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Chapter 2 
Population Genetics 
The Study of Genetic Variation in Populations 
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Genotype Frequency 
The proportion of each genotype in a population 
Allele (Gene) Frequency 
The proportion of chromosomes that contain a specific allele in a population 
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Genotype Frequency 
The proportion of each genotype in a population 

Genotype
Count
Genotype
Frequency
1-1

49

49/100

.49

1-2

42

42/100

.42

2-2

9

9/100

.09

Total

100
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Allele (Gene) Frequency 
The proportion of chromosomes that contain a specific allele in a population

Genotype
Count
How Many Copies?
Allele Frequency  
Allele 1 or 2 
(2 x 49) + 42   =  0.7 
       200 

42 + (2 x 9)    =  0.3 
       200

1-1

49

2 of 1

1-2

42

1 of each

2-2

9

2 of 2

Total

100

200
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Hardy-Weinberg Equilibrium 
  If a population is large and individuals mate at random, there should be a constant and predictable relationship between genotype frequencies and allele frequencies 

p2 + 2pq + q2 = 1 


384700 >>> 00:17:21 

SLIDE 6 of 15 
Hardy-Weinberg Equilibrium 
p2 + 2pq + q2 = 1 
  Frequency of allele 1 = p 
  Frequency of allele 2 = q 
  Frequency of genotype 1-1 = p2 
  Frequency of genotype 1-2 = 2pq 
  Frequency of genotype 2-2 = q2 
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Hardy-Weinberg Equilibrium 
p2 + 2pq + q2 = 1
If p = 0.7 and q = 0.3
Then (0.7)2 + 2(0.7)(0.3) + (0.3)2 = 1
0.49 + 0.42 + 0.09 = 1
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Another Way of Remembering the Hardy-Weinberg Equation 
p2 + 2pq + q2 = 1

p
q
p
p2
pq
q
pq
q2
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Hardy-Weinberg Equilibrium in Phenylketonuria 
  The prevalence of PKU is 1 in 10,000 live births 
  What is the carrier frequency?
  q2 = 1/10,000 
  Want to calculate 2pq 
  q = 1/100 = 0.01 
  Since p is approximately 1, then 
  Carrier frequency = 2q = 2(1/100) = 1/50 
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Hardy-Weinberg Equilibrium in Tay-Sachs Disease 
  1 in every 30 Ashkenazi Jews is a carrier for Tay-Sachs Disease
  What is the prevalence of Tay-Sachs disease in the Ashkenazi Jewish population?
  2pq = 1/30 
  Want to calculate q2 
  Since p is approximately 1, then 
  Carrier frequency = 2q = 1/30 
  q = 1/60 q2 = 1/3600 
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What do we learn from Hardy-Weinberg? 
  If we know the prevalence of a recessive disease, we can calculate the frequency of heterozygous carriers (and vice versa) 
  For autosomal recessive diseases, the number of heterozygous carriers is much higher than the number of affected homozygotes: the vast majority of recessive genes are “hidden” in the heterozygotes 
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Allele Frequencies in X-Linked Disorders 
  The allele frequency for X-linked diseases is obtained by counting the number of affected males in the population 
  1/10,000 males has Hemophilia A, therefore q = 1/10,000 
  The number of affected females will be q2 = 1/108 
  The female carrier frequency is 2pq = 2/104 or 1/5,000 
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Factors Causing Genetic Variation in Populations 
  New mutation 
  Natural Selection sickle cell trait and falciparum malaria 
  Genetic Drift: gene frequency change caused by small population size 
  Gene Flow: exchange of genes among populations 
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Coefficient of Relationship 
(Fraction of Shared Genes) 







