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Detecting selection 
•  Bottom line:  looking for loci showing 

departures from the equilibrium neutral 
model 

•  What kinds of selection are of interest? 
•  Time scales and questions 
•  KEY POINTS 

–  False positives very common 
–  MOST selective events will not be detected 
–  Those that are likely represent a rather biased 

sample 
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Negative selection is common 
•  Negative (or purifying) selection is the 

removal of deleterious mutations by selection 
•  Leaves a strong signal throughout the 

genome 
–  Faster substitution rates for silent vs. replacement 

codons 
–  Comparative genomics equates strong sequence 

conservation (i.e., high negative selection) with 
strong functional constraints  

–  The search for selection implies selection OTHER 
than negative 
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Positive selection 
•  An allele increasing in frequency due to 

selection 
–  Can either be a new mutation or a previously 

neutral/slightly deleterious allele whose fitness 
has changed due to a change in the environment. 

–  Adaptation 
•  Balancing selection is when alternative alleles 

are favored by selection when rare 
–  MHC, sickle-cell  

•  The “search for selection” is the search for 
signatures of positive, or balancing, selection 
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Time scales of interest 
•  Ecological 

–  An allele either currently undergoing selection or 
has VERY recently undergone selection 

–  Detect using the nature of genetic variation within 
a population sample 

–  Key:  A SINGLE event can leave a signature 
•  Evolutionary 

–  A gene or codon experiences REPEATED 
adaptive events over very long periods of time 

–  Typically requires between-species divergence 
data 

–  Key:  Only informs us as to the long-term 
PATTERN of selection over a gene 
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Biased scan for selection 
•  Current/very recent selection at a single site 

requires rather strong selection to leave a 
signature. 
–  Small shifts in allele frequencies at multiple sites 

unlikely to leave signatures 
–  Very small time window (~0.1 Ne generations) to 

detect such an event once it has occurred. 
•  Recurrent selection 

–  Phylogenic comparisons:  Multiple substitution 
events at the same CODON required for a signal 

–  OK for “arms-race” genes, likely not typical 
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•  Recurrent selection at sites OVER a 
gene 
– Comparing fixed differences between two 

species with the observed levels of 
polymorphism 

– Requires multiple substitutions at different 
codons (i.e., throughout the gene) for any 
signal 

– Hence, a few CRITICAL adaptive 
substitutions can occur in a gene and not 
leave a strong enough signal to detect 

– Power depends on the number of adaptive 
substitutions over the background level of 
neutral substitutions 
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Detecting ongoing selection within a population.  Requires 
a population sample, in which we look for inconsistencies of 
the pattern of variation from the equilibrium neutral  
model.  Can detect on-going selection in a single region, 
influencing the pattern of variation at linked neutral  
loci. 

Sample of a gene from several 
individuals in the same population 
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A phylogenic comparison of a sequence over a group 
of species is done on a codon-by-codon basis, looking for 
those with a higher replacement than silent rate. 
Requires MULTIPLE substitutions at the same codon over 
the tree 
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Comparison of divergence data for a pair of species. 
Requires a background estimate of the expected divergence 
from fixation of neutral sites, which is provided from 
the polymorphism data (I’ll cover this shortly). 

Fixed differences between two species 
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Key points 
• Methods for detecting selection   

– Are prone to false-positives 
• The rejection of the null (equilibrium neutral model) 

can occur for reasons other the positive/balancing 
selection, such as changes in the population size 

– Are under-powered 
• Most selection events likely missed 

– Detect only specific types of selection events 
• Ongoing moderate to strong events 
• Repeated adaptive substitutions in a few codons 

over a phylogeny 
• Repeated adaptive substitutions over all sites in a 

gene 
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Detecting on-going selection 
•  Excessive allele frequency change/

divergence 
•  Selective Sweeps 

– Reduction in polymorphism around a selected 
site 

•  Shifts in the allele frequency spectrum 
–  i.e., too many rare alleles 

• Allelic age inconsistencies 
– Allele too common relative to its age 
– Excessive LD in a common allele 
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Excess allele frequency change 

•  Logically, most straightforward 
• Need estimates of Ne, time 
• Need two (or more) time points 
• Generally weak power unless selection 

strong or time between sampling long 
•  Example:  Divergence between breeds 

selected for different goals 
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Five-marker window scans of difference between  
Holstein & Angus breeds (dairy vs. beef selection) 
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Selective sweeps 
•  Classic visual tool to look for potential sites 

under selection 
–  Common approach in the search for 

domestication genes 
•  Positive selection reduces Ne for linked sites 

–  Reduces TMRCA and hence variation 
•  Balancing selection increases Ne for linked 

sites 
–  Increases TMRCA and hence increase variation 
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Past 

Present 

Longer TMRCA 

Shorter TMRCA 
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Scanning for Sweeps 

• Use a sliding window to look at 
variation along a chromosome (or 
around a candidate gene) 

• Decrease (with respect to some 
standard) consistent with linked site 
under recent/ongoing positive 
selection 

•  Increase consistent with balancing 
selection 
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Signal of positive 
selection, OR 
reduction in mutation 
rate 

Signal of balancing 
selection, OR 
increase in mutation 
rate 



21 Domestication:  Maize vs. teosinte 
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tb1 in maize.  Used  teosinte as a control for 
expected background levels of variation 
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ADH in Drosophila.  Strong candidate for balancing 
selection of the Fast and Slow alleles, due to a single 
aa replacement at the location marked by the arrow 
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Scan of Drosophila genes in Africa (source population) and 
Europe (recently founded population).  Less diversity in 
Europe, but some loci (filled circles) strong candidates for 
a sweep 
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Double-muscle cattle: 
Belgian blue
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Reduction in microsatellite copy number variance often used  
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Issues with sweeps 
•  Need sufficient background variation before 

selection for a strong signal 
o  Strong domestication event (e.g. sorghum) can 

remove most variation over entire genome 
o  Inbreeding greatly reduces variation 

•  The signal persists for only a short time   
o   ~ 0.1 Ne generations 
o Distance for effects roughly 0.01 s/c 

•  Sweep region often asymmetric around 
target site 

•  Hard sweeps can be detected, soft sweeps 
leave (at best)  a weak signal 
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Site frequency spectrum tests 

•  A large collection of tests based on 
comparing different measures of variation at 
a target site within a population sample  

•  Tajima’s D is the classic 
•  Problem:  significant result from either 

selection OR from changes in population 
size/structure (drift, mutation NOT at 
equilibrium) 
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Under the equilibrium neutral model, multiple ways 
to estimate θ = 4Neu using different metrics of variation 

All should be consistent if model holds. 



31 

Tajima’s D 

Negative value:  excess number of rare alleles 
consistent with either positive selection OR 
expanding population size 

Positive value:  excess number of common alleles 
consistent with either balancing selection OR 
Population subdivision 



32 

Consistency of allelic age 

Under drift, a common 
allele is an old allele 

Common alleles should 
not be young 
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Common alleles should have short haplotypes under  
drift -- longer time for recombination to act 

Common alleles with long haplotypes --- good signal 
for selection, rather robust to demography 
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Joint polymorphism-divergence tests 

•  HKA, McDonald-Kreitman (MK) tests 
–  MK test is rather robust to demographic issues 

•  Require polymorphism data from one (or 
more) species, divergence data btw species 

•  Look at ratio of divergence to polymorphism 
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Cool feature:  can estimate # of adaptive substitutions 
= 7 - 17(2/42) = 6 

Robust to most demographic issues 

However, replacement polymorphic sites can overestimate 
neutral rate due to deleterious alleles segregating 
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Strengths and weaknesses 
•  Only detects a pattern of adaptive 

substitutions at a gene. 
–  Require multiple events to have any power 
–  Can’t tell which replacements were selectively-

driven 
•  MK test robust to many demographic issues, 

but NOT fool-proof 
–  Any change in the constraints between processes 

generating polymorphisms and processes 
generating divergence can be regarded as 
evidence for selection   
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KA/Ks tests 
•  THE classic test for selection, requiring gene 

sequences over a known phylogeny 
–  KA = replacement substitution rate 
–  Ks = silent substitution rate  

•  Neutral proxy 
–    ω = KA/Ks 

•   ω > 1:  positive selection. 
–  Problem:  most codons have Ks > KA, so that even 

with repeated adaptive substitutions throughout a 
gene, signal still swamped. 
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Codon-based models 

•  The way around this problem is to analyze a 
gene on a codon-by-codon basis 
–  Such codon-based models assign all (nonstop) 

codons a value from 1 to 61 
–  A model of transition probabilities between all 

one-nucleotide transitions is constructed 
–  Maximum likelihood used to estimate parameters 
–  Model with ω = 1 over all codons contrasted with 

a model where ω > 1 at some (unspecified) set of 
codons. 
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Model easily expanded to allow for several classes of codons 

Can use Bayes’ theorem to assign posterior probabilities 
that a given codon is in a given class (i.e., localize sites  
of repeated positive selection 
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Strengths and weaknesses 
•  Strengths 

–  Can assign repeated selection to SPECIFIC 
codons 

–  Requires only single sequences for each species 

•  Weaknesses: 
–  Models can be rather delicate 
–  Can only detect repeated selection at particular 

codons, NOT throughout a gene 
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The spandrels of  
San Marco (Gould  
and Lewontin 1979) 

Very elaborate structure 
DOES not imply  
function nor adaptation 



47 

Structure vs. function 

•  Molecular biologists are largely conditioned 
to look for function through structure 

•  Problem:  elaborate structures can serve little 
function 

•  Cannot simply assume an adaptive 
explanation because the structure is complex 
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ASPM 

 ω values shown on braches 
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