
Cytologia 51: 593-601, 1986

Differentiation in Uniform Width Microphotometric Trace

 of Bufo melanostictus Chromosomes

K. H. Sit

Anatomy Department, Faculty of Medicine, National University

 of Singapore, Kent Ridge, Singapore 0511

Accepted August 19, 1985

Microphotometry which combines the resolution of a microscope with the dis
crimination of photometry, demonstrated the first differential bandings of chromo
somes from simple fluorochrome binding (Caspersson et al. 1970, 1971) and cor
roboratively with G bandings from protease, nuclease, ionic treatments and Giemsa 
staining, generated an international nomenclature for the definition of individual 
human chromosomes and chromosome segments (Paris Conference 1971, ISCN 
1978). In practice, however, the number of bandings discriminated is either more 
or less than the Paris standard and in the prometaphase chromosomes very much 
more (Sit 1980), yet for every chromosome broad regions of lighter and darker 
groupings of bandings pervade, permitting recognition by simple inspection, albeit 
subjectively. The basis for the maintenance of pattern in spite of overt changes in 
the numbers of the bandings is unclear.

Differential patterns are seen because the chromosomes are banded. Questions 
on whether chromosomes contract equally or differentially in relation to numerical 
variations of bandings (ISCN 1981) had implied as well, a causal relationship between 
chromosome contraction and the specification of differential characteristics. On 
the other hand, it is possible to demonstrate an initial uniform segmental morphology 
which modulated in numbers through the extent of compactness according to the 
metaphase state, and then have particular parts remodelled by simple hypotonic 
trypsin digestion to produce patterned bandings (Sit et al. 1983) which are then in 
part structural remnants from the applied treatment. The pattern therefore did not 
seem to be the initial consequence of structural contraction mechanisms of chromo
somes. But, the converse demonstration of differential regions without bandings, 
had not been achieved. The unbanded chromosome is by physical architecture 
uniformly dense in the arms as shown in longitudinal and transverse serial thin sec
tions (Adolph 1980a, 1980b). Various high resolution investigative techniques 
have been tried, namely the use of laser microscopy (Cremer and Cremer 1976), 
confocal scanning (Brakenhoff et al. 1979) and acoustic scanning (Ruger et al. 1980). 
Here we report the use of a novel technique of high resolution microphotometry in 
unbanded toad chromosomes of hitherto unreported karyotype, with the detection 
of non-uniform Giemsa dye bindings which permitted homologous pairing.

Materials and methods

The kidneys from male Bufo melanostictus were dissected out after pithing, and
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cut into 1-2mm width cubes, digested overnight at 4•Ž in 0.25% collagenase (Sigma, 

Type I) with 0.06% trypsin (Flow Labs) in 0.01M trisodium citrate-physiological 

saline buffer, and plated in Wolff and Quimby's amphibian culture medium (Gibco) 

supplemented with 5% foetal bovine serum (Gibco) and 5% ultrafiltrate of B. 

melanostictus unfertilized eggs (prepared with the Sartorius multiplate ultrafiltration 

apparatus and SM14539 filters of 10,000 mol.wt. nominal cutoff, diluted 1:10 wt/

wt with the medium). Chromosomes were harvested from log phase cultures after 

5hours incubation at 36.5•Ž in colchicine (Sigma) at 0.01ƒÊg/ml of the medium. 

Acetic acid-methanol (1:3 mixture vol/vol) fixed and air-dried slides were stained 

with a simple aqueous solution of 10% Giemsa (Merck) and mounted in cedar 

wood oil (Raymond Lamb).

Microphotometry was through the Reichert Univar microphotometer equipped 

with an X/Y controlled intermediate fine scanning lens that focussed the measuring 

diaphragm onto the chromosome. Using the fine scanning lens device, the smallest 

incremental step of the measuring diaphragm was 1/240 of a micron through a 100X 

objective lens. The path of measurement was initially preprogrammed by moving 

the measuring spot, using joystick control, along the twists and turns of the chro

matid, thereby pre-marking the course of measurement. The ability to trace the 

exact chromatid path during measurement is an advancement over fixed unidirec

tional longitudinal scans with oversized transverse slit diaphragms (Pawlowitzky 

1971, Francke 1972) which would produce variances from 1) the integration of 

variable background in not strictly longitudinal chromosomes, and 2) unpredictable 

boundary interferences to the photometric beam. These are intractable system er

rors (filler 1977). Reducing the size of the measuring beam in these line scans 

would introduce additional errors from incomplete coverage. Fixed bidirectional 

line scans with small diaphragms would minimize distributional errors from in

homogeneity but the coverage is not specific to the contours of the object and there

fore subject to the aforementioned system errors.

To achieve highest discrimination of details without sacrificing photometric 

accuracy, we used a measuring diaphragm of diameter 0.375ƒÊm at the object plane
, 

which is the level of the "minimum effective aperture" of 0.5/N.A. of objective lens 

as defined by Zimmer (1973). We then varied the intermediate lens magnification 

changer to fit the width of the chromosome into the chosen diapharagm diameter.

To achieve an uniform width in the scanning path, the round diaphragm was 

set to move at 0.05ƒÊm steps so that two adjacent spots had an overlap of 83 .074% 

of area. The intersecting chord between two adjacent diaphragm spots was 0 .372

ƒÊ m, and this is the narrowest width between the diameters of the two spots. Thus 

the margin of the scanned area between two spot readings was theoretically indented 

to the extent of (0.375-0.372)/2 or 0.0015ƒÊm. Since the limit of resolution of 

scanning microphotometry is at best double the minimum stepsize (see Piller 1977)
, 

and that is 2•~0.05=0.1ƒÊ in our case, no indentation of the scanned margin ex

isted.

The much smaller stepsize relative to the measuring spotsize had contributed 

to the production of consistently similar profiles in repeated scans of the same chro

matid. Our stepsize was 7.5 times less than the diameter of the measuring spot .
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Thus 16 separate photometric measurements were made in an area of 3.75 micron 

square. We further programmed the photometer to read 10 times at 1/60 second 

intervals in each position. Thus the area of the "minimum effective aperture" was 

discriminated by an averaged relative density of 160 photometric measurements. 

All electrical power supply were line conditioned. The 450W xenon illumination 

source: was operated at a stabilized 24V. The EM19789B bialkali cathode photo

meter was operated at a typical 0.4% standard deviation of the measured value in 

50% transmission level of the chromatid. The measuring beam was monochro

matized to 602 nm.

At pointto point graphics output in the monitor screen a resolution of 320

•~ 200 pixels per page was permitted. The hardcopy output was rotated 90•‹so as 

to give infinite page copy and a 3.84 times greater dot resolution in the Adcomp 

•~ 80 sp printer/plotter.

Results and discussion

Five successive cell lines from male Bufo melanostictus were produced on sep
arate occasions of culture. 
These have been maintained in 

continuous culture for varying 

periods from 3 months to over 
8 months. The karyotype from 
each line was consistently of 22 
chromosomes (Fig. 1). We 
have chosen for this investiga
tion a previously unknown 
Bufo melanostictus (Schneider) 

karyotype to preclude judge
ment by prior knowledge.

The results of the chro
matid scans of eaeh chromo
some are shown in Fig. 2. The 

lengths of all chromatids are 
defined above a threshold den
sity setting of 30 A. U. (arbi
trary units). This is our stand
ard background elimination 
setting for most photometric 
scans of chromosomes in the 
laboratory. The longest 
chromosome was under 10 
microns while the shortest was 

just over 2 microns, in mid

Fig. 1. Typical metaphase chromosome spread of male 
common toad, Bufo melanostictus. 1:3 acetic methanol 
fixation and 10% aqueous Giemsa staining. 2n=22.

metaphase stage. Scans of sister chromatids produced similar profiles, and when 

the different chromosome profiles were placed in descending order of length ad-
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jacent profiles look like those from sister chromatids with closely matched lengths, 
centromere indices and humps of higher densities. There were however two chro
mosomes which did not quite pair up. These were the sex chromosomes, labelled 
S1 and S2 which had quite different configurations and density profiles. According 

to the classification of centromere positions by Levan et al. (1964), S1 would be 
unique in being the only chromosome in the entire karyotype with a submetacentric 
configuration since its p/(p+q) index is 34.3%. S2 with a p/(p+q) index of 47.8 
is like the rest of the chromosomes in the karyotype, in being metacentric in con
figuration. The chromosomes of B. melanostictus could be classified into two
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Fig. 2. Densitometric profiles from uniform path width direct tracing of the right chromatid of 
the chromosomes of Fig. 1. Dotted vertical lines lead from the peak density of each hump in the 

profile to the integrated density value (in arbitrary units/1000) of each hump. The boundary 
limits of each hump are defined by the horizontal brackets above the hump. The length of each 
chromatid is measured from the threshold setting of 30 arbitrary units. The centromere point was 
set by visual inspection before scanning, and indicated by the vertical bar beneath the profile. 
Chromatids were scanned at random sequence whereupon the data filenames, B1 to 22 are not

 chromosome numbers.

groups 1) the big chromosomes, numbered 1 to 10 including S1 and S2, and 2) the 
small chromosomes, numbered 11 to 20. The unique submetacentric S1 was not 
a female feature, and thus analogous to the Y chromosome of mammals.

An attempt was made to define the positions of the humps in the densitometric 

profiles relative to the centromere position, and compare them between chromo
somes which were matched (Table 1). In this the computer was programmed to 
initially locate the peaks and antipeaks in the profiles, and then had the mid-density 
value between the peak and the adjacent antipeak derived. This mid-density posi
tion was arbitrarily taken as the boundary of each hump of higher density in the 

profile. By converting the distance of the hump boundaries into percentage dis
tance from the centromere, compensation for length differences between pairs was 
not needed. When their hump boundaries overlapped then Table 1 considered the 
humps to be of the same 'segment' of the chromosome arm. Thus segmental homo
logies for all paired chromosomes could be defined. The inherent morphology of 
the untreated vertebrate chromatid is a uniform spiral of radiating chromonemata. 

Homologous humps or segments, of higher densities in chromatids that were stained 
simply with aqueous Giemsa had not been reported, yet often variegated Giemsa 
dye bindings were commonly observed in chromosome spreads. Without objective 

means of measurement, however, such observations could not be documented.
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Table 1. Humps of higher densities, lengths, centromere indices,

 and corresponding 'segments' between casually matched 

chromosome pairs of B. melanostictus
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Table 1. (Continued).

[p=short arm of the chromatid. q=long arm of the chromatid. In all cases the data refer 
specifically to the right chromatid of a chromosome. Centromere index=p/(p+q) in percentage]
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The present automated karyotyping systems whether based on television camera 
derived images or on photometric scans analysed peaks and antipeaks of band pro
files (Lundsteen and Granum, 1979a, b), and in spite of the instrumentation the ac
curacy was far below that achievable by a cytogeneticist working on simple photo

graphic images. Differential regions could be global features, but bandings per 
se in varying numbers could never be critical criteria.

Summary

Broad based differential regions were detected in microphotometric tracings of 

Giemsa stained but unbanded Bufo melanostictus chromosomes. This was facilitated 

by the combination of (1) a very small photometric step size of 0.05ƒÊ, (2) scanning 

at "minimum effective aperture" with the magnification of the chromatid width ad

justed to fall within it, and (3) direct multidirectional tracing along the exact pathway 

of the chromatid arms. It seems possible that Giemsa stained bandings could be 

superimposed phenomena since they are consequent upon various treatments to 

the chromosome, including some which produce gross structural alterations.

B. melanostictus is the common toad found in gardens of the South East Asian 

region, whose karyotype has not been previously documented because of the dif

ficulty in culturing its cells in vitro. We succeeded by using medium enriched with 

10,000 mol. wt. ultrafiltrate of unfertilized eggs of the female. The karyotype (2n=

22) consisted of all metacentric chromosomes except for a single submetacentric ele

ment. By size, the chromosomes were divisible into 2 groupings, a bigger and a 

smaller, easily discernible by simple inspection.
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