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Measuring Selection

Penis fencing by the flatworm Pseudobiceroshancockanus

http://en.wikipedia.org/wiki/Pseudobiceros_hancockanus
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Imagine a population with two alternative alleles P and Q.
Their frequencies at generation 0 are: p0 and q0

The fitness of each allele (WP and WQ)
The numbers of P and Q alleles at time t are: NP and NQ

Measuring selection
Even slight differences in fitness eventually become significant

in every generation, the 
numbers of each allele 
change in proportion to 
their fitness:
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The time course of selection in the simplest case of two alleles
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The timescale of change is inversely proportional
to the selection coefficient

Because only relative fitness matters, we can set W_Q to 1 
and W_P to 1+s.
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How to measure selection

Imagine two strains of an organism reproducing asexually
Assume a difference in growth rate (selection coefficient) s, 
then the ratio between the frequencies of the two strains 
changes exponentially, as e^(st)

For example if growth rates differ by 1% per generation,
Å After 10 generations, the ratio would change by a factor 

e^(0.01*10) ~ 1.1
Å After 100 generations, by a factor of e^1 = 2.72

Thus, in principle to measure the selection coefficient, all 
we need to do is count the numbers of the types at the 
beginning and end of the experiment.

(page 522 in book)
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Measuring selection directly
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0.69 / 1.27 = e^(st) = e^(s * 150) 
s = ln(0.69/1.27)/150 = -0.004

Measuring selection directly

change in ratio of frequencies = 
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Measuring selection directly is difficult

Figure 19.1

In general, selection coefficients can be measured to an accuracy of only a few percent at best.

These fluctuations limit the 
accuracy of fitness estimates 
to 5%.



9

Genetic Manipulation Is Needed to Find
the Effect of a Specific Genetic Difference
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Selection Can Be Measured by Correlating Fitness 
Differences with Genetic Variation

Knowledge of the physiological effects of the allele and its spatial distribution 
supports a causal relation between fitness and the allele
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Selection Can Be Measured by Correlating 
Quantitative Traits with Fitness



Similar amino acid differences between homologous 
beta-globins



Kimura (1983) The neutral theory of molecular evolution.

A molecular clock in the evolution of proteins



Population = 2N  (assuming a diploid population)

Initial frequency = 1/2N

Probability of fixation = ???

What is the probability
that a new mutation will be fixed in the population?



)2/1()2( NNk ³= m

m=k

Rate of Neutral Evolution
The rate of evolution is determined by:

1. the number of mutations produced each generation, and
= 2Nm

2. the probability of fixation of each new mutation.
= 1/2N

Rate of divergence (k) = Mutations*Fixation  

Rate of divergence is equal to the 
mutation rate!!!
(independent of N!)

Kimura (1968) Nature217 624-626



Rate of Neutral Evolution

Assume that f is the proportion of neutral mutations.

Kimura and Ohta (1971) JME

deleterious neutral

f1-f

k = fm

advantageous

A prediction of the neutral theory:
Divergence is dependent only on the mutation rate.



Kimura (1983) The neutral theory of molecular evolution.

The neutral theory explains the molecular clock

k = fm

“The uniformity of the rate of mutant 
substitution per year for a given protein 
may be explained by assuming constancy 
of neutral mutation rate per year over 
diverse lines.”

Kimura & Ohta Nature (1971)



What is the probability of fixation
of an advantageous mutation?

1 –e-4Nsq

1 –e-4Ns
P =

q = 1/2N

1 –e-2s

1 –e-4Ns
P =

P º2s

For positive, small s and large N, P can be approximated as:



Deviations from the Molecular Clock Indicate Selection



“…proteins, and sites within proteins, differ with regard to the stringency of their 
requirements.”

“Replacements can be viewed from the view-point of the protein chemist who 
sees replacements as relating solely to function”

“29 amino acids in cytochrome c are needed to combine with the heme group 
all others are probably neutral”

King, J. L., and Jukes, T. H. 1969. Non-Darwinian evolution, Science 164, 788-798.

The inverse relationship between the importance of a 
protein or site within a protein and its rate of evolution.



The 20 amino acids have overlapping properties

Small change

big change



Relationship between physico-chemical difference 
and relative substitution frequency

Drastic changes are 
infrequent

Minor changes are 
more frequent

Kimura (1983) The neutral theory of molecular evolution.



Pseudogenes as a paradigm of neutral evolution

Li, Gojobori and Nei (1981) Nature 292: 237-239

Pseudogenes show an extremely high rate of nucleotide substitution.



Kimura (1983) The neutral theory of molecular evolution.

Different areas of the protein evolve at different rates



Conservation in a ‘typical’ gene

Start of transcription Polyadenylation site

Splice sites
Start of translation

On the basis of 3,165 human-mouse pairs

MGSC Nature (2002) 420 520-562



Degeneracy of the Genetic Code

Colors represent 
amino acids

Each of the 61 sense codons can mutate in 9 different ways              134 of the 549 possible 
changes are synonymous

nonsynonymous

synonymous



The first 220 nucleotides of human and mouse renin binding protein 

The third position of all codons are marked

Of the 31 changes:
4   - 1st position
4   - 2nd position
23 - 3rd position

Preponderance of changes in the 3rd position



Functional sequences can be detected by looking for 
conserved sequences


