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Preface

he eye
T of the
iguana (Iguana
iguana) that

gazes attentively

from the cover of this
book has a suite of evo-

lutionary adaptations that

and long-distance vision,

Mﬁf* helping the iguana find

r_: '--.;-'-' r ‘

food and avoid predators.
The iguana’s remarkable eye is an apt metaphor for our goal
in writing this text: to focus with high intensity on the core
concepts that introductory biology students need to master
to build a solid foundation in biology.

The current explosion of biological information, while
exhilarating in its scope, poses a signiticant challenge—
how best to teach a subject that is constantly expanding.
In particular, instructors have become increasingly con-
cerned that their students are overwhelmed by an exces-
sive volume of detail and are losing sight of the big ideas
in biology. In response to this challenge, various groups
of biologists have initiated efforts to refine and, in some
cases, redesign the introductory biology course. In particu-
lar, the report Vision and Change in Undergraduate Biology
Education: A Call to Action* advocates focusing course mate-
rial and instruction on key ideas while transforming the
classroom through active learning and scientific inquiry.

Many instructors have embraced such approaches and have

changed how they teach. Cutting back on the amount of
detail they present, they focus on core biological concepts,
explore select examples, and engage in a rich variety of
active learning exercises.

We were inspired by these ongoing changes in biology
education to write Campbell Biology in Focus, a shorter text-
book that has been received with widespread excitement by
instructors. Guided by their feedback, we have honed the
Third Edition so that it does an even better job of helping
students explore the key questions, approaches, and ideas of
modern biology.

* Copyright 2011 American Association for the Advancement of Science. See
also Vision and Change in Undergraduate Biology Education: Chronicling Change,
Inspiring the Future (copyright 2015 American Association for the Advancement
of Science) and Vision and Change in Undergraduate Biology Education: Unpacking a
Movement and Sharing Lessons Learned (copyright 2018 American Association for
the Advancement of Science).

For more information, see www.visionandchange.org.
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give it excellent color vision

New to This Edition

Our goals tor the Third Edition include:

» increasing visual literacy through new figures, ques-
tions, and exercises that build students’ skills in under-
standing and creating visual representations of biological
structures and processes

» giving students the opportunity to practice scientific
skills by applying scientific skills to real-world problems

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

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

Our starting point, as always, was our commitment to crafting
text and visuals that are accurate, are current, and reflect our pas-
sion for teaching biology. Here we provide an overview of the new
features that we have developed for the Third Edition. We invite
you to explore pages xi-xxii for more information and examples.

« NEW! Visualizing Figures and Visual Skills Questions
help students practice interpreting and creating visual
representations in biology. The Visualizing Figures have
embedded questions that guide students in exploring how

vrigure205 Visualizing Phylogenetic Relationships

A phylogenetic tree visually represents a hypothesis of how a group of organisms € Instructors: Additional questions related
are related. This figure explores how the way a tree is drawn conveys information. to this Visualizing Figure can be assigned in
Mastering Biology.
— — — T — —
| Eafj‘l horizontal branch reF' réserls an wﬂ-h.ll'.lunar}r

lineage. The length of the branch is arbitrary
unless the diagramn specifies that branch lengths

Fichas = W represent information such as time or amount of
- genetic change (see Figure 2613).

Parts of a Tree

This tree shows how the five e
groups of organisms at the tips \a

of the branches, called taxa, are

related. Each branch point

represents the common ancestor

of the evolutionary lineages Frogs ﬁ
diverging from it. g b PR et e M T 5 _ Eath posibion along a branch represents an i
(" This Granch it - .%ﬂ ancestor in the lineage leading to the taxon
represents the common UIiin:Is"{l- - named at the tip )
ancestor of all the animal ﬂ_ = - e -
aroups shown m this tree, 3
— o —————————————
Chimps i . ':hl"TIFS. ar‘-d humnns are an example of sister taxa.
o f that sh t
oups of orgarnisms that share a3 common ancestor
1. Ac‘:ﬂrdfﬂgﬂt: this “:EE- which gﬁ”p 2 ﬁﬂar_ Ts not EEE‘.’EE:I oy any other group. The
T R e . members of 3 sister group are each other's closest
closely related to frogs? Humans “. ! A Lintes
2. Label the part of the diagram that i = . e T "L N

represents the most recent common
ancestor of frogs and humans.

Alternative Forms of Tree Diagrams

These diagrams are referred to as “trees” because they use the
visual analogy of branches to represent evolutionary lineages
diverging over time. In this text, trees are usually drawn
horizontally, as shown above, but the same tree can be drawn
vertically or diagonally without changing the relationships it
conveys.

Fishes Frogs Lizards Chimps Humans

Wertical tree | w

Fishes Frogs

Lizards Chimps Humans

3. How many sister taxa are shown in
these two trees? Identify them.

4. Redraw the horizontal tree in Figure 20.2 [ Diagonal tree |
as a vertical tree and a diagonal tree. \ - /

Rotating Around

e Fishas%q . Fmgsﬁ
Branch Points Rotation - If you rotate the | I Y

: ' br : of the tre

Rotating the branches of L branches of the B
) Frogs at left around the

a tree around a branch -~

: | three blue points, the
point does not change p result is the bree ab |
what they convey about !% -~ | right

Lizards o ' '

evolutionary relation- | - o - Chimps
ships. As a result, the I I~ —

order in which taxa ®
appear at the branch tips F Chimps
is not significant. What % - ~
matters is the branching
h Humans " u

pattern, which signifies
:. Mote: The order of the taxa |- "" ﬁ'

the order in which the
lineages have diverged
from common ancestors. | does NOT representa
| SEQLUENLE l'_'lF E'.I'I'.i'l'..l‘l.-!DI'I rliEéIIZjIr'I:a

| ta” the last taxon shown (in
| this tree humans)

5. Redraw the tree above, rotating
around the green branch point.
Identify the two dosest relatives of
humans as shown in each of the
humans as shown in each of the
three trees. Explain your answer.




diagrams, photographs, and models represent and retlect
biological systems and processes. Assignable questions are
also available in Mastering Biology that allow students to
practice the visual skills addressed in these figures.

NEW! Problem-Solving Exercises challenge students to
apply scientific skills and interpret data in solving engaging
real-world problems:

Problem-Solving Exercise

In this exercise, you will determine whether a 35-year-old man who came to the
emergency room with episodes of paralysis has thyroid problems.

Is thyroid reﬂ““atm“ normal in Your Approach Asthe emergency physician, you order a set of blood tests, incuding
this patient? four that measure thyroid function. To determine whether the thyroid activity of your
patient is normal, you will compare his blood test results with the normal range, as deter
mined from a large set of healthy people.

2 ,‘ Your Data
" P | Test # Test Patient Normal Range Comments
e “J i = ' - " -1 £ o
- ; | Serum total Ty 293 nmol/LY | 0.89-2.44 nmol/L
ﬁ 2 Free thyroxine (Ty) | 27.4 pmol/L | 2.0-21.0 pmolfL
3 | T5H | 5535muU/L | 0.35-4834mU/ |
4 | TSHreceptor | ozuml | 0-1.5U/mL
o WY o | autoantibody
al health requires proper regukation "?"f the * Tz and T4 lewels are measured as the number of molecules per unit volueme:-here, nanomolss
g land. Hypothyroidism, the secretion {nmol, 1072 moles) or picomioles {pmol, 107" % mioles) per liter (L) The lavels of TSH and the
th",-'T'::'ldl_?HE’r;h' oid hormone (T4 and T4), can autoantibody forits receptor are measured as activity, expressed in Units (L) or millilinits {mid)
o Lc;':; ;E?ghtgakn lethargy, and mtolerance to per unit volume.
ca 1

cold in adults. In Coriras=g,
id hormone, known as fy

o taad to high body temperature, bt
sweating, weight k0ss, muscle WEE‘};HEEE" dl
rkability, and high blood press e, W 2. Based on tests 1-3, i tient hypothyroid or hyperthyroid?

rulating hormone {TSH) stimulates 2 . Based on tests 1-3, is your patien :,,rpﬂ- _yrm or ypn.a ym_| i _
e 10 release thyroid hormone. Testing tor 3. Test 4 measures the level of autoantibodies (self-reactive antibodies) that bind
thwu!d 1E-l-|- T, and TSH in the blood can help to and activate the body's receptor for TSH. High levels of autoantibodies cause
o s sustained thyroid hormone production and the autoimmune disorder called

Graves' disease. Is it likely that your patient has this disease? Explain.
4. A thyroid tumor increases the mass of cells producing T; and T,, whereas a tumor

in the anterior pituitary increases the mass of TSH-secreting cells. Would you
expect either condition to result in the observed blood test values? Explain.

perthyroidism, Your Analysis

1. For each test, determine whether the patient's test value is high, low, or normal rela-
tive to the normal range. Then write High, Low, or Normal in the comments column of
the table.

diagnose various medical conditions.

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

Problem-Solving Exercises can also be assigned and automati-
cally graded in Mastering Biology.

NEW! Integrated text and media: Media references
in the printed book direct students to a wealth of online
selt-study resources available to them in the Mastering
Biology eText or Study Area. For example:

&) Mastering Biology
BioFlix® Animation: Protein Synthesis

« NEW! Get Ready for This Chapter online questions
provide a quick check of student understanding of the
background information needed to learn a new chapter’s
content, with feedback to bolster their preparation.

« NEW! Figure Walkthroughs guide students through key
figures with narrated explanations and figure markups that
reinforce important points:

: NADH
50 | oxidized
- 2@ ?aim :
=
E
S 40
=
.,; N |
. O '/

Check students’ understanding of Figure Walkthroughs
with assignable questions in Mastering Biology.

EXPANDED! Bring biology to lite with 400 animations
and videos in the Mastering Biology eText, Study Area,
Instructor Resources, and Item Library. These include
BioFlix"” 3-D Animations and resources from HHMI
Biolnteractive:

NEW! Mastering Biology includes automatically
graded assignments with links to annotated research

papers from Science on the AAAS Science in the
Classroom website:

Science in the Classroom ...

Flama AN Papsee Tagies CoBschigrs  Alsvet s Vofeebssr Doniact L

_ Can we handle the power of
i CRISPR?

AekiwtbEme

FEETCE S MTROTLMITION
Edueabsr muels
Thaa msbype® rofuo = sastion 0, matat 2 el ng
L] -
BDowninnd FOT J-l Epdacr o b haras, ohus sl orm
Annocubed B Jenrlen SNy S
el wtmd commmt

"o o TR e pivn o R oEeT Far @ser e el o
BoEpe AOTE B BETL OF 0 O Do ] B YRR T T
b a8 e o ek feha® e b D N Sl et A e A d B

g Ty &k % i
psrands Miar o i eEs gy Baai 14 [
= ey Bl il Earep ol raialle Pe e gere or Ue § S warpees L ¥
TSR A (P AR T'fllrl"-r_.nh-fr'lr T T Bl R A

FIVE NEW! Ready-to-Go Teaching Modules provide
instructors with active learning exercises and assessment
questions to use in class, plus Mastering Biology as-
signments that can be assigned before and after class.
The Third Edition includes tive new modules for a total
of 15 modules.

EXPANDED! The impact of climate change at all levels
of the biological hierarchy has been expanded through-
out the text, starting with a new chapter opener and
Figure 2.21 in Chapter 2 and continuing with new figures
and increased coverage of climate change in Chapters 22,
40, and 42.

As in each new edition of Campbell Biology in Focus, the
Third Edition incorporates new content, which is sum-
marized on pages vii-x. Content updates retlect rapid, cur-
rent changes in technology and knowledge in the fields of

genomics, gene-editing technology (CRISPR), evolutionary
biology, microbiology, and more.
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Our Guiding Principles

Our key objective in creating Campbell Biology in Focus was to
produce a shorter text by streamlining selected material, while
emphasizing conceptual understanding and maintaining clar-
ity, proper pacing, and rigor.

Here are the five guiding principles of our approach:

1. Focus on Core Concepts

We developed this text to help students master the fundamen-
tal content and scientific skills they need as college biology
majors. In deciding what to include in this text, we were guided
by discussions with biology protfessors across the country,
analysis of over 1,000 syllabi, study of the debates in the litera-
ture of scientitic pedagogy, and our experience as instructors

at a range of institutions. The result is a briefer book for
biology majors that informs, engages, and inspires. Page vii
provides more information on the book’s organization.

2. Establish Evolution as the Foundation
of Biology

Evolution is the central theme of biology and the core theme
of this text, as exemplified by the various ways that evolution
is integrated into the text:

» LEvery chapter includes an Evolution section and a
question called Focus on a Theme: Evolution.

» Evolution is the unitying idea of Chapter 1.

« Evolution provides the storyline for Unit 4, The Evolu-
tionary History of Life.

3. Engage Students in Scientific Thinking

Helping students learn to “think like a scientist” is a nearly
universal goal of introductory biology courses. Scientitic think-
ing and data interpretation skills top lists of learning outcomes
and foundational skills desired for students entering higher-
level courses. Students need to understand how to formulate
and test hypotheses, design experiments, and interpret data.
Campbell Biology in Focus meets this need in several ways:

« NEW! Problem-Solving Exercises

« NEWI! Links to annotated research papers in the
AAAS Science in the Classroom website

« Scientific Skills Exercises

» Interpret the Data Questions

» Scientific Inquiry Questions

* Inquiry Figures

» Research Method Figures

4. Use Outstanding Pedagogy
to Help Students Learn

Campbell Biology in Focus, Third Edition, builds on our hall-
marks of clear and engaging text and superior pedagogy:

« NEW! Get Ready for This Chapter online questions
help prepare students for the chapter ahead.

Vi PREFACE

» FEach chapter is organized around a framework of carefully
selected Key Concepts so students don’t lose sight of the
“forest” for the “trees.”

* Questions throughout the text catalyze learning by
encouraging students to actively engage with the material.

» Test Your Understanding Questions at the end of each
chapter help students assess their understanding of the
chapter. They are organized by Bloom’s Taxonomy:
Levels 1-2: Remembering/Understanding
Levels 3-4: Applying/Analyzing
Levels 5-6: Evaluating/Creating

5. Create Art and Animations That Teach

Biology is a visual science, and students learn from the art as
much as the text. Theretore, we have developed our art and
animations to teach with clarity and focus. Our visual teaching
tools include:

« NEW! Visualizing Figures « BioFlix®3-D
« NEW! Visual Skills Questions
« NEW!I! Figure Walkthroughs « Exploring Figures

Animations

 Make Connections Figures e (Guided Tour Figures

Mastering Biology

Mastering Biology is the most widely used online assess-
ment and tutorial program for biology, providing an extensive
library of homework assignments that are graded automati-
cally. Selt-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.
NEW! Early Alerts give instructors a quick way to moni-
tor students’ progress and provide teedback (see page xxi).
Mastering Biology also includes the Instructor Resources,
Ready-to-Go Teaching Modules, eText, Study Area,
and Dynamic Study Modules. For more information about
Mastering Biology, see pages xviii-xxiii.

* % %

Our overall goal in developing and revising this text was to
assist instructors and students in their exploration of biology.
Although this Third Edition is now completed, we recognize
that Campbell Biology in Focus, like its subject, will evolve. As its
authors, we are eager to hear your thoughts, questions, com-
ments, and suggestions for improvement. We encourage you
to contact us directly by e-mail:

» Lisa Urry (Units 1 and 2): lurry@mills.edu

« Michael Cain (Ch. 1, Units 3, 4, and 7): mlcain@nmsu.edu

» Peter Minorsky (Unit 5): pminorsky@mercy.edu

 Steven Wasserman (Unit 6): stevenw@ucsd.edu

» Rebecca Orr (Ready-to-Go Teaching Modules, eText Media
Integration): rorr@collin.edu



Organization and New Content

Organization

Campbell Biology in Focus, Third Edition, is organized into an in-
troductory chapter and seven units that cover core concepts of
biology at a thoughttul pace. When we adapted Campbell Biology
to write the first edition of this text, we made informed choices
about how to design each chapter of Campbell Biology in Focus

to meet the needs of instructors and students. We analyzed over
1,000 syllabi, read hundreds of reviews, and talked to biology in-
structors across the country. In some chapters, we retained most
of the content; in other chapters, we pruned some material; and
in still others, we completely reconfigured the coverage. In creat-
ing the Third Edition, we solicited feedback from reviewers and
used their thoughtftul critiques to further fine-tune the content
and pedagogy.

CHAPTER 1 Introduction:; Evolution and the

Foundations of Biology

Chapter 1 introduces the five biological themes woven throughout
the text: the core theme of Evolution, together with Organization,
Information, Energy and Matter, and Interactions. Chapter 1
also explores the process of scientific inquiry through a case study
describing experiments on the evolution of coat color in the beach
mouse. The chapter concludes with a discussion of the importance of
diversity within the scientific community.

UNITT Chemistry and Cells

A succinct, two-chapter treatment of basic chemistry (Chapters 2
and 3) provides the foundation for this unit focused on cell struc-
ture and function. The related topics of cell membranes and cell
signaling are consolidated into one chapter (Chapter 5). Due to the
importance of the fundamental concepts in Units 1 and 2, much of
the material in the rest of these two units has been retained from
Campbell Biology.

UNIT 2 Genetics

Topics in this unit include meiosis, classical genetics, the chromosomal
and molecular basis for genetics and gene expression (Chapters 10-14),
regulation of gene expression (Chapter 15), and the role of gene regula-
tion in development, stem cells, and cancer (Chapter 16). Methods in
biotechnology are integrated into appropriate chapters. The stand-
alone chapter on viruses (Chapter 17) can be taught at any point in the
course. The final chapter in the unit, on genome evolution (Chapter 18),
provides both a capstone for the study of genetics and a bridge to the
evolution unit.

UNIT 3 Evolution

This unit provides in-depth coverage of essential evolutionary topics,
such as mechanisms of natural selection, population genetics, specia-
tion, and long-term patterns of evolutionary change. Early in the unit,
Chapter 20 introduces “tree thinking” to support students in interpret-
ing phylogenetic trees and thinking about the big picture of evolution.

UNIT4 The Evolutionary History of Life

This unit employs a novel approach to studying the evolutionary his-
tory of biodiversity. Each chapter focuses on one or more major steps
in the history of life, such as the origin of cells or the colonization ot
land. The coverage of natural history and biological diversity also em-
phasizes the evolutionary process—how factors such as the origin of
key adaptations have influenced the rise and fall of different groups ot
organisms over time.

UNIT5 Plant Form and Function

The form and function of vascular plants are often treated as separate top-
ics, making it difficult for students to make connections between the two.
In Unit §, plant anatomy (Chapter 28) and the acquisition and transport
of resources (Chapter 29) are bridged by a discussion of how plant archi-
tecture influences resource acquisition. Chapter 30 provides an intro-
duction to plant reproduction and examines controversies surrounding
the genetic engineering of crop plants. The final chapter (Chapter 31)
explores how plants sense and respond to environmental challenges and
opportunities by effecting changes in their growth and reproduction.

UNIT6 Animal Form and Function

This unit’s focused exploration of animal physiology and anatomy uses a
comparative approach to bring out fundamental principles and conserved
mechanisms. An integrative introductory chapter (Chapter 32) introduces
students to the closely related topics of endocrine signaling and homeo-
stasis. Other interconnections are explored in chapters that meld presen-
tations of circulation and gas exchange, reproduction and development,
neurons and nervous systems, and motor mechanisms and behavior.

UNIT 7 Ecology

This unit applies the key themes of the text, including evolution,
interactions, and energy and matter, to help students learn ecological
principles. Chapter 40 integrates material on population growth and
Earth’s environment, highlighting the importance of both biologi-
cal and physical processes in determining where species are found.
Chapter 43 ends the book with a focus on conservation biology and
global change.

Highlights of New Content

Here, we highlight the major content updates and revisions made to
the Third Edition of Campbell Biology in Focus.

CHAPTER 1 Introduction: Evolution and the

Foundations of Biology

Chapter 1 includes several new and significantly revised figures:

Figure 1.13, depicting researchers studying hominin fossils in South
Africa, providing a new example of how life on Earth has changed over
time; Figure 1.15, providing a new example of unity and diversity in
birds; and Figure 1.18, a new image depicting Jane Goodall observing a
chimpanzee mother and baby in the field.

ORGANIZATION AND NEW CONTENT Vil



UNITT Chemistry and Cells

In Unit 1, new content engages students in learning foundational
chemistry and making the cell-related material more accessible and
inviting. The opening of Chapter 2 and a new figure show organisms
affected by loss of Arctic sea ice (Figure 2.21). Chapter 3 has a
new chapter opener featuring Qinling golden snub-nosed monkeys, as
well as updates on lactose intolerance, trans fats, dietary fiber (with a
nutritional label), protein sequences and structures, and intrinsically
disordered proteins. New Visualizing Figure 3.20 helps students un-
derstand various ways proteins are depicted. A new Problem-Solving
Exercise in Concept 3.7 engages students by having them compare
DNA sequences in a case of possible fish fraud.

V¥ Figure 2.21 Effects of climate change on the Arctic.
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Figure 4.1 is a new chapter-opening photo—a striking colorized mi-
crograph of the rods and cones in the eye. New Visualizing Figure 4.30
shows the protusion of molecules and structures in a cell, all drawn to
scale. Chapter 5 begins with a new chapter opener, a computer-based,
artistic image depicting a cross section through two brain cells, show-
ing neurotransmitter release during exocytosis. Chapter 6 includes a
new photo of a firetly to show terrestrial bioluminescence. To illustrate
order as a characteristic of life, Figure 6.4 includes photos of a Venus
flower basket glass sponge and La Sagrada Familia church in Barce-
lona, Spain. The structure of the glass sponge inspired the architect
Antoni Gaudi in his design of the church’s towers. Chapter 7 begins
with striking photos of puftins, both capturing food and in flight, and
includes an addition on the role of fermentation and anaerobic res-
piration in the production of chocolate from cacao beans. Chapter 8
includes a new concept head (Concept 8.4, Life depends on photosyn-
thesis) to facilitate instructor use of this final summary and the two
important review figures at the end of the chapter. In Chapter 9, more
cell cycle control checkpoints have been added.

Median extent of

Chapters 10-14 incorporate changes that help students grasp the more
abstract concepts of genetics and their chromosomal and molecular
underpinnings. For example, a new Visual Skills Question with Figure
10.6 asks students to identity where haploid cells undergo mitosis

in the three life cycles shown in the figure and what type of cells are
formed. Chapter 11 includes information on a 2014 genomic study

on the number of genes and genetic variants contributing to height.
In Chapter 12, the section on sex determination is more inclusive,
explaining that sex is no longer thought to be simply binary and clari-
fying the emerging distinction between the terms sex and gender. Also,

viii ORGANIZATION AND NEW CONTENT

new research on sex determination has been added. New Visualizing
Figure 13.8 shows various ways that DNA is illustrated. In Concept 13.4,
updates to the CRISPR-Cas9 coverage include progress on attempting
to cure sickle-cell disease, use of gene drives to address insect-borne
diseases, a photo of Jennifer Doudna with a CRISPR-Cas9 model
(Figure 13.33), text about her role in discovering CRISPR technology,
and text about ethical considerations. Chapter 14 has a new opening
photo and story about albino donkeys to pique student interest in gene
expression, and the one-letter codes for amino acids have been added
to increase student familiarity with these widely used symbols. A new
Problem-Solving Exercise asks students to identify mutations in the
insulin gene and predict their effect on the protein.

> Figure 13.33
Jennifer Doudna

holding a model
of CRISPR-Cas9.

Chapters 15-18 are extensively updated, driven by exciting new
discoveries based on DNA sequencing and gene-editing technology.
Chapter 15 has updates on histone modifications, the percent of
protein-coding genes expressed by a typical human cell, alternative
splicing, functional RNAs, miRNAs, and siRNAs. A mention of CRISPR
in bacteria has been added to the section on evolution. Concept 15.4
includes brief descriptions of both quantitative RT-PCR and RNA se-
quencing because these techniques are becoming more widely used.
Chapter 16 includes updates on the role of master regulatory genes
in modifying chromatin structure and the possible role of p53 in the
low incidence of cancer in elephants. Make Connections Figure 16.21
(“Genomics, Cell Signaling, and Cancer”) has been revised to reflect
recent research on breast cancer subtypes. Chapter 17 updates in-
clude the Ebola, Chikungunya, and Zika viruses (Figure 17.10), new
research on the structure of the influenza virus, and discovery of the
largest virus known to date. A discussion has been added on mosquito
transmission of viral diseases and the possibility of global climate
change affecting mosquito ranges and therefore disease transmission.
Chapter 18 begins with new photos of an elephant shark (Callorhinchus
milii), which has the slowest-evolving vertebrate genome identified to
date, and a tiger tail sea horse (Hippocampus comes), which has the fastest-
evolving known fish genome. Also, in addition to the usual updates
of sequence-related data (speed of sequencing, number of species’
genomes sequenced, etc.), there are several research updates, including
results from a 2015 study showing the similarity of certain yeast and
human genes, underscoring the common origin of yeasts and humans.

UNIT 3 Evolution

A major goal for this revision was to strengthen how we help students
understand and interpret visual representations of evolutionary data
and concepts. Toward this end, new Figure 20.5 (“Visualizing Phyloge-
netic Relationships”) introduces how phylogenetic trees represent evo-
lutionary relationships and what such trees do and do not convey, and
new Figure 23.5 (“Visualizing the Scale of Geologic Time”) explores
some visual conventions used to represent the enormity of geologic
time. The unit also features new material that connects evolutionary
concepts and societal problems. Examples include text in Chapter 19
on the 2015 discovery of teixobactin, an antibiotic that is effective



against some hard-to-treat pathogens, a new discussion in Chapter 22 calculating and interpreting means and standard errors using data on

on the impact of climate change on hybrid zones, and a new Problem- the effectiveness of a promising new antibiotic, teixobactin, and new
Solving Exercise in Chapter 22 on how hybridization may have led to text and a new figure (Figure 26.24) on the earliest known seed plants.
the spread of insecticide resistance genes in mosquitoes that transmit A new Problem-Solving Exercise in Chapter 27 engages students in
malaria. Additional changes include new text in Concept 19.3 em- interpreting data from a study investigating whether frogs can acquire
phasizing how populations can evolve over short periods of time, new resistance to a fungal pathogen through controlled exposure to it. Other
content in Concept 20.1 emphasizing how sister groups provide a clear updates include the revision of many phylogenies to reflect recent phy-
way to describe evolutionary relationships and how trees do not show logenomic data, new material in Concept 24.1 describing how research-
a “direction” in evolution, a new example in Concept 20.5 of horizon- ers recently succeeded for the first time in constructing a “protocell” in
tal gene transfer from prokaryote species to a eukaryote lineage, a new which replication of a template strand of RNA could occur (a key step
table (Table 21.1) highlighting the five conditions required for a popu- in our understanding of the origin of life), and new text and a new figure in
lation to be in Hardy-Weinberg equilibrium, and new text and a new Concept 27.6 describing the 2017 discovery of 315,000-year-old hominin
figure on gene flow (Figure 21.12). fossils of Homo naledi (Figure 27.37), a close relative of Homo sapiens.

V¥ Figure 27.37 Fossils of hand bones and foot bones (top and
side views) of Homo naled..

V¥ Figure 21.12 Gene flow and local adaptation
in the Lake Erie water snake (Nerodia sipedon).
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summarizes growth in a woody shoot. In Chapter 29, new Figure 29.7

TE 100 illustrates the fine branching of leaf veins to emphasize the relation-
2 804 ship between transport and structure. In Chapter 30, a new chapter
i opener highlights the biomimetic inspiration for the invention of
% L2 Velcro as an example of how basic research can impact people’s lives in
o 40 - unexpected ways. A new figure clarifies how the terms carpel and
% - pistil are related (Figure 30.3). The text on flower structure and
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UNIT4 The Evolutionary HiStOfy of Life Single unfused carpel Multiple unfused simple ovary
(simple pistil) carpels (simple pistils)
In keeping with our goal of improving how students interpret and cre-
ate visual representations in biology, we have added a new figure (Figure (MU[T!FE_'E stigfmas (Lﬂbﬁ‘ld ét[?ma Ovule
- > : » ; . one stigma from one lobe from
27.8, “Visualizing Animal Body Symmetry and Axes”) that introduces each carpel) each carpel)
some visual conventions and terminology used in describing animal — .
bodies. Students are also provided many opportunities to practice their A/ w—] 6
visual skills, with more than ten new Visual Skills Questions on topics p
ranging from interpreting phylogenetic trees to inferring which regions " F p-...__,-g_\ -
of a bacterial flagellum are hydrophobic. Other major content changes ) 4 )" 4 compound ovary,
include new text in Concepts 24.4 and 25.1 on the 2015 discovery of SEDWEQ ?ﬂe
: . chamber from

the Lokiarchaeota, a group of archaea that may represent the sister Two variations of fused carpels st parpel
group of the eukaryotes, a new Scientific Skills Exercise in Chapter 24 on (compound pistil)
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the angiosperm life cycle figure identify carpels as megasporophylls
and stamens as microsporophylls, correlating with the plant evolu-
tion discussion in Unit 5. New Figure 30.17 compares insect damage in
non-Bt maize and Bt maize. In Chapter 31, the coverage of control of
apical dominance is enhanced by new Figure 31.5 on effects of remov-
ing the apical bud and new text on the role of sugars. In Concept 31.3,
a new Problem-Solving Exercise highlights how global climate change
atfects crop productivity. Figure 31.24 on defense responses against
pathogens has been simplified and improved.

UNIT6 Animal Form and Function

A major goal of the Unit 6 revision was to transform how students in-
teract with and learn from representations of anatomy and physiology.
For example, the art for homeostatic control systems in Chapter 32
(Figures 32.11, 32.15, and 32.24) and throughout the book has been re-
vised to provide a clear and consistent presentation of the role of
perturbation in triggering a response. In Chapter 34, Figure 34.10 on
blood velocity and pressure has been revised to help students appreciate
both time-dependent variation in systolic and diastolic pressure and
location-dependent variation in mean pressure. In Chapter 36, Figure
36.12 on female reproductive cycles has been redesigned to make key
events stand out and to highlight coordination of the ovarian and
uterine cycles, and new Visualizing Figure 36.18 provides students with
a clear and carefully paced introduction to the three-dimensional rear-
rangements that occur during gastrulation. In Chapter 37, new Visual
Skills and Draw It Questions lead students to visualize ion movement
through voltage-gated ion channels (Figure 37.10), engage with rep-
resentations of action potential formation and propagation (Figure
37.12), and explore the commonalities and distinctions between spatial
and temporal summation at synapses (Figure 37.18). In Chapter 38, the
art illustrating the cellular responses of photoreceptors (Figure 38.27)
has been transformed into two parallel drawings that highlight more
effectively how enzyme-induced changes in second messenger concen-
tration trigger changes in ion flow, membrane potential, and ultimately
neurotransmitter production.

The Unit 6 revision also introduces new material and updates that are
designed to promote student engagement and appreciation of biology as
an active, vibrant science. For example, a new Problem-Solving Exercise in
Chapter 32 taps into student interest in medical mysteries through a case
study that explores the science behind laboratory testing and diagnosis.

New text and figures introduce students to recent discoveries
regarding topics such as the microbiome (Figure 33.14) and to
cutting-edge technology, including a method for the rapid, compre-
hensive characterization of viral exposure (Figure 35.19). The revision
also addresses students misconceptions with, for instance, new art
(Figure 35.18) that highlights the success of immunization in fighting
a number of communicable diseases. A new opening figure and text
for Chapter 36 highlight the diversity of reproductive systems and
strategies across the animal kingdom, helping students overcome the

¥ Figure 33.14 Variation in human gut microbiome at
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misconception that reproduction inherently involves a male and a
female. In Chapter 37, the discussion of the complementary roles of
inactivation and voltage gating of ion channels during action potential
formation has been revised for clarity (Concept 37.3). Finally, additional
content updates help students appreciate the continued evolution of our
understanding of biological phenomena, such as how animals detect
magnetic fields (Concept 38.4) and how jellies move (Concept 39.2).

UNIT7 Ecology

Complementary goals of the Unit 7 revision were to strengthen our
coverage of core concepts while also increasing our coverage of how
human actions affect ecological communities. Revisions include new text
in Concept 43.1 on the mechanisms by which acid precipitation harms
aquatic and terrestrial organisms, new text and a new figure (Figure 41.24)
in Concept 41.4 on the island equilibrium model (and how it relates to
human-caused habitat fragmentation), and new material in Concepts
42.2 and 43.4 on eutrophication and how it can cause the formation of
large “dead zones” in aquatic ecosystems. A new figure (Figure 43.21)
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 addi-
tion, Chapter 41 has a new chapter-opening story on a seemingly unlikely
mutualism between a tiny wrasse and a much larger predatory fish, and
Concept 42.4 includes new Figure 42.14, “Visualizing Biogeochemical
Cycles,” which explores how biological and geological processes are repre-
sented visually in nutrient cycle diagrams. In keeping with our book-wide
goal of expanding our coverage of climate change, we have added new
text and a new figure (Figure 40.14) on how climate change has atfected
the distribution of a species of sea urchin that decimates kelp communi-
ties, new text in Concept 42.2 on how climate change affects primary
production in ecosystems, a new figure on how climate change relates
to an increase in wildfires and insect outbreaks (Figure 42.9), and a new
Problem-Solving Exercise in Chapter 42 that explores how insect out-
breaks induced by climate change can cause an ecosystem to switch from
a carbon sink (that stores CO,) to a carbon source (that releases CO,).

¥ Figure 42.9
Climate change,
wildfires, and insect

outbreaks.
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Focus on Core Concepts and Skills

Campbell Biology in Focus, Third Edition, is designed to help students m
master the fundamental content and scientific skills they need as college
biology majors. Here is an overview of the features of the Third Edition:

Y Visualizing Figures and Visual Skills Questions ¥ Student Success with Mastering™ Biology
Build the skills needed to interpret diagrams and Succeed in biology by using the eText, Study
models in biology (pp. xii-xiii). Area, and Dynamic Study Modules (pp. xviii—xix).

¥ Scientific Skills and Problem-Solving Exercises ¥ Personalized Coaching in Mastering Biology
Use real data to build key skills needed for biology Master concepts with assignable tutorials that
(pp. Xiv—xv). provide hints and feedback (pp. xx—=xxi).

Calcification rate
[mmol CaCO3/m? « day)]

| |
240 260

{CDEE_] (wmol/kg of seawater)

¥ Make Connections Figures and Questions ¥ Active Learning
See the big picture of biology by integrating Enliven class time and increase student learning
content from different chapters (pp. xvi—xvii). with the Ready-to-Go Teaching Modules (p. xxii).
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Focus on Visual Skills

NEW! Visualizing Figures teach students how to interpret diagrams and models in biology.

vrigure3.20 Visualizing Proteins

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

Structural Models m e
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. = : E v
" 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.

Ribbon model: Shows only
the polypeptide backbone,
emphasizing how it folds

anhd coils to form a 3-D
shape, in this case stabilized
by disulfide bridges (yellow lines).

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

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

&) Instructors: The tutorial “Molecular
Model: Lysozyme,” in which students red = oxygen, blue = nitrogen,
rotate 3-D models of lysozyme, can and yellow = sulfur,
be assigned in Mastering Biology. — - — — - — -

Simplified Diagrams Pancreas cell _

a t- g e .
It isn‘t always necessary to el
use a detailed computer b .
model; simplified il
. o%sl.

diagrams are useful when ==y pi==————e=——g ErA e _ . I\ -
the focus of the figure is When structural
on the function of the details are not

protein, not the structure. needed, a solid
| shape can be used. |

A simple shape 1s used here to

represent a generic enzyme

because the diagram focuses on
| enzyme action in general.

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

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

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

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

Y NEW! Assignable activities in Mastering Biology support
each Visualizing Figure.
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» NEW! Visual Skills Questions give students
practice interpreting illustrations and
photos in the text.

Xii FOCUS ON VISUAL SKILLS

Embedded questions give
students practice applying
visual skills as they read

< the figure.

Superior Capillaries of
vena cava head and

forelimbs
Pulmonary Pulmonary
artery artery
Capillaries Capillaries
of right lung of left lung

Pulmonary
vein

Pulmonary
veln

Right atrium Left atrium

Right ventricle Left ventricle

Inferior Aorta

vena Cava

Capillaries of

abdominal organs
and hind limbs

If you trace the path of a molecule of carbon
dioxide that starts in an arteriole in the right thumb and leaves the
body in exhaled air, what is the minimum number of capillary beds
the molecule encountered? Explain.



NEW! Figure Walkthroughs guide students through key figures

with narrated explanations and figure markups that reinforce
Important points.

secondary

consSKUMmers :{uﬂt “4 nmm
CONSHMEYS

priveary
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tem Type: Tutonial | Difficulty: 1 Time: Sm | Leaming Quicomes v = Contact the Publisher

Campbell Figure Walkthrough: An Antarctic Marine Food Web

Watch this video and then answer the guastions

» NEW! The Figure
Walkthroughs can
also be assigned in
Mastering Biology
with questions.

CAMPRELL FIGURE WALKTHROUGH

An Antarctic marine food web

sperm whales

birds

Sutsmit

v PantE

Hequest Answer

Which trophic levels do fishes occupy in this food web?
Select all that apply.

prnmary producers

primary consumers

$&COoNGATy consymaers

terbary consumers

Guaternary consumers

Submn

Requesl Answer
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Focus on Scientific Skills and Problem Solving

Scientific Skills Exercises use real data to build key skills needed for biology, including data
analysis, graphing, experimental design, and math skills.

Scientific Skills Exercise

Interpreting a Scatter Plot with a Regression Line

How Does the Carbonate lon Concentration of Seawater Affect
the Calcification Rate of a Coral Reef? Scientists preqict that acidi-
fication of the ocean due to higher levels of atmospheric CO, will
lower the concentration of dissolved carbonate ions, which living
corals use to build calcium carbonate reef structures. In this exercise,

20 ~

Calcification rate
[mmol CaCOs/(m? « day)]

you will analyze data from a controlled experiment that examined 10 -

the effect of carbonate ion concentration ([ CO5%~ ]) on calcium

carbonate deposition, a process called calcification.

How the Experiment Was Done For several years, scientists conducted 0 . . .
research on ocean acidification using a large coral reef aquarium at 220 240 260 280

Biosphere 2 in Arizona. They measured the rate of calcitication by the
reef organisms and examined how the calcification rate changed with
differing amounts of dissolved carbonate ions in the seawater.

[CO,% ] (wmolkg of seawater)

Data from C. Langdon et al., Effect of calcium carbonate saturation state on

Data from the Experiment The black data points in the graph form the calcification rate of an experimental coral reef, Global Biogeochemical

a scatter plot. The red line, known as a linear regression line, is the Cycles 14:639-654 (2000).

best-fitting straight line for these points. These data are from one 2. Based on the data shown in the graph, describe in words the rela-
set of experiments, in which the pH, temperature, and calcium ion tionship between carbonate ion concentration and calcification rate.
concentration of the seawater were held constant. 3. If the seawater CO;?~ concentration is 270 umol/kg, estimate the

INTERPRET THE DATA rate of calcification and how many days it would take 1 square

meter of reef to accumulate 30 mmol of CaCO,.
1. When presented with a graph, first determine what each axis repre- 4

sents. (@) In words, what is shown on the x-axis? (Include the units.)
(b) What is on the y-axis? (c) Which variable is the independent
variable—the one that was manipulated by the researchers? (d)
Which is the dependent variable—the one that responded to the

treatment, which was measured by the researchers? (For additional in- &) Instructors: A version of this Scientific Skills Exercise can be
formation about graphs, see the Scientific Skills Review in AppendixF.) assigned in Mastering Biology.

. (@) Which step of the process in Figure 2.25 is measured in this
experiment? (b) Are the results of this experiment consistent
with the hypothesis that increased atmospheric [ CO; | will slow
the growth of coral reefs? Why or why not?

¥ NEW! 24 chapters contain links to

papers from Science on the AAAS s . . th Cl
Science in the Classroom website, Clence Iﬂeassroom ATAAAS

Annalfafed resean

where the papers are annotated to —
aid student comprehension.
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NEW! Problem-Solving Exercises guide students in applying scientific skills
and intepreting real data in the context of solving a real-world problem.

Problem-Solving Exercise

In this exercise, you will investigate whether amphibians can acquire resistance to

| = ______.__— .~ the fungal pathogen Bd.

Can declining amphlblaﬂ - Your Approach The principle guiding your investigation is that prior exposure to a
populations be saved by a pathogen can enable amphibians to acquire immunological resistance to that pathogen. To

uaccine? - 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 0 to 3 times;

frogs with 0 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).
I
| B SE Number
o= = of prior Thousands of
&£ = 104
= = 60 Bd lymphocytes
o A £ exposures  per g of frog
| 52 g 40+ 0 134
. 'E g c 30— .
Yellow-legged frogs (Rana muscosa) i 82 £ 1o-
California killed by Bd infection B3 Az ) 5 544
I I I I i I I I i
| - ; 0 1 2 3 4 0 1 2 3 4
Amphibian populations are declining r'apldI‘y' | Number of prior Number of prior Bd 3 227
worldwide. The fungus Batr EFhDChym um Bd exposures exposures
dendrobatidis (Bd) has contributed to thlg _
decline: This pathogen causes severe skin Your Analysis
inef:{;tiﬂlns in many amphibian species, lead- 1. Describe and interpret the results shown in the two graphs.
ing to massive die-offs. EffD:"tsltﬂ save am- 2. (a) Graph the data in the table. (b) Based on these data, develop a hypothesis
phibians from Bd have had limited su{30355= that explains the results in the above two graphs.
and there is little evidence th:at gﬂg:i;gn ce 3. Breeding populations of amphibian species threatened by Bd have been established
other amphibians have acquired re in captivity. In addition, evidence suggests that Cuban tree frogs can acquire
| to Bd on their own. _ resistance after exposure to dead Bd. Based on this information and your answers to
y questions 1 and 2, suggest a strategy for repopulating regions decimated by Bd.
\__M—J/ &) Instructors: A version of this Problem-Solving Exercise can be
assigned in Mastering Biology.
’ SCientific Ski II5 E}{erCISES, Problem-Solving Exercise: Are You a Victim of Fish Fraud?
= . Drag the values to fill in tha table. Values may be used more than onca. Nat all values will be used
Problem-Solving Exercises R e = ’ f
. . I:.:'El fﬂiﬁ LEncas 10 e £ 10 SNaLyer e :ﬂ-“—{- e
(NEW!), and AAAS Science in quest (Wi
. Sample e Lo . B A . I e £ .
the Classroom articles (NEW!) sbeled | | B O O | [ e ][ e [ s ]
are all assignable through o
salman)
Mastering Biology. 0

Ksntch T e B e e Standard

e [
=TI}

). mARTCH
{casn <almmon
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Slandard
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Focus on Making Connections

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

XVi

» NEW! Media
references in the text
direct students to
digital content in the
Mastering Biology
eText and Study Area.

¥ Figure 42.20

MAKE CONNECTIONS

The Workmg Ecosystem

.......... . . - .-.- L vt il et L J'-.I EEL B "--"-'-"' 1
e 2 i3 i e Rl i et d T == =1 {
s arct afla _____ ___,_.‘ VS51Le ; - U ..-:-:I 5-— Llie S L8 I l:

0-montt gfwng season each summer. In ecosystems, oy s RIS
I-I'l'h"‘l.:r- - ..-;'.i- ."ﬂ- -.:-# e
urgamsms interact with each uther and with the environment - BN 5 e
o ' Ll - . o T f':’f'.:';:__:'f ) b
around them in diverse ways, including those illustrated here. i w7 R
4 e l-'. ‘..,"h 4 *f;:t';;v‘;_
.!‘ il e ‘ 3 L 3 i:'. X
k- 4 i, P’ *

_________

Pnpulatmns Are Dynamic (Chapter 40)

o Populations change in size through births and
deaths and through immigration and
emigration. Caribou migrate across the
tundra to give birth at their calving grounds
each year. (See Figure 40.15.)

e Snow geese and many other species migrate
to the Arctic each spring for the abundant food
found there in summer. (See Concept 39.3.)

e Birth and death rates influence the density of all
populations. Death in the tundra comes from
many causes, including predation, competition
for resources, and lack of food in winter.

(See Figure 40.25.)

& Mastering Biology
BioFlix® Animation: Population Ecology

-

Species Interact in Diverse Ways (Chapter 41)

o In predation, an individual of one species kills
and eats another. (See Concept 41.1.)

e In herbivory, an individual of one species eats part of
a plant or other primary producer, such as a caribou
eating a lichen. (See Concept 41.1.)

o In mutualism, individuals of two species interact in
ways that benefit each other. In some mutualisms, the
partners live in direct contact, forming a symbiosis; for
example, a lichen is a symbiotic mutualism between a
fungus and an alga or cyanobacterium. (See Concept

41.1 and Figure 26.30.)

o In competition, individuals seek to acquire the same
limiting resources. For example, snow geese and caribou
both eat cottongrass. (See Concept 41.1.)

FOCUS ON MAKING CONNECTIONS
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» Make Connections Tutorials are === =
assignable in Mastering Biology. |

Organisms Transfer Energy and Matter
in Ecosystems (Chapter 42)

e Primary producers convert the energy in sun-
light to chemical energy through photosyn-
thesis. Their growth is often limited by abiotic
factors such as low temperatures, scarce soil
nutrients, and lack of light in winter. (See

Nitrogen cycle Carbon cycle Figure 8.5, Figure 40.9, and Figure 42.4.)

9 Food chains are typically short in the tundra
because primary production is lower than in
most other ecosystems. (See Figure 41.14.)

- Denitrification | A P = _ @ Energy flows through ecosystems. When one

B e e - organism eats another, only 10% of the
energy transfers from one trophic level to the
next. (See Figure 42.11.)

-

5 :*_?_IE‘,T EH'E:J{]..E.[ET,{}'t-} 4 “"I‘- -;- | ! ] ¥ e y - I, - ; : - - -4 .-

- 0 Detritivores recycle chemical elements back to

primary producers. (See Figures 42.3 and 42.4.)

@ Chemical elements such as carbon and nitrogen
move in cycles between the physical environ-
ment and organisms. (See Figure 42.15.)

&) Mastering Biology
BioFlix® Animation: The Carbon Cycle

ah -

o
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Detritivores

_ . : 19 (soil fungi and
6~ Mutualism ! | , prokaryotes)

Algal cell

' Fungal ¢ Lichen
hyphaeJ ; j

?7 MAKE CONNECTIONS Human actians are causing climate change, 4 .
thereby affecting Earth’s ecosystems, few of which have been affected as Make cﬂn nections

greatly as those in the Arctic. Predict whether climate change will cause Questions in every
z:j;t;:::;}ﬁn arctic tundra populations. Explain. (See Concepts 1.1, 19.2, chap ter ask students to

relate content to material
presented earlier in the
course.
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Focus on Student Success with Mastering Biology

NEW! The eText includes 400 Videos, Animations, and Figure
Walkthroughs integrated into the digital text, plus Get Ready for
This Chapter Questions, Vocab Self-Quizzes, and Practice Tests.

¥ Videos ¥ Animations

Video Jelly Swimming

Cnidarians are carnivores that tvpically use tentacles arranged
in a ring around thelr mouth tO capture prey and pass the food

The light reactions are the steps of photosynthesis that convert solar energy to chemical

energy. Water is split, providing a source of electrons and protons (hydrogen ions, H™ ) and

¥ Figure Walkthroughs ¥ Get Ready for This Chapter Questions

— .

.
r
.
F
Fs
i
¥
[}

= ] 3 : 4 questions

Get Ready for This Chapter Multiple-Choice Questions

Figure 14,26 Walkthrough Types of small-scale mutations

that affect mRNA sequence ) . e =
2. Which of the following shows the flow of genetic information?

Wid type

ONA tempate i IEEEBESYVEESVESS DNA 10 RMA to ribosomes
Y MEYVVENREEEEENT')

mElA Vi SR ETETE A EEEEE R Y protemn to RNA to DNA
Protesn Iﬂ-ﬂl@q DNA to RNA to protein

Feedback _ _ _ _ _
Incorrect. Review the following material: DNA directs RNA synthesis and,

through RNA, controls protem synthesis; this entire process i1s called gene
expression. The sites of protein synthesis are cellular structures called
nbosomes.

mutant # wild type
aming acid

Substitutions that change one amino acid to another one are
called missense mutations ™, Such & mulation may have little
elfect on the protein: The new amino acid may have properies

similar to those of the amino acid it replaces, or it mav bein a

region af the F-rn:m:in witere the axact sequence of amino acids is N EW! Ad d it i 0 nal ETEXt featu fes in CI U de:
not essentlal to the protein’s function, * Instructor and student e Accessible
However, the nnrlrm:tdc-pair substitutions of greatest interest nﬂtE-tEl ki ng; nﬂtes ca n bE (Screen-reader read}’)
are those that cause a major change in a protein. The alteration ( Sha rEd = ThE‘ PEE rson E-I-Ex_t mﬂbile app
\ e Highlighting can be downloaded from the
g . Apple App Store
e Bookmarking PRSP
or Google Play.
* Search Includes offline

a
dCCess. -

e Links to Glossary terms
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Students who prefer to read a print book can watch videos and animations

and test themselves in the Study Area as they read.

¥ Animations and Videos

¥ Practice Tests
a k'

= m

"W Home > Practice Jest > Chapler 22

Practice Test

Chapter 22 The Origin of Species

When gene fllow between two populations
ceases, the potential for . exists.
(i Concept 22.1!

saxual selection

saxual reproduchion
No. Fusion refers Lo two or more

populations re-establishing gene flow and
forming one species.

o

Dynamic Study Modules allow students to test, learn, and retest

until they achieve mastery of the content.

Atomic Structures
i i T = A i A .
L LR ANSWER

YOU WERE

YOLI WERE

NEW! The eText, Study
Area, and Dynamic Study
Modules can be accessed
from any computer,
tablet, or smartphone.

FOCUS ON STUDENT SUCCESS WITH MASTERING BIOLOGY
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Focus on Personalized Coaching in Mastering Biology

Instructors can assign self-paced
e e Mastering Biology tutorials

that provide students with
individualized coaching with
specific hints and feedback on the
toughest topics in the course.

If a student gets stuck...

X ncomest Try Again

P o e e ot g, ey o it e .l bl 1. Specific wrong-answer feedback
appears in the gray feedback box.

2. Hints coach the student

/ to the correct response.
Y

v Hint 1. Structure and function of cell organelies

The structure of each organelle in a eukaryotic cell makes it very well-suited for the task it performs. Some examples are described here.

» Rough endoplasmic reticulum: This organelle plays an important role in the synthesis of secretory proteins. The outer surfaces of rough ER are studded with ribosomes,
the sites where proteins are made. As a protein chain grows from a bound ribosome, it is threaded through a pore in the ER membrane. Once inside, protein folding occurs.
« Golgi apparatus: The Golgi Is composed of a series of flaltened membranous discs called cisternae. Each cisterna forms an enclosed space that houses a distinct set of

enzymes used to process proteins in a sequential manner as they are prepared for transport to different sites.
 Mitochondria: The inner membrane of a mitochondrion has extensive infoldings, which greatly increase the surface area available for key reactions in the energy-

producing processes of cellular respiration.

P Hint 2. Which organelles are involved in protein secretion?

3_ Op‘tiana| Adap‘tive FQ”QW—UP —_— Activity: Review: Animal Cell Structure and Function
Assignments provide additional
coaching and practice as needed, e et e s e v PartA
CGHtiI"’IUOUSly adapting to each =t ‘_. ; Choose the letter that indicates the organelle that contains most of a ceil's DNA

student’s needs.

Click here to compiete this activity

Theén answer the questions.

XX FOCUS ON PERSONALIZED COACHING IN MASTERING BIOLOGY



¥ Mastering Biology offers thousands of tutorials,
activities, and questions that can be assigned as
homework. A few examples are shown below.

Bioklix
Protein Synth_eﬁgjg;rﬂ '
;,
' | HEDAY*THE
MISNIOVA0)(@

VICD

‘H-li-'-
71
i
»
4 o~

> 3L |

R
P

@ @=== g (=] §
BioFlix Tutorials use 3-D,
movie-quality animations
and coaching exercises

to help students master
tough topics outside of
class. Animations are also
available in the eText and
Study Area and can be

shown in class.

EXPANDED! HHMI Biolnteractive
Short Films, documentary-quality
movies from the Howard Hughes
Medical Institute, engage students
in topics from the discovery of the
double helix to evolution, with
assignable questions.

How finches feed and breed

NEW! Grants in the Galapagos
Videos filmed by Peter and
Rosemary Grant come with
assignable activities in
Mastering Biology.

v NEW! Early Alerts provide instructors with valuable insights
into student performance through a new dashboard in

Mastering Biology.

Current Risk Levels &

Misa Rask: 7 1591%

NolLow Indo 13 J8 558

High Risk Trend © Feedbach Medium Risk Trend &

TOO% 100%

FOCUS ON PERSONALIZED COACHING IN MASTERING BIOLOGY

Fesdback

Low Risk Trend ®
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Focus on Active Learning

Ready-to-Go Teaching Modules help instructors efficiently make use
of the best teaching tools before, during, and after class.

Campbell Biology in Fecus, Third Edition

Ready-to-Go Teaching Modules
provide instructors with easy-to-use
teaching Lools lor the toughest Lopics

in General Biology. -
ASSIgN ready-mads
Actvines ana
assignments for
betore, during, ;
and after class. m
INcorporate actne

ieaming with

resources from

oo qy nstiuctors.

lake [ull advantage of
Mastering Biology and

Learning Catalytics " b 2o

e e L]

e

&

o
L L
[+
-
Ly
=
- -J

e

'
J_mm

2 -.'.‘-?‘- .
M.‘-

Lhee powerful "bring
o own devica”
student assessiment

i

oy, e
e
LT R
k

Oxidative
Phosphorylation

CONCEPT 7.4

/\E

DNA
Replication

CONCEPT 13.2

Mechanisms of
Evolution

CONCEPT 21.3

Resting and
Action Potentials

CONCEPT 37.3

The Light
Reacltions

CONCEPT 8.2

a3

Gene Expression:
Mutations

CONCEPT 14.5

r’f’_'_“'*

—_ e

% 7

Transport in
Plants

CONCEPT 29.2

Trophic
Relationships

CONCEPT 42.3

e

.-*". -H'n

Y

e 2. B

Mitosis

CONCEPT 9.2
-\.‘. T 5

The trp and lac
Operons

CONCEPT 151

The Human
Digestive System

CONCEPT 33.3

Interpreting Data
on Introduced
Species
CONCEPT 43.1

Meiosis

CONCEFPT 10.3

“a
Phylogenetic
Trees

CONCEPT 20.3

&
Cardiac Cycle and

Heart I'inction

CONCEPT 34.2

With the Ready-to-Go Teaching
Modules, instructors can easily
incorporate active learning into
their courses using suggested
activity ideas and questions.

<4« NEW! We've added five
more teaching modules.

All the modules can be
accessed through the
Instructor Resources area of
Mastering Biology.

» Videos demonstrate how the
activities can be used in class.

Learning Catalytics™ allows students to use
their smartphone, tablet, or laptop to respond
to questions in class. R—

The ';.i'u..rn] il ne S malmre dECecTED i & MRS |

3wt ol ATP, witihe ADP |4 Buddng up o0 verp Righ leweh
At iy haaiio =0 o 0 vaty hagh leswis . a™ b e leae! oFf N&D " 5 B DT Wiy (R

The bl I8 rursmbeg

The armourt of profan ot loreembrane woece asd Bl saisie 0 Secoreng mord eoudd e tEwnget of the orotos gradion =

= PR IR, e i R

Linm & ¥a sfoometion o grecict wihikch slage of calular rnpireson i vl fusttioning rorsally in Skl sufar cal

For more information,
visit learningcatalytics.com

B slevren ransoort chaln
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More Instructor Resources

The Instructor Resources Area of Mastering Biology ¥ All of the art, graphs, and photos from the text are provided with
e 5 NEW! Ready-to-Go Teaching Modules help instructors efficiently enlarged, customizable labels. More than 1,600 photos from the text
make use of the available teaching tools for the toughest and other sources are included.

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.

e Editable figures (art and photos) and tables from the text in
PowerPoint®

* PowerPoint Lecture Presentations for each chapter with lecture
notes, editable figures (art and photos), tables, and links to
animations and videos

Stigma- Bingle carpal
. , [Simple plstil)
e

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

e JPEG images, including labeled and unlabeled art, photos from the
text, and extra photos

¢ Clicker Questions in PowerPoint

e EXPANDED! 400 instructor animations and videos, including
BioFlix® 3-D Animations, HHMI Videos and Animations, BBC
Videos, and much more

e Test Bank questions in TestGen® software and Microsoft® Word. Results
This invaluable resource contains over 4,500 questions, including E5 Endophyte not present; pathogen present (E-P+)
scenario-based questions and art, graph, and data interpretation Sl Both endophyta and 'mhogm i
guestions. NEW! Every image has alt text, which students can g 301 T 131
access with a screen reader if needed. Z &

T 20- E 10-

e NEW! Mastering Biology Item Library Reference Guide: An at-a- 5 S
glance reference to assignable resources ~§ 10- g 5-

e NEW! Statistics Worksheets for Biology - | “:; -

e Instructor Answers to Scientific Skills Exercises, Problem-Solving E-P+  E+Ps E-P+  E+Ps
Exercises, Interpret the Data questions, and essay questions; R ViapicH! troe, Praceecins of the Netianal acactenry of Seiunces USA 100
includes rubric and tips for grading short-answer essays FAEL A0,

e Instructor Guides for Supplements: Instructor Guide for Practicing
Biology: A Student Workbook; Instructor Guide for Biological
Inquiry: A Workbook of Investigative Cases; Answer Key for Inquiry ¥ Clicker Questions can be used to stimulate effective classroom
in Action: Interpreting Scientific Papers; Investigating Biology Lab discussions (for use with or without clickers).

Prep Guide; and Investigating Biology Lab Data Tables

New Zealand ecologists recorded the numbers of
invertebrate species in streambeds that experienced
different intensities and frequencies of fMlooding. The
largest numbers of species were present in streambeds

¥ Customizable PowerPoint Lectures with disturbances.
provide a jumpstart for instruction. A. no
B. mild l s ®* ®
C. intermediate s * ¢ me, .
Concept 5.1: Cellular membranes are fluid mosaics of D. intanse 4t - Evapotranspiration, the evaporation of water from soil and
' = » plants, is much higher in hot areas with abundant rainfall

lipids and proteins ;

* Phospholipids are the most abundant lipid in
most membranes

{ than in cooler or low-precipitation areas.
Which statement describes the relationship between potential

3 evapolranspirgtion and vertebrate species richness?

. 08 1.0 11 12 13 14 15 16 1.
Phnsﬂh'}'“pldE are amphipathl: mﬂle:!"lﬁ* Indlex of disturbance Inbensity {lod A AS evapotranspiration increases, the number of vertebrate
containing hydrophobic and hydrophilic species declines,
regions B. Abundant rainfall in hot areas has an undetectable effect on

TR P il s, -

the number of vertebrate species

L. As evapotranspiration increases,
so does vertebrate species g
richness. i

D. Based on the data, one expects
fewer vertebrate species in areasj
of high temperature and abunda

rainfall than in areas with lower &

* A phospholipid bilayer can exist as a stable
boundary between two agueous compartments

6
3

gy e m g

| i il " o raw 1w ™
Ephmc - e temperature and less rainfall
d:m mt';{ ':It,' .,': ':i‘ :l'll "Ili:{iljl'li ':l:',r'l'fe 1 .I': ! '|Ir : A2 o [ORCEWA e
rirophobic Rt i

tail 4
- Learning Management Systems

f;_i-. Integration with various learning management systems is available
el for Mastering Biology. Contact your sales representative for details.
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Student and Lab Supplements

FORSTUDENTS

Inquiry in Action: Interpreting Scientific Papers, Fourth Edition*

by Ruth V. Buskirk, University of Texas at Austin, and Christopher M.
Gillen, Kenyon College

978-0-134-47861-6 / 0-134-47861-4

This guide helps students learn how to read and understand primary
research articles. Part A presents complete articles accompanied by
questions that help students analyze the article. Related Inquiry Figures are
included in the supplement. Part B covers every part of a research paper,
explaining the aim of the sections and how the paper works as a whole.

Practicing Biology: A Student Workbook, Sixth Edition*

by Jean Heitz and Cynthia Giffen, University of Wisconsin, Madison
978-0-134-48603-1 / 0-134-48603-X

This workbook offers a variety of activities to suit different learning
styles. Activities such as modeling and concept mapping allow students
to visualize and understand biological processes. Other activities focus
on basic skills, such as reading and drawing graph:s.

Biological Inquiry: A Workbook of Investigative Cases, Fifth Edition*

by Margaret Waterman, Southeast Missouri State University, and Ethel
Stanley, BioQUEST Curriculum Consortium and Beloit College
978-0-134-48646-8 / 0-134-48646-3

This workbook offers ten investigative cases. Each case study requires
students to synthesize information from multiple chapters of the

text and apply that knowledge to a real-world scenario as they pose
hypotheses, gather new information, analyze evidence, graph data,
and draw conclusions. A link to a student website is in the Study Area in
Mastering Biology.

*An Instructor Guide is available for downloading through the
Instructor Resources area of Mastering Biology.

Study Card

978-0-134-48648-2 / 0-134-48648-X

This quick-reference card provides students with an overview of the entire
field of biology, helping them see the connections between topics.

Spanish Glossary for Biology
by Laura P. Zanello, University of California, Riverside

978-0-32183498-0 / 0-321-83498-4
For all the glossary terms, this resource provides definitions in Spanish.

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

These nine short tales vividly depict key discoveries in evolutionary
biology and the excitement of the scientific process.

Get Ready for Biology

by Lori K. Garrett, Parkland College

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

This engaging workbook helps students brush up on important math
and study skills and get up to speed on biological terminology and the
basics of chemistry and cell biology. Also available in Mastering Biology.

A Short Guide to Writing About Biology, Ninth Edition

by Jan A. Pechenik, Tufts University

978-0-13414373-6 / 0-134-14373-6

This best-selling writing guide teaches students to think as biologists
and to express ideas clearly and concisely through their writing.

An Introduction to Chemistry for Biology Students, Ninth Edition

by George |. Sackheim, University of Illinois, Chicago

9780805395716 / 0805395717

This text/workbook helps students review and master all the basic facts,
concepts, and terminology of chemistry that they need for their life
science course.

FOR LAB

Investigating Biology Laboratory Manual, Ninth

Edition INVESTIGATING
LABORATORY MANUAI

by Judith Giles Morgan, Emory University, and

M. Eloise Brown Carter, Oxford College of Emory
University

978-0-13447346-8 / 0-134-47346-9

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.

BIOLOGY

encouraging independent thinking and collaborative
discussions.

Preparation Guide for Investigating Biology,

Ninth Edition

978-013451801-5 7/ 0-134-51801-2

Contains materials lists, suggested vendors, instructions
for preparing solutions and constructing materials,
schedules for planning advance preparation, and more.
Available for downloading through the Instructor
Resources area of Mastering Biology.

Pearson Collections Custom Library

)
) J .
[
"=
-

Biology Laboratory Manual, Ninth Edition b v‘ b

o\ This library gives instructors the power to create
custom lab manuals using Pearson content as well as
original materials. Learn more at
www.pearsonhighered.com/collections.

Annotated Instructor’s Edition for Investigating

978-0-13451922-7 / 0-134-51922-1

This Annotated Instructor’s Edition features
teaching information including margin notes with
suggestions for lab procedures and answers to questions from the
Student Edition. Also included is a detailed Teaching Plan at the end
of each lab with specific suggestions for organizing labs, including
estimated time allotments for each part of the lab and suggestions for

P Pearson g% ’

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.
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Scientific Skills and Problem-Solving Exercises

Scientific Skills Exercises

Ch.
Ch.
Ch.
Ch.

B W N -

Ch.
Ch.
Ch.
Ch.
Ch.
Ch.

- 0 0 N O W

Ch. 11

€n.13
Ch. 14
Ch. 15
Ch. 16

Ch. 17

Ch. 21

Ch. 22

Interpreting a Pair of Bar Graphs, p. 18
Interpreting a Scatter Plot with a Regression Line, p. 41
Analyzing Polypeptide Sequence Data, p. 717

Using a Scale Bar to Calculate Volume and Surface Area
of a Cell, p. 82

Interpreting a Scatter Plot with Two Sets of Data, p. 773
Making a Line Graph and Calculating a Slope, p. 138
Making a Bar Graph and Evaluating a Hypothesis, p. 159
Making Scatter Plots with Regression Lines, p. 180
Interpreting Histograms, p. 200

Making a Line Graph and Converting Between
Units of Data, p. 274

Making a Histogram and Analyzing a Distribution
Pattern, p. 231

Using the Chi-Square (x?) Test, p. 250
Working with Data in a Table, p. 261
Interpreting a Sequence Logo, p. 297
Analyzing DNA Deletion Experiments, p. 319

Analyzing Quantitative and Spatial Gene Expression
Data, p. 3317

Analyzing a Sequence-Based Phylogenetic Tree to
Understand Viral Evolution, p. 359

Reading an Amino Acid Sequence Identity Table, p. 376
Making and Testing Predictions, p. 398

Using Protein Sequence Data to Test an Evolutionary
Hypothesis, p. 417

Using the Hardy-Weinberg Equation to Interpret Data and

Make Predictions, p. 427

Identifying Independent and Dependent Variables, Making a

Scatter Plot, and Interpreting Data, p. 447

NEW! Problem-Solving Exercises

Ch. 3
Ch. 14

Ch. 22

Ch. 27

Ch. 31

Ch. 32

Ch. 42

Are you a victim of fish fraud? p. 71

Are insulin mutations the cause of
three infants’ neonatal diabetes? p. 305

Is hybridization promoting insecticide resistance

in mosquitoes that transmit malaria? p. 452

Can declining amphibian populations be saved by

a vaccine? p. 571

How will climate change affect crop productivity?

p. 665

Is thyroid regulation normal in this patient?
p. 682

Can an insect outbreak threaten a forest’s ability

to absorb CO, from the atmosphere? p. 903

Ch.

Ch.

Ch.
Ch.
Ch.

Ch.
Ch.
Ch.

Ch.
Ch.
Ch.

23

24

25
26
27

28
29
30

31
32
33

.34
Sk L
.36

Ch. 37
Ch. 38

<39
.40

Ch. 41

Ch. 42
Ch. 43

Estimating Quantitative Data from a Graph and Developing
Hypotheses, p. 467

NEW! Calculating and Interpreting Means and Standard
Errors, p. 501

Making a Bar Graph and Interpreting Data*
Interpreting Comparisons of Genetic Sequences, p. 509
Interpreting Genomic Data and Generating Hypotheses, p. 537

Understanding Experimental Design and Interpreting
Data, p. 580

Using Bar Graphs to Interpret Data, p. 589
Calculating and Interpreting Temperature Coefficients, p. 607

Using Positive and Negative Correlations to Interpret
Data, p. 642

Interpreting Experimental Results from a Bar Graph, p. 666
Describing and Interpreting Quantitative Data, p. 689

Interpreting Data from an Experiment with Genetic
Mutants, p. 714

Interpreting Data in Histograms, p. 731

Comparing Two Variables on a Common x-Axis, p. 758
Making Inferences and Designing an Experiment, p. 771
Interpreting Data Values Expressed in Scientific Notation, p. 797
Designing an Experiment Using Genetic Mutants, p. 807
Interpreting a Graph with Log Scales, p. 835

Using the Logistic Equation to Model Population
Growth, p. 870

Using Bar Graphs and Scatter Plots to Present and Interpret
Data, p. 880

Interpreting Quantitative Data, p. 905
Graphing Cyclic Data, p. 934

* Available only in Mastering Biology. All other Scientific Skills Exercises are in
the print book, eText, and Mastering Biology.

Problem-Solving Exercise

Is Iwhridizatiur! prumni_:ing
insecticide resistance In
. mosquitoes that transmit

. malaria?

time pericds, but their
hybrids cnly occurred in A. gambiae:
2006, the first year that Pre-2006 3 5 2
insecticide-treated bed e 2 : o
nets were used to reduce
the spread of malaria. A Hytrids:
likely explanation is that 2006 10 7 1]
o ; ilress the introduction of the A coluzzii:
Malaria is a leading cfj”“w‘?:h“gg;a;mmﬂ treated bed nets may Pre-2006 226 o o
and mortaiity worldwite. have briefly favored hy- 2006 70 7 o

was reduced owing 1o t_ha use of msm:h-s
cides that Killed mosguitoes in thie gant
Anopheles, which
persen o person.
becoming resistant to
A resurgence in makaria.

WP -

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

i
ople infected and 600,000 dealns eac

In this exercise, you will investigate whether alleles encoding resistance to insecti-
. cides have been transferred between closely related species of Anopheles.

Your Approach The principle guiding your investigation is that DMA analyses can
detect the transfer of resistance alleles bebween closely related mosquito species. To find
ouf whether such transfers have occurred, you will analyze DMA results from two spe-

cies of mosguitoes that transm it malaria [ Anopheles gambiae and A coluzzi) and from
A. gambiae A, coluzzii hybrids.

Your Data Resistance to DDT and other insecticides inAnophefes is affected by a sodium
channel gene, kdr. The r allele of this gene confers resistance, while the wild type (+/+)
genotype is not resistant. Researchers sequenced the kdr gene from mosguitoes col-

lected in Mali during three time periods: pre-2006 {2002 and 2004), 2006, and post-2006
{2009-2012). A gambize
and A coltzzii were col-

lected during all three

Observed numbers of mosquitoes by kdr genotype

+/4 +ir

brid individuals, which
are usually at a selective
disadvantage.

Post-2006 Fi ) 127 84

¢ In the 19605, the incidence of mataria

transmit the disedse fram
But today. mosquitoes _are
t to insecticides—Causing

Your Analysis
1. (a) Calculate the kdr genotype frequencies in A. gambiae for each time period.
To do this, divide the number of individuals that have a given genotype by the
total number of individuals cbserved for that time period. (b) How did the kdr
genotype frequencies change over time? Describe a hypothesis that accoun ts
for these observations.

2. How did the frequendies of kdr genotypes change over time in A coluzzi?
Describe a hypothesis that accounts for these observations.

3. Do these results indicate that hybridization can lead to the transfer of adaptive
alleles? Explain.

&. Predict how the transfer of the rallele to A coluzzi populations could affect
the number of malaria cases inthe years immediately following the transfer.
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Featured Figures

NEW! Visualizing Figures

3.20
4.30

13.8

20.5

23.5

27.8

28.10

36.18

42.14

Visualizing Proteins, p. 61

Visualizing the Scale of the

Molecular Machinery in a Cell,

-

p. 100

Visualizing DNA, p. 262
Visualizing Phylogenetic
Relationships, p. 404

Visualizing the Scale of
Geologic Time, p. 462

Visualizing Animal Body
Symmetry and Axes, p. 558

Visualizing Primary and
Secondary Growth, p. 593

Visualizing Gastrulation,
. 777

Visualizing Biogeochemical
Cycles, p. 907

¥ Figure 13.8

Visualizing DNA

Here, the two DA strands are chown untwisted so it's easier to see |
the chemical details. Mote that the strands are antiparallel—they

DNA can be illustrated in many ways, but all diagrams represent _ ot : ral
are oriented in opposite directions, like the lanes of a divided street

the same basic structure. The level of detail shown depends on

the process or the type of information being conveyed. 3 end

F'hc:-splut-: g E-uF:'

~DNA
# 7| attached to 5' carbon|™  nucleotide Sugar-phosphate

]

Structural Images 0.34 nm %% [Nitrogenous base II backbone
The space-filling model on the 0y |attached to ¥ carbon x
left shows the 3D shape of the
DNA double helix; the diagram
on the right shows chemical
details of DNA's structure. In :p-"ﬂ o Cmfalent sugar- phnsphate bonds o
both images, phosphate groups 4 lﬂ\ | Nk nuciéotides,
are yellow, deoxyribose sugars CH;
are blue, and nitrogenous bases PHE full
Urr: every
are shades of green and orange. 10 base pairs
(3.4 nm) & _d Hydragen hnnds between | 5
b | bases hold strands together. _:‘p-"'
D G i Ny _l ﬁ
Y ]
The DNA double helix is 8 £H .
“right-handed.” Use your v o U
right hand as shown to X =i
follow the sugar- phasphat U "u"an der Waals interactions between stacked
backbane up the helix : -"' base pairs hEIF.' hold the molecule together. F
ang around to the back. 8 o 1,,
(It won't work with your [
left hand.) 1 s
| EE— S I —£IH
attached to =)
3’ carbon = - "—"H
" 3'end
P

1. Describe the bonds that hold together the nucleotides in one DNA strand.
Then compare them with the bonds that hold the two DNA strands together.

2. How do the two ends of a DNA strand differ in structure?

Simlﬂﬁ ied Images when molecular detail is not necessary, DNA is portrayed in a range
of simplified diagrams, depending on the focus of the figure.

S .
MNitrogenous 5 3
" bases
Sugar
phosphate
backbone

—_— — =

| The e ﬂa tened Iadder style” dlaq rams af DNH dep ct I:he suga pﬂuspha*e ' Sﬂmetimes. the
backbones like the side rai Is of a ladder, with the base pairs as rungs. Light double-stranded |
blue is used to indicate the more recently synthesized strand. | LDIMNA malecule iz

Make Connections Figures
3.30

shown 5ir’l‘1|‘.!|_:.r as

| The “ribbons” in these simplified double helix ; :
two straight lines. |

| diagrams represent the sugar-phosphate backbones,

3 5 < 3. Compare the information conveyed in the three ladder djagrams
Contributions of Genomics

DNA Sequences Geneticinformation is carried in DNA as a linear sequence of nuclectides that may be

8.20
16.21

21.15
26.14
29.11

3.3

37.8

42.20

43.28

and Proteomics to Biology,
p. 70

The Working Cell, p. 182

Genomics, Cell Signaling, and
Cancer, p. 344

The Sickle-Cell Allele, p. 434
Maximizing Surface Area, p. 534

Mutualism Across Kingdoms
and Domains, p. 613

Life Challenges and Solutions
in Plants and Animals, p. 676

lon Movement and Gradients,

p. 787

The Working Ecosystem,
p. 914

Climate Change Has Effects
at All Levels of Biological
Organization, p. 936

Exploring Figures

1.3

3.22
4.3

XXVI

Levels of Biological
Organization, p. 4

Levels of Protein Structure, p. 62
Microscopy, p. 76

FEATURED FIGURES

4.7
4.28

2:19

9.7
10.8
13.23

22.3
23.6
24.20

25.2

25.10
26.6

26.16

) Instructors: Additional questions related 3" -

transcribed into mRNA and translated into a polypeptide. When focusing on the DNA
sequence, each nucleotide can be represented simply as the letter of its base: A, T, C, or G.

to this Visualizing Figure can be assigned 5
in Mastering Biology.

Eukaryotic Cells, p. 80

Cell Junctions in Animal
Tissues, p. 99

Endocytosis in Animal
Cells, p. 117

Mitosis in an Animal Cell, p. 790
Meiosis in an Animal Cell, p. 270

Chromatin Packing in a
Eukaryotic Chromosome, p. 272

Reproductive Barriers, p. 442
The Origin of Mammals, p. 464

Selected Major Groups of
Bacteria, p. 496

The Early Evolution of
Eukaryotes, p. 506

Eukaryotic Diversity, p. 514

Alternation of Generations,
p. 530

Fungal Diversity, p. 536

ACGTAAGCGGTTAAT-5
TR CATTCGCCAATTA-3

26.29
27.11

27.19
27.29
28.9

29.16

30.7
30.12

32.2

3221

36.9
38.7

£ Mastering Biology
Animation: DNA Double Helix

Angiosperm Phylogeny, p. 546

The Diversity of Invertebrate
Bilaterians, p. 561

Vertebrate Diversity, p. 565
Reptilian Diversity, p. 573

Examples of Differentiated
Plant Cells, p. 590

Unusual Nutritional
Adaptations in Plants, p. 618

Flower Pollination, p. 634

Fruit and Seed Dispersal,
p. 639

Structure and Function in
Animal Tissues, p. 675

The Mammalian Excretory
System, p. 691

Human Gametogenesis, p. 768

The Organization of the
Human Brain, p. 804



38.21

38.26

40.2

40.3
40.9
40.11
40.25

42.15

42.18

The Structure of the Human
Ear, p. 815

The Structure of the Human
Eve, p. 818

The Scope of Ecological
Research, p. 851

Global Climate Patterns, p. 852
Terrestrial Biomes, p. 856
Aquatic Biomes, p. 859

Mechanisms of Density-
Dependent Regulation, p. 873

Water and Nutrient Cycling,
p. 908

Restoration Ecology
Worldwide, p. 972

Inquiry Figures

1.21

5.4

9.9

9.14

11.3

11.8

2.4

12.9

Does camouflage affect
predation rates on two
populations of mice? p. 17

Do membrane proteins move?
p. 106

Which wavelengths of light
are most effective in driving
photosynthesis? p. 171

At which end do kinetochore
microtubules shorten during
anaphase? p. 193

Do molecular signals in the
cytoplasm regulate the cell
cycle? p. 196

When F, hybrid pea plants
self- or cross-pollinate,
which traits appear in the F,
generation? p. 220

Do the alleles for one character
segregate into gametes
dependently or independently
of the alleles for a different
character? p. 224

In a cross between a wild-type
female fruit fly and a mutant
white-eyed male, what

color eyes will the F; and F,
offspring have? p. 243

How does linkage between
two genes affect inheritance
of characters? p. 247

* The Inquiry Figure, original research paper, and
a worksheet to guide you through the paper are
provided in Inquiry in Action: Interpreting Scientific
Papers, Fourth Edition.

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

13.3

13.5

Can a genetic trait be
transferred between different
bacterial strains? p. 258

Is protein or DNA the genetic
material of phage T27? p. 259

*713.13 Does DNA replication follow the

16.10

16.11

16.16

19.14

20.6

2118

22.7

22.12

22.19

23.22

24.15

2522

26.32

27.15

29.12

conservative, semiconservative,
or dispersive model? p. 265

Could Bicoid be a morphogen
that determines the anterior
end of a fruit fly? p. 335

Can the nucleus from a
differentiated animal cell
direct development of an
organism? p. 336

Can a fully differentiated
human cell be “deprogrammed”
to become a stem cell? p. 339

Can a change in a population’s
food source result in evolution
by natural selection? p. 393

What is the species identity
of food being sold as whale
meat? p. 405

Do females select mates based
on traits indicative of “good
genes”? p. 437

Can divergence of allopatric
populations lead to reproductive
isolation? p. 446

Does sexual selection in
cichlids result in reproductive
isolation? p. 449

How does hybridization lead to
speciation in sunflowers? p. 455

What causes the loss of
spines in lake stickleback fish?
p.476

Can prokaryotes evolve rapidly
in response to environmental
change? p. 492

What is the root of the
eukaryotic tree? p. 521

Do endophytes benefit a
woody plant? p. 549

Did the arthropod body plan
result from new Hox genes?
p. 563

How variable are the
compositions of bacterial
communities inside and
outside of roots? p. 6714

31.2

'31.3

31.13

34.21

39.21

'41.4

41.16

42.7

42.13

*43.12

What part of a grass coleoptile
senses light, and how is the
signal transmitted? p. 650

What causes polar movement
of auxin from shoot tip to
base? p. 651

How does the order of red
and far-red illumination affect
seed germination? p. 659

What causes respiratory
distress syndrome? p. 736

Does a digger wasp use
landmarks to find her nest? p. 840

Can a species’ niche be
influenced by competition?
p.879

Is Pisaster ochraceus a
keystone species? p. 886

Which nutrient limits
phytoplankton production
along the coast of Long
Island? p. 9071

How does temperature affect
litter decomposition in an
ecosystem? p. 906

What caused the drastic decline
of the lllinois greater prairie
chicken population? p. 925

Research Method Figures

325
8.8

10.3
11.2
11.7
12.11

13.27

15.16

20.15

29.8
37.9
42.5

X-Ray Crystallography, p. 65

Determining an Absorption
Spectrum, p. 171

Preparing a Karyotype, p. 206
Crossing Pea Plants, p. 219
The Testcross, p. 223

Constructing a Linkage Map,
p. 251

The Polymerase Chain
Reaction (PCR), p. 277

RT-PCR Analysis of the

Expression of Single Genes,
p. 324

Applying Parsimony to
a Problem in Molecular
Systematics, p. 411

Hydroponic Culture, p. 609
Intracellular Recording, p. 788

Determining Primary
Production with Satellites,
p. 899
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