
Population genetics – the study of naturally occurring genetic differences (genetic variation) 
between organisms  
 
Genetic variation  3 hierarchical levels; 
1. Between individuals within a population 
2. Between populations (within a species) 
3. Between species 
*how and what is measured depends on which hierarchical level is of interest 
 
**population genetics is not particularly interested in what a gene is for, as much as 
whether it varies at some level of the hierarchy 
Genetic markers – any genetically determined, heritable characteristic that we can measure 
(count) and that is variable between individuals/between populations/between species. A 
marker is NOT usually a gene (eg. often just SNPs) 
Polymorphic – genetic character that varies  the variable states are polymorphisms 
alternative states of a polymorphic character are often referred to as alleles 
discrete traits are easier to count  eg. pea colour, corn kernel colour 
Visible polymorphisms; 
▪ must be discrete, or exist in a small number of non-overlapping forms 
▪ visible variation must be inherited in a simple, predictable manner 
Problems with visible markers; 
▪ inheritance is often complex and are not always a reliable indication of underlying genetic 
variation 
▪ discrete, non-overlapping visible markers with simple, clear-cut patterns of inheritance are 
hard to find 
▪ will only give a partial measure of genetic variation 
▪ visible markers are phenotypic, not genotypic  phenotype is also affected by the 
environment  sometimes the environmental influence masks genetic variation that may 
be present (silent variation) or suggests there may be genetic variation when there is not  
 
*for some traits the genotype  phenotype link is straightforward, eg. ABO blood groups, 
but for most life history traits variation is continuous (often bell shaped) 
 

 Quantitative Qualitative 

Example Reproductive fitness Colour (eg.green v. yellow) 

Distribution Continuous Discrete 

Genotype/phenotype 
match 

Limited  Good 

Number of loci Many  Few 

Effect of environment Large  Small  

 
If not visible markers, then what? 
▪ molecular markers – more direct measures of genotypic variation that avoid problems 
associated with visible markers 
▪ two categories of molecular markers  those that measure protein sequence variation 
and those that measure DNA sequence directly  



 
Protein Markers; 
▪ variation of protein sequence may result in charge differences  can separate based on 
charge differences (gel electrophoresis)  
*if the protein is an enzyme, variants are called alloenzymes 
Alloenzymes  much better than visible markers because; 
▪ generally discrete and unambiguous 
▪ inherited in simple, predictable manner (usually the product of a single gene) 
▪ co-dominant (both alleles visible so homo/hetero can be distinguished) 
▪ not usually influenced by the environment (direct link between DNA and protein 
sequence) 
▪ more variable in most species 
▪ easy to assay 
 
DNA Markers; 
▪ many different varieties of DNA markers 
▪ main variable is their respective levels of resolution  varies from whole chromosomes to 
individual base pairs and everything in between  
*chromosomes = cytogenetic markers  eg. variation in chromosome number between 
related species of velvet worm 
▪ DNA markers are the genotype! 
 
Genetic markers must:  
1. Be variable at the hierarchical level under consideration  
2. Show simple, predictable patterns of inheritance  
3. Not be influenced strongly by the environment ie. the variation is genetic rather than 
environmental  
4. Be informative at the appropriate hierarchical level  
 
panmictic = random breeding 
Population – local interbreeding (panmictic) group that has reduced gene flow with other 
groups of the same species 
          - groups of individuals are divided into separate populations by their freedom to 
mate with other individuals  restricted mating = reduced gene flow  gives structure to 
the populations  
 
allele frequencies; 
*if (as in the simplest possible case) there is one locus with two alleles in a single panmictic 
population in which random mating can occur, then; 
  - the frequency of allele A is p 
  - the frequency of allele a is q 
  -  p + q = 1  
  - and therefore p = 1 - q and q = 1 – p 

   - frequency (or p) of A = 
2 ×𝐴𝐴 +𝐴𝑎

2𝑛 
 

  - frequency (p) of a = 
2 ×𝑎𝑎 +𝐴𝑎

2𝑛 
 

  * the frequency of allele A is equal to twice the frequency of AA homozygotes 



(because there are 2 copies of the A allele present) plus the number of heterozygotes (as 
each heterozygote has only one copy of the A allele)  
Starting with the genotype frequencies, we can derive allele frequencies by; 
  ▪ p = P + H/2  
Where; 
 - p is frequency of A allele 
 - P is the frequency of AA homozygotes 
 - H is the frequency of Aa heterozygotes  
 
What does this convey about a population; 
Hardy-Weinberg; 
 - in an ideal/model population genotype and allele frequencies are related to each other by 
the equation; 
 𝑝2 + 2𝑝𝑞 + 𝑞2 = 1 
 Assumptions of Hardy-Weinberg; 
1. Sexually reproducing & diploid, non-overlapping generations (parents and offspring do 
not mate with each other) 
2. Allele frequencies are the same in both sexes 
3. Mendelian segregation  
4. Random mating (single panmictic population) 
5. No mutation 
6. No migration (immigration or emigration)  
7. No drift 
8. No selection 
Why?  
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****Hardy-Weinberg is about genotypes***** 
Consequences; 
▪ when an allele has a low frequency it is predominantly present in heterozygotes 
▪ when an allele is more common, it is present mainly in homozygotes  
▪ when the allele frequency is 0.5, the heterozygote frequency is 0.5  this is as high as the 
heterozygote frequency can ever be   
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