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Campbell Biology, 12th Edition, delivers an authoritative, accurate, current,
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so they learn and understand biology. This edition presents new, engaging visual
and digital resources that meet demonstrated student needs.

TWELFTH EDITION

CAMPBELL

BIOLOGY

URRY « CAIN « WASSERMAN
MINORSKY « ORR




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.

to Protein

'I 7 Gene Expression: From Gene

KEY CONCEPTS

17.1 Genes specify proteins via
transcription and translation p. 336

17.2 Transcriptionis the DNA-directed
synthesis of RNA: A Closer Look p. 342

17.3 Eukaryotic cells modify RNA after
transcription p. 345

17.4 Translation is the RNA-directed
synthesis of a polypeptide: A Closer
Look p.347

17.5 Mutations of one or a few

nucleotides can affect protein
structure and function p. 357

Study Tip 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
Make a visual study guide: Sketch the pigment synthesis arose in the DNA of one donkey and was passed down through

process shown below, and add labels the generations. Inbreeding has resulted in a large number of homozygous albino
and details as you read the chapter. donkeys living on the island today.

(In this exercise, assume all processes
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 N EW! A V|sua|

is the process by which DNA directs the synthesis of proteins:

Genotype: DNA Genotype: DNA over‘"ew helps

students start with the
mm MWW b|g picture_

Gene for pigmentation Gene for pigmentation
1 with
—
mRNA —’B\ mRNA
© Go to Mastering Biology RANSLATION
For Students (in eText and Study Area) Protein: Enzyme Protein: Enzyme
required for pigment required for pigment

¢ Get Ready for Chapter 17

* BioFlix® Animation: Protein Synthesis

e Figure 17.27 Walkthrough: Types of
Small-Scale Mutations that Affect mRNA Phenotype:
Sequence Brown pigment

synthesis synthesis does not work

For Instructors to Assign (in Item Library)
« BioFlix® Tutorial: Protein Synthesis
(1 of 3): Overview
e Tutorial: CRISPR: A Revolution in
Genome Editing

Ready-to-Go Teaching Module
(in Instructor Resources)
* Gene Expression: Mutations (Concept 17.5)

335



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.

39

KEY CONCEPTS

39.1
39.2
39.3
39.4
39.5

Signal transduction pathways link
signal reception to response p. 843

Plants use chemicals to
communicate p. 845

Responses to light are critical for
plant success p. 855

Plants respond to a wide variety of
stimuli other than light p. 861

Plants respond to attacks by
pathogens and herbivores p. 866

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.

Factor

Example of plant response

Light

Seed germination in response
to red light

© Go to Mastering Biology

For Students (in eText and 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

Plant Responses to Internal
and External Signals

- y

e =
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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.

What are some factors that
plants sense and respond to?

Light

Heat

or cold
stress

Time (daylength
and seasons)

Hormones
Gravit;
T, e '
Internal 4
chemical
signals

Wounding
by herbivores
Touch by wind or Infection

objects / by pathogens

Drought or
flooding



Pearson eText for Campbell Biology:

EXPANDED! 500 HHMI Biolnteractive Video Jennifer Doudna: CRISPR Provides a
embedded Videos Tool for Changing Genes

& Animations help ‘

students visualize complex
biology topics. These
include: new HHMI
Biolnteractive Videos and
Animations, new Figure
Walkthroughs, BioFlix® 3-D
Animations, Galapagos
Videos by Peter and
Rosemary Grant, and more.

Speed
o] (ov) o) @— —o— [(cc) & s

Over the past 15 years, biologists have developed a powerful new technique
for gene editing, called the CRISPR-Cas9 system, that is transforming the field of

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

vi



A Whole New Reading Experience

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 Campbell Biology also includes Get Ready for This Chapter Questions, Practice Tests,
Figure Walkthroughs, and 500 videos and animations.

@ Pearson

Campbell Biology, 12/e

Contents  Notebook  Study Tools

1: Evolution, the
Themes of Biology,
and Scientific Inquiry

36 terms

4: Carbon and the
Molecular Diversity of
Life

9terms

7: Membrane
Structure and
Function

33 terms

2: The Chemical
Context of Life

45 terms

5: The Structure and
Function of Large
Biological Molecules

49 terms

8: An Introduction to
Metabolism

37 terms

The Pearson eText app is
available for download in the

app store for approved devices.

3: Water and Life

33terms

6: A Tour of the Cell

9: Cellular Respiration
and Fermentation

= 9 Introduction: Water And Life Q

In this chapter, you will learn how the structure of a water molecule allows it to interact with other

molecules, including other water molecules. This ability leads to water's unique emergent

properties that help make Earth suitable for lfe.

Get Ready for This Chapter

Before beginning this chapter, you should be able to do the following:
1. Explain what electronegativity is (see Concept 2.3, section entitled “Covalent Bonds”).
2. Describe polar covalent bonds (see Concept 2.3, section entitled “Covalent Bonds").
3. Describe how the structure of water results in hydrogen bonds (see Figure 2.110 and

Figure 2.140),

The following questions provide a quick check of your basic knowledge in these areas.

Get Ready for This Chapter Multiple-Choice Questions

3 questions

1. Electronegativity is

the number of electrons in the outermost electron shell.
rge surrounding the nucleus of an atom.

Feedback

Incorrect. Review the following material: Atoms in a molecule attract shared bonding electrons
to varying degrees, depending on the element. The more electronegative an atom is, the more
strongly it pulls shared electrons toward itself

the attraction of an atom for the electrons in a covalent bond.

the repulsion of electrons in one atom for electrons in another atom.

A
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Recall this informa
exam on Friday

Share @



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.

reaction center

Photosystem I

® Item Details i Contact the Publisher Standard View v

10. Photosynthosis

Campbell Figure Walkthrough: How Linear Electron Flow During the Light Reactions Generates ATP and NADPH

Waich this video and then answer the questions.

v PatC
How linear electron flow during the light
reactions generates ATP and NADPH How many electrons at a me are passed boetwoen the pigment molecules in the light harvesting compiexes?
Rt
A

°

0
1
2
3
4

=Y erovoursnmens Rsqest Avewse

X Incorrect; Try Again
Do any electrons get transferred between pigment molecules? Think about what does get transferred.




Giving Students the Tools They Need

to Succeed

Explore Scientific Papers with Science in the Classroom RAYAAAS

How are coral reefs responding to climate change? ' . .
Go to “Take the Heat"” at www.scienceintheclassroom.org. NEW! Science in the Classroom

S Instructors: Questions can be assigned in Mastering Biology. 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

fiz] e PR RO I S include assessments in Mastering

L To0LS — BioI<.)gy, aIIowi_ng instructors to assign
Paper _ the journal articles.

EDITOR'S INTRODUCTION

Science in the Classroom ...

Annotated research papers and accompanying teaching materials

Activities Mechanisms of reef coral resistance to future cimate
o
Educator guide hange
Annotated by Desiree Staniey

Download PoF ) e ——
orean tempsratures fise, corsls face icreasing siress
Envionments] changes mey outpsce coral evdiution. Can corsls

Hece, suth that corels can scust

LEARNING LENS physiological < ter Withstand warm waters.

Related content

Glossary Wateh how Steve Palumbi and his team study heat-resistant corals on Ofu Isisnd.

[ Previous work
< e PAPER DETAILS SUPPORTING MEDIA PARTNER

35. On these diagrams of plant and animal cells, label each organelle and give a brief
statement of its function.

NEW! Active
Reading Guides
support students in
actively reading their
biology text. Students
can download the
worksheets from

the Study Area in
Mastering Biology.

Concept 6.6 The cytoskeleton is a network of fibers that organizes structures and activities in the cell

36. What s the cytoskeleton?

37. What are the three roles of the cytoskeleton?

38. There are three main types of fibers that make up the cytoskeleton. Name them.

39. Microtubules are hollow rods made of a globular protein called tubulin. Each tubulin
protein is a dimer made of two subunits. These are easily assembled and disassembled.
What are four functions of microtubules?



Make Connections Across Multiple

Concepts

Make Connections Figures pull toge

r content from different chapters,

providing a visual representation of “big picture” relationships.

V Figure 44.17

MAKE CONNECTIONS
lon Movement and Gradients

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.

SALT WATER
Na* CI-
A

CHLORIDE
CELL

K+

Osmoregulation

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.)

Gas Exchange

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.)

Channel
closed

Information Processing

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.)

Filament of
flagellum

Locomotion

A gradient of Ht 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 9.4 and Figure 27.7.)

MAKE CONNECTIONS

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 7.4).

= Mastering Biology BioFlix® Animation: Membrane Transport

CHAPTER 44 Osmoregulation and Excretion 993




Make Connections
Questions in every chapter ask
students to relate content to material
presented earlier in the course.

CONCEPT CHECK 24.2

1. Summarize key differences 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.

Make Connections: Kidney Function and Passive and Active Transport Make connedlons

Tutorials connect content

The human kidney produces highly concentrated urine through the passive and active transport of NaCl, urea, and o
water. Click on the figure at left to review passive and active transport. Click on the figure at right to review how urine fro m two d |ﬁ:e rent Ch a pte rs

concentration occurs in the nephron. The concentration of urine in the kidney is an important adaptation to a

terrestrial existence.

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

Xi



Develop Scientific Skills

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,

» Human

» Rhesus
monkey

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 different 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).

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 differ between

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.

the monkey and the human sequences?

(b) Between the gibbon and human?
Species | Alignment of Amino Acid Sequences of B-globin 2. For each nonhuman species, what percent
of its amino acids are identical to the human
Human 1 VHLTPEEKSA VTALWGKVNV DEVGGEALGR LLVVYPWTQR FFESFGDLST sequence of B-globin?
Monkey 1 VHLTPEEKNA VTTLWGKVNV DEVGGEALGR LLLVYPWTQR FFESFGDLSS | 3. Based on these data alone, state a
Gibbon 1 VHLTPEEKSA VTALWGKVNV DEVGGEALGR LLVVYPWTQR FFESFGDLST hypothesis for which of these two species is
more closely related to humans. What is your
Human 51 PDAVMGNPKV KAHGKKVLGA FSDGLAHLDN LKGTFATLSE LHCDKLHVDP reasoning?
Monkey | 51 PDAVMGNPKV KAHGKKVLGA FSDGLNHLDN LKGTFAQLSE LHCDKLHVDP | 4. What other evidence could you use to
Gibbon 51 PDAVMGNPKV KAHGKKVLGA FSDGLAHLDN LKGTFAQLSE LHCDKLHVDP support your hypothesis?
Human | 101 ENFRLLGNVL VCVLAHHFGK EFTPPVQAAY QKVVAGVANA LAHKYH © Instructors: A version of this Scientific Skills
Monkey | 101 ENFRLLGNVL VCVLAHHFGK EFTPPVQAAY QKVVAGVANA LAHKYH Exerclse can be ass/gned In Mastering Blology.
Gibbon 101 ENFRLLGNVL VCVLAHHFGK EFTPPVQAAY QKVVAGVANA LAHKYH

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

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.

PROBLEM-SOLVING EXERCI

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

Can declining amphibian
l populations be saved by
a vaccine?

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

1| Amphibian populations are declining rapidly B e o).
worF\)dwide. The fungus Batrgchochytnuxs

|| dendrobatidis (Bd) has contributed to ; i
decline: This pathogen causes severess l|n i
infections in many amphibian species, :_abiangs
to massive die-offs. Efforts to save amdp i
from Bd have had limited success, ar; her
there is little evidence that frogs and O

amphibians have acquired resistance toBdon

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).

their own. «w D

gg 24,000 3 gg Numl_:er
=% 22,000 E & of prior | Thousands of
ggv 20,000 2 5o Bd lymphocytes
% g :Zggg % 20 exposures | per g of frog
8§ 16 < 30
5 £ 14,000 $ 2 0 134
T2 12,000 & 10 1 240
S o O

01 2 3 4 01 2 3 4 2 244

Number of prior Number of prior Bd 3 227

Bd exposures 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.

. 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

.
Yellow-legged frogs (R_ana mluscosa) in
California killed by Bd infection

w

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

your answers to questions 1 and 2, suggest a strategy for repopulating regions
decimated by Bd.



Innovation in Assessment

— developments in cognitive science to help students study
by adapting to their performance in real time. Students
build confidence and understanding, enabling them to

Lety el el e participate and perform better, both in and out of class.
Protein molecules are polymers (chains) of Available on smartphones, tablets, and computers.

/" Dynamic Study Modules use the latest

DNA I I Tour of an Animal Cell: Structures and Functions (BioFlix tutorial)
molecules . . o

» View Availablo Hint(s)

amino acid molecules

sucrose molecules

fatty acid molecules

purines and pyrimidines

I DON'T KNOW YET

O00es®

| RSl  Previous Answers RequestAnswer

i
| % 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 s 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.

“| 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 | was wrong and
how | could better understand it.”

UPDATED! Test Bank questions have been _Student' University of Texas at
analyzed and revised with student success in mind. Arlington
Revisions account for how students read, analyze, and

engage with the content.
Xin



Innovation in Instructor Resources

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.

Campbell Biology, Twelfth Edition

Ready-to-Go @ 7 AR AN
Teach%ng Modules % Lul .\g‘g

Oxidative The Light Mitosis Meiosis

LRI A /4,/ I Vi Phosphorylation Reactions
”

CONCEPT 9.4 CONCEPT 10.3 CONCEPT 12.2 CONCEPT 13.3
s
&y (e
4 ) CN-3

Gene Expression: ~ The trp and lac Mechanisms of
Replication Mutations Operons Evolution

CONCEPT 16.2 CONCEPT 17.5 CONCEPT 18.1 CONCEPT 23.3

Efg'm, during, Phylogenetic Transport in The Human Cardiac Cycle and
and after class. Trees Plants Digestive System  Heart Function

CONCEPT 26.3 CONCEPT 36.2 CONCEPT 41.3 CONCEPT 42.2
resouresfom =
biology instructors. BIOLOGY \ ™
Take full advantage of & N 9 i
i ; AN Resting and Trophic Interpreting Data

4 Action Potentials  Relationships on Introduced
your own device” Species

j;f:,:( assessment CONCEPT 48.3 CONCEPT 55.3 CONCEPT 56.1

Course Summary  Student List

NEW! Early Alerts
in Mastering Biology
help instructors know LA R
when students may
be struggling in the
course. This insight
enables instructors to
provide personalized
communication and
support at the moment Med Risk Trend © Low Risk Trend ©
students need it so toon toow toow

they can stay—and
succeed—in the course.

Current Risk Levels ©




