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FST - Whalund Effect 

v Whalund 
principle - 
reduction in 
homozygosity 
that results from 
combining 
differentiated 
populations 
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Frequency of heterozygotes in the combined population is higher 
than the average of the separate populations (0.42 > 0.40) 

FST =
HT −HS

HT

=
0.42− 0.40
0.42

= 0.0476

FST =
var(p)
pq

=
0.01
0.21

= 0.0476

pg. 129 
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pop1-‐q	   pop2-‐q	   pop3-‐q	   avg	   FUSED	   diff(avg-‐fused)	   var(q)	  
q	   0.4	   0	   0.20	   0.20	   0.04	   n	  

q^2	   0.16	   0	   	  	   0.08	   0.04	   0.04	   0.08	   (n-‐1)	  

pop1-‐q	   pop2-‐q	   pop3-‐q	   avg	   FUSED	   diff(avg-‐fused)	   var(q)	  
q	   0.4	   0	   0.25	   0.2167	   0.2167	   0.0272	   n	  

q^2	   0.16	   0	   0.0625	   0.0742	   0.0469	   0.0272	   0.0408	   (n-‐1)	  

FST - Whalund Effect 

v Whalund principle - reduction in homozygosity 
due to combining differentiated populations  
² R = frequency of homozygous recessive 

genotype 

€ 

Rseparate − Rfused =
q1
2 + q2

2

2
− q 2
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q1 − q( )2 + 1

2
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FST 

v theoretical maximum is 1 if two 
populations are fixed for different alleles 

v but, there are some issues… 
v fixation index developed by Wright in 

1921 when we knew essentially nothing 
about molecular genetics 
² two alleles at a locus (with or w/o 

mutation between them) was the 
model 

FST versus GST 

v FST – derived by Wright as a function of the 
variance in allele frequencies 

v GST – derived by Nei as a function of within and 
among population heterozygosities 

GST =
HT −HS

HT

=1− HS

HT

"

#
$

%

&
'

FST =
var(p)
pq
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GST  with multiple alleles	

v microsatellite loci, for example, may have 

many alleles in all subpopulations 

v   FST can not exceed the average level of 
homozygosity (1 minus heterozygosity) 

 

GST =1−
HS

HT

<1−HS

Balloux et al. 
2000 Evolution 

GST ~ 0.12	


GST =
HT −HS

HT
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Hedrick 1999 
Evolution 

Hedrick (2005) Evolution 

v a standardized genetic distance measure for k 

populations: G’ST	


v where: 

€ 

GST (Max) =
HT (Max) −HS

HT (Max)
€ 

GST
' =

GST

GST (Max)

=
GST k −1+ HS( )
k −1( ) 1−HS( )

€ 

HT (Max) =1− 1
k 2

pij
2

j
∑

i
∑and 
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Allele 1 2 1 2
1 0.1 — 0.1 —
2 0.2 — 0.2 —
3 0.2 — 0.2 0.1
4 0.2 — 0.2 0.2
5 0.2 — 0.2 0.2
6 0.1 — 0.1 0.2
7 — 0.1 — 0.2
8 — 0.2 — 0.1
9 — 0.2 — —

10 — 0.2 — —
11 — 0.2 — —
12 — 0.1 — —

HS HS

HT HT

FST (GST) FST (GST)
HT(max) HT(max)

GST(max) GST(max)

G'ST G'ST

0.099
1 0.357

0.099

Subpopulation Subpopulation

0.910
0.035
0.850
0.8200.820

0.910
0.099
0.910



3/4/13	  

8	  

Coalescent-based Measures 

v Slatkin (1995) Genetics 

v where T and TW are the mean 
coalescence times for all alleles and 
alleles within subpopulations 

FST =
T −TW
T

T 0,1( ) = TW = 2Ned

T 2,0( ) = TB = 2Ned +
d −1
2m
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RST for microsatellites 

v under a stepwise mutation model for 
microsatellites, the difference in repeat number 
is correlated with time to coalescence 

 

v where S and SW are the average squared 
difference in repeat number for all alleles and 
alleles within subpopulations 

v violations of the stepwise mutation model are a 
potential problem 

€ 

RST =
S - SW

S 

ΦST for DNA sequences 

v the number of pairwise differences between 
two sequences provides an estimate of time 
to coalescence 

v method of Excoffier et al. (1992) takes into 
account the number of differences between 
haplotypes 

v Arelquin (software for AMOVA analyses) 
calculates both FST and ΦST for DNA 
sequence data 
²  important to specify which one is calculated 


