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• Demography and selection effects on coalescent trees
• Detecting selection

– Tajima’s D
– Compare divergence and polymorphism
– Selective sweeps and diversity

Original slides by Outi Savolainen



Coalescent trees and demography, Hedrick 2005



Extensions of the coalescent
• Mating system
• Population size changes

– exponential, logistic, random, bottlenecks
• Population structure

– island models, models with geographical 
structure, continuous models

• Selection
– balancing - two-allelic and multi-allelic
– directional – adaptive and deleterious

• Recombination 
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Sites 112 139 243 427 628 762 915 1156 1456 1687 2029 2038 
Consensu C T C C T T A C G C T T 

Bro1 . . . . . . . . . . . G 
Bro2 . . . . . . . . A . . . 
Bro3 . . . . C . . . . T . G 
Bro4 . . . T . . . . . . . . 
Bro5 . . . . . . . . . T G . 
Kol1 . . . . C . . G . . . G 
Kol2 . . . . . . . . . T . . 
Kol3 . . T . . . . . . T . . 
Kol4 . . T . . . . G . . . . 
Kol5 . . . . C . . . . . . . 
Kir19 . C . . . G . . . . . . 
Kir21 . . . T . . . . . . . . 
Kir23 T . . . . . . . . . . . 
Kir27 . C . . . . . G . . . . 
Kir30 T . . . . . T . . T . G 
Lillo1 . . . . C . . . . T . G 
Lillo3 . . . . C . . . . T . G 
Lillo17 . . . . C . . . . . . . 
Lillo19 . . . . C . . . . . . . 
Lillo22 . . . . C . . . . . . . 

 

Finding departures from
the neutral equilibrium
model

Adh variation in A. 
thaliana (Innan et 
al. 1996) 500 nt, π

=0.019

Nucleotide 
polymorphism at 
2043 sites of pal1 

(Dvornyk et al. 
2002)



Detecting departures from the standard
neutral model

• Tajima’s D
• HKA-test
• McDonald Kreitman

• in some methods, deviations from neutral model could
be either due to demography or selection



Tajima’s test
• Comparing estimates of θ based on segregating sites

(θw) and nucleotide diversity (θT)
– θw number of segregating sites, also rare ones are

counted
– θT pairwise sequence comparison, mostly influenced

by intermediate frequency alleles
• Difference is due to departure from the neutral

equilibrium model
• Demography or selection?



Tajima’s D
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A large value indicates shortened terminal branches

A small value indicates shortened deep branches

deviations from the shape of the coalescent tree may be
detected by Tajima’s D

Rough rule: D>2 or D<-2 suggests a significant deviation

Tajima 1989 Genetics 123: 585-595



Tajima’s D and HLA,
Garrigan and Hedrick 2003

Notice positive Tajima’s D – too few rare alleles, selection
maintains allele frequencies more even than in neutral situation.



Scots pine demography
(Pyhäjärvi et al. 2007 Genetics 177: 1713–1724)

Tajima’s D is negative in central and 
northern populations – ancient bottleneck
and expansion



HKA-test, Drosophila Adh
Compare divergence between species to 

polymorphism

Expectation in neutrality:
divergence and poly-
morphism correlated, 
notice aberration in
exon 4

Divergence µ
Polymorphism 4Nµ



McDonald-Kreitman test

Div Polym

Syn

Nonsyn

• Compare patterns of 
divergence and 
polymorphism at 
synonymous and 
nonsynonymous
nucleotide positions



McDonald Kreitman test
from Hedrick 2005



Detecting selection



Selective sweep by hitchhiking

• Directional selection reduces variation
• Example: chloroquine resistance locus of malaria 

parasite Plasmodium falciparum
-medicine introduced about 45 years ago
-resistance mediated by mutations in pfcrt gene
-less variation close to resistance locus



Africa

Asia

RED – sensitive, BLACK – resistant strains

Notice: Allelic diversity reduced especially in chromosome 7, 
where resistance locus is located, important to compare to the 
genomic background (e.g. demography effects)
Wootton et al. 2002 Nature 418, 320-323.



Experimental evolution in Drosophila – soft 
sweeps, Burke et al. 2010 Nature 467: 587–590.

• select lines of D. 
melanogaster for 600 
generations for rapid
development

• examine genetic changes
• complete fixation of new 

mutations in different lines
OR

• selection from existing
variation

ACO - selection for rapid development
CO - control
B - base population



Results, Burke et al. 2010

Complete selective sweep based on a new mutation:  each
replicate line has its own mutations that get fixed –
monomorphic areas that differ between lines (likely)

Response based on existing variation – same genetic
areas in different lines, perhaps not completely
monomorphic



Soft sweeps, Burke et al. 2010

• local losses of heterozygosity
• regions of reduced heterozygosity associated with regions of 

differentiated allele frequency in selected vs. control lines
• soft sweeps: heterozygosities not near zero (as would be in 

classic sweeps)



Selection for development time, Burke et al. 2010

• convergence of allele frequencies and H levels between
replicates

• selection is acting on on the same intermediate-
frequency variants in each population
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