Lecture 9. Effective population size. Diffusion approximation.

3.3 Effective population size
for a randomly mating popalation different from WEM
EPS N, i= the size of WEFM with the same RGD rate
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Actual size N # N, [usuallv N, = N)

cdue to varions deviations from WEM azzamptions

Ex 1: D. melanogaster experiment
Fig 712 p. 288: N = 16 and N, =19

. . - _ .Ill
averape heterozveosity £y =2 0.5(1 =)

N

Ixchangeable reproduction law N, = ——
o B HrLEA|

Variable population size
Assurning large historical population sizes Ny Va0 N,

Fy = — o —

&

}'. — 11 I 3t A
t |2 Ty, T d T

Harmonic mean formula =ttt )

t b Na N

Bottleneck eflect
Ny = =Ny = 1000
Ng =Ny =100, Ny = ... = Ny = 1000

Compare N, = 400, N = 850, and current N = 1000

Ex 3: northern elephant seals

bonted down to N = 20 in 1890

now N = 30,000 and no genetic variation in 24 genes
Southern elephant =eals

to the contrary have wide genetic variation

Founder effect
Small number of founders and exponential growth:

compare N, = 50, N = 1023, and current N = 5120



Uniform population dispersion

Density parameter 4 = the munber

. . . .. . . / 2y
of breeding individuals per hectare {[= 100 m?)

Mobility parameter o measared in 100 m
offspring birthplaces are 1D with N{pq, p2, 0, 0, 0]

parent's birthplace [, pga) measured in 100 m

(T N | 1 - = 2
Neighborhood size: N, = dxdo”
1 where

N/

Nop-random mating: 1 — £, = [1 — 5
by = probab. for two gene copies in an individual
at generation ¢ to descend from the same

ancestral cene copy at generation ()

3.4 Diffusion approximation
§ = Plavy

DifTusion approsimation
allele frequency with time running faster by factor 28

in WFM with add. selection and reversible mutation
I generation corresponds to Al = 5= of diffusion time

by + cpy

Conditional expectation and variance
B{AE & = p) = M(p)it Mp) = —ap+
Var[ A& & = p) = Vi plAd Vip) = py

[nfinitesimal mmtation rates o = 2N, b= 28w

and =election coellicient ¢ = 2N s

Backward and Forward Kolmoeorov Equations
conditional pdf ¢{p. o t) ol & = @ given & = p
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Allele fixation

1" = time to fixation of allele A at frequency p
= P{1" < ool&; = p] probability of fixation
1 is never fixed e lost

i)

T

~o means that allele
satishes stationary BRE with w{0) =0, u(l] = 1

Vipl" =10

7

il )
Stationary BKE M (plu’

WEM with =election and withoat matation
solution of the stationary BRE u(p =
ulp) = p

i particular, if no selection



Fixation of a new mutation

New mutation p = T3 fixation prob. rrfz_'.\- ] = —|
i 1 i 2w T wl| = 1

Neutral selection: if |s] < _\ then rrf-ﬁ-: = T
mean time to fication KT < no) =2 4N
average time to loss = 21n{2N)

Positive selection

il & <€ s < |, then u55) = 2¢

mean time to fication E(1]1 < oo) = 22N
Negative selection

: 1 e e i i 1 i by
<€ —s < 1 then u{55) = 25 o

Ex 8: numerical example
population size N = 100
[ s = 005, then

5] = 0.1 or B0 probability of loss

mean time to xation 580 generations
If s = —0.01, then

(5] = 0.02- ¢ M =0 fixation is impossible
[ neatral mutation, then
=) = 05100

mean time to fixation s 4000000 generations

average time to foss == 29 penerations

Stable distribution of the allele frequency

Under unchanged cirenms=tances distribation & p. . #)
becomes a stationary distribution: d{p. . ) = [fla)
independent of £ and p, so that initial state is forgotten

Stationary FRE: M (2] flae) "= _7 Vie) fle)"
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WEM with reversible nmtation, no selection:

Betal2h. 2a) :1{“ Jle) = IIJ—IMJ {1 x|

Mean value and variance of Beta[26, 2a) distribution

mean p = 5= = —— equilibrinm frequency

varance = ﬁ strength of RGD
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