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® Population genetics: "The study of the distribution of inherited

variation among a group of organisms of the same species’ [Oxford
Dictionary of Biology]
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Cross- and intra-species comparisons at
the molecular level

AACTGTCCACGTTCTTCCGATGCAGCCTGA
8 AACTGTCCACGTTCTTCCGATGCAGCCTGA
e AACTGTCCACGTTCTTCCGATIGCAGCCTGA
> AACTGTCCACGTTCTTCCGATGCAGCCTGA
5 AACTGTCCACGTTCTTCCGATGCAGCCTGA
2 AACTGTCCAGGTTCTTCCGATIGCAGCCTGA
E AACTGTCCAGGTTCTTCCGATGCAGCCTGA

AACTGTCCAGGTTCTTCCGATIGCAGCCTGA

ougroup AACTGTCCAGGTTCTTCCGACGCAGCCTGA

frequency OOOOOOOOO?OOOOOOOOOO?OOOOOOOOO

polymorphic locus substitution event
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® |et’s study fundamental evolutionary forces:
|. genetic drift (noise in reproduction)

2. selection (differential reproductive success of individuals)

3. mutation (process providing variation)

4.
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Genetic drift: noise in reproduction
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Wright - Fisher process
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Selection: differential reproductive success
of individuals

N, = F,N,
: Ny = F,Ny
L
. d Ny (t) N, N, N,+ N,
L — p—
dt N, (t) + Np(t) Nog +Nyp Ny + Ny N, + Ny

= (Fy— Fy)x(1 — x)
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Selection

r = Fpex(l —x)

ro exp(Fpqt)
1 4+ xo(exp(Fpat) — 1)

Tg X 1/Fba
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Mutation: source of variation
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Mutation: source of variation

' M
= ulNy — uN,
]\.fa HiNy — [ — 0O
Ny = pulNg — Ny H
d Nb(t) B Nb B Ny, Nb—|—Na
dt No(t) + Ny(t)  N,+N, N,+ Ny, N,+ N,

= p(l —2z)
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Drift, Selection and Mutation
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Drift, Selection and Mutation
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Drift, Selection and Mutation

() = Fpa 2(t)[1 — 2(t)] + p[l — 22(t)] + X2 (t)

<X:B(t)> =0
(Xa (U)X (t)) = (x(1 —2)/N) ot —t)




One locus two alleles model

® Wright-Fisher process with mutation and selection

° jo of tim : N
Ratio of time scales /= IuN < 1

lighter shading indicates the fitter state

\ 4 \ 4

gl

|

population fraction
of allele b
n

—_
—

A

>
=
~~

Thursday, 1 September 2011



Diffusion equation

p(x,t) probability density of populations

g(x,€,dt) probability of change * — x + €, dt

p(z,t+dt) = /p(a: —€,t)g(x — €,€,dt)de
9, €2 07
— /p(x, t)g(xz, e, dt) — e%pg + E@pg +...de

0 1 O? 5
p(x,t) | g(x, €, dt)de — 5P egde + 55,20 | € gde

[SH Rice, Evolutionary Theory (2004)]
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0 1 92 5
= p(x,t) | g(x, €, dt)de — 5P egde + 5520 | € gde

op(a, )M () . 19p(a, )V (x)

— t) — dt dt
p(z,1) Ox T3 Ox?
/g(:z:', e,dt)de = 1
rate of directional change
/ eg(x,e,dt)de = (e) / of allele frequency at point x

= M(x)dt

/ng(x, e,dt)de = (€)* + var(e)
= V{(x)dt

!

variance of allele frequency change
due to nondirectional effects
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p(a,t+dt) — p(x,t) Op(x,t)M (x) N 162p(x, )V (x)

dt ox 2 Ox?
Oplx,t) __Op(z,t)M(z) 10%p(x, 1)V (z)
Ot N ox 2 Ox?

Now we just need to plug in our earlier results to
get Kimura’s diffusion equation for one
locus two alleles case:

ap(axt, ) %a(‘?xZ :r:(lj\; x)p(%t) _ %[Fbaﬂi(l —2) 4 p(l = 22)|p(x, t)
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One locus two alleles model:
looking at the averages

Equilibrium distributions
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One locus two alleles model:
looking at the averages

after infinite time
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Substitution rate from Kimura’s diffusion
equation

2N Fy,
U(2N Fpy) = 1_eﬁp(—2§\bea)

/242NFba
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Substitution dynamics
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Substitution dynamics

(pa) = —2

Pal = Upg T+ Ugb
Uab

Pb) =

< > Upg T Uab

(Pa) = (pv) exp(—2N Fy,)

Ndeleterious — Nbeneficial eXp(QNFba)
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Conclusions

® Fundamental evolutionary forces:

|. genetic drift, diffusive force (!), effect strongest in small
populations, changes allele frequencies at time-scale 2V

2. selection, directed force, increases the fitter phenotypes, time-
scale 1/F

3. mutation, directed force, “restarts” the process from
monomorphic states, time-scale 1/

® More complex scenarios, recombination, linkage, diploid genomes, demographics,
frequency/time-dependent selection ...

® Further reading, Gillespie: Population Genetics, Hartl and Clark: Principles of Population
Genetics

Thursday, 1 September 2011


http://books.google.com/books?id=SB1vQgAACAAJ&dq=hartl+clark+population&hl=en&ei=pXNfTtXxDoOK4gTbjdFC&sa=X&oi=book_result&ct=result&resnum=1&ved=0CCkQ6AEwAA
http://books.google.com/books?id=SB1vQgAACAAJ&dq=hartl+clark+population&hl=en&ei=pXNfTtXxDoOK4gTbjdFC&sa=X&oi=book_result&ct=result&resnum=1&ved=0CCkQ6AEwAA
http://books.google.com/books?id=SB1vQgAACAAJ&dq=hartl+clark+population&hl=en&ei=pXNfTtXxDoOK4gTbjdFC&sa=X&oi=book_result&ct=result&resnum=1&ved=0CCkQ6AEwAA
http://books.google.com/books?id=SB1vQgAACAAJ&dq=hartl+clark+population&hl=en&ei=pXNfTtXxDoOK4gTbjdFC&sa=X&oi=book_result&ct=result&resnum=1&ved=0CCkQ6AEwAA

