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MEDICINE AND THE COMPUTER

VIII-Classifying Chromosomes

[FROM A SPECIAL CORRESPONDENT]

Any true assessment of the incidence of chromosome abnorm-
alities in the community involves the analysis of cells obtained
from large numbers of people. Moreover, the investigation of
chromosomal characteristics in an individual patient may also
mean that many cells have to be scrutinized. Thus at present
the research, clinical, and monitoring commitments at the
M.R.C. Clinical and Population Cytogenetics Research Unit
in Edinburgh involve the chromosome analysis of 1,000
cells a week, and its future plans could entail analysis of 10,000
cells a week. Unfortunately one human operator can
analyse at best only 250 cells a week, and this work demands a
high degree of skill and training. By using conventional means
the unit could never expand its chromosome analysis work
sufficiently to meet its future needs. This has led to a study
of the use of the computer for this work by the unit's pattern
recognition and automation section working in London under
the direction of Dr. Denis Rutovitz. Already there are indica-
tions that the computer could cope with 10,000 cells a week
at a cost per cell comparable to that of a human operator.

Chromosome Analysis

The investigation of the chromosome make-up of any cell
entails a lot of work. First of all specimens (usually of white
blood cells or skin) have to be collected and the cells cultured.
Slides are then prepared, and some of the small proportion of
cells which are suitable for analysis are selected, using the micro-
scope. The analysis, or karyotyping, is the principal time-
consuming operation, and the computer's help has been
enlisted to try to cope with this.

Before the computer can be used to measure and classify the
chromosomes it has first to distinguish them from the back-
ground and from other non-chromosomal objects present on

the microscope slide. The actual analysis is done from a photo-
graph (actually a negative transparency) of the cell. This is
scanned by a beam of light, and light getting through generates
a voltage in a photomultiplier behind which depends on the
amount of light getting through the varying density of the
transparency. The voltage from the photomultiplier is sampled
at discrete intervals of time to give in all about a quarter of a

million density readings (in the range 0-7) which are fed into
the computer and stored in its memory.
An ingenious programme is then used to extract the 46

chromosomes from the density readings. The computer starts
by picking out the " objects " from the surrounding back-
ground. It moves along each horizontal line of the negative,
recording all the intervals of light points. Then it goes verti-
cally through all the lines, building up lists of those intervals
in adjacent lines which overlap and are therefore vertically
connected. Each completed list of connected intervals is called
an " object." The computer then decides the nature of each
object: whether it is a straightforward single chromosome; or

two overlapping chromosomes; just a piece of chromosome
arm; or not a chromosome at all.
This process is not quite as magical as it might sound, for

actually most of the objects will be single chromosomes and
well separated, since any cell for analysis is originally selected
on this basis. Consequently, for each object the computer pro-
gramme starts by assuming it to be a single chromosome. It
then does tests to check whether this assumption is correct. It
asks, for example, how big it is in area, how nearly rectangular

it is, how nearly circular, and so on. For each answer it allo-
cates from the probability tables it holds in store a particular
degree of probability that the object is a single chromosome.
If the summed probabilities for all tests is sufficiently high the
computer assumes the object to be a single chromosome. It
then confirms its assumption with more conclusive tests. First
it finds the axis of symmetry, then the position of the centro-
mere (the place at which the two chromatids of the chromosome
are joined), and the lengths of the arms.

If the object does not appear to be a single chromosome pair
the computer " skeletonizes " the object-that is, it peels off one
by one successive layers of it until a thin continuous line is all
that remains. This skeleton helps to reveal the essential struc-
ture of the object. The computer then counts its arms. If
there are only four the object is assumed to be a single chromo-
some, despite its failure of the previous tests, and it is sub-
mitted for confirmatory testing.

If the object has more than four arms it is assumed to be a
more complex configuration of two or more overlapping
chromosomes. Then, rather as the human analyst does, the
computer tests a series of possible hypotheses, starting with the
simplest, until it arrives at the most likely one. The computer
is not yet able to recognize with some certainty some of the
more complex configurations, but with increasing development
of the programme it is hoped that, though failures will never
be entirely eliminated, they will eventually become very few
indeed.

Classifying the Chromosomes

Having recognized the 46 chromosomes as far as possible, the
computer then measures and classifies them. Cells vary so
much in the apparent size of their chromosomes that the com-
puter must first reduce the absolute size of the chromosomes
in a given cell by a common denominator. It sums the lengths
of all the cell's chromosomes and works out an average. The
size of each chromosome is then calculated relative to this.
From the relative length of each chromosome and the position
of the centromere each chromosome is allocated with a speci-
fied degree of probability to one of the 10 groups into which
chromosomes are classified. Sometimes a chromosome is diffi-
cult to allocate to a particular group with any confidence, and
several possible alternative groupings have to be tried out before
the most likely one is arrived at. Usually several cells have to
be examined to build up a composite karyotype of the
individual if analysis of one cell does not produce conclusive
results.

Dr. Rutovitz and his team are now about to test their system
for computer chromosome analysis on 400 cells. The unit's
staff at Edinburgh have provided photographs of 20 cells from
each of 10 chromosomally normal people and each of 10
chromosomally abnormal people. If the computer analysis is
found to be comparable with that done by human beings it
should not be long before the computer begins to take some of
the unit's increasing load of chromosome analysis. This will
enable the unit to tackle some of its outstanding projects. As
part of its study into people with hereditary chromosome ab-
normality it already analyses the chromosomes of all babies
born in the Western General Hospital, Edinburgh. It hopes
to extend this to cover all babies born in the Edinburgh area,
and in the distant future to cover the whole population of the
area.
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