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Discover Why Biology Matters

Campbell Essential Biology highlights how the concepts that
you learn in your biology class are relevant to your everyday life.

The Evolution of
Microbial Life

Wl'iy Microorganisms Matter

@ NEW! why Biology
Matters Photo

Essays use dynamic
If your family took a vacation in which you

photogra P hS an d traveled 1 mile for every million years in the
. P i v, history of life, you'd still be asking, "Are we According to a»
| ntrlgu INg scl entific v there yet?" after driving from Miami to Seattle. _mrec_ent ts)tug‘y
. ) infection by the
observations to parasite Toxaplasma
makes mice lose
their fear of cats.

introduce each chapter.
Each scientific tidbit is
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MasteringBiology”

NEW! Everyday Biology

Videos briefly explore

= A You have microorganisms to
thank for the clean water you

interesting and relevant biology drink every day,

A Seaweeds aren't just !.lsqd for
topics that relate to concepts apping sushi-SheyTe M Y0¥

ice cream, too.

that students are learning in
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e UPDATED! Chapter Threads weave a single
compelling topic throughout the chapter. In
Chapter 15, human microbiota are explored.
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Human Microbiota BIOLOGY AND SOCIETY

Our Invisible Inhabitants

You probably know that your body contains trillions of individual cells, but did you know that they aren't
all “you™? In fact, microorganisms residing in and on your body outnumber your own cells by 10 to 1. That
means 100 trillion bacteria, archaea, and protists call your body home. Your skin, mouth, and nasal passages

and your digestive and urogenital tracts are prime
real estate for these microorganisms. Although each
individual is so tiny that it would have to be magni-
fied hundreds of times for you to see it, the weight of
your microbial residents totals two to five pounds.

We acquire our microbial communities during the

first two years of life, and they remain fairly stable
thereafter. However, modern life is taking a toll on
that stability, We alter the balance of these com-
munities by taking antibiotics, purifying our water,
sterilizing our food, attempting to germproof our
surroundings, and scrubbing our skin and teeth.
Scientists hypothesize that disrupting our microbial
communities may increase our susceptibility to in-
fectious diseases, predispose us to certain cancers,
and contribute to conditions such as asthma and
other allergies, irritable bowel syndrome, Crohn’s
disease, and autism. Researchers are even investigat-
ing whether having the wrong microbial community
could make us fat. In addition, scientists are studying

how our microbial communities have evolved over the course of human history. As you'll discover in the
Evolution Connection section at the end of this chapter, for example, dietary changes invited decay-causing

bacteria to make themselves at home on our teeth.

Throughout this chapter, you will learn about the benefits and drawbacks of human-microbe interactions,
You will also sample a bit of the remarkable diversity of prokaryotes and protists. This chapter is the first of
three that explore the magnificent diversity of life. And so it is fitting that we begin with the prokaryotes,
Earth’s first life-form, and the protists, the bridge between unicellular eukaryotes and multicellular plants, F

fungi, and animals.

Colorized scanning electron micrograph of bacteria on a human tongue (14,500 <).

293 t

® Additional updated Chapter Threads and essays include
radioactivity in Chapter 2, muscle performance in Chapter 6,
and theft of used cooking oil for biofuel recycling in Chapter 7.

Biology and Society essays
relate biology to your life and
interests. This example discusses
the microorganisms that live in
your own body.

. Human Microbiota 111 PROCES
Process of Science explorations

give you real-world examples of how the
scientific method is applied. Chapter 15
explores a recent investigation into the

possible role of microbiota in obesity.

. Human Microbiota ©VOLUTION CONNECTION

Evolution Connection essays
conclude each chapter by
demonstrating how the theme of
evolution runs throughout all of
biology. The example in Chapter
15 discusses how changes in
the typical human diet over
generations is linked to bacteria
that cause tooth decay.



Identify “Big Picture” Themes

Examples of major themes in biology are highlighted
throughout the text to help you see how overarching biology
concepts are interconnected.

® NEW! Important Themes in Biology are introduced in Chapter 1
to underscore unifying principles that run throughout biology.
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MAJOR THEMES IN BIOLOGY
- Interconnections
Evolution Structure/Function Information Flow Energy Transformations within Systems
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Evolution by natural selection is The structure of an object, such as Within biclogical systems, information | All biological systems depend on All biological systems, from
biology's core unifying theme and | a molecule or a body part, provides | stored in DNA is transmitted and obtaining converting, and releasing | molecules to ecosystems, depend
can be seen at every level in the | insight into its function, and vice expressed. energy and matter, on interactions between
hierarchy of life. 1 versa. components.

® These themes—Evolution, >
Structure/Function,
Information Flow, Energy
Transformations, and
Interconnections within
Systems—are signaled

Human Microbiota EVOLUTION CONNECTION
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Recognize Analogies and Applications

Analogies and applications to everyday life make unfamiliar biology
concepts easier to visualize and understand.
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® NEW analogies and applications have been added throughout
the prose and the illustrations, making it easier to learn and
remember key concepts for the first time. Examples include:

* comparing the significant differences between prokaryotic and
eukaryotic cells to the differences between a bicycle and an SUV
(Chapter 4)

* comparing the process of DNA winding into chromosomes with
the act of winding yarn into a skein (Chapter 10)

* comparing a 4,600-mile road trip that describes the scale of
biological evolution on Earth (Chapter 15)

* comparing signal transduction to email communication
(Chapter 27%)

* comparing how dominoes relate to an action potential moving
along an axon (Chapter 27*)

episodes in the history of life.
On this 4,600-mile metaphorical
road trip, each mile equals 1 million
years in Earth's history.

If your family took a vacation
in which you traveled 1 mile
for every million years in the
history of life, you'd still be
asking, “Are we there yet?”
after driving from Miami to
Seattle.

* Chapters 21-29 are included in the expanded
version of the text that includes coverage of animal
and plant anatomy and physiology.



Boost Your Scientific Literacy

A wide variety of exercises and assignments can help you
move beyond memorization and think like a scientist.

® UPDATED! Process of
Science essays appear
in every chapter and
walk through each step
of the scientific method
as it applies to a specific
research question.

¥ Figure 1520
of microbiots

‘ Human Microbiota 1HE PROCESS OF SCIENCE

Are Intestinal Microbiota

to Blame for Obesity?
As you learned in the Biology and Society section, our
bodies are home to trillions of bacteria that cause no
harm or are even beneficial to our heakth. In the past
decade. researchers have made enormous strides in
characterizing our microbiota and have begun to Inves-
tigate the specific effects of these residents on our physi-
\crobes are

that recetved transplants of bes from the o
obese individunls would show a greater increase of body fat
than would germ-free mice that received transplants of mi-
crobes from the intestines of lean individuals.

The researchers recruited four pairs of female twins for
the axperiment. In each pair, one twin was cbese and the
other was Jean. Microbiota from the feces of each indwvid-
ual were transplanted into separate groups of germ-free
mice (Figure 1520). The rosults, shown in Figure 1521,
supported the hypothesis. Mice that received microbiota

ological processes. Because our intestinal

known to be involved in some aspects of food process-
ing, researchers speculate that they might be involved in
obesity. Let's examine how a team of sclentists investi-
gated the impact of microbiota on body compositi
the amount of fat versus lean body mass.

Using ebservations from previcus studies, the scien-
tists asked the following quse sti6n: Can microbicta from an
obese person affect the body composition of another per-
son? Although this s the question that we ultimately want

3 T answered, researchers routindy
toinvestigate the effect oy by petheses in animal mod-
composition. ek before using lxsanan sub-
jects. Mice that have been raised
Tungplot Cermviee moe in germ-free conditions have
s ) no miciobiota, making them

—p, LIDST
T experiment. Therefore, the sci-
entists formed the by pothe sk
that intestinal microbiota of an
obese person would incrase
the amount of body fat in

s d .
"% . ", mice Their pradiction was
T

that if the hypothesks was cor-
rect, then lean, germ-free mice

from an obese donor becam e more cbese; mice that
received microbiota from a lean donor remained lean.
Is a microbe-based cure for obasity just around the
corner? Its not likely. The experiment described here—
and many similar experiments— represent an early stage
of scientific investigation. A great deal more research is
needed to d whether our bial residents
are responsible for obesity. If that proves 1o be the case,
the next challenge will be figuring out how to safely ma-
nipulate the complex ecosystem within our bodies.
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MasteringBiology®

Part A - Designing a controlled experiment

« Group 1 (the control group) continued to eat a low-fat " high-fiber diet

+ Group 2 (the expenmental group) ate a high-fat. high-sugar diet

In one expenment scientists raised mice in germ-free conditions so the mice lacked intestinal microbes The mice were fed a low-fat diet
neh in the complex plant polysacehandes, such as cellulose, that are often called fiber

When the mice were 12 weeks old the scientists transpianted the microbial community from the intestine of a single “donor’ mouse into
all of the germ-free mice Then they divided the mice randomly into two groups and fed each group a different diet

<4 NEW! Scientific Thinking
Activities are designed to help you
develop an understanding of how
scientific research is conducted.

-

NEW! Evaluating Science in
the Media Activities challenge
you tc')ﬁrecognize validity, bias,
purpose, and authority in
everyday sources of information.




Learn to Interpret Data

3"

Data interpretation is important for understanding
biology and for making many important decisions in
everyday life. Exercises in the text and online will help
you develop this important skill.

14. Interpreting Data The graph below summarizes the number of
children who died of all strains of flu from 2007 until 2013. Each bar
represents the number of child deaths occurring in one week. Why

does the graph have the shape it does, with a series of peaks and
® NEW! H _of- : valleys? Looking over the Biology and Society section at the start of
N W_ Interpreting Data end-of Cha.Pt.e‘r > the chapter, why does the graph reach its highest points near the
questions help you learn to use quantitative middle? Based on these data, when does flu season begin and end
material by analyzing graphs and data. in a typical year?
This example from Chapter 10 invites you e
to examine historical data of flu mortality.

Other examples include:

* Chapter 13: Learn how markings on
snail shells affect predation rates in an
environment

* Chapter 15: Calculate how quickly bacteria
can multiply on unrefrigerated food

Number of pediatric deaths

I [ I | 1 |
2007 2008 2009 2010 2011 2012 2013

Interpreting Data: Primary and Secondary Immune Responses M a Ste ri ng B i (@) l O gy ©

Use the graph at left to answer the questions

Second exposure <4 NEW! Interpreting Data

“'?;"mm, fé Activities help you build and
| I 1 practice data analysis skills.
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Maximize Your Study Time

Campbell Essential Biology and the MasteringBiology
homework, tutorial, and assessment program work hand-in-
hand to help students succeed in introductory biology.

@ The Chapter Review offers
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MasteringBiology®

MasteringBiology provides a wide range
of activities and study tools to match your
learning style, including BioFlix animations,
MP3 audio tutorials, interactive practice
quizzes, and more. Your instructor can assign
activities for extra practice to monitor your
progress in the course.

< NEW! Essential Biology videos
introduce you to key concepts
and vocabulary, and are narrated
by authors Eric Simon and
Kelly Hogan. Topics include the
Scientific Method, Molecules

.of Life, DNA Replication,

Mechanisms of Evolution,
Ecological Principles, and more.




BEFORE CLASS

NEW! Dynamic Study Modules help you acquire,
retain, and recall information faster and more efficiently
than ever before. The convenient practice questions and
detailed review explanations can be accessed on the go
using a smartphone, tablet, or computer.

Which of the following is in the correct order?

Kingdom, Domain, Phylum, Family,
Order, Class, Genus, Species

Domain, Kingdom, Phylum, Class,

]
Order, Family, Genus, Species .

Pre-lecture
Domain, Kingdom, Phylum, Family, Assignments

Order, Class, Genus, Species

Kingdom, Domain, Phylum, Class,
Family, Order, Genus, Species

Kingdom, Domain, Phylum, Class,
Order, Family, Genus, Species

Mastering

» Continuously
Homewark, .
Quizzing, Ada ptlve

and Testing

Leatning
Catalytics,
Mastering

Media

AFTER CLASS

* Over 100 Coaching Activities are created by the
textbook author team and help you focus on learning key
concepts and building your biology vocabulary.

* NEW! Everyday Biology videos briefly explore
interesting and relevant biology topics that relate to
concepts in the course.

DURING CLASS

NEW! Learning Catalytics is a “bring
your own device” assessment and
classroom activity system that expands
the possibilities for student engagement.
Using Learning Catalytics, instructors can
deliver a wide range of auto-gradable or
open-ended questions that test content
knowledge and build critical thinking skills
using eighteen different answer types.

eswe0 ATRT LTE 3:51 PM
& learningcatalytics.com

multiple choice question

Image copyright: Pearson Education, Inc
What sequence of nucleotides would you
expect to see IN THE BOX in the image?

(List sequence from the left to right.)

A. GTACA

B. GUACA
C. CAUGU

D. CATGT
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Instructors: Extensive Resources for You

Extensive resources save valuable time both in course prep and during class.

® The Instructor's Resource DVD for Campbell Essential @ The Test Bank provides a variety of test
Biology (with Physiology chapters) organizes all instructor questions, many art- or scenario-based, in
media resources by chapter into one convenient and easy-to- both TestGen® and Microsoft® Word.

use package, including PowerPoint® slides, animations, lecture
presentations, lecture questions to stimulate class discussions,
quiz games, digital transparencies, and more

(ISBN 0133950956 / 9780133950953).

Do either of these people have diabetes? If you think EXPANDED! Current Topic PowerPoint"
so, explain why! <q presentations include new topics such as DNA
Profiling, Stem Cells and Cloning, Diabetes, Biodiversity,
_ 4004 and more. Each Powerpoint Presentation includes
- : ; 5 . . :
£ Person A instructor teaching tips and active learning strategies to
% 9001 help you easily create a high-interest, active lecture.
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]
& 200
3 150 .
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Selected materials from the Instructor Resources DVD
can be accessed and downloaded from the Instructor
Resources area of MasteringBiology.
_/

The Instructor Exchange provides successful, class-tested active learning
techniques and analogies from biology instructors around the nation, offering
a springboard for quick ideas to create more compelling lectures. Co-author
Kelly Hogan moderates contributions to the exchange.




Preface

This is a wonderful time to teach and learn biglogy. Oppor-
tunities to marvel at the natural world and the life within it
abound. It’s difficult to view a news website without finding
stories that touch on biology and its intersection with soci-
ety. In addition, the world of pop culture is rich with books,
movies, TV shows, comic strips, and video games that feature
biological wonders and challenge us to think about important
biological concepts and their implications. Although some
people say that they don't like biology (or, more often, science
in general), nearly everyone will admit to an inborn biophilia.
After all, most of us keep pets, tend a garden, enjoy zoos and
aquariums, or appreciate time spent outdoors. Furthermore,
nearly everyone realizes that the subject of biology has a sig-
nificant impact on his or her own life through its connections
to medicine, biotechnology, agriculture, environmental issues,
forensics, and myriad other areas. But despite the inborn af-
finity that nearly everyone has for biology, it can be a struggle
for nonscientists to delve into the subject. Our primary goal in
writing Campbell Essential Biology is to help teachers motivate
and educate the next generation of citizens by tapping into the
inherent curiosity about life that we all share.

Goals of the Book

Although our world is rich with “teachable moments” and
learning opportunities, the explosion of knowledge we have
already witnessed in the 21st century threatens to bury a cu-
rious person under an avalanche of information. “So much
biology, so little time” is the universal lament of biology
educators. Neil Campbell conceived of Campbell Essential
Biology as a tool to help teachers and students focus on the
most important areas of biology. To that end, the book is
organized into four core areas: cells, genes, evolution, and
ecology. Dr. Campbell’s vision, which we carry on and extend
in this edition, has enabled us to keep Campbell Essential Biol-
ogy manageable in size and thoughtful in the development of
the concepts that are most fundamental to understanding life.
We've aligned this new edition with today’s “less is more” ap-
proach in biology education for nonscience majors—where
the emphasis is on fewer topics and more focused explana-
tions—and we never allow the content we do include to be di-
luted. Toward that end, in this new edition we removed some
of the most technical details and terminology, which we hope
will help nonscience major students to focus on the key topics
in biology.

We formulated our approach after countless conversa-
tions with teachers and students in which we noticed some
important trends in how biology is taught. In particular,
many teachers identify three goals: (1) to engage students
by relating the core content to their lives and the greater so-
ciety; (2) to clarify the process of science by showing how it
is applied in the real world and to give students practice in

applying scientific and critical thinking skills themselves; and
(3) to demonstrate how evolution serves as biology’s unifying
theme. To help achieve these goals, every chapter of this book
includes three important features. First, a chapter-opening
essay called Biology and Society highlights a connection be-
tween the chapter’s core content and students’ lives. Second,
an essay called The Process of Science (found in the body of
the chapter) describes how the scientific process has illumi-
nated the topic at hand, using a classic or modern experiment
as an example. Third, a chapter-closing Evolution Connection
essay relates the chapter to biology’s unifying theme of evolu-
tion. To maintain a cohesive narrative throughout each chap-
ter, the content is tied together with a unifying chapter thread,
a relevant high-interest topic that is woven throughout the
three chapter essays and is touched on several additional times
in the cgag‘ter. Thus, this unifying chapter thread ties together
the three pedagogical goals of the course using a topic that is
compelling and relevant to students.

New to This Edition

We hope that this latest edition of Campbell Essential Biology
goes even further in helping students relate the material to
their lives, understand the process of science, and appreci-
ate how evolution is the unifying theme of biology. To this
end, we've added significant new features and content to this
edition:

® (larifying the importance of biology to students’
lives. Every student taking an introductory biology
course should be made keenly aware of the myriad
ways that biology affects his or her own life. To help put
such issues front and center, and to “prime the learning
pump” before diving into the content, we have included
a new feature at the start of each chapter called Why
[t Matters. Every chapter begins with this new feature,
which presents a series of attention-grabbing facts, in
conjunction with compelling photographs that illustrate
the importance of that chapter’s topic to students’
lives. These high-interest facts appear again in the
chapter narrative, typeset in a design meant to capture
students’ attention and placed adjacent to the science
discussion that explains the fact. Examples include: Why
Macromolecules Matter (“A long-distance runner who
carbo-loads the night before a race is banking glycogen
to be used the next day”) and Why Ecology Matters
(“Producing the beef for a hamburger requires eight
times as much land as producing the soybeans for a
soyburger”).

® Major themes in biology incorporated throughout
the book. In 2009, the American Association for the
Advancement of Science published a document that
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served as a call to action in undergraduate biology
education. 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, we repeatedly and
explicitly link book content to each of the five themes.
For example, the first theme, the relationship of structure
to function, is illustrated in Chapter 2 in the discussion
of how the unique chemistry of water accounts for its
biological properties. The second theme, information
flow, is explored in Chapter 10 in the discussion on how
genes control traits. The third theme, interconnections
within systems, is illustrated in Chapter 18 in the
discussion on the global water cycle. The fourth theme,
evolution, is called out in Chapter 17 in the discussion
on the phylogeny of animals. The fifth theme, energy
transformations, is explored in Chapter 6 in the
discussion on the flow of energy through ecosystems.
Readers will find at least one major theme called out

in this way per chapter, which will help students see

the connections between these major themes and the
course content and instructors will have myriad easy-to-
reference examples to help underscore these five themes.
These specific examples are supplemented by many
others throughout the text.

New unifying chapter threads. As discussed earlier,
every chapter in Campbell Essential Biology has a

unique unifying chapter thread—a high-interest topic
that helps to demonstrate the relevance of the chapter
content. The chapter thread is incorporated into the
three main essays of each chapter (Biology and Society,
The Process of Science, and Evolution Connection) and
appears throughout the chapter text. This sixftredition
features many new chapter threads and essays, each of
which highlights a current topic that applies biology to
students’ lives and to the greater society. For example,
Chapter 2 presents a new thread on radioactivity,
including discussions of its use in health care and as a
tool to test evolutionary hypotheses. Chapter 15 features
a new thread on human microbiota, including a recent
investigation into the possible role of microbiota in
obesity and an exploration of how the change from a
hunter-gatherer lifestyle to a diet heavy in processed
starch and sugar selected for oral bacteria that cause
tooth decay.

Developing data literacy. 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. To help foster critical
thinking skills, we have incorporated a new feature called

Interpreting Data into the end-of-chapter assessments.
These questions, one per chapter, offer students the
opportunity to practice their science literacy skills. For
example, in Chapter 10, students are asked to examine
historical data of flu mortality, and in Chapter 15,
students are tasked with calculating how quickly bacteria
can multiply on unrefrigerated food. We hope that
practice examining these simple yet relevant data sets
will help students be more comfortable when they must
confront numerical data in their own lives.

Updated content and figures. As we do in every
edition, we have made many significant updates to

the content presented in the book. Examples of new

or updated material include new discussions on
epigenetics, metagenomics, and RNA interference;

an examination of new genomic information on
Neanderthals; updated climate change statistics; a
discussion of advances in fetal genetic testing; and an
updated discussion of new threats to biodiversity. We
have also included nearly a dozen new examples of DNA
profiling and a cutting-edge exploration of genetically
modified foods. We also strive with each new edition to
update our photos and illustrations. New figures include
examples that show how a prion protein can cause brain
damage (Figure 3.20) and how real data from DNA
profiling can exonerate wrongly accused individuals
(Figure 12.16).

New analogies. As part of our continuing effort to
help students visualize and relate to biology concepts,
we have included numerous new analogies in this
edition. For example, in Chapter 4, we compare

the significant differences between prokaryotic and
eukaryotic cells to the differences between a bicycle and
an SUV. In Chapter 8, we compare the process of DNA
winding into chromosomes with the act of winding
yarn into a skein. Additional analogies, both narrative
and visual, bring biological scale into focus, such as

a 4,600-mile road trip that is used to help students
imagine the scale of biological evolution on Earth
(Figure 15.1).

MasteringBiology updates. New whiteboard-style
animated videos provide students with an introduction
to key biological concepts so students can arrive to class
better prepared to explore applications or dive into

any topic more deeply. New Everyday Biology videos,
produced by the BBC, promote connections between
concepts and biology in everyday life, and Evaluating
Science in the Media activities teach students how to be
wise consumers of scientific information and coach them
through critically evaluating the validity of scientific
information on the Internet. New Scientific Thinking
activities encourage students to develop scientific



