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Preface

This book is a report of the ninth in a series of conferences on basic
mechanisms in radiobiology that have been organized by the Sub-
committee on Radiobiology, of the Committee on Nuclear Science,
National Academy of Sciences-National Research Council. The funds
for the support of the conference were provided by the National
Institutes of Health and the Atomic Energy Commission.

The purpose of these conferences has been to bring together sci-
entists from different disciplines so that they might consider various
aspects of basic radiobiology. An attempt has always been made to
make the conferences conducive to frank and detailed informal dis-
cussions. With this end in view the participants were urged to inter-
rupt the speakers at any point. A transcript of the meetings was ob-
tained by a stenotypist. Each participant then edited his remarks.
The editing was kept to a minimum, however, to preserve both the
flavor and the spontaneity of the meeting.

The conference was divided into five sessions of which Drs. Gray,
Neary, Totter, Giles, and Sparrow were the chairmen. No rigid
schedule was maintained, however, and on occasion a chairman
found himself presiding over a paper that should have been in the
previous session.

The conference committee which consisted of Sheldon Wolff,
Chairman, H. Quastler, and E. C. Pollard wishes to express its pro-
found thanks to Dr. J. Bugher, the director of the Puerto Rico Nu-
clear Center, and his staff who acted as local hosts during this con-
ference. Their efforts contributed immeasurably to the success of the
meeting. In particular the following members of Dr. Bugher’s staff
should be mentioned: Mrs. Marie Barton, Dr. H. J. Teas, and Dr. C.
Garcia-Benitez.

Summer, 1962 SHELDON WOLFF
Oak Ridge, Tennessee
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Introduction

Dr. Wolff: 1 would like to welcome you to this conference, which is
sponsored by the National Academy of Sciences-National Research
Council’s Subcommittee on Radiobiology, and introduce to you the
Chairman of the Subcommittee on Radiobiology, Dr. James Nickson,
who would like to explain the general purpose of the Subcommittee
in having conferences and the specific purpose of this conference.

Dr. J. ]. Nickson: Thank you, Dr. Wolff. I would like to welcome
you to the meeting on behalf of the NAS-NRC. In Dr. Bugher’s
absence, he has asked that I welcome you also on behalf of the
Puerto Rico Nuclear Center.

This conference is one of a series which may be said to have begun
with the Oberlin Conference in 1950. The Subcommittee on Radio-
biology, which had been formed some time prior to that and which
had a strong hand in the design and execution of the Oberlin Con-
ference, primarily through Dr. Hymer Freidel, felt that the possibil-
ity of having symposia at fairly frequent intervals, once a year or so,
in areas of radiation biology where two kinds of people who do not
normally get together could be thrown together for the interchange
of ideas, would be fruitful in the future.

We admit prejudice but we like to think that these series of sym-
posia which the Subcommittee and others have sponsored and which
some people have come to call the “Highland Park” Conferences,
after the name of a hotel in that suburb of Chicago, which we used
for the first of the series of conferences, have been worth-while.

This conference was proposed by Dr. Wolff at one of the Subcom-
mittee meetings. He felt that it would be a good idea to consider this
very rapidly expanding field with particular reference to the human
aspects, to put the two kinds of people together so that they could
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exchange their ideas in the hope that some of the translccations
would be viable.

Dr. L. H. Gray: The Radiobiological Subcommittee of the National
Research Council has given us a splendid opportunity to step out of
the grooves in which we normally run and stand back and take a
look at the subject as a whole, and I think I probably speak for all
of you when I say that we feel this is a very great privilege enjoyed
by the small group which is here; we express our sincere thanks to
Dr. Nickson, Chairman of that Subcommittee, Dr. Wolff, and all
those who have helped to make this meeting possible.

As Dr. Nickson said, we are not really expecting to solve a lot of
problems in three days. These problems get solved in the laboratory
or in the study or in the bath or any other solitary place rather than
in conferences. What we can do is to help one another become
aware of what the real problems are so that we may concentrate on
these, and I suggest that we make this our objective. We want to
see where the difficulties lie, and to see what the challenging points
are. If we achieve this, the discoveries will come, after we get back
to our laboratories.

Time is short and I have asked our participants to make their
remarks challenging, to point to the weaknesses in the existing order,
and to evaluate the experimental evidence for these weaknesses
rather than to give us a tidy picture of the field as a whole. We all
want to think imaginatively during these three days.

Dr. Wolff has made a good, judicious choice in selecting the
specialities represented among all of the people who are here, but
there are a few who could not be present. I happened to have one
or two snapshots of missing colleagues, so I thought we might start
by showing two or three slides.

The first is of Karl Sax who is still turning out some very inter-
esting papers. The next is Douglas Lea who probably many of you
have met. The last one is a snap I happened to take of John Read
when I was cut in New Zealand a couple of years ago. I think these
are all people who have made such big contributions that they
are bound to affect our thinking throughout this conference.

Lea’s book, which was written 15 years ago, gave a very clear and
logical analysis of the relation between the initial physical events
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and the aberrations which we actually see. What we are trying to
do is to fill in that big gap which falls between the physical events
and the changes we observe in terms of biophysical and biochemical
events. In attempting this I think we are at a very serious disad-
vantage inasmuch as we really don’t know what a chromosome looks
like. Is it, in fact, one or two threads coiled and recoiled, or is it 32
or 64 strands lying side by side? There are those present who, I
hope, will be able to inform us on this important point, and I would
urge them to speak up early in the proceedings, lest we discuss the
mechanism of radiation damage in terms of a model which is
utterly different from the structure of a chromosome as it exists
within a living cell.

We start this morning with papers that are concerned with dose-
response relations and with their formal analysis. My job is only to
regulate your discussions, but I thought that there were, perhaps,
two or three points which ought to be made at the beginning.

The first concerns dose relations; what we can hope to infer from
a dose relation is something about the number of particles which
participate in the initiation of the aberration, and not, of course, the
number of targets. Thus, although two chromatids may be involved
in the production of an aberration, we may infer from a linear dose
relation that only one particle is involved in the initiation; or, con-
versely, there may be aberrations which look as if they involve only
one chromatid, but for which the aberration frequency varies more
- rapidly than as the first power of the dose, and in such cases we
must infer that more than one particle is involved in the production
of this type of aberration.

When we compare the effectiveness of different radiations (e.g.,
gamma and alpha radiation) we must, I think, always keep in mind
that, unfortunately, the change in the type of radiation changes two
things simultaneously: It changes the radiation chemistry which
follows after the initiating event, and it also changes the number
of particles required to deliver a given amount of energy to the cell;
and, hence, on geometrical grounds, the chance that a single particle
having deposited energy in one critical site could go on to deliver
energy in a neighboring site, relative to the chance that the same
result will be produced by two particles. These two factors—the
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chemical and the geometrical—have somehow to be disentangled.

The third point I wish to make here is that unfortunately most of
the experiments that we shall be talking about concern the induction
of chromosome aberrations in cells which form part of an organized
tissue. This is the situation which exists in the Tradescantia anther,
the Vicia root tip, and the Drosophila testis. We now know that in all
these situations we are liable to be dealing with a population of cells
whose sensitivities are being influenced to varying degrees by the
fact that the oxygen tension is not uniform throughout the irradi-
ated structure. This is very beautifully illustrated in some recent
observations made by Dr. Alvin Beatty and Dr. Jeanne Beatty on
the frequency with which chromosome aberrations are induced at
different sites within the Tradescantia anther.

I am greatly indebted to Dr. Beatty for sending me the data from
which it is possible to compute the yield of aberrations per 100 cells
in three different zones in each of the two locules of the anther.
The aberrations were scored separately in three concentric zones
in each locule—an inner, an intermediate, and an outer zone. When
the anther is situated in oxygen, the aberration frequency is ap-
proximately the same in all three zones. When the anther is irradi-
ated in helium, and therefore completely devoid of oxygen, the
aberration frequencies are again the same in all three zones. If,
however, the anther is irradiated in a gas phase which contains
5 percent oxygen, the aberration frequencies are very different in
the three zones, being greatest in the outer zone and least in the
inner zone. Even when the gas surrounding the anther is air, very
marked differences in aberration frequency are observed in the three
zones. We may infer, therefore, that when an anther is situated in
air, or in gas less rich in oxygen than air, the population of cells
which is being irradiated is heterogeneous with respect to oxygen
tension. Since the gradients in oxygen tension which are demon-
strated by these observations arise on account of cellular respiration,
we have also to reckon with the fact that a change in any factor,
such as temperature, which changes the magnitude of cellular res-
piration will change this oxygen gradient, and likewise the heteroge-
neity of the radiosensitivity of the cell population. Furthermore, we
have also to remember that the Qo, of cells almost certainly varies
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throughout the mitotic cycle, and when synchrony exists, as it does
within the anther, the oxygen gradient will also undergo cyclic vari-
ation. Thus, the heterogeneity of the microspores in early interphase,
when chromosome aberrations are induced, might be different from
that at later interphase, when chromatid aberrations are induced.
Miss Gillian Douglas and I have measured the total oxygen con-
sumed by anthers at different degrees of development as a function
of the oxygen tension in the gas phase surrounding the anther. The
relation is temperature-dependent, and markedly different for early-
interphase and late-anaphase anthers.

We will now proceed to the papers. I think speakers will have
different preferences as to the manner in which you raise your ques-
tions. I think Dr. Evans will be very happy to have you interject
your questions at any time in the course of his talk.



Chromosome Aberrations and

Target Theory

Dr. H. ]. Evans: If I understand my assignment correctly, I have to
try to give some sort of general background on chromosome aber-
rations and target theory in 10 minutes or a quarter of an hour and,
at the same time, try to get you to stand up and argue with me or,
preferably, argue with others around the table. I think the best thing
for me to do is to very briefly describe some of the findings made in
experiments using Tradescantia, because the target hypothesis and
its application is perhaps more widely or better understood in terms
of chromosome aberrations in plant microspores than in Drosophila;
but this does not mean we are not to discuss Drosophila. At the same
time I want to raise a number of questions relating to the scoring
of the aberrations, the nature of the target, and, finally, if time per-
mits, to discuss the importance of the modifying effects of certain
physiological factors as exemplified by some recent fractionation ex-
periments such as those carried out by Elkind and Sutton (1960)
and Davies and Wall (1961).

I should start by saying that the first critical cytological evaluation
of radiation-induced chromosome aberrations was made by Sax
(1938, 1939, 1940, 1941) using Tradescantia microspores, and I
would like to begin by enumerating some of the basic findings which
resulted from Sax’s experiments.

First, it was shown that simple terminal deletions and isochroma-
tid aberrations increased approximately linearly with increasing
dose. I would stress the word approximately, for later data indicate
that this statement is not quite true.

The yield of these aberrations was apparently unaffected by alter-
ing the dose rate or by splitting the radiation treatment into two
equal doses separated by varying time intervals (fractionation).



