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Outline 

• Overview of polymorphism-based tests 
•  Tests based on allele-frequency change 

– Waples adjusted tests 
– Fisher-Ford test 
– Schaefer linear trend test 

•  Tests based on spatial variation 
–  Lewontin-Krakauer tests 
– Allele-environmental associations 

•  Tests based upon diversity pattern over
 a  chromosomal region  



Polymorphism-based tests 

•  Several different sampling approaches
 are used in attempts to detect ongoing
 (or very recent) selection 
– A population sampled at two (or more)

 time points 
– A series of populations sampled a single

 time 
– A single sample from a population 



Temporal or spatial sampling 



Single population sample 











What is the correct  null 
 model? 

• Historically, this has been the
 equilibrium-neutral model 

• However, in many respects,
 background selection (BGS) is more
 biologically motivated 

• Hence, have to adjust for the gene
 density to recombination ratio 



Allele-frequency change over
 time 

• Would seem to be the most logical test 
•  Power issues  

– Selection time scale is ~ 1/s 
– Drift time sale is ~ 1/(2Ne) 
– Hence, need tn  >> 1/s 
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Time series of frequencies:  Fisher-Ford test 











Between-population divergence 
•  As we have just seen, divergence in allele

 frequencies could be measured as the
 change in a population over time 

•  It would equally well be measured as the
 observed divergence between two
 populations separated form an ancestral
 population at some time in the past 
– For example, dairy vs. meat breeds of

 cattle 
– The machinery just used can be applied  







FST - based tests 
• With more than two populations, FST

 provides a natural metric for
 divergence 

•  FST-based tests examine where the
 amount of between-population
 divergence is too large, or too small,
 relative to the pure drift hypothesis 
–  Landscape genetics 



Recall:  FST is  the fraction of genetic variation due 
to between-population differences 

Under pure drift, this is roughly a linearly-increasing function 
of divergence time 

With migration and mutation, the equilibrium value of FST 
is very model-dependent 
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Lewontin-Krakauer tests 

•  Lewontin and Krakauer  (1973) showed
 that FST is roughly chi-squared
 distributed under neutrality and the
 island model 

•  Third-generation versions of this test
 allow for rather arbitrary covariance
 structures among subpopulations and
 can be rather powerful 











Second-generation versions 

•  The next wave of LK-type tests were
 model-based, moving away from the
 island model 

•  Bayes FST (Beaumont and Balding 2004)  
– All demes drawn from a common ancestor,

 but with no further migration 
– Foll and Gaggiotti’s (2008) Bayescan

 method  



Third-generation tests 

• Use marker data to estimate a general
 covariance structure (or phylogeny)
 among dens, use this to adjust tests 
– FLK test ( Bonhomme et al. 2010)  
– hapFLK test (Fariello et al. 2013)  
– Bayenv/Bayenv2  (Coop et al. 2010;

 Gunther and Coop 2013) 
– PCAdapt (Duforet-Frebourg et al. 2014) 











Latent factor mixed model (LFMM, Frichot et al. 2013).  



Tests for a pattern of reduced variation 

•  Visual scans 
•  Bottleneck ML models 

–  Uses maximum-likelihood to test whether the data
 are better fit with a double-bottleneck model (see
 Chapter 9 for details) 

•  Formal test using the spatial pattern of
 variation 
–  CLRT-GOFT 
–  Sweepfinder (uses empirical SFS) 
–  XP-CLR (divergence between a selected an

 unselected population) 
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Likelihood-based tests 
•  Recall that a sweep generates a

 particular pattern around a selected
 site, where the diversity increases as
 one move away from the location 

• A number of likelihood-based tests
 examine where the spatial pattern of
 diversity in a region fits this pattern.  If
 so, it allows one to estimate s 



Wolfgang Stephan 



CLRT-GOF 
•  Stephan and Kim proposed the composite

-likelihood ratio test (CLRT) 
•  Jensen et al. (2005) found that the CLR test is

 not robust to population structure or recent
 bottlenecks.  

•  To distinguish sweeps from false signals
 generated by demography and population
 structure, Jensen et al. proposed that any
 significant CLR result be subjected to an
 additional goodness-of-fit (GOF) test to see
 how well it fits a sweep model  



Using spatial information (pattern of diversity 
along a chromosome) to detect sweeps 

Likelihood of seeing ki/n derived alleles at a site 

Key:  varies in a defined way  
(i.e., with c) around the sweep 



Sweepfinder 

•  The CLRT starts by assume the
 Watterson distribution, as modified by
 a sweep. 

• Neilsen set al (2005) modified this
 approach to use the empirical SFS
 (need to adjust for BGS) 

•  They called this approach Sweepfinder 



XP-CLRT 
• Chen et al also proposed using the

 spatial pattern in a chromosome
 region, but they examined the
 expected allele frequency difference
 between two populations (one
 selected, the other not) descending
 from a common population 

•  This is their cross-population (XP) CLRT 
• Often used in the search for

 domestication genes 




