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Models of Genetic  Drift 

v Binomial Distribution 
v Markov Chains 
v Diffusion Approximation (pp. 67-73) 

² based on continuous rather than discrete 
variables (i.e., time and allele frequencies) 

Wright-Fisher transition probabilities 

v binomial results in a matrix of transition 
probabilities that can be multiplied to predict 
the distribution of allele frequencies at any 
number of generations in the future 

! 

1 0 0 0 0 0 0 0 0
0.344 0.393 0.196 0.056 0.010 0.001 0 0 0
0.100 0.267 0.311 0.208 0.087 0.023 0.004 0 0
0.023 0.112 0.235 0.282 0.211 0.101 0.030 0.005 0
0.004 0.031 0.109 0.219 0.273 0.219 0.109 0.031 0.004
0 0.005 0.030 0.101 0.211 0.282 0.235 0.112 0.023
0 0 0.004 0.023 0.087 0.208 0.311 0.267 0.100
0 0 0 0.001 0.010 0.056 0.196 0.393 0.344
0 0 0 0 0 0 0 0 1

matrix for  
2N = 8 

from i 

to  j 
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Predicted distributions of allele frequencies in 
replicate populations of N = 16 

Pi! j =
2N( )!

j! 2N " j( )!
p jq2N" j
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Loss of Genetic Diversity due to Drift 

v Pg. 66 
v “…rate at which genetic variation is lost from 

the collection of many populations is 1-1/2N ” 
v put another way, in the next generation, 

genetic variation will be only (1-1/2N) times as 
great as in the previous generation  

v same applies for many loci within one 
population 

The Diffusion Approximation 

v “the discussion may seem quite mysterious, but 
please do not be discouraged because a 
detailed understanding is not necessary to 
understand the rest of the chapter or anything 
later in the book” 

! 

" p,x;t + #t( ) $" p,x;t( ) =

$ M x( )" p,x;t( ) $M x $#x( )" p,x $#x;t( )[ ]

+
1
2

V x + #x( )" p,x + #x;t( ) $V x( )" p,x;t( )[ ]{

$ V x( )" p,x;t( ) $V x $#x( )" p,x $#x;t( )[ ]}
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Expectations based on the diffusion approximation 

Insights… 

v time to fixation and time to loss 

v persistence time (for polymorphism) 

Tfix = !4N
1! p( ) ln 1! p( )

p

Tloss = !4N
p ln p( )
1! p

Tsegregate = !4N p ln p( )+ 1! p( ) ln 1! p( )"# $%
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Insights… 

v probability of fixation for a new, 
neutral mutation = 1/(2N)	

²  time to fixation = ~ 4N 

v probability of loss = 1 - (1/(2N))	

²  time to loss = ~ 2 ln(2N)	


* these are average times! 
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Effective population size Ne 

v the number of individuals in a 
theoretically ideal population having the 
same magnitude of random genetic drift 
as the actual population 

v for most natural populations, Ne is 
smaller than the census size 
² often substantially smaller! 

Factors affecting Ne 

v changes in population size across generations 

²  Ne = harmonic mean population size 

²  e.g.,  

! 
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Factors affecting Ne 

v sex ratio (of breeding individuals) 
² “bottleneck” through the less numerous sex 

² e.g.,  
 

Ne = 4
NmN f

Nm + N f

Ne = 4!
10!100
10+100

= 36.4

Factors affecting Ne 

v variation in “family size” (i.e., fitness) 
² What is Ne in a haploid population in which 

every individual leaves one offspring? 
² Diploid? 

² where k is family size for a pair of diploid 
individuals 

² what is k for a stable population? 
² poisson distribution: mean = variance 

Ne =
4Nt!1

var(k)+ k 2 ! k
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Factors affecting Ne 

v sex chromosomes 
² the “population” size of sex chromosomes is 

smaller than for autosomes 

²  Ne for X-linked genes: 

 
²  if Nm= Nf, then Ne = 3N/4	

² mtDNA and Y-chromosome Ne = N/4	


! 

Ne =
9NmN f

4Nm + 2N f
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Factors affecting Ne 

v population structure with gene flow 
² population subdivision maintains relatively 

greater genetic diversity (slows the process of 
drift to fixation in the overall population) 

 

² …where N is the population size in each of D 
demes and m is the migration rate between 
demes 

Ne=ND 1+ 1
4Nm
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Factors affecting Ne	


v breeding sex ratio 
v fluctuation in population size 
v variance in family size (or # offspring) 
v number of gene copies 

² sex chromosomes, mtDNA 

v population structure 


