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“The importance of the great principle of selection 
mainly lies in the power of selecting scarcely 
appreciable differences, which nevertheless are found 
to be transmissible, and which can be accumulated 
until the result is made manifest to the eyes of every 
beholder.”

Charles Darwin (1859)
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We have so far assumed that different genotypes have an equal probability 
of surviving and passing on their alleles to future generations. That is, we 
have assumed that natural selection is not operating. 

Conner and Hartl (2004) page 54
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Biston betularia betularia morpha typica
(the white-bodied peppered moth)

Biston betularia betularia morpha carbonaria 
(the black-bodied peppered moth)
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Source: Michalak et al. (2001) Proc Natl Acad Sci USA 98(23): 13195-13200.

Hsp70 expression
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Δ Hsp70 expression ?
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AaAa AbAb

87A787A7
 

T strains:T strains:

Rand (Rand (ArvArv//ZimZim) Lines:) Lines:

Evolution Canyon:Evolution Canyon:

HSE 4HSE 4 HSE 1HSE 1HSE 2HSE 2HSE 3HSE 3 TATATATA
+1+1

GAGAGAGA

HSE 1HSE 1HSE 2HSE 2 TATATATAJockeyJockey(t)(t)nnHSE 4HSE 4 HSE 3HSE 3BaBaJockeyJockey
+1+1

1.4 kb1.4 kb

HSE 1HSE 1HSE 2HSE 2 TATATATAHSE 4HSE 4 HSE 3HSE 3BaBaPP-Rand-Rand
+1+1

1.3 kb1.3 kb

HSE 1HSE 1HSE 2HSE 2 TATATATAP ElementP ElementHSE 4HSE 4 HSE 3HSE 3BaBaPP-EC-EC
+1+1

1.3 kb1.3 kb

BaBaOROR

P ElementP Element

-86-86-107-107

-97-97

-184-184

87C187C1

Ba Ba BbBb BcBc

> Hsp70BaP: 33.6% > Hsp70BaP:  1.2%
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Hypothesis B:

Exposure to lice shampoo actually 
caused mutations for resistance to 
the shampoo.

Resistant strains of lice were 
always there—and are just more 
frequent now because all the non-
resistant lice died a sudsy death.

Hypothesis A:

X

XX
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A2A2A1A2

A1A1 A1A1

A1A1

A1A1

A1A1

A1A2

A1A1
A1A1

A1A1
A1A1

A1A1

A1A2

A1A1

A1A1
A1A1

A1A2

A1A2

A1A2A1A1

A1A2

A2A2A2A2

Standing genetic variation

A2A2

A1A1
A1A1

A1A1
A1A1

A1A1
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A1A1
A1A1

A1A1
A1A1
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A1A1
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New adaptive mutants

A1A1

e.g. resistance to insecticides among mosquitos

e.g. pesticide resistance in Norway rat

A1A1 A1A2
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In 1952, Esther and Joshua Lederberg performed an experiment that helped to 
show that many mutations are random, not directed. The hypothesis for the 
experiment is that antibiotic resistant strains of bacteria surviving an application of 
antibiotics had the resistance before their exposure to the antibiotics, not as a result 
of the exposure.

1. Bacteria are spread out on a plate, called the “original plate.”
2. They are allowed to grow into several different colonies.
3. This layout of colonies is stamped from the original plate onto a new plate that contains the antibiotic penicillin.
4. Colonies X and Y on the stamped plate survive. They must carry a mutation for penicillin resistance.
5. The original plate is washed with penicillin, the same colonies (those in position X and Y) live—even though these 
colonies on the original plate have never encountered penicillin before.

=> The penicillin-resistant bacteria were there in the population before 
they encountered penicillin. They did not evolve resistance in response to 
exposure to the antibiotic.

1                            2                             3                           4                             5
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Natural Selection - The differential survival and reproduction of classes of organisms 
that differ from one another in one or more usually heritable characteristics. Through this 
process, the forms of organisms in a population that are best adapted to their local 
environment increase in frequency relative to less well-adapted forms over a number of 
generations. This difference in survival and reproduction is not due to chance.

Although natural selection is synonymous with the name of Charles Darwin, it was R. A. 
Fisher who did much to show the power of this process at the genetic level.
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Three conditions must be met for selection to occur in a population: 

1. Variation: Individuals in the population must differ with respect to the trait 
in question. Without this variation, all individuals will have the same trait value 
and cannot be distinguished with respect to that trait. 

2. Heritability: The variation found in the population must (at least partially) 
be heritable, e.g. transmitted from parent to offspring. If the variation in the 
trait was due entirely to the environment, for example, changes in the parent 
population would not affect the characteristics of the offspring population. 

3. Differential Mortality: Finally, individuals must have a probability of 
survival that is a function of the value of the trait in question. If all individuals, 
regardless of there trait value, had an equal probability of survival and 
fecundity, no predictable change in the mean value of the population would 
occur.
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Survival of the fittest
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The idea that species adapt and change by natural selection with the best suited mutations 
becoming dominant - often called “survival of the fittest” is often attributed to Charles 
Darwin and, although it appears in the fifth edition of his Origin of Species, 1869, it is there 
attributed to Herbert Spencer:


“The expression often used by Mr. Herbert Spencer of the survival of the fittest is more 
accurate ... ” 

Spencer had published The principles of biology in 1864. In that he referred to “survival of 
the fittest” twice:


“This survival of the fittest, implies multiplication of the fittest.” 

“This survival of the fittest... is that which Mr. Darwin has called 
'natural selection', or the preservation of favored races in the struggle 
for life.”
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Natural selection is the differential success of genotypes in contributing to the next 
generation. In the simplest conceptual model, there are two major life history 
components that bring about selective differences between genotypes: viability and 
fertility.

The effect of natural selection on genotypes is measured by fitness. Fitness is the 
average number of offspring produced by individuals of a particular genotype. 
Fitness can be calculated as the product of viability and fertility, as defined above, and 
we can define fitness for a di-allelic locus as:

Genotype Viability Fertility Fitness

A1A1 V11 f11 (v11)(f11)=w11

A1A2 V12 f12 (v12)(f12)=w12

A2A2 V22 f22 (v22)(f22)=w22
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Genotype Viability Fertility Fitness

A1A1 V11 f11 (v11)(f11)=w11

A1A2 V12 f12 (v12)(f12)=w12

A2A2 V22 f22 (v22)(f22)=w22

Genotype Viability Fertility Absolute 
Fitness

Relative 
Fitness 

(w)

Selection 
(s)

A1A1 0.9 3 2.7 1 0

A1A2 0.9 2 1.8 0.67 0.23

A2A2 0.45 2 0.9 0.33 0.67
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 The mean fitness of the population is the sum of the relative contribution of the 
different genotypes:

ω = p2ω11 + 2pqω12 + q
2ω22

p2 ω11

ω
     2pqω12

ω
     q2 ω22

ω

A1A1      A1A2      A2A2

The relative contribution of the three genotypes to the next generation is determined 
by the product of the relative fitness and the frequency before selection of that 
genotype.

frequency after selection:
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′p =
p2ω11

ω
+
1
2
2pqω12

ω
⎛
⎝⎜

⎞
⎠⎟
=
p2ω11 + pqω12

ω

′q = 1
2
2pqω12

ω
⎛
⎝⎜

⎞
⎠⎟ +

q2ω 22

ω
= pqω12 + q

2ω 22

ω

f (A2A2 ) =
q2ω22
ωf (A1A1) =

p2ω11
ω f (A1A2 ) =

2 pqω12
ω
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′p =
p2ω11

ω
+
1
2
2pqω12

ω
⎛
⎝⎜

⎞
⎠⎟
=
p2ω11 + pqω12

ω

Δp = ′p − p = pq p ω11 −ω12( )+q ω12 −ω22( )⎡⎣ ⎤⎦
ω
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q1 =
p0q0 (1)+q0

2 (1)
ω =

1−q0( )q0+q02
ω = q0

p0
2 1( )+2 p0q0 1( )+q02 1( ) =

ω11 = 1; ω12 = 1; ω22 = 1

Δq = q1 − q0 = q0 − q0 = 0

q0
1−q0( )2+2q0 1−q0( )+q02

= q0
1−2q0+q0

2+2q0−2q0
2+q0

2 = q0
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Dominant: w11 = w12 > w22 

Intermediate: w11 > w12 > w22 

Recessive: w11 > w12 = w22 

Overdominance: w11 < w12 > w22 

Underdominance: w11 > w12 < w22
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selection for A2

heterozygote 
disadvantage 

(unstable)

heterozygote 
advantage 

(stable)
selection for A1

1.0 2.00.0

1.0

2.0

ω11

ω22

ω12 = 1
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w11<w12>w22

Heterozygous advantage 

(overdominance)

A1A1 A1A2 A2A2

Fitness 1-s 1 1-s

s measures the reduction in fitness compared with the best genotype in the population: for instance, an s of 
0.01 means that the genotype has a 1% less chance of survival than the best genotype-it is 99% as fit.

ω : relative fitness

s : selection 
coefficient

s = 1−ω

A1A1 

A2A2 A1A2

10 1− s
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European common buzzard (Buteo buteo)

Boerner and Krüger (2009)
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w11>w12<w22

Heterozygous disadvantage 

(underdominance)

A1A1 A1A2 A2A2

Fitness 1 1-s 1

ω : relative fitness

s : selection 
coefficient

s = 1−ω

A1A2

A1A1

A2A2

10 1− s
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J Evol Biol. 2013 Aug;26(8):1774-83
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http://www.ncbi.nlm.nih.gov/pubmed/23837902#

