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Basic	idea	

•  Is	the	within-	vs.	between-population
	partitioning	of	the	genetic	variance	for	a
	candidate	trait	(QST)	different	from	the
	partitioning	for	random	markers	(i.e.,	neutral
	molecular	variation)	over	the	same	set	of
	populations	(FST)?	

•  Departures	may	suggest	that	the	trait	is	under
	selection	





Outline	

•  Quantifying	allele-frequency	divergence	
among	subpopulations,	FST	

•  	QST	
– Distribution		
– Power	

•  PST	
•  FSTQ	and	the	role	of	LD	



•  One measure of population structure is given by Wright’s FST
 statistic (also called the fixation index) 

•  Essentially, this is the fraction of genetic variation due to
 between-population differences in allele frequencies 

•  Changes in allele frequencies can be caused by evolutionary
 forces such as genetic drift, migration, and local adaptation 

•  Consider a biallelic locus (A, a). If p denotes overall population
 frequency of allele A,  
!  then the overall population variance is p(1-p) 
!  Var(pi) = variance in p over subpopulations 
!  FST = Var(pi)/[p(1-p)] 

FST, a measure of population structure 
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Population Freq(A) 

1 0.1 

2 0.6 

3 0.2 

4 0.7 

Assume all subpopulations 
contribute equally to 
the overall metapopulation 

Overall freq(A) = p = 
(0.1  + 0.6 + 0.2 + 0.7)/4 = 0.4  

Var(pi) = E(pi
2) - [E(pi)]2 = E(pi

2) - p2 

Var(pi) = [(0.12 + 0.62 + 0.22 + 0.72)/4] - 0.42 = 0.065 

Total population variance =  p(1-p) = 0.4(1-0.4) = 0.24 

Hence, FST = Var(pi) /[p(1-p) ] = 0.065/0.24 = 0.27   

Example of FST estimation 
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P1 

P2 

p=0.5 
q=0.5 

p=0.5 
q=0.5 

FST = 0 

Graphical example of FST 

Homozygous 
Diploid 

 No population differentiation  
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Modified from Escalante et al. 2004. Trends Parasitol. 20:388-395 



P1 

P2 

p=0.9 
q=0.1 

p=0.25 
q=0.75 

FST=0.43 
Homozygous 
Diploid 

Graphical example of FST 

 Strong population differentiation  
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Modified from Escalante et al. 2004. Trends Parasitol. 20:388-395 



P1 

P2 

Modified from Escalante et al. 2004. Trends Parasitol. 20:388-395 

p=1 
q=0 

p=0 
q=1 

FST = 1 

Homozygous 
Diploid 

 Complete population differentiation  

Graphical example of FST 
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Unrooted neighbor-joining tree based on C.S. Chord (Cavalli-Sforza and Edwards 1967) based on 169 nuclear 
SSRs. The key relates the color of the line to the chloroplast haplotype based on ORF100 and PS-ID sequences. 

Garris et al. 2005. Genetics 169:1631-1638 

Rice population structure 

*Admixed individuals 

FST = 0.25 

FST = 0.43 
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Liu et al. 2003. Genetics 165:2117-2128 

Phylogenetic tree for 260 inbred lines using the log-transformed proportion of shared alleles 
distance  

Maize population structure 

Non-Stiff Stalk 

Tropical/Subtropical 

Stiff-Stalk 

Teosinte 

FST = 
 0.18 

Flint-Garcia et al. 2005. Plant J. 144:1054-1064 

FST = 0.22 
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For inbred populations,  



Distribution of QST values 

Michael Whitlock 









Power 



PST 























Summary	
•  QST	is	trait-specific	
•  Often	approximated	by	using	PST		(very
	problematic)	

•  Ascertainment	bias	issues,	more	variable	traits
	usually	chosen	(i.e.,	a	nonrandom	set)	

•  QST	does	not	necessarily	track	FSTQ	
– This	is	a	good	thing,	as	small	allele-frequency
	shifts	result	in	little	change	in	FSTQ	

– However,	LD	generated	by	selection	can
	significantly	change	QST	even	in	the	face	of	NO
	FSTQ	change	


