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The question

» How fast can evolution go?
» What determines the rate?



What are the important parameters?

“Forces”: mutation, recombination, drift, selection
» Mutation rates: ~ 107197 (E. coli), ~ 10747 (poliovirus)
» Recombination rates: 07 (TB), 10-8- 0.5 (Drosophila)
» Numbers of organisms: ~ 102 (tiger), ~ 10%! (E. coli in
people)
> Selective coefficients: 777
» Genome sizes (L): =~ 10* (poliovirus), =~ 3 x 10° (people)

How do these numbers combine?



What's the speed limit on adaptation?

Best/simplest case:

» 'big’ rate of beneficial mutations U (o Lu)
» all have advantage s, add together
» Constant population size N

speed of adaptation:
v = NUpfixs
» when mutations are rare:

v =2NUs? = %)



Problem: “clonal interference”

M1 M2 M4

o
S
|

®
o

@
o

IS
o

n
o

Percentage of population

=)
L

0 100 200 300 400

Generations

Kao and Sherlock, 2008

Prix 7 25



Many mutations

Number of individuals

Number of beneficial mutations

Fundamental Theorem: v = variance
AseXUal: vV ~ 252 IOg(N V SU)/ |0g2(5/ U) (Desai and Fisher, '07; Rouzine et al, '08)



Large recombination limit

(Many) unlinked loci

psix = 2s/variance in reproductive value= 2se=*"

1 1
=v= ZQn(s/VUSQ) = 7W(4w)

N vo(l —4vy) for vy <1
- %Iog(4v0) for vo > 1



Tightly linked loci

» How much does one beneficial mutant interfere with the ones
around it?
» Mutations’ fates determined while rare, interfere with others

while common
= assume interfering sweep has logistic shape



Interference over time, genome
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Interference over genome integrated over time
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Multiple interfering sweeps?

Guess:
» don't interfere with each other

» effects on rare mutants multiply

— Vo
= V= 193y /5R



Works for up to moderate interference

100.0¢

50.0¢

10.0p

Vo
0.1 0.5 1.0 5.0 10.0 50.0 100.0sR

s=.05 R=1, N =102 103 10% 10° (moving down)



Combining close and far sweeps

2
V=Y (1—SI‘;> e for R>s, vy % sR, 1

2
vV R W (1—52?—4v0> for vp < sR, 1

For Rs < 1, interference mostly from few close sweeps, not many
far sweeps



Works for up to moderate interference
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Summary

» vy (l- 25—",{,’ — 4vp), where vy = 2NUs?

» works until strong interference, then logarithmic

> interference between closely linked sweeps dominates for
Rs <1

» viral and microbial adaptation may be recombination-limited



Next steps

v

high interference regime
distribution of selective coefficients
» neutral mutations

v

> epistasis

v

population structure



