
11Evolution 134133 

9th Lecture, December 20th 2010
Itai Yanai, www.yanaiweb.com/evolution

Department of Biology, TechnionςIsrael Institute of Technology

Interaction of Natural Selection
with other processes



2

The main concepts discussed today

Å Review of Natural Selection and the basic model of evolution
Å Basic modes of selection: positive, negative, and neutral
Å Further classification: Directional, stabilizing, and disruptive

Å The interaction between selection and drift
Å The interaction between selection and gene flow



VARIATION

Population

SELECTION DRIFT

Altered population

Step 1:

Step 2:

The standard model of evolution

Step 3: repeat 
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Misunderstandings about evolution

Å Not random! 

Å Not necessarily perfect. 

Å Not necessarily progress
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From last time: genetic algorithm  invents a low-pass filter
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The other modes of selection

Positive selection Negative selection
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Initially Drosophila could only fly against a 
wind of 2cm/sec, but after 100 generations 
in which the best 4.5% of flies were 
selected, the average flying speed 
increased 85-fold. The same phenomenon 
is observed in two replicates lines.

Experiment on maize started in Illinois in 
1895 and still continued. Extreme 20% (most 
and least) in terms of oil content of the 
population were selected to breed in each 
generation

Experimental evolution
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Creature Feature!

TheAsian giant hornet(Vespamandarinia)

http://en.wikipedia.org/wiki/Asian_giant_hornet

Japanese honey bees (Apisceranajaponica) defensively 
"balling" in which two hornets (Vespasimillimaxanthoptera) 
are engulfed and heated.
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ŦǊƻƳΥ ά²Ƙȅ 9Ǿƻƭǳǘƛƻƴ ƛǎ ¢ǊǳŜέ ōȅ WŜǊǊȅ /ƻȅƴŜ

Creature Feature! TheAsian giant hornet(Vespamandarinia)
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Experimental evolution
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Most New Mutations Are Lost by Chance,
Even if They Increase Fitness



The probability of survival depends upon sand its 
number of copies in the population
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When populations are large enough, evolution 
does become deterministic

(Recall: N, population size; and ˃ is the mutation rate

If N˃  >> 1:
every mutation is present and a mutation that increases fitness is sure to be 
fixed (as in the ribozymeexample in the last lecture).

However, if N˃ << 1:
not every mutation is present. A favorable mutation is essentially unique and 
subject to the hazards of random drift when it arises.

pages 490-493, in book
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Often, many different mutations at the same 
or at different loci can increase fitness

Three distinct 
alleles in rats 
resistant to 

warafin
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Because establishment of a favorable allele is a 
random process, populations diverge if they 

pick up different mutations in a different order.

The chance acquisition of different favorable mutations is one of several 
mechanisms of divergence ,and may lead to speciation events



Hartl. NRG (2000) 1: 145-149

ω Probability of fixation of a neutral allele is 1/2N
ω Probability of fixation of an allele with selective advantage s is 2s/(1 ςeς4Ns) 
ω So the probability of fixation of any new mutant allele, relative to that of a 

neutral mutation, is 4Ns/(1 ςeς4Ns)
ω Note that a deleterious allele with Ns = ς0.5 still has a chance of becoming 

fixed that is 31.3 per cent of that of a neutral allele

In Small Populations,
Deleterious Alleles Can Be Fixed by Chance



17The formula for fixation probability is discussed byKimura (1983, Chapter 3).

In Small Populations,
Deleterious Alleles Can Be Fixed by Chance

This is how our book discusses it:



18

¢ƘŜ ǊŀǘŜ ƻŦ ŘƛŦŦǳǎƛƻƴ ƻŦ ƎŜƴŜǎ ƛǎ ƳŜŀǎǳǊŜŘ ōȅ ˋ2

2̀ is the variance of distance moved in a generation, which has units (distance)2 per 
ƎŜƴŜǊŀǘƛƻƴΤ ˋ ƛǎ ǘƘŜ ǘȅǇƛŎŀƭ ŘƛǎǘŀƴŎŜ ƳƻǾŜŘ ƛƴ ƻƴŜ ƎŜƴŜǊŀǘƛƻƴ ŀƭƻƴƎ ŀ ƎƛǾŜƴ ŘƛǊŜŎǘƛƻƴ 
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Favorable Alleles Spread Rapidly

Figure 18.10 from book and Wikipedia
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Favorable Alleles Spread Rapidly (theory)

For example, an allele with advantage 
s=0.5%would spread at a rate of (2x0.005 

2̀ύϣΦр Ґ лΦмˋΦ {ƻ ƛǘ ǿƻǳƭŘ ǘŀƪŜ ŀōƻǳǘ ǘŜƴ 
generations to spread by one dispersal 
ǊŀƴƎŜ ˋΦ


