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CHAPTER

Evolution of Populations
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CHAPTER 18

Case Study

How can antibiotics keep up with drug-
resistant bacteria?

“When [ woke up just after dawn ...” biologist Alexander Fleming once said, “ I certainly
didn’t plan to revolutionize all medicine by discovering the world’s first antibiotic ...” Yet
that's precisely what Fleming did that day. Returning to his laboratory after a vacation, he
noticed that one of his bacterial cultures had been contaminated by a mold. Another
scientist might have thought the culture was ruined. But Fleming observed something
happening in that dish that got him thinking.

Fleming noticed that bacteria near theb‘r»riol(f were d}Mlm‘g.\ “That’s funny,” he remarked. But
instead of just tossing the dish away, he did what scientists do. He proposed a hypothesis to
explain his observation, and gathered data to test that hypothesis.

Fleming hypothesized that the mold produced something that killed bacteria. He identified
the mold as Penicillium, grew it in culture, and isolated that “something,” which he called
penicillin.

Years later, researchers learned to mass-produce a form of penicillin that could be used to
treat bacterial infections. Antibiotics saved thousands of lives during World War Il by
controlling bacterial infections among wounded soldiers. Soon, many bacterial diseases,
such as pneumonia, posed much less of a threat. That’s why antibiotics were called “magic
bullets” and “wonder drugs.”

Doctors began prescribing antibiotics widely. Farmers started giving antibiotics to farm
animals such as cattle to prevent infections so they could fatten them up quickly. As a
result, antibiotics are now a regular part of the environment for bacteria.

But the magic is fading as bacteria evolve. Today, the original form of penicillin is no longer
effective. Newer antibiotics are failing too. The Centers for Disease Control (CDC) estimates
that 2 million Americans each year become infected with antibiotic-resistant bacteria, and
as many as 23,000 die from those infections.

PEARSON
reahze FROM PEARSON REALIZE NOT FOR DISTRIBUTION Page 2 of 74



FROM PEARSON REALIZE NOT FOR DISTRIBUTION Page 3 of 74

Bacterial populations have always contained a few individuals with mutations that enabled
them to destroy, inactivate, or eliminate antibiotics. But those individuals didn’t have
higher fitness, so those mutant alleles didn’t become common.

What's happening? Evolution! In this new environment, individuals with resistance alleles
have higher fitness, so the resistance alleles increase in frequency. Also, resistance alleles
can be transferred from one bacterial species to another species on their plasmids. Thus,
disease-causing bacteria can pick up resistance from harmless strains.

Many bacteria, including those that cause tuberculosis and certain forms of staph
infections, are evolving resistance to not just one type of antibiotic, but to almost all
medicines known. This prospect terrifies doctors. They fear the loss of one of the vital
weapons against bacterial disease and the impact that could have.

Just how do populations evolve over time? How do new traits, such as antibiotic resistance,
appear and become more common in a population, while other traits become less common,
or disappear? Is it possible for new genes to appear, and if so, how?

Throughout this chapter, look for connections to the _ to help you answer
these questions.
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LESSON
Standards

Kev Questions

Vocabulary

gene pool
allele frequency

single-gene trait
polygenic trait

Use the section headings to help you understand the information.

Fill in the outline in the Foundations Reading and Study Guide Workbook on your
digital course.
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These ladybugs show some of the genetic variation typically present in their populations.
Darwin knew that in order for traits to evolve, they had to be heritable. He also knew that
to change over time, those traits had to vary among individuals. But he had no idea how
heritable traits pass from one generation to the next, or where that all-important variation
came from. Mendel’s studies of inheritance were published during Darwin’s lifetime, but no
one, including Darwin, realized how important that work was. After Mendel’s work was
rediscovered around 1900, genetics took off like a rocket. One discovery after another
tested evolutionary theory. Would new data support or refute Darwin’s work?

Genetics Joins Evolutionary Theory

Twentieth-century geneticists discovered that heritable traits are controlled by genes
carried on chromosomes. They also learned that changes in genes and chromosomes
generate variation. Molecular genetic techniques can now test hypotheses about variation
and selection, and help us understand evolutionary change better than Darwin ever could.
Studies in population genetics reinforce Darwin’s understanding that populations—not
individual organisms—evolve over time. All these discoveries give biologists a deeper
understanding of how evolution works. To discuss that understanding properly, we need
genetically based definitions of some important concepts.

Genes, Populations, and Species

With insights from modern genetics, we can refine our definitions of important
evolutionary terms. The genetic definition of a species is a population (or group of
populations) of physically similar, interbreeding organisms that do not interbreed with
other such groups. And in genetic terms, a population is a group of individuals of the same
species that mate and produce offspring.
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LESSON

Populations and Gene Pools

Here’s where population genetics comes in. Because members of a population interbreed
with one another, they share a common group of genes called a gene pool. A gene

pool consists of all genes present in a population, including all alleles for each gene.
Researchers describe gene pools by the numbers of different alleles they contain. The
number of times an allele occurs in a gene pool, as a percentage of the total occurrence of
all alleles for that gene in that gene pool, is called allele frequency. For example, in the
mouse population in Figure 18-1, the allele frequency of the dominant B allele (black fur)
is 40 percent (8 out of 20), and the allele frequency of the recessive b allele (brown fur) is
60 percent (12 out of 20). Note that allele frequency has nothing to do with whether the
allele is dominant or recessive. In this mouse population, the recessive allele occurs more
frequently than the dominant allele.
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Figure 18-1 Alleles in a Population

When scientists try to determine whether a population is evolving, they study its allele
frequencies. This diagram shows allele frequencies for fur color in a mouse
population. CalculateHere, in a total of 50 alleles, 20 alleles are B (black) and 30

are b ibrown). How many of each allele would be present in a total of 100 alleles?
NOTEBOOK

With this understanding as background, we can now define evolution in genetic

terms. Evolution involves any change in the frequency of alleles in a population over
time. If the frequency of the B allele in Figure 18-1, for example, drops to 30 percent, the
population is evolving. Again, it's important to note that populations, not individuals,
evolve. Natural selection can act by increasing or decreasing the relative fitness of
individual organisms. But those individuals don’t evolve during their lifetimes. The results
of natural selection show up as changes in allele frequencies in populations over time.

Genotype, Phenotype, and Evolution

It is important to remember that natural selection “selects” an entire organism, either to
survive and reproduce or to die without reproducing. Recall that the combination of alleles
an individual carries is called its genotype. An individual’s genotype, together with
environmental conditions during its lifetime, produces its phenotype. A phenotype includes
all physical, physiological, and behavioral characteristics of an organism, such as eye color
or height. Natural selection acts directly on an organism'’s phenotype, not its genotype.

In any population, some individuals have phenotypes that are better suited to their
environment than the phenotypes of other individuals. Better-suited individuals have
higher fitness, produce more offspring, and pass more copies of their genes to the next
generation. Thus, inherited variation can lead to natural selection because it can result in
differential reproductive success. In genetics terms, evolutionary fitness is an individual’s
success in passing genes to the next generation. And an evolutionary adaptation is any
genetically controlled trait that increases an individual’s fitness.

READING CHECK

Cause and Effect Describe how natural selection affects genotypes by acting on
phenotypes.
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Sources of Genetic
Variation

Understanding how genes and
chromosomes work enables us to
understand how the heritable variation so
important in evolutionary change is
produced. Genetic variation is produced
in three main ways: mutation, genetic
recombination during sexual
reproduction, and lateral gene
transfer. These mechanisms can all
generate diversity within species. Let's
see how that works.

Mutations

SEM 20,000x

Figure 18-

2 Genetic Variation e
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A mutation that stopped the production of 7‘ W

pigment resulted in the white deer. : y ey

Mutations in bacteria can make them
resistant to antibiotics. The puggle is a
result of breeding of a pug and a beagle.

Much of the time, genes are duplicated
and passed from one generation to the
next without change. But every so often
an error occurs. A mutation is a heritable
change in genetic information.

Many early geneticists assumed that
mutations were usually “bad,” because
the kinds of mutations that first came to
their attention didn’t function as well as
“wild-type” alleles. But “mistakes” in DNA 88

PEARSON
reahze FROM PEARSON REALIZE NOT FOR DISTRIBUTION Page 9 of 74



FROM PEARSON REALIZE NOT FOR DISTRIBUTION Page 10 of 74

replication are actually essential to a species’ long-term survival. A population in which
DNA replicates flawlessly, producing new generations without any genetic change, would
lack much of the variation on which natural selection operates. That kind of population
wouldn’t evolve. And in a world where environments change, populations that can’t evolve
don’t survive for long.

Some mutations—called neutral mutations—do not affect phenotype, and therefore don’t
affect fitness. Mutations that do produce changes in phenotype may or may not affect
fitness. Some mutations may lower fitness by decreasing an individual’s ability to survive
and reproduce. Other mutations, such as those that cause genetic diseases, may be lethal.
Still other mutations may result in adaptations that improve an individual’s ability to
survive and reproduce.

Note that mutations, such as those shown in Figure 18-2, matter in evolution only if they
can be passed from generation to generation. For that to happen in plants and animals,
mutations must occur in gametes (eggs or sperm). A mutation in a skin cell that produces
skin cancer, for example, will not be passed to the next generation. Research suggests that
each of us carries roughly 300 mutations that make our DNA different from that of our
parents.

Genetic Recombination During Sexual Reproduction Mutations aren’t the only source of
heritable variation. You don’t look exactly like your biological parents, even though they
gave you all your genes. You probably look even less like any brothers or sisters you may
have. Yet no matter how you feel about your relatives, they don’t look different from you
because either they (or you) are mutants! Most heritable differences within families are
caused by genetic recombination. The puggle shown in Figure 18-2 is a result of the
combination of genes from its pug and beagle parents. Remember that during meiosis one
member of each chromosome pair is shuffled randomly into each egg or sperm with one
member of every other chromosome pair. In humans, who have 23 pairs of chromosomes,
this can produce 8.4 million gene combinations
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LESSON

As you read this section, write down questions you have about how the three main
sources of genetic variation play a role in evolution. Answer your questions as you
continue reading the chapter.

Crossing-over is another mechanism that can produce genetic recombination. Recall that
during meiosis, paired chromosomes often swap lengths of DNA at random. This crossing-
over further increases the number of new genotypes created in each generation. You can
now understand why, in species that reproduce sexually, no two siblings (except identical
twins) look exactly alike. With all that recombination, you can end up with your mother’s
eyes, your father’s nose, and hair that combines qualities from both parents.

Lateral Gene Transfer

Most of the time, genes are passed only from parents to offspring during reproduction.
Sometimes, however, genes pass from one individual to another individual that is not its
offspring. This passing of genes produces a kind of gene flow called lateral gene transfer.
Lateral gene transfer can occur between individuals of the same species or individuals of
different species.

Gene flow can increase genetic variation, and therefore increase diversity, in any species
that picks up “new” genes. Many bacteria, for example, swap genes on plasmids. This kind
of lateral gene transfer is important in the evolution of antibiotic resistance. Lateral gene
transfer among single-celled organisms has been common, and important, in generating
diversity among species during the history of life.

READING CHECK

Describe Explain how different sources of genetic variation contribute to the total
diversity of individuals in a population.
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Figure 18-3 Two Phenotypes

In this species of snail, a single gene with two alleles controls whether or not a snail’s shell
has bands. The graph shows the percentage, in one population, of snails with bands, and
snails without bands.

Image long description

without bands |20 percent
with bands {80 percent

Single-Gene and Polygenic Traits

Genes relate to phenotypes in different ways. In some cases, a single gene produces a
simple trait. Mendel was very lucky that several of the traits he studied in pea plants were
controlled by a single gene. Other times, several genes interact to control a more complex

realize PEARSON
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trait. The number of phenotypes produced for a trait depends on how many genes
control the trait.

Single-Gene Traits

Traits controlled by a single gene may have only two or three distinct phenotypes,
depending on the number of alleles involved. In the snail species shown in Figure 18-3,
some snails have dark bands on their shells, and other snails don’t. Shell banding is
controlled by a single gene that has two alleles, and is therefore a single-gene trait—a trait
controlled by only one gene. The allele for no bands is dominant over the allele for dark
bands. All genotypes for this trait have one of two phenotypes: bands or no bands.

To explore this topic further, launch this interactivity.
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LESSON

The bar graph in Figure 18-3 shows the relative frequency of phenotypes for this trait in
one snail population. This graph shows that the presence of dark bands may be more
common in a population than the absence of bands. This is true even though the allele for
shells without bands is the dominant form. In populations, phenotypic ratios are
determined by the frequency of alleles in the population as well as by whether the alleles
are dominant or recessive.

Polygenic Traits

Many traits are controlled by two or more genes and are called polygenic traits. Each gene
of a polygenic trait often has two or more alleles. As a result, a single polygenic trait often
has many possible genotypes and an even greater variety of phenotypes. Often those
phenotypes are not clearly distinct from one another.

Height in humans is one example of a polygenic trait. Height varies from very short to very
tall and everywhere in between. You can sample phenotypic variation in this trait by
measuring the height of all the students in your class. You can then calculate average height
for this group. Many students will be just a little taller or shorter than average. Some,
however, will be very tall or very short. If you graph the number of individuals of each
height, you may get a graph similar to the one in Figure 18-4. The symmetrical bell-like
shape of this curve is typical of polygenic traits. A bell-shaped curve is also called a normal
distribution.
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The graph shows the distribution of phenotypes that would be expected for a trait if many
genes contributed to the trait. The photograph shows the actual distribution of heights in a
group of young men.

Image long description

Phenotype (height) (horizontal axis) is graphed against frequency of phenotype (vertical
axis). The curve is symmetrical and bell-shaped, with the highest frequency in the center. In
the photo, the men are lined up in columns by height from left to right, shortest to tallest,
with the men of height closest to average clustered around the middle, replicating the bell-
shaped curve of the graph.
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Lesson Review
Standards

KEY QUESTIONS

In genetic terms, what indicates that evolution is occurring in a population?

NOTEBOOK!

How do mutation, genetic recombination during sexual reproduction, and lateral gene
transfer produce genetic variation?

NOTEBOOK!

. What is the difference between a single-gene trait and a polygenic trait?

CRITICAL THINKING

4. Construct an Explanation A bright orange color begins to appear in a population of
butterflies. How could evolutionary fitness help explain this change?

NOTEBOOK!

5. Develop Models In a model of genetic inheritance, how do mutations help explain
genetic variability?

NOTEBOOK!

6. GASESTUDY How does lateral gene transfer help explain the evolution of antibiotic
resistance in bacteria?
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Standards

Key Questions

Vocabulary

directional selection
stabilizing selection
disruptive selection
genetic drift

bottleneck effect

founder effect

genetic equilibrium
Hardy-Weinberg principle
sexual selection

gene flow

Focusing on the similarities and differences of each subject in the lesson, fill in the
chart in the Foundations Reading and Study Guide Workbook on your digital
course to differentiate the concepts for each section.
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Spraying pesticide on a field of corn

Farmers have battled crop-eating insects since the dawn of agriculture. Many now use
chemicals called insecticides to kill pests. At first, the early insecticides, like DDT, killed
most insects. But after a few years, the poisons stopped working. These days, scientists
develop new insecticides, but insects become resistant to those new weapons too. Doctors
face a similar challenge. Bacteria once controlled by antibiotics are becoming resistant to
almost every antibiotic known. This is often called an “arms race,” because as soon as
farmers and doctors develop new “weapons,” the organisms they are fighting develop ways
to resist their effects. This arms race is a result of evolution in response to natural selection.

How Natural Selection Works

In evolutionary terms, when insecticides or antibiotics are introduced, those compounds
become part of the environment. They dramatically reduce the fitness of any individuals
susceptible to their effects. But almost always, just by chance, some individuals in the pest
population carry one or more genetic variations that enable them to resist the pesticide.
Similarly, a few bacteria, also by chance, carry genetic variation that lets them resist
antibiotics. Both of these kinds of resistance are adaptations that enable individuals to
survive and reproduce.

So, how does this happen? The presence of the pesticide or antibiotic increases the relative
fitness of the few individuals that carry the resistance adaptation. The resistant individuals
survive and thrive, because in dramatically reduced populations, there is less competition
for resources. Resistant insects and bacteria reproduce, passing resistance alleles to their
offspring. Nonresistant individuals die without reproducing. Over time, the frequency of
resistance alleles increases in the population. This differential survival and reproduction of
individuals with beneficial characteristics is called natural selection.
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LESSON

Natural Selection on Single-Gene Traits

When natural selection produces differential reproductive success, the effects on
phenotype can look different for single-gene and polygenic traits. Natural selection on
single-gene traits can produce changes in allele frequencies that may be reflected by
simple changes in phenotype frequencies. Imagine, for example, that a population of
brown lizards undergoes mutations in a gene that determines body color. The mutations
produce red and black forms, as shown in Figure 18-5. What happens to allele and
phenotype frequencies?

Initial Population Generation 10 Generation 20 Generation 30

SITURNTRG TR

80% 80% 70% 40%
10% 0% 0% 0%
10% 20% 30% 60%

Figure 18-5 Selection on a
Single-Gene Trait

Natural selection on a single-gene trait can lead to changes in allele frequencies and, thus,
to evolution. This type of evolution can occur in bacteria as well. Apply ConceptsWhat
kind of mutation in disease-causing bacteria would lead to a change in allele and phenotype
frequencies?

NOTEBOO N

Image long description

Green

80 percent

80 percent

70 percent

40 percent

Red

10 percent

0 percent

0 percent

0 percent

Black

10 percent

20 percent

30 percent

60 percent

Effect of Color Mutation on Lizard Survival
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If red lizards are more visible to predators, they might be less likely to survive and
reproduce, and the allele for red coloring might not become common. Black coloration
might enable individuals to absorb more sunlight and warm up faster. If high body
temperature allows individuals to move faster when feeding and avoid predators, black
coloration might act as an adaptation that increases fitness. Then the allele for black
coloration and the black phenotype will both increase in frequency. If black coloration has
no effect on fitness, the phenotype produced by the mutant allele will not act as an
adaptation. The allele will not be under pressure from natural selection.

Natural Selection on Polygenic Traits

When a trait is controlled by more than one gene, both the trait and the effects of natural
selection on the trait are more complex. Polygenic traits often display a range of
phenotypes that form a bell curve. The fitness of individuals may vary from one end of such
a curve to the other, and natural selection can act in one of three ways. Natural selection
on polygenic traits can affect the relative fitness of phenotypes in three types of
selection: directional selection, stabilizing selection, or disruptive selection. These three
types of selection are shown in Figure 18-6.
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Figure 18-6 Selection on Polygenic Traits

Natural selection on polygenic traits has one of three patterns: directional selection,
stabilizing selection, or disruptive selection. These graphs describe the evolution of beak
size in birds.

Image long description

Each graph shows the number of birds in a population versus beak size. There are 2 curves
on each graph, the original distribution and the new distribution after selection.

Direction Both bell curves are the same size and shape. The original curve peaks at a
selection smaller beak size than the new curve.

Stabilizing [The original bell curve is flatter and wider than the new bell curve and has a
selection lower peak. Both curves peak at the same beak size.

The original bell curve has one peak. The new curve is wider and has 2 peaks -
one at smaller beak size and one at a larger beak sizes than the original curve. The
Disruptive  |new curve also has higher peaks than the original. The trough between the two
selection peaks is lower than the height of the original peak.
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LESSON

Directional Selection

When individuals at one end of the curve have higher fitness than individuals elsewhere in
the curve, directional selection occurs. The range of phenotypes shifts because
individuals with adaptations that result in higher fitness experience higher reproductive
success.

Think back to the experiments on the seed-eating Galapagos finches. Birds with big, thick
beaks can feed more easily on large, hard, thick-shelled seeds than birds with smaller
beaks. When the supply of small- and medium-sized seeds runs low, only larger seeds are
left. Under these conditions, big-beaked birds can feed more easily than small-beaked birds.
The big-beaked adaptation produces higher fitness, and greater reproductive success. Over
time, the average beak size of this population will increase.

Stabilizing Selection

If individuals near the center of the curve have higher fitness than individuals at either

end, stabilizing selection takes place. The center of the curve remains at its current
position, but the curve overall becomes more narrow.

Suppose that, on some islands, supplies of both big and small seeds varied between wet and
dry seasons, but sizes of available seeds stayed fairly constant. Individuals with either very
large or very small beaks might be outcompeted by birds that can eat both kinds of seeds.
Over time, a greater proportion of the population would have a beak size in between the
two extremes.

Disruptive Selection

When phenotypes at both the upper and lower ends of the curve have higher fitness than
individuals near the middle, disruptive selection can occur. Disruptive selection lowers
the fitness of intermediate phenotypes. If the pressure of natural selection is strong and
lasts long enough, the single curve can split. Two distinct phenotypes are created,
increasing diversity within species.

Suppose a bird population lived in an area where medium-sized seeds became less
common than large and small seeds. Birds with unusually small or unusually large beaks
would both have higher fitness. As shown in the graph, the population might split into two
groups: one with smaller beaks and one with larger beaks.

READING CHECK

Compare and Contrast How is the action of natural selection similar for single-gene and
polygenic traits? How is it different?
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LESSON

This content is unavailable when printing.

Genetic Drift

Natural selection is not the only evolutionary mechanism that can change allele
frequencies. In small populations, individuals that carry a particular allele may leave
more descendants than other individuals, just by chance. Over time, a series of chance
occurrences can cause an allele to become more or less common in a population. This
kind of random change in allele frequency is called genetic drift.

Genetic Bottlenecks

Sometimes a natural disaster, such as a storm or flood, kills many individuals in a
population. The gene pool of the surviving population may have allele frequencies that
differ from those of the original gene pool just by chance. The allele frequencies of the
population may thus be different from the original population. This kind of bottleneck
effect is a change in allele frequency following a dramatic reduction in the size of a
population. A severe population bottleneck can sharply reduce a population’s genetic
diversity, and thus decrease diversity within the species. The cheetah shown in Figure 18-
7 is often used as an example of reduced genetic diverst .
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Standards

GUIDED INQUIRY

Download the worksheet to complete the activity.

Modellng Genetic Drift

Choose 10 candies at random from a bag of colored candies. The 10 candies represent a
small population of a species.

Mix up the candies and then arrange them in a single row. Record the number of candies
of each color.

Model the growth of the population. For each of the 5 candies on the left side of the row,
add another candy of the same color.

Repeat steps 2 and 3 two more times.

Now remove 20 candies at random, leaving only 5 candies. Then again repeat steps 2
and 3 two more times.

Analyze and Interpret Data

2.

3.

Reason Quantitatively How did the distribution of colors change during the procedure?
Use Models How does the model represent the evolution and change in allele frequency
of the population?

Evaluate Models What evolutionary mechanism is shown by step 5 of the model?
Describe this mechanism.

FROM PEARSON REALIZE NOT FOR DISTRIBUTION Page 26 of 74


https://content-delivery-service.pearsonrealize.com/content-delivery-service/eps/prod-realize-reader/api/item/854398e0-4f3b-4d5f-b539-2e4c2d8ede42/1/file/9780328988617_Live_03052018_SE_NA/OPS/xhtml/bio19_u05_c18_l02_lesson-1_4.xhtml#P700101451900000000000000000D152

PEARSON
realize FROM PEARSON REALIZE NOT FOR DISTRIBUTION Page 27 of 74

The Founder Effect

Genetic drift may also occur when a few individuals colonize a new habitat. These founding
individuals may carry alleles that differ in relative frequencies from those of the main
population, just by chance. The new gene pool therefore starts out with allele frequencies
that differ from those of the parent gene pool, as shown in Figure 18-8. This situation, in
which allele frequencies change as a result of the migration of a small subgroup of a
population, is known as the founder effect.

To explore this topic further, launch this interactivity.

Sample of

Original Population Founding Descendants
- Population A

o 9 Q]
g 358 g
il Y

Population B

Figure 18-8 Founder Effect

This illustration shows how two small groups from a large, diverse population could
produce new populations that differ from the original group. Compare and
ContrastExplain why the two populations of descendants are so different from one
another.

NOTEBOOK!

Image long description

The original population has yellow with 2 spots, yellow with many spots, red, and gray
beetles. Two founding population are circles in the original population.

Founding Population A has 2 gray beetles and 2 yellow beetles with only 2 spots. Founding
population B has 2 red beetles, 1 yellow beetle with 2 spots, and 1 yellow beetle with many
spots.
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The Descendants of Population A include 11 beetles: 5 are gray beetles and 6 are yellow
beetles with 2 spots. The Descendants of Population B include 12 beetles: 7 are red beetles,
2 are yellow beetles with many spots, and 3 are yellow beetles with many spots.

One example of the founder effect is found in the evolution of several hundred species of
fruit flies on different Hawaiian islands. Genetic and molecular evaluation of these flies
suggests that they are descended from the same mainland fruit fly population. However,
species on different islands have allele frequencies that are different from those of the
original species.

READING CHECK

Describe What are two circumstances under which genetic drift may occur?

NOTEBOOK!

Evolution Versus Genetic Equilibrium

How and why do populations evolve? And when might a population not evolve? One way to
answer this question is to imagine a model of a hypothetical population that does not
evolve. What would that population look like in terms of population genetics? If the
population is not evolving, allele frequencies in its gene pool are not changing, and that
population is in genetic equilibrium.

Sexual Reproduction and Allele Frequency

Gene shuffling during sexual reproduction can produce many different gene combinations.
But a century ago, researchers realized that meiosis and fertilization, by themselves, do not
change allele frequencies. So, hypothetically, a population of sexually reproducing
organisms could remain in genetic equilibrium.
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As you read about the Hardy-Weinberg principle, draw upon your prior knowledge in
solving mathematical expressions. Remember when solving expressions to use the
correct order of operations: parentheses, exponents, multiplication, division, addition,
and subtraction.

The Hardy-Weinberg Principle

According to the Hardy-Weinberg principle, allele frequencies in a population should
remain constant unless one or more factors causes those frequencies to change. The Hardy-
Weinberg principle makes predictions like Punnett squares—but for populations, not
individuals. Here’s how it works.

Suppose that there are two alleles for a gene: A (dominant) and a (recessive). A cross of
these alleles can produce three possible genotypes: A4, Aa, and aa. The frequencies of
genotypes in the population can be predicted by these equations, where p and g are the
frequencies of the dominant and recessive alleles:

In symbols:

pz+2pq+qz=landp+q=1p2+2pgq+q2=1landp+q=1
In words:

(frequency of AA) + (frequency of Aa) + (frequency of aa) = 100%(freque
ncy of AA) + (frequency of Aa) + (frequency of aa) = 100%

and (frequency of A) + (frequency of a) = 100% and (frequency of A) + (fre
quency of a) = 100%
Here’s how the Hardy-Weinberg equation can be used to evaluate the likelihood that
evolution is taking place in a population. Suppose that, in one generation, the frequency of
the A allele were 40 percent (p = 0.40p = 0.40) and the frequency of the a allele were 60

percent (q = 0.60q = 0.60). If this population were in genetic equilibrium, the chances of
an individual in the next generation having genotype A4 would

be 16% (pz = 0.402 = 0.16 or 16%)16% (p2 = 0.402 = 0.16 or 16%). The
probability of genotype aa would

be 36% (g2 = 0.602 = 0.36)36% (g2 = 0.602 = 0.36). The probability of
genotype Aa would
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be 48% (2pq =2 (0.40) (0.60) = 0.48)48% (2pq = 2 (0.40) (0.60) = 0.48).Ifa
population doesn’t show these predicted phenotype frequencies, evolution is taking

place. The Hardy-Weinberg principle predicts that five conditions can disturb genetic
equilibrium and cause evolution to occur: (1) nonrandom mating, (2) small populati