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596 UNIT  6 Animal Anatomy and Physiology

• Antibodies and antigen receptors are incredibly diverse because DNA 
segments shuffle during early lymphocyte development. Clonal deletion 
subsequently eliminates lymphocytes corresponding to self antigens.

D. The Secondary Immune Response Is Stronger Than 
the Primary Response

• The first encounter with an antigen provokes the primary immune response, 
which is relatively slow. Its legacy is memory cells that greatly speed the 
secondary immune response on subsequent exposure to the same antigen 
(figure 29.16).

• Tissue damage can occur if the immune response does not turn off after 
eliminating a pathogen.

29.4 Vaccines Jump-Start Immunity

• A vaccine “teaches” the immune system to recognize specific components of 
a pathogen, bypassing the primary immune response.

• Some vaccines contain live, weakened, or inactivated pathogens; others 
incorporate toxins or subunits of pathogens.

29.5 Several Disorders Affect the Immune System
A. Autoimmune Disorders Are Devastating and Mysterious
• An autoimmune disorder occurs when the immune system produces 

antibodies that attack the body’s own tissues.
B. Immunodeficiencies Lead to Opportunistic Infections
• An immunodeficiency is the absence of one or more essential elements of 

the immune system. These disorders leave patients vulnerable to cancer and 
opportunistic pathogens.

• The human immunodeficiency virus (HIV) kills helper T cells, causing AIDS. 
• Severe combined immunodeficiency (SCID) is an inherited disease in 

which the adaptive immune response is defective. 
• Drugs that prevent organ transplant rejection also weaken the immune system.
C. Allergies Misdirect the Immune Response
• An allergy is an immune reaction to a harmless substance. An allergen 

triggers the production of antibodies, which bind mast cells and basophils. On 
subsequent exposure to the same allergen, these cells release allergy mediators 
such as histamine.

• Anaphylactic shock is a life-threatening allergic reaction. 

GET THE PICTURE
While scrolling through your social media feed, you see the following meme. 
Think about it, and then answer the questions that follow. 

IF VACCINES WORK?

HOW IS MY
UNVACCINATED KID

A DANGER TO YOUR KID

 a. In your own words, rewrite the claim from the meme.
 b. Use the Internet to research the effectiveness of vaccines. Are vaccines 

100% effective? Why or why not?
 c. Physicians use the term herd immunity to describe a situation in which 

most people in a population are immune to an illness, limiting the ability 
of a virus to infect susceptible new hosts. How might the antivaccine 
movement affect herd immunity?

 d. Use the Internet to investigate why some people cannot receive vaccines. 
List two such reasons.

 e. Considering what you learned about vaccines in this chapter and from 
researching your answers to parts (b) through (d), answer the question in 
the meme: How do unvaccinated children pose a risk to anyone other than 
themselves? 

WRITE IT OUT
1. Explain the observation that lymphoid tissues are scattered in the skin, 

lungs, stomach, and intestines.
2. Compare and contrast the components of blood and lymph.
3. Explain why a scraped knee increases the chance that pathogens will 

trigger an adaptive immune response.
4. In an effort to reduce allergic responses, a drug company wishes to develop 

a medication that binds to and kills mast cells. What would be a likely side 
effect of this drug?

5. Ibuprofen blocks the body’s production of inflammation-causing 
chemicals, thereby stopping the first step of the inflammation response. 
Based on this information, explain how ibuprofen affects capillary 
“leakiness.” How does ibuprofen reduce swelling?

6. Dead phagocytes are one component of pus. Why is pus a sure sign of 
infection?

7. Since fever has protective effects, should we avoid taking fever-reducing 
medications when ill? Use the Internet to research the consequences of 
overmedicating a fever and the risk of allowing a fever to rise too high.Figure 29.16  Primary and Secondary Immune Response: A Summary.
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An Introduction for Students Using This Textbook

I have been teaching nonmajors biology at the University of Oklahoma 
since 1997 and over that time have encountered many students who fear 
science in general and biology in particular. The complexity, abstrac-
tions, and unfamiliar terms can seem overwhelming at first, but with 
practice, I know that anyone can think like a scientist. 

Learning to think scientifically is important well beyond passing a 
biology class. After all, scientific issues confront you every day as you nav-
igate your life and your social media accounts. How do you know if a claim 
about climate change is scientific? Will you be able to identify misinforma-
tion and interpret graphs during the next global health crisis? This book 
will teach you not only to understand the scientific terms you encounter but 
also to distinguish “good science” from unscientific claims. 

I’ve created the following features to help you make the transition from 
memorizing facts to understanding concepts—from accepting scientific 
claims to analyzing them for yourself. These tools will help you to pass 
your class and to be an informed citizen. 

• Concept Maps The Survey the Landscape concept map at the 
start of each chapter illustrates how the pieces of the entire unit fit 
together. Each chapter ends with a Pull It Together concept map 
that makes connections between key terms within the chapter. 
Using these concept maps together will help you understand how 
the major topics covered throughout the book relate to one another.

• Learn How to Learn Each chapter in this book contains a tip 
that focuses on study skills that build understanding. Don’t try to 
implement them all at once; choose one that appeals to you and add 
more as you determine what works best for you.

• What’s the Point? This brief introduction helps explain the 
importance of the chapter topic. A companion feature is What’s the 
Point? Applied, which appears near the end of each chapter and 
builds on the chapter’s content by explaining a wide-ranging topic 
that is relevant to your life.

• Progress Bars The bars found at the bottom of most pages should 
help you keep in mind where you are in the chapter’s big picture.

• Why We Care These boxes reinforce the applications of specific 
topics to the real world.

• Burning Question In this feature, I answer questions from 
students who are either in my classes or who have written to me 
with a “burning question” of their own.

• Miniglossaries Most chapters have one or more miniglossaries, 
brief lists of key terms that help you define and distinguish 
between interrelated ideas. You can use the miniglossaries to create 
flashcards, concept maps, and other study aids.

• Scientific Literacy These thought questions at the end of each 
chapter will help you practice thinking like a scientist about 
relevant social, political, or ethical issues.

• Get the Picture These new end-of-chapter questions challenge 
you to interpret an image. They are designed to apply the chapter’s 
content to a photo, graph, or diagram. Learning to think about 
images scientifically will help you navigate your digital (and real) 
world.

• Summary Illustrations Created specifically for the summary, 
these figures tie together the material in a visual way to help you 
learn relationships among the topics in the chapter. See if you can 
explain the relationships in your own words, then go back to review 
any sections you have trouble explaining.

• Connect® The content in this textbook is integrated with a wide 
variety of digital tools available in Connect that will help you learn 
the connections and relationships that are critical to understanding 
how biology really works.

Using this textbook’s resources as you study can help you build 
scientific literacy. Investing time in your studies is essential, but your 
mindset matters too. If you believe that you can develop your talents for 
biology—even if it takes some hard work—then you set the stage for a 
successful semester. Anyone can be a “science person.”

I hope that you enjoy this text and find that the study tips and tools 
help you develop an understanding of biology.

Mariëlle Hoefnagels
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Author’s Guide to Using This Textbook
This guide lists key chapter features and describes some of the ways that I use them in my own classes.

 Chapter 12 Forces of Evolutionary Change  237

7. Influenza and smallpox are diseases caused by different types 
of viruses. Scientists must produce a new influenza vaccine 
each year, whereas the smallpox vaccine eradicated the disease. 
Explain these results from an evolutionary perspective. 

8. Why is the incidence of malaria correlated with the incidence of 
the sickle cell allele? 

9. Fraggles are mythical, mouselike creatures that live underground 
beneath a large vegetable garden. Of the 100 fraggles in this 
population, 84 have green fur and 16 have gray fur. A dominant 
allele F confers green fur, and a recessive allele f confers gray 
fur. Assuming Hardy–Weinberg  equilibrium is operating, answer 
the following questions. (a) What is the frequency of the gray 
allele f ? (b) What is the frequency of the green allele F? (c) How 
many fraggles are heterozygotes (Ff  )? (d) How many fraggles 
are homozygous recessive (ff  )? (e) How many fraggles are 
 homozygous dominant (FF )?

10. In animals with elaborate ornamentation (such as the brightly 
colored plumage of some male birds), does female mate choice 
result in disruptive, directional, or stabilizing selection?

11. Describe the competing selective forces acting on peacock tails.
12. Some researchers suggest that a giraffe’s long neck results from 

competition for foliage with other types of animals; others say it 
is the product of sexual selection. How might each mechanism 
explain how a long-necked species evolved from an ancestral 
population with short necks? How does each explanation compare 
to how Lamarck might have explained it? 

Refer to figure 12.24 and the chapter content to answer the following questions.
1. Survey the Landscape: Review the concept map in the chapter 

introduction. When has evolution occurred in life’s history? How do 
scientists know that evolution has occurred in the past?

2. Describe situations in which the five mechanisms of evolution shown in 
the concept map would occur. 

3. Add the terms genotype, phenotype, allele frequencies, founder effect, 
bottleneck effect, and sexual selection to this concept map.

4. Make a concept map using the following terms: mutation, variation, 
natural selection, genetic drift, bottleneck effect, founder effect, artificial 
selection, allele frequency, population, evolution, adaptation, fitness, and 
sexual selection.

Figure 12.24 Pull It Together: Forces of Evolutionary Change.

Organisms

Evolution

Alleles

acts on a

evolves by

Population

Nonrandom
matingMigration

Gene pool

Hardy–
Weinberg

equilibrium

has a collection
of genes and

alleles called a

does not
occur at

is a change in
a population’s

is a group of
interbreeding

each of which
has a unique

combination of

move between
populations in

mix
unevenly

in

randomly
change in

frequency in
are

generated
by

conferring adaptive
traits become

more common in

Genetic
drift Mutations Natural

selection

SCIENTIFIC LITERACY

Burning Question 12.1 explains why an organism cannot be adapted to all 
environments. Even humans cannot live in all parts of the world. However, 
technology allows us to live in habitats that would otherwise be deadly. For 
example, the cold temperatures, low oxygen level, and lack of food on a high 
mountain would soon kill an unclothed person. However, the same person 
could survive indefinitely in the same location if they had a warm house and 
clothing, breathed from an oxygen tank, and grew food in a sophisticated 
greenhouse. Are human technologies the products of natural selection? Are 
people who live in a harsh environment “adapted” to that environment, even 
if they must use technology to survive? What areas of the world might be 
especially difficult to inhabit, even with the use of current or potential future 
technologies? Why?

PULL IT TOGETHER

UNIT 3 Evolution and Diversity

Photosynthesis

Try to Eat Me Now. When threatened, a porcupinefish swallows air, puffing into 
a round shape that is too big for many predators to swallow. Sharp spines add 
a further deterrent. Why do porcupinefish have these signature traits? Natural 
selection provides the answer. 
Steven Hunt/Stone/Getty Images

LEARNING OUTLINE
 12.1 Evolution Acts on Populations

 12.2 Evolutionary Thought Has Evolved for Centuries

 12.3 Natural Selection Molds Evolution

 12.4 Evolution Is Inevitable in Real Populations

 12.5 Natural Selection Can Shape Populations  
in Three Main Ways

 12.6 Sexual Selection Directly Influences Reproductive 
Success

 12.7 Evolution Occurs in Several Additional Ways

APPLICATIONS
Why We Care 12.1 A Brief History of Dogs 

Burning Question 12.1 Is there such a thing as a “pinnacle of evolution”? 
Why We Care 12.2 The Unending War with Bacteria
Investigating Life 12.1 Bacterial Evolution Goes “Hog Wild” on the Farm

Forces of Evolutionary Change
UNIT 3 Evolution and Diversity12

SURVEY THE LANDSCAPE
Evolution and Diversity

Evolution Life’s history

Fossils, DNA,
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evidence

Natural selection and
other mechanisms
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Forces of Evolutionary Change. Evolution occurs in many ways. The 
most familiar mechan ism is natural selection, but genetic changes 
from one generation to the next also happen by mutation, genetic 
drift, nonrandom mating, and migration.

For more details, study the Pull It Together feature in the 
chapter summary.

Learn How to Learn
Take the Best Possible Notes

Some students take notes only on what they consider “important” during a 
lecture. Others write down words but not diagrams, or they write what’s on the 
screen but not what the instructor is saying. All of these strategies risk losing 
vital information and connections between ideas that could help in later learning. 
Instead, write down as much as you can during lecture, including examples, 
analogies, and sketches of the diagrams the instructor uses. It will be much easier 
to study later if you have a complete picture of what happened in every class.

LEARNING OUTLINE
8.1 Cells Divide and Cells Die

8.2 DNA Replication Precedes Cell Division

8.3 Bacteria and Archaea Divide by Binary Fission

8.4 Replicated Chromosomes Condense as a Eukaryotic Cell 
Prepares to Divide

8.5 Mitotic Division Generates Exact Cell Copies

8.6 Cancer Cells Divide Uncontrollably

APPLICATIONS
Burning Question 8.1 Do all human cells divide at the same rate?
Why We Care 8.1 Skin Cancer
Investigating Life 8.1 Evolutionary Strategies in the Race Against Cancer

SURVEY THE LANDSCAPE
DNA, Inheritance, and Biotechnology 

DNA Replication, Binary Fission, and Mitosis. Prokaryotic cells divide 
by binary fission; eukaryotic cells use mitotic or meiotic division. 
Proteins regulate the entire process and copy all of the cell’s DNA 
shortly before the split occurs.

For more details, study the Pull It Together feature in the 
chapter summary.

UNIT 2 DNA, Inheritance, and Biotechnology 

DNA Replication, Binary Fission, and Mitosis

Growth. Cell division accounts for the growth of a seedling, a child, and every 
other multicellular organism.
PhotoAlto/Getty Images

Learn How to Learn
Write It Out—Really!

Get out a pen and a piece of scratch paper, and answer the “Mastering Concepts” 
questions throughout each chapter. Do the same for “Write It Out” and the other 
end-of-chapter questions. This tip applies even if the exams in your class are 
multiple choice. Putting pen to paper (as opposed to just reading the answer 
key or saying the answer in your head) forces you to organize your thoughts and 
helps you discover the difference between what you know and what you only 
THINK you know.
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Concept maps help students see the big picture. 

Survey the Landscape concept maps at the start of 
each chapter illustrate how the pieces of the entire 
unit fit together. These figures integrate with the 
existing Pull It Together concept maps in the chapter 
summary. 

After spending class time discussing the key features  
of concept maps, I have my students draw concept  
maps of their own.

Learn How to Learn study tips help 
students develop their study skills. 

Each chapter has one Learn How to Learn 
study tip, and a complete list is in Appendix E. 
I present a Study Minute in class each week, 
with examples of how to use these study tips.

The Learning Outline introduces the 
chapter’s main headings and helps 
students keep the big picture in mind.

Each heading is a complete sentence that 
summarizes the most important idea of 
the section. Students can also flip to the 
end of the chapter before starting to read; 
the chapter summary and Pull It Together 
concept map can serve as a review or 
provide a preview of what’s to come.

Burning Calories. Riding a bicycle takes energy, which comes from metabolic 
reactions inside cells.
maxpro/Shutterstock 

LEARNING OUTLINE
 4.1 All Cells Capture and Use Energy

 4.2 Networks of Chemical Reactions Sustain Life

 4.3 ATP Is Cellular Energy Currency

 4.4 Enzymes Speed Reactions

 4.5 Membrane Transport May Release Energy  
or Cost Energy

APPLICATIONS
Why We Care 4.1 Enzymes Are Everywhere
Burning Question 4.1 Do hand sanitizers work?
Investigating Life 4.1 Does Natural Selection Maintain Cystic Fibrosis?

The Energy of Life
UNIT 1 Science, Chemistry, and Cells4

Learn How to Learn
Focus on Understanding, Not Memorizing

When you are learning the language of biology, be sure to concentrate on how 
each new term fits with the others. Are you studying multiple components of 
a complex system? Different steps in a process? The levels of a hierarchy? 
As you study, always make sure you understand how each part relates to the 
whole. For example, you might jot down brief summaries in the margins of your 
notes, or you could use lists of boldfaced terms in a chapter to make your own 
concept map.
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is the scientific study of Biology

SURVEY THE LANDSCAPE 
Science, Chemistry, and Cells

For more details, study the Pull It Together feature at the 
end of the chapter.

The Energy of Life. All cells require energy in the form of ATP to 
carry out their chemical reactions, acquire resources, and power 
their other activities. Enzymes are proteins that speed these 
reactions.
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 Chapter 5 Photosynthesis 89

The Carbon Reactions Produce Carbohydrates C3, C4, and CAM PlantsThe Light Reactions Begin Photosynthesis

turn, replaces its “lost” electrons by splitting water molecules, yielding O2 as a 
waste product.

These two resources (energy and “loaded” electron carriers) set the stage 
for the second part of photosynthesis: the carbon reactions. In the carbon reac-
tions, the chloroplast uses ATP, the high-energy electrons in NADPH, and CO2 
to produce sugar molecules. These reactions are the  “-synthesis” part of photo-
synthesis. The ATP and NADPH come from the light reactions, and the CO2 
comes from the  atmosphere (see Burning Question 5.2). Once inside the leaf, 
CO2 diffuses into a mesophyll cell and across the chloroplast membrane into the 
stroma, where the carbon reactions  occur.

Overall, photosynthesis is an oxidation–reduction (redox) process. Oxidation 
means that electrons are removed from an atom or molecule; reduction means elec-
trons are added. As you will see, photo synthesis strips electrons from the oxygen 
atoms in H2O (i.e., the oxygen atoms are oxidized). These electrons reduce the 
carbon in CO2.  Because oxygen atoms attract electrons more strongly than do 
carbon atoms (see chapter 2), moving electrons from oxygen to carbon requires 
energy. The energy source for this process is, of course, light. i  redox reactions, 
section 4.2B

Chloroplast

Light
reactions

Light

ADP
NADP+

ATP

NADPH

H2O

Carbon
reactions

CO2

O2 Sugar

Figure 5.6 Overview of Photosynthesis. In the light reactions, 
pigment molecules capture light energy and transfer it to molecules 
of ATP and NADPH. The carbon reactions use this energy to build 
sugar molecules out of carbon dioxide.

5.4 Mastering Concepts
1. What happens in each of the two main stages of photosynthesis?
2. Where in the chloroplast does each stage occur?

5.5  The Light Reactions Begin 
Photosynthesis

A plant placed in a dark closet literally starves. Without light, the plant cannot gen-
erate ATP or NADPH. And without these critical sources of energy and electrons, 
the plant cannot produce sugars to feed itself. Once its stored reserves are gone, the 
plant dies. The plant’s life thus depends on the light reactions of photosynthesis, 
which occur in the membranes of chloroplasts. 

Burning Question 5.1

Why do leaves change colors in the fall?

Most leaves are green throughout a plant’s growing season, although there 
are exceptions; some ornamental plants, for example, have yellow or 
purple foliage. The familiar green color comes from chlorophyll 
a, the most abundant pigment in photosynthetic plant parts.

But the leaf also has other photosynthetic pigments. 
Carotenoids contribute brilliant yellow, orange, and red hues. 
Purple pigments, such as anthocyanins, are not photosyn-
thetically active, but they do protect leaves from damage by 
ultraviolet radiation.

Carotenoids are less abundant than chlorophyll, so they 
usually remain invisible to the naked eye during the growing 
season. As winter approaches, however, deciduous plants prepare 
to shed their leaves. Anthocyanins accumulate while chlorophyll de-
grades, and the now “unmasked” accessory pigments reveal their colors for a 

short time as a spectacular autumn display. These pigments soon disappear as 
well, and the dead leaves turn brown and fall to the ground.

Spring brings a flush of fresh green leaves. The energy to pro-
duce the foliage comes from glucose the plant produced during the 

last growing season and stored as starch. The new leaves make food 
throughout the spring and summer, so the tree can grow—both 
above the ground and below—and produce fruits and seeds. 

As the days grow shorter and cooler in autumn, the cycle 
will continue, and the colorful pigments will again participate in 

one of nature’s great disappearing acts.

Submit your burning question to 
marielle.hoefnagels@mheducation.com

Photo: Shutterstock/Carlos E. Santa Maria

5.1 Burning Question

69

4.1  All Cells Capture and Use Energy 
You’re running late. You overslept, you have no time for breakfast, and you have 
a full morning of classes. You rummage through your cupboard and find some-
thing called an “energy bar”—just what you need to get through the morning. 
But what is energy?

A. Energy Allows Cells to Do Life’s Work
Physicists define energy as the ability to do work—that is, to move matter. This 
idea, as abstract as it sounds, is fundamental to biology. Life depends on rear-
ranging atoms and trafficking substances across membranes in precise ways. 
These intricate movements represent work, and they require energy.

Although it may seem strange to think of a “working” cell, all organisms do 
tremendous amounts of work on a microscopic scale. For example, a plant cell 
assembles glucose molecules into long cellulose fibers, moves ions across its 
membranes, and performs thousands of other tasks simultaneously. A  gazelle 
grazes on a plant’s tissues to acquire energy that will enable it to do its own cel-
lular work. A crocodile eats that gazelle for the same reason. 

The total amount of energy in any object is the sum of energy’s two forms: 
potential and kinetic (figure 4.1 and table 4.1). Potential energy is stored energy 
available to do work. A bicyclist at the top of a hill illustrates potential energy, 
as does a compressed spring. The covalent bonds of molecules, such as the in-
gredients in your energy bar, contain a form of potential energy called chemical 
energy. A difference in solute concentration across a membrane—a concentra-
tion gradient—is another form of potential energy (see section 4.5). i  covalent 
bonds, section 2.2C

Kinetic energy is the energy of motion; any moving object possesses this 
form of energy. The bicyclist coasting down the hill in figure 4.1 demonstrates 
kinetic energy, as do contracting muscles. Light moves in packets called photons, 
each of which has kinetic energy. Each molecule inside a cell also has kinetic en-
ergy. In fact, all of the chemical reactions that sustain life rely on collisions be-
tween moving molecules. The colder an object feels, the slower the movement of 
its atoms and molecules; this is why many cells die if conditions are too chilly. 

Calories are units used to measure energy. One calorie (cal) is the amount 
of energy required to raise the temperature of 1 gram of water from 14.5°C to 
15.5°C. The energy content of food, however, is usually measured in kilocalories 

“I wish I had your metabolism!” Perhaps 
you have overheard a calorie-counting 
friend make a similar comment to 
someone who stays slim on a diet of 
fattening foods.

In that context, the word 
metabolism means how fast a person 
burns food. But biochemists define 
metabolism as all of the chemical 
reactions that build and break down 
molecules within any cell. How are 
these two meanings related? 

Interlocking networks of metabolic reactions supply the 
energy that every cell needs to stay alive. In humans, teams 
of metabolizing cells perform specialized functions such 
as digestion, muscle movement, hormone production, and 
countless other activities. It all takes a reliable energy supply—
food, which each of us “burns” at a different rate.

This chapter describes the fundamentals of metabolism, 
including how cells organize, regulate, and fuel the chemical 
reactions that sustain life.
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Figure 4.1 Potential and Kinetic Energy. (a) A bicyclist at 
the top of a hill has potential energy, which is converted to kinetic 
energy as the cyclist coasts down. (b) A compressed spring has 
potential energy, which is transferred to the ball as kinetic energy 
when the spring is released. (c) Chemical energy is a form of 
potential energy, which is released when a molecule’s bonds break.
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CHAPTER SUMMARY

4.1 All Cells Capture and Use Energy
A. Energy Allows Cells to Do Life’s Work
• Energy is the ability to do work. Potential energy is stored energy, 

and kinetic energy is action.
• Energy is measured in units called calories. One food Calorie is 

1000 calories, or 1 kilocalorie.
B. Life Requires Energy Transformations
• Energy cannot be created or destroyed but only converted to other forms.
• Every reaction increases entropy (disorder) and loses heat energy to the 

environment.

4.2 Networks of Chemical Reactions Sustain Life

• Metabolism is the sum of the chemical reactions in a cell.
A. Chemical Reactions Require Energy Input or Release Energy
• In reactions that require energy input, the products have more energy 

than the reactants. Conversely, in reactions that release energy, the 
products have less energy than the reactants. 

B. Linked Oxidation and Reduction Reactions Form Electron 
Transport Chains

• Many energy transformations in organisms occur via oxidation–
reduction (redox) reactions. Oxidation is the loss of electrons; reduction is 
the gain of electrons. Oxidation and reduction reactions occur simultaneously.

• In both photosynthesis and respiration, proteins shuttle electrons along 
electron transport chains.

4.3 ATP Is Cellular Energy Currency
A. Energy in ATP Is Critical to the Life of a Cell
• ATP (adenosine triphosphate) stores energy in its high-energy phosphate 

bonds. Cellular respiration generates ATP.
• Many energy transformations involve coupled reactions, in which the cell 

uses the energy released in ATP hydrolysis to drive another reaction. 

abundance of enzymes and other proteins that regulate energy 
metabolism. For example, proteins that transport fatty acids into 
cells become more numerous after 1 to 2 weeks of exercise, 
providing cells with easier access to energy.

Caffeine may accelerate metabolism, too. Although caffeine 
contains zero calories, many people can attest to the “energy 
boost” that it provides. Caffeine increases the release of fatty 
acids into the blood and raises the heart rate, giving cells quick 
access to energy reserves. However, studies have shown that 
getting too little sleep (a side effect of excess caffeine) disturbs 
normal metabolism. 

Finally, metabolism slows down when the body receives too few 
calories. Hormones then signal the body that it is entering a starved 

state. In response, cells begin to conserve energy via several mechanisms. One 
way to keep your metabolism high is therefore to maintain your blood sugar level 
by eating multiple small, healthy meals throughout the day.

What’s the Point?   A P P L I E D

Metabolism describes all the chemical reactions in a cell. Be-
cause our cells always lose energy as heat, they require con-
stant energy input to continue fueling their reactions. So the 
familiar definition of metabolism—how fast a person burns 
calories in food—relates to the rate at which cellular reactions 
are occurring. What can you do to make your cells use the 
energy in food more quickly?

Exercise speeds up the body’s energy metabolism in sev-
eral ways. Immediately after exercise, cells work to rebuild ATP 
and other energy reserves, so caloric demands are high. An-
other short-term effect of exercise is to raise body temperature, 
which remains elevated for hours after exercise. During that 
time, chemical reactions proceed more quickly than they other-
wise would, contributing to an elevated metabolic rate. In the long term, 
regular exercise increases the size of muscle cells, which require more ener-
gy than fat cells even when at rest. An exercise routine also increases the 

B. ATP Represents Short-Term Energy Storage
• ATP is too unstable for long-term storage. Instead, cells store energy as fats 

and carbohydrates.

4.4 Enzymes Speed Reactions
A. Enzymes Bring Reactants Together
• Enzymes are organic molecules (usually proteins) that speed biochemical 

reactions by lowering the activation energy. 
• Substrate molecules fit into the enzyme’s active site.
B. Many Factors Affect Enzyme Activity
• A reaction product may temporarily shut down its own synthesis whenever its 

levels rise. Such negative feedback may occur by competitive inhibition or 
noncompetitive inhibition.

• Enzymes have narrow ranges of conditions in which they function. 

4.5 Membrane Transport May Release  
 Energy or Cost Energy

• Membranes have selective permeability, which means they admit only some 
substances.
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Miniglossary | Energy of Life

Metabolism  All of the chemical reactions inside a cell

Redox reaction   Chemical reaction that transfers electrons from 
one reactant to another

ATP  Molecule that transfers the energy required 
for many metabolic reactions

Coupled reaction   Two simultaneous reactions in which one 
(e.g., ATP hydrolysis) provides energy required 
by the other

Activation energy   Energy required to start a chemical reaction

Enzyme  Catalyst (usually a protein) that speeds a chemical 
reaction by lowering the activation energy

What’s the Point? and What’s the Point? Applied boxes help relate 
chapter topics to life outside the classroom. 

These boxes can be used as a starting point for traditional lecture or as the basis 
for class discussion.
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Investigating Life 29.1 | Can a House Be Too Clean?

Healthy immune function requires a delicate balance. On the one hand, the 
immune system must be strong enough to protect the body from dangerous 
pathogens. But if the immune response is too strong, it may overreact to harm-
less substances—as in allergies—or launch an autoimmune attack against the 
body’s own cells.

People who live in developed countries have a high incidence of allergies, 
asthma, and autoimmune disorders when compared to their counterparts in de-
veloping countries. According to the hygiene hypothesis, the difference may 
stem from the sanitation, vaccines, antibiotics, and ultraclean surroundings that 
are typical of wealthy countries. For millions of years, the human immune sys-
tem has coevolved with countless bacteria, viruses, and other parasites. Perhaps 
constant exposure to these pathogens keeps the human immune system in check.

To test whether exposure to microbes affects the incidence of allergies and 
asthma, a large team of European researchers gathered data on thousands of 
German children. Some of the children lived on farms and therefore had ample 
exposure to bacteria and fungi associated with soil and animals. Other children 
lived in nearby suburbs. The researchers predicted that farm life would expose 
children to the greatest diversity of microbes; farm children should therefore 
have a lower incidence of allergies and asthma than their suburban counterparts. 

The research team used both questionnaires and medical tests to determine 
if each child had allergies or asthma. For example, children were exposed to al-
lergens, and their blood was subsequently tested for allergy-related antibodies. 
Each child’s lung function was also evaluated to test for asthma. 

The data revealed that farm children were significantly less likely to have 
allergies or asthma than their suburban counterparts (figure 29.A). But was that 
difference related to microbial exposure? To find out, the researchers analyzed 
the bacteria and fungi in dust collected from the homes of some of the children. 
They found that the greater the variety of microbes, the lower the incidence of 
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Figure 29.A A Little Dirt May Be Good for You. Allergies and asthma are more 
common among children in suburbs than those who live on farms. (Asterisks 
indicate a statistically significant difference within a group; see appendix A.)

Source: Ege, Markus J. and eight coauthors. 2011. Exposure to environmental microorganisms and 
childhood asthma. The New England Journal of Medicine, vol. 364, pages 701–709.

asthma. Surprisingly, however, microbial diversity could not explain the low 
incidence of allergies among farm children. Other differences between farm life 
and city life must affect the risk of developing allergies.  

Studies such as this one suggest that immune system overreactions may be 
the price we pay to live a cleaner life.  While good hygiene undoubtedly helps 
protect children from disease-causing microbes, it is interesting to know that a 
little dust may not be so bad after all.

What’s the Point?   A P P L I E D

The immune system protects the body against infection. Vaccines represent 
a tangible benefit of scientific research on this complex network of cells, 
tissues, and organs. After immunization, the immune system creates memory 
cells that fight off a subsequent infection before symptoms even begin. 

Vaccines save millions of lives and prevent enormous suffering. 
For example, the Centers for Disease Control and Prevention es-
timates that smallpox, diphtheria, measles, polio, and rubella 
once killed nearly 650,000 people a year in the United 
States. Ever since routine childhood vaccinations for these 
five diseases started, however, mortality has plunged 
below 100 per year. 

Children have immature immune systems, so they 
are typically more susceptible to disease than are 
adults. Most doctors therefore strongly recommend 
vaccines and booster shots for children. Nevertheless, 
some people refuse to vaccinate their children. They 
cite a variety of arguments. One stems from the suspi-
cion that vaccines cause autism. This argument comes 
primarily from parents who noticed signs of autism 
shortly after a child was vaccinated. The events may oc-
cur at the same time, but that does not mean that one 

causes the other. In fact, numerous epidemiological studies have found no 
connection between vaccines and autism. 

A second objection is that vaccines can have harmful side effects. It is 
true that no vaccine is 100% safe, and some children do have medical condi-

tions that preclude vaccines. But for a healthy child, the risk of a 
deadly reaction to a vaccine is much smaller than the risk of 

death from infectious disease. Before refusing a vaccine, learn 
more about it on your own, and ask your doctor whether it 

endangers your child. 
When people decide not to vaccinate their chil-

dren, they increase the chance that many now-rare 
diseases will flare up again. For example, although 
measles has been largely eradicated from the 
Americas, international travel occasionally leads to 
outbreaks in the United States. Another example is 
pertussis, which has recently become more common 
(partly because doctors switched to a weaker vaccine 
with fewer side effects). It is hard to anticipate what 

other diseases may be on the rise in coming years. 
Declining a vaccination puts your child—and other un-

vaccinated children—at risk.
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Investigating Life boxes focus on what introductory 
science students need.  

Biological literacy requires an understanding of the process 
of science, an ability to interpret data, and an awareness of 
how scientific research contributes to our understanding of 
evolution.

Each box describes a real experiment focusing on an 
evolutionary topic related to the chapter’s content. The 
studies touch on concepts found in other units; you can 
encourage students to draw a concept map illustrating the 
relationships between ideas. You might also use the case 
as a basis for discussion of the nature of science. 

Assignable Connect activities contain questions focused 
on the process of science, data interpretation, and how the 
study contributed to our understanding of evolution. 

Burning Questions cover topics that  
students wonder about. 

Every chapter in the book answers one or more 
Burning Questions, encouraging readers to ask 
questions of their own. I ask my students to write 
down a Burning Question on the first day of class. I 
answer all of them during the semester, whenever a 
relevant topic comes up in class. 
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Together, the sweet-tasting monosaccharides and disaccharides are called 
sugars, or simple carbohydrates. Their function in cells is to provide a ready source 
of energy, which is released when their bonds are broken (see chapter 6). Sugar-
cane sap and sugar beet roots contain abundant sucrose, which the plants use to 
fuel growth. The disaccharide maltose provides energy in sprouting seeds; beer 
brewers also use it to promote fermentation.

Short chains of monosaccharides on cell surfaces are important in  
immunity. For example, a person’s blood type—A, B, AB, or O—refers to the 

Both acids and bases are important in everyday life. The tart 
flavors of yogurt, sour cream, and spoiled milk come from 
acid-producing bacteria. Also, some pigments in fruits 
and flowers are pH-sensitive, turning blue when basic 
and red when acidic. When baking cherry muffins, 
the fruit can turn blue when it reacts with the alkaline 
baking soda or baking powder. You can prevent this 
reaction by using sour cream (pH 4.5) instead of milk 
(pH 6.6) in the recipe; the acidic sour cream lowers the 
pH of the batter.

Acids also aid in digestion. Your stomach produces hydrochloric 
acid that kills microbes and activates enzymes that begin the digestion 
of proteins in food. Antacids contain bases that neutralize excess acid, 
relieving an upset stomach. i  stomach acid, section 28.6C

In the environment, some air pollutants return to Earth as acid 
precipitation. The acidic rainfall kills plants and aquatic life, and 
it damages buildings and outdoor sculptures. i  acid deposition, 
section 20.3B

Carbohydrates
(starch); lipids

Carbohydrates
(cellulose)

Proteins;
lipids

TABLE 2.4 The Macromolecules of Life: A Summary

Type of Molecule Chemical Structure Sample Function(s)

Carbohydrates C, H, and O in a 1:2:1 ratio Supply or store energy; structural support

Simple sugars Monosaccharides and disaccharides Provide quick energy

Complex carbohydrates (cellulose, 
chitin, starch, glycogen)

Polysaccharides (polymers of 
monosaccharides)

Support cells and organisms (cellulose, chitin); 
store energy (starch, glycogen)

Proteins Polymers of amino acids Carry out nearly all the work of the cell

Nucleic acids (DNA, RNA) Polymers of nucleotides Store and use genetic information, and transmit 
it to the next generation

Lipids Diverse, but all are hydrophobic Store energy; component of membranes

Triglycerides (fats) Glycerol + 3 fatty acids Store energy

Phospholipids Glycerol + 2 fatty acids + phosphate 
group (see chapter 3)

Form major part of biological membranes

Steroids Four fused rings, mostly of C and H Stabilize animal membranes; sex hormones
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Atoms Make Up All Matter Chemical Bonds Link Atoms Water Is Essential to Life Cells Have an Optimum pH

Why We Care 2.1 | Acids and Bases  
in Everyday Life
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In addition, Why We Care boxes apply 
each chapter’s topics to everyday life.
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ix

The chapter summary 
highlights key points and 
terminology from the chapter.

Chapter summary illustrations help 
students see the big picture.

Get the Picture questions help 
students learn to interpret 
images and graphs.

Instructors can use these new 
questions to stimulate discussion in 
both in-class and virtual settings.

Scientific Literacy questions 
help students understand 
where biology intersects with 
ethics, politics, and social 
issues.
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GET THE PICTURE

During a discussion of climate change on a news program, one of the panelists 
argues that the increase in atmospheric CO2 concentration has been good for 
plants. The argument makes sense to you because CO2 is one of the reactants 
of photosynthesis, but you think the issue might be more nuanced than the argu-
ment you heard.

Searching the Internet, you find countless assertions about how the rising 
concentration of atmospheric CO2 is affecting the climate and life on Earth. 
The following image shows one notable graph, based on satellite images of leaf 
area across Earth.
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 a. What can you conclude from this graph?
 b. How might you evaluate whether the website presenting these scientific 

findings is trustworthy? Should you consider when the research was 
conducted?   

 c. Why would an increase in atmospheric CO2 concentration allow plants to 
produce more leaf tissue? 

 d. Are plants compensating for the increasing availability of CO2 by using it 
to make more leaves? How do you know?

 e. If a rising CO2 concentration is good for plants, then is it good for people? 
Explain why this question does not have a simple answer.

WRITE IT OUT

1. Imagine that black ash from multiple volcanic eruptions made 
photosynthesis impossible anywhere on Earth for many years. What would 
be the consequence to plants? To animals? To microbes?  

2. In some ways, chlorophyll can be thought of as a solar panel like the ones 
used to generate electricity at power plants. Using terms such as granum, 
photosystem, ATP, and chlorophyll, explain this comparison.

3. Define these terms and arrange them from smallest to largest: thylakoid 
membrane; photosystem; chloroplast; granum; reaction center.

4. Review the overall reaction of photosynthesis. What is the role of CO2 in 
this process? Of H2O? Of light? How are glucose and O2 produced? Which 
chemicals contain more potential energy: the reactants or the products?

5. Determine whether each of the following molecules is involved in the 
light reactions, the carbon reactions, or both and explain how: O2, CO2, 
carbohydrates, chlorophyll a, photons, NADPH, ATP, H2O.

6. In the early 1600s, a Flemish scientist monitored the weight of willow 
trees and their surrounding soil for 5 years. Because he had applied 
large amounts of water and the soil had lost little weight, he concluded 
(incorrectly) that plants grew solely by absorbing water. What is the actual 
source of the added biomass? Explain your answer.

7. In 1771, Joseph Priestley found that if he placed a mouse in an enclosed 
container with a lit candle, the mouse would die. But if he also added a 
plant to the container, the mouse could live. Explain this observation.

PULL IT TOGETHER
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Figure 5.14 Pull It Together: Photosynthesis.

Refer to figure 5.14 and the chapter content to answer the following questions.
1. How would you incorporate the Calvin cycle, rubisco, C3 plants, C4 plants, 

and CAM plants into this concept map?
2. Where do humans and other heterotrophs fit into this concept map? 
3. Build another small concept map showing the relationships among the 

terms chloroplast, stroma, grana, thylakoid, photosystem, and chlorophyll.

4. Survey the Landscape: Review the concept map in the chapter 
introduction, and then add enzymes, cells, molecules, and respiration to the 
Pull It Together concept map.

8. Explain how C4 photosynthesis is based on a spatial arrangement of 
structures, whereas CAM photosynthesis is temporally based.

9. Listed here are three misconceptions about photosynthesis; explain  
why each statement is false. (a) Only plants are autotrophs. (b) Plants  
do not need cellular respiration because they carry out photosynthesis.  
(c) Chlorophyll is the only photosynthetic pigment.

10. Considering the requirements for photosynthesis, why can’t most plants 
live on unbroken pavement or in bare sand?
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• Plants use sugar produced in photosynthesis to generate ATP, grow, nourish 
nonphotosynthetic plant parts, and produce many biochemicals. 

5.7  C3, C4, and CAM Plants Use Different Carbon Fixation 
Pathways

• The Calvin cycle is also called the C3 pathway. Most plant species are  
C3 plants, which use only this pathway to fix carbon.

• Photorespiration wastes carbon and energy when rubisco reacts with  
O2 instead of CO2.

• The C4 pathway reduces photorespiration by separating two carbon fixation 
reactions into different cells. In mesophyll cells, CO2 is fixed as a four-carbon 
molecule, which moves to a bundle-sheath cell and liberates CO2 to be fixed 
again in the Calvin cycle.

• In the CAM pathway, desert plants such as cacti open their stomata and take 
in CO2 at night, storing the fixed carbon in vacuoles. During the day, they 
split off CO2 and fix it in chloroplasts in the same cells.
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Figure 5.13 Light and Carbon Reactions.

SCIENTIFIC LITERACY

Review Why We Care 5.1, which describes how several chemical weed killers 
work. What potential consequences to yourself, to your family, to your neighbors, 
and to the environment might you consider before using chemical weed killers? 
Use the Internet to determine if your concerns are justified. Which websites did 
you use? Do you think those sites are convincing? Why or why not?

CHAPTER SUMMARY

5.1  Life Depends on Photosynthesis

• Autotrophs produce their own organic compounds from inorganic starting 
materials such as CO2 and water. Heterotrophs rely on organic molecules 
produced by other organisms. 

• Photosynthesis converts kinetic energy in light to potential energy in the 
bonds of carbohydrates, according to the following chemical equation:

light energy
6CO2 + 6H2O ⟶ C6H12O6 + 6O2

• Plants, algae, and some bacteria are autotrophs. Food and oxygen produced in 
photosynthesis are critical to life in terrestrial and aquatic habitats.

5.2  Photosynthetic Pigments Capture Sunlight

• Visible light is a small part of the electromagnetic spectrum.
• Photons move in waves. The shorter the wavelength, the more kinetic energy 

per photon. 
• Chlorophyll a is the primary photosynthetic pigment in plants. Accessory 

pigments absorb wavelengths of light that chlorophyll a cannot absorb.

5.3  Chloroplasts Are the Sites of Photosynthesis

• Plants exchange gases with the environment through pores called stomata.
• Leaf mesophyll cells contain abundant chloroplasts.
• A chloroplast contains a gelatinous fluid called the stroma. This fluid 

surrounds the grana, which are stacks of pancake-shaped thylakoid 
membranes. Photosynthetic pigments are embedded in the thylakoid 
membranes, which enclose the thylakoid space.

• A photosystem consists of proteins, antenna pigments, and a reaction center. 

5.4  Photosynthesis Occurs in Two Stages

• The light reactions of photosynthesis produce ATP and NADPH; these 
molecules provide energy and electrons for the sugar-producing carbon 
reactions (figure 5.13).

• In photosynthesis, water is oxidized and CO2 is reduced to glucose.

5.5  The Light Reactions Begin Photosynthesis

• ATP synthesis in the light reactions relies on electron transport chains and 
ATP synthase enzymes in chloroplast membranes. Proteins in the electron 
transport chain use energy from electrons to create a proton (H+) gradient by 
active transport. The protons subsequently diffuse out through channels in 
ATP synthase. This movement powers the production of ATP.

A. Light Striking Photosystem II Provides the Energy to Produce ATP
• In the thylakoid membrane, photosystem II captures light energy and sends 

electrons from reactive chlorophyll a along the electron transport chain, 
creating the proton gradient that ATP synthase uses to make ATP. 

• Electrons from chlorophyll are replaced with electrons from water. O2 is the 
waste product.

B. Electrons from Photosystem I Reduce NADP+ to NADPH
• Light striking photosystem I re-energizes the electrons, which pass to an enzyme 

that uses them to reduce NADP+. The product of this reaction is NADPH.

5.6  The Carbon Reactions Produce Carbohydrates

• The carbon reactions use energy from ATP and electrons from NADPH in 
carbon fixation reactions that add CO2 to organic compounds.

• In the Calvin cycle, rubisco catalyzes the reaction of CO2 with RuBP 
(ribulose bisphosphate) to yield two molecules of PGA. These are converted 
to PGAL, the immediate product of photosynthesis. PGAL later becomes 
glucose and other carbohydrates.
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SCIENTIFIC LITERACY

Review Burning Question 10.1, which describes the inheritance pattern  
of the metabolic disease called PKU. Today, genetic testing for many 
disorders is relatively easy and inexpensive. Do prospective parents have 
an obligation to determine how likely they are to conceive a child with a 
genetic disorder? What are some possible drawbacks of learning more about 
one’s own genetics? What are some possible advantages to oneself and to 
society?

GENETICS PROBLEMS

See the How to Solve a Genetics Problem section at the end of this chapter for 
step-by-step guidance.
 1. In rose bushes, red flowers (FF or Ff ) are dominant to white flowers (ff ). 

A true-breeding red rose is crossed with a white rose; two flowers of the 
F1 generation are subsequently crossed. What will be the most common 
genotype of the F2 generation?

 2. In Mexican hairless dogs, a dominant allele confers hairlessness. 
However, inheriting two dominant alleles is lethal; the fetus dies 
before birth. Suppose a breeder mates two dogs that are heterozygous 
for the hair allele. Draw a Punnett square to predict the genotypic and 
phenotypic ratios of the puppies that are born.

 3. A species of ornamental fish comes in two colors; red is dominant and 
gray is recessive. Emily mates her red fish with a gray fish. If 50 of the 100 
babies are red, what is the genotype of Emily’s fish?

 4. Two lizards have green skin and large dewlaps (genotype Gg Dd ). If they 
mate and 32 offspring are born, how many of the offspring are expected 
to be homozygous recessive for both genes? (Assume that the traits assort 
independently.) 

 5. A fern with genotype AA Bb Cc dd Ee mates with another fern with 
genotype aa Bb CC Dd ee. What proportion of the offspring will be 
heterozygous for all genes? (Assume the genes assort independently.)  
Hint: Use the product rule.

 6. In fraggles, males are genotype XY and females are XX. Silly, a male 
fraggle, has a rare X-linked recessive disorder that makes him walk 
backwards. He mates with Lilly, who is a carrier for the disorder. What 
proportion of their male offspring will walk backwards?
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Figure 10.28 Pull It Together: Patterns of Inheritance.

Refer to figure 10.28 and the chapter content to answer the following questions.
 1. Survey the Landscape: Compare the concept map in the chapter introduction 

with the Pull It Together concept map. Explain the connections between 
alleles, genetic variation, gametes, Punnett squares, and inheritance.

 2. Analyze the concept map and then explain the effects of a mutated allele. 
Use allele, dominant, recessive, genotype, and phenotype in your answer.

 3. Add meiosis, gametes, mutations, incomplete dominance, codominance, 
and pleiotropy to this concept map.

 4. Make a concept map using these terms: gene, allele, genotype, dominant, 
recessive, parents, and offspring.

 6. Explain how each of the following appears to disrupt Mendelian ratios: 
incomplete dominance, codominance, and pleiotropy. In each case, what is 
happening at the level of the protein?

 7. In the ABO blood type system, the enzymes that produce molecules A 
and B on red blood cells each consist of 354 amino acids; their sequences 
differ by four amino acids. The allele encoding the i allele has a frameshift 
mutation; it therefore encodes a nonfunctional protein. Combine the 
concepts of chapter 7 and chapter 10 to diagram how blood cells acquire 
their ABO phenotype, starting with transcription of the IA, IB, or i allele and 
ending with the surface of the red blood cells.

 8. Calico cats have large patches of orange and black fur; in tortoiseshell cats, 
the patches are smaller. In which type of cat does X inactivation occur 
earlier in development? How do you know?

 9. Explain the following “equation”:
Genotype + Environment = Phenotype
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Figure 11.8 Short Tandem Repeat (STR) Analysis. (a) The human 
genome contains regions of short tandem repeats (STRs) that are 
genetically variable. DNA profiling techniques detect differences in the 
number of repeats at multiple STRs; one STR site from chromosome 5 
is illustrated here. (b) The STR genotypes from evidence at a crime 
scene are compared to STR genotypes from three suspects. Only 
one suspect is a match. (c) In the United States, DNA evidence has 
exonerated more than 300 prisoners who were serving time for 
crimes they did not commit. (Data are from the National Registry of 
Exonerations.)

11.3 Mastering Concepts
1. How do DNA-testing services analyze a person’s ancestry?
2. How are short tandem repeats used in DNA profiling? 
3. What are the pros and cons of mitochondrial DNA analysis?

To generate a DNA profile using STRs, a technician 
extracts DNA from a person’s cells and uses PCR to am-
plify the DNA at each of the STR sites. A fluorescent 
label is incorporated into the DNA at the STR sites 
during the PCR reaction. The technician can then use 
electrophoresis and a fluorescence imaging system to 
determine the number of repeats at each site.

Figure 11.8b shows four DNA profiles, one from a 
crime scene and three from potential suspects. Of the 13 STR sites listed, exam-
ine the locus named D5S818 on chromosome 5. The person who left DNA at the 
crime scene inherited six copies of the repeated sequence from one parent and 
eight copies from the other parent. For that STR site, the person’s genotype is 
therefore “6, 8.” Suspects 1 and 3 have different genotypes at that site, so they 
could not have contributed that DNA to the crime scene. Suspect 2, however, 
has DNA that matches not only at that site but at all others as well.

Statistical analysis plays a large role in DNA profiling. What is the prob-
ability that the matching DNA patterns in figure 11.8b come from the same 
person—suspect 2—rather than from two individuals who happen to share all 
13 STR genotypes? To find out, investigators consult databases that compile 
the frequency of each STR variant in the population. The statistical analysis 
suggests that the probability that any two unrelated individuals have the same 
pattern at all 13 STR markers in figure 11.8b is one in 250 trillion. Adding 
more STR loci to the analysis further reduces the chance of a false match. 
(Starting in 2017, the number of STR sites uploaded to databases of offender 
profiles in the United States increased to 20.)

A suspect can also use dissimilar DNA profiles as evidence of innocence. 
Since 1989, DNA analysis of stored evidence has proved the innocence of more 
than 300 people serving time in prison for violent crimes they did not commit 
(see the chapter-opening photo and figure 11.8c).  

C. Mitochondrial DNA Traces the Maternal Lineage 
In addition to DNA in the nucleus, analysis of mitochondrial DNA is also some-
times useful. Mitochondrial DNA is typically only about 16,500 base pairs long, 
far shorter than the billions of nucleotides in nuclear DNA. But because each 
cell contains multiple mitochondria, each of which contains many DNA mole-
cules, mitochondria can often yield useful information even when nuclear DNA 
is badly degraded. Investigators extract mitochondrial DNA from hair follicles, 
bones, and teeth, then use PCR to amplify the variable regions for sequencing. 
i  mitochondria, section 3.4C 

Because everyone inherits mitochondria only from their mother, this 
technique cannot distinguish between siblings. It is very useful, however, for 
verifying maternal lineages. For example, children who were kidnapped dur-
ing infancy can be matched to their biological mothers or grandmothers. The 
study of human evolution also has benefited from mitochondrial DNA analy-
sis, which has revealed the genetic relationships among subpopulations from 
around the world. i  human evolution, section 17.12

Write It Out and Mastering Concepts questions are useful for 
student review or as short in-class writing assignments. 

I compile them into a list of practice questions that help students 
focus on material I cover in class. I also use them as discussion 
questions in Action Centers, where students can come for additional 
help with course material.

Figure It Out questions reinforce chapter 
concepts and typically have numeric 
answers (supporting student math skills). 

Students can work on these in small groups, in 
class, or in Action Centers. Most could easily be 
used as clicker questions as well.

108 UNIT  1 Science, Chemistry, and Cells

Cells Use Energy in Food to Make ATP Cellular Respiration: Three Processes Mitochondria Produce Most ATP Glycolysis Breaks Down Glucose to Pyruvate

6.8  Some Cells Thrive in Habitats That 
Lack O2

Most of the known organisms on Earth, including humans, use aerobic cellular 
respiration. Nevertheless, life thrives without O2 in waterlogged soils, deep punc-
ture wounds, sewage treatment plants, and your own digestive tract, to name just 
a few places. In the absence of O2, the microbes in these habitats generate ATP 
using metabolic pathways that are anaerobic (meaning they do not use O2). For 
example, in anaerobic respiration, microbes use an inorganic compound other 
than O2 (e.g., SO4

2– or NO3
–) to accept electrons from the transport chain. The 

ATP yield for anaerobic respiration depends on the electron acceptor but is al-
ways less than for aerobic respiration.

Another pathway that does not require O2 is fermentation. In organisms 
that use fermentation, glycolysis still yields two ATPs, two NADHs, and two 
molecules of pyruvate per molecule of glucose. But the NADH does not donate 
its electrons to an electron transport chain, nor is the pyruvate further oxidized.  
Instead, in  fermentation, electrons from NADH reduce pyruvate. This process 
regenerates NAD+, which is essential for glycolysis to continue. But fermenta-
tion produces no additional ATP. This pathway is therefore far less efficient than 
respiration. Not surprisingly, fermentation is most common among microorgan-
isms that live in sugar-rich environments where food is essentially unlimited. 
For example, many of the microbes that live in human intestines make their en-
tire living by fermentation.

Of the many fermentation pathways that exist, one of the most familiar 
produces ethanol (an alcohol). In alcoholic  fermentation, pyruvate is 
converted to ethanol and CO2, while NADH is oxidized to produce NAD+ 
(figure 6.10a). Alcoholic fermentation produces wine from grapes, beer 
from barley, and cider from apples.

In lactic acid fermentation, a cell uses NADH to reduce pyruvate, but in 
this case, the products are NAD+ and lactic acid or its close relative, lactate 
(figure 6.10b). The bacterium  Lactobacillus, for example, ferments the lactose in 
milk, producing the lactic acid that gives yogurt its sour taste. 

Fermentation also occurs in human muscle cells. During vigorous exer-
cise, muscles work so strenuously that they consume their available oxygen 
supply. In this “oxygen debt” condition, the muscle cells can acquire ATP 
only from glycolysis. The cells use lactic acid fermentation to generate NAD+ 
so that glycolysis can continue. Lactate concentrations therefore rise. When 
the circulatory system catches up with the muscles’ demand for O2, liver cells 
convert lactate back to pyruvate. Mitochondria then process the pyruvate as 
usual.

One common misconception about intense exercise is that lactic acid 
buildup causes the pH to drop in muscle cells, provoking soreness a day or 
two later. This idea, however, is a myth. Instead, microscopic tears in mus-
cle tissue are now thought to be the culprit responsible for delayed muscle 
soreness.

Figure 6.10 Fermentation. In cells using fermentation, ATP comes 
only from glycolysis. (a) Yeasts produce ethanol and carbon dioxide 
by alcoholic fermentation; one possible product is champagne. 
(b) Lactic acid fermentation occurs in some bacteria and, occasionally, 
in mammalian muscle cells. 
Photos: (a): Brand X Pictures/PunchStock; (b): ©Corbis

Figure It Out 6.1
Compare the number of molecules of ATP generated from 100 glucose 
molecules undergoing aerobic respiration versus fermentation.

Answer:  3600 (theoretical yield) for aerobic respiration; 200 for fermentation.

6.8 Mastering Concepts
1. Compare the ATP yields for aerobic respiration, anaerobic 

respiration, and fermentation.
2. What are two examples of fermentation pathways?
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xii

Chapter 1 (The Scientific Study of Life): 

In section 1.1, added a new figure showing unicellular and multicellular 
life; distinguished between development and growth; in Burning Ques-
tion 1.1, improved connection between viral features and properties of 
life; clarified the common ancestry of animals and fungi in figure 1.10 
(and in derivative figures throughout the book); updated the figure show-
ing the taxonomic hierarchy to better illustrate nested groups; wrote new 
Why We Care 1.1 on why understanding science is important; added a 
figure to illustrate how science can be applied in everyday life; in fig-
ure 1.15, added a line graph to complement the bar graph; described the 
anatomy of a line graph in the chapter summary; added new assessment 
questions challenging students to think like a scientist and to think of 
ways they have used scientific thinking in everyday life.

Chapter 2 (The Chemistry of Life): 

Clarified that electrons move in every direction within a large cloud, 
not in circular “orbits”; reworked table 2.2 to include polar and nonpo-
lar covalent bonds; added an explanation of the prefix co- in covalent; 
added an analogy of a battery to a polar covalent bond; clarified why 
a change in pH can cause cell death; reworked figure 2.16 to better 
depict acidic, neutral, and alkaline solutions; added key information to 
table 2.4, which summarizes life’s macromolecules; omitted the term 
hydrocarbon; noted that coconut oil and palm oil are high in saturat-
ed fat, and later, challenged students to take a stand on whether the 
fats in coconut oil are healthy or unhealthy; listed foods that are good  
sources of unsaturated fats; clarified that the animal body produces 
all the cholesterol it needs; cut the content on trans fats, which are no 
longer common in processed foods; added content about “junk” foods. 
Added a new learning tool to ebook: a video showing oil and water 
separation in section 2.3.

Chapter 3 (Cells): 

Clarified the difference between compound and confocal microscopes; 
defined organelle and nucleus at first use; explained why organelles are 
adaptive in eukaryotic cells; reorganized Why We Care 3.1 to begin with 
the number of cells in the human body and expand to nonhuman cells; 
clarified the description of starch-storing plastids; improved labeling 
in figure 3.21; based on SmartBook user data, clarified composition of 
cytoskeleton and added photo to figure 3.22; clarified the description of the 
plasmodesma’s structure and reorganized figure 3.24. Added a new learn-
ing tool to the ebook: a digital-only table summarizing cell theory. 

Chapter 4 (The Energy of Life): 

In response to a reviewer comment, avoided referring to cellular  
respiration and photosynthesis as “reactions” and instead called them 
“processes”; at a reviewer’s request, brought back table 4.1 (types of  

energy) from the first edition; added a brief explanation of concentration 
gradients early in the chapter; clarified the reactants in redox reactions; 
described muscle contraction, light, and molecular movement as exam-
ples of kinetic energy; clarified how electron carriers participate in the 
electron transport chain; clarified why ATP hydrolysis occurs and which 
bond in ATP breaks; made coupled reactions a boldfaced term; con-
nected enzymes to the energy transformations in the cell; distinguished 
between the short-term and long-term effects of exercise in What’s the 
Point? Applied. 

Chapter 5 (Photosynthesis): 

Based on SmartBook user data, rearranged section 5.5 and added new 
figure 5.7 showing relationship between electron transport chain and ATP 
synthase; clarified numerous labels in figure 5.8; added new figure 5.10 
showing how photorespiration pulls carbon out of the Calvin cycle; clari-
fied description of the C4 pathway; reworked figure 5.12, comparing C3, 
C4, and CAM plants; reworked figure 5.A, showing experimental results 
in Investigating Life  5.1. Added new learning tools to the ebook: new 
digital-only tables titled “Redox Reactions in Photosynthesis” and “Car-
bon Fixation Pathways.” 

Chapter 6 (Respiration and Fermentation): 

Added inputs and outputs to figure 6.7, showing the mitochondrial 
electron transport chain; based on SmartBook user data, referred back 
to chapter 5’s new figure showing the relationship between the electron 
transport chain and ATP synthase; extrapolated the ATP yield from one 
glucose molecule to explain the immense numbers of ATPs generated 
from a day’s worth of food; based on reviewer feedback, added anaerobic 
respiration as a boldfaced term; added a Get the Picture question using 
an analogy of a check and cash for glucose and ATP. Added new learning 
tools to the ebook: tables summarizing redox reactions in aerobic cellular 
respiration and the products of cellular respiration. 

Chapter 7 (DNA Structure and Gene Function): 

Throughout the chapter, substituted gene expression where it would be 
more accurate than protein synthesis; updated Burning Question 7.1 to 
incorporate current views of the influence of genes on sexual orienta-
tion; clarified the structure and function of the mRNA cap; improved 
the position and shape of RNA polymerase in figure 7.5 (and subsequent 
figures depicting RNA polymerase); clarified that each codon specifies 
one amino acid or a stop codon; added new figure 7.8, an illustration of 
a ribosome; improved the illustration and description of translation; ex-
plained the difference between proteins that misfold because of a genetic 
mutation and those that misfold for other reasons; clarified the role of 
transcription factors; added deletion frameshift mutations to table 7.1; 
clarified the role of the receptor and coreceptor in HIV infection; added 

Changes by Chapter
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a passage and supporting photo on chronic wasting disease; clarified the 
role of Neandertal DNA in studies of FOXP2. Added new learning tools 
to the ebook: a digital-only figure showing the DNA scale from nucleo-
tide to chromosome and a table of regulated points in gene expression. 

Chapter 8 (DNA Replication, Binary Fission, and Mitosis): 

Differentiated between growth and development; deleted the boldfaced 
term semiconservative replication (but still described the concept); 
clarified that the DNA in a typical eukaryotic cell consists of linear 
chromosomes; at a reviewer’s request, simplified the terms related to 
chromosome structure; expanded upon the risk factors for cancer. Added 
a new learning tool to the ebook: a figure showing the DNA scale from 
nucleotide to chromosome. 

Chapter 9 (Sexual Reproduction and Meiosis): 

Boldfaced the terms sperm cell and egg cell; clarified that “typical” sex 
chromosomes are XX for females and XY for males; improved figure 9.3, 
differentiating between sister chromatids and homologous chromosomes; 
explained why DNA replication does not change chromosome num-
ber; improved labeling in figure 9.5; clarified the distinction between 
somatic cells and germ cells; based on SmartBook user data, clarified 
that X and Y are not homologous, even though they pair up during the 
early stages of meiosis; explained how homologous chromosomes are 
only slightly different from each other; added new Burning Question 9.1 
on how males and females are defined in nonhuman species; boldfaced 
the terms recombinant chromatid and parental chromatid; added new 
table 9.1 comparing mitosis and meiosis; explicitly connected the varia-
tion in meiosis with evolutionary change; updated Why We Care 9.1 to 
reflect the declining incidence of multiple births; improved the labeling 
on figure  9.11; based on SmartBook user data, clarified that one way 
polyploidy can occur is if all chromosomes fail to separate (complete 
nondisjunction). Added new learning tools to the ebook: a table com-
paring asexual and sexual reproduction, a figure comparing homologous 
chromosomes to two editions of the same book, and a figure showing the 
DNA scale from nucleotide to chromosome.

Chapter 10 (Patterns of Inheritance): 

Clarified that “typical” sex chromosomes are XX for females and XY 
for males; based on SmartBook user data, added the F1 generation to 
figure 10.7; clarified the labels in figure 10.9; improved the explanation 
of Mendel’s dihybrid cross experiment; clarified the explanation of the 
law of independent assortment; improved the labeling in figure 10.15; 
clarified the explanation of the H gene’s role in the ABO blood type 
system; updated information on autosomes associated with male-pattern 
baldness in Burning Question 10.2; expanded the explanation for some of 
the disorders in table 10.2; expanded the passage on epigenetics. Added 
a new learning tool to the ebook: a figure showing the DNA scale from 
nucleotide to chromosome.

Chapter 11 (DNA Technology): 

Added genetically modified organism (GMO) as a boldfaced term; added 
CRISPR to Burning Question 11.1; made CRISPR a boldfaced term and 

moved it to the section on DNA technology tools; added “golden rice” as 
an example of a genetically modified plant; added direct DNA injection 
as a way to produce genetically modified animals; made DNA sequenc-
ing and DNA polymerase boldfaced terms and simplified the explana-
tion of DNA sequencing technology; added a new passage on direct-to- 
consumer DNA testing kits; simplified the explanation of DNA profiling 
in criminal justice; updated information about embryonic and adult stem 
cells; added clone as a boldfaced term; updated the information about 
gene doping; updated the passage on ethics to include CRISPR; added 
a paragraph to Investigating Life 11.1. Added a new learning tool to the 
ebook: a figure showing the DNA scale from nucleotide to chromosome.

Chapter 12 (Forces of Evolutionary Change): 

Added “allele frequencies” to Survey the Landscape for unit 3; based 
on SmartBook user data, added Figure It Out 12.1 to support the idea of 
allele frequencies; reworked Why We Care 12.1 to focus on dog evolu-
tion; improved figure 12.5 to clarify how multiple crops are derived from 
a single ancestor; added “evolution is just a theory” to the misconcep-
tions listed in table 12.2; based on reviewer feedback, added “intelligent 
design” to the misconceptions listed in table 12.2; explicitly defined the 
term selective force and added a Mastering Concepts question to rein-
force the concept; reworked Burning Question 12.1 to emphasize ac-
curate and inaccurate depictions of human evolution; clarified how the 
founder effect applies to the Amish population; based on SmartBook user 
data, clarified that migration makes a population more homogeneous. 

Chapter 13 (Evidence of Evolution): 

Based on SmartBook user data, added part labels and modified cap-
tion for figure 13.2 to emphasize the relative lengths of each eon/era; 
refreshed What’s the Point? Applied to reflect current understanding of 
human and chimpanzee genomes.

Chapter 14 (Speciation and Extinction): 

Added reproductive barrier as a boldfaced term; throughout section 14.2, 
emphasized the word barrier over isolation to avoid the misconception  
that reproductive isolation means a decrease in fitness; redrew figure 14.12 
to show the crater on the Yucatan peninsula; reworked figure 14.13, show-
ing the taxonomic hierarchy; updated the cladograms in figure 14.16 and 
figure 14.18 to reflect current understanding of reptile evolution.

Chapter 15 (Evolution and Diversity of Microbial Life): 

Updated figure 15.1 to reflect discovery of the oldest fungal fossils; cor-
rected the junction between animals and fungi in life’s evolutionary tree 
(in figure 15.7 and similar figures throughout the book); made the ribo-
somes more prominent in figure 15.9; reworked figure 15.12 and con-
nected metabolic diversity back to content on anaerobic respiration and 
fermentation; clarified figure 15.21, showing the relationship between 
Chlamydomonas and Volvox; improved figure 15.34 to include role of 
hyphal tips in feeding; expanded the definition of endophyte to include 
nonfungal microbes; improved figure 15.39 by adding spot illustrations 
for context. Added new learning tools to the ebook: live-action videos of 
Volvox and Paramecium and a time-lapse video of mold forming on food. 

PB Changes by Chapter
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xiv Changes by Chapter  

Chapter 16 (Evolution and Diversity of Plants): 

Made numerous small changes in narrative and art to enhance clarity; 
added spores as a boldfaced term; clarified that a fern’s sperm cells typi-
cally fertilize egg cells on a different gametophyte. Added a new learning 
tool to the ebook: a digital-only table comparing spores and seeds.

Chapter 17 (Evolution and Diversity of Animals): 

Made numerous small changes to art and narrative for clarity; added 
examples of scientific research using C. elegans; made sure not to use 
blood for animals with open circulatory systems; added more photos of 
nematode diversity; added a figure showing molting; clarified that echi-
noderms have a complete digestive system and revised the passages relat-
ing to the water vascular system; clarified the passage on ectotherms and 
endotherms; updated the passage on selection pressure for bipedal loco-
motion; reworked figure 17.34, showing the human family tree; omitted 
Homo ergaster from the narrative; clarified that migration out of Africa 
has occurred multiple times and that human species interbred; added 
figure 17.38 to support the connection between UV radiation and skin 
pigmentation. Added new learning tools to the ebook: live-action videos 
of a hydra, a jellyfish, a sea slug, a snail, an octopus, an earthworm, a 
nematode, a barnacle, a sea star, a sting ray, a Komodo dragon, a snake, 
a slow loris, monkeys, and gibbons; and a new table of hagfish and lam-
prey characteristics. 

Chapter 18 (Populations): 

Updated statistics on human birth rates and death rates; based on Smart-
Book user data, improved the connection between figure 18.3 and its cor-
responding narrative; designated survivorship curves as late loss, constant 
loss, and early loss; modified population growth tables in figure 18.7 and 
figure 18.9 to show how the population in one row relates to the popula-
tion in the next row; reworked age structure diagrams in figure  18.15 
to include Uganda (growing population) and Japan (shrinking popula-
tion); updated statistics on human population growth, life expectancy, 
and causes of death; updated figure 18.16 to include per country and per 
capita ecological footprints. 

Chapter 19 (Communities and Ecosystems): 

Added climate as a boldfaced term; clarified the definition of primary 
producers; explained that figure 19.8 shows the potential range of each 
biome, based on current climate; added lines for 30 and 60 degrees N 
and S to figure 19.8; added a new Burning Question 19.1 about cave eco-
systems; modified all nutrient cycling figures so they highlight processes 
that are most directly affected by human activities; based on SmartBook 
user data, explicitly stated that respiration returns water to the atmosphere; 
connected the nitrogen cycle back to anaerobic respiration (in chapter 6). 
Added new learning tools to the ebook: a time-lapse video of a decidu-
ous tree in four seasons; a video of coral reef biodiversity; a video of a 
chameleon catching a spider; and a table listing factors affecting climate. 

Chapter 20 (Preserving Biodiversity): 

Updated data on endangered species in figure 20.1; reworked the synop-
sis of the causes of the biodiversity crisis to better correspond to chapter 

content; added figure 20.8, the great Pacific Garbage Patch; updated 
data on the status of the ozone hole; boldfaced ultraviolet radiation and 
added examples of how UV light may affect ecosystems; mentioned 
cattle, landfills, and nitrogen fertilizers as sources of greenhouse gases; 
updated data on global climate change and the extent of sea ice; added 
a contrast between human contributions to climate change and natu-
ral variations in global climate; added more details about how climate 
change will affect agriculture; updated data on invasive species in the 
United States; used oyster bed reclamation as a recent example of habitat 
restoration; referred to CRISPR as a use of biotechnology in conserva-
tion biology; clarified the implications of reduced genetic diversity in 
Investigating Life 20.1. 

Chapter 21 (Plant Form and Function): 

Based on reviewer feedback, identified the plants used in the chap-
ter illustrations when appropriate; included hormones as one of the 
substances carried in xylem sap and phloem sap; added more about plant 
diversity and useful plant-produced chemicals to What’s the Point?; in-
troduced the terms primary growth and secondary growth in the same 
paragraph with herbaceous and woody plants; reorganized section 21.3 
so that tissue systems come before cell types; divided cell types into 
“nonconducting” and “conducting” categories; mentioned the role of 
companion cells in figure 21.22. Added new learning tools to the ebook: 
a live-action video of a Venus fly trap and a figure summarizing plant 
tissues. 

Chapter 22 (Reproduction and Development  
of Flowering Plants): 

Based on SmartBook user data, modified the miniglossary definition 
of gametes to prevent student confusion between gamete and game-
tophyte; improved the labeling in figure 22.7 to make the parts of the 
embryo more obvious; in Why We Care 22.1, elaborated on the poten-
tial use of jasmonic acid in agriculture; clarified that photoreceptors 
can trigger changes in gene expression in plants; in Investigating Life 
22.1, added research showing that capsaicin protects against fungi. 
Added new learning tools to the ebook: a table comparing human re-
productive structures with plant reproductive structures and time-lapse 
videos of wheat seeds germinating, phototropism, gravitropism, and 
thigmotropism.

Chapter 23 (Animal Tissues and Organ Systems): 

Modified the study tip in the chapter opener to apply to both face-to-face 
and online classes; distinguished between interstitial fluid and extracel-
lular matrix; mentioned roles of microbes in the digestive and immune 
systems; updated information about artificial organs; replaced essay in 
Investigating Life 23.1 with new content on dinosaur bone growth and 
metabolic rates. Added a new learning tool to the ebook: a table listing 
thermoregulatory adaptations.

Chapter 24 (The Nervous System and the Senses): 

Added myelin sheath to the miniglossary of neuron anatomy; clarified 
that sensory neurons have different structures from the motor neuron 
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shown in figure 24.2; simplified the explanation of the role of K+ in the 
resting potential; clarified that a strong stimulus or multiple simultane-
ous stimuli cause the membrane to reach threshold potential; based on 
SmartBook user data, clarified in narrative and figure 24.6 that Na+ ions 
diffuse only a short distance along the membrane; added a new Burning 
Question 24.3 on the sensation of itch.

Chapter 25 (The Endocrine System): 

Improved figure 25.1, showing metamorphosis in insects and amphib-
ians; based on SmartBook user data, added new table 25.1 summarizing 
the types of hormones; updated data in figure 25.11, showing the cor-
relation between obesity and diabetes; moved the miniglossary of the 
hormones and receptors to the ebook.

Chapter 26 (The Skeletal and Muscular Systems): 

Reworked figure 26.1 to better depict the three types of skeletons; clari-
fied that marrow is a type of tissue; added a micrograph to figure 26.10; 
reworked figure 26.12 to improve paging; based on multiple reviewer 
suggestions, added a “tug of war” analogy to the description of antago-
nistic muscles and trimmed content about slow- and fast-twitch fibers; 
added information about how exercise and sex hormone differences af-
fect muscle growth; updated information about prosthetic limbs in What’s 
the Point? Applied. 

Chapter 27 (The Circulatory and Respiratory Systems): 

Moved definition of interstitial fluid to section 27.1 to emphasize its 
connection to plasma; added labels to clarify figure 27.2; clarified the 
effects of leukemia; clarified how platelets form; explained why people 
can donate plasma more frequently than whole blood in Burning Ques-
tion 27.1; expanded figure 27.9, showing the events of the heartbeat; 
added descriptive labels to figure 27.14; added “interstitial fluid” to 
the description of the alveolus–capillary interface; clarified labels in 

figure 27.A. Added a new learning tool to the ebook: a “Pathway of 
Respiration” miniglossary.

Chapter 28 (The Digestive and Urinary Systems): 

Clarified the role of genes in regulating food intake; improved fig-
ure 28.10, showing intracellular digestion; omitted the term alimentary 
canal; in Burning Question 28.1, updated information about fad diets; 
based on a reviewer’s suggestion, added stomach ulcers to Why We 
Care 28.1; clarified aldosterone’s role in regulating blood pressure.

Chapter 29 (The Immune System): 

Clarified the relationship between plasma, interstitial fluid, and lymph; im-
proved figure 29.6, showing innate defenses; reversed the descriptions of 
effector cells and memory cells to clarify the adaptive immune response; 
added CRISPR-modified T cells to the paragraph on immunotherapy; add-
ed information about genetic vaccines, including COVID-19 mRNA vac-
cine; clarified in Burning Question 29.1 why the number of memory cells 
varies following vaccination; updated information about meat allergies and 
added a photo of a tick to Burning Question 29.2; based on SmartBook 
user data, modified labels in figure 29.14; replaced essay in Investigating 
Life 29.1 with new content comparing allergies and asthma in children 
living on farms and in cities; in the chapter summary, added a new figure 
29.16 summarizing the primary and secondary immune response.

Chapter 30 (Animal Reproduction and Development): 

Revised the paragraph describing prostate cancer and testicular cancer; 
clarified the events of the ovarian and menstrual cycles; explained how 
the egg cell enters the uterine tube; clarified the narrative and illustration 
in Burning Question 30.1; added a row to table 30.2, indicating the num-
ber of pregnancies in the absence of contraception; added a new Why We 
Care 30.1 on the rising incidence of STIs; clarified the passages on organ 
system development and the fetal stage.
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The Scientific Study of Life
UNIT 1 Science, Chemistry, and Cells

Biology Is Everywhere. Central Park is an oasis of green in New York City, but life 
thrives in the city’s streets and buildings too.
IM_photo/Shutterstock

LEARNING OUTLINE
1.1 What Is Life?

1.2 The Tree of Life Includes Three Main Branches

1.3 Scientists Study the Natural World

APPLICATIONS
Burning Question 1.1 Are viruses alive?
Why We Care 1.1 Appreciating Science
Why We Care 1.2 It’s Hard to Know What’s Bad for You
Burning Question 1.2 Why am I here?
Investigating Life 1.1 The Orchid and the Moth

1

SURVEY THE LANDSCAPE 
Science, Chemistry, and Cells

For more details, study the Pull It Together feature in the 
chapter summary.

The Scientific Study of Life. Organisms from all three branches of life 
share a unique combination of characteristics. Biologists are 
scientists who use evidence to test hypotheses about life.

Learn How to Learn
Real Learning Takes Time

You got good at basketball, running, dancing, art, music, or video games by 
putting in lots of practice. Likewise, you will need to commit time to your biology 
course if you hope to do well. To get started, look for the Learn How to Learn 
tip in each chapter of this textbook. Each hint is designed to help you use your 
study time productively. With practice, you’ll discover that all concepts in biology 
are connected. The Survey the Landscape figure in every chapter highlights 
each chapter’s place in the “landscape” of the entire unit. Use it, along with the 
more detailed Pull It Together concept map in the chapter summary, to see how 
each chapter’s content fits into the unit’s big picture.
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