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Fifty years of research into human genetics has made it clear that human beings abide 

by the same laws of heredity as other animals do. There are thousands of human 

pedigrees that illustrate our conformity to the Mendelian laws. I shall not bother you 

with what these laws are; they are pretty well understood and we obey them in 

whatever sense other organisms may be said to obey them; but if we are to understand 

the genetical behaviour of a human population or of any other population we shall 

need to know a great deal more than that. We shall need to know in what way and to 

what degree the members of the population differ from one another, and how that 

diversity is maintained; to what extent inbreeding is practised, if at all; from how 

large a number and how big, an area a mate may be chosen or lighted upon; and 

whether opposites attract each other’ or whether like mates with like. We shall need to 

know how many chromosomes there are, and what may be the importance of the 

phenomenon called , linkage’ in keeping the genes on one chromosome together or of 

crossing-over in letting them get apart. In short, we must’ try to understand the 

genetic system of human beings: not just the syntax of heredity, but the whole of what 

it is that governs the flow of genetic information from one individual to another and 

from one generation to the next. In this lecture I shall discuss the idea of a genetical 

system in rather general terms. 

 

 

Resistant Strains of Bacteria 

The genetic system of a species sets a limit to what it can do by way of evolving, but 

it is not a permanent fixture: it can itself evolve. The most important evolutionary 

change we ourselves have witnessed is the evolution, in hospitals, of strains of 

staphylococci and other bacteria which resist the action of penicillin and other 

antibiotic drugs. Suppose now that antibiotin - an antibacterial drug which has not yet 

been discovered - were to come into use next year: I shall relax my self-imposed ban 

on soothsaying so far as to predict that, if it does so, we shall surely witness the 

evolution of resistant strains of bacteria.   

 

I am saying, then, that bacteria have a genetic system which enables at least some of 

them to overcome misfortunes which have not yet happened, which even we 

ourselves cannot foresee. The idea of an organism’s providing now for what may 

happen to it in an unknown future sounds paradoxical; but in fact makes perfectly 

straightforward sense. The bacteria with us today are the descendants of bacteria 

which, in the past, must have come through a whole succession of just such appalling 

hazards. Their ancestors must have come from populations which were variable 

enough to have contained the few odd members that could cope.  The few bacteria 

that did cope were the ones that left descendants; but they carried with .them a genetic 

system - a system of genetical habits, if you like - which made sure that their 

descendants would be as various and versatile as ever before. To say that bacteria 
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evolved into a state of resistance on some one occasion is to tell only half the story: 

they must have come to possess the kind of genetic system that made it possible for 

that particular act of evolution to have occurred. 

 

 

So much for the influence of men and their other enemies on bacteria. It is just 

possible that we might learn the same lesson from the effects of bacteria and our other 

enemies on us. In the past thousand years, we in Great Britain and in Western Europe 

generally have had to cope with murderous irruptions of plague, leprosy, and the 

sweating-sickness; of great pox, small pox, diphtheria, cholera, tuberculosis, and 

influenza. We too then like bacteria, must often have been propagated through 

somewhat unrepresentative members of our kind-unrepresentative in the sense that, 

on anyone occasion, those who survived an epidemic may have contained a high 

proportion of a genetically privileged minority. If this is a true account of the matter-

and as we are still alive to wonder whether it is or not - it follows that human beings 

must have a genetic system which makes sure that the appropriate minorities do 

indeed exist. 

 

 

A Problem for All Living Things 

Coping with sudden attacks by infectious organisms is only one form of a problem 

that besets all living things: to provide not merely for adaptedness to the environment 

but for adaptability; to provide not only for what is happening now but for changes 

which, if the past is anything to go by, are all too likely to happen in the future. 

Moreover, it is not only a matter of the future. Although we cheerfully speak about 

the environment of an organism ‘or a population, we know well there is no such thing. 

A population of individuals lives in a range of environments, narrow or wide as the 

case may be; and adaptability is just as much a matter of being adapted to 

environments which differ from place to place as to environments which change from 

time to time. 

 

In principle, we can imagine two extreme solutions of this problem of adaptability. 

The first would be to arrive at some one genetic constitution which endowed each 

individual with great versatility and great powers of accommodation and resistance so 

that each one went forth into the world capable of coping with almost anything that 

might come its way. This constitution would have to be rather faithfully reproduced 

from generation to generation; If It were not so-if when the animals bred together they 

produced a great variety of different offspring-then the genetic formula for being so 

adaptable would be lost and the solution would lose its point.  

 

The second solution would be to confer adaptability upon a population of animals 

without too nice a regard to the welfare and fate of its individual members, and this 

means adopting a genetic system with the very opposite property: one which provides 

for and maintains a great many inborn differences between one individual and 

another. If such a system were to be adopted; then, with luck, whatever happened, 

there would always be some members of the population who could survive and 

perpetuate their kind. 

 

In the past twenty years we have come to realize that most free-living organisms -

perhaps all of them - adopt neither the one solution nor the other. As a biological 
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enterprise the first has turned out to be too difficult, and the second is appallingly 

wasteful. What animals have adopted is a rather shifty compromise between the two. 

 

What form does this compromise take in human beings? The answer we give to this 

question will colour all our thoughts about the genetic future of mankind. I feel, for 

example that people who study eugenics are sometimes inclined to assume that man 

has adopted, or could adopt, the former of the two solutions; they have in the backs of 

their minds the idea of some one excellently well-adapted, all-round kind of human 

being who could be perpetuated according to the formula that ‘like begets like’: in 

other words, by ‘breeding true’. What I shall do now therefore is to discuss the kinds 

of inborn diversity that prevail among human beings, to see to what extent they point 

to the adoption of one or other of the two extreme solutions I proposed. 

 

 

Inborn Differences 

The inborn differences between human beings seem to be of three main kinds. First, 

there are the differences that divide us into a great majority and a tiny minority. 

Nearly all of us are lucky enough not to have haemophilia, for example, or a disease 

like Huntington’s chorea; only about one person in a quarter of a million suffers from 

the bizarre abnormality that makes the urine darken when exposed to air. It is true that 

with the departures from normality that are said to be ‘fully recessive’ in expression-

that will not make themselves apparent unless the offending - gene has been inherited 

from both parents - the people who carry the gene without giving evidence of it will 

greatly outnumber those who are actually afflicted by the disease; but, even so, it 

remains true to say that the great majority of us are neither the carriers of anyone such 

harmful gene, nor the victims of its action. 

 

 

‘Good’ Genes 

If this were the only kind of variation among human beings and other animals, the 

picture we should form in our minds of the genetic make-up would correspond to the 

first of the two solutions I proposed for the problem of adaptability. The commonest 

and fittest animal would be one that inherited a normal gene - a ‘good’ gene, let us 

call it-from both its parents, and transmitted it to all its offspring; it would be 

homozygous, as the saying is, and homozygous for nearly all its genes. The same 

would be true of almost every other animal it could mate with, so that its offspring 

would have almost exactly the same genetic make-up as itself. 

 

How then would inborn diversity arise, and how could there be any evolution? The 

answer would run as follows. Unusual genes -new variants of the existing genes—

arise repeatedly by the process of mutation. If the genetic make-up of an individual is 

as nicely adapted as we are assuming it to be, then these new genes that intrude 

themselves will tend to have bad effects: they will lower the fitness of their 

possessors; and if mutation were not, as it is known to be, a constantly recurring 

process, they would eventually die out. But every now and again a mutant gene would 

arise which conferred some advantage on its possessors; in time it would be given 

every opportunity to reveal its talents, because sexual reproduction, abetted by 

crossing over and segregation and other genetical devices, would make sure that it 

was introduced into every different kind of genetic constitution the population could 

provide. If, in the outcome, it did confer an advantage, then the new gene would 
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slowly displace the old one and become the predominant type, the normal, regular 

thing. While the new gene was being received into the Establishment, the population 

as a whole would obviously have to go through a stage in which the members who did 

or did not possess it were fifty-fifty; but this state of affairs would be temporary, and a 

portent of better things to come. According to this theory then, inborn variety is 

maintained by the nagging pressure of recurrent mutation, and natural selection will 

almost always act in such a way as to preserve conformity, by weeding out the 

possessors of unusual or aberrant genes. 

 

With some refinements I shall not go into, this was the conception that most of us had 

in mind as recently as twenty years ago: it is the classical conception of the 

elementary text books, the idea of a uniform, a predominantly homozygous 

population of well adapted individuals whose offspring are almost always exactly like 

themselves. The idea was applied in practice to the breeding of livestock animals. 

Artificial selection, it was thought, could go on smoothly until it had used up all 

inborn diversity in respect of the characters for which the selection was being 

practised; and the breeder would end up with a uniform population which met his 

preconceived requirements and which could be relied upon to perpetuate itself by 

breeding true. 

 

 

Artificial Selection 

There were some tiresome minor snags and also some major difficulties. If the 

classical conception were wholly true, why should inbreeding, which leads to 

uniformity, also lead to a loss of fitness, not uncommonly to extinction? But these 

difficulties could be explained away, sometimes convincingly. For example, if one 

asked why artificial selection should so often lead to a serious loss of fitness, the 

answer seemed reasonable enough. Artificial selection, being an arbitrary process, is 

almost certain to upset some hardly won and nicely adjusted natural balance between 

the genes. Now the great difference between artificial and natural selection is this. 

When judging the effectiveness of natural selection, that is selection for fitness, we 

are always being wise after the event; with artificial selection we are trying to be wise 

before the event; and what the event proves is that we are all too often ignorant. 

 

The real weaknesses of the classical conception arise not from its being untrue but 

from its professing to be the whole truth.  Let us try to see how far it falls short of 

being true of men.  There are a number of characteristics which do not divide human 

beings into a huge majority who possess them and a tiny minority who possess some 

alternative variant instead. The property of belonging to blood groups A or B or AB 

or 0 divides us into distinct classes of which not one is an extreme minority.  The 

same is true of most other blood groups, and of the factors which (because there are 

so many of them) make it useless in the long run to patch up one human being with a 

skin graft taken from another, unless the two should happen to be identical twins.  

Variations of this kind, in which there is no question of huge majorities and tiny 

minorities, are described as ‘polymorphic’ and polymorphic variation represents the 

second of the three kinds of ways in which I said that human beings differed. 
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Polymorphism 

Many examples of polymorphism are” known already, and a great many more are 

simply waiting to be discovered. Some of them are pretty ancient. Anthropoid apes 

have blood groups closely related to our own; and an all-star cast of exceptionally 

eminent geneticists was able to discern that, just like ourselves, some chimpanzees 

can taste and others cannot taste the compound phenylthiourea, which is extremely 

bitter, so I am told. So we are not dealing here with the temporary polymorphism that 

simply marks the ascent in the population of some newly favoured gene; nor, from 

what we know of the rarity of mutation, is it possible that polymorphism should be 

kept up by the occurrence of new mutations between one generation and the next.   

 

At one time it was thought that polymorphism owed its commonness to its utter 

triviality; sometimes it was important, to be sure, but only under circumstances which 

could be comfortably explained away. One’s blood group seemed to be a matter of 

complete indifference unless one happened to need a blood transfusion, a contingency 

which Nature might be excused for having overlooked. Skin grafting can indeed show 

that we are all innately different, but what of it? It would indeed be a splendid thing if 

we could repair a severe burn with a skin graft from a voluntary donor; but burns are 

pretty well unheard of in Nature, and nothing could be more unnatural than the 

grafting by which we attempt their repair. 

 

It is now certain that polymorphism is not a matter of indifference in any sense. Our 

subdivision into Rhesus-positive and Rhesus-negative blood groups is a qualifying 

condition for the occurrence of a destructive disease of the blood in newborn children-

a disease which, in Great Britain, affects about one child in 150 and which caused 

about 400 deaths in 1957. People who are not of blood group 0 seem to enjoy some 

special protection against duodenal ulceration, particularly-and this is another 

polymorphism - if the chemical substances distinctive of the blood groups appear in 

their saliva and gastric juice as well as in their blood. People who can taste 

phenylthiourea seem to be slightly more liable to get one form of thyroid disease and 

slightly less liable to get another. These facts make little sense at present, but they do 

show that polymorphism is under some kind of pressure from natural selection.   

 

Polymorphism seems to arise from two main causes. The first is when, for any reason 

whatsoever, it is an advantage for the population to be subdivided into two or more 

distinct types which depend upon and therefore sustain each other. The most extreme 

example of this kind is the distinction between the sexes, and the mechanism that 

provides for this polymorphism has long been built into the genetic structure of higher 

organisms.  

 

The other main cause of polymorphism is when, for any reason whatsoever, a so-

called ‘heterozygote’ is fitter than a homozygote. By a ‘heterozygote’ I mean an 

organism that has a hybrid makeup with respect to some particular gene-that has 

inherited two different variants of a gene from its two parents instead of the same 

variant from both. I mentioned an example of this last week when I said that people 

whose blood contained a mixture of two different forms of haemoglobin, A and S. 

were more resistant to subtertian malaria than those who had only one. In this 

particular case a mixture is formed because its possessors are heterozygous with 

respect to one of the genes that govern the form of haemoglobin: instead of inheriting 

a gene of the same kind from both their parents they inherited two different forms of 
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it, one from each. And because such people are hybrids, they do not breed true. You 

may remember my saying that a quarter of the children of heterozygous parents have 

only one kind of haemoglobin, haemoglobin S. To complete the story I should add 

that a second quarter have the other type of haemoglobin, haemoglobin A; and the 

remaining half are heterozygotes like their parents.  

 

Now consider what would follow if this state of affairs-a greater fitness of the 

heterozygote-were to be the universal rule.  Almost everything that follows from what 

I called the ‘classical’ conception would have to be withdrawn. Natural selection 

would no longer be a force that makes for constancy and uniformity; on the contrary, 

it would oblige populations to remain diverse, because the heterozygotes would be 

favoured, and heterozygotes do not breed true. Mutation, so far from being the great 

source of inborn diversity, would be reduced to a very minor role. We should have to 

abandon the idea that the fittest organism could be fixed as the overwhelmingly 

predominant type in the population, because, being of hybrid constitution, it would 

always throw off variants inferior to itself. We should be constantly frustrated in our 

attempts to select and establish’ a uniform breed of livestock animal, and artificial 

selection would almost always be forced to a standstill when there was still plenty of 

inborn diversity in the population-but a diversity which, unfortunately, could not be 

used. 

 

 

A Mystery of Modern Genetics 

The ‘state of affairs I have just described is no more the whole truth than that which is 

envisaged by the ‘classical’ conception, but it is a greater part of the truth than we 

suspected twenty years ago. The origin of the superior fitness of the heterozygous 

constitution, when it is superior, is one of the mysteries of modern genetics. We can 

sometimes discern special reasons why, in any one particular case, the heterozygote 

should be superior; but I can think of only one general reason why it should so often 

have tended to become so, and it is this: a free-living species whose members have to 

cope with environments which change from time to time and differ from place to 

place will tend to acquire a genetic system which forcibly maintains a certain pattern 

of genetic inequality or inborn variety. This is one possible solution of the problem of 

providing for adaptability - a solution to which most free-living organisms are to 

some extent committed. This argument may be quite mistaken: there may be no 

general reason why heterozygotes should often be the fittest organisms, or, if there is 

a general reason, it may not be the one I have outlined.  But whether there is one 

reason or a multitude of particular reasons, there seems no doubt that some large part 

of human fitness is vested in a mechanism that provides for a high degree of genetic 

inequality and inborn diversity; which makes sure that there are plenty of different 

kinds of human beings; and this fact sets a limit to any purely theoretical fancies we 

may care to indulge in about the perfectibility of men. 

 

I have left to the end the third of the three ways in which human beings may differ 

from one another, because I shall discuss it at greater length in my next two lectures. 

Most characteristics do not divide us into sharply distinct classes of the sort I have 

been discussing so far. Our heights, or wits, or blood-pressures form a smoothly 

graded series; tallness or shortness, brightness or dullness, are simply stretches of a 

continuous range. The inheritance of differences of this kind behaves as if it were due 

to the co-operation and interaction of a very large number of genes; and the same goes 
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for some characteristics that do necessarily divide us into distinct classes, like the 

number of children one can have or the number of hairs on one’s head. Many 

differences that have a direct bearing on fitness are inherited in this fashion - 

differences of fecundity itself, for example, or growth rate, or length of life. 

 

Unhappily, the study of this form of inheritance, ‘metrical’ inheritance, is 

exceptionally difficult, both in theory and practice; but I think that research has gone 

far enough to reveal here, too, the workings of a compromise between the two 

extreme solutions of the problem of providing for adaptability. I said earlier that if the 

classical conception represented the whole truth, a programme of artificial selection 

could proceed smoothly until all inborn diversity had been used up-a limit which 

would not be reached until the genes affecting the characters under selection had been 

fixed in their true-breeding, that is, their homozygous, form. If, on the other hand, 

animals of hybrid constitution were always the fittest, then the attempt to fix some 

desired kind of animal would be an uphill struggle, constantly opposed and usually 

frustrated by the fact that the fittest animals did not breed true. 

 

 

Conflicting Interests 

What then are the results of experiments on the selection of metrical characters? In 

general, steady progress is made to begin with, and the results begin to take shape as 

if the classical conception were true; but after a number of generations of selection, it 

usually becomes clear that something is going seriously wrong: the stock begins to 

deteriorate in fitness and may even die out. A limit to improvement is reached when 

there is still plenty of inborn variation, but variation of a kind that is not accessible or 

is not amenable to selection. There is known to be more than one reason why this 

limit should be arrived at, but one important reason does indeed seem to be superior 

fitness conferred by the heterozygous make-up. Attempts at selection are, in fact, tom 

between conflicting interests: the characters we are hoping to establish and fix in the 

population-height or weight, perhaps, or, in the fruit-flies that are so often used for 

these experiments, bristliness - may well find their most extreme expression in the 

true-breeding homozygous form; but that is not going to be much consolation if these 

homozygous forms are inferior in fitness, and are therefore at a constant disadvantage 

compared with the forms that do not breed true. Artificial selection and natural 

selection pull opposite ways. 

 

The experiments which reveal the compromise I have been discussing were done on 

animals, but there is no reason, at all to suppose that their results do not apply to men. 

Human beings, too, are to some extent committed to a genetic system which attaches 

some weight, perhaps great weight, to there being many different kinds of men. This 

state of affairs is part of a very ancient genetic heritage: it came about) perhaps, 

because no species of free-living animal which survives to give evidence on the 

matter can ever have achieved adaptedness by the total sacrifice of adaptability; and 

the maintenance of a high degree of inborn variety is one way, wasteful but 

biologically easy, by’ which adaptability can be achieved. 

 

 

Improvements in Environment 

Fortunately, there is now a new solution of the problem of providing for adaptability, 

and it goes some way towards making’ up for these inborn inequalities and 
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imperfections of men which the older solution necessarily entails. This newer solution 

is to improve the environment, whether by a comparatively simple method like 

eradicating malaria or tuberculosis, or by the grander enterprise of attempting to cure 

all human ills and deficiencies.  There is sound biological sense in this solution: 

Nature, hitherto, has been somewhat inept, and has reconciled herself to 

compromises; she can do better now. The extremely difficult and ingenious trick 

which has made it possible for human beings to adopt this newer solution I shall try to 

explain in my final lecture. For the present, I should like you to notice that it is the 

humane solution too (‘humaneness’, according to the dictionary, means ‘characterized 

by such behaviour or disposition towards others as befits a man’). It will be important 

to contrast the picture I shall finally arrive at with that older social biology which said 

‘Three cheers for Natural Selection’, ‘the devil take the hindmost’ - and much else 

about Nature’s teeth and claws. As some biologists did at one time connive at the 

acceptance of this manifesto, I should perhaps mention that it is based upon a 

technical misunderstanding of Nature, of man’s place’ in Nature, and of the nature of 

man. 


