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The principles of this document, which is titled “Vision
and Change,” are becoming widely accepted throughout
the biology education community. “Vision and Change”
presents five core concepts that serve as the foundation

of undergraduate biology. In this edition of Campbell
Essential Biology with Physiology, we repeatedly and
explicitly link book content to themes multiple times in
each chapter, calling out such instances with boldfaced
blue text. For example, in Chapter 4 (A Tour of the Cell),
the interrelationships of cellular structures are used

to illustrate the theme of interactions within biological
systems. The plasma membrane is presented as an example
of the relationship between structure and function. The
cellular structures in the pathway from DNA to protein
are used to illustrate the importance of information flow.
The chloroplasts and mitochondria serve as an example
of the transformations of energy and matter. The DNA
within these structures is also used to illustrate biology’s
overarching theme of evolution. Students will find three
to five examples of themes called out in each chapter,
which will help them see the connections between these
major themes and the course content. To reinforce these
connections, this edition of Campbell Essential Biology with
Physiology includes new end-of-chapter questions and
Mastering Biology activities that promote critical thinking
relating to these themes. Additionally, PowerPoint® lecture
slides have been updated to incorporate chapter examples
and offer guidance to faculty on how to include in these
themes within classroom lectures.

Updated connections to students’ lives. In every edition
of Campbell Essential Biology with Physiology, we seek to
improve and extend the ways that we connect the course
content to students’ lives. Accordingly, every chapter
begins with an improved feature called Why It Matters
showing the relevance of the chapter content from the
very start. Additionally, with every edition, we introduce
some new unifying chapter threads intended to improve
student relevance. For example, this edition includes new
threads that discuss evolution in a human-dominated
world (Chapter 14) and the importance of biodiversity

to human affairs (Chapter 20). As always, we include
some updated Biology and Society chapter-opening
essays (such as “A Solar Revolution” in Chapter 7), The
Process of Science sections (such as a recent experiment
investigating the efficacy of radiation therapy to treat
prostate cancer, in Chapter 2), and Evolution Connection
chapter-closing essays (such as an updated discussion

of biodiversity hot spots in Chapter 20). As we always

do, this edition includes many content updates that
connect to students’ lives, such as information on

cutting-edge cancer therapies (Chapter 8) and recent
examples of DNA profiling (Chapter 12).

» Developing data literacy through infographics.
Many nonscience-major students express anxiety when
faced with numerical data, yet the ability to interpret
data can help with many important decisions we all face.
Increasingly, the general public encounters information
in the form of infographics, visual images used to
represent data. Consistent with our goal of preparing
students to approach important issues critically,
this edition includes a series of new infographics, or
Visualizing the Data figures. Examples include the
elemental composition of the human body (Chapter 2),
a comparison of calories burned through exercise versus
calories consumed in common foods (Chapter 5), and
ecological footprints (Chapter 19). In addition to the
printed form, these infographics are available as an

interactive feature in the eText and as assignable tutorial

questions within Mastering Biology.

» Helping students to understand key figures. For this
new edition, a key figure in each chapter is supplemented
by a short video explaining the concept to the student.
These Figure Walkthrough videos will be embedded in
the eText and will be assignable in Mastering Biology.
The animations are written and narrated by authors Eric

Simon and Jean Dickey, as well as teacher and contributor

Rebecca Burton.

Attitudes about science and scientists are often shaped by
a single, required science class—this class. We hope to nurture
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this spirit, we hope that this textbook and its supplements
will encourage all readers to make biological perspectives a
part of their personal worldviews. Please let us know how
we are doing and how we can improve the next edition of
Campbell Essential Biology with Physiology.
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The following Visual Walkthrough
highlights key features of
Campbell Essential Biology with Physiology 6e.



Develop and practice

science literacy skills

Learn how to view your world using scientific reasoning with Campbell Essential Biology
with Physiology. See how concepts from class and an understanding of how science works
can apply to your everyday life. Engage with the concepts and practice science literacy
skills with Mastering Biology and Pearson eText.
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PATTERNS OF INHERITAMCE

NEW! New and updated
Process of Science essays

background, method,
results

New Thinking Like a
Scientist questions

Examples of new Process of
Science topics include:

» Chapter 4: How Was the First 21st-
Century Antibiotic Discovered? p. 61

» Chapter 9: What Is the Genetic Basis
of Short Legs in Dogs? p.156

» Chapter 11: Can Avatars Improve
Cancer Treatment? p.210

* Chapter 16: What Killed the Pines? p.330

» Chapter 20: Does Biodiversity Protect
Human Health? p.446

— /|

| Thinking Like a Scientist
Why might it be easier to
fimd the genetic basis for a
phiysical candition in dogs
than to do s in humans?
Faor the answer, see Appenchx D

156

THE PROCESS OF SCIENCE el =1t Tyl

What Is the Genetic Basis of Short Legs in Dogs?

BACKEROUND
It's obwious that dogs come in a wide
wvariety of physical types. In fact,
domesticated dogs display the great-
egt range of phenotypes of any mam-
nal. One of the most striking features
that distinguishes some breads is
chondrodysplasia, a condition that
afferts the growth of bones in the
leg. The resulting shortened, curved
bones are a defining characteristic
of a few dog breeds (Figure 9.96a).
Theough test crosses, breeders have
lomg knowmn that the short-legped trait
is dominant, but nothing was known
about the cause of the phenotype,

A group of researchers set out o
dizscover the genetic basis of the short-
lepged phenotype. They used an auto-
mated pene chip (see Figure 11. 10)
to examine the DNA of 85 dogs from

7 short-legged breeds (the experi-
meental group) and T02 dogs from

64 breeds with long legs (the control
groupd. They compared the results

to identify any differences between
the two groups at thousands of sites
acToss the dog penome (Figure 9.96k).

HESULTS

Omee Location on chromosame 18 tood
ot for being strongly associated
with short legs. Closer exarmination
of the region surrounding that loca-
thon revealed a gene that codes for a
protein called fibroblast growth fac-
tor 4. The protein produced by this
gene ks known to be associated with
the growth of legs during embryonic
development. The researchers identi-
fied a specific change in the chromo-
some that corresponded to short

leps. Interestingly, they were able to
link the effect of this pene in dogs to
a related protein asseciated with the

¥ Figure 9.16 The genetic basis of chondrodysplasia in dogs.

[4] Some examples of short-legged and long-legged breeds
Some dog breeds with short legs Some dog bresds with long legs

Y Y, T

Dachishund German shephend

M:

Corgi

Bavuet hownd

(b} Comparing DMA from different dog breeds

Experimantal group:
95 dogs from ¥ short-legged beeeds

-

|

702 dogs from &2 long-egoed breeds

T

|

%ot of cheomosomes

DHa& exfracted from each dog

%ot of chromosomes

1
E

D, analyeed using gene chips

Results companed between the teso groups

mepst common form of human dwarfizm. This experiment
shows how animal models may provide insight into penetie

conditions in hurmans.

NEW! A new organization and

COMMUNICATION
= Sharing data

= Citainang feedback
= Publishing papers
= Replicating findings
= Building consensus

new content

in Chapter 1
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Explore biology with . ..

Photosynthesis: Using Light
to Make Food

CHAPTER CONTENTS
The Basics of Photosynthesis 108

The Light Reactions: Converting Solar Energy
to Chemical Energy 110
The Calvin Cyele: Making Sugar from Carbon Diexide 115 -

FYUUKSELF FRUM
SHORT WAVELEMLTHS
OF LIGHT CAN BE
LIFESAUIMI

I COVER UP! PROTECTIMG

Why Photosynthesis Matters

Do you like to eat? We humans can
trace every morsel of our food back
to plants. By capturing the energy
of sunlight and using it to create SIMPLE TO COMBAT
GLOBAL CLIMATE CHANGE?
PLANT A TREE-YOLILL BE
GLAD 04U DD

WANT TO DO SOMETHING
organic materials, plants performing

phatosynthesis fead the world

MEARLY SLL LIFE Ok
EARTH-INCLUDIMG

YOU=CAM TRACE ITS
SOURCE OF EMERDY
BALCK TO THE SUK.
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Why It Matters Photo Collages have been updated to give real-world examples to
convey why abstract concepts like cellular respiration or photosynthesis matter.
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. . . the most relevant, real-world examples

New and Updated Chapter Threads weave a compelling topic throughout
each chapter, highlighted in the Biology and Society, The Process of Science, and
Evolution Connection essays.

NEW!

New Chapter Threads include:
CHAPTER THREAD

N

BIOLOGY ARD SOCIETY [ige S S b E i e ) |

THE PROCESS OF SOEHCE [tk

EVDILUTION COMMECTION [ =i R B

lle]Reley W b Etelal 3Nl Deadly Viruses

A computer Bstration of
thee: Zibia wirues. Spabies made
of protein enable the virus to
mecognize a host cell

The Global Threat of Zika Virus

In 2018, an alarming rumber of babies were born in Brazil with severe damage to their centralnervous
sy=tems and sensory organs. The affected babies had neurslogical problems (such asunderdeveloped
brains and seinares), slow growth, difficalty feeding, and joint and muscle problems. After o frantic
search, bealthofficals discovered a link between these abnormalities and exposure to a litthe-knowm
pathogen: the Zika vines. By 3016, when the United Nations Werld Health Organization (WEHO) ssued a
worbdwide health emergency, Zika wirus and Zika-related health problems in newborns began appear:
ing im warm, bumdd regioes of the United States and mamy other countries.

The Zila virus was first discovered to infiect humans in 1952 and had been identified in African

EVOLUTION CONNECTION [elETs RN T

mionkeys a few years carlier. Zika virus can be transmitted to humans by one species of mosquito.
It cam also be spread between sexual partners. Bt Zika vinss is not dargerous to most bealthy adults.
In fact, some people feel just fine after being infected, while others hase mild symptoms like aches
or & fever. However, Zika virus can be spread from motber tofetus. Unfortunately, developing bables
are particularky vulnerabbe to the virus's effects.

Health agenches have few weapons against 2ika vinss, There is no vacdne, and medicines can
oaly treat symptoms. Mighttime mosquito netting and staying indoors after dusk can offer profec-
thon against many mosguito-barnie diseases, but the mosguitoes that carry Zika virus bite both night

and day. Public awareness rampalgns aimed at avobding mosguito bites and climinating mosguito
breesding grounds {=ach as stagnant water] have been implemented in Zka-prose areas. In Movember

of 20146, WHO dedared that the 2l global health emergency was over, not because Zika is gone, but

¥ Flgesrs W33
A mamplhs of
e —
wirith outbie ks

of the past

Emerging Viruses

Wirnses thak sudd enly come to the sttentaon of medical
srieedists are called esserging vireses [Figurs 10,53,
Weve already explared Bk virus {first recognized in
Brereil in 20 15 and Weest Mile virus twhick frst appeaned
in Morth Anwrica [ 1999), Alissugh sach vieus hid par-
sisted w bow bevels for many pears, each became 5 much
prvater Chreat quite suddenly

Hesg: din viruses gyve riee to new dissases? First, they can
evalve info more danperoes forms. AHhosgs viroses are not

alivie, theey are-subijpsst b natural selection, which B acodir-
abed By high mutatien rtes. Unlike DS, B has no mech-
anisne 1o mepair cepying errors, g0 BMA viress can nooiste
rapidly. Some muistions ensbde vires o nfsct people who
Teael dhesirknpred] i noe b L andvsiral @ eain, This @ wiy
o i pearly Mo vaeelres: Mhatatares crcate rew Inflienza
wirua straing o which people have mo immesity,
Seacvnd], wiral dissises can speved from oso hesl species o
another. Scientists esbmaie that aboul s -[periers of new
human disessss origireatal in other anisalka

beecause it is expected to be a losg-term problem, thie “new normal® rather than an emergeney. W yuan HAH Wil M W Texn hrumisres fram, 1, oF Fadee lvesbork in
Thee Filea virus, likeall viruses, ponsists of & relatively simple strusture of Bucleic acid (RNA in this AR ___“"!“_- L - “"" nl'ﬂ'erﬂllntruml-ilnmlll'-'fuhlrh
case) and protein. Viruses operate by hijacking oar own cells and turning them into virus factories. L v AIDE sy Bares startid e slighily

Combating any virus therefore requires a detadled understanding of life at the molecular level. In
thisshapter, we will explore the structure of 156 most imporfant moleoale—DNA—ts learm Bow it
replicates, mutates, and controls the celll by directing the synthesis of RNA and protein.

Biology and Society essays

relating biology to everyday life are either new or updated.

CRLLRAT]
I

192

Leenrm e
reipireioTy nprdeores

different virus inchimpaneess. Human
huinbers were probably infectod wheen they
binechered Infirted animals. As e virus
mutated in e hissan hosts, strains Huat
ivet-gedn pitond e vardethoes for hiiman Rt
edls becpme incTensngly ComEan.

Third, wiral diseasss foma gl jse-
loned pepulaton can spread, ladingioan
epidemic, AIDS went wnnamed and virbeslby
Tt Bor himtiadin, Bl Tactads, il -
Ing isbermert omal e, Intravemois dnig
use, sewgl stvily, and delayd el ties
Eethedn il heawiad L 1o Bsoaimie o gl bl Soiinge.

Motel Prize winner Joshan Lederberg
warmiods “We live b evolutionesy competi-
Ehon with micrabes, Thesre = no s rant ee
that wae wall b the sureivors,™ 15w e b
b whetnrkeass in thi Night agalnst cmernging
viruses, we st understand molecular
Doy aseldl eediatinnasy peveesse

Evolution Connection essays

demonstrate the importance of evolution

as a theme throughout biology, by appearing

Some new topics:
in every chapter.

Some new topics:
» Chapter 1 Turtles in the Tree of Life p. 18
» Chapter 10 Emerging Viruses p. 192
» Chapter 20 Saving the Hot Spots p. 449
» Chapter 27 A Neurotoxin Arms Race p. 599

» Chapter 7: A Solar Revolution p. 107

» Chapter 10: The Global Threat of Zika Virus p. 171
» Chapter 14: Humanity's Footprint p. 269

* Chapter 17: Evolving Adaptability p. 337

X



Complex biological processes

are explained . ..

Mastering™ Biology is an online homework, tutorial, and assessment platform that improves results by
helping students quickly master concepts.

A wide range of interactive, engaging, and assignable activities, many of them contributed by Campbell Essential
Biology with Physiology authors, encourage active learning and help with understanding tough course concepts.

NEW! 29 Figure Walkthrough Videos,

Select the risk factors to learn which ones increase the liklihood of developing a specific type of cancer.

Cancer in the United States 2017

E=ch ity g (Blae diai] oo s o | b ragmiber of degdfe and nomiter o nEe dimgnceses Ipr 3 pariiclar i o CANCE
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NEW! Visualizing the Data
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. . . with engaging visuals and

narrated examples in Mastering Biology

12 Topic Overview videos, created by

the authors, introduce key concepts and

vocabulary. These brief, engaging videos
introduce topics that will be explored in

greater depth in class.

Topics include:

— Macromolecules

— Ecological Organization

— Mechanisms of Evolution

— An Introduction to Structure and Function

— Interactions Between the Respiratory and
Circulatory Systems

— DNA Structure and Function [Part A

... And more! Can you match the lerms to their definitions?
Drag the terms on the lefi to the appropriate blanks on the right to complete the sentences.

Resat| | Help
RMA -
AN serses as the molecular basss for life
| A LA Aclsdinl — .
3 ; ; replication
l i 1 t. :j U L U l t..,.- - DMA copees tself via the process of
base
uicp | §
| . wanslation RMA 5 produced from DNA wa the process -:hf|
DNA Proleins are produced from RMA via the process of
transcription
There are five examples of a AGCTandU
One way that 15 defferent from DMA is that it containg
Us instead of Ts

Biolnteractive Short Films

from HHMI, Everyday Biology
Videos, Video Tutors, BioFlix® 3D
animations, and MP3 Audio Tutors

support key concept areas covered in the text
and provide coaching by using personalized
feedback on common wrong answers.

XI



New approaches to teaching and learning . ..

Ready-to-Go
Teaching Modules
make use of teaching
tools for before, during,
and after class, including
Mecommolocules g el iation Moo new ideas for in-class

' activities. These modules
incorporate the best
that the text, Mastering
& é‘f = Eliulcngyt, and Learning

Catalytics have to offer
and can be accessed
Mitosis and Melosis HHIL‘L"II:“; _l:_l;:g_"'”' o Palterns of Inheritance thruugh the Instructor
Resources area of

Mastering Biology.

[ vyl  wormdu! Rcwogry, Lidth ecldison

ﬁéa y-To-Go s - ‘
Teaching Modules —

Ity amd Discase

¥ON DICKEY REECE

)

-

Circulation &

R Exolulion
Kespiration

wiocon ATAT P TG PR T ATE
E kormngzsbayicn oo

¥inal odlact B Inlinavieg daka oo madinacively

Learning Catalytics™ helps generate class wbelan CF 11 proten
discussion, customize lectures, and promote peer- FF:I=V=F|?\
to-peer learning with real-time analytics. Learning R} -
Catalytics acts as a student response tool that uses I
students’ smartphones, tablets, or laptops to engage T
them in more interactive tasks and thinking. o 18 pRDlGAn Mavess heough the ool

* Help your students develop critical thinking skills

* Monitor responses to find out where your students
are struggling

» Rely on real-time data to adjust your teaching
strategy

X



. . . and the resources to accomplish them

Extensive resources save instructors valuable time both in course preparation
and during class. Instructor materials can be accessed and downloaded from
the Instructor Resources area of Mastering Biology.
www.pearson.com/mastering/biology

ldentifying Major Themes--Chapier 18

New! Identifying Major Themes part A
en d_nf_cha pter quest iﬂl"IS Can you [S=nily lhe maje feame Bupiraled by each of fhe tlloaing exsmples? H necessary. pou can reskew the [hemes in Chapier § of your book.
Maich The themas on The R with S examples on B right, Kot all themes will B used,
=l

Siley eneigy o sEilghl caphited by chlorophyl duning he pmoess of pholoeyniess, pows s most
wmnlmmmwlunﬂl
Aler g peied of Knver-har-ayersgs ranlsl, droughteeaiant indvideals may be mers pravalenl ina
—

[Rapavon scates na e wasy commc.comars massmecavmacons. |
et ot smcnee ot |DENTIFYING MAJOR THEMES

s S ZanETe MEyY EOFges i

;

e phytios and e sewiol | 27 22011 Statement, identify which major theme is evidant {the relationship of
Revised Guided Reading Activities ) structure to function, information flow, pathways that transform energy and

. . . matter, interactions within biclogical systems, or evolution) and explain how the
in the Mastering Biology Study Area and statement relates to the theme. If necessary, review the themes (ses Chapter 1)
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Instructor Resources offer a simple resource . and review the examples highlighted in blue inthis chapter.

Correct M. The highly folded membranes of the mitochondria make these
that encou rages students to gEt the most | . organelles well sutted to carry out the huge number of chemical
out of each text chapter. These worksheets reactions required for cellular respiration to proceed
accompany each ch apte r of the text and are 12. Cellular respiration and photosynthesis are linked, with each process

using inputs created by the other,
13. Your body uses many different intersecting chemical pathways that, all
together, constitute your metabolism,

downloadable from Mastering Biology.

For answers to identifiing Major Themes, see Appendix .

Complete the following questions as you read the chapter content—Cellular Respiration: Aerobic
Harvest of Food Energy:

1. The majority of a cell's ATP is produced within which of the following organelles?
a. mitochondria
b. nucleus
c. nbosome

d. Golg apparatus

Instructor Exchange

2. Students frequently have the misconception that plant cells don’t perform cellular respiration.
Briefly explain the basis of this misconception.

3. Briefly explain why the overall equation for cellular respiration has multiple arrows. Use the
following figure, which illustrates the equation for cellular respiration, to help you answer.
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