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how repeatable is evolution?

how well can we localize/identify QTL?

what are the origins and fates of 
adaptive alleles?

experimental evolution allows us 
to test many questions…



“The time is right for practitioners in the different 
systems to learn from one another.”



Drosophila melanogaster



selected 
treatment:  

ACO

600 generations by 2009

only 9-day 
old adults  
reproduce

250 generations by 2009

only 28-
day old 
adults  

reproduce

control 
treatment:  

CO



Burke et al. 2010 Nature



Pooled genome sequencing
ACO1 ACO2 ACO3 ACO4 ACO5

25 25 25 25 25

CO1 CO2 CO3 CO4 CO5

25 25 25 25 25

ACO library CO library

third library sequenced:  ACO1
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utility of pooled samples for Pool-SEQ

allele frequency 
from individual 
genotypes

allele frequency from Pool-SEQ



best practices:

pool > 40 individuals

coverage > 50X

read lengths > 75bp



black line = frequency differences between             
ACO and CO treatments

gray line = frequency differences between             
ACO1 and the entire ACO pool
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lots of differentiation 
between the ACO
and CO pools

no differentiation 
between ACO1 and 
the ACO pool

~500 genes under 
peaks
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classic selective sweep
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a beneficial mutation arises, natural selection 
increases the frequency of this allele until fixation
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genomic location

at sweep locations, heterozygosity losses should 
occur at selected and linked sites 

classic selective sweep



blue = CO pool

red = ACO pool

gray = ACO1
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X

2L

2R

3L

more losses of 
heterozygosity in 
ACO

local losses 
correspond to 
differentiated regions

ACO1 heterozygosity 
resembles ACO pool

3R



data from Graves et al. 2016 MBE
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~50X coverage per replicate
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~50X coverage per replicate

data from Graves et al. 2016 MBE



how repeatable is evolution?

how well can we localize/identify QTL?

what are the origins and fates of 
adaptive alleles?

conclusions



eukaryote
sexual recombination

short generations
archivable



Saccharomyces cerevisiae

eukaryote
sexual recombination

short generations
archivable



Liti et al. 2009 Nature
Cubillos et al. 2013 Genetics

ecombinant population 
with 4 founders



selection treatment = regular outcrossing

Burke et al. 2014 MBE



~75K standing variants
• fit linear models
• permutation tests

f

0 6 12 18

haplotype frequencies
• founder alleles known
• enrichment in evolved lines 0 18

f

0 6 12 18

15 candidate de novo mutations
• none > 0.2 in any replicate
• none private to any replicate
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5%

50%

DNase1 
hypersensitive

MLP1

peak C
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how repeatable is evolution?

how well can we localize/identify QTL?

what are the origins and fates of 
adaptive alleles?

conclusions
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best practices:

Ne > 1000

replicates > 25

generations > 500

2014 MBE 31(4)



Ne

frequency of sex

# independent 
replicates

experimental evolution 
parameter space
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