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Outline

* Neutral drift during range expansions

e Speed of adaptation and genetic load In
1d models




Rang expansions are ubiquitous
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What is the impact of a range expansion on
the gene pool of a population ?

Edmonds, C. A,, Lillie, A.S., & Cavalli-Sforza LL. (2004) PNAS.
Ramachandran S, Deshpande O, Roseman CC, Rosenberg NA, Feldman MW & Cavalli-Sforza LL. (2005) PNAS.



Tracer dynamics
IN microbial range expansions
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Tracer dynamics in E. coli colonies

Red: CFP
Green: YFP




Demographic history

Well-defined initial
condition, due to
“Coffee stain effect*.

10° Founder cellsinitially.

1cm
* ﬁ

Deegan RD, Bakajin O, Dupont TF, Huber G, Nagel SR & Witten TA. (1997) Nature 389: 827-829.



YFP-channel after 76 hours
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Marker diversity in E. coli colonies

Red: CFP
Green: YFP

O. H., P. Hersen, S. Ramanathan, David R. Nelson (2007) PNAS 104, 19926-19930



jc +noise!
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Density waves
with internal states
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O. H., David R. Nelson (2008) Theoretical Population Biology 73, 158-170



Number fluctuations cause
demixing in 1d

Mixed initial condition

!

Number fluctuations

!

Demixed frontier

Cell density

Cell density

= absorbing state
Tiion = OIN% K )

fixation
O. H., David R. Nelson (2008) Theoretical Population Biology 73, 158-170

Cell density




Annihilating random walker model
with “inflation”
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... assuming regular diffusion.



Meandering of domain boundaries

Wandering is superdiffusive! "t
Why? -l

T
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Hypothesis: surface roughness™ i it = x <F>dta l
guides wandering = <y2> VCEN 7 L




Demixing & coarsening are generic

E. coli S. Cerevisiae Simulations

Summary:

» Genetic sectoring patterns are characteristic for
simple range expansions.

e Can be explained by effects of chance alone.




Speed of adaptation In asexuals —
Rep.: The wellmixed case

Q Q @c Periodic selection regime

time

Beneficial mutations occur at rate NU
R = (W) = (NU, 25,),

become established with probability 2s,

Fixation time log(Ns, )/ s, << (2s,NU, )™ waiting time

Clonal interference regime

s2In(N)
In’(U, /s,)
Distribution of fithess effects matters!

R ~

Desai, Fisher (2007) Genetics 176, 1759 // Park, Krug (2007) PNAS 140, 18135



Selective sweeps In 1 dimension
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Selective sweeps In 1 dimension

0,p(x,t)=DAp+sp(l— p)+ 1/ (1- p)

Noisy Fisher- Kolmogorov equation

» Establishment probability: 2s

* Wave speed depends on
"Ns"=Kls = Ky/D/ss =K+/Ds

-
"Ns">>1 v=2+Ds
< R. A. Fisher (1937)

"Ns"<<1, v=2KDs
Doering et al. (2003)

.



Speed of evolution — R=(0W)="

Suppose: all new mutations confer the
same selective advantage S,

-RlD = NUb(ZSo )So = ROD

(periodic selection)

Dimensional analysis:

r=R/s, =[T "] can only depend on
ty, =U K(25)) KLT )_1]
v [L/T]
Lo [L]

Periodic selection for z4, L, << V/L,,

— Space o = 1, L




Speed of evolution — clonal
Interference

In general, a fraction F of beneficial
mutations is lost by Hill & Robertson.

= Ltot:ub F Ltot

Vi

1 forx >0
const./x, for x = oo

Expectation:
F(x) > {

l.e., in the clonal interference
regime, we have

R, ~ AU, Kvs¥?
scIn(N)

In’(U, /s,)
Space Prahofer, Spohn (2000) PRL, 84, 4882 - 4885

Compare with R, ~




Scaling seems robust

rate of adaptation vs. mutation rate V-~ 51 NS << 1 EXponentiaI
t\l‘_»r diflferslzntlﬁtlnfs? Is:t‘t‘e.ct dist.lribulfonsl, a‘ndI vlellolcity-vs.-ﬁ‘tnesslrelallliolns: . / dlstrl butlon Of
T w~4fs, "Ns">>1]| fitness effects

r 0.01

™ The same Sy for all mutations

0.001F

e The scaling R;p /U, K forlarge systems
seems independent of the distribution of fithess-effects
and on relation between velocity and fitness advantage!

* generalization to D>1 straight forward.

» could possibly be tested in microbial experiments.



Genetic load

« U, mutation rate of wildtype into less fit mutant type.
« S selective disadvantage.

* Question: What is the fraction of mutants in equilibrium?

"Ns">>1, Deterministic limit & Genetic load is as in the well-mixed case

l.e., fraction of mutants q= U—d
S

"Ns"=K+/Ds <<1  Weak selection limit 2 “bubbles”

Time ‘
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/74—>
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Genetic load
iIndependent bubbles

Time

——
Space

fraction of mutants=q = Uzd? , indep.of K
Y

O.H., D. R. Nelson (2008) ArXiv:0810.0053 [g-bio.PE]



Genetic load,
Interacting bubbles

Time

U,D
2 X Expected Area < Expected Area q= f( d j

of a single bubble of a doublet



Genetic load
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Genetic load 1s a function of one
compound parameter
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Summary

Compared to well-mixed populations, Hill-
Robertson effects in spatial systems

e have qualitatively different impact
e are more common
 could possibly be tested with microbes
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