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Preface

A decade ago in his popular book, Megatrends 2000, futurist John
Naisbitt predicted the coming of the Age of Biology. It was a safe
forecast. Biology was already emerging as the new millennium’s
central science—the concourse where all the natural sciences meet
and intersect with the humanities and social sciences. But the scale
of biology’s impact is probably more surprising to most scientists.
[n addition to illuminating life more brightly than ever, modern bi-
ology is remodeling medicine, agriculture, forensics, conservation
science, anthropology, psychology, sociology, and almost every
other “-ology” that’s paying attention. This is the best time ever to
take a biology course!

It is a privilege for us to be able to help instructors share the
story of life with students during this golden age of biology. We see
our responsibility as science educators to be especially important
in communicating with students who are not biology majors, be-
cause their attitudes about science and scientists are likely to be
shaped by a single, required science course—this course. And
because biology and society are so interwoven today, we believe
that non-majors courses are the most important classes biology de-
partments teach. Many of our colleagues around the country ap-
parently agree, for the most enthusiastic and innovative among
them are drawn to the adventure of teaching non-majors. It’s
among the liveliest and most creative communities in all of science
education.

As important and inspirational as modern biology is, these are
also the most challenging times to teach and learn the subject. The
same discovery explosion that makes biology exhilarating today
also threatens to suffocate our students under an avalanche of in-
formation. With each of its many subfields bustling in research ac-
tivity, biology grows larger every year, while the academic semester
stays the same size. Something has to give.

In this era of ever-expanding biology, we have no choice but to
make our courses less encyclopedic. Leading the way in this move-
ment are the many thoughtful instructors who have opted to cover
fewer main biology topics rather than compromise depth in the
most important areas. To support this trend, we have created this
new biology textbook, which we call Essential Biology. Yes, it is a
shorter biology text than most, but we did not achieve this brevity
by trying to fit all of biology into less space. Instead, we focused on
just four core topics: cells, genes, evolution, and ecology. By explor-

ing these four areas and fitting them together, students can synthe-
size a coherent view of life. In the context of these four main topics,
students will encounter diverse organisms and their evolutionary
adaptations. However, we have not included separate units on the
anatomy and physiology of plants, animals, and other organisms.
This enabled us to keep Essential Biology manageable in size—and,
well, essential—without being superficial in the areas we chose to
cover. We take the “less is more” mantra in education today to
mean fewer topics, not more dilute explanations.

Even with a decision to cover fewer major topics, there is still
the potential for biology to collapse into a formless pile of terms
and factoids. An integrated view of life depends on a theme that
cuts across all topics, and that theme is evolution. Understanding
how evolution accounts for both the unity and diversity of life
makes biology whole. Evolution will continue to provide this form
no matter how big and complex biology becomes. Every chapter of
Essential Biology connects to this evolutionary theme of life.

We named our new book Essential Biology partly because this
look at life is relatively brief, selective, and integrated. But the title
has a second meaning. It announces an emphasis on concepts and
applications that are essential for students to make biologically in-
formed decisions throughout their lives—to evaluate certain
health and environmental issues, for example. From ethical and
safety concerns surrounding genomics to debates about global
warming, students will find biology in the news every day. Biology
is more essential than ever in a general education, and we’ve tried
to spotlight this central place of biology in modern culture.

Long after students have forgotten most of the specific content
of their college courses, they will be left with general impressions
that will influence their interests, opinions, values, and actions. We
hope this textbook, and its supporting media, will help students
fold biological perspectives into their personal worldviews. Please
let us know how we are doing and how we can improve the next
edition of Essential Biology.

Jane Reece

Benjamin Cummings Publishing
1301 Sansome St.

San Francisco, CA 94111

Neil Campbell
Department of Botany
and Plant Sciences
University of California
Riverside, CA 92521
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Overview: Our Dependence on Plants " O
Plants and other photosynthetic organisms convert the energy of sunlight Start w‘th the b]g p]Cture el

to the chemical energy of sugar and other organic compounds. It is the

Discovermoreways | SOUFCE of all our food. And we depenq on plants for more OveereW. EaCh Chapter starts Wlth an
Wi v mked than our food. You are probably wearing underwe:nj, 1 )
plants in Web/cD jeans, or other clothing made of another product of pho- overview that glves You a context for the
Activity 6A tosynthesis, cotton. Most of our homes are framed with ,

lumber, which is wood produced by photosynthetic trees. detalls to come.

Even the text you are now reading is printed on paper, still another material
that can be traced to photosynthesis in plants. But mostly, photosynthesis is
all about feeding the biosphere.
| Plants are autotrophs, which means “self-feeders” in Greek. The term is
a bit misleading in its implication that plants do not require nutrients—
| they do. But those nutrients are entirely inorganic: carbon dioxide from the
air, and water and minerals from the soil. From that inorganic diet, plants
can make all their own organic molecules, including carbohydrates, lipids, |
proteins, and nucleic acids. That is the definition of an autotroph: an organ-
ism that makes all its own organic matter from inorganic nutrients. In con-
trast, humans and other animals are heterotrophs, meaning “other-
feeders” We heterotrophs cannot make organic molecules from inorganic
ones. That is why we must eat. Heterotrophs depend on autotrophs for their
organic fuel and material for growth and repair.

The most common form of autotrophic nutrition is photosynthesis,
which uses light energy to drive the synthesis of organic molecules. Almost
all plants are photosynthetic, and so are certain groups of protists and bac-

teria (Figure 6.2).
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| Figure 11.30 One type of gene therapy procedure.

@ The normal gene is cloned by recombinant DNA techniques. It is
then converted into RNA and inserted into the RNA genome of a
retrovirus vector that has been rendered harmless. @ Bone mar-
row cells are taken from the patient and infected with the virus

© The virus inserts a DNA copy of its genome, including the human
" gene; into the cells’ DNA, @ The engineered cells are then injected
y back into the patient, where they colonize the bone marrow.
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Health and environmental applications. In
every chapter, Essential Biology makes connec-
tions to topics that will be meaningful to you
and your family long after this course is done.
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visualize the processes of life,
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and know where you are. P ot iy -~ Stage 1: Glycolysis The word glycolysis

means “splitting of sugar” That is exactly
Orientation diagrams. Orientation e i o
diagrams show you where you are in a Sorming v theee-cahon moleculss.
complex process, and where this topic

fits into the bigger picture.

These molecules then donate high-energy
electrons to NAD, the electron carrier. Gly-
> ATP ATP & colysis also makes some ATP directly when

: enzymes transfer phosphate groups from
fuel molecules to ADP (Figure 5.15). What remains of the
fractured glucose at the end of glycolysis are two mole-

Watch the processof cyles of pyruvic acid. The pyruvic acid still holds most of
glycolysis inWeb/CD | 1, energy of glucose, and that energy is harvested in the
Activity SE.
Krebs cycle.
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Natural Selection in Action:
The Evolution of Pesticide-Resistant Insects

Natural selection and the adaptive evolution it causes are observable phe-
nomena. A classic and unsettling example is the evolution of pesticide re- Wa
sistance in hundreds of insect species.

Pesticides are poisons used to kill insects that are pests in crops,

tch, practice, and learn with multimedia,

swamps, backyards, and homes. Examples are DDT, now banned in many Multimedia for every topic. Media ﬂags in the text
countries, and malathion. These chemical weapons against insects have i . . e

proved to be double-edged swords. We have used pesticides to control in- gulde y()u to medla activities—at least one for every
sects that eat our crops, transmit diseases such as malaria, or just annoy us L % % .

around the house or campground. But widespread use of these poisons, main tOplC—that let you see anlmatlons, perform
which are not specific for the intended targets, has also produced some . .

colossal environmental problems, which we'll examine in Chapter 17. Our Vll‘tual experlments, and more.

focus here is the evolutionary outcome of introducing these chemicals into
the environments of insects.
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using the CD-ROM or website—your choice.

Core content in both formats. You can access more than
150 media activities, 400 chapter quiz questions, and a
glossary with audio pronunciations using either the
Essential Biology Place Website or the CD-ROM included
in this book. In addition, web links, news, practice test
questions, and more are available on the website. For more
information, see the insert before Chapter 1.
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population, we now have the changing gene pool of an evolving population
One of the products of the modern synthesis was a definition of evolu

Did you get it? Receive immediate feedback.

tion that is based on population genetics: Evolution is a generation-to- |
generation change in a population’s frequencies of alleles. Because this de- |

Checkpoint With every tOPiC. A ChCCkP()lnt at scribes evolution on the smallest scale, it is sometimes referred to more

specifically as microevolution. |

the end of each main section of the chapter lets \

you assess your understanding.
2. Define microevolut
3. Which term in the Hardy-Weinberg formula (p* + 2pq + q° =1)
corresponds to the frequency of individuals who have no alleles for the

disease PKU?
4. Which of the f

example of pc

ng variations in a human population is the best

phism: height, ABO blood group, number of fin

|
1. What is the smallest biological unit that can evolve?
9
|
|
|

gers, or math proficiency?
5. Which proces itation or sexual recombination, results in most of
the generation-to-generation variability in human populations
Answers: 1. A stion 2. Microevolution is a change in a pog g 6F allolk
3.p° 4. Blood 5 0 ‘
T v ey OTTTe o TETETECTTpTTY Namano i
red eyes; a offspring will be white-eyed (XY). 4. % (+ chance the child will be male
chance that he will inherit the X carrying the disease allele)

Connect with biology’s key theme.

Evolution Link. As the capstone of each
chapter, an Evolution Link helps you connect
the chapter’s subject to the overarching theme
of evolution.

Evolution Link:
The Telltale Y Chromosome

|
|

|

| =~y

| T'he Y chromosome of human males is only about one-third the size of the
|

X chromosome and carries only 7; as many genes. As mentioned earlier,

most of the Y genes seem to function in maleness and male fertility and are

not present on the X. In prophase I of meiosis, only two tiny regions of the

X and Y chromosomes can cross over (recombine). Crossing over requires

that the DNA in the recombining regions line up and match very closely, |
and for the human X and Y chromosomes, this can only happen at their |
tips.

Nevertheless, biologists believe that X and Y were once a fully homolo
gous pair, having evolved from a pair of autosomes about 300 million years
ago. Since that time, four major episodes of change, the most recent about
40 million years ago, have rearranged pieces of the Y chromosome in a way
that prevents the matching required for recombination with the X. Much of
the reshuffling seems to have resulted from inversions (see Figure 7.24¢)

| Figure 8.35 A Lemba tribesman. DNA sequences from the
Y chromosomes of Lemba men suggest that the Lemba are de
scended from ancient Jews |

Review the main points.

Rapter Review Chapter Review. The summary gives you a quick

review of the chapter along with a guide to the

Summary of Key Concepts resources on the website and CD-ROM.

Overview: Why and How Genes Are Regulated

® Gene expression—the flow of information from genes to proteins—is
subject to control, mainly by the turning on and off of genes. Cells become
specialized in structure and function because only certain genes of the genome
are expressed. In eukaryotic cells, there are multiple possible control points in
the pathway of gene expression. However, the most important control point in
both eukaryotes and prokaryotes is at gene transcription

*Web/CD Activity 10A Control of Gene Fx; "

Gene Regulation in Bacteria

® The lac Operon In prokaryotes, genes for enzymes with related functions
are often controlled together by being grouped into regulatory units called
operons. Regulatory proteins bind to control sequences in the DNA and turn
operons on or off in response to environmental changes. The lac operon, for
example, produces enzymes that break down lactose only when lactose is pres-
ent.

= Web/CD Activity 10B The lac Operon i

| ® Other Kinds of Operons While the repressor for the lac operon is innately

‘ active, some operons, such as those that affect the synthesis of certain amino
acids, have repressors that are innately inactive. The activation of still other

l operons depends on activator proteins

) 4] To the Student




Self-Quiz Prepare for the test,
1. Which of the following shows the effects of a density-dependent limiting

factor?

. Aforest e il ol the pine tree i« pach of ores, Self-Quiz in book and media. Try the self-quiz questions at the

b. Early rainfall triggers the explosion of a locust population.

¢ Drought decimates a wheat crop. end of each chapter, and go to the website or CD-ROM for twenty

d. Silt from logging kills half the young salmon in a stream.

e. Rabbits multiply, and their food supply begins to dwindle. addltional questiol—ls on each Chaptel‘. Test Flight on the website lets
2. With regard to its percent increase, a population that is growing logisticall . . . .

A e you prepare for a test on multiple chapters by building a practice

b. has a high intrinsic rate of increase,

¢. grows fastest at an intermediate population density. test from a database Of hundreds Of queSthnS.
d. grows fastest as it approaches carrying capacity.
. is always slowed by density-independent factors.

3, Dinatenss in s bosast sand rashada and Lill nins ssadlioss that sasait

nej

- KOIVIVE Chapter 7

1 Which statement regarding meiosis is correct?

Q) Crossing over occurs during prophase |l.

(@ DNA is duplicated once and centromeres are split once

(D Haploid cells become diploid during this process.

@ Centromeres are split and sister chromatids separate during anaphase |.
(@ DNA is duplicated twice and cytokinesis occurs once.

2 Which of the following is a function of meiosis?

@ asexual reproduction

(@ reduction ofthe chromosome number of daughter cells to halfthat of the parent cell
( Production of a mature organism from a zygote

@ replacement of dead or dying cells

@ growth and development of an individual organism

The Process of Science practice science,

1. A population of snails has recently become established in a new region.
The snails are preyed on by birds that break the snails open on rocks, eat the f M : 1
soft bodies, and leave the shells. The snails occur in both striped and unstriped Process 0 Sc'ence unStlons' The Process Of SClence

forms, In one area, researchers counted both live snails and broken shells.

Thel date a0 avencaariod hene questions challenge you to think scientifically about the
Striped  Unstriped questions Of blology

Living 264 296

Broken 486 377
Based on these data, which snail form is more subject to predation by birds?
Predict how the frequencies of striped and unstriped individuals might change
over the generations.
2. Explore the Galipagos Islands and other places Darwin visited in The
Vayage of the Beagle. Conduct virtual experiments on an evolving popula
tion of leafhoppers in Effects of Environmental Changes on a Population,

Both activities are available in The Process of Science section of Chapter 1

on the website and CD-ROM, and finally, what’s your opinion?
Biology and Society Biology and Society questions. Biology and Society
‘To what extent are humans in a technological society exempt from natural se- questions invite you to apply the biOlOgY YOU)VC learned

lection? Explain your answer. . 3 = ks 3
5 to evaluate ethical or policy-related issues you're likely
to read about or vote on at the polls.

To the Student X1
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