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Two different ways of adaptation

@ preexisting alleles that become advantageous after an
environmental change (soft selective sweep)

@ new mutation (hard selective sweep)

4

What is the effect of these two ways of adaptation on neutral
diversity ?
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Model

@ Model
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Model

Eco-Evolutionary framework

@ Adaptive Dynamics : A Geometrical Study of the Consequences
of Nearly Faithful Reproduction, Metz and al [MGM™96]

@ Fournier and Méléard [FMO04], Champagnat [Cha06],
Champagnat and al [CFMO06], Champagnat and Méléard
[CM07, CM11], Champagnat and Lambert [CLO7], Collet and
al [CMML11], Coron [Cor12], Billiard and al [BFMT13]
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Ecological parameters

@ sexual haploid population
o f, and D, birth rate and intrinsic death rate

o Cq, 0, competitive pressure felt by an individual carrying allele
a1 from an individual carrying allele ;.

@ K € N rescales the competition between individuals. Related
to the concept of carrying capacity,
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Death rate

Death rate

d!5(N) = [Da + CoaNa/K + Ca,aNa/K] Nog
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Birth event

rk = recombination probability per reproductive event. J
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Mate chosen uniformly among available gametes :
Pas(N) = foNag/(faNa + f21N,)

Birth rate of Ab; individuals

faNap, faNap
Ab; x Aby : =2~
! L T aNg + N,
faNap, faNap,
Ab; x Aby : =2~ 2
! 2 fANA + faNa
faNap, faNap
Ab by =2 A
1 ab1 7(ANA + faNa
falNap. 5N
Abl X ab2 . (1 — r@%
a a
faNap, faNap
A Dy ——2 % L
b2 X ab1 rg fANA T faNa
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Birth rate

a=1{Aa}\a, and B={b;, b} \p J

NagNyz — NagNgj
faNa + N,

_ Nabl(NAbl + NAbz) - NAbl(Nabl + Nabz)
Pa,bl - PA,bl - NAN
a

bEs(N) = fuNog + rcfafa

Nap, Nap, — Nap, Nap,
NaN,

A\
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Model

Restriction to the trait population process [Cha06]

ba = fuNa, da = (Do + CaaNa/K + CaaNa/K)Na J

If Na and N, are large, (Na/K, N,/K) close to
ey = (fa - Da - Ca,AnA - Coz,ana)non na(o) = Zn

Under the condition

Ca GCia }’

fa>Da, f5>D;, and £—D, > (fA—DA)-SUP{CAA’ Ca
, ,a

@ unique attracting stable equilibrium
(07 '_73) = (0’ (fa - Da)/Ca,a)
@ non-stable equilibrium ((fa — Da)/Ca 4,0) = (n4,0)
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Invasion fitness

Spa = fo — Dy — C;”(@ K

na>0, n;>0, and Sa, <0< Sya.

<
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Soft selective sweep

© Soft selective sweep
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Soft selective sweep

Assumption 2 : Initial condition

(ZAblszAsz,ZablK’Zasz), Zog >0

| A\

Assumption 3

limk stk = r € [0, 1]

Theorem

For z in [Ri* and under Assumptions 1 and 2 :
P(Fix®¥)—=1, (K — o)

Moreover, if Assumption 3 holds, there exists F(z,r) € [0,1] s.t.

F(‘Pa’fbl(TF’fx)— ﬂF(z,r)qLZaﬁ(l—F(z,r))}‘]lF,-XK >g) ~ o

ZA Z3
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Soft selective sweep

o0 rfAfanA(s)
0 fana(s) + fanas)

exp ( riaf, / T )) —:_’E’(:()u) du) ds,

F(z,r)=
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Soft selective sweep

Possible detection

@ less alleles with extreme proportions

@ comparison between a migrant and a non-migrant populations
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Soft selective sweep

Sketch of proof for the standing variation

@ We study the sequence of processes with rix = r

@ We couple sequences of processes with recombination
probabilities r and ry

@ We study the end of the sweep
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Soft selective sweep

) t

Figure: When r is constant we can compare process with a four
dimensional dynamical system on a finite time interval

rfAfa(n&ﬁnaB — ”ab’”a,éi
fana + fan, I
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Change of variables

No = Naby + Nabyy  Payby = Naby/Na, and  d = p,p — PAp,

na = (fa — (Da + Caana + Caana))na
ny = (fa - (Da + Ca,A”A + Ca,a”a))”a
d = —d(rfafu(na + na)/(fana + £n;))

Paby = —d(rfAfanA/(fAnA i fana)).
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Soft selective sweep

Coupling
We use the same Poisson point process to construct the two
sequences of processes.

Extinction of the A-population

During the last period, A-individuals are very few and do not
influence the neutral proportion in the a-population.

-
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Strong selective sweep

© Strong selective sweep
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Strong selective sweep

Assumption 4

There exists zap, €]0, na[ such that N(Z(K)’K)(O) = |z(K) K] with

Z(K) — (zAb17 ﬁA - zAblu K_lu 0)

Thanks to [Cha06]

K7

K, |-

O(log K) o(l) O(log K)

Figure: Trait dynamics; P(Fix) ~ Sya/f,
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Strong selective sweep

Assumption 5 : Strong recombination

limg _oork log K = 00

Assumption 6 : Weak recombination

limsupy_,oo rklogK < oo

Theorem
Under Assumptions 1, 4 and 5,

ZAb
P(|Pr (T - 222
ZA

Under Assumptions 1, 4 and 6,

K K ZAb, - ZAb fark log K
P(‘Pa,bl(TFix)*{ ZAl + ZA2 exp (*T)} )]]'FI'XK > 5) Kjoo

o
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Strong selective sweep

@ The two regimes are consistent :

: Z z fork log K Z
rk log K—o0 ZA ZA SaA ZA

@ The weak recombination case is also consistent with the works
of Schweinsberg and Durrett [SDO05] (constant population
size) and Etheridge, Pfaffelhuber and Wakolbinger [EPWO06]
(Wright-Fisher diffusion approximation) if we take S,a/f,
instead of s, but we have not the convergence rate.
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Strong selective sweep

Sketch of proof for the strong recombination

(ri log K — o0)

Recall birth rate

NzgN. 5 — NogNsz
bEs(N) = fulNag + refafa fA;Z — it
a a

Nab, (Nap, + Nab,) — Nab, (Nap, + Nap,)
NANa
Nab, Nap, — Nap, Nap,
NANa

Pab, — Pap, =

E[(Paby — Pay)2(£)] < ¢(1/(rcK) — e~ Aot/ 4 emerwfat),

i
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Strong selective sweep

Sketch of proof for the weak recombination
(limsup rg log K < o0)

S5.A—€(2C2,4Ca,2/Ca.A+Ca,a)

o s_(g) = £
W%ﬂfﬁfx ~ S+(€) _ 53A+2€Ca,,:CA,a/CA,A
R

Coupling with two birth and death processes

bf(N(t)) = faNa(t)a
fa(1 — s (e))Na(t) < di (N(2)) < fo(1 — s—())Na(t).
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Strong selective sweep

Steps (following method in [SD05])

recombinations

U coalescences

@ Fluctuations of a-population size

@ Negligible events : two recombinations or a coalescence then a
recombination

@ Approximation of the probability to undergo a recombination
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Strong selective sweep
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Strong selective sweep
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Strong selective sweep
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