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Unlike Mendel, Charles Darwin made a big splash
when his defining work, "On the Origin of Species by
Means of Natural Selection, or the Preservation of
Favoured Races in the Struggle for Life" (which we
refer to as "The Origin of Species”) published in 1859.

Darwin set forth a scientific theory that described how
one species could give rise to another species, given
sufficient time. It was heavily attacked at the time
(and continuing to this day) by people who thought
that it contradicted their religious beliefs.
Nevertheless, the basic theory has survived and
flourished, and today it is one of the main pillars of
biological theory.



A fundamental concept in evolutionary theory is
“fitness”, which can defined as the ability to
survive and reproduce. Reproduction is key: to

be evolutionarily fit, an orctzjanlsm must pass its
genes on to future generations

Basic idea behind evolution by natural selection:
the more fit individuals contribute more to future
eneratlons than less fit individuals. Thus, the
enes found in more fit individuals ultimately

ake over the population.

Natural selection requires 3 basic conditions:
1. there must be inherited traits.

2. there must be variation in these traits among
members of the species.

3. some inherited traits must affect fithess



Darwin didn’t understand how inheritance worked--Mendel’s
work was still in the future. It wasn’t until the 1930’s when
Mendelian genetics was incorporated into evolutionary theory,
in what is called the "Neo-Darwinian synthesis”.

Translated into Mendelian terms, the basis for natural selection
is that alleles that increase fitness will increase in frequency in
a population.

Thus, the main object of study in evolutionary genetics is the
frequency of alleles within a population.

A “population” is a group of organisms of the same species
that reproduce with each other. There is only one human
population: we all interbreed.

The “gene pool” is the collection of all the alleles present
within a population.

We are mostly goingt_to look at frequencies of a single gene
but population geneticists generally examine many different
genes simultaneously.



Each diploid individual in the population has 2 copies of each gene. The
allele frequency is the proportion of all the genes in the population that
are a particular allele.

The genotype frequency of the proportion of a population that is a
particular genotype.

For example: consider the MN blood group. In a certain population there
are 60 MM individuals, 120 MN individuals, and 20 NN individuals, a total
of 200 people.

The genotype frequency of MM is 60/200 = 0.3.

The genotype frequency of MN is 120/200 = 0.6

The genotype frequency of NN is 20/200 = 0.1

The allele frequencies can be determined by adding the frequency of the
homozygote to 1/2 the frequency of the heterozygote.

'cl)'h6e allele frequency of M is 0.3 (freq of MM) + 1/2 * 0.6 (freq of MN) =
The allele frequency of Nis 0.1 + 1/2 * 0.6 = 0.4

Note that since there are only 2 alleles here, the frequency of N is 1 -
freq(M).



A gene is called “polymorphic” if there is more than 1
allele present in at least 1% of the population. Genes
with only 1 allele in the population are called
“monomorphic”. Some genes have 2 alleles: they are
“dimorphic”.

In a study of white people from New England, 122
human genes that produced enzymes were examined.
Of these, 51 were monomorphic'and 71 where
polymorphic. On the DNA level, a higher percentage
of genes are polymorphic.

Heterozygosity is the percentaﬁe of heterozygotes in
a population. Averaged over the 71 polymorphic
genes mentioned above, the heterozygosity of this
population of humans was 0.067.



Early in the 20th century G.H. Hardy and Wilhelm Weinberg
independently pointed out that under ideal conditions you
could easily predict genotype frequencies from allele
frequencies, at least for a diploid sexually reproducing
species such as humans.

For a dimorphic gene (two alleles, which we will call A and
g),tthbe Par y-Weéinberg equation is based on the binomial
Istribution:

p°+2pg + g =1
wbelre p = frequency of A and g = frequency of a, with p +

pz_is the frequency of AA homozygotes
ZEq is the frequency of Aa heterozygotes
g? iIs the frequency of aa homozygotes

H-W can be viewed as an extension of the Punnett square,
using frequencies other than 0.5 for the gamete (allele)
frequencies.



Taking our previous example population,
where the frequency of M was 0.6 and the
frequency of N was 0.4.

p2 = freq of MM = (0.6)2 = 0.36

2pq = freg of MN - 2 * 0.6 * 0.4 = 0.48
g? = freq of NN = (0.4)2 = 0.16

These H-W expected frequencies don't
match the observed frequencies. We will
examine the reasons for this soon.
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A popular idea early in the 20th centurY ;
ation

“eugenics”, improving the human_popu
through selective breeding. The idea has been
widely discredited, largely due to the evils of

“forced eugenics” practiced in_certain countries
before and during World War 2. We no longer
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If Hardy-Weinberg equilibrium is assumed (an assumption we will
examine shortly), it is Possmle to estimate the allele frequencies for a
gene that shows complete dominance even though heterozygotes
can’t be distinguished from the dominant homozygotes.

The frequency of recessive homozygotes is g2. Thus, the frequency of
the recessive allele is the square root of this. Very simple.

For example, the recessive genetic disease PKU has a freciuency in the
population of about 1 in 10,000, g2 thus equals 0.0001 % 0-4). The
square root of this is 0.01 (10-2), which implies that the frequency of
the PKU allele is 0.01 and the frequency of the normal allele is 0.99.
Thus the frequency of the heterozygous genotype is 2 * 0.99 * 0.01 =
0.198. Abut 2% of the population'is a carrier of the PKU allele.

Note again: this ASSUMES H-W equilibrium, and this assumption is
not always true.



The relationship between allele frequencies and genotype
frequencies expressed by the H-W equation only holds if
these 5 conditions are met. None of them is completely
realistic, but all are met approximately in many
populations.

If a population is not in equilibrium, it takes only 1
generation of meeting these conditions to bring it into
equilibrium. Once in equilibrium, a population will stay
there as long as these conditions continue to be met.

. N0 new mutations

. o migration in or out of the population

. no selection (all genotypes have equal fitness)
. random mating

. very large population
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If we have a population where we can distinguish
all three genotypes, we can use the chi-square
test once again to see if the population is in H-W
equilibrium. The basic steps:

1. Count the numbers of each %enotyFe to get the
observed genotype numbers, then calculate the observed
genotype frequencies.

2. Calculate the allele frequencies from the observed
genotype frequencies.

3. Calculate the expected genotyBe frequencies based on
the H-W equation, then multiply by the total number of
offspring to get expected genotype numbers.

4. Calculate the chi-square value using the observed and
expected genotype numbers.

5|.I Lfse)l degree of freedom (because there are only 2
alleles).



Data: 26 MM, 68 MN, 106 NN, with a total population of 200 individuals.

1. Observed genotype frequencies:
MM: 26/200 = 0.13
MN: 68/200 = 0.34
NN:106/200 = 0.53
2. Allele frequencies:
M: 0.13 +1/2 * 0.34 = 0.30
N: 0.53 + 1/2 * 0.34 = 0.70
3. Expected genotype frequencies and numbers:
MM: p2 = (0.30)2 = 0.09 (freq) x 200 = 18
MN: 2pg = 2 * 0.3 * 0.7 = 0.42 (freq) * 200 = 84
NN: g2 = (0.70)2 = 0.49 (freq) * 200 = 98
4. Chi-square value:
(26 - 18)2/ 18 + (68 - 84)2/ 84 + (106 - 98)2/ 98
= 3.56 + 3.05 + 0.65
= 7.26
5. Conclusion:_ The critical chi-square value for 1 degree of freedom is

3.841. Since 7.26 is greater than this, we reject the null hypothesis that
the population is in Hardy-Weinberg equilibriam.



The fullest meaning of “random mating” implies that any gamete
has an equal probability of fertilizing any other gamete, 'including
itself. In a sexual rpoE_u_Iatlon, this iS impossible because male
gametes can only fertilize female gametes.

More or less random mating in a sexual population is achieved in
some species of sea urchin, which gather in one place and squirt
all of their gametes, male and female, out into the open sea. The
gam%tes then find each other and fuse together to become
zygotes.

In animal species, mate selection is far more common than
random fertilization. A very general rule is “assortative mating”,
that like tends to mate with like: tall people with tall people,
short people with short people, etc. This rule is true for
_ext_ernallzl detectable phenotypes such as appearance, but
invisible traits like blood groups are usually close to H-W
equilibrium in the population.

Assortative mating is most easily analyzed as a tendency for
inbreeding. You are more like your relatives than you are to
random strangers. Thus you are somewhat more likely to mate
with a distant relative than would be expected by chance alone.
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