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• Well-mixed asexual population of size N
• Beneficial mutations are rare

Fixation probability of a mutation with selective advantage s 

Population fitness F increases as

r is the expected fitness 
increment of a mutation

π(s) =
1− e−2s

1− e−2Ns
≈ 2s

dF

dt
= µNr(F ), F (0) = 1

Simplest case
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Complication: clonal interference

dF

dt
= αµN

� ∞

0
sπ(s)e−λ(s,α,µ,N)−αsds

lo
g 

dF
/d

t

Gerrish and Lenski et al, Genetica 1998
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Complication: piggybacking

Desai and Fisher, Genetics 2007

dF

dt
= s2

2 logNs− log s/µ

log2 s/µ
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Complication: population subdivision

Subpopulation / deme / island

Migration

6



Shifting balance theory (S. Wright)

Wright, 6th Int Congr Genet, 1932

“With 101000 possibilities it may be taken 
as certain that there will be an enormous 
number of  widely separated harmonious 
combinations.  <...> In a rugged field of 
this character, selection will easily carry 
the species to the nearest peak, but there 
may be innumerable other peaks which 
are higher but which are separated by 
“valleys”. The problem of  evolution as I 
see it is that of  a mechanism by which 
the species may continually find its way 
from lower to higher peaks in such a 
field.”

Sewall Wright (1932)
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Shifting balance theory (S. Wright)

Phase 1 extensive local differentiation with 
stochastic variability in each locality

Phase II occasional crossing of a saddle 
leading to a higher selective peak in 
a subpopulation

Phase III excess proliferation and dispersal 
from local populations in which 
peak shift has occurred
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The island model

NN

NN

N
Deme size N

Number of demes d

Migration rate m
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Experimental design

• Haploid yeast, asexual 
growth

• YPD

• 384-well plates, well volume 
64µl

• Serial transfer every 24h, 
dilution 1:1000

• 550 generations (2 months)
N N N N N

Nb = 1000
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Well-mixed populations

12



Well-mixed populations. Distribution 
of mean fitnesses
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Well-mixed populations

No

0

0.1

0.2

0.3 Full5

Full10

Relative fitness

Fr
ac

tio
n 

of
 p

op
ul

at
io

ns

0.95 1 1.05 1.1 1.15
0

0.1

0.2

0.3 Full20

0.95 1 1.05 1.1 1.15

1 1.05
Relative fitness

14



Well-mixed populations

No

0

0.1

0.2

0.3 Full5

Full10

Relative fitness

Fr
ac

tio
n 

of
 p

op
ul

at
io

ns

0.95 1 1.05 1.1 1.15
0

0.1

0.2

0.3 Full20

0.95 1 1.05 1.1 1.15

1 1.05
Relative fitness

Fraction of populations that 
got one beneficial mutation

14



Well-mixed populations

No

0

0.1

0.2

0.3 Full5

Full10

Relative fitness

Fr
ac

tio
n 

of
 p

op
ul

at
io

ns

0.95 1 1.05 1.1 1.15
0

0.1

0.2

0.3 Full20

0.95 1 1.05 1.1 1.15

1 1.05
Relative fitness

P1 = 2sNµT ≈ 0.67

Fraction of populations that 
got one beneficial mutation

14



Well-mixed populations
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