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Mendel´s laws of inheritance were re-discovered in 1900 but it was not
understood how genetic variation behaves from generation to generation. For
example, it was thought  that a dominant  allele should increase in frequency .

In 1908, famous British mathematician, G.H. Hardy wrote: To the Editor of Science: I
am reluctant to intrude in a discussion 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
remarks of Mr. Udny Yule, to which Mr. R. C. Punnett has called my attention, suggest that it may still be worth
making... Suppose that Aa is a pair of Mendelian characters, A being dominant, and that in any given generation
the number 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 mating may be regarded as random, that the sexes are evenly
distributed among the three varieties, and that all are equally fertile. A little mathematics 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 q1

2 = p1r1, whatever the values
of p, q, and r may be, the distribution will in any case continue unchanged after the second generation

In 1908, German physicist  Wilhelm Weinberg published the same result,
independently.

THE  BASIC MODEL IN POPULATION
GENETICS: HARDY-WEINBERG

.
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HARDY-WEINBERG ”EQUILIBRIUM”, ASSUMPTIONS

Summary of assumptions:
The organism is diploid and reproduces sexually.
Generations are nonoverlapping.
The gene under consideration has two alleles, A and a.
The allele frequencies, p and q, in the population, consisting of the

individuals (genotypes), AA, Aa, aa are identical in males and females.
Mating is random.
Population size is very large (infinite).
Migration is negligible.
Mutation at the gene locus we consider is so rare that can be ignored

(i.e. A mutating to a, or a to A).
Natural selection does not affect the alleles under consideration.

The assumption of infinite population means that random (stochastic) events can be
ignored. Negligible migration means that, if there is another population with different allele
frequencies, change of individuals (=migration) does not disturb the situation and violate
the assumption of a closed system. Natural selection here means that A and a, or AA, Aa,
aa perform equally well in reproduction, there are no fitness differences.

These assumptions summarize the Hardy-Weinberg model.
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GENOTYPE FREQUENCIES – ALLELE FREQUENCIES

In Hardy-Weinberg model the relation between the allele frequencies,
p and q (p + q = 1), and the genotype frequencies is given by

AA :   p2 Aa : 2pq          aa : q2 ,

The formation of one generation from the previous generation as an outcome of
repeated and independent trials (assuming random mating the choices of male gamete
and female gamete are independent trials):

pairs of gametes (carrying the alleles A and a), AA, Aa and aa, are
expected in proportions given by

( p + q )2 = p2 + 2pq + q2



The basic model in population genetics, Hardy-Weinberg /  Course: Genetic analysis and molecular evolution / Fall 2011 / SVarvio 4

MATING  TYPE  FREQUENCIES => NEXT GENERATION GENOTYPE  AND ALLELE
FREQUENCIES

Mating Frequency
of mating

AA Aa aa

AA x AA P2 1 0 0

AA x Aa 2PQ ½ ½ 0

AA x aa 2PR 0 1 0

Aa x Aa Q 2 ¼ ½ ¼

Aa x aa 2QR 0 ½ ½

aa x aa R2 0 0 1

Totals
(next gen.) P´ Q´ R´

Frequency of zygotes (progeny)

P´ =  P2 + (2PQ)/2 + Q2/4 = (P + Q/2)2 = p2

Q´ =  (2PQ)/2 + 2PR + Q2/2 + (2QR)/2 = 2(P + Q/2)(R + Q/2) =  2pq
R´ =   Q2/4 + (2QR)/2 + R2 = (R + Q/2)2 = q2

So, random mating of genotypes - random union of gametes - HWE.



The basic model in population genetics, Hardy-Weinberg /  Course: Genetic analysis and molecular evolution / Fall 2011 / SVarvio 5

HWE

With two alleles of gene, there are six possible types of matings (the left column in
the table)

When mating is random, the matings take place in proportion to the genotypic
frequencies in the population, and the types of mating pairs are given by successive
terms in the expansion of

(P AA + Q Aa + R aa)2

The proportion of AA x AA matings is P x P = P2 and the proportion of AA x Aa
matings is 2 x P x Q because the mating can be between either an AA female and an
Aa male (P x Q) or Aa female and AA male (Q + P). The frequencies of these and the
other types of matings are given in the second column.

The next generation (zygotes from which progeny follow): Mendel´s law of
segregation is taken into account.

Aa heterozygote produces and equal number of A-bearing and a-
bearing gametes. AA and aa homozygotes produce only A and a
gametes, respectively.

The mating AA x aa produces all Aa zygotes, the mating
AA x Aa produces ½ AA and ½ Aa zygotes, Aa and Aa produces ¼ AA,
½ Aa, ¼ aa, etc.
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HWE

Why a model with so many restrictive assumptions? Are all these assumptions
likely to be met in actual populations?

HWE is not meant to be an exact description of any actual population, although
actual populations often exhibit genotype frequencies predicted by it.

HWE provides a null model, a prediction based on a simplified or idealized
situation where no biological processes are acting and genotype frequencies are
the result of random combination.

Actual populations can be compared with this null model to test hypotheses
about the evolutionary forces acting on allele and genotype frequencies.

The important point and the original motivation for Hardy and Weinberg was to
show that the process of particulate inheritance itself does not cause any
changes in allele frequencies across generations.

Thus, changes in allele frequency or departures from HWE expected genotype
frequencies must be caused by processes that alter the outcome of basic
inheritance.


