
Chapter 10 • Mendelian Proportions in a Mixed Population •

The Hardy-Weinberg law is in many ways the cornerstone of mendelian genetics and forms
an appropriate footnote for the early papers establishing mendelian inheritance. Although

Hardy’s brief and clear summary is given here, the credit belongs equally to Weinberg, a physi-
cian who made numerous important contributions to genetics. However, this particular contri-
bution of Weinberg is not only in German, but is embedded in a more extensive paper covering
a range of topics,1 making it more difficult to reproduce here, though it deserves to be read.

The importance of the paper lies in relating the frequency of genes to genotypes, defining
the relationship of homozygotes and heterozygotes in the familiar p2 + 2pq + q2 distribution, and
in particular showing that this relationship is stable over generations, regardless of whether a trait
is dominant or recessive.

Importantly, Hardy also emphasizes that this stability only holds if no disturbing factors,
such as nonrandom mating or differential fertility are present; indeed it has been the study of such
factors causing departure from Hardy-Weinberg equilibrium, that has given it such a special im-
portance in human genetics.

Hardy was professor of mathematics in Cambridge and his slight irritation at being both-
ered with such a trivial question by ignorant biologists (in this case Bateson and Punnett) can be
sensed in the opening paragraph. A century later this attitude has not entirely disappeared!

Hardy is reputed initially to have been unwilling to publish what he considered such a self-
evident proposition, but apparently was persuaded that a brief note in an American journal (Sci-
ence) would not do too much damage to his reputation among British mathematicians.

Reference
1. Weinberg W (1908). Über den Nachweis der Vererbung beim Menschen. Jahreshefte des Vereins für Vaterländi-

sche Naturkunde in Württemberg, Stuttgart 64, 368–382. An English translation is given in the collection of Boyer
(see general introduction).
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20,001:100,020,001, or practically 2:10,000, twice that in the first
generation; and this proportion will afterwards have no ten-
dency whatever to increase. If, on the other hand, brachy-
dactyly were recessive, the proportion in the second generation
would be 1:100,020,001, or practically 1:100,000,000, and this
proportion would afterwards have no tendency to decrease.

In a word, there is not the slightest foundation for the idea
that a dominant character should show a tendency to spread
over a whole population, or that a recessive should tend to die
out.

I ought perhaps to add a few words on the effect of the
small deviations from the theoretical proportions which will,
of course, occur in every generation. Such a distribution as
p1:2q1:r1, which satisfies the condition q2

1 = p1r1, we may call a
stable distribution. In actual fact we shall obtain in the second
generation not p1:2q1:r1 but a slightly different distribution
p�1:2q�1:r�1, which is not “stable.” This should, according to the-
ory, give us in the third generation a “stable” distribution
p2:2q2:r2, also differing slightly from p1:2q1:r1; and so on. The
sense in which the distribution p1:2q1:r1 is “stable” is this, that if
we allow for the effect of casual deviations in any subsequent
generation, we should, according to theory, obtain at the next
generation a new “stable” distribution differing but slightly
from the original distribution.

I have, of course, considered only the very simplest hy-
potheses possible. Hypotheses other that that of purely random
mating will give different results, and, of course, if, as appears
to be the case sometimes, the character is not independent of
that of sex, or has an influence on fertility, the whole question
may be greatly complicated. But such complications seem to be
irrelevant to the simple issue raised by Mr. Yule’s remarks.

April 5, 1908
P. S. I understand from Mr. Punnett that he has submitted

the substance of what I have said above to Mr. Yule, and that
the latter would accept it as a satisfactory answer to the diffi-
culty that he raised. The “stability” of the particular ratio 1:2:1
is recognized by Professor Karl Pearson [Phil. Trans. Roy. Soc.
(A), vol. 203, p. 60].

Mendelian Proportions in a Mixed Population 63

From Science 28:49–50, 1908.

To the Editor of Science: I am reluctant to intrude in a discus-
sion concerning matters of which I have no expert knowledge,
and I should have expected the very simple point which I wish
to make to have been familiar to biologists. However, some re-
marks of Mr. Udny Yule, to which Mr. R. C. Punnett has called
my attention, suggest that it may still be worth making.

In the Proceedings of the Royal Society of Medicine (Vol. I.,
p. 165) Mr. Yule is reported to have suggested, as a criticism of
the Mendelian position, that if brachydactyly is dominant “in
the course of time one would expect, in the absence of counter-
acting factors, to get three brachydactylous persons to one
normal.”

It is not difficult to prove, however, that such an expecta-
tion would be quite groundless. Suppose that Aa is a pair of
Mendelian characters, A being dominant, and that in any given
generation the numbers of pure dominants (AA), heterozygotes
(Aa), and pure recessives (aa) are as p:2q:r. Finally, suppose that
the numbers are fairly large, so that the mating may be re-
garded as random, that the sexes are evenly distributed among
the three varieties, and that all are equally fertile. A little math-
ematics of the multiplication-table type is enough to show that
in the next generation the numbers will be as

(p + q)2:2(p + q) (q + r): (q + r)2,

or as p1:2q1:r1, say.
The interesting question is—in what circumstances will

this distribution be the same as that in the generation before?
It is easy to see that the condition for this is q2 = pr. And since 
q2

1 = p1r1, whatever the values of p, q and r may be, the distri-
bution will in any case continue unchanged after the second
generation.

Suppose, to take a definite instance, that A is brachy-
dactyly, and that we start from a population of pure brachy-
dactylous and pure normal persons, say in the ratio of 1:10,000.
Then p = 1, q = 0, r = 10,000 and p1 = 1, q1 = 10,000, r1 =
100,000,000. If brachydactyly is dominant, the proportion 
of brachydactylous persons in the second generation is


