
Chapter 2  Estimating  Frequencies 
 

Estimation 
 estimator, consistency, unbias, variance, efficiency and sufficiency 
 

Multinomial Genotypic Counts 

 Multinomial distribution ＆ hypergeometric distribution  
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 Multinomial moments 

∑
=

===
n

r
iiri nrnrPnE

0
)()( θ

 

iiE θθ =)~(  

)1()( iii nnVar θθ −=   

)1(1)~( iii n
Var θθθ −=  

jiji nnnnE θθ)1()( −=  

jiji n
nE θθθθ )1()~~( −

=  

jiji nnnCov θθ−=),(  

jiji n
Cov θθθθ 1)~,~( −=  

 1



)1()1(
),(

jjii

ji
ji nnCorr

θθθθ
θθ

−−
−=

 

)~,~( jiCorr θθ=  

 Within-population variance of allele frequencies 
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  Confidence interval for Pu
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  Under Hardy-Weinberg equilibrium 
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 Indicator variables 

=ijx    1, if allele j of individual i B type A 

0, otherwise 
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 Within-population covariance of allele frequencies 
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 Example: 
(1) MN blood groups 
(2) Pgm locus in mosquito  
(3) esterase locus 
 

   Total variance of allele frequencies  
  Genetic sampling & statistical sampling 
  Dirichlet & multinomial distribution  
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    group coancestry coefficient 
Lθ  

         θ      0 
 
 
  
 
     Population  1    Population  2                 Population  r 
 
                          F 
 
 In a random mating population 
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   With random mating, θ=F   and  0=f  

     Fisher’s approximate variance formula 

Numerical resampling: The Jackknife and Bootstrap 

Maximum likelihood estimation  
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 Properties of MLE 
 Bailey’s method for MLE 
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 Iterative solutions of likelihood equations  
 The EM algorithm 
          
Example 1: Frequencies of genotypes and phenotypes for ABO blood
groups. Alleles A,B,O have frequencies  and qp, r . 

Genotype Phenotype Count Expected Frequency Estimated Count 

AA 2p  *
AAn =[p/(p+2r)]  An

AO 
A An  

pr2  *
AOn =[2r/(p+2r)] An

BB 2q  *
BBn =[q/(q+2r)] Bn

BO 
B Bn  

qr2  *
BOn =[2r/(q+2r)] Bn

AB AB ABn  pq2  ABn  

OO O On  2r  On  
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Example 2: Gametic frequencies: 
ABP  
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 Within-population inbreeding coefficient 
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Method of moments  
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Bayesian estimation 
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Summary 

 

 
Homework: Exercise 2.1 (page 88) 
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