Chapter 22—Evolutionary Processes

Lecture Outline

I.
Mechanisms of Evolutionary Change

A.
Evolution is defined as a change in allele frequencies over time. 

B.
Natural selection is the major force that alters the frequencies of alleles. 

1.
Natural selection acts on individuals, but evolutionary change occurs in populations. 

2.
Natural selection increases the frequency of alleles that contribute to improved reproductive success.

C.
Other Mechanisms That Shift Allele Frequencies in Populations

1.
Mutation modifies allele frequencies by continually introducing new alleles. 

2.
Gene flow produces allele frequency changes when:

a.
New individuals enter an existing population.

b.
Individuals leave an existing population for elsewhere.

3.
Genetic drift changes allele frequencies randomly.

D.
Natural selection is the only mechanism that results in adaptation and leads to increased fitness. 

II.
The Importance of Genetic Diversity

A.
Evolution cannot occur without genetic diversity.

1.
There would be no variation in alleles for natural selection to act on. 

2.
Populations could not evolve in response to environmental pressures.

B.
Genetic diversity itself is an important adaptation. 

1.
Genetic diversity is often strongly correlated with resistance to disease.

2.
Example—Individuals infected with HIV are less likely to get AIDS if they are heterozygous for the major histocompatibility complex (MHC) gene. (Fig. 22.2)

3.
Example—A disease epidemic recently killed most cheetahs at a captive breeding facility because all the individuals are homozygous for most alleles. 

III.
Analyzing Allele Frequency Change: The Hardy-Weinberg Principle

A.
Biologists take a two-pronged approach when studying how the four evolutionary processes affect populations.

1.
Create mathematical models that track the fate of alleles over time.

2.
Collect data to test the predictions made by these models.

B.
One of the most powerful of these models is the Hardy-Weinberg Principle.

1.
Developed in 1908 by G. H. Hardy and Wilhelm Weinberg.

2.
Analyzes what happens to the frequencies of two alleles at a single locus when the four evolutionary forces are not acting on a population. 

3.
Acts like a control treatment in an experiment on evolution. 

4.
Lets biologists predict how allele frequencies change when the four forces are not operating. 

5.
Provides a contrast to models and data that explore the effects of mutation, migration, drift, and selection.

6.
Often called a null model.

C.
Development of the Hardy-Weinberg Principle

1.
Hardy and Weinberg began by assuming that there are just two alleles of a particular gene in a population, A1 and A2. 

2.
Thus, at this locus, three genotypes are possible: A1A1, A1A2, or A2A2. 

3.
What will be the frequencies of the two alleles and three genotypes in the next generation if the alleles follow Mendel’s rules of independent segregation and assortment?

a.
The easiest way to analyze the fate of alleles is to think about the gametes produced.

b.
Imagine that all of the gametes produced in each generation go into a single bin called a gene pool.

(1)
Each gamete in the pool contains one allele for each locus. 

(2)
Frequency of the A1 allele is represented by p1 and the frequency of A2 is p2. 

(3)
Because p1 and p2 are frequencies, they can have any value between 0 and 1. 

(4)
Because there are only two alleles, the two frequencies must add up to 1: p1 + p2 = 1. 

c.
To create offspring from the gametes in the gene pool, imagine picking two gametes (alleles) at random. 

(1)
This represents a mating that forms a zygote.

(2)
To understand the genetic makeup of the entire offspring generation, imagine repeating this many times. 

d.
The frequencies of the three offspring genotypes can be calculated in this fashion. (Fig. 22.3)

(1)
If the allele frequencies of the parent generation are known, the genotype frequencies in the offspring generation can be predicted using this model.

(2)
The allele frequencies were p1 (for A1) and p2 (for A2).

(3)
The genotype frequencies in the offspring are: p12 (for A1A1), 2p1p2 (for A1A2), and p22 (for A2A2). 

(4)
The genotype frequencies in the offspring generation must also total 1. 

e.
The frequencies of the alleles in the offspring generation can then be calculated from the genotype frequencies. 

(1)
Think about the gametes that the offspring produce when they breed. (Fig. 22.3)

(2)
Consider the gametes produced by individuals with each of the three genotypes.

(3)
Allele frequencies in the offspring must also add up to 1. 

f.
Allele frequencies in the offspring and parental generations can be compared to determine if evolution is occurring. 

(1)
If allele frequencies are the same in both generations, then no evolution is occurring. 

(a)
This result is known as the Hardy-Weinberg principle.

(b)
Allele frequencies do not change over time when they are transmitted according to the rules of Mendelian inheritance. 

(c)
For evolution to occur, some other factor (selection, mutation, drift, or migration) must come into play.

(2)
If allele frequencies are different between the generations, then evolution is occurring. 

D.
Assumptions of the Hardy-Weinberg Principle

1.
For a population to conform to the Hardy-Weinberg principle, there must be:

a.
No mutation

b.
No migration from either immigration or emigration

c.
No genetic drift or random allele frequency changes

d.
Random mating within the population

e.
No natural selection

2.
This principle tells us what to expect if none of the evolutionary forces are acting on the population.

E.
Testing the Hardy-Weinberg Principle

1.
One of the first loci tested was the MN blood group in humans. 

2.
An individual can be either MM, MN, or NN for this gene.

3.
For every human population surveyed, genotypes at the MN locus are in Hardy-Weinberg proportions. (Table 22.1)

4.
The assumptions of the Hardy-Weinberg model are valid for this locus. 

5.
The M and N alleles are not affected by the four evolutionary mechanisms.

6.
Mating is random with respect to this locus.

F.
Applying the Hardy-Weinberg Model

1.
If allele frequencies are given by p1 and p2, then genotype frequencies should be in the ratio p12:2p1p2:p22. 

2.
If biologists observe genotype frequencies that do not conform to Hardy-Weinberg proportions, it tells them that something interesting is happening in the population.

a.
One or more of the evolutionary forces are affecting the population in some way.

b.
Nonrandom mating is occurring in the population. 

IV.
Mutation

A.
If the assumptions behind the Hardy-Weinberg model hold, then allele frequencies do not change and genetic variation is preserved indefinitely. 

B.
Because mutation occurs constantly, the first assumption is almost certain to be violated. 

1.
Mutations can occur during DNA replication or protein synthesis.

2.
Mutation constantly introduces new alleles into all populations at all loci. 

3.
Mutation is an evolutionary mechanism that increases genetic diversity in populations. 

4.
Mutation can cause evolution by changing allele frequencies through time. 

C.
Mutation is not an important cause of evolutionary change, because it does not occur often enough. 

1.
The highest mutation rates ever recorded are in the range of 1 mutation per 2000 gametes produced. 

2.
At most, 1 in every 1000 individuals carries a mutation at a particular locus. 

3.
Mutation does little to change allele frequencies on its own. 

D.
The Role of Mutation in Evolutionary Change

1.
The mutation theory just described focuses on the role of mutation at a specific locus.

2.
Lenski and Travisano evaluated the role that mutation plays at many loci over many generations.

a.
They studied many populations of E. coli over a four-year period. (Fig. 22.4)

b.
Mutation was the only source of genetic variation in these populations. 

c.
Competition experiments proved that relative fitness increased dramatically over time, but in a stair-step pattern. 

d.
Each jump in fitness was caused by a novel mutation that conferred a fitness benefit. 

(1)
Cells that happened to have the beneficial mutation grew rapidly and came to dominate the population. 

(2)
After a beneficial mutation occurred, the fitness of the population stabilized for a period of time.

(3)
Another random, beneficial mutation occurred and produced another jump in fitness. 

e.
Mutation is the ultimate source of genetic variability. 

(1)
Without mutation, evolution would stop, because there would be no variation for natural selection to act upon. 

(2)
On its own, however, mutation is ineffective at changing allele frequencies. 

3.
Although mutation rates are low for individual loci, they may be high throughout entire genomes. 

4.
When considered across entire genomes, and combined with natural selection, mutation becomes an evolutionary force. 

V.
Migration

A.
In an evolutionary sense, migration refers to the movement of alleles between populations. 

1.
This is known as gene flow. 

2.
It occurs when individuals disperse from one population to another, join the new population, and breed.

B.
Migration tends to eliminate genetic differences among populations. That is, it tends to equalize allele frequencies among populations. 

1.
Specifically, it tends to homogenize the genetic makeup of populations. 

2.
Conservation biologists are cautious about reintroduction programs for this reason. 

a.
If a wild population has alleles that perform well in the wild, gene flow from captive stock might introduce alleles that are less well adapted to the wild habitat. 

b.
If the proportion of migrants is large, gene flow can result in a population that is less well adapted to its environment.

3.
Migration can also be a conservation tool, because it increases genetic diversity in isolated populations. 

4.
Small, isolated populations tend to lose alleles due to a force called genetic drift.

VI.
Genetic Drift

A.
Genetic drift is defined as any change in the allele frequencies in a population that is due to chance.

1.
This process causes alleles frequencies to drift up and down randomly over time. 

2.
It can be simulated through the flipping of a coin. 

B.
Two Important Points about Genetic Drift

1.
Genetic drift is random with respect to fitness. Allele frequency changes are not adaptive.

2.
Genetic drift is much more pronounced in small populations. 

D.
Genetic Drift in Natural Populations

1.
O’Brien and colleagues studied genetic diversity in cheetah populations using protein electrophoresis. They analyzed 47 different proteins and found zero allelic diversity in the loci they surveyed. (Fig. 22.5)

2.
The extremely low genetic diversity in cheetahs is due to genetic drift.

a.
The cheetahs went through an event called a genetic bottleneck. 

b.
This is a sudden constriction in population size that reduces allelic diversity due to drift.

c.
Bottlenecks have been documented in several other endangered species.

3.
Drift threatens what little genetic diversity remains in cheetahs, but its negative impacts can be countered by manipulating migration. 

4.
Wildlife reserves are designed so that natural populations are linked through corridors of habitat.

5.
Captive breeding programs involve the exchange of semen samples or offspring between populations. 

VII.
Inbreeding

A.
The Hardy-Weinberg model assumes that random mating is occurring within any particular population.

B.
In nature, matings between individuals are seldom, if ever, random. 

1.
Mating and courtship behavior can influence matings.

2.
In small populations, matings between relatives are common. This is known as inbreeding. 

C.
How Inbreeding Affects Populations

1.
This is a type of nonrandom mating. (Fig. 22.6)

2.
Suppose that individuals do not produce gametes that go into the gene pool, but self-fertilize instead.

a.
Homozygous parents produce all homozygous offspring.

b.
Heterozygous parents produce both homozygous and heterozygous offspring in a 1:2:1 ratio.

3.
As a result, the proportion of homozygotes increases with each generation, while the heterozygote proportion is halved. 

a.
At the end of four generations, heterozygotes are rare.

b.
No evolution has occurred, because allele frequencies have not changed.

4.
Inbreeding depression is the loss of fitness that takes place when homozygosity increases. 

a.
This occurs because the frequency of detrimental homozygous recessive alleles increases. 

b.
This prediction has been verified in a wide variety of species, including humans. (Table 22.3)

5.
Inbreeding is an indirect cause of evolution, because it increases the rate at which natural selection eliminates deleterious recessive alleles. 

6.
Therefore, many species have mechanisms that prevent or avoid inbreeding.

a.
Example—plants with “self-incompatibility” loci.

b.
Example—taboos and laws against inbreeding in human societies.

VIII. Natural Selection

A.
The average fitness of a population does not increase because of mutation, migration, drift, or inbreeding. 

B.
Selection is the only evolutionary mechanism that leads to nonrandom changes in allele frequencies. 

1.
Individuals with certain phenotypes survive better or reproduce more than other individuals. 

2.
Alleles associated with a favored phenotype increase in frequency, while other alleles decrease. 

3.
If favored alleles reach fixation, then allelic diversity is eliminated and evolutionary change stops.

4.
But natural selection does not always decrease the genetic diversity of populations. 

C.
Directional Selection

1.
A type of natural selection in which allele frequencies change in one direction (Figs. 22.7a and 22.7b)

2.
Tends to reduce the genetic diversity in populations by favoring one extreme over another

3.
Example—natural selection increasing the frequency of drug-resistant strains of certain bacteria

4.
Directional selection can be reversed if environmental conditions warrant such a change.

a.
This is known as oscillating directional selection.

b.
It can help maintain genetic variation in a population. 

D.
Stabilizing Selection

1.
A type of natural selection in which both extremes in a population are reduced and the average phenotype is favored (Figs. 22.8a and 22.8b)

2.
It has two important consequences:

a.
There is no change in the average value of a trait over time.

b.
Genetic variation in the population is reduced. 

3.
Example—human birth weights

E.
Disruptive Selection

1.
A type of natural selection in which both extremes in a population are favored and the average phenotype is selected against (Figs 22.9a and 22.9b)

2.
Relatively rare, but produces high overall variation in any population in which it occurs

F.
There are other types of natural selection besides those mentioned here. 

IX.
Sexual Selection

A.
This is another form of nonrandom mating in which females prefer males with certain characteristics.

1.
Occurs when individuals within a population differ in their ability to attract mates

2.
A special type of natural selection in which there is selection for enhanced ability to obtain mates

B.
Inbreeding and sexual selection both violate the assumption of random mating that underlies the Hardy-Weinberg principle. 

1.
Inbreeding affects all loci, while sexual selection targets loci that code for mate choice traits.

2.
Inbreeding results in changes in genotype frequencies, whereas sexual selection produces changes in allele frequencies. 

C.
What Types of Evolutionary Change Does Sexual Selection Produce? (Fig. 22.10)

1.
Sexual selection often results in sexual dimorphism. 

a.
Sexually selected traits are involved in mate choice and often differ sharply between the sexes. 

b.
Sexual dimorphism refers to any trait, other than genitalia, that differs between males and females.

2.
The Theory of Sexual Selection

a.
Bateman was the first to understand why sexual selection results in sexual dimorphism. 

b.
His theory contains two elements:

(1)
A pattern component:

(a)
Sexual selection usually acts on males much more strongly than females. 

(b)
Traits that respond to sexual selection are more highly elaborated in males.

(2)
A mechanism component that explains the pattern:

(a)
“Eggs are expensive, but sperm are cheap.”

(b)
Females usually invest much more in their offspring than do males.

(c)
The energetic cost of producing a large egg is enormous contained the production of sperm. 

c.
This phenomenon is known as the fundamental asymmetry of sex. 

(1)
Male-female differences in parental investment are especially pronounced in mammals because of pregnancy and nursing. 

(2)
Females typically invest more in offspring than males do in almost all sexual species. 

d.
Implications of this asymmetry:

(1)
Both males and females have a limited amount of energy to invest in producing gametes and rearing young. 

(2)
Because eggs are large and expensive, females produce relatively few young over the course of their lifetime.

(3)
For females, fitness is limited primarily by an ability to gain the resources required to produce eggs and rear young—not by the ability to find a mate. 

(4)
Sperm are so simple to produce that males can father a limitless number of offspring. 

(5)
Thus male fitness is limited by the ability to attract mates—not the ability to acquire the resources needed to produce sperm. 


e.
Because of these asymmetries, sexual selection will be more intense in males than in females.

f.
Intense sexual selection leads to the exaggeration of sexually dimorphic traits. 

D.
Testing the Theory of Sexual Selection

1.
Le Boeuf and colleagues tested this theory during a long-term study of an elephant seal population. 

2.
Because the seals breed on land, a distinctive mating system is set up. (Fig. 22.11a)

a.
Males fight over the ownership of patches of beach occupied by congregations of females. 

b.
Males that win battles monopolize matings with the females residing inside their territories.

c.
Males that lose battles get territories with few females or are excluded from the beach.

3.
Sexual dimorphism is extreme in this species of elephant seals. 

4.
The biologists tracked the lifetime reproductive success of a large sample of males and females. 

a.
Variation in reproductive success is much greater in males than females. (Fig. 22.11b)

b.
This confirms the pattern component of the theory of sexual selection. 

5.
Females had a much higher energy investment in parental care than did males. 

a.
Females are limited by their ability to acquire enough food to support a pregnancy.

