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Molecular Evolution



(1) Edwards, 2008

Hardy-Weinberg Principle

“ The answer was in Mendel’s paper all the time”1

The first and most basic model in population genetics



Hardy-Weinberg Law

Weinberg Hardy

• Wilhelm Weinberg

• (1862-1937)

• German Physician

• Godfrey H. Hardy

• (1877-1947 )

• English mathematician



How did a mathematician, Hardy, get involved?



(1) Edwards, 2008   (2) Jewett,1914

• February 28th 1908, Punnett gave a lecture 
on “Mendelism in relation to disease” 1.


• The lecture discusses brachydactylism.


• Brachydactylism means short-
fingeredness 2.


• Shortness in fingers and toes relative to 
other body parts.


• The genetics disease is a dominant trait.



• Yule: if brachydactyl is a dominant 
trait (assuming random mating) ➔ 3:1 
brachydactyl : normal.


• Yule misinterpreted Mendel’s theory. 
In order to get the 3:1 ratio, the gene 
frequency must be ½.



• Punnett: interpreted Yules remarks as 
“why the nation was not becoming ….. 
Brachydactylous”.


•  Punnett was puzzled “why the dominant 
did not continually increase in frequency?” 


• Hardy ….. Help!



Mendelian Proportions in a Mixed Population



(1) Hardy, 1908

• Assumptions: Aa is a Mendelian characters. The 
numbers of genotypes pure dominant (AA), heterozygotes 
(Aa), and pure recessives (aa) are 1:2:1 respectively.


• Conditions: “ … 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.”1


• Using “a little mathematics …” the allele frequencies in the 
next generation will be “ .. unchanged after the second 
generation.”


•  “ I have … considered only the very simplest hypotheses 
possible.” 1



Assumptions



• Single locus / Biallelic locus


•  Diploid organism / Equal sexes.


• No natural selection: equal survival rates and 
reproductive success


•  No mutation: no alleles created or converted


•  No migration/gene flow: individuals do not 
move into or out of the population



• No genetic drift.


•  Population is infinitely large: sampling errors 
and random effects insignificant.


• No population subdivision.


• Random mating (no inbreeding).


• Non overlapping generations.



The idea



Single locus and two alleles

Allele 2

(a)

Allele 1

(A)

q = frequency of Allele 2


q =     

p = frequency of Allele 1


p =     

# of allele 1

# allele 1+allele 2
# of allele 2

# allele 1+allele 2



What is the frequency of all alleles in a population?

p + q =
# of allele 1

# allele 1+allele 2

# of allele 2

# allele 1+allele 2+ =
# allele 1+allele 2
# allele 1+allele 2



Hardy-Weinberg Principle



(1) p + q = 1

A

(p)

a (q)

a

(q)

AA (p2) Aa (pq)

Aa (pq) aa (q2)

(2) p2+2pq+q2=1

Predictions
(1) Allele frequency do not change over time

(2) Genotype frequencies can be calculated

A (p)



(1) Klug et al., Concepts of Genetics

Relationship between genotype and allele frequency 1

p2+ 2pq + q2 =1

p2 = (0.8)2 = 0.64

2pq = 2*(0.8)*(0.2)  = 
0.32

q2 = (0.2)2 = 0.04

Population is at HW equilibrium at this locus



What happens in frequencies ARE NOT 
in HW equilibrium?

We test which assumption of HW was 
violated and may, as a result, explain the 

evolution of the population at this 
particular locus



Let’s do beanbag genetics



REPRINTS AND REFLECTIONS

A Defense of Beanbag Genetics*
JBS Haldane

My friend Professor Ernst Mayr, of Harvard
University, in his recent book Animal Species and
Evolution1, which I find admirable, though I disagree
with quite a lot of it, has the following sentences on
page 263.

The Mendelian was apt to compare the genetic
contents of a population to a bag full of colored
beans. Mutation was the exchange of one kind
of bean for another. This conceptualization has
been referred to as ‘‘beanbag genetics’’. Work in
population and developmental genetics has shown,
however, that the thinking of beanbag genetics
is in many ways quite misleading. To consider
genes as independent units is meaningless from
the physiological as well as the evolutionary
viewpoint.

Any kind of thinking whatever is misleading out
of its context. Thus ethical thinking involves the
concept of duty, or some equivalent, such as right-
eousness or dharma. Without such a concept one is
lost in the present world, and, according to the
religions, in the next also. Joule, in his classical
papers on the mechanical equivalent of heat, wrote
of the duty of a steam engine. We now write of
its horsepower. It is of course possible that
ethical conceptions will in future be applied to
electronic calculators, which may be given built-in
consciences!
In another place2 Mayr made a more specific

challenge. He stated that Fisher, Wright, and I
‘‘have worked out an impressive mathematical
theory of genetical variaion and evolutionary change.
But what, precisely, has been the contribution of this
mathematical school to evolutionary theory, if I may
be permitted to ask such a provocative question?’’
‘‘However,’’ he continued in the next paragraph,
‘‘I should perhaps leave it to Fisher, Wright, and
Haldane to point out what they consider their major
contributions.’’ While Mayr may certainly ask this
question, I may not answer it at Cold Spring Harbor,

as I have been officially informed that I am ineligible
for a visa for entering the United Statesy. Fisher is
dead, but when alive preferred attack to defense.
Wright is one of the gentlest men I have ever met,
and if he defends himself, will not counterattack. This
leaves me to hold the fort, and that by writing rather
than speech.
Now, in the first place I deny that the mathematical

theory of population genetics is at all impressive, at
least to a mathematician. On the contrary, Wright,
Fisher, and I all made simplifying assumptions which
allowed us to pose problems soluble by the elemen-
tary mathematics at our disposal, and even then did
not always fully solve the simple problems we set
ourselves. Our mathematics may impress zoologists
but do not greatly impress mathematicians. Let me
give a simple example. We want to know how the
frequency of a gene in a population changes under
natural selection. I made the following simplifying
assumptions3:

1. The population is infinite, so the frequency in
each generation is exactly that calculated, not just
somewhere near it.

2. Generations are separate. This is true for a
minority only of animal and plant species. Thus
even in so-called annual plants a few seeds can
survive for several years.

3. Mating is at random. In fact, it was not hard to
allow for inbreeding once Wright had given a
quantitative measure of it.

4. The gene is completely recessive as regards
fitness. Again it is not hard to allow for
incomplete dominance. Only two alleles at one
locus are considered.

5. Mendelian segregation is perfect. There is no
mutation, non-disjunction, gametic selection, or
similar complications.

6. Selection acts so that the fraction of recessives
breeding per dominant is constant from one
generation to another. This fraction is the same
in the two sexes.

*Haldane, J.B.S. A Defense of Beanbag Genetics. Perspectives in
Biology and Medicine 7:3 (1964), 343-359. ! The Johns
Hopkins University Press. Reproduced with permission of The
Johns Hopkins University Press.

yIn spite of this ineligibility I have, since writing this article,
been granted an American visa, for which I must thank the
federal government. However, I am not permitted to lecture in
North Carolina, and perhaps in other states, without answer-
ing a question which I refuse to answer. Legislation to this
effect does not, in my opinion, help American science.

Published by Oxford University Press on behalf of the International Epidemiological Association

! The Author 2008; all rights reserved.

International Journal of Epidemiology 2008;37:435–442

doi:10.1093/ije/dyn056
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Disclaimer

 Figures, photos, and graphs in my lectures are 
collected using google searches.  I do not claim to have 

personally produced the material (except for some). I 
do cite only articles or books used. I thank all owners of 

the visual aid that I use and apologize for not citing 
each individual item.  If anybody finds the inclusion of 
their material in my lectures a violation of their copy 

rights, please contact me via email.


hhalhaddad@gmail.com

mailto:hhalhaddad@gmail.com

