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Professor S.N. Bose, Professor Mahalanobis, Dr. Rao,
Ladies and Gentlemen,

It is a fine tradition to have a Convocation address once
a year on the Convocation day and to ask a foreign guest to deliver
this address. Personally, I appreciate very much the high honour
of being selected this year. I wish to address especially you, the
young scientists, on whose behalf this Convocation is being held.
You have completed successfully an important part of your scientific
and professional training, and today, you will be awarded academic
degrees. .

I shall try to show yoﬁ the central problems of my science,
human‘genetics, as well as the practical impact of these problens
not only for ourselves, but also; and still more. fqr'thé genera-
tions to follow us. These problems, I am hoping, should be of
interest to you not only as thinking human beings, in general, but
also as statisticians, as human geneties is a vast playing ground
for statistical methods and reasoning.

Men develops from the impregnated zygote by intimate co-
operation of the genes, which he has got from his parents, with
manifold environmental factors. The genes contained in the zygotes
of one generation might be looked at as a sample from the gene
pool of the preceding generation. However, as this preceding
generation consists of genetically different individuals, the
sampling procedure would be at random only if all persons of the
preceding generation would have exactly the same numover of
children, which is apparently not the case.

The sample of zygotes also changes its composition up to the
time, when development of mature individuals has been completed.
Some zygotes will already come to abortion during early pregnancy,
for example, because they contain $oo many or too few chromosomes.
Some others will contain a dominant mutation which causes early
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death of a malformed child during the first years of life. Other
genetic changes which do not interfere with life directly, might
detract so much from vitality and performance of their bearers that
they will rarely or never have children. - An additional number of
individuals will die during childhood or early adult life from
infectious diseases, and another group, though perfectly healthy,
will-simply not marry or have no children for one reason or the
other.

In the cases mentioned first, genetic factors are obviously
responsible for the elimination of zygotes. In the last-mentioned
examples, one would be inclined to suspect that elimination of
zygotes 1s at random with respect to genetic factorse. However, it
was shown that even here genetic factors do have a certain importance
in combination with the environment.

Wherever genetic factors have an influence on whether a zygote
develops to a mature individual, and how many zygotes it will contri-
bute to the next generation - one big power is at work which has
directed human evolution up to now, and which will also determine
our biological future: this is natural selection.

However, natural selection could not be efficient over a long
time, if some other force would not continuously add to the'rough
material from'which the fittest can be selected. This means: in
order to maintain efficiency of selection, new genetic variability
must constantly be created. Indeed, this variability is created due
to sudden genetical changes which are called mutationse. The mutation
process is the second big power of evolution.

Investigation of these two powers, selection and mutation, is
the main topic of human genetics and especially of human population
geneticse

Now, my thesis, which I shall explain more in detail.later on,
is the following: the process of evolution, the results of which
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are the human beings we are facing at present, has not been finished.
On the contrary, it is being in full progress, and due to the basic
changes in almost 211 conditions of life brought to us by'modern
civilisation during the recent one hundred or two hundred jears,
genetic changes are expected to go on very rapidly. Due to this
speeding up of evolution, not only beneficial p0551bllities but also
serious dangers have to be faced.

At the same time, however, and for the first ¥ime in history,
it occurred, as Huxley has_pﬁt it, that 'the vast process of evolution,
in the small person of inquiring man, has become conscious of itself.'
This means that we are now able to investigate the evolution process
empirically. Maybe that sometimes in the future, it will be possible
to influence special aspects of it in order to promote positive
tendencies or to prevent negative ones. However, as we are used to
in medicine, a very careful and painstaking diagnosis has to precede
any therapy. For this diagnosis, all information available has to be
collected. Wild fantasies, such as have occasionally been uttered
during reCent'years even by very famous geneticists, can only detract
from the real problems, create uneasiness in the general public, and
make the scientists untrustworthy.

I have said that human evolution has speeded up recently. What
are the faects justifying this thesis? In order to find the answer,
we all have to analyse the two main powers of ‘evolution in man.

First, mutation frequency has changed, and there can be no doubt
that under the conditions of modern clv1115atlon, more mutations will
occur them in earlier times.

Secondly, natural selection has also changed, but these changes
cannot be brought to a common denominator.

What do we know in man about the mutation proéess and its changes?
I shall sum up very brieflye. :
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Generally, genom and chromosome mutations, which means
visible alterations in number or shape of chromosomes, are separated
from gene or point mutations. The single mutational event is a chance
event which cannot be pfedioted. If one observes larger number,
however, a statistical rule emerges. Under the same internal and
external conditions, spontaneous mutations have a constant probability .
which is called the mutation rate. In genom mutations resulting in
anomalies of chromosome numbers, the rate will generally increase °
very steeply with the age of the mother, whereas gene mutations are
more or less related to the age of the father. In most cases, gene
“mutation will only affect one single base in the DNA chain of the
genetic materiazl. Becentiy, we even have come to know that a base
is very frequently, though not in all cases, replaced by a similar
base, for example, a purine by another purine or a pyrlmldine by
another pyrlmldlne. But, of cbaroe, replacements of a purine by a
pyrimidine and vice versa do occur, t0o.

Now, two important exogenous factors are known to increase the
spontaneous, natural mutation rate: Ionizing radiation and chemical
mutagens. The genetic  danger due to ionizing radiation has been
discnssed very frequently during recent decades, and many experiments
in animals, especially mice, as well as statistical surveys in human
populations have been carricd out in order to get an idea of the
order of magnitude of this danger. While not all differences in
opiriion have been settled so far, we are able today to conclude
this with some confidence: the additional load due to radiation,
as observed today even in highly industrialised countries will ‘
increase the natural mutation rate by no more than a small percentage.
This increase does not imply any écﬁté danger for the future of man,
but we have to realise, on the other hand, that we have to pay -in
the long run for our technical and especially for our medical progress
with a certain increase of human ailment and suffering.

Much more complicated and almost completely unexplored as
regards man is the problem of mutation rate increase due to chemical
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mutagens. As a part of the general industrial progress, man

is synthesising-oontinuously new chemical compounds. Many of them
are being applied to human beings, either voluntarily, for example,
as drugs or stimulants, or_involuntarilygifor example, food
contaminated with insecticides. A good number of these compounds
have become known as mutagenic by experimental research. For
example, -cytostatic drugs, widely used in tumour therapy, but at

an inoreasing rate also in other branches of medicine, are strongly
mutagenic in all organisms examined, and théré is no reason, why
they should not act as mutagens in man too. Many other drugs become
known as mutagens in one organism or the other, including even
caffeine, which is widely used as stimulant and is mutagenic at
least in some micro-organisms and plantse.

In order to find out which chemical substances are dangerous
for men from a genetic point of view and, furfhermore, which are
the special conditions of this danger, and how it could be avoided;
a carefully and compréhensively planned rescarch programme is
required. Experiments in mammels using genetic as well as cyto-
genetic methods have to b L%%%E%%&gllth statistical surveys in man.
My institute in Heldelberg is presently trying to contribute to this
probleme '

To sum up, the spontaneous mutation rate has been increased
due to ionizing radiation as well as due to chemical influences.
This effect is disadvantageous, as it leads to an increase of:
genetloally determined ailment and malformations. ESpeclally
because of our ignorance as to chemical mutagenesis in man, we have
not yet been able to estimate the extent of this disadvantage.

Now, let us face the second bignggger of evolutlon, natural
selection, which changes have to be here? Reading in
some older books, or asking some other genuthlStS, you will ge?t
a very clearcut answer to this question. The answer will bes

mortality before and during reproductive age has decreased very
' ve B
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strongly. This has led to a very definite rclaxation of selection.
Weaklings and unfit persons, who had been eliminated ecarlier, will
now live and reproduce. This must lead to quick deterioration,
unless energetic measures arc taken very soon to prevent this. What
about this argument? Is it correct? To say my"épinion in advance:
I.believe that it is partially correct. Taken as a whole, however,
it is a very big oversimplification., Reality is much more complex;

Sure, mortality in younger age has decreased considerably.
‘In my country, Germany, only two hundred years ago, more than Sd%
of all newborn children died before having reached the age of 20.
This figﬁre is. taken from a very interesting book published by
Sussmilch in the middle of the 18th century, wnich-is one of the
classics of demography. At present, howe#er, a newborn has a chance
of more than 95/,° to reach the age of 20. Also in India, recent
years have witnessed a decrease of mortality durlng the first year
of 1life from about 25/, dovm to about s mdnly due to malaria
eradication, if my information is correct. | :

Is it true, indeed, that this decrease of mortality has
malnly favoured the weaklings° In order to find an.answer, the
question has to be put more spocifically; We shall try to do so
by clearly separating some different situations. Things are
relatively simple, when hereditary disecases with a clearcut
Mendelian mode of inheritance are concerned, which have caused
early death in former times, whereas now, phenotypically successful
therapylhas'become possiﬁle, and the petients will reproduce.
Obviousiy, an increase in population incidence has to be expected,
which oorresfonds %o the  increased reproduction of the patients. We
Xnéw of meny such examples. Hence, as to these cases, a pessimistic
‘view seems to be justified. Fortunately, however, these hereditary
diseases are rare. There- are, on the other hand, many more anomalies
and malformations, which arc mainly génetically determined or
contain an important genetic component, and in which a successful
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therapy will 16ad to an ineérease in frequency. Many examples, in
which this assumption has much to favour it, could easily be
enumerated.

But even these anomalies didtnot very frequently cause early.
deaths The big majority of children did not die from these here-
ditary amomalies and maiformations, but from infectious diseases
and malnutrition. What about natural selection in these cases?
Will the genetic consequences also be disadvdntageous, when these
causes of death will be eliminated? '

Some geneticists have doubted this very much since a long time.
The great geneticist Haldane, who was personally known to many of  you,
had quite a different opinion. According to his views, the strong
selection due to infectious diseases could very easily have led to
certain compromises in the sense that for a snecific ‘genetic advantage,
for eyamplo, better resistance to certain 1nfuct10ns, other genetic
disadvantages had to be. “taken into accounts As soon as the infection .
was elimingted, this sp001f10 genetlc advantage would automatically
disappear, and in the course of time, changed sclectlon_pattern would
lead to an automatic elimiﬁation of the disadvantagec. In this .case,
the genetlc effect of selection relaxation would be advantageous.

Meanwhile, we have come to know of empirically confirmed models
for this effect in man. -The best known example is the relative
resistance of heterczygotes for the sickle cell gene against falci-
parun mealaria which led to a high gene frequency in certain parts of
_the world in spite of the fact that the homozygotes suffer from a
severe haemolytic anaemia, from which they died very early in former
timese. You see the compromise the advantage, malaria resistance,
has to be paid for by a disadvantage, severe horedltary anaemiae

A much more complicated pattern of natural Selection in man
emerges, once we are looking to the A-B-0 blood groups, which are
known to all of you. However, evidencé is accumulating that at
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least some important aspects of selection in this system can also

be seen in this contexte. In arcas of the world, in which infections
do not play any important role any more, almost the only significahco
of theése blood groups will be that the physician must not oarry'out
blood transfusions With'ihcompatible blood. However, evidence has
been brought forward that the A-B-0 blood groups scem to influence
susceptibility to, as well as severity and outcome of different
infectious diseases. 'It_is well known that the A-B-0 gene frequen=
cies are wvery much different in different parts of the world
population, and these gene frequencies could - besides other factors -~
have been influenced by the infections prevalent in earlier times

in different parts of the world.

Smallpox is a very intereéting example. You know better than I
do, that this disease has been prevalunt especially in this part of
the world nopulatlon, in Indla, since many centuries. Some years ago
already, we had reasons to assume that persons with blood groups A
and AB would suffer more severely and die more frequently from small
pox’ than persons- with blood-groups B and O. As you will Imow, group
A is-relatively rare here,’whereas group B is relatively frequent.
Soon after we had realised that there could be some interaction with
the blood groups, we tried to investigate smélleox patients.
Pregliminary, and -very limited results, seemed to support our
assumption. A definite confirmation is now available resulting
from a cooperative study between the Indian Statistical Institute
and the Institute of Human Genetics, University of Heidelberg.
Under very difficult field conditions, Dr. M.R. Chakravartti of
the Indian Statistical Institute investigated, during last summer,
acéqrding to a plan suggested by me, 200 suffering patients of
Burdwan district in West Bengal togéther with 200 carefully-matched
controlse. At the same time, hé could examine 405 surviving patients
of the 1964 epidemic together with controls. You may ask, why he
did noﬁ simply go to the infectious diseases hospitals. The answer
is that there, the sample of patients is biased, and prognosis is
much better than in the villages. In order to get an idea of natural
selection in'earlier times, the disease had to be studied under
natural and primitive conditions,
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‘The result was very clearcut. Incidence of smallpox 1s
indeed ngher in groups A and AB as compared. with B and O.
Furthermore, groups A and AB contain much more sevbre cases, and -
most 1mportant for population genetics - mortallty is much hlgher.
This year;, I have Joined the field work as guest of your Institute,
and we hope to clarify some additional aspects of this relationship.

There are also- other infections, which seem to be. influenced by
the A-B~0 blood groups, such as infent diarrhoea, leprosy, hepatitis,
the paralytical type of poliomyelitis, .some other virus diseases,
and possibly plague.

Paking these influences into account, it is really tempting to
speculate whether the A-B=0 polymorphism might be an adaptation to
the manifold and changing threats due %o various infections, - an
adaptation, which oontrlbuted to the survival of a part of the
population.

Now there is also a disadvantage of the A-B-0 polymorphisms

- it leads to a loss of zygotes due to serological incompatibility
‘between mother and unborn child., Consequences are abortions or
erythroblastosis. Once the selection due to infections is eli-
minated, and prov1ded that no other important. selective factors

are being at work - it can be shown that also the A-B-0Q poly-
morphism will disappear in the course of time. Probably, group O
will become very much p:é#aient.' 0f course, A-B-0 incompatibility
will also become rarcr, and will finally disappear. The effect will
again be an advantage due to selection relaxation.

‘Now, :please, do not undéxsténd me this way, as if selection
relaxation must in all cases be a benefit. We -already saw that the
opposite is possible and might very well be more frequent. I only
wish to show you that advantages are also possible.

In this context, however, I wish to stress a different,
practical aspect: It was only possible to work out the relationships
between smallpox and blood groups here, in India, and only in
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cooperation with Indian scientists. The rcason is very simple., This
disease does not occur any more in the industrialised countries of the
West. But the same is true for many aspecté_of natural selection, the
study of which is of'utmost'impbftanoe for our understanding of human
e&olution in past, present, éﬁd.future. They can only be studied in
countries and populations, which have not taken part fully in the modern
refashioning of almost all aspects of human life. BEven in these countries,
these possibilities will disappear very quickly, and no time must be

lost to make use of thems

There. are a good number of frequent diseases, which are partially
due to genetic factors, and where we simply}do not know whether selecction
relaxation will primarily be disadvantageous or. advantageous. I only
mention diabetes mellitus or coronary heart disease. Besides. genetic
influences, overnutrition in the industrialised countries is here an
important factor. Comparisons between populations living under conditions
of overnutrition, populations living in undefnutrition, and especially
populations which are shifting from under-td'overnuﬁritibn can.be of
high value to clarify the genetic basis and the selective factors
involved. Here, too, we depend. on countries like Indiae

You- are fully justified, and éverybody will share yoﬁr feélings,
if you regard poverty, undernutrition and infectious diseases in a
major part of our population as a very severe social and human problem
which has to be overcome as soon as possible, But I would aSk you to
recognise one thing. As long as a2ll these evils do exist, there are also
chances to solve problems of human biology, which will never come back
againe

Let me finishe. I am repeating: the evolution of men is being in
full and rapid progresse. A certain increase of mutation rates is expecfed
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to
Lhave a limited disadvantageous effect. Selection relaxation

will have partially disadvantageous, and also partially
advantageous effectse Nobody can say, which of them will
predominate in the long run. It is our big chance that we
have come to ‘know the problems in principle, and will be

able to investigate their special aspects. We can hope that,
sometime in the future, we shall find the remedies to prevent

the bad and to promote the good.

Calcutta F. Vogel
12 April, 1966
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