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Key points: 

 When a population is in Hardy-Weinberg equilibrium for a gene, it is not evolving, and allele frequencies will 

stay the same across generations. 

 There are five basic Hardy-Weinberg assumptions: no mutation, random mating, no gene flow, infinite population 

size, and no selection. 

 If the assumptions are not met for a gene, the population may evolve for that gene (the gene's allele frequencies may 

change). 

 Mechanisms of evolution correspond to violations of different Hardy-Weinberg assumptions. They are mutation, 

non-random mating, gene flow, finite population size (genetic drift), and natural selection. 

 

Introduction 

In nature, populations are usually evolving. Evolution means is that a population is changing its genetic makeup over 

generations. The changes may be subtle—for instance, in a wolf population, there might be a shift in the frequency of a gene 

variant for black rather than gray fur. Sometimes, this type of change is due to natural selection. Other times, it comes from 

migration of new organisms into the population, or from random events—the evolutionary "luck of the draw." 

 

Hardy-Weinberg equilibrium 

First, consider a population that is not evolving. If a population is in a state called Hardy-Weinberg equilibrium, the 

frequencies of alleles, or gene versions, and genotypes, or sets of alleles, in that population will stay the same over 

generations (and satisfy the Hardy-Weinberg equation). Formally, evolution is a change in allele frequencies in a population 

over time, so a population in Hardy-Weinberg equilibrium is not evolving. 

 

As we mentioned at the beginning of the article, populations are usually not in Hardy-Weinberg equilibrium (at least, not for 

all of the genes in their genome). Instead, populations tend to evolve: the allele frequencies of at least some of their genes 

change from one generation to the next. 

 

In fact, population geneticists often check to see if a population is in Hardy-Weinberg equilibrium because they suspect other 

forces may be at work. If the population’s allele and genotype frequencies are changing over generations the race is on to find 

out why. 

 

Hardy-Weinberg assumptions and evolution 

What causes populations to evolve? In order for a population to be in Hardy-Weinberg equilibrium, or a non-evolving state, it 

must meet five major assumptions: 

 No mutation. No new alleles are generated by mutation, nor are genes duplicated or deleted. 

 Random mating. Organisms mate randomly with each other, with no preference for particular genotypes. 

 No gene flow. Neither individuals nor their gametes (e.g., windborne pollen) enter or exit the population. 

 Very large population size. The population should be effectively infinite in size. 

 No natural selection. All alleles confer equal fitness (make organisms equally likely to survive and reproduce). 

 

If any one of these assumptions is not met, the population will not be in Hardy-Weinberg equilibrium. Instead, it may evolve: 

allele frequencies may change from one generation to the next. Allele and genotype frequencies within a single generation 

may also fail to satisfy the Hardy-Weinberg equation. 

 

Mechanisms of evolution 

Different Hardy-Weinberg assumptions, when violated, correspond to different mechanisms of evolution.  All five of the 

above mechanisms of evolution may act to some extent in any natural population. 

 

Mutation. Although mutation is the original source of all genetic variation, mutation rate for most organisms is low.  The 

impact of brand-new mutations on allele frequencies from one generation to the next is usually not large.  

 

Non-random mating. In non-random mating, organisms may prefer to mate with others of the same genotype or of different 

genotypes. Non-random mating will not make allele frequencies in the population change by itself, though it can alter 

genotype frequencies. This keeps the population from being in Hardy-Weinberg equilibrium, but it is debatable whether it 

counts as evolution, since the allele frequencies are staying the same. 
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Gene flow. Gene flow involves the movement of genes into or out of a population, due to either the movement of individual 

organisms or their gametes (eggs and sperm, e.g., through pollen dispersal by a plant). Organisms and gametes that enter a 

population may have new alleles, or may bring in existing alleles but in different proportions than those already in the 

population. Gene flow can be a strong agent of evolution. 

 

Non-infinite population size (genetic drift). Genetic drift involves changes in allele frequency due to chance events – 

literal. Drift can occur in any population of non-infinite size, but it has a stronger effect on small populations. We will look in 

detail at genetic drift and the effects of population size. 

 

Natural selection. Natural selection occurs when one allele (or combination of alleles of different genes) makes an organism 

more or less fit, that is, able to survive and reproduce in a given environment. If an allele reduces fitness, its frequency will 

tend to drop from one generation to the next.  

 

Define the following terms 

1. Evolution 

 
 

 

2. Hardy Weinberg equilibrium 

 

 

 

3. Genetic drift 

 

 
 

4. Natural selection 

 

 
 

5. Gene flow 

 

 
 

 

Answer the following questions 

1. Why might the genotypic or phenotypic frequencies change in a natural population? 

 

 

 

 

 

 
 

2. What happens to the genotypic and phenotypic frequencies in a population if there is no evolution? 


