it to the class of its

closest prototype. The minimum distance classifier works well when the distance between

means is large compared to spread or randomness of each class.

Matching by correlation: Correlation coefficient is defined as

Coeff = E [f(x) - fmefin] [w(x-t)-Wmean] / {[f(x) - fmean]2 1/2
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VI. 1.8. Chromosome classification

Pattern recognition techniques are used to classify solid stained and banded

chromosomes. For solid stained chromosomes the pattern vector consists of Area, Perimeter,

P/Q and Length. Chromosome is to be classified to 24 classes (including two different classes

for X and Y-chromosomes). A 25th class is added to accommodate abnormal, broken

chromosomes and non-chromosome features. Minimum distance classifier is used to assign

class to chromosomes. This classification is particularly prone to error in-group F and G,

because they are not well separated.

Banded chromosomes are identified by correlation technique. Presently this method is

implemented only interactively. That is user has to select a line along chromosome and ask

the system to correlate with a set of standard band patterns. The best match is obtained by

sorting correlation coefficients.

Straightening of chromosomes

Chromosome straightening involves obtaining of curved principal axis and morphing

the chromosome by straightening it. The principal curved axis is obtained by skeletonizing the

chromosome and pruning the branches of the skeleton. The normal intercepts along the

curved axis are then pasted on a straight line sequentially. Also linear interpolation is use to

maintain chromosome image quality while morphing.

Centromere detection

Projection of chromosomes perpendicular to principal axis is processed to obtain

position of centromere. This done by detecting minima in the projection values.

VI. 1.9. User Interaction

Though the efforts are made to automate most of procedures the user interaction is

important to take care of variations in imaging conditions and samples.

Sr

No

1

2

3

4

5

Operation

Segmentation:

Separation of touching

features

Centromere position

Orientation

Grouping and classification

Automatic

Auto thresholding by processing

bimodal histogram

Erosion and geodiasic dilation

Minima in projection perpendicular to

principal axis

Principle axis based on moments

Pattern matching

Interactive

Adjust lower and upper thresholds.

Cut, Paste and paint

Adjust cursor to mark centromere

Adjust angle by scroll bars

Drag and drop in appropriate class
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Data structures

CHROMDATA, CLASSDATA, GROUPDATA are die three important structures used in this system;
illustrated in the table below.

Sr
No
1

2

3

Name

CHROMDATA

This structure is
initialized from feature
specific measurements of
chromosome imaje.

CLASSDATA

This structure contains
information about 24
classes of chromosomes
and is initialized during
learning phase of system

GROUPDATA

This structure contains
information about 7
groups of chromosomes
and is initialized during
learning phase of system

Structure parameters

HGLOBALhGrayBits
HGLOBAL hBinBits;

RECT Size;
RECT Roi;
POINT Place;
POINT Center,

WORD Class
char ClassName[DLGTEXT];
WORD Flag;

float Length, Area, Perimeter,
WORD Centra;
WORD CPos[4];
int P, Q;

int Group;
int SortPlace;
int Tag;

RECT Size;
RECT Roi;
POINT Place;

WORD Index;
WORD Count;
Name[DLGTEXTJ;
float Length, Area, Perimeter,
int P;
int Q;
int Group;

RECT Roi;
char Name[DLGTEXT);
int Typical;
float Factor,
POINT Begin;
int Height;
int Count;
int Index;
int ClassBegin,ClassEnd
float MaxPerimeter,
float MinPerimeter,
float MaxArea;
float MinArea;
float MaxPbyQ;
float MinPbyQ;
float MaxLength;
float MinLength;

Significance

Gray and binary image of
chromosome

Size, position occupied by
chromosome image

Assigned Class number
Class name

Chromosome features

Size, position occupied by
chromosome class

Chromosome class features

Size, position occupied by
chromosome group

Chromosome group features
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two panel) and dialogue box for area measurement and the result window (Bottom panel). The cells are stained with
Mav-Grunwald Giemsa.
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BNC from human peripheral blood
with single micronucleus.

BNG from human peripheral blood
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Fig. 2 : Cytochalasin B blocked human lymphocytes showing bi~, tri and quadrinucleate cells with one or two
micronuclei stained with Giemsa dve.
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/*7g. 3: Micronucleated binucleate cell from human peripheral blood showing size measurement of nuclei and
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Fig. 4: Hitman metaphase plate, showing 46 (2n) chromosomes
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Fig-5 Human metaphase chromosomes arranged on the basis of size. This operation of the software can be used for
karyotyping anima! and plant chromosomes
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Fig. 7: Area measurement on control (panel a) and radiation (IGy) exposed nuclei as measured by single cell gel
electrophoresis. Figure also shorns the dialogue box for area measurement and the result window.



€ P:



1.4-

0.4

Fig. 9, Size of micronuciei in Cyclophosphamide
(13mg/kg) treated mice.
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Fig. 10 Size of micronuclei in Cyclophosphamide
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Fig 11. EFFECT OF CYCLOPHOSPHAMIDE ON THE SIZE OF MICRONUCLE I

IN BONE MARROW ERYTHROCYTES OF MICE
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Fig. 12 Effect of gamma irradiation on the frequency of
mn-PCEs in bone marrow of AKR mice
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Fig. 13 Schematic diagram of Digital Imaging System for cytogenetic analysis.
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Fig.14 Diagrammatic representation of various steps involved in karyotyping of

chromosomes.
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