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Students: Campbell offers many 
tools to help you succeed

Access your text anywhere with 
the Pearson eText

Strengthen your knowledge in
the Mastering Biology Study Area

Prepare for your exams with
the Dynamic Study Modules

Use the tools in Biology and Mastering Biology 
to create a Study Plan. Your Study Plan  
might include:
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Biology: A Global Approach, 12th Edition, delivers an authoritative, 
accurate, current, and pedagogically innovative experience that helps students 
make connections so they learn and understand biology. This edition presents 
new, engaging visual and digital resources that meet demonstrated student needs.

Setting the Standard for Excellence, 
Accuracy, and Innovation
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A New Visual Experience for  
Every Chapter

NEW! Chapter Openers introduce each chapter and feature a question 
answered with a clear, simple image to help students visualize and remember 
concepts as they move through each chapter. Each opener includes a Study 
Tip and highlights of interactive media in Mastering Biology.

385

Figure 17.1 A population of albino donkeys grazes on vegetation on the hillsides 
of Asinara, an Italian island. Several centuries ago, a recessive mutation that disables 
pigment synthesis arose in the DNA of one donkey and was passed down through 
the generations. Inbreeding has resulted in a large number of homozygous albino 
donkeys living on the island today.

 Go to Mastering Biology
For Students (in Study Area)
• Get Ready for Chapter 17
• BioFlix® Animation: Protein Synthesis
• Figure 17.27 Walkthrough: Types of 

Small-Scale Mutations that A�ect mRNA 
Sequence

For Instructors to Assign (in Item Library)
• BioFlix® Tutorial: Protein Synthesis 

• Tutorial: CRISPR: A Revolution in 
Genome Editing

Ready-to-Go Teaching Module 

• 

17.1 Genes specify proteins via 
transcription and translation p. 386

17.2 Transcription is the DNA-directed 
synthesis of RNA: A Closer Look 

17.3 Eukaryotic cells modify RNA after 
transcription p. 395

17.4 Translation is the RNA-directed 
synthesis of a polypeptide: A Closer 
Look p. 397

17.5 Mutations of one or a few 
nucleotides can a�ect protein 
structure and function p. 407

KEY CONCEPTS

Expression of Genes17

Study Tip
Make a visual study guide: Sketch the 
process shown below, and add labels 
and details as you read the chapter. 

take place in a eukaryotic cell.)

How can one change in DNA result in such
a dramatic change in appearance?

Proteins are the link between genotype and phenotype. Gene expression
is the process by which DNA directs the synthesis of proteins:

TRANSCRIPTION

TRANSLATION
mRNAmRNA

Protein: Enzyme 
required for pigment 
synthesis

Protein: Enzyme 
required for pigment 
synthesis does not work

Genotype: DNA Genotype: DNA

Gene for pigmentation Gene for pigmentation
with mutation

Phenotype:
Brown pigment

Phenotype:
No pigment

NEW! A Visual 
Overview helps 
students start with the 
big picture.
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Figure 39.1 Sunflowers track the sun from east to west each day. After sunset, 
they reverse direction, facing the direction of the next sunrise. By facing the hot sun 
during the day, the floral heads become warmer and release greater amounts of 
chemicals that attract pollinators. Light is just one of the many factors to which a 
plant responds.

Plant Signals and Behavior39

Heat
or cold
stress

Internal
chemical
signals

Drought or
flooding

Touch by wind or
objects

Wounding 
by herbivores

Infection 
by pathogens

Time (daylength
and seasons)

Gravity

Light

Hormones

What are some factors that 
plants sense and respond to?

 Go to Mastering Biology
For Students (in Study Area)
• Get Ready for Chapter 39
• Video: Gravitropism
• Video: Mimosa leaves

For Instructors to Assign (in Item Library)
• Activity: Leaf Abscission
• Activity: Plant Hormones

Study Tip
Make a table: As you read the chapter, 
add specific examples for each of the 
general categories of responses shown 
in the diagram.

39.1 Signal transduction pathways link 
signal reception to response  p. 897

39.2 Plants use chemicals to 
communicate  p. 899

39.3 Responses to light are critical for 
plant success  p. 909

39.4 Plants respond to a wide variety of 
stimuli other than light  p. 915

39.5 Plants respond to attacks by 
pathogens and herbivores  p. 920

KEY CONCEPTS

Factor

Light Seed germination in response
to red light

Example of plant response

896

NEW! A Study Tip 
provides an activity for 
students to help them 
organize and learn 
the information in the 
chapter.

NEW! Key 
Mastering 
Biology resources 
are highlighted 
for students and 
instructors.
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Pearson eText for Biology: A Whole 
New Reading Experience

BioFlix Animation   Mechanics of breathing

Expanding the thoracic cavity during inhalation involves the 
animal’s rib muscles and the diaphragm     , a sheet of skeletal 
muscle that forms the bottom wall of the cavity. Contracting the rib

i

EXPANDED! 500 
embedded Videos 
& Animations help 
students visualize complex 
biology topics. These 
include: new HHMI 
BioInteractive Videos and 
Animations, new Figure 
Walkthroughs, BioFlix® 3-D 
Animations, Galápagos 
Videos by Peter and 
Rosemary Grant, and more.

NEW! The Pearson eText is a simple-to-use, mobile-optimized, personalized reading experience. It allows 
students to easily highlight, take notes, and review vocabulary all in one place—even when offline. Pearson 
eText for Biology also includes Figure Walkthroughs and 500 videos and animations.

The Pearson eText app is 
available for download 
in the app store for 
approved devices.
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Bringing Innovative Art to Life

NEW! An expanded collection of Figure Walkthroughs guide students through key figures with 
narrated explanations and figure mark-ups that reinforce important points. These are embedded in the 
eText and available for assignment in Mastering Biology.
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NEW! Science in the Classroom presents annotated 
journal articles from the American Association for the 
Advancement of Science (AAAS) and makes reading and 
understanding primary literature easier for students. The 
articles include assessments in Mastering Biology, allowing 
instructors to assign the journal articles.

Gi ving Students the Tools They Need 
to Succeed
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Make Connections Across Multiple 
Concepts

Make Connections Figures pull together content from different chapters,  
providing a visual representation of “big picture” relationships.

BLOOD

SALT WATER

CHLORIDE
CELL

K+

K+
Na+

Na+ Cl–

Flagellar
motor

H+

Filament of
flagellum

Hook
H2O

Stoma
H2O

H2OH2O

K1

H2O

Guard cells

K1

H1

H1

The transport of ions across the plasma membrane of a 
cell is a fundamental activity of all animals, and indeed 
of all living things. By generating ion gradients, ion 
transport provides the potential energy that powers 
processes ranging from an organism’s regulation of 
salts and gases in internal fluids to its perception of 
and locomotion through its environment.

In marine bony fishes, ion 
gradients drive secretion of salt 
(NaCl), a process essential to avoid 
dehydration. Within gills, the pumps, 
cotransporters, and channels of specialized chloride cells function 
together to drive salt from the blood across the gill epithelium and 
into the surrounding salt water. (See Figure 44.3.)

Ion gradients provide the basis for the opening of  a plant stoma 
by surrounding guard cells. Active transport of H+ out of a guard 
cell generates a voltage (membrane potential) that drives inward 
movement of K+. This uptake of K+ by guard cells triggers an 
osmotic influx of water that changes cell shape, bowing 
the guard cells outward and thereby opening the stoma. (See
Concept 36.4.) 

In neurons, transmission of information as nerve impulses is 
made possible by the opening and closing of channels selective 
for sodium or other ions. These signals enable nervous systems to 
receive and process input and to direct appropriate output, such 
as this leap of a frog capturing prey. (See Concept 48.3 and
Concept 50.5.)

  

A gradient of H+  powers the bacterial flagellum. An electron 
transport chain generates this gradient, establishing a higher 
concentration of H+ outside the bacterial cell. Protons reentering 
the cell provide a force that causes the flagellar motor to rotate. 
The rotating motor turns the curved hook, causing the attached 
filament to propel the cell. (See Concept 10.4 and Figure 27.7.)

NEURON
Na+

Na+

Channel
open

Channel
closed

Osmoregulation

Information Processing

Gas Exchange

Locomotion

Ion Movement and Gradients

. Figure 44.17

MAKE CONNECTIONS 

 Mastering Biology BioFlix® Animation: Membrane Transport

Explain why the set of forces driving ion movement across the 
plasma membrane of a cell is described as an electrochemical 
(electrical and chemical) gradient (see Concept 8.4).

MAKE CONNECTIONS 

 CHAPTER 44  Animal Excretory Systems 1045
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Make Connections 
Questions in every chapter ask 
students to relate content to material 
presented earlier in the course.

Make Connections 
Tutorials connect content 
from two different chapters 
using art from the book. Make 
Connections Tutorials are 
assignable and automatically 
graded in Mastering Biology and 
include answer-specific feedback 
for students.

CONCEPT CHECK 24.2

1. Summarize key di�erences between allopatric and sympatric 
speciation. Which type of speciation is more common, and why?

2. Describe two mechanisms that can decrease gene flow in 
sympatric populations, thereby making sympatric speciation 
more likely to occur.

3. WHAT IF? Is allopatric speciation more likely to occur on an 
island close to a mainland or on a more isolated island of 
the same size? Explain your prediction.

4. MAKE CONNECTIONS Review the process of meiosis in 
Figure 13.8. Describe how an error during meiosis could lead 
to polyploidy.

For suggested answers, see Appendix A.
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Develop Scientific Skills

Scientific Skills Exercises in 
every chapter of the text use real 
data to build key skills needed for 
biology, including data analysis, 
graphing, experimental design, and 
math skills. Each exercise is also 
available as an automatically graded 
assignment in Mastering Biology 
with answer-specific feedback for 
students.

Scientific Skills Exercise

Analyzing Polypeptide Sequence Data
Are Rhesus Monkeys or Gibbons More Closely Related to 
Humans? In this exercise, you will look at amino acid sequence data 
for the b polypeptide chain of hemoglobin, often called b-globin. 
You will then interpret the data to hypothesize whether the monkey 
or the gibbon is more closely related to humans.

How Such Experiments Are Done Researchers can isolate the 
polypeptide of interest from an organism and then determine 
the amino acid sequence. More frequently, the DNA of the rel-
evant gene is sequenced, and the amino acid sequence of the 
polypeptide is deduced from the DNA sequence of its gene.

Data from the Experiments In the data below, the letters give 
the sequence of the 146 amino acids in b-globin from humans, 

Species Alignment of Amino Acid Sequences of d-globin

Human
Monkey
Gibbon

Human
Monkey
Gibbon

Human
Monkey
Gibbon

VHLTPEEKSA
VHLTPEEKNA
VHLTPEEKSA

PDAVMGNPKV
PDAVMGNPKV
PDAVMGNPKV

ENFRLLGNVL
ENFRLLGNVL
ENFRLLGNVL

VTALWGKVNV
VTTLWGKVNV
VTALWGKVNV

KAHGKKVLGA
KAHGKKVLGA
KAHGKKVLGA

VCVLAHHFGK
VCVLAHHFGK
VCVLAHHFGK

DEVGGEALGR
DEVGGEALGR
DEVGGEALGR

FSDGLAHLDN
FSDGLNHLDN
FSDGLAHLDN

EFTPPVQAAY
EFTPPVQAAY
EFTPPVQAAY

LLVVYPWTQR
LLLVYPWTQR 
LLVVYPWTQR

LKGTFATLSE
LKGTFAQLSE
LKGTFAQLSE

QKVVAGVANA
QKVVAGVANA
QKVVAGVANA

FFESFGDLST
FFESFGDLSS
FFESFGDLST

LHCDKLHVDP
LHCDKLHVDP
LHCDKLHVDP

LAHKYH
LAHKYH
LAHKYH

1
1
1

51
51
51

101
101
101

Data from Human: http://www.ncbi.nlm.nih.gov/protein/AAA21113.1; rhesus monkey: http://www.ncbi.
nlm.nih.gov/protein/122634; gibbon: http://www.ncbi.nlm.nih.gov/protein/122616

rhesus monkeys, and gibbons. Because a complete sequence 
would not fit on one line here, the sequences are divided into 
three segments: amino acids 1–50, 51–100, and 101–146. The 
sequences for the three di�erent species are aligned so that 
you can compare them easily. For example, you can see that for 
all three species, the first amino acid is V (valine) and the 146th 
amino acid is H (histidine).

2. For each nonhuman species, what percent 
of its amino acids are identical to the human 
sequence of b-globin?

3. Based on these data alone, state a 

more closely related to humans. What is your 
reasoning?

4. What other evidence could you use to 
support your hypothesis?

 Instructors: A version of this Scientific Skills  
Exercise can be assigned in Mastering Biology.

INTERPRET THE DATA

1. Scan the monkey and gibbon sequences, letter by letter, 
circling any amino acids that do not match the human 
sequence. (a) How many amino acids di�er between 

(b)

▶ Human ▶  Rhesus 
monkey

▶ Gibbon

Problem-Solving 
Exercises guide students in 
applying scientific skills and 
interpreting real data in the 
context of solving a real-world 
problem. A version of each 
Problem-Solving Exercise can 
also be assigned in Mastering 
Biology.

In this exercise, you will investigate whether amphibians can acquire resistance to the 
fungal pathogen Bd.

Your Approach The principle guiding your investigation is that prior exposure 
to a pathogen can enable amphibians to acquire immunological resistance to that 
pathogen. To see whether this occurs after exposure to Bd, you will analyze data on 
acquired resistance in Cuban tree frogs (Osteopilus septentrionalis).

Your Data To create variation in number of prior exposures to Bd, Cuban tree frogs 
were exposed to Bd and cleared of their infection (using heat treatments) from zero 
to three times; frogs with no prior exposures are referred to as “naive.” Researchers 
then exposed frogs to Bd and measured mean abundance of Bd on the frog’s skin, 
frog survival, and abundance of lymphocytes (a type of white blood cell involved in 
the vertebrate immune response).

   Instructors: A version of this Problem-Solving  
Exercise can be assigned in Mastering Biology.

PROBLEM-SOLVING EXERCISE

Can declining amphibian 

populations be saved by  

a vaccine?

Amphibian populations are declining rapidly 

worldwide. The fungus Batrachochytrium 

dendrobatidis (Bd) has contributed to this 

decline: This pathogen causes severe skin 

infections in many amphibian species, leading 

to massive die-o�s. E�orts to save amphibians 

from Bd have had limited success, and 

there is little evidence that frogs and other 

amphibians have acquired resistance to Bd on 

their own.

Yellow-legged frogs (Rana muscosa) in 

California killed by Bd infection

24,000

12,000

16,000
14,000

18,000
20,000
22,000

0
0 1 2 3 4

Bd
 a

bu
nd

an
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fro
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s 
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 (o
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s/g

 o
f f
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g)

Number of prior 
Bd exposures

80
70

10

30
20

40
50
60

0
0 1 2 3 4

Pe
rc

en
ta

ge
 s

ur
vi

va
l

Number of prior 
Bd exposures

Your Analysis
1. Describe and interpret the results shown in the figure.
2. (a) Graph the data in the table. (b) Based on these data, develop a hypothesis 

that explains the results discussed in question 1.

3. Breeding populations of amphibian species threatened by Bd have been estab-
lished in captivity. In addition, evidence suggests that Cuban tree frogs can  
acquire resistance after exposure to dead Bd. Based on this information and 
your answers to questions 1 and 2, suggest a strategy for repopulating regions 
decimated by Bd.

Number  
of prior  

Bd  
exposures

Thousands of 
lymphocytes 
per g of frog

0 134

1 240

2 244

3 227
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Innovation in Assessment

Dynamic Study Modules use the latest 
developments in cognitive science to help students study 
by adapting to their performance in real time. Students 
build confidence and understanding, enabling them to 
participate and perform better, both in and out of class. 
Available on smartphones, tablets, and computers.

Incorrect; Try Again
You labeled 2 of 7 targets incorrectly. You have labeled target (a) incorrectly. Notice that this organelle 
has a smooth membrane. It is involved in building macromolecules, but not proteins.

Incorrect; Try Again
You labeled 2 of 7 targets incorrectly. You have labeled target (a) incorrectly. Notice that this organelle 
has a smooth membrane. It is involved in building macromolecules, but not proteins.

Wrong-Answer Feedback Using data gathered 
from all of the students using the program, Mastering 
Biology offers wrong-answer feedback that is 
specific to each student. Rather than simply providing 
feedback of the “right/wrong/try again” variety, 
Mastering Biology guides students toward the correct 
final answer without giving the answer away.

UPDATED! Test Bank questions have been 
analyzed and revised with student success in mind. 
Revisions account for how students read, analyze, and 
engage with the content.

“I wouldn’t have passed my class 
without Mastering Biology. The 
feedback doesn’t just tell me I’m 
wrong, it gave me a paragraph of 
feedback on why I was wrong and 
how I could better understand it.”

—Student, University of Texas at 
Arlington

14 
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Innovation in Instructor Resources

AC C
TG G

Ready-to-Go
Teaching Modules

Biology: A Global Approach, Twelfth Edition

Ready-to-Go Teaching Modules 
provide instructors with easy-to-use 
teaching tools for the toughest topics 
in General Biology.

Assign ready-made 
activities and
assignments for
before, during,
and after class.

Incorporate active
learning with 
class-tested
resources from 
biology instructors.

Take full advantage of 
Mastering Biology and 
Learning CatalyticsTM, 
the powerful “bring 
your own device”
student assessment 
system.

DURING
CLASS

AFTER
CLASS

BEFORE
CLASS

The Light
Reactions

CONCEPT 11.3

Meiosis

CONCEPT 13.3

Mitosis

CONCEPT 12.2

Oxidative
Phosphorylation

CONCEPT 10.4

Mechanisms of
Evolution

CONCEPT 23.3

NEW!

DNA
Replication

CONCEPT 16.2

The trp and lac 
Operons

CONCEPT 18.1

NEW!

Phylogenetic
Trees

CONCEPT 22.3

Resting and 
Action Potentials

CONCEPT 48.3

Transport in
Plants

CONCEPT 36.2

The Human
Digestive System

CONCEPT 42.3

NEW!

Cardiac Cycle and
Heart Function

CONCEPT 43.2

NEW!

Trophic
Relationships

CONCEPT 55.3

Interpreting Data
on Introduced 

Species
CONCEPT 56.1

NEW!

Gene Expression:
Mutations

CONCEPT 17.5

NEW! 5 new Ready-to-Go Teaching Modules expand the number of modules to 15. These 
instructor resources are designed to make use of teaching tools before, during, and after class, including 
new ideas for in-class activities. The modules incorporate the best that the text, Mastering Biology, 
and Learning Catalytics have to offer and can be accessed through the Instructor Resources area of 
Mastering Biology.

NEW! Early Alerts 
in Mastering Biology 
help instructors know 
when students may 
be struggling in the 
course. This insight 
enables instructors to 
provide personalized 
communication and 
support at the moment 
students need it so 
they can stay—and 
succeed—in the course.

  15
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on their own or for instructors to assign. These resources 
include Get Ready for This Chapter questions, Figure 
Walkthroughs, HHMI BioInteractive videos, Ready-to-Go 
Teaching Modules, and more.

■■ NEW! Updated Content. As in each new edition of 
Biology, the Twelfth Edition incorporates new content, 
summarized on pages 19–21. Content updates reflect 
rapid, ongoing changes in knowledge about climate 
change, genomics, gene-editing technology (CRISPR), 
evolutionary biology, microbiome-based therapies, and 
more. In addition, Unit 7 includes a new section on 
“Biological Sex, Gender Identity, and Sexual Orientation 
in Human Sexuality,” which provides instructors 
and students with a thoughtful, clear, and current 
introduction to topics of tremendous relevance to  
biology, to student lives, and to current public  
discourse and events.

■■  5 NEW! Ready-to-Go Teaching Modules. The Ready-
to-Go Teaching Modules provide instructors with active 
learning exercises and questions to use in class, plus 
Mastering Biology assignments that can be assigned before 
and after class. A total of 15 modules are now available in 
the Instructor Resources area of Mastering Biology.

Pearson eText
Students using the Pearson eText will reap all the benefits of 
the new text features, while also benefiting from the follow-
ing new and existing interactive resources:

■■ NEW! An expanded collection of the popular Figure 
Walkthroughs guide students through key figures  
with narrated explanations and figure mark-ups that 
reinforce important points. 

■■ NEW! Links to the AAAS Science in the Classroom 
website provide research papers from Science with 
annotations to help students understand the papers. 
These links are included at the end of each appropriate 
chapter.

■■ EXPANDED! 500 animations and videos bring 
biology to life. These include new resources from HHMI 
BioInteractive that engage students in topics from 
CRISPR to coral reefs.

We are honored to present Biology: A Global 
Approach, which has been adapted from Campbell 
Biology, Twelfth Edition, for a global audience. 
For the last three decades, Biology has been the 
leading college text in the biological sciences. 
It has been translated into 19 languages and 
has provided millions of students with a solid 
foundation in college-level biology. This success 
is a testament not only to Neil Campbell’s original vision but 
also to the dedication of hundreds of reviewers (listed on pages 
29–33), who, together with editors, artists, and contributors, 
have shaped and inspired this work.

Our goals for the Twelfth Edition include:

■■ supporting students with new visual presentations of 
content and new study tools

■■ supporting instructors by providing new teaching 
modules with tools and materials for introducing, teaching, 
and assessing important and often challenging topics

■■ integrating text and media to engage, guide, and inform 
students in an active process of inquiry and learning

Our starting point, as always, is our commitment to craft-
ing text and visuals that are accurate, are current, and reflect 
our passion for teaching biology.

New to This Edition
Here we provide an overview of the new features that we have 
developed for the Twelfth Edition; we invite you to explore 
pages 5–15 for more information and examples.

■■ NEW! Chapter Openers Re-envisioned. Catalyzed by 
feedback from students and instructors, informed by data 
analytics, and building on the results of science education 
research, we have redesigned the opening of every chapter 
of the text. The result is more visual, more interactive, and 
more engaging. In place of an opening narrative, the first 
page of each chapter is organized around three new elements 
that provide students with the specific tools and approaches 
needed to achieve the learning objectives of that chapter:

■■ NEW! Visual Overview. Centered on a basic biological 
question related to the opening photo and legend, the 
Visual Overview illustrates a core idea of the chapter with 
straightforward art and text. Students get an immediate 
sense of what the chapter is about and what kinds of 
thinking will underlie its exploration.

■■ NEW! Study Tip. Just as the Visual Overview introduces 
students to what they will learn, the study tip offers 
guidance in how to learn. It encourages students to learn 
actively through such proven strategies as drawing a 
flow chart, labeling a diagram, or making a table. Each 
tip provides an effective strategy for tackling important 
content in the chapter.

■■ NEW! Highlights of Digital Resources. 
In conversations with users of the textbook, 
we often encounter a limited awareness of 
the digital tools the text provides to facilitate 
instruction and learning. We therefore 
created Go to Mastering Biology, a chapter 
opener section where we highlight some 
of the tutorials, animations, and other 
interactives available for students to explore 

Preface
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they are well-aligned with the core competencies outlined by 
the Vision and Change national conferences, organized by 
the American Association for the Advancement of Science, 
where hundreds of biologists met to discuss the needs of under-
graduate biology. Furthermore, the core concepts defined by 
Vision and Change have close parallels in the unifying themes 
that are introduced in Chapter 1 and integrated throughout 
the book.

Chief among the themes of both Vision and Change and 
Biology is evolution. Each chapter of this text includes at 
least one Evolution section that explicitly focuses on evo-
lutionary aspects of the chapter material, and each chapter 
ends with an Evolution Connection Question and a Write 
About a Theme Question.

To help students distinguish “the forest from the trees,” 
each chapter is organized around a framework of three 
to seven carefully chosen Key Concepts. The text, Con-
cept Check Questions, Summary of Key Concepts, and 
Mastering Biology resources all reinforce these main ideas 
and essential facts.

Because text and illustrations are equally important for 
learning biology, integration of text and figures has 
been a hallmark of Biology since the First Edition. The new 
 Visual Overviews, together with our popular Visualizing 
 Figures, Exploring Figures, and Make Connections Figures, 
epitomize this approach.

To encourage active reading of the text, Biology includes 
numerous opportunities for students to stop and think about 
what they are reading, often by putting pencil to paper to 
draw a sketch, annotate a figure, or graph data. Answering 
these questions requires students to write or draw as well as 
think and thus helps develop the core competency of com-
municating science.

Finally, Biology has always featured scientific inquiry. 
The inquiry activities provide students practice in apply-
ing the process of science and using quantitative reasoning, 
 addressing core competencies from Vision and Change.

Our Partnership with Instructors 
and Students
The real test of any textbook is how well it helps  instructors 
teach and students learn. We welcome comments from 
both students and instructors. Please address your 
suggestions to:

Lisa Urry (Chapter 1 and Units 1–3): lurry@mills.edu
Michael Cain (Units 4, 5, and 8): mlcain@nmsu.edu
Peter Minorsky (Unit 6): pminorsky@mercy.edu
Steven Wasserman (Unit 7): stevenw@ucsd.edu
Rebecca Orr (Media): rorr@collin.edu

■■ Links to Interviews from all editions of Biology are 
included in the chapter where they are most relevant. The 
interviews show students the human side of science by 
featuring diverse scientists talking about how they became 
interested in biology and what inspires them. 

For more information, see pages 8–10.

Mastering Biology
Mastering Biology provides valuable resources for instructors 
to assign homework and for students to study on their own:

■■ Assignments. Mastering Biology is the most widely 
used online assessment and tutorial program for biology, 
providing an extensive library of thousands of tutorials 
and questions that are graded automatically.

■■ NEW! Early Alerts give instructors a quick way to 
monitor students’ progress and provide feedback, even 
before the first test.

■■ NEW! AAAS Science in the Classroom journal articles 
can be assigned with automatically graded questions.

■■ Hundreds of self-paced tutorials provide 
individualized coaching with specific hints and 
feedback on the most difficult topics in the course.

■■ Optional Adaptive Follow-up Assignments provide 
additional questions tailored to each student’s needs.

■■ Pearson eText. The Pearson eText, described above, can 
be directly accessed from Mastering Biology.

■■ Dynamic Study Modules. These popular review tools 
can be assigned, or students can use them for self-study.

■■ Study Area. Media references in the printed book direct 
students to the wealth of online self-study resources 
available to them in the Mastering Biology Study Area, 
including Figure Walkthroughs, videos, animations, Get 
Ready for This Chapter, Practice Tests, Cumulative Test, 
and more.

■■ Instructor Resources. This area of Mastering Biology 
provides one-stop shopping for Ready-to-Go Teaching 
Modules, PowerPoints, Clicker Questions, animations, 
videos, the Test Bank, and more.

For more information, see pages 14–15 and 25–26 and visit 
www.masteringbiology.com.

Our Hallmark Features
Teachers of general biology face a daunting challenge: to help 
students acquire a conceptual framework for organizing an 
ever-expanding amount of information. The hallmark features 
of Biology provide such a framework, while promoting a deeper 
understanding of biology and the process of science. As such, 
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(a) Effects of maternal diet on genetically 
identical mice.

(b) The Dutch Hunger Winter.

. Figure 18.8 Examples of epigenetic inheritance.

This section highlights selected new content in Biology, 
Twelfth Edition. In addition to the content updates noted 
here, every chapter has a new Visual Overview on the 
chapter opening page.

information on human brown fat usage, the role of fermenta-
tion during the production of chocolate, and recent research 
on the role of lactate in mammalian metabolism. Chapter 11 
begins with a new concept that puts photosynthesis into a big-
picture ecological context. Chapter 11 also includes a discussion 
of the 2018 discovery of a new form of chlorophyll found in 
cyanobacteria that can carry out photosynthesis using far-red 
light. In Chapter 12, the cell cycle figure (Figure 12.6) now in-
cludes cell images and labels describing the events of each phase.

Unit 1 THE ROLE OF CHEMISTRY IN BIOLOGY

In Unit 1, new content engages students in learning 
foundational chemistry. Chapter 2 includes a new micrograph 
of the tiny hairs on a gecko’s foot that allow it to walk up a wall. 
The opening photo for Chapter 3 features a ringed seal, a species 
endangered by the melting of Arctic sea ice due to climate 
change. Chapter 3 also has added coverage on the discovery 
of a large subsurface reservoir of liquid water on Mars and the 
first CO2 enhancement study done on an unconfined natural 
coral reef (both reported in 2018). Chapter 4 now includes 
the discovery of carbon-based compounds on Mars reported 
by NASA in 2018. 
In Chapter 5, the 
technique of cryo-
electron microscopy 
is introduced, due 
to its increasing 
importance in the 
determination of 
molecular structure.
Figure 6.1 includes 
a new photo of 
bioluminescent click 
beetle larvae on the 
outside of a termite 
mound and a new 
Visual Overview 
that illustrates 
how the laws of 
thermodynamics 
apply to metabolic 
reactions like 
bioluminescence.

Unit 2 CELL BIOLOGY
Our main goal for this unit was to make the material more 
accessible, inviting, and exciting to students. Chapter 7 includes 
a new text description of cryo-electron microscopy (cryo-EM) 
and a new cryo-EM image in Figure 7.3. Art has been added to 
Figure 7.17 to illustrate the dynamic nature of mitochondrial 
networks. Chapter 8 begins with a new chapter-opening image 
showing neurotransmitter release during exocytosis. 

In Chapter 9, the relevance of synaptic signaling is un-
derscored by mentioning that it is a target for treatment of 
depression, anxiety, and PTSD. Chapter 10 includes new 

Unit 3 THE GENETIC BASIS OF LIFE

Chapters 13–17 incorporate changes that help students grasp 
the more abstract concepts of genetics and their chromosomal 
and molecular underpinnings. For example, a new Concept 
Check 13.2 question asks students about shoes as an analogy 
for chromosomes. In Chapter 14, the classic idea of a single 
gene determining hair or eye color, or even earlobe attachment, 
is discussed as an oversimplification. Also, the “Fetal Testing” 
section has been updated to reflect current practices in obstetrics. 
Chapter 15  now includes new information on  “three-parent” 
babies. In Concept 16.3, the text and Figure 16.23 have been 
extensively revised to reflect recent models of the structure 
and organization of interphase chromatin, as well as how 
chromosomes condense during preparation for mitosis.  
Chapter 17 now describes the mutation responsible for the 
albino phenotype of the Asinara donkeys featured in the chapter-
opening photo. To make it easier to cover CRISPR, a new section 
has been added to Concept 17.5 describing the CRISPR-Cas9 
system, including Figure 17.28, “Gene editing using the CRISPR-
Cas9 system” (formerly Figure 19.14).

Chapters 18–20 are extensively updated, driven by exciting 
new discoveries based on DNA sequencing and gene-editing tech-
nology. In Chapter 18, the coverage of epigenetic inheritance has 
been enhanced and updated, including the new Figure 18.8.
Also in Chapter 18, a description of topologically associated 
domains has been added, along with an update on the 4D 
Nucleome Network. Chapter 19 has been extensively updated, 
including addition of two new subsections, “Personal Genome 
Analysis” and “Personalized Medicine,” with new information 

Highlights of New Content

Figure 6.1 The green glowing spots on the outside of this Brazilian termite mound 
are larvae of the click beetle, Pyrophorus nyctophanus. These larvae convert the 
energy stored in organic molecules to light, a process called bioluminescence, which 
attracts termites that the larvae eat. Bioluminescence and other metabolic activities 
in a cell are energy transformations that are subject to physical laws.

The first law of
thermodynamics:
Energy can be 
transferred and 
transformed, but it 
cannot be created 
or destroyed.
For example:

How do the laws of thermodynamics relate to
biological processes?

 Light energy 
from the sun 

Chemical energy in organic 
molecules in plants

Transformed 
by plants to

Transformed 
by termites to

Transformed by 
click beetle larvae to

Chemical energy in organic 
molecules in termites

Light energy produced
by bioluminescence

Heat

Heat

Heat

The second law of thermodynamics: 
Every energy transfer or transformation increases 
the entropy (disorder) of the universe. For 
example, during every energy transformation, 
some energy is converted to thermal energy and 
released as heat:

Plant using light 
to make organic 
molecules

Termite digesting 
plant and making 
new molecules

Click beetle larva
digesting termite 
and emitting light

. Figure 6.1 
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Unit 4 EVOLUTION

(a) (b)

. Figure 23.19 Lack of variation in a population can limit 
adaptation.

Unit 5  THE DIVERSITY OF LIFE

The revision of Unit 4 uses an evidence-based approach 
to strengthen how we help students understand key 
evolutionary concepts. For example, new text in Concept 24.3 
describes how hybrids can become reproductively isolated 
from both parent species, leading to the formation of a new 
species. Evidence supporting this new material comes from 
a 2018 study on the descendants of hybrids between two 
species of Galápagos finches and provides an example of 
how scientists can observe the formation of a new species in 
nature. In Concept 25.2, the discussion of fossils as a form of 
scientific evidence is supported by a new figure (Figure 25.5) 
that highlights five different types of fossils and how they are 
formed. The unit also features new material that connects 
evolutionary concepts and societal issues. For example, 
in Chapter 23, new text and a new figure (Figure 23.19) 
describe how some snowshoe hare populations have not 
adapted to ongoing climate change, causing them to be 
poorly camouflaged in early winter and leading to increased 
mortality. Additional changes include a new section of 
text in Chapter 21 and a figure (Figure 21.22) describing 
biogeographical evidence for evolution in a group of 
freshwater fishes that cannot survive in salt water, yet live in 
regions separated by wide stretches of ocean. In Chapter 25, 
a new figure (Figure 25.11) provides fossil evidence of an 
enormous change in the evolutionary history of life: the first 
appearance of large, multicellular eukaryotes.

Ceftaroline
Daptomycin
Linezolid
Imipenem
Vancomycin
Methicillin
Colistin
Erythromycin
Tetracycline
Penicillin

1930 1950 1970 1990 2010
Year

Antibiotic:Antibiotic discovered
Medical usage begins
Resistance observed

c Figure 27.22  
The rise of 
antibiotic 
resistance.

In Chapter 35, greater emphasis is placed on how structure fits 
function in vascular plants by way of a new Visual Overview. In 
Chapter 36, a new Visual Skills Question provides a quantitative 
exercise in estimating stomatal density. Chapter 37 begins with 
an emphasis on the importance of crop fertilization in feeding 
the world. To increase student engagement, renewed emphasis 
is placed on the link between the nutrition of plants and the 

Unit 6 PLANTS: STRUCTURE AND FUNCTION

on direct-to-consumer genome analysis. Other updates include 
the first cloning of a primate, stem cell treatment of age-related 
macular degeneration, CRISPR correction of the sickle-cell 
disease allele in mice, and a report of gene editing of fertilized 
human eggs that resulted in live births. Chapter 20 updates 
include results of the Cancer Genome Atlas Project, a newly 
discovered function of retrotransposon transcription, and new 
information on the FOXP2 gene.

In keeping with our goal of developing students’ skills in 
interpreting visual representations in biology, we have 
added a new Visualizing Figure, Figure 32.8, “Visualizing 

Animal Body Symmetry and Axes.” New Visual Skills 
Questions provide practice on topics such as interpreting 
phylogenetic trees and using graphs to infer how rapidly 
antibiotic resistance evolves in bacteria. In Chapter 26, 
the topic of emerging viral diseases has been updated 
extensively and reorganized to clearly differentiate influenza 
viruses that are emerging from those that cause seasonal 
flu. Other Chapter 26 updates include information on 
vaccine programs, mentioning a large measles outbreak in 
2019 that correlated with lower vaccination rates in that 
region. Information has also been added on improvement of 
treatment regimes for HIV. Chapter 31 has been significantly 
revised to account for new fossil discoveries and updates to 
the phylogenetic tree of fungi (Figure 31.10). Chapter 34 has 
been updated with recent genomic data and fossil discoveries 
indicating that Neanderthals and Denisovans are more 
closely related to each other than to humans and that they 
interbred with each other (and with humans), including two 
new figures (Figures 34.51 and 34.52b). In Chapter 29, a new 
figure (Figure 29.1) provides a visual overview of major steps 
in the colonization of land by plants, and revisions to text in 
Concept 29.1 strengthen our description of derived traits of 
plants that facilitated life on land. Chapter 27 includes a new 
section of text that describes the rise of antibiotic resistance 
and multidrug resistance and discusses novel approaches 
in the search for new antibiotics. This new material is 
supported by two new figures, Figure 27.22 and Figure 27.23. 
Other updates include the revision of many phylogenies 
to reflect recent phylogenomic data; a new Inquiry Figure 
(Figure 28.26) on the root of the eukaryotic tree; and new 
text describing the 2017 discovery of 315,000-year-old fossils 
of a hominin that had facial features like those of humans, 
while the back of its skull was elongated, as in earlier species.

20 HIGHLIGHTS OF NEW CONTENT
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The Unit 7 revisions feature pedagogical innovations coupled 
with updates for currency. A striking new underwater image 
of Emperor penguins (Figure 40.1) opens the unit and 
highlights the contributions of form, function, and behavior 
to homeostasis in general as well as to the specific topic of 
thermoregulation. The artwork used to introduce and explore 
homeostasis throughout the unit (Figures 40.8, 40.17, 41.18, 
42.23, 43.28, 44.19, and 44.21) has been improved and 
refined to provide a clear and consistent presentation of the 
role of perturbation in triggering a response. In Chapter 47, 
the introduction of the adaptive  immune response has been 
shifted to later in the chapter, allowing students to build on 
the features of innate immunity before tackling the more 
demanding topic of the adaptive response. In  Chapter 45,  a 
new section of text in Concept 45.4 provides a clear and current 
introduction to “Biological Sex, Gender Identity, and Sexual 
Orientation in Human Sexuality.” In Chapter 48, the structural 
overview of neurons is now completed before the introduction 
of information processing. A new illustration,  Figure 49.8, 
provides a concise visual comparison of sympathetic and 
parasympathetic neurons with each other and with motor 
neurons of the CNS. In addition, in-depth consideration of 
glia is now provided in Concept 49.1, where it is more logically 
integrated into the overview of nervous systems.  Among the 
content updates that enhance currency and student engagement 

c Figure 49.8  
Comparison 
of pathways 
in the motor 
and autonomic 
nervous systems. (b) Autonomic nervous system

(a) Motor system

Single
neuron
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Acetylcholine NorepinephrineKey to neurotransmitters

Target: skeletal
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Target:
smooth
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throughout the unit are discussions of phage therapy and fecal 
transplantation, state-of-the-art treatments that both rely on 
microbiome data, and chronic traumatic encephalopathy 
(CTE), as well as the latest findings on dinosaur locomotion 
(Concept 40.1), the awarding of a Nobel Prize in 2017 in the 
field of circadian rhythms (Concept 40.2), and reference to the 
ongoing public health crisis of opioid addiction in the context of 
considering the brain’s reward system (Concept 49.5).

Unit 7 ANIMALS: STRUCTURE AND FUNCTION

nutrition of the organisms, including humans, that feed on 
them. Table 37.1 concerning plant essential elements has been 
expanded to include micronutrients as well as macronutrients. 
In Concept 37.2, a new subsection titled “Global Climate 
Change and Food Quality” discusses new evidence that global 
climate change may be negatively impacting the nutritional 
mineral content of crops. In Chapter 38, the discussion of 
genetic engineering and agriculture has been enhanced by 
a discussion of biofortification and by updates concerning 
“Golden Rice.” Chapter 39 includes new updates on the location 
of the IAA receptor in plant cells and the role of abscisic acid 
in bud dormancy. The introduction to Concept 39.2 has been 
revised to emphasize that plants use many classes of chemicals in 
addition to the classic hormones to communicate information.

(a) Nutrients drain from agricultural land (green) and cities 
(red) through the vast Mississippi watershed to the 
Gulf of Mexico.

(b) The 2017 dead zone, represented here, was the 
largest yet measured. It occupied 22,730 km2

(8,776 mi2), an area slightly larger than New Jersey.

Mississippi

LouisianaTexas

50 km
< 2.0 mg/L dissolved O2 

. Figure 56.23 A dead zone arising from nitrogen pollution 
in the Mississippi basin.
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Complementary goals of the Unit 8 revision were to 
strengthen our coverage of core concepts while also increasing 
our coverage of how human actions affect ecological 
communities. Revisions include a new section of text and a 
new figure (Figure 51.7) on how plants (and deforestation) 
can affect the local or regional climate; a new section of 
text in Concept 55.1 that summarizes how ecosystems 
work; new text and a new figure (Figure 51.25) illustrating 
how rapid evolution can cause rapid ecological change; 
new material in Concept 55.2 on eutrophication and how 
it can cause the formation of large “dead zones” in aquatic 
ecosystems; and new text and a new figure (Figure 54.22) on 
how the abundance of organisms at each trophic level can be 
controlled by bottom-up or top-down control. A new figure 
(Figure 56.23) shows the extent of the record-breaking 2017 
dead zone in the Gulf of Mexico and the watershed that 
contributes to its nutrient load. In addition, Concept 56.1  
includes a new section that describes attempts to use cloning 
to resurrect species lost to extinction, while Concept 56.4  
includes a new section of text and two new figures (Figure 56.27  
and 56.28) on plastic waste, a major and growing 
environmental problem. In keeping with our book-wide goal 
of expanding our coverage of climate change, Chapter 56 has 
a new Scientific Skills Exercise in which students interpret 
changes in atmospheric CO2 concentrations. Chapter 55 
describes how climate warming is causing large regions 
of tundra in Alaska to release more CO2 than they absorb 
(thereby contributing to further climate warming); a new 
figure (Figure 56.32) describes human and natural factors that 
contribute to rising global temperatures; and a new section 
of text in Concept 56.4 describes how global climate change 
models are developed and why they are valuable.

Unit 8 THE ECOLOGY OF LIFE
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22 SKILLS EXERCISES

 33 Understanding Experimental Design and 
Interpreting Data 754

 34 Determining the Equation of a Regression Line 805
 35 Using Bar Graphs to Interpret Data 816
 36 Calculating and Interpreting Temperature 

Coefficients 844
 37 Making Observations 866
 38 Using Positive and Negative Correlations to 

Interpret Data 888
 39 Interpreting Experimental Results from a Bar 

Graph 918
 40 Interpreting Pie Charts 946
 41 Designing a Controlled Experiment 968
 42 Interpreting Data from an Experiment with 

Genetic Mutants 994
 43 Making and Interpreting Histograms 1014
 44 Describing and Interpreting Quantitative Data 1033
 45 Making Inferences and Designing an 

Experiment 1062
 46 Interpreting a Change in Slope 1081
 47 Comparing Two Variables on a Common  

x-Axis 1120
 48 Interpreting Data Values Expressed in Scientific 

Notation 1140
 49 Designing an Experiment Using Genetic 

Mutants 1153
 50 Interpreting a Graph with Log Scales 1194
 51 Making a Bar Graph and a Line Graph to Interpret 

Data 1220
 52 Testing a Hypothesis with a Quantitative 

Model 1236
 53 Using the Logistic Equation to Model Population 

Growth 1258
 54 Making a Bar Graph and a Scatter Plot 1275
 55 Interpreting Quantitative Data 1305
 56 Graphing Data and Evaluating Evidence 1337

Problem-Solving Exercises
 5 Are you a victim of fish fraud? 137
 9 Can a skin wound turn deadly? 216
 17 Are insulin mutations the cause of three infants’ 

neonatal diabetes? 409
 24 Is hybridization promoting insecticide resistance in 

mosquitoes that transmit malaria? 574
 34 Can declining amphibian populations be saved by 

a vaccine? 787
 39 How will climate change affect crop 

productivity? 917
 41 Is thyroid regulation normal in this patient? 964
 55 Can an insect outbreak threaten a forest’s ability 

to absorb CO2 from the atmosphere? 1303

Scientific Skills Exercises
 1 Interpreting a Pair of Bar Graphs 71
 2 Calibrating a Standard Radioactive Isotope Decay 

Curve and Interpreting Data 81
 3 Interpreting a Scatter Plot with a Regression Line 102
 4 Working with Moles and Molar Ratios 106
 5 Analyzing Polypeptide Sequence Data 137
 6 Making a Line Graph and Calculating a Slope 155
 7 Using a Scale Bar to Calculate Volume and Surface 

Area of a Cell 169
 8 Interpreting a Scatter Plot with Two Sets of Data 206
 9 Using Experiments to Test a Model* 

 10 Making a Bar Graph and Evaluating a Hypothesis 251
 11 Making Scatter Plots with Regression Lines 277
 12 Interpreting Histograms 300
 13 Making a Line Graph and Converting Between 

Units of Data 314
 14 Making a Histogram and Analyzing a Distribution 

Pattern 333
 15 Using the Chi-Square (x

2
) Test 354

 16 Working with Data in a Table 368
 17 Interpreting a Sequence Logo 401
 18 Analyzing DNA Deletion Experiments 426
 19 Analyzing Quantitative and Spatial Gene 

Expression Data* 

 20 Reading an Amino Acid Sequence Identity Table 492
 21 Making and Testing Predictions 517
 22 Using Protein Sequence Data to Test an 

Evolutionary Hypothesis 538
 23 Using the Hardy-Weinberg Equation to Interpret 

Data and Make Predictions 549
 24 Identifying Independent and Dependent Variables, 

Making a Scatter Plot, and Interpreting Data 569
 25 Estimating Quantitative Data from a Graph and 

Developing Hypotheses 594
 26 Analyzing a Sequence-Based Phylogenetic Tree to 

Understand Viral Evolution 623
 27 Calculating and Interpreting Means and Standard 

Errors 644
  Making a Bar Graph and Interpreting the Data*
 28 Interpreting Comparisons of Genetic 

Sequences 649
 29 Making Bar Graphs and Interpreting Data 682
 30 Using Natural Logarithms to Interpret Data 693
 31 Interpreting Genomic Data and Generating 

Hypotheses 711
  Synthesizing Information from Multiple Data Sets*
 32 Calculating and Interpreting Correlation 

Coefficients 732

Skills Exercises

*Available only in Mastering Biology.  All other Scientific Skills Exercises are in the 
print book, eText, and Mastering Biology.
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 8.21 Endocytosis in Animal Cells 210
 9.8 Cell-Surface Transmembrane Receptors 220
 12.7 Mitosis in an Animal Cell 288
 13.8 Meiosis in an Animal Cell 310
 16.23 Chromatin Packing in a Eukaryotic 

Chromosome 380
 24.3 Reproductive Barriers 564
 25.7 The Origin of Mammals 587
 27.17 Bacterial Diversity 638
 28.5 Protistan Diversity 652
 29.5 Alternation of Generations 674
 29.13 Bryophyte Diversity 680
 29.19 Seedless Vascular Plant Diversity 686
 30.7 Gymnosperm Diversity 696
 30.17 Angiosperm Diversity 704
 33.42 Insect Diversity 766
 34.42 Mammalian Diversity 799
 35.10 Examples of Differentiated Plant Cells 818
 42.5 Four Main Feeding Mechanisms of Animals 979
 44.12 The Mammalian Excretory System 1038
 45.11 Human Gametogenesis 1060
 49.11 The Organization of the Human Brain 1150
 50.10 The Structure of the Human Ear 1171
 50.17 The Structure of the Human Eye 1176
 53.17 Mechanisms of Density-Dependent 

Regulation 1262
 55.14 Water and Nutrient Cycling 1308
 55.17 Restoration Ecology Worldwide 1312

Inquiry Figures
 1.25 Does camouflage affect predation rates on two 

populations of mice? 69
 4.2 Can organic molecules form under conditions 

estimated to simulate those on the early  
Earth? 105

 8.4 Do membrane proteins move? 198
 †11.9 Which wavelengths of light are most effective in 

driving photosynthesis? 266
 12.9 At which end do kinetochore microtubules 

shorten during anaphase? 291
 12.14 Do molecular signals in the cytoplasm regulate the 

cell cycle? 295
 14.3 When F1 hybrid pea plants self- or cross-pollinate, 

which traits appear in the F2 generation? 321
 14.8 Do the alleles for one character segregate into 

gametes dependently or independently of the 
alleles for a different character? 326

 †15.3 In a cross between a wild-type female fruit fly and 
a mutant white-eyed male, what color eyes will 
the F1 and F2 offspring have? 346

Visualizing Figures
 5.16 Visualizing Proteins 127
 7.32 Visualizing the Scale of the Molecular Machinery 

in a Cell 192
 16.7 Visualizing DNA 369
 22.5 Visualizing Phylogenetic Relationships 524
 25.8 Visualizing the Scale of Geologic Time 588
 32.8 Visualizing Animal Body Symmetry and Axes 734
 35.11 Visualizing Primary and Secondary Growth 821
 46.8 Visualizing Gastrulation 1082
 55.13 Visualizing Biogeochemical Cycles 1307

Featured Figures

Make Connections Figures
 5.26 Contributions of Genomics and Proteomics to 

Biology 136
 11.22 The Working Cell 280
 18.27 Genomics, Cell Signaling, and Cancer 442
 23.18 The Sickle-Cell Allele 558
 33.8 Maximizing Surface Area 749
 37.9 Mutualism Across Kingdoms and  

Domains 867
 39.27 Levels of Plant Defenses Against Herbivores 922
 40.23 Life Challenges and Solutions in Plants and 

Animals 948
 44.17 Ion Movement and Gradients 1045
 55.19 The Working Ecosystem 1314
 56.31 Climate Change Has Effects at All Levels of 

Biological Organization 1338

Exploring Figures
 1.3 Levels of Biological Organization 52
 5.18 Levels of Protein Structure 128
 7.3 Microscopy 165
 7.8 Eukaryotic Cells 170
 7.30 Cell Junctions in Animal Tissues 190

Structural Models

Proteins can be represented in different ways, depending on the goal of the illustration.

Using data from structural studies
of proteins, computers can
generate various types of models.
Each model emphasizes a different
aspect of the protein’s structure,
but no model can show what a
protein actually looks like. These
three models depict lysozyme, a
protein in tears and saliva that
helps prevent infection by binding
to target molecules on bacteria.

Simplified Diagrams
It isn‘t always necessary to
use a detailed computer
model; simplified
diagrams are useful when
the focus of the figure is
on the function of the
protein, not the structure.

Space-filling model: Emphasizes 
the overall globular shape. Shows 
all the atoms of the protein 
(except hydrogen), which are 
color-coded: gray = carbon, 
red = oxygen, blue = nitrogen, 
and yellow = sulfur.

A transparent shape
is drawn around the
contours of a ribbon
model of the protein
rhodopsin, showing
the shape of the
molecule as well as
some internal details.

When structural
details are not
needed, a solid
shape can be used.

A simple shape is used here to
represent a generic enzyme
because the diagram focuses on
enzyme action in general.

Sometimes a protein
is represented simply
as a dot, as shown
here for insulin.

Ribbon model: Shows only 
the polypeptide backbone, 
emphasizing how it folds 
and coils to form a 3-D 
shape, in this case stabilized 
by disulfide bridges (yellow lines).

Wireframe model (blue): 
Shows the polypeptide backbone 
with side chains extending from 
it. A ribbon model (purple) is 
superimposed on the wireframe 
model. The bacterial target 
molecule (yellow) is bound.

Pancreas cell
secreting
insulin

Target molecule

Enzyme

1. In which model is it easiest to follow 
the polypeptide backbone? 

2. Draw a simple version of lysozyme that shows its 
overall shape, based on the molecular models in 
the top section of the figure. 

3. Why is it unnecessary 
to show the actual 
shape of insulin here? 

. Figure 5.16 VISUALIZING PROTEINS

 Instructors: The tutorial “Molecular 
Model: Lysozyme,” in which students 
rotate 3-D models of lysozyme, can 
be assigned in Mastering Biology.

 Instructors: Additional 
questions related to this 
Visualizing Figure can be 
assigned in Mastering 
Biology.
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 15.9 How does linkage between two genes affect 
inheritance of characters? 351

 16.2 Can a genetic trait be transferred between 
different bacterial strains? 365

 16.4 Is protein or DNA the genetic material of phage 
T2? 366

 †16.12 Does DNA replication follow the conservative, 
semiconservative, or dispersive model? 372

 17.3 Do individual genes specify the enzymes that 
function in a biochemical pathway? 388

 18.22 Could Bicoid be a morphogen that determines the 
anterior end of a fruit fly? 437

 19.16 Can the nucleus from a differentiated animal cell 
direct development of an organism? 463

 19.21 Can a fully differentiated human cell be 
“deprogrammed” to become a stem cell? 466

 20.18 What is the function of a gene (FOXP2) that may 
be involved in language acquisition? 496

 21.13 Can a change in a population’s food source result 
in evolution by natural selection? 511

 22.6 What is the species identity of food being sold as 
whale meat? 525

 23.16 Do females select mates based on traits indicative 
of “good genes”? 556

 24.7 Can divergence of allopatric populations lead to 
reproductive isolation? 568

 24.12 Does sexual selection in cichlids result in 
reproductive isolation? 571

 24.19 How does hybridization lead to speciation in 
sunflowers? 577

 25.27 What causes the loss of spines in lake stickleback 
fish? 602

 26.2 What causes tobacco mosaic disease? 611
 28.26 What is the root of the eukaryotic tree? 666
 29.14 Can bryophytes help prevent landslides on tropical 

mountains? 681
 31.22 Do fungal endophytes benefit a woody plant? 721
 33.29 Did the arthropod body plan result from new Hox 

genes? 760
 36.18 Does phloem sap contain more sugar near sources 

than near sinks? 855
 37.10 How variable are the compositions of bacterial 

communities inside and outside of roots? 868
 39.5 What part of a grass coleoptile senses light, and 

how is the signal transmitted? 901
 39.6 What causes polar movement of auxin from shoot 

tip to base? 902
 39.16 How does the order of red and far-red illumination 

affect seed germination? 911
 40.16 How does a Burmese python generate heat while 

incubating eggs? 942
 40.22 What happens to the circadian clock during 

hibernation? 947
 42.4 Can diet influence the frequency of neural tube 

defects? 978
 43.25 What causes respiratory distress syndrome? 1020

 44.20 Can aquaporin mutations cause diabetes? 1047
 45.8 Why is sperm usage biased when female fruit flies 

mate twice? 1056
 †46.3 Does the distribution of Ca2+ in an egg correlate 

with formation of the fertilization envelope? 1077
 46.23 How does distribution of the gray crescent affect 

the developmental potential of the first two 
daughter cells? 1093

 46.24 Can the dorsal lip of the blastopore induce cells in 
another part of the amphibian embryo to change 
their developmental fate? 1094

 46.26 What role does the zone of polarizing activity 
(ZPA) play in limb pattern formation in 
vertebrates? 1095

 52.8 Does a digger wasp use landmarks to find her 
nest? 1231

 52.24 Are differences in migratory orientation within a 
species genetically determined? 1243

 53.13 How does caring for offspring affect parental 
survival in kestrels? 1259

 †54.3 Can a species’ niche be influenced by 
competition? 1274

 54.20 Is Pisaster ochraceus a keystone species? 1284
 55.6 Which nutrient limits phytoplankton production 

along the coast of Long Island? 1301
 55.12 How does temperature affect litter decomposition 

in an ecosystem? 1306
 56.12 What caused the drastic decline of the Illinois 

greater prairie chicken population? 1325

Research Method Figures
 5.21 X-Ray Crystallography 131
 7.4 Cell Fractionation 166
 11.8 Determining an Absorption Spectrum 265
 13.3 Preparing a Karyotype 306
 14.2 Crossing Pea Plants 320
 14.7 The Testcross 325
 15.11 Constructing a Linkage Map 355
 19.3 Sequencing by Synthesis: Next-Generation 

Sequencing 451
 19.7 The Polymerase Chain Reaction (PCR) 455
 19.11 RT-PCR Analysis of the Expression of Single 

Genes 459
 22.15 Applying Parsimony to a Problem in Molecular 

Systematics 531
 35.21 Using Dendrochronology to Study Climate 827
 37.7 Hydroponic Culture 864
 48.9 Intracellular Recording 1130
 53.2 Determining Population Size Using the Mark-

Recapture Method 1249
 54.14 Determining Microbial Diversity Using Molecular 

Tools 1281

†A related Experimental Inquiry Tutorial can be assigned in Mastering Biology.

24 FEATURED FIGURES
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 STUDENT AND LAB SUPPLEMENTS 25

Spanish Glossary for Biology
By Laura P. Zanello, University of California, Riverside 978-0-32183498-
0/0-321-83498-4

Into the Jungle: Great Adventures in the Search for Evolution
by Sean B. Carroll, University of Wisconsin, Madison

978-0-32155671-4/0-321-55671-2

Get Ready for Biology
by Lori K. Garrett, Parkland College

978-0-32150057-1/0-321-50057-1

For Students

Student and Lab Supplements

For Lab
Investigating Biology Laboratory Manual,  
Eighth Edition
by Judith Giles Morgan, Emory University, and M. Eloise Brown Carter, 
Oxford College of Emory University

978-1-292-06130-6/1-292-06130-8

With its distinctive investigative approach to learning, this best-selling 
laboratory manual is now more engaging than ever, with full-color 
art and photos throughout. The lab manual encourages students to 
participate in the process of science and develop creative and critical-
reasoning skills.

Preparation Guide for Investigating Biology
This guide contains materials lists, suggested vendors, instructions for 
preparing solutions and constructing materials, schedules for planning 
advance preparation, and more. It is available for downloading through 
the Instructor Resources area of Mastering Biology.

NEW! Mastering Biology LabBench
The LabBench pre-labs feature 13 online tutorials in Mastering Biology 
that will both prepare students for their lab work and reinforce key 
biological principles.

A Short Guide to Writing About Biology, Ninth Edition
by Jan A. Pechenik, Tufts University

978-1-292-12083-6/1-292-12083-5

An Introduction to Chemistry for Biology Students, 
Ninth Edition
by George I. Sackheim, University of Illinois, Chicago

978-0-805-39571-6/0-805-39571-7
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26 INSTRUCTOR RESOURCES

Instructor Resources

The Instructor Resources Area of Mastering Biology

• 5 NEW! Ready-to-Go Teaching Modules help instructors 
efficiently make use of the available teaching tools for the 
toughest topics. Before-class assignments, in-class activities, 
and after-class assignments are provided for ease of use. 
Instructors can incorporate active learning into their course with 
the suggested activity ideas and clicker questions or Learning 
Catalytics Questions. A total of 15 modules are now available.

• Lecture Presentations in PowerPoint® for each chapter with 
lecture notes, editable figures (art and photos with enlarged, 
customizable labels), tables, and links to animations and videos:

• Accessible Lecture Presentations in PowerPoint with alt text 
for every image; students can access alt text with a screen reader if 
needed

• Editable Images in PowerPoint (all art and photos from the 
text) and all tables from the text in PowerPoint with enlarged, 
customizable labels

• Labeled and Unlabeled JPEG Images, including art, photos 
from the text, and extra photos

• EXPANDED! 500 Instructor Animations and Videos, including 
BioFlix 3-D Animations, HHMI BioInteractive Animations and 
Videos, and much more

• Test Bank questions in TestGen® software and Microsoft® Word. 
This extensively revised resource contains over 4,500 questions, 
including scenario-based questions and art, graph, and data 
interpretation questions. NEW! Every image in the Test Bank has alt 
text, which students can access with a screen reader if needed.

• NEW! Statistics Worksheets for Biology

• Instructor Answers to Scientific Skills Exercises, Problem-Solving 
Exercises, Interpret the Data Questions, and Essay Questions; 
includes rubric and tips for grading short-answer essays

• Instructor Guides for Supplements: Investigating Biology Lab 
Prep Guide and Investigating Biology Lab Data Tables

Learning Catalytics™
Learning Catalytics allows students to use their smartphone, tablet, 
or laptop to respond to questions in class. For more information, visit 
learningcatalytics.com.

Learning Management Systems
Integration with various learning management systems is available 
for Mastering Biology. Contact your sales representative for  
details.

• Clicker Questions in PowerPoint, which can be used to stimulate 
effective classroom discussions (for use with or without clickers):

A01_URRY1637_12_GE_FM_PRF.indd   26 26/03/20   12:11 PM



 INTERVIEWS 27

Interviews

Unit 1  THE ROLE OF CHEMISTRY  
IN BIOLOGY 75

Kenneth Olden
National Center for 
Environmental Assessment

Unit 2 CELL BIOLOGY 162

Diana Bautista
University of California, 
Berkeley

Unit 6  PLANTS: STRUCTURE  
AND FUNCTION 811

Dennis Gonsalves
Agricultural Research 
Center, Hilo, Hawaii

Unit 7  ANIMALS: STRUCTURE   
AND FUNCTION 926

Steffanie Strathdee
University of California,  
San Diego

Unit 3 THE GENETIC BASIS OF LIFE 303

Francisco Mojica
University of Alicante, 
Spain

Unit 4 EVOLUTION 501

Cassandra Extavour
Harvard University

Unit 5  THE DIVERSITY OF LIFE 609

Penny Chisholm
Massachusetts Institute of 
Technology

Unit 8 THE ECOLOGY OF LIFE 1197

Chelsea Rochman
University of Toronto
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