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Chapter 1

Population genetics

1.1 Basic terminology in genetics

• Locus: The position of a gene in a particular chromosome

• Autosomes: Homologous pairs of genes

• Sex chromosomes: Non homologous pairs of genes which determines the sex

1.2 Co-dominance and incomplete dominance

• Co-dominance: The contribution of both different alleles A and a are visible in the phenotype

• Incomplete dominance: The phenotype of the heterozygous genotype is intermediate to the phenotype of
the homozygous genotypes

1.3 Sex chromosomes

If A and a are alleles of an X-linked gene, then the genotypes are

• Female: AA, Aa, aa

• Male1 A·, a·

1.4 Inheritance

• Gametes are produced in the testes/ovaries by meiosis thus haploid

• Haploid sperm and ova unite at fertilization to form a zygote, which is diploid

1.5 Segregation principle

• Genes randomly receive one of the adult’s two alleles for each autosomal gene with equal probability

• Gametes randomly receive one of the adult’s two sex chromosomes with equal probability

• This occurs independently for genes on different chromosomes

1.6 Probability laws

1.6.1 Multiplication law for independent events

If E1 and E2 are independent events, then Pr(E1 ∩ E2) = Pr(E1)× Pr(E2).

1These nomenclatures can also be written as A-, a- or XAY, XaY

5



1.6.2 Addition law for mutually exclusive events

If E1 and E2 are independent events, then Pr(E1 ∪ E2) = Pr(E1) + Pr(E2).

1.7 Prevalence and incidence in genetic disorders

• Prevalence: The total number or proportion of the population affected by the genetic disorder at the given
time

• Incidence: The number or proportion of new births that are affected by the genetic disorder

1.8 Genotype numbers and frequencies

• N : Total population size

• NAA: Number of genotype AA individuals in the population

• fAA: Frequency of genotype AA in the population

• Likewise for NAa, fAa, Naa, etc.

• Note that NAA + NAa + Naa = N and fAA + fAa + faa = 1

1.9 Allele numbers and frequencies

• NA: Number of A alleles in the population

• fA: Frequency of A alleles in the population

• Likewise for Na and fa

1.10 Calculating allele frequencies from genotype frequencies

Since each AA genotypes has 2 A alleles, and each Aa genotypes has 1, we have

NA = 2NAA + NAa Na = 2Naa + NAa (1.1)

Each individuals has 2 alleles, so the total size of the allele pool is 2N . The frequencies are

fA =
NA

2N
fa =

Na

2N
(1.2)

Combine equations 1.1 and 1.2 to get

fA =
NA

2N
=

2NAA + NAa

2N
=

NAA

N
+

1

2

NAa

N

Therefore,

fA = fAA +
1

2
fAa fa = faa +

1

2
fAa

6


	Population genetics
	Basic terminology in genetics
	Co-dominance and incomplete dominance
	Sex chromosomes
	Inheritance
	Segregation principle
	Probability laws
	Multiplication law for independent events
	Addition law for mutually exclusive events

	Prevalence and incidence in genetic disorders
	Genotype numbers and frequencies
	Allele numbers and frequencies
	Calculating allele frequencies from genotype frequencies
	Calculating the genotype frequencies from allele frequencies
	Modelling assumptions in population genetics
	Random mating
	Large population assumption
	Non-overlapping generations
	Other assumptions

	Hardy-Weinberg equilibrium
	Consequences for rare alleles
	Importance of Hardy-Weinberg model

	Including sexual reproduction in Hardy-Weinberg model
	Mutation
	Irreversible mutation
	Reversible mutation

	Including irreversible mutation in Hardy-Weinberg model
	Difference equations
	First-order difference equations
	Solution of difference equations
	Constant coefficient linear first-order difference equations
	Autonomous difference equations

	Including reversible mutation in the genetic populations model
	Equilibrium solution
	Stable and unstable equilibrium
	Determining stability
	Iteration
	Cobwebbing
	Phase line
	Linear stability criterion

	X-linked genes
	Relevant notation
	X-linked gene allele frequencies in the genetic populations model
	General solution for allele frequencies in X-linked genes
	X-linked genotype frequencies in the genetic populations model

	Including natural selection in the genetic population model
	Relevant notation
	Fisher-Haldane-Wright equation

	Special case: Lethal recessive
	General cases
	Selection coefficient
	Special cases

	Fisher-Haldane-Wright equation in terms of selection coefficient s and heterozygous effect h
	Stability of the third equilibrium solution

	Wright-Fisher model
	Discrete time finite Markov chains
	Relevant terminologies

	Wright-Fisher model as a discrete time finite Markov chain
	Monte Carlo simulation
	Probability calculations
	Calculating path probabilities
	Calculating probability mass functions

	Absorbing Markov chains
	Long term behavior of absorbing Markov chains

	Genetic drift
	Expected allele number for Wright-Fisher model
	Probability of fixation for Wright-Fisher model
	Moran model
	Transition probabilities
	Expected allele number for Moran model
	Probability of fixation for Moran model

	Heterozygosity
	Heterozygosity under Hardy-Weinberg conditions
	Heterozygosity under Wright-Fisher model

	Bottleneck effect
	Founder effect
	Mean time to fixation for the Wright-Fisher model

	Reaction kinetics - systems biology
	First order ordinary differential equations (ODEs)
	General solution of first order ordinary differential equations
	For first order homogeneous ordinary differential equations
	For first order inhomogeneous ordinary differential equations

	Conservation laws
	Equilibrium of differential equations
	Stable and unstable equilibrium
	Determining stability
	Using the general solution
	The phase line
	Direction field

	A non-linear differential equation - a specific case
	Euler's method
	Marginally stable equilibrium
	Qualitative analysis of 2D system of ordinary differential equations
	The phase plane
	Equilibrium points
	Nullclines
	Flow fields
	Use of technology

	Henri enzyme reaction scheme
	Henri-Michaelis-Menten rate equations
	Typical parameter values
	Dissociation constant and Michaelis constant

	The equilibrium approximation
	Overall reaction rate
	Limitation of the equilibrium approximation

	Quasi-Steady State Assumption (QSSA)
	Michaelis-Menten equation
	3 phases in enzyme reactions

	Lineweaver-Burk plot
	Hill Kinetics

	Epidemic modelling
	Stages of microparasitic infection
	Basic assumptions
	SI model
	Rate of infection

	SIR model
	The differential equations
	Basic reproduction ratio
	Threshold phenomenon
	Finding s and r
	Epidemic burnout
	Mass vaccination
	Herd immunity

	SIS model
	The differential equations
	The endemic state
	Threshold phenomenon



