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Divergence-based	tests	
•  Population-based	divergence	tests.		Contrast	the	levels
	of	polymorphism	within	a	reference	population	with
	the	level	of	divergence	between	populations	or	species		
–  different	classes	of	sites	within	the	same	gene	(the	McDonald
-Kreitman,	or	MK,	test)		

–  	different	genes	(the	Hudson-Kreitman-Aguade	,́	or	HKA,	test)		

•  Phylogeny-based	divergence	tests.		Contrasts	the	rates
	of	evolution	at	different	sites	within	a	gene	over	a
	number	of	species	in	a	phylogenetic	context.		
–  KA	to	KS	ratios	
–  Codon	models	
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HKA	test	

•  Hudson,	Kreitman,	and	Aguade	́	(1987)
	proposed	the	first	approach	to	jointly	use
	polymorphism	and	divergence	data.		
– Their	HKA	test	

•  Unlike	many	of	the	other	divergence-based
	tests,	HKA	can	be	applied	to	any	type	of
	sequence	data	(not	just	a	contrast	between
	replacement	and	silent	sites).		
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The HKA test statistic  is approximately chi-
square-distributed with 3L − (L + 2) = 2L − 2 
degrees of freedom, given the 3L observations 
and L+2 parameters (θ1 …θL, τ, δ) to estimate 



The test static value as 6.09.  Because Pr(χ12
 
> 6.09) = 

0.014, the test indicates a significant departure from 
the equilibrium neutral model. 



Note:  The entire cpDNA or 
mtDNA genome  is considered  
as a single locus under the HKA 
test 



The	McDonald-Kreitman	(MK)	Test		
•  One	of	the	most	widely-used	tests	
•  Requires	a	polymorphism	sample	from	one
	species	and	a	divergence	sample	between
	species	

•  Robust	to	demography,	provided	that	the	effectively
	neutral	mutation	rate	is	the	same	during	the
	polymorphism	and	divergence	phases	

•  Contrasts	the	amounts	of	polymorphism	and
	divergence	between	two	categories	of	sites
	within	a	single	gene		

–  Typically	silent	vs.	replacement	sites	
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Phylogeny-based	tests	

•  Need	divergence	data	from	a	number	of
	species,	placed	within	a	known	phylogeny	

•  Ka	to	Ks	ratio,	ω
•  Likelihood-based	codon	models	
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Bayesian Estimators of Sites Under Positive Selection 






