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ABSTRACT
The paper describes an interactive system developed to aid
biologists in the study of plant chromosomes. The system produces
karyotypes of chromosome spreads as well as measurements of individual
chromosomes in the spreads.
A 35-mm negative of a chromosome spread is scanned and displayed
on a television screen. Each chromosome is straightened and measured
interactively; the straightened chromosomes are then displayed in a
format chosen by the operator.
The system has been designed for an operator with little
experience in computing but whose knowledge of plant chromosomes is
required in judging the results of the machine processing.
Interaction allows the biologist/operator to point out significant
features and to guide the processing when needed; at the same time,
the machine provides measurements not easily obtained manually. Hard
copy of the final display provides the biologist with the familiar
karyotype used in studying chromosomes.
SYST~ME D'~TUDE

DE CHROMOSOMES

~G~TAUX

A L'AIDE D'ORDINATEUR

Cette communication decrit un systeme interactif qui a ete mis au
point pour aider les biologistes a etudier les chromosomes vegetaux.
Le systeme produit les caryotypes des etalements de chromosomes ainsi
que les mesures de chromosomes individuels dans les etalements.
Un negatif de 35 mm d'un etalement de chromosomes est balaye et
affiche sur un ecran de television. Chaque chromosome est aligne et
me sure interactivement; puis, les chromosomes alignes sont affiches
dans un format choisi par l'operateur.
Le systeme est destine a l'usage d'un operateur a qui manque
l'experience des ordinateurs mais a qui la connaissance des chromosomes vegetaux est necessaire pour evaluer les resultats du traitement
automatique. Le traitement interactif permet a l'operateur/biologiste
d'indiquer les elements importants, et de diriger le traitement quand
necessaire; en me me temps, l'ordinateur pourvoit des mesures qui sont
difficiles a obtenir a la main. Une copie sur papier de l'affichage
final pourvoit au biologiste le caryotype familier qui est utilise
pour etudier les chromosomes.
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A COMPUTER AIDED SYSTEM FOR STUDYING PLANT CHROMOSOMES
INTRODUCTION
An interactive system has been designed as an aid to
biologists in the study of plant chromosomes. Digital
image processing techniques are used to facilitate the
evaluation of chromosomes spreads of various plant species
and hybrids. The system provides both karyotypes of chromosome spreads and measurements of individual chromosomes in
the spreads.
Plant chromosome spreads typically contain long chromosomes which are frequently bent and overlapping. Karyotypes are currently prepared manually by cutting out the
chromosomes from a photographic print of the spread and
arranging them in some order on a new sheet of paper.
Several prints of the same spread may be required to extract
all the chromosomes when overlapping occurs. In order to
keep karyotypes as uniform as possible, spreads are searched
for in which the chromosomes are relatively straight.
Accurate measurements of the individual chromosomes are
difficult to obtain manually.
The interactive system is designed to overcome the
problems of manual methods, while retaining the benefits of
a human operator. Advantages of the interactive approach
are:
1) The operator's knowledge and experience may be
used in making decisions concerning the chromosomes. For example, the correct separation of
overlapping chromosomes can be indicated by the
operator, using his knowledge of the chromosomes
in the particular sample spread.
2) Each processing task is performed by the operator
or by the machine, according to which is better
suited for the task. For example, the operator
can quickly point out the approximate location of
a chromosome, whereas the machine can easily rearrange the form of a chromosome in order to
straighten it.
3) The operator may correct or adjust decisions made
by the machine at each stage of the processing,
thus preventing propagation of errors throughout
the processing.
4) The operator can control the display of the final
resulting karyotype and make changes in it as he
sees fit.
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bimodally distributed, indicating that suitable
thresholds could be se~ected automatically using
well-known techniques.
1-2 Select Points for Contour Follower
The operator selects pairs of points between
which segments of the chromosome contour are to be
found, and for each pair of points indicates which
of two contour following methods is to be used:
either the border is to be found by automatic contour following, or the border is to be approximated
by a straight line.
For each pair of points between which the contour is to be found automatically, the operator must
supply, via the potentiometers, the direction in
which the contour follower is to proceed from the
starting point and the radius of a search circle
(Diagram lea)). The approximated border is inten ded
to be used when the contour cannot be found automatically, as when the chromosome overlaps another
object (Diagram l(b)).

1~
,

(a)

(b)

Diagram 1. Points Selected for Contour Follower
(a) The entire border is found automatically
from point 1 to point 1'.
(b) The border is approximated by a straight line
between point pairs 2,2', 4,4', 6'6', 7,7'
and 8,8'.
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1-3 Obtain Contour
A list of the coordinates of border points found
between each pair of previously selected points represents the chromosome contour. As each border point is
added to the list, it is displayed on the TV screen,
enabling the operator to check the accuracy of the
contour.
When the automatic contour follower is used, the
selected starting and ending points are first adjusted
to the actual border of the chromosome in the binary
image; this is accomplished by searching on either
side of each selected point along the circle radius
which is perpendicular to the given contour direction
until a border point is found. Then, a simple contour
follower operating on the binary image 3 is used to
locate the border pOints between the new starting and
ending points.
When the contour is to be approximated by a
straight line, the coordinates of adjacent points
lying on that line between the selected pair of points
are calculated.
1-4 Load Contour Into Mask Array
The contour is scaled to fit into a 50x50 mask
array. Points in the mask array are marked as being
on the contour, outside the contour, or inside the
contour. By displaying the mask array, the operator
can evalute the performance of the contour follower.
A closed contour is necessary for the straightening
of the chromosome; if this has not been found or if
the contour is inaccurate, the operator may request
additional contour segments to be found to close the
contour, or obtain a new contour by selecting new
pairs of points.
1-5 Locate Backbone
The backbone, whose location is necessary for
straightening the chromosome, is found by thinning the
chromosome in the mask array to a single line using
Hilditch'salgorithm. 4 A number of points on this line
are selected as the backbone points (Diagram 2).
Alternatively, the backbone points can be pointed out
by the operator if thinning the mask does not result
in a single unbranching line.
1-6 Straighten Chromosome
A cubic spline curve is fitted to the backbone
points and, if necessary, extrapolated to the ends of
the chromosome by referring to the mask. The length
of the chromosome is obtained from this curve.
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Diagram 2.
Located Backbone Points.

Diagram 3.
Vectors Scanned to
Straighten Chromosome.

The chromosome is straightened by scanning the picture on vectors centered at consecutive points along
the backbone curve and perpendicular to the curve
(Diagram 3), Two passes are made: on the first pass
the scan vectors are displayed in position, allowing
the operator to check the results of the straightening process; during the first pass, the area of the
straightened chromosome is calculated. Before the
second pass is made, the operator is asked to supply
an identification number and description for the
chromosome; this information plus the calculated
length and area measurements are written on magnetic
tape as a file label for the straightened chromosome.
On the second pass, a tape file for the str~ightened
chromosome is created by writing each scan vector on
the tape. Referring to the mask array, only those
points within the chromosome on each scan line are
actually read; the remaining vector points are set
to a minimum value.
2.

Display of Karyotype

2-1 Partition the Display
The display area on the TV screen is divided into a number of equal r~ctangular partitions in which
the straightened chromosomes are to be displayed.
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Using the potentiometers, the operator chooses the
length and width of the partitions and the total
size of the display area. By varying these parameters, the partitioning format and number of available partitions can be adjusted to suit the karyotype being displayed. The partition boundaries are
displayed and the partitions may be labelled by
number for reference by the operator if desired.
2-2 Assign Chromosomes to Partitions
Each chromosome to be displayed is assigned to
one of the partitions. Assignment can be done
either individually for each chromosome or automatically for the entire set of chromosomes in the
spread. In the former case, the operator must give
the identification number of each chromosome and
the number of the partition it is to be displayed
in. In the automatic case, all the chromosomes are
assigned to partitions automatically in an order
chosen by the operator. The default order is that
in which the chromosomes were extracted; ordering
may also be done on any of the measurements contained in the file labels, such as chromosome length
or area,
2-3 Display Chromos~mes in Partitions
Each straightened chromosome is displayed in
the partition to which it has been assigned; the
partition may optionally be labelled with the identification number, length and area of the chromosome, If the operator is not satisfied with the
location or order of the displayed chromosomes,
changes are easily made by reassigning individual
chromosomes to different partitions or by using a
different ordering method for automatic assignment
to partitions. The partitioning format may be
changed without affecting the assignment of chromosomes to partitions. Figure 2 shows sample karyotypes for the chromosome spread of Figure 1.
OPERATOR CONVENIENCES
The system has been designed for use by an operator whose experience with computers is minimal. Several features have been included in the system to make it
easy to operate:
1) Pushbutton control. The processing can be controlled entirely with the pushbutton box. When a
processing task has been completed, the operator
is presented with a list of possible actions which
he may request : i) continue with the next task,
ii) make a correction and repeat a certain tas k ,
iii) start processing a new chromosome,
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2)

3)

iv) control the colour display, v) print a
table of statistics gathered for the already
straightened chromosomes, vi) display the
karyotype.
If an error in processing has
occurred, only possible courses of action to
correct the situation are presented, along with
the reason for the error. The pushbutton control requires the operator to have only a general understanding of the processing sequence;
where action by the operator is required, the
options are presented in a language easily
understood.
Automatic mode. Although processing consists of
a number of individual tasks, automatic mode
allows the tasks to be executed one after the
other until a checkpoint is reached whAre the
operator's approval to continue processing is
required. Checkpoints occur at only a few
places: i) after the mask array is displayed,
allowing the operator to correct the contour if
necessary} ii) before the straightened chromosome is written on tape, allowing the operator
to select backbone points manually, if straightening was, unsuccessful; iii) when initiating
the display of the karyotype; iv) after the
karyotype has been displayed, allowing the
operator to make changes in it.
Negative display. The scanned and stored image
is of a negative transparency of the chromosome
spread. This image is normally displayed as
this negative but features provided with the
colour display allow the corresponding positive
image to be displayed.
(Figure 3). The operator, who is accustomed to looking at positive
prints and through the microscope, is able to
work with the more familiar image.

CONCLUSIONS
The interactive system presented provides the
biologist with a useful tool for studying plant chromosomes. The use of interaction allows the machine
and the operator to perform the tasks for which each
is best suited. Measurements of individual chromosomes, which are difficult to obtain manually, are provided. The ability to straighten the chromosomes allows
some uniformity between karyotypes of different sample
spreads. Emphasis has been placed on ease of operation of the system and ease of making changes, both
mcorrecting the processing results when necessary ,
and in changing the display to obtain suitable
karyotypes.
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(a)

Figure 1.
Ca) Display of original digitized negative film.
Chromosome spread of barley x rye
Chromosomes labelled with identification

Ca) Cb)
Figure 2.
Ca) Karyotype of chromosomes in Figure 1 ordered on length.
Cb) Alternate partitioning format for karyotype of 2Ca).
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Figure 3
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Display of positive for Figure l(a),
Display of positive for Figure 2(a).

