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Testing	Effect	of	Mutation	Rate	on	Adaptation	in	Large(ish)	Populations
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Fitness	Evolution	at	Four	Different	Mutation	Rates
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Testing	Effect	of	Population	Size	on	Mutator Hitchhiking
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What about recombination?

• Recombination is expected to inhibit mutator
hitchhiking because recombination erodes linkage 
disequilibrium (= nonrandom association) between 
mutators and beneficial mutations.

• There has been relatively little theoretical work on the 
effect of recombination on genomic mutation rate 
evolution.

• There has been very little experimental work in this 
area. Will briefly discuss two projects: one published, 
one in limbo but promising.
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Source:	Herskowitz,	I.	1988.Microb.	Rev. 52,	536-553



Raynes et	al.	2011

Does	recombination	suppress	mutators?	
It	should,	but	this	has	been	difficult	to	
demonstrate	conclusively.	In	this	yeast	
experiment	mutators were	disfavored	in	
sexual	populations,	but	this	could	have	
been	because	of	selection	against	
recessive	deleterious	mutations	
associated	with	mutators during	the	
haploid	phase	of	propagation	in	the	
protocol.



Joint	Evolution	of	Mutation,	Recombination	Rates	
in	Experimental	E.	coli	Populations

Galeota-Sprung	et	al.,	unpublished



Recombination	Rate	is	Negatively	Correlated	with	
Mutator Frequency		on	Days	13/14

Galeota-Sprung	et	al.,	unpublished



Why should sex and recombination evolve?

• Sex/recombination can certainly be thought of as 
potential evolvability adaptations. As such, the same 
problem applies as with mutation rate evolution: how 
does a modifier spread within a population?

• There are costs associated with both sex (male/female 
reproduction) and recombination.

• We will take a look at the costs and briefly examine 
conditions under which a modifier of recombination 
might be favored, neglecting the cost of sex (males) 
per se.
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Barton, NH and B Charlesworth. 1998. Science 281, 1986-1990

Evolutionary costs of sex



Barton, NH and B Charlesworth. 1998. Science 281, 1986-1990

The Fisher-Muller hypothesis for the advantage of sex
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Visualizations	of	evolution	in	asexual	(clonal)	
populations.
+	=	beneficial	mutation
O	=	neutral	mutation

The	central	fact	of	evolution	in	clonal	
populations	is	that	genetic	variants	(mutations)	
that	have	arisen	on	different	genetic	
backgrounds	cannot	be	combined	into	a	single	
background	as	in	a	recombining	population.	A	
clonal	population	can	only	give	rise	to	such	
combinations	via	mutation	on	a	common	
genetic	background.

A.	Beneficial	mutations	rare.
B.	Neutral	mutations	can	“hitchhike”	with	
beneficials.
C.	When	common,	beneficial	mutations	will	
compete:	“clonal	interference”.
D.	In	a	small	population,	the	waiting	time	
between	beneficial	mutations	will	longer	for	
the	same	mutation	rate.

Sprouffske et al., Current Biology 2012






