


Since its trailblazing First Edition, Biological Science has delivered numerous biology 
teaching innovations that emphasize higher-order thinking skills and conceptual 
understanding rather than an encyclopedic grasp of what is known about biology. 

With each edition, this approach has grown and improved to better help students make the 
shift from being novice learners to expert learners. Central to this shift is a student-centered 
approach that provides deep support for the learning of core content and the development of 
key skills that help students learn and practice biology. 

Instruction Practice Application

Content

Skills
Thinking likeT
a biologist

On the pages that follow, we will show how the text and MasteringBiology resources work 
together to achieve this goal.

This model represents the 
overarching goal of the Sixth 
Edition: To help novice learners 
progress from instruction . . .

. . . ultimately 
completing the course 
as expert learners who 
think like biologists. 

. . . and then to apply 
what they have learned 
to new situations . . . 

. . . to become 
active learners 
through practice . . .



Unique Chapter-opening Roadmaps set the table for learning by visually grouping and 
organizing information to help students anticipate key ideas as well as recognize meaningful 
relationships and connections that are explored in the chapter that follows.

Each Roadmap begins 
with a statement of why the 
chapter topic is important.

Key topics from each 
chapter are previewed, and 
related ideas are connected 
through linking words.

Chapter section numbers 
help students find key ideas 
easily in the chapter.

Big Picture Concept Maps are referenced on the opening page of related chapters, 
pointing students to summary pages that help them synthesize challenging topics.

1

This vervet monkey 
baby is exploring 
its new world and 
learning how to find 
food and stay alive. It 
represents one of the 
key characteristics of 
life introduced in this 
chapter—replication.

I n essence, biological science is the study of life. It searches for ideas and observations that unify our 
 understanding of the diversity of life—from bacteria living in hot springs to humans and majestic 
 sequoia trees.

The goals of this chapter are to introduce the nature of life and explore how biologists go about study-
ing it. The chapter also introduces themes that will resonate throughout this book:

• Analyzing how organisms work at the molecular level.

• Understanding organisms in terms of their evolutionary history.

• Helping you learn to think like a biologist.

Let’s begin with what may be the most fundamental question of all: What is life?

This chapter is part of the 
Big Picture. See how on 
pages 16–17.

1 Biology and the Tree of Life

What does it mean
to say that something 
is alive?  1.1

Three of the greatest
unifying ideas in biology

The process of
doing biology

starting with 

first

including including

Life is cellular 1.2 Life evolves 1.3

The tree of life 1.5

both predict

second

1.6

Life processes
information 1.4

and third

In this chapter you will learn about 

Key themes to structure your thinking about biology



Big Picture topics include:

•  Doing Biology, pp. 16–17
•  The Chemistry of Life, 

pp. 140–141
•  Energy for Life, pp. 232–233
•  Genetic Information, 

pp. 396–397

•  Evolution, pp. 516–517
•  NEW! Diversity of Life, 

pp. 702–703
•  Plant and Animal Form and 

Function, pp. 816–817
•  Ecology, pp. 1162–1163

CHECK YOUR UNDERSTANDING

If you understand the big picture …

 You should be able to …
1. Circle the branches in the trees where humans occur.
2. In the tree on the left, draw an arrow from cyanobacteria to

the root of plants to show the endosymbiosis event marking
the origin of chloroplasts. Then draw an arrow from the
α-proteobacteria to the root of Eukarya to show the origin
of mitochondria.

3. Identify three examples of monophyletic groups in the trees
and one example of a paraphyletic group.

4. Mark the origin of stinging cells in jellyfish (cnidarians).

Answers are available in Appendix A.

This Big Picture shows the  
three-domain hypothesis, dividing 
life into the domains Bacteria, 
Archaea, and Eukarya. Most 
organisms on Earth are single-
celled prokaryotes in the domains 
Bacteria and Archaea.

Only some of the many lineages 
of living organisms are included 
in this tree (see Chapters 26–32 
for more details). You can use this 
Big Picture to practice your tree-
thinking skills (see BioSkills 13). 
Also, be sure to do the blue 
exercises in the Check Your 
Understanding box below.

The Big Picture of Evolution 
(pp. 516–517) explains how 
the tree of life took shape. New 
branches are added when natural 
selection, genetic drift, and 
mutation occur in populations 
that are isolated by low levels of 
gene flow. Branches are “pruned” 
from the tree when extinction 
occurs.
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DIVERSITY OF LIFE

δ-Proteobacteria

α-Proteobacteria

β-Proteobacteria

ε-Proteobacteria

Spirochaetes

Cyanobacteria

Chlamydiae

Actinobacteria

Firmicutes

γ-Proteobacteria
This node

represents the
common ancestor

of all organisms

Archaea share a
more recent common

ancestor with Eukarya
 than with Bacteria

Korarchaeota

DOMAIN BACTERIA

DOMAIN ARCHAEA

DOMAIN EUKARYA

Bacteriodetes

Mycoplasma

Thaumarchaeota

Crenarchaeota

Euryarchaeota

The most recent
common ancestor

of eukaryotes
was single-celled

and contained
membrane-bound

organelles Land plants

Slime molds

Parabasilids

Diplomonads

Euglenids

Red algae

Green algae

Foraminiferans

Ciliates

Dinoflagellates

Apicomplexans

Water molds

Diatoms

Brown algae

Animals
Choanoflagellates

Fungi

Lateral gene
transfer among

branches is
common but

shown only here
for simplicity

Viruses are enormously 
diverse and are important 
agents of organismal 
evolution, but are not
themselves alive 
so are not included
in the tree of life

γ-Proteobacteria Spirochaetes

Euglenids Diatoms

Protists are a 
paraphyletic group
containing all 
eukaryotes except
fungi, animals, and plants

“You should be able to…” activities 
encourage students to analyze 
important patterns within each Big 
Picture concept map.

Big Picture Concept Maps integrate visuals and words to 
help students synthesize information about challenging topics 
in biology that span multiple chapters and units.

Big Picture concept map tutorials are 
challenging, higher-level activities that require 
students to build their own concept map and 
to answer questions about the content. They 
are automatically graded to make it easy for 
professors to assign. New to the Sixth Edition 
are tutorials on diversity.

703

Vascular tissue

Seeds

Chloroplasts
containing
chlorophyll

GYMNOSPERMS

NONVASCULAR 
PLANTS

SEEDLESS
PLANTS

GREEN ALGAE

PLANTS

DEUTEROSTOMES

ANIMALS

PROTOSTOMES:
LOPHOTROCHOZOA

PROTOSTOMES:
ECDYSOZOA

LAND PLANTS

Ascomycota
Form spores in a 
sac-like structure 
called an ascus; 
include morels, 
truffles, and yeast

Basidiomycota
Terrestrial fungi that form 
spores on club-shaped 
basidia; include 
mushrooms, puffballs, 
and bracket fungi

Zygomycetes
Have hyphae that 
yoke together and 
fuse; include many 
food molds

Mollusks
The most diverse phylum 
of lophotrochozoans: 
about 85,000 described 
species including snails, 
clams, and octopuses

Arthropods
The most diverse phylum 
of ecdysozoans: over a 
million described species 
including millipedes, 
insects, lobsters, crabs, 
ticks, and spiders

Chordates
The most diverse phylum 
of deuterostomes: over 
65,000 described 
species including  
vertebrates such as 
fishes, amphibians, 
reptiles, and mammals

Mosses
The most diverse lineage 
of nonvascular plants: 
over 12,000 described 
species, mostly in moist, 
terrestrial environments

Gymnosperms
An ancient group of 
seed plants: over 1000 
described species 
including ginkgoes, 
cycads, redwoods, 
and pines

Angiosperms
The most diverse lineage 
of seed plants: about 
300,000 described 
species including water 
lilies, roses, wheat, oak 
trees, and sunflowers

Like animals, fungi are
multicellular heterotrophs;
they absorb nutrients from
living or dead organisms

Multicellularity

Multicellularity

Multicellularity

Unlike fungi 
and animals, 
plants are 
primary
producers

Unlike fungi, most 
animals ingest their 
food and have nerve 
and muscle cells that 
enable movement 

Conspicuous
bilateral symmetry

Choanoflagellates

ASCOMYCOTA

BASIDIOMYCOTA

GLOMEROMYCOTA

CHYTRIDS and 
ZYGOMYCETES

FUNGI

MICROSPORIDIA

Sponges

Comb jellies

Cnidarians

Rotifers

Flatworms

Mollusks

Roundworms

Tardigrades

Velvet worms

Echinoderms

Xenoturbellids
Chordates

Segmented worms

Arthropods

Hemichordates

Red algae

Ulvophytes

Coleochaetes

Stoneworts

Liverworts

Hornworts

Club mosses

Whisk ferns

Horsetails

Ginkgo

Mosses

Ferns

Redwoods et al.

Angiosperms

Cycads

Pines et al.

Protist outgroup to animals 

ANGIOSPERMS

Dorsal hollow nerve cord
Notochord

Muscular post-anal tail

Pharyngeal gill slits

Flowers

These relationships
are not yet resolved

Big Picture activities are available at MasteringBiology

New Diversity Big Picture  
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A wide variety of practice questions and exercises are designed to encourage 
readers to pause and test their understanding as they proceed through each chapter. 
All questions and exercises are highlighted in blue throughout the text.

16.4 What Are the Types and 
Consequences of Mutation?
This chapter has explained that the information in DNA is put 

• The code is non-overlapping. Once the ribosome locks 
onto the first codon, the reading frame is established, and the 
ribosome then reads each separate codon one after another.

• The code is nearly universal. With a few minor exceptions, 
all codons specify the same amino acids in all organisms.

• The code is conservative. When several codons specify the 
same amino acid, the first two bases in those codons are usu-
ally identical.

The last point is subtle, but important. Here’s the key: If a 
change in DNA sequence leads to a change in the third position 
of a codon, it is less likely to alter the amino acid in the final 
protein. This feature makes individuals less vulnerable to single 
base changes in their DNA sequences. Compared with randomly 
generated codes, the existing genetic code minimizes the phe-
notypic effects of small alterations in DNA sequence. Stated 
another way, the genetic code was not assembled randomly, like 
letters drawn from a hat. It has been honed by natural selection 
and is remarkably efficient.

The Value of Knowing the Code Knowing the genetic code and 
the central dogma, biologists can

1. Predict the codons and amino acid sequence encoded by a 
particular DNA sequence (see Figure 16.7).

2. Determine the set of mRNA and DNA sequences that could 
code for a particular sequence of amino acids.

Why are a set of mRNA or DNA sequences predicted from a 
given amino acid sequence? The answer lies in the code’s redun-
dancy. For example, if a polypeptide contains phenylalanine, you 

(a) Using the genetic code to predict an amino acid sequence

Template strand of the DNA sequence ...

... and translated as

... would be transcribed as

(b) Your turn—a chance to practice using the genetic code

A T G G C C A A T G A C T T T C A A T A A

T A C C G G T T A C T G A A A G T T A T T

Met (start) Ala Asn Asp Phe Gln (stop)

A T G C T G G A G G G G G T T A G A

T A C G A C C T C C C C C A A T C T

C A T

G T A

5′ 3′

5′ 3′

3′ 5′

5′ 3′

5′ 3′

3′ 5′
Template strand of the DNA sequence ...

Non-template strand Non-template strand

... and translated as

... would be transcribed as

Remember that RNA contains U (uracil) instead of T (thymine),
and that U forms a complementary base pair with A (adenine)

A U G G C C A A U G A C U U U C A A U A A

Figure 16.7 The Genetic Code Can Predict Amino Acid Sequences. The strand of DNA that is transcribed is the 
template strand, and the strand of DNA that is not transcribed is the non-template strand. The non-template strand 
has the same polarity and sequence as the RNA except that where a T occurs in DNA, a U is found in RNA.

 Fill in the mRNA and amino acid sequences in part (b).

CHECK YOUR UNDERSTANDING

If you understand that …
• The sequence of bases in mRNA constitutes a code. Particular 

combinations of three bases specify specific amino acids in the 
protein encoded by the gene.

• The genetic code is redundant. There are 64 combinations of 
bases, but only 20 amino acids plus start and stop “punctuation 
marks” need to be specified.

 You should be able to …
1. Underline the start and stop codons in the mRNA sequence 

5'-UAUCCAUGGCACUUUAAAC-3'
2. QUANTITATIVE State how many different mRNA sequences 

could code for the following amino acid sequence plus a 
stop codon:

Met-Trp-Cys-(Stop)

Answers are available in Appendix A.

Once biologists understood the central dogma and genetic 
code, they were able to explore and eventually understand the 
molecular basis of mutation. How do novel traits—such as dwarf-
ing in garden peas and white eye color in fruit flies—come to be?

Research boxes teach students how 
we know what we know about biology by 
using current and classic research to model 
the observational and hypothesis-testing 
process of scientific discovery. 

Each Research box concludes with a 
question or exercise that asks students 
to think critically about experimental design 
by predicting outcomes, analyzing the setup 
used to test a hypothesis, or interpreting 
data found in experimental results

PREDICTION OF “SEX MATTERS” HYPOTHESIS: Offspring phenotypes will be different in the two crosses.

PREDICTION OF NULL HYPOTHESIS: Offspring phenotypes will be identical in the two crosses.

CONCLUSION: It makes no difference whether the genetic determinant for seed shape comes from the male gamete or from the female gamete.

EXPERIMENTAL SETUP:

RESULTS:

NULL HYPOTHESIS: The type of gamete does not affect the inheritance of seed shape.

HYPOTHESIS: The type of gamete does affect the inheritance of seed shape.

RESEARCH

QUESTION: Is the inheritance of seed shape in peas affected by whether the genetic determinant comes from a
male or female gamete?

Pollen from round-
seeded parent ...

... to female organ of 
wrinkled-seeded parent.

Round-seeded parent 
receives pollen ...

... from wrinkled-
seeded parent.

A cross The reciprocal cross

Male parent Male parentFemale parent Female parent

Results are
identical

First cross: All progeny have round seeds. Reciprocal cross: All progeny have round seeds.

Figure 14.3 Mendel Also Performed a Reciprocal Cross.
SOURCE: Mendel, G. 1866. Versuche über Pflanzen-hybriden. Verhandlungen des naturforschenden Vereines in Brünn 4: 3–47. English translation available from ESP: 
Electronic Scholarly Publishing (www.esp.org).

 PROCESS OF SCIENCE Some people think that experiments are failures if the hypothesis being tested is not 
 supported. What does it mean to say that an experiment failed? Was this experiment a failure?

“Solve It” Tutorials engage learners in a multi-step investigation of a 
“mystery” or open question in which students must analyze real data. 

Figure and table caption 
questions and exercises 
ask students to critically 
examine information in figures 
and tables.

Check Your Understanding 
activities ask students to 
work with important concepts 
in the chapter.

http://www.esp.org


 PUT IT ALL TOGETHER: Case Study

How does gigantism affect the physiology of animals?

11. QUANTITATIVE

P 6 BioSkills 3
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14. CAUTION

15. 
tortoise are placed in the same pen a
will be more 

16. CAUTION

Begin by testing your basic knowledge of new information.

 TEST YOUR KNOWLEDGE

 TEST YOUR UNDERSTANDING
Once you’re confident with the basics, demonstrate 
your deeper understanding of the material.

 TEST YOUR PROBLEM-SOLVING SKILLS

Work towards mastery of the content by answering questions 
that challenge you at the highest level of competency.

NEW! Case study questions from the end of chapter are 
assignable in MasteringBiology.

NEW! Classroom activity questions about the case study 
are available for clickers to help instructors easily incorporate 
the case studies into their classroom teaching.

NEW! “Put It All Together” case studies appear at 
the end of every chapter and provide a brief summary of 
contemporary biology research in action. Each case study 
connects what students learn in class with current, real-world 
biology research questions. At least one question requires 
students to analyze real data or apply quantitative skills. 

Steps to Building Understanding 

Each chapter ends with three groups of questions that 
build in difficulty

End of chapter
case studies 
with instructor
resources

Instruction Practice Application
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18 

BioSkills

17: Recognizing and Correcting Misconceptions

18: Using Bloom’s Taxonomy for Study Success

starting with

In this book you will learn that 

BioSkills
are essential for doing biology

Monitoring Your Own Learning

15: Translating Greek and Latin 
Roots in Biology

16: Reading and Citing the 
Primary Literature

Reading Biology

12: Reading and Making Visual 
Models

13: Reading and Making 
Phylogenetic Trees

14: Reading Chemical 
Structures

See 2: Reading and Making  
    Graphs

Visualizing Biology

1: Using the Metric System and 
Significant Figures

2: Reading and Making Graphs

3: Interpreting Standard Error 
Bars and Using Statistical 
Tests

4: Working with Probabilities

5: Using Logarithms

Quantifying Biology

  6: Separating and Visualizing
      Molecules

  7: Separating Cell Compo-
nents

      by Centrifugation

  8: Using Spectrophotometry

  9: Using Microscopy

10: Using Molecular Biology        
  Tools and Techniques

11: Using Cell Culture and  
  Model Organisms as Tools

Using Common Lab Tools 

Chapter 1: Introduces core principles and best practices

BigPicture 1: Provides a visual summary of how to think like a biologist

The narrative throughout the text models how to think like a biologist, 
including end-of-chapter case studies.

Experiment boxes, graphs, and other visual models in each chapter help 
you to visualize scientific ideas.

Asking Questions and Designing Studies

then using this BioSkills
section to review and 
practice with

where success requires

where
success 
requires

where
success 
requires

EXPANDED! BioSkill on Interpreting Standard 
Error Bars and Using Statistical Tests includes 
a new discussion of commonly used tests, such 
as chi square, t-test, and analysis of variance 
(ANOVA). A new section discusses interpreting P 
values and statistical significance.

18

Table B3.1  Asterisk Rating System for P  Values and Statistical Significance

P Value Asterisk Rating Statistical Significance Level Meaning

P > 0.05 None Not significant Greater than a 1 in 20 chance of being wrong (i.e., incorrect  rejection 
of the null hypothesis)

P < 0.05 * Statistically significant Less than a 1 in 20 chance of being wrong

P < 0.01 ** Statistically significant Less than a 1 in 100 chance of being wrong

P < 0.001 *** Statistically significant Less than a 1 in 1000 chance of being wrong

BioSkills review questions are available in the Study Area 
for self-paced learning and practice. Additional BioSkills 
questions in the item library are assignable for homework.

NEW! Unique BioSkills reference section is 
now placed earlier in the text to draw attention to 
key skills students need to succeed in biology. 
Previously located in an appendix at the end 
of the text, this easy-to-find reference material 
now follows Chapter 1 to better support the 
development of skills throughout the course. 
Each BioSkill includes practice exercises.

Expanded BioSkills moved
to the front of the book 

Instruction Practice Application

Content

Skills



NEW! Unique Making Models boxes 
appear at strategic points throughout 
chapters as a guide for developing a 
deeper understanding of biology concepts 
by interpreting and creating visual models.

NEW! Interactive whiteboard 
videos accompany each Making 
Models box to reinforce learning 
and to demonstrate how to build 
visual models. 

Readers can access the videos via 
QR codes, through the eText, or in 
the Study Area of MasteringBiology.

Making Models 25.1  Tips on Drawing Phylogenetic Trees
The closeness of taxon labels cannot be used to determine 
relationships among taxa. To understand why, you must view and 
draw trees as flexible models that can rotate at each node (like 
mobiles hanging from a ceiling) rather than as a static structures.

Atlantic

Pink
Sockeye
King
Coho Atlantic

Pink

Sockeye

King
Coho

These trees have the same meaning.

MODEL Draw one more “equivalent” tree with the 
same meaning as the two above, rotating one or 
more of the nodes.

To see this model in action, go to https://goo.gl/mskc9S

NEW! Making Models activities are 
assignable for homework and include 
the whiteboard videos plus application 
questions that help in developing the 
skills of interpreting visual models.

Model-based reasoning boxes, videos,
and aligned questions added throughout
book and in MasteringBiology

Instruction Practice Application

Content

Skills

https://goo.gl/mskc9S


Informed by current science education research and 
curriculum reform strategies, the Sixth Edition instructor resources 
provide a broad range of easy-to-use assessment options. 

NEW! Chapter Assessment Grids help instructors quickly 
identify suitable assessment questions in the text according to 
learning outcomes, Bloom’s taxonomy ranking, core concepts 
and core competencies discussed in the Vision and Change 
in Undergraduate Biology Education report, and, when 
applicable, common student misconceptions.

BLOOMS TAXONOMY RANKING

LEARNING OUTCOMES

MISCONCEPTIONS

VISION & CHANGE 
CORE CONCEPTS

VISION & CHANGE 
CORE COMPETENCIES

EXPANDED! Questions, activities, and tutorials are tagged 
by Bloom’s ranking, Learning Outcome, and Vision and Change 
Core Concepts and Core Competencies.

NEW! Core Competencies from the Vision and Change in Undergraduate 
Biology Education report are indicated in the chapter assessment grid and in 
MasteringBiology.

NEW! Each question that covers a Core Concept from the Vision and Change 
in Undergraduate Biology Education report is noted in the chapter assessment 
grid and in MasteringBiology.

NEW! When applicable, common student misconceptions are addressed 
and identified with targeted questions.

Each question is tagged to a publisher-provided Learning Outcome. 
Instructors may also track their own Learning Outcomes using MasteringBiology.

“Blue Thread” questions, including end-of-chapter problems, are ranked 
according to Bloom’s taxonomy and are assignable in MasteringBiology.

For instructors, assessment 
matrix with Bloom’s rankings, 
learning outcomes, and Vision 
and Change core concept and 
competency tags

Instruction Practice Application

Content

Skills



NEW! Question labels call attention to questions that 
require quantitative skills, an understanding of the 
process of science, connecting biology and society, 
making models, and more. 

An extensive selection of mid- and high-level assessment questions are provided 
throughout each chapter to help students learn, practice, and prepare for tests.

Nitrogen-fixing
cyanobacteria:
140

Major reservoir:
Atmospheric nitrogen (N2)

(78% of atmosphere)

Bacteria in mud
use N-containing
molecules as 
energy sources, 
excrete N2: 355

Reservoir:
Terrestrial
organisms:

1200

Reservoir:
Aquatic

organisms:
8000

Lightning: 5

Industrial production 
of fertilizer (120) and 
burning of fossil 
fuels (30): 150

Nitrogen-fixing bacteria
in roots and soil:

Decomposition

Permanent burial: 20

Runoff: 80

THE GLOBAL NITROGEN CYCLE
All estimated values in teragrams
(1012 grams) of nitrogen per year

Ammonia (NH3), ammonium (NH4
+), nitrate (NO3

-)

Assimilation

Industrial pollution
(NO, NO2): 40

Natural: 58 Crops: 60

Figure 53.14 The Global Nitrogen Cycle. Nitrogen enters ecosystems as ammonia or nitrate via fixation from 
atmospheric nitrogen. It is exported in runoff and as nitrogen gas given off by bacteria that use nitrogen-containing 
compounds as an electron acceptor.

 QUANTITATIVE Calculate the percentage of total nitrogen fixation (all downward-pointing arrows) that is caused 
by human activities (black arrows).

DATA: Fowler, D., et al. 2013. Philosophical Transactions of the Royal Society B 368 (1621): 20130165.

NEW! Caution questions address topics 
for which students often hold common 
misconceptions. Answers to Caution 
questions include information that 
addresses the misconception.

5. CAUTION According to data presented in this chapter, which one of 
the following statements is correct?
a. When individuals change in response to challenges from the 

 environment, their altered traits are passed on to offspring.
b. Species are created independently of each other and do not 

change over time.
c. Populations—not individuals—change when natural selection 

occurs.
d. The traits of populations become more perfect over time.

s:s:: 60660ssssssssppspspsppsssssssss

Cortisol 

Hypothalamus

Adrenal
gland

ACTH

CRH

Anterior
pituitary

Targets 
tissues
throughout 
body

Kidney

Cortisol 

Positive
regulation

Feedback
inhibition

Figure 46.14 The Interaction between Cortisol, ACTH, and CRH 
Is an Example of Feedback Inhibition.

 PROCESS OF SCIENCE Use the figure to devise a test for adrenal 
failure in humans.

Skill-based question tags
added to assessment
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Before Class

During Class

MasteringBiology is a powerful online learning and assessment system proven to improve 
results by engaging students before, during, and after class with a deep library of helpful activities. 
Mastering brings learning full circle by continuously adapting to each student and making learning 
more personal than ever—before, during, and after class. 

NEW! Dynamic Study Modules provide 
students with multiple sets of questions with 
extensive feedback so that they can test, learn, 
and retest until they achieve mastery of the 
textbook material.

NEW! More mobile-friendly Pre-class 
reading quizzes help students pinpoint 
concepts that they understand and concepts 
with which they need more help. By identifying 
topics that are most di�cult for them, students 
are better prepared to ask questions and more 
likely to listen actively.

NEW! Optional Adaptive Follow-up 
Assignments are based on each student’s 
performance on the original MasteringBiology 
assignment and provide additional questions 
and activities tailored to each student’s needs. 

Hundreds of self-paced tutorials and 
coaching activities provide students with 
individualized coaching with specific hints and 
feedback on the toughest topics in the course.

NEW! Learning Catalytics™ 
allows students to use their 
smartphone, tablet, or laptop 
to respond individually or in 
groups to questions in class. 
Visit learningcatalytics.com to 
learn more. 

After Class



INSTRUCTOR AND STUDENT RESOURCES

For Instructors
Instructor's Resource DVD Set 
© 2017 | 0134255011 / 9780134255019 
Everything you need for lectures is in one place, including video 
segments that demonstrate how to incorporate active-learning 
techniques into your own classroom, PowerPoint® Lecture Outlines, 
and over 300 additional animations.

Instructor's Guide (Download only)
Includes learning objectives, lecture outlines, vocabulary, active learning 
lecture activities, and clicker questions.

TestGen Test Bank (Download Only) 
All of the exam questions in the Test Bank have been peer 
reviewed, providing questions that set the standard for quality and 
accuracy. Questions have been improved by evaluating user data 
from MasteringBiology. Test questions are ranked according to 
Bloom’s taxonomy.

For Students
Study Guide by Warren Burggren et. al. 
© 2017 | 0134254155 / 9780134254159 
The Study Guide presents a breakdown of key 
biological concepts, difficult topics, and quizzes to 
help students prepare for exams.

Practicing Biology: A Student Workbook 
© 2017 | 0134261941 / 9780134261942 
This workbook provides a variety of hands-on 
activities such as mapping and modeling to suit 
different learning styles and help students discover 
which topics they need more help on. Students 
learn biology by doing biology.

NEW! Pearson eText 2.0 integrates 
the text with videos and animations, 
in a format that adapts to the device 
being used. Features include 
student and instructor note-taking, 
highlighting, bookmarking, search, 
and hotlinked glossary. 

BioFlix® Tutorials use 3-D, 
movie-quality animations 
and coaching exercises to 
help students master tough 
topics outside of class. 
Animations can also be 
shown in class.

NEW! HHMI 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.
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Third Edition, Biological science has provided a unique, robust 
set of materials and activities in an appendix to guide stu-
dents who need extra help with the skills emphasized in the 
book. In the Sixth Edition, the BioSkills materials have been 
placed between Chapters 1 and 2 to emphasize their impor-
tance as a resource for success in doing biology, and to make it 
easier for students to access them throughout the course. The 
BioSkills are grouped within five broad categories depicted 
in a new opening road map: Quantifying Biology, Using 
Common Lab Tools, Visualizing Biology, Reading Biology, and 
Monitoring Your Own Learning. Four new BioSkills have been 
added:  Using Spectrophotometry, Using Molecular Biology 
Tools and Techniques, Reading and Making Visual Models, 
and Recognizing and Correcting Misconceptions. Existing 
BioSkills have been updated to support new features in the 
Sixth Edition. For example, the explanation of statistical tests 
has been expanded, and P values are introduced to provide 
students with essential quantitative skills for interpreting 
data in the end-of-chapter case studies. BioSkills include prac-
tice questions, are cross-referenced throughout the text, and 
can be assigned online in MasteringBiology®.

•	 Making Models Boxes Reports like Vision and Change cite 
the importance of developing model-based reasoning skills. 
To help attain this goal, Making Models boxes have been added 
throughout the book to explicitly teach students how to use 
visual models to learn and do biology. Each Making Models box 
has three components: instruction in interpreting or creating a 
specific type of model, an example of that type of model, and an 
application question so that students can immediately practice 
their skills. In addition to the guidance in the text, online video 
versions are accessible via QR code so students can watch and 
interact with a dynamic presentation of modeling. Lastly, the 
video version is also included in an assignable  MasteringBiology 
activity that tests students with higher-level questions.

•	 Put It All Together Case Studies The end-of-chapter ques-
tion sets for every chapter now include a case study. Case stud-
ies briefly introduce contemporary biology research in action, 
followed by questions that ask students to apply the chapter’s 
content and skills to the research topic. Instructor resources 
include clicker questions to give instructors the opportunity to 
use the case studies as discussion prompts in the classroom. A 
constant hallmark of this text is its emphasis on experimental 
evidence—on teaching how we know what we know. The case 
studies expand this emphasis, requiring students to evaluate 
real data and to see how ongoing scientific research is related 
to core biological ideas.

•	 Big Picture on Biological Diversity Introduced in the Fourth 
Edition, Big Picture concept maps integrate words and visuals to 
help students synthesize information about challenging topics 

Preface to Instructors

F rom the very first edition, Biological science’s unique 
emphasis on the process of scientific discovery and guid-
ing students to think like biologists has placed this book 

at the forefront of change in the way we teach biology. The Sixth 
Edition embraces this legacy and continues to exemplify the prin-
ciples outlined in the recent Vision and Change in Undergraduate 
Biology Education report. As in previous editions, the cutting-
edge biology in the Sixth Edition is pitched at the right level for 
introductory students, and is as accurate and as exciting as ever 
for instructors and students alike. New findings from education 
research continue to inform and inspire the coauthor team’s 
thinking about Biological science—we know more today than ever 
before about how students learn. These findings demand that we 
constantly look for new ways to increase student engagement in 
the learning process. Innovative features new to this edition offer 
students even more opportunities to actively apply concepts in 
new situations; evaluate experimental design, hypotheses, and 
data; synthesize results; and make and interpret models. For 
instructors, additional resources are provided to help align course 
activities and learning goals with their assessment strategies.

Core Values
In the Sixth Edition, the coauthor team has strived to extend the 
vision and maintain the core values of Biological science—to pro-
vide a book and online resources for instructors who embrace the 
challenge of boosting students to higher levels of learning, and to 
provide a book that helps students each step of the way in learn-
ing to think like scientists, regardless of their starting point in the 
process. Dedicated instructors have high expectations of their 
students. The Sixth Edition provides tools to help students build 
their cognitive mastery in both biology content and transferrable 
skills—to learn at the level called for by the National Academy 
of Sciences, the Howard Hughes Medical Institute, the Ameri-
can  Association of Medical Academies, and the National Science 
Foundation. Reports such as Biology 2010, scientific Foundations 
for Future Physicians, and Vision and Change all place a premium 
on fundamental concepts and skills as well as connecting core 
ideas across all levels of biology.

What’s New in This Edition
The Sixth Edition contains many new or expanded features, all 
of them designed to provide students with initial instruction in 
content and skills, followed by opportunities for lots of practice 
in applying knowledge and skills to new contexts. The ultimate 
goal is for students to learn to construct their own knowledge and 
think like biologists.

•	 Relocated and Expanded BioSkills Section Instructors 
recognize that biology students need to develop foundational 
science skills in addition to content knowledge. Since the 
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•	 Road Maps Starting with the Fifth Edition, each chapter 
opens with a concept map that visually groups and organizes 
information to help students anticipate key ideas as well as 
recognize meaningful relationships and connections among 
ideas. While the Road Maps help students look forward as they 
engage with a chapter, Big Picture concept maps integrate 
words and visuals to help students synthesize information 
about challenging topics that span multiple chapters or units. 
Together, these two features help students navigate chapter 
content and see the forest for the trees.

•	 Opportunities for Practice “Blue Thread” questions, inte-
grated throughout the text, are designed to help students 
identify what they do and do not understand. The idea is that 
if  students really understand a piece of information or a con-
cept, they should be able to do something with it. As in the 
Fifth Edition, all questions in the text are assigned a Bloom’s 
taxonomy level to help both students and instructors under-
stand whether a question requires higher-order or lower-
order cognitive skills.

•	 In-text “You Should Be Able To” questions focus on 
topics and concepts that professors and students have iden-
tified as most key or difficult in each chapter.

•	 Caption questions and exercises challenge students to 
examine the information in a figure or table critically—not 
just absorb it.

•	 Check Your Understanding boxes present two to three 
tasks that students should be able to complete in order to 
demonstrate a mastery of summarized key ideas.

•	 End-of-chapter questions are organized in three levels 
of increasing difficulty so students can build from lower- to 
higher-order cognitive levels of assessment.

•	 Focus on Real Data Students now have expanded oppor-
tunities to develop skills at working with real data from the 
primary literature. Sources of the data presented in Research 
Boxes, graphs, and end-of-chapter Case Studies are cited to 
model good practice for students and to provide a resource 
for students and instructors who wish to evaluate the original 
data more deeply.

Integration of Media
The textbook continues to be supported by MasteringBiology, 
the most powerful online homework, tutorial, and assessment 
system available. Tutorials follow the Socratic method, coach-
ing students to the correct answer by offering feedback specific 
to a student’s errors or misconceptions as well as supplying hints 
that students can access if they get stuck. Instructors can associ-
ate content with publisher-provided learning outcomes or create 
their own. Content highlights include the following:

•	 Making Models Activities Whiteboard videos—accessible 
online via QR code or the Study Area in MasteringBiology, bring 
the Making Models feature from the book to life to help stu-
dents develop their visual modeling skills. The videos are also 
included in assignable activities that allow students to practice 
modeling and to apply their understanding to new situations.

that span multiple chapters and units. In response to requests 
from instructors and students, a new Big Picture has been added 
on the Diversity of Life, illustrating the relationships among the 
major taxonomic groups in the tree of life.

•	 Integrated Chapters Three newly consolidated chapters 
reorganize and integrate information to better serve instruc-
tors and students. Chapter 20 (The Molecular Revolution: 
Biotechnology and Beyond) merges the most essential infor-
mation on genome analysis that was previously discussed 
in separate chapters, while moving details of fundamental 
techniques to the BioSkills. Core material on the general prin-
ciples of development, particularly those related to genetics 
and evolution, now forms the closing chapter of a streamlined 
unit on Gene Structure and Expression (Chapter 21). Content 
on plant and animal development has been moved from the 
former developmental biology unit to the respective repro-
duction and development chapters of the How Plants Work 
(Chapter 38) and How Animals Work (Chapter 47) units.

•	 Skill-Based Question Tags Biological science has long 
emphasized skill development, and reports like Vision and 
Change also encourage this focus for introductory majors. To 
help students and instructors identify opportunities to prac-
tice key skills, questions are tagged to indicate the following: 
Process of science questions explore the application of the sci-
entific process; Model questions ask students to interpret or 
construct visual models; society questions explore the relation-
ship between science and society; Quantitative questions help 
students perform quantitative analysis and mathematical rea-
soning; and Caution questions address topics for which students 
often hold common misconceptions. Answers to Caution ques-
tions include information that addresses the misconception.

•	 Detailed Assessment Matrix At the beginning of the revi-
sion process, we thoroughly evaluated the assessment pro-
gram and focused on revising it throughout the creation of the 
Sixth Edition. To aid our analysis, we looked at the question 
data collected in MasteringBiology, and we created an assess-
ment matrix for each chapter that identifies how each ques-
tion is related to learning outcomes, Bloom’s level, common 
misconceptions, and Vision and Change core concepts and com-
petencies. We hope the tool will assist instructors in selecting 
the most appropriate assessment items to align with the goals 
of their course.

•	 Expanded Use of Summary Tables The art program is fur-
ther enhanced in this edition by additional illustrated sum-
mary tables that deliver content in a streamlined way and 
facilitate comparison and analysis by students. For example, 
the diversity boxes from the Fifth Edition’s The Diversification 
of Life unit have been redesigned as photographic summary 
tables. These tables make subject areas more accessible to 
 visual learners and reinforce a chapter’s key concepts.

Hallmark Features of the Text
We are excited to introduce new features to the Sixth Edition. At 
the same time, we are committed to strengthening the hallmark 
features that make this book unique.
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•	 End-of-Chapter Questions A broad range of end-of- 
chapter questions are available to assign in MasteringBiology.

•	 Blue Thread Questions Over 500 questions based on 
the Blue Thread questions in the textbook are assignable in 
MasteringBiology.

•	 Big Picture Concept Map Tutorials A new, more engaging 
concept mapping tool is the basis for highly interactive, chal-
lenging concept map activities based on the Big Picture figures 
in the textbook. Students build their own concept maps, which 
are auto-graded, and then answer questions to make sure they 
understand key ideas and make important connections.

•	 BioSkills Activities Activities based on the BioSkills content 
in the textbook are assignable in MasteringBiology, including 
activities to support the new BioSkills.

•	 Reading Quiz Questions Every chapter includes reading 
quiz questions that can be assigned to ensure students read 
the textbook and understand the basics. These quizzes are 
perfect as a pre-lecture assignment to get students into the 
content before class, allowing instructors to use class time 
more effectively.

Serving a Community of Teachers
All of us on the coauthor team are motivated by a deep commit-
ment to students and to supporting the efforts of dedicated teach-
ers. Our passion in life is doing and teaching biology. At various 
points along our diverse paths, we have been inspired by our own 
teachers when we were students, and now are inspired by our 
colleagues as we strive to become even better teacher-scholars. 
In the tradition of all previous editions of Biological science, we 
have tried to infuse this textbook with the spirit and practice of 
evidence-based teaching. We welcome your comments, sugges-
tions, and questions.

Many thanks for all you do for your students.

•	 Case Study Questions Put It All Together Case Study ques-
tions are assignable in MasteringBiology. Additional clicker 
questions are also provided in instructor resources to facilitate 
classroom activities.

•	 Solve It Tutorials These activities allow students to act like 
scientists in simulated investigations. Each tutorial presents 
an interesting, real-world question that students will answer 
by analyzing and interpreting data.

•	 Experimental Inquiry Tutorials The call to teach students 
about the process of science has never been louder. To support 
such teaching, there are 10 interactive tutorials on classic scien-
tific experiments—ranging from Meselson–Stahl on DNA repli-
cation to the Grants’ work on Galápagos finches and Connell’s 
work on competition. Students who use these tutorials should 
be better prepared to think critically about experimental design 
and evaluate the wider implications of the data—preparing 
them to do the work of real scientists in the future.

•	 BioFlix® Animations and Tutorials BioFlix are movie-
quality, 3-D animations that focus on the most difficult core 
topics and are accompanied by in-depth, online tutorials that 
provide hints and feedback to guide student learning. Eighteen 
BioFlix animations and tutorials tackle topics such as meiosis, 
mitosis, DNA replication, photosynthesis, homeostasis, and 
the carbon cycle.

•	 HHMI Short Films Activities Documentary-quality movies 
from HHMI are available in MasteringBiology with assignable 
questions to make sure students understand key ideas.

•	 Galápagos Evolution Video Activities These incredible 
videos, filmed on the Galápagos Islands by Peter and Rosemary 
Grant, bring to life the dynamic evolutionary processes that 
have an impact on Darwin’s finches on Daphne Major Island. 
Six videos explore important concepts and data from the 
Grants’ field research, and assignable activities keep students 
focused on the important take-away points.
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Content Highlights of the Sixth Edition

A s discussed in the preface, a major focus of this revision 
is to introduce unique, innovative features designed to 
provide students with initial instruction in content and 

skills, as well as lots of practice in applying knowledge and skills 
to new contexts—with the ultimate goal of helping students learn 
to construct their own knowledge and think like biologists. As in 
each edition, to ensure that the content reflects the current state 
of science and is accurate, the author team has scrutinized every 
chapter to add new, relevant content, update descriptions when 
appropriate, and adjust the approach to certain topics to enhance 
student comprehension. New content emphasizes overarching 
themes—including how advances in understanding gene expres-
sion and genome structure inform all of biology, from development 
to evolution to physiology to ecology, and the profound impact of 
global climate change on life on Earth. In this section, some of the 
key content improvements to the textbook are highlighted.

Chapter 1 Biology and the Tree of Life New section titles 
empha size the theme of five characteristics of life, within a 
framework of three unifying theories: the cell theory, the theory 
of evolution, and new coverage of the chromosome theory of 
inheritance. A brief introduction to the central dogma of molec-
ular biology is added to provide students with a framework for 
understanding the connections between genes and phenotype 
early on in the book.

Chapter 2 Water and Carbon: The Chemical Basis of Life A 
more thorough explanation of chemical energy is included, cov-
ering the role of electronegativity, bond strength, and position of 
shared electrons with respect to the atomic nuclei. An expanded 
discussion addresses how molecular shape influences polarity 
and how changes in entropy are responsible for hydrophobic 
interactions between nonpolar molecules in a polar solvent.

Chapter 3 Protein Structure and Function The presentation 
of how electron sharing gives peptide bonds characteristics simi-
lar to double bonds is improved. Updated art more clearly illus-
trates how protein folding forms a substrate-specific active site in 
an enzyme. The introduction of prions is revised to describe how 
changes in protein structure may lead to cell death.

Chapter 4 Nucleic Acids and the RNA World The description 
of ATP hydrolysis is revised to avoid the common misconception 
that breaking phosphate bonds releases energy. The art and text 
are updated to present the geometry of nitrogenous bases relative 
to the sugar–phosphate backbone in double-stranded DNA. The 
role of hydrophobic interactions in shaping and stabilizing the 
DNA double helix is explained.

Chapter 5 An Introduction to Carbohydrates The impact of 
carbohydrate structure is emphasized by comparing the cleavage 
of maltose and lactose and exploring the basis of lactose intoler-
ance that occurs in adults. The glycolipids and glycoproteins that 
serve as the ABO blood group antigens are introduced.

Chapter 6 Lipids, Membranes, and the First Cells Illus tra-
tions of fats and phospholipids are revised to emphasize similar-
ity in structure. The description of osmosis is updated to include 
the effect of pressure on water transport and the concentration 
of solutes across a membrane at equilibrium.

Chapter 7 Inside the Cell Updated content highlights the dif-
ferences in cell structure in eukaryotes, bacteria, and archaea. 
A revised description of receptor-mediated endocytosis, phago-
cytosis, and autophagy includes a new figure that illustrates 
how these pathways are involved in recycling components via 
 lysosomes.

Chapter 8 Energy and Enzymes: An Introduction to Metabo-
lism The introduction to potential and kinetic energy is 
expanded. The description of chemical energy is revised to focus 
on chemical bonds, support changes in Chapter 2, and address a 
common misconception that individual electrons carry energy. 
Illustrations of chemical bonds are updated to more accurately 
represent the correlation between bond length and chemical 
energy. The role of energetic coupling in converting endergonic 
reactions into exergonic reactions is clarified.

Chapter 9 Cellular Respiration and Fermentation Figures 
and text are updated to track the number of intermediates and 
products in each of the metabolic pathways. Redox potential is 
introduced as a measure of the ability of molecules to be reduced 
in redox reactions. The description of the fermentation pathways 
is expanded.

Chapter 10 Photosynthesis Greater emphasis is placed on the 
events responsible for converting the kinetic energy in light to 
potential energy stored in chemical bonds. Content is revised to 
address the misconceptions that the products of photosynthesis 
are used only to manufacture carbohydrates and that chloro-
plasts supply the ATP necessary for all other cellular functions. 
Figures and text are updated to more easily track the inputs and 
outputs in the photosynthetic reactions.

Chapter 11 Cell–Cell Interactions New content is added to 
the discussion of lipid-soluble signaling molecules and how sec-
ond messengers in a signal transduction pathway can lead to 
many diverse cellular responses. A new quantitative question 
that addresses signal amplification is added. The discussion of 
the yeast pheromone response is expanded to draw connections 
between cell signaling and remodeling of the cell wall.

Chapter 12 The Cell Cycle Figures are updated to clearly dis-
tinguish differences between replicated and unreplicated chro-
mosomes. New questions are added that address the application 
of a pulse–chase assay and common misconceptions associated 
with chromosome number during mitosis. New content is added 
covering the role of microtubules in chromosome movement 
and cell-cycle checkpoints.
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Chapter 22 Evolution by Natural Selection The historical 
introduction is simplified and illustrated in a new figure that 
compares different conceptual models of life’s diversity. The 
homology section is updated to include developmental processes, 
and the three levels of homology are highlighted in a new sum-
mary table. More practice is provided in applying Darwin’s postu-
lates and reading phylogenetic trees. There is increased focus on 
overcoming common evolutionary misconceptions throughout 
the chapter. More plant examples are included. Focus on the eco-
logical context of evolution is also increased.

Chapter 23 Evolutionary Processes The introduction to  the 
Hardy–Weinberg principle is simplified and updated with 
some  new examples. Increased attention is given to students’ 
struggle to distinguish gene flow and genetic drift, and there 
are new follow-up questions. The summary table on evolution-
ary processes now includes icons to help students distinguish 
evolutionary processes, effect on genetic variation, and effect 
on fitness.

Chapter 24 Speciation New examples emphasize the origin of 
biodiversity, variation in rate of speciation, and biogeography, 
and illustrate the role of sexual selection and genetic mechanisms 
in speciation. Icons are now included in three summary tables to 
help students visualize mechanisms of reproductive isolation, 
species concepts, and outcomes of secondary contact between 
populations.

Chapter 25 Phylogenies and the History of Life The terms 
“microevolution” and “macroevolution” are now defined in the 
introduction. The phylogenetics section is updated to include 
more diverse examples. There is increased emphasis on avoiding 
common misconceptions in interpreting and drawing trees. The 
fossil review is reorganized into a photographic summary table. 
Dates in the history of life time line are updated. New evidence 
regarding causes of the end-Cretaceous extinction is introduced.

Chapter 26 Bacteria and Archaea New content is included 
on the role of endospores in the prokaryote life cycle, and recent 
studies on the human microbiome are highlighted. The section on 
themes in diversification is expanded to include mechanisms of 
gene transfer (e.g., transformation, transduction, and conjuga-
tion). Recent ideas that call into question the traditional three-
domain tree of life hypothesis are presented.

Chapter 27 Protists Discussion of the role of endosymbiosis 
in the origin of mitochondria and chloroplasts is streamlined to 
focus on key concepts. The coverage of euglenids now includes 
a description of the flexible pellicle of this group, to underscore 
the point that most protist lineages are characterized by distinct 
microscopic features. Coverage of slime molds is expanded to 
include more on the structure and movement of plasmodial slime 
molds. Greater attention is paid to guiding students step-by-step 
through complex protist life cycles.

Chapter 28 Green Algae and Land Plants The updated discus-
sion of the origin of plants now recognizes the conjugating algae 
(Zygnematophyceae) as one of the closest living relatives to land 
plants. Alternation of generations—the fundamental life cycle of all 
land plants—is now emphasized and presented with greater clarity.

Chapter 13 Meiosis Increased attention is paid to topics stu-
dents are known to struggle with, such as the distinction between 
sister chromatids and homologous chromosomes, and the num-
ber of chromosomes and DNA molecules present in each daughter 
cell at the end of meiosis I compared with the end of meiosis II. 
The How Do Mistakes Occur? section is streamlined to focus on 
general themes of how aneuploidy arises during meiosis.

Chapter 14 Mendel and the Gene There is a sharper focus on 
challenging concepts, including the relationship between geno-
type and phenotype, the ability to consider phenotypes at levels 
that range from the molecular to the organismal, the meaning of 
dominance relationships, the significance of genetic mapping, 
and the importance of the chromosome theory of inheritance.

Chapter 15 DNA and the Gene: Synthesis and Repair Cover-
age is expanded on the Okazaki experiment and on the Nobel 
Prize–winning experiments of Greider and colleagues on telo-
meres and telomerase, so that students can more easily under-
stand these investigations and their significance.

Chapter 16 How Genes Work Greater emphasis is placed on 
illustrating how the central dogma links genotype to phenotype. 
A stronger point is made that mutations can occur anywhere in 
the genome, not just in protein-coding sequences.

Chapter 17 Transcription, RNA Processing, and Translation 
New content helps students better understand polarity relation-
ships among DNA, mRNA, and polypeptides. Three existing fig-
ures and one table are modified to improve clarity.

Chapter 18 Control of Gene Expression in Bacteria The dis-
cussion of the mechanism for glucose-mediated control of the lac 
operon is revised to highlight the continuing debate over the way 
catabolite repression works. The chapter is streamlined to allow 
students to focus on the fundamentals of how gene regulatory 
molecules control gene expression.

Chapter 19 Control of Gene Expression in Eukaryotes The 
material on control of translation is updated and reorganized, 
including a new example of global regulation of translation by 
mTor. Discussion of RNA interference is expanded, including a sig-
nificantly modified figure showing how microRNAs are processed 
and how they function, and new discussion of how RNA interfer-
ence can control chromatin condensation. The discussion of tran-
scription initiation and the accompanying figure are updated.

Chapter 20 The Molecular Revolution: Biotechnology and 
Beyond Material previously spread across two chapters is 
merged to provide a more focused overview of major aims and 
techniques of genomics and related fields, including recent inno-
vations such as CRISPR-Cas9 genome editing. Specific details of 
fundamental techniques are relocated to the BioSkills section for 
students and instructors who desire this level of coverage.

Chapter 21 Genes, Development, and Evolution Essential 
con cepts previously spread across several chapters are brought 
together in this chapter, and it now links the Gene Structure and 
Expression unit to the Evolutionary Patterns and Processes unit by 
using molecular and cellular aspects of developmental biology as a 
bridge. New material on determination, induced pluripotent stem 
cells (iPS cells), and de-differentiation in cancer cells is included.
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Discussions of flower structure, pollination, fertilization, the for-
mation of seeds and fruits, and embryogenesis are updated and 
streamlined. Coverage of vegetative development emphasizes the 
roles of apical meristems and genes involved in embryogenesis 
and leaf formation.

Chapter 39 Animal Form and Function The discussion of 
mammalian thermoregulation is moved into the section on 
homeostasis. In the introduction to animal tissue types, more 
explicit structure–function examples are given for each tissue 
type. The section on regulatory homeostasis is updated, and the 
idea that regulation and conformation are two ends of a spec-
trum is introduced. The expressions “warm-blooded” and “cold-
blooded” are addressed to explain why these terms are problem-
atic to use in biology. The section on countercurrent multipliers 
is simplified.

Chapter 40 Water and Electrolyte Balance in Animals The 
material on reabsorption in insect Malpighian tubules is stream-
lined. There is a discussion of how the vasa recta absorbs water 
and ions without disrupting the interstitial fluid gradient. A brief 
statement about how aldosterone functions in pH regulation of 
body fluids is added.

Chapter 41 Animal Nutrition The section on diabetes is 
expanded, and the importance of low cell glucose in addition to 
high blood glucose in untreated diabetes is stressed. A new figure 
addresses the relationship between obesity and type 2 diabetes.

Chapter 42 Gas Exchange and Circulation Oxygen–hemoglo-
bin dissociation figures are redrawn more accurately, and new 
content helps students understand the meaning of a sigmoidal 
curve. The open circulatory system common to most inverte-
brates is illustrated with a new figure showing circulation in 
a spider.

Chapter 43 Animal Nervous Systems A new figure shows the 
relationships among sensory neurons, motor neurons, and inter-
neurons. Review of material from earlier chapters on how ions 
are transported across membranes is streamlined. The discus-
sion of the magnitude of action potentials and how action poten-
tials propagate down an axon is clarified. Revisions emphasize 
that new action potentials are continuously generated along the 
entire length of an axon, addressing the misconception that a 
single action potential travels from one end to the other. Updated 
information is included on the hippocampus, the enteric nervous 
system, and the technique of optogenetics, a major breakthrough 
in neuroscience.

Chapter 44 Animal Sensory Systems The section on taste is 
updated to reflect new knowledge about the structure and func-
tion of gustation, and the likely existence of more than just five 
taste sensations. The role of mechanoreception in taste—by pro-
viding information about texture—is introduced. New content 
highlights one of the chapter’s key ideas: Animals do not rely on 
senses independently and instead integrate information from 
multiple sensory modalities.

Chapter 45 Animal Movement A new figure shows examples 
of hydrostatic skeletons, endoskeletons, and exoskeletons. A brief 
section is added addressing the misconception that muscles grow 

Chapter 29 Fungi Content is updated to emphasize the impor-
tant role of asexual spores (conidia) in the reproductive cycle of 
fungi. The unique relationship between a fungus and ants result-
ing in “zombie ants” is highlighted to illustrate the diversity of 
fungal lifestyles.

Chapter 30 An Introduction to Animals The chapter is 
updated to include insights gleaned from new genetic and devel-
opmental data, emphasizing that evolution is not a straightfor-
ward march from simple to complex.

Chapter 31 Protostome Animals The revised introduction is 
organized as a walk-through of a phylogeny to provide context 
from the previous chapter. Characteristics traditionally used to 
distinguish protostome development are deemphasized in light of 
recent research showing many exceptions. A new figure shows the 
phylogeny of arthropods, including insects within the Crustacea.

Chapter 32 Deuterostome Animals The echinoderm section 
has an increased emphasis on ecology and process of science, 
including Paine’s keystone predator study. The invertebrate chor-
date section is expanded to include ascidians, thalaceans, and 
larvaceans. The key innovations section is revised and stream-
lined as a walk-through of the chordate phylogeny. The human 
evolution section is updated, including reference to new hominin 
species and an image of a Neanderthal woman.

Chapter 33 Viruses A new section on the role of viruses in shap-
ing the evolution of organisms is introduced. A discussion of the 
SARS-CoV and MERS-CoV outbreaks is included to illustrate the 
international network of researchers that works to identify and 
control emerging viral infections. New content on how viruses 
impact society is included, along with new material covering 
recent discoveries on how the Ebola virus infects cells.

Chapter 34 Plant Form and Function The chapter is reorga-
nized to discuss the structure and function of cells and tissues 
before placing them in the context of primary and secondary 
growth. Practice is provided on calculating and comparing the 
relationship between surface area and volume in different types 
of plant structures. Content on secondary growth is expanded to 
emphasize how trees make the transition from primary to sec-
ondary growth.

Chapter 35 Water and Sugar Transport in Plants The dis-
cussion of water potential and water movement is streamlined 
to bring key concepts into sharper focus. Recent work on the role 
of the SWEET genes in sugar transport is introduced.

Chapter 36 Plant Nutrition Discussion of parasitic plants is 
broadened and now includes dodder and ghost plants as examples.

Chapter 37 Plant Sensory Systems, Signals, and Responses 
The discussion of phototropins is streamlined to focus on key 
 concepts. The role of phytochrome in circadian rhythms and etio-
lation is introduced. A summary table on key plant growth regu-
lators is now illustrated with photographs to show the impact of 
hormones on plant growth and development.

Chapter 38 Plant Reproduction and Development The chap-
ter is reorganized to merge essential information previously 
spread across several chapters and bring flowering plant repro-
duction and development together in a single, integrated story. 
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section. Information from the Fifth Edition’s biome boxes is inte-
grated into the text and included in new photographic summary 
tables on terrestrial and aquatic biomes.

Chapter 50 Behavioral Ecology The introduction includes 
increased emphasis on fitness trade-offs and variation among 
organisms in a population (population thinking). Section case 
studies are updated, including a new opportunity for students 
to practice with optimal foraging in bees, a new data graphic on 
sexual selection in Anolis lizards, and a new photo of monkeys 
engaged in reciprocal grooming. A new section addresses the mis-
conception that individuals act for the good of the species.

Chapter 51 Population Ecology The mark–recapture Quanti-
tative Methods box is expanded. The figure and discussion of the 
life-history continuum are expanded. The exponential growth 
section is revised for a clearer walk-through of the equations and 
more direct assistance with common misconceptions. A new pho-
tographic summary table of density-dependent factors is added. 
Human population content is updated. Applications to conserva-
tion are expanded.

Chapter 52 Community Ecology More plant examples are 
included. The case studies on species interactions are updated 
and clarified. The community structure section now begins with 
a discussion of how pairwise interactions combine to form webs 
of interactions, introducing the food web as an example. A discus-
sion of bottom-up and top-down influences on community struc-
ture is now included.

Chapter 53 Ecosystems and Global Ecology Updates and clari-
fications are made throughout the chapter, particularly in the sec-
tion on climate change, including updated data graphics. Nutrient-
cycle figures are modified to distinguish natural and human-caused 
processes. A section on phosphorus cycling is added. The concept 
of tipping points is added, and the interaction of multiple variables 
is emphasized.

Chapter 54 Biodiversity and Conservation Biology Updates 
and clarifications are made throughout the chapter. A new figure 
contrasts resistance and resilience. A new data graphic emphasizes 
the resource intensity of beef. Overall, more emphasis is placed on 
the positive effects of conservation action, including a new full-
page photographic summary table of conservation strategies.

by adding new cells during weight-lifting/training (in fact, the 
cells simply grow). A new section discusses the role of bone in cal-
cium storage and the process of bone remodeling. Osteoblasts and 
osteoclasts are introduced, and osteoporosis is discussed briefly.

Chapter 46 Chemical Signals in Animals Content is rear-
ranged to flow more logically: first introducing cell signal-
ing, next discussing how hormones stimulate cells, then giving 
examples of what hormones can do, and finally describing how 
hormones are regulated overall. Discussion of the discovery of 
hormones is updated for historical accuracy and includes a new 
research box on Berthold’s classic experiment on roosters, which 
shows that a chemical blood-borne messenger (later character-
ized as testosterone) can affect behavior and anatomy. Control of 
blood-glucose levels by insulin and glucagon is now used to illus-
trate how hormones maintain homeostasis.

Chapter 47 Animal Reproduction and Development Mate-
rial previously spread across several chapters is merged to bring 
reproduction and development together to tell a single, inte-
grated story. Coverage of fertilization is now integrated with egg 
development; coverage of cleavage, gastrulation, and organo-
genesis is combined into a new, descriptive section on embry-
onic development. New content covers formation of the central 
nervous system from the neural tube. The chapter now focuses 
more on the physiology of reproduction in mammals, but retains 
a comparative approach by including examples ranging from 
insects to marsupials.

Chapter 48 The Immune System in Animals Content is 
updated on the activation of B cells and allergens that are 
involved in mast-cell activation in allergic reactions. Coverage of 
the link between high levels of hygiene and the rising occurrence 
of allergies and autoimmune diseases in Westernized countries is 
expanded.

Chapter 49 An Introduction to Ecology The introduction is 
revised to clarify the relationship between traditional ecology 
and the study of human impacts. The niche concept is introduced 
as a tool to relate organisms to environmental conditions. The 
theory of plate tectonics and a figure showing continental drift 
are added to the section on biogeography. The Coriolis effect, pre-
vailing winds, ocean gyres, and El Niño are added to the climate 
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This vervet monkey 
baby is exploring 
its new world and 
learning how to find 
food and stay alive. It 
represents one of the 
key characteristics of 
life introduced in this 
chapter—replication.

I n essence, biological science is the study of life. It searches for ideas and observations that unify our 
 understanding of the diversity of life—from bacteria living in hot springs to humans and majestic 
 sequoia trees.

The goals of this chapter are to introduce the nature of life and explore how biologists go about study-
ing it. The chapter also introduces themes that will resonate throughout this book:

•	 Analyzing how organisms work at the molecular level.

•	 Understanding organisms in terms of their evolutionary history.

•	 Helping you learn to think like a biologist.

Let’s begin with what may be the most fundamental question of all: What is life?

This chapter is part of the 
Big Picture. See how on 
pages 16–17.

1 Biology and the Tree of Life

What does it mean
to say that something 
is alive?  1.1

Three of the greatest
unifying ideas in biology

The process of
doing biology

starting with 

first

including including

Life is cellular 1.2 Life evolves 1.3

The tree of life 1.5

both predict

second

1.6

Life processes
information 1.4

and third

In this chapter you will learn about 

Key themes to structure your thinking about biology
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extra ordinary. In the cork he observed small, pore-like compart-
ments that were invisible to the naked eye. Hooke coined the 
term “cells” for these structures because he thought they resem-
bled the cells inhabited by monks in a monastery.

Soon after Hooke published his results, the Dutch scientist 
Anton van Leeuwenhoek developed much more powerful micro-
scopes, some capable of magnifications up to 300 : (Figure 1.1). 
With these instruments, van Leeuwenhoek inspected samples of 
pond water and made the first observations of a dazzling collec-
tion of single-celled organisms that he called “animalcules.”

In the 1670s an Italian researcher who was studying the leaves 
and stems of plants with a microscope concluded that plant tis-
sues were composed of many individual cells. By the early 1800s, 
enough data had accumulated for a German biologist to claim 
that all organisms consist of cells. Did this claim hold up?

All Organisms Are Made of Cells
Advances in microscopy have made it possible to examine the 
amazing diversity and complexity of cells at higher and higher 
magnifications. Microscopes tens of thousands of times more 
powerful than van Leeuwenhoek’s have revealed that cells are 

1.1 What Does It Mean to Say 
That Something Is Alive?
An organism is a life-form—a living entity made up of one or 
more cells. Although there is no simple definition of life that is 
endorsed by all biologists, most agree that organisms share a 
suite of five fundamental characteristics. You can think of this 
text as one long exploration of these five traits.

•	 Cells Organisms are made up of membrane-bound units 
called cells. The membrane of a cell regulates the passage of 
materials between exterior and interior spaces.

•	 Replication One of the great biologists of the twentieth 
century, François Jacob, said that the “dream of a bacterium is 
to become two bacteria.” Almost everything an organism does 
contributes to one goal: replicating itself.

•	 Evolution Organisms are the products of evolution, and 
their populations continue to evolve today.

•	 Information Organisms process hereditary, or genetic, 
information encoded in units called genes. Organisms also 
respond to information from the environment and adjust to 
maintain stable internal conditions. Right now, cells through-
out your body are using information to make the molecules 
that keep you alive; your eyes and brain are decoding infor-
mation on this page that will help you learn some biology, and 
if your room is too hot you might be sweating to cool off.

•	 Energy To stay alive and reproduce, organisms have to 
acquire and use energy. To give just two examples: plants 
absorb sunlight; animals ingest food.

Three of the greatest unifying ideas in all of science, which 
depend on the five characteristics just listed, laid the ground-
work for modern biology: the cell theory, the theory of evolution, 
and the chromosome theory of inheritance. Formally, scientists 
define a theory as an explanation for a very general class of 
phenomena or observations that are supported by a wide body 
of evidence. Note that this definition contrasts sharply with the 
everyday usage of the word “theory,” which often carries mean-
ings such as “speculation” or “guess.”

The cell theory, the theory of evolution, and the chromosome 
theory of inheritance address fundamental questions: What are 
organisms made of? Where do they come from? How is heredi-
tary information transmitted from one generation to the next?

When these theories emerged in the mid-1800s, they revo-
lutionized the way biologists think about the world. None of 
these insights came easily, however. The cell theory, for example, 
emerged after some 200 years of work. Let’s examine some of the 
pivotal discoveries made along the way.

1.2 Life Is Cellular
In 1665 the Englishman Robert Hooke devised a crude micro-
scope to examine the structure of cork (a bark tissue) from an 
oak tree. The instrument magnified objects to just 30 : (30 times) 
their normal size, but it allowed Hooke to see something 

(a) van Leeuwenhoek built his own microscopes—which, while
small, were powerful. They allowed him to see, for example ...

(b) ... human blood cells (this modern photo was shot through
one of van Leeuwenhoek’s original microscopes).

Lens

Figure 1.1 Van Leeuwenhoek’s Microscope Made Cells Visible.
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The bacteria and fungi that spoil foods such as milk and wine 
were thought to appear in these nutrient-rich media of their own 
accord—springing to life from nonliving materials. In contrast, 
the cell theory maintained that cells do not arise spontaneously 
but are produced only when preexisting cells grow and divide. 
The all-cells-from-cells explanation was a hypothesis: a testable 
statement to explain a phenomenon or a set of observations.

Biologists usually use the word “theory” to refer to proposed 
explanations for broad patterns in nature and prefer hypoth-
esis to refer to explanations for more tightly focused questions. 
A theory serves as a framework for developing new hypotheses.

An Experiment to Settle the Question Soon after Virchow’s 
all-cells-from-cells hypothesis appeared in print, a French sci-
entist named Louis Pasteur set out to test its predictions in an 
 experiment. Experiments are a powerful scientific tool because 
they allow researchers to test the effect of a single, well-defined 
factor on a particular phenomenon. An experimental prediction 
describes a measurable or observable result that must be correct 
if a hypothesis is valid.

Pasteur wanted to determine whether organisms could arise 
spontaneously in a nutrient broth or whether they appear only 
when a broth is exposed to a source of preexisting cells. To 
address the question, he created two treatment groups that were 
identical in every respect but one: the factor being tested—in this 
case, a broth’s exposure to preexisting cells.

Both treatments used glass flasks filled with the same amount 
of the same nutrient broth (Figure 1.2). Both flasks were boiled 
for the same amount of time to kill any existing organisms. After 
sterilization by boiling, however, any bacteria and fungi that cling 
to dust particles in the air could drop into the broth in the flask 
shown in Figure 1.2a because the neck of this flask was straight.

highly organized compartments separated from their environ-
ment by a membrane barrier. With these instruments, biologists 
have described over a million new species. The basic conclusion 
made in the 1800s remains intact: All organisms are made of cells.

The smallest organisms known today are bacteria that are 
barely 200 nanometers wide, or 200 billionths of a meter. (See 
BioSkills 1 to review the metric system.1) It would take 5000 of 
these organisms lined up side by side to span a millimeter. This is 
the distance between the smallest hash marks on a metric ruler. 
In contrast, sequoia trees can be over 100 meters tall, the equiva-
lent of a 20-story building. Bacteria and sequoias are composed of 
the same fundamental building block, however—the cell. Bacteria 
consist of a single cell; sequoias are made up of trillions of cells.

The realization that all organisms are made of cells was fun-
damentally important, but it formed only the first part of the cell 
theory. In addition to understanding what organisms are made 
of, scientists wanted to understand how cells come to be.

Where Do Cells Come From?
In 1858, a German scientist named Rudolph Virchow proposed 
that all cells arise from cells already in existence. The complete 
cell theory builds on this concept: All organisms are made of 
cells, and all cells come from preexisting cells.

Two Hypotheses The cell theory was a direct challenge to the 
prevailing explanation of where cells come from, called sponta-
neous generation. In the mid-1800s, most biologists believed that 
organisms could arise spontaneously under certain conditions. 

1BioSkills are located after Chapter 1. They focus on general skills that you’ll 
use throughout this course. More than a few students have found them to be a 
lifesaver. Please use them!

 PROCESS OF SCIENCE What problem would arise in interpreting these results if pasteur had (1) put different types 
of broth in the two treatments, or (2) used a ceramic flask for one treatment and a glass flask for the other?

Condensation settles in neck

1. Place nutrient broth in
straight-necked flask.

1. Place nutrient broth in
swan-necked flask.

2. Boil to sterilize the flask 
(killing any living cells that 
were in the broth).

2. Boil to sterilize the flask 
(killing any living cells that 
were in the broth).

3. Preexisting cells
enter flask from air.

3. Preexisting cells
from air are trapped
in swan neck.

Cells

(a) Pasteur experiment with straight-necked flask: (b) Pasteur experiment with swan-necked flask:

No cells

Cells

No cellsCells

Cells

Figure 1.2 The Spontaneous Generation and All-Cells-from-Cells Hypotheses Were Tested Experimentally.
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What Is Evolution?
Darwin and Wallace’s theory made two important claims con-
cerning patterns that exist in the natural world.

1. Species are related by common ancestry (Figure 1.3). This 
idea contrasted with the prevailing view in science at the 
time, which was that species represent independent entities 
created separately by a divine being.

2. The characteristics of species can be modified from genera-
tion to generation. Darwin called this process descent with 
modification. This claim argued against the popular view at 
the time that species do not change.

Evolution is a change in the characteristics of a population 
over time. A population is defined as a group of individuals of 
the same species living in the same area at the same time. To put 
it another way, species are related to one another and can change 
through time.

What Is Natural Selection?
Several other scientists had already come to the same conclu-
sions as Darwin and Wallace about the relationships between 
species. The great insight by Darwin and Wallace was in propos-
ing a process, called natural selection, that explains how evolu-
tion occurs.

Two Conditions of Natural Selection Natural selection occurs 
whenever two conditions are met.

1. Individuals within a population vary in characteristics that are 
heritable—meaning, traits that can be passed on to offspring.

In contrast, in the flask with a long swan neck (Figure 1.2b), 
water would condense in the crook of the swan neck after boil-
ing and this pool of water would trap any bacteria or fungi that 
entered on dust particles. Thus, the contents of the swan-necked 
flask were isolated from any source of preexisting cells even 
though they were still open to the air.

The spontaneous generation hypothesis predicted that cells 
would appear in both treatment groups. The all-cells-from-cells 
hypothesis predicted that cells would appear only in the treat-
ment exposed to a source of preexisting cells.

And Pasteur’s results? The broth in the straight-necked 
flask exposed to preexisting cells quickly filled with bacteria 
and fungi. This observation was important because it showed 
that the sterilization step had not altered the nutrient broth’s 
capacity to support growth. The broth in the swan-necked flask 
remained sterile, however. Even when the flask was left standing 
for months, no organisms appeared in it. This result was incon-
sistent with the hypothesis of spontaneous generation.

Because Pasteur’s data were so conclusive—meaning that 
there was no other reasonable explanation for them—the results 
persuaded most biologists that the all-cells-from-cells hypothesis 
was correct.

If all cells come from existing cells, where did the first cells 
come from? Biologists now have evidence that life arose from non-
life early in Earth’s history, through a process called  chemical 
evolution.

Life Replicates Through Cell Division
For life on Earth to continue to exist, cells must replicate. Most cells 
are capable of reproducing by dividing—in effect, by making a copy 
of themselves. As predicted by the cell theory, all the cells pres-
ent in your body and in most other multicellular individuals are 
descended from preexisting cells, tracing back to a fertilized egg. 
A  fertilized egg is a cell created by the fusion of sperm and egg—
cells that formed in individuals of the previous generation.

New cells arise when preexisting cells split. In multicellular 
organisms they become specialized for particular functions by 
intricate processes. In this way, all the cells in a multicellular 
organism are connected by a common lineage. Is the tremendous 
diversity among organisms also related to common ancestry?

The second great founding idea in biology, published the same 
year as the all-cells-from-cells hypothesis, provided an answer. 
This was the realization, made independently by the English 
scientists Charles Darwin and Alfred Russel Wallace, that all the 
diverse  species—all distinct, identifiable types of organisms—
are connected by common ancestry.

1.3 Life Evolves
In 1858 short papers written separately by Darwin and Wallace 
were read to a small group of scientists attending a meeting of 
the Linnean Society of London. A year later, Darwin published 
a book that expanded on the idea summarized in those brief 
papers. The book was called On the Origin of Species. The first edi-
tion sold out in a day.

Figure 1.3 Sketch from Darwin’s Notebook Dated 1837. Darwin 
wrote this in the notes that follow: “thus genera would be formed. 
Bearing relation to ancient types with several extinct forms.”
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1.4 Life Processes Information
After Walter Sutton and Theodor Boveri proposed the chromo-
some theory of inheritance in 1902, the pieces of the genetic 
puzzle began to fall into place. The key point? Inside cells, heredi-
tary or genetic information is encoded in genes, the units located 
on chromosomes.

But it wasn’t until experiments were carried out in the 1950s 
that biologists figured out the molecular nature of the genetic 
material—a chromosome consists of a molecule of deoxyribo-
nucleic acid, or DNA. To sum up, DNA is the heredity material. 
Genes consist of specific segments of DNA that code for products 
in the cell.

The Central Dogma
In what is considered one of the greatest scientific breakthroughs 
of biology, James Watson and Francis Crick proposed that DNA is 
a double-stranded helix (Figure 1.4). Crucial insights that led to 
this model came from structural analyses performed by Rosalind 
Franklin in Maurice Wilkins’ laboratory.

2. In a particular environment, certain versions of these heri-
table traits help individuals survive better or reproduce more 
than do other versions.

If certain heritable traits lead to increased success in produc-
ing offspring, then those traits become more common in the 
population over time. In this way, the population’s characteris-
tics change as a result of natural selection acting on individuals. 
This is a key insight: Natural selection acts on individuals, but 
evolutionary change occurs in populations.

Evolution occurs when heritable variation leads to differ-
ential success in reproduction. Individual populations change 
through time in response to natural selection. But over the past 
several decades, biologists have also documented dozens of cases 
in which natural selection has caused populations of one spe-
cies to diverge and form new species. This divergence process is 
called speciation.

Research on speciation has two important implications: All 
species come from preexisting species, and all species, past and 
present, trace their ancestry back to a single common ancestor.

Fitness and Adaptation Darwin also introduced some new ter-
minology to identify what happens during natural selection.

•	 In everyday English, “fitness” means “health and well-being.” 
But in biology, fitness means “an individual’s ability to pro-
duce viable offspring.” Individuals with high fitness produce 
many surviving offspring.

•	 In everyday English, “adaptation” means that an individual is 
adjusting and changing to function in new circumstances. But 
in biology, an adaptation is a trait that increases the fitness 
of an individual in a particular environment.

Darwin and Wallace’s ideas arose from their observations 
of nature. For example, in finches from the Galápagos Islands 
Darwin noted the remarkable variation in beak size and shape 
in species that otherwise appeared similar. He proposed that 
the birds on different islands in the chain were similar because 
they descended from a common ancestor—the finch populations 
that colonized different islands had changed through time and 
formed new species with distinct beaks.

Long-term studies by biologists over the past several decades 
have documented dramatic changes in a population of finches 
on one of the Galápagos Islands (you will learn more about this 
study in Chapter 22). When small, soft seeds were abundant 
there due to increased rainfall, finches with small, pointed beaks 
produced more offspring and had higher fitness than individu-
als with large, deep beaks. In this population and with this food 
source, a small, pointed beak was an adaptation that allowed cer-
tain individuals to thrive, and the incidence of finches with such 
beaks increased in the population.

Note that during this process, the beak shape of any individ-
ual finch did not change within its lifetime—the change occurred 
in the characteristics of the population over time. Darwin’s 
finches continue to evolve today in response to changes in the 
environment.

Together, the cell theory and the theory of evolution provided 
the young science of biology with two central, unifying ideas:

check your understanding

If you understand that …
•	Natural selection occurs when heritable variation in certain 

traits leads to improved success in reproduction. Because 
individuals with these traits produce many offspring with the 
same traits, the traits increase in frequency and evolution  
occurs.

•	Evolution is a change in the characteristics of a population 
over time.

 You should be able to …
Discuss the following statement: “Various species of 
Galápagos finches are adapted to their particular habitats.”

Answers are available in Appendix A.
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Figure 1.4 DNA Is a Double Helix.

1. The cell is the fundamental structural unit in all organisms.

2. All species are related by common ancestry and have changed 
over time in response to natural selection.

But what was the source of the heritable variation in traits? 
And how was information stored and transmitted from one gen-
eration to the next? The third unifying idea—the chromosome 
theory of inheritance—provided the foundation for biologists to 
answer these questions.
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what building blocks to use to make a protein. Proteins are 
crucial to most tasks required for a cell to exist, from forming 
structural components to promoting the chemical reactions 
that sustain life.

Understanding the structure of DNA provided insight into 
how genetic information is passed from cell to cell or from one 
organism to its offspring. Making a copy of DNA in a cell is a 
highly accurate process, but mistakes can occur. What happens 
when a mistake is made? Differences in DNA sequences may lead 
to differences in the sequence of building blocks of proteins.

The implications are profound: The outward appearance of 
an organism is a product of the proteins produced by its molecu-
lar machinery, so differences in DNA sequences might lead to 
a difference, for example, in finch beak size and shape, or in 
the length of a giraffe’s neck. At the level of individuals, such 
changes might increase or decrease fitness. At the population 
level, changes in sequence lead to the heritable variations that 
underlie the diversity of life and make evolution possible.

Life Requires Energy
The chemical reactions that sustain the diversity of life take 
place inside cells. Transmitting genetic information, and the 
other work carried out by cells, requires energy. Organisms—
whether single-celled or multicellular—are capable of living in 
a wide array of environments because they vary in cell structure 
and how they acquire and use energy.

Organisms have two fundamental nutritional needs—acquir-
ing chemical energy in the form of a molecule called ATP (or  
 adenosine triphosphate) and obtaining molecules that can be 
used as building blocks for the synthesis of DNA, RNA, proteins, 
the cell membrane, and other large, complex compounds required 
by the cell. How organisms do this—whether acquiring energy 
from the sun or through chemical compounds—is central to the 
tremendous diversification of life after it first arose on Earth.

1.5 The Tree of Life
The theory of evolution by natural selection predicts that biolo-
gists should be able to construct a tree of life—a family tree of 
organisms. If life on Earth arose just once, then such a diagram 
would describe the genealogical relationships between species 
with a single, ancestral species at its base. Has this task been 
accomplished? If the tree of life exists, what does it look like?

Using Molecules to Understand the Tree of Life
One of the great breakthroughs in research on the tree of life 
occurred when American biologist Carl Woese (pronounced 
woze) and colleagues began analyzing the molecular compo-
nents of organisms as a way to understand their evolutionary 
relationships. Their goal was to understand the phylogeny of all 
organisms—their actual genealogical relationships. Translated 
literally, “phylogeny” means “tribe-source.”

To understand which organisms are closely versus distantly 
related, Woese and co-workers needed to study a molecule found 
in all organisms. They selected an RNA molecule, an essential 

Each strand of the double helix is made up of varying 
sequences of four different kinds of building blocks. In terms 
of structure, on each strand of the helix the building blocks of 
DNA are connected one to another linearly. In terms of function, 
they are like letters of the alphabet—the four different kinds 
of molecular building blocks are symbolized by the letters A, T, 
C, and G. A sequence of this letter code is like the sequence of 
letters in a word—it has meaning. In this way, DNA carries, or 
encodes, the information required for an organism’s growth and 
reproduction.

The two strands of the double helix are joined by connections 
between the building blocks that occur only between certain 
letters: A always pairs with T, and C always pairs with G (see 
Figure 1.4). This pairing is key: DNA can be copied, and the infor-
mation encoded in the DNA is faithfully preserved. The pairs are 
arranged much like the rungs on a ladder, with the strands acting 
as the sides of the ladder.

How is this information transmitted? The central dogma—
first articulated by Crick—describes the flow of information in 
cells. In this context, the term “dogma” means a framework for 
understanding. Put simply, DNA codes for RNA, which codes for 
proteins (Figure 1.5).

Molecular machinery in cells makes a copy of a particular 
gene’s information in the form of a closely related molecule 
called ribonucleic acid, or RNA. RNA molecules carry out a 
number of specialized functions in cells. For example, molecu-
lar machinery reads a messenger RNA molecule to determine 

DNA

Protein

Messenger
RNA

Messenger RNA

Proteins determine
physical traits

Figure 1.5 The Central Dogma Describes the Flow of Genetic 
Information. Genetic information flows from DNa to rNa to 
proteins. Differences in DNa sequences may lead to different 
physical traits.
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The Tree of Life Estimated from Genetic Data To construct a 
phylogenetic tree, such as the one shown in Figure 1.6, research-
ers use sophisticated computer programs to find the arrange-
ment of branches that is most consistent with the similarities 
and differences observed in the genetic data.

part of the machinery that all cells use to grow and reproduce. 
The researchers based their initial work on the sequence of 
building blocks observed in this RNA molecule. At the time it was 
not yet possible to easily analyze DNA sequences. With advances 
in technology, biologists now use DNA sequences to investigate 
phylogenetic relationships.

Analyzing Genetic Variation Why might DNA (or RNA) be use-
ful for understanding the relationships between organisms? The 
answer is that the sequence of building blocks in DNA is a trait 
that can change during the course of evolution. Although a gene 
may code for an RNA or protein molecule that performs the same 
function in all organisms, the corresponding DNA sequence is not 
identical among species.

How is such genetic variation analyzed? Recall that the build-
ing blocks in DNA are symbolized by the letters A, T, C, and G. 
Biologists use this letter code to depict DNA sequences (Making 
Models 1.1). In land plants, for example, a section of DNA might 
start with the sequence A-T-A-T-C-G-A-G. In green algae, which 
are closely related to land plants, the same section of the mol-
ecule might contain A-T-A-T-G-G-A-G. But in brown algae, 
which are not closely related to green algae or to land plants, the 
same part of the molecule might consist of A-A-A-T-G-G-A-C.

The next step in analyzing genetic variation is to consider what 
the similarities and differences in the sequences imply about rela-
tionships between species. The goal is to produce a diagram that 
describes the phylogeny of the organisms being compared.

A diagram that depicts evolutionary history in this way is 
called a phylogenetic tree. (For help in learning how to read 
a phylogenetic tree, see BioSkills 13.) Just as a family tree shows 
relationships between individuals, a phylogenetic tree shows 
relationships between species. On a phylogenetic tree, branches 
that share a recent common ancestor—that is, an ancestral 
 population— represent species that are closely related; branches 
that don’t share recent common ancestors represent species that 
are more distantly related.

Land plants

Slime molds

Parabasilids

Diplomonads

Euglenids

Red algae

Green algae

Foraminiferans

Ciliates

Dinoflagellates

Apicomplexans

Water molds

Diatoms

Brown algae

Animals

Choanoflagellates

Fungi

δ-Proteobacteria

α-Proteobacteria

β-Proteobacteria

ε-Proteobacteria

Spirochaetes

Cyanobacteria

Chlamydiae

Actinobacteria

Firmicutes

γ-Proteobacteria

This node 
represents the 
common ancestor 
of all organisms
alive today

This node 
represents the 
common ancestor 
of archaea and 
eukaryotes

Korarchaeota

DOMAIN BACTERIA

DOMAIN ARCHAEA

DOMAIN EUKARYA

Bacteriodetes

Mycoplasma

Fungi, 
animals, 
and plants
are small
branch tips
on the
tree of life

Thaumarchaeota

Crenarchaeota

Euryarchaeota

Figure 1.6 The Tree of Life Was Produced by Comparing Genetic 
Sequence Data. the three domains of life revealed by the analysis 
are labeled. Common names are given for lineages in the domains 
Bacteria and eukarya. phyla names are given for lineages in the 
domain archaea, because most of them have no common names.

Making Models 1.1  Tips on Drawing DNA Sequences
In models focused on the information content in DNA, structural 
details can be left out and the double-stranded DNA double helix 
simplified to show the letter code on one strand only. Sequences 
can then be compared for similarities and differences.

Different sequence
at the same location

Land plant DNA

Green algal DNA

A T A T C G A G

A T A T G G A G

MODEL Suppose that in the same section of DNa, molds 
and other fungi have the sequence a-t-a-t-G-G-a-C. 
Draw a model that compares the sequences. Do 
fungi appear to be more closely related to green 
algae or to land plants? explain your logic.

To see this model in action, go to https://goo.gl/rXkXrM

https://goo.gl/rXkXrM
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•	 Traditional approaches for classifying organisms—including 
the system of five kingdoms divided into various classes, orders, 
and families that you may have learned in high school—are 
inaccurate in many cases, because they do not reflect the actual 
evolutionary history of the organisms involved.

The Tree of Life Is a Work in Progress Just as researching your 
family tree can help you understand who you are and where you 
came from, so the tree of life helps biologists understand the 
relationships between organisms and the history of species. The 
discovery of the Archaea and the accurate placement of lineages 
such as the fungi qualify as exciting breakthroughs in our under-
standing of evolutionary history and life’s diversity.

Work on the tree of life continues at a furious pace, however, 
and the location of certain branches on the tree is hotly debated. 
As databases expand and as techniques for analyzing data 
improve, the shape of the tree of life will undoubtedly change. 
Our understanding of the tree of life, like our understanding of 
every other topic in biological science, is dynamic.

How Should We Name Branches  
on the Tree of Life?
In science, the effort to name and classify organisms is called 
taxonomy. Any named group is called a taxon (plural: taxa). 
Currently, biologists are working to create a taxonomy, or nam-
ing system, that accurately reflects the phylogeny of organisms. 
Based on the tree of life, Woese proposed a new taxonomic cat-
egory called the domain. He designated the Bacteria, Archaea, 
and Eukarya as the three domains of life.

Biologists often use the term phylum (plural: phyla) to refer 
to major lineages within each domain. Although the designa-
tion is somewhat arbitrary, each phylum is considered a major 
branch on the tree of life. Within the lineage called animals, 
biologists currently name 30–35 phyla—each of which is distin-
guished by distinctive aspects of its body structure as well as by 
distinctive gene sequences. For example, the mollusks (clams, 
squid, octopuses) constitute a phylum, as do chordates (the ver-
tebrates and their close relatives).

Because the tree of life is so new, though, naming systems 
are still being worked out. For example, recent genetic data 
have fueled an ongoing debate about whether there are only two 
domains of life: Bacteria as one domain, and the rest of life the 
other. One thing that hasn’t changed for centuries, however, is 
the naming system for individual species.

Scientific (Latin) Names In 1735, a Swedish botanist named 
Carolus Linnaeus established a system for naming species that 
is still in use today. Linnaeus created a two-part name unique to 
each type of organism.

•	 Genus The first part indicates the organism’s genus (plural: 
genera). A genus is made up of a closely related group of spe-
cies. For example, Linnaeus put humans in the genus Homo. 
Although humans are the only living species in this genus, at 
least six extinct organisms, all of which walked upright and 
made extensive use of tools, were later also assigned to Homo.

Because this tree includes such a diverse array of species, it is 
often called the universal tree, or the tree of life. Notice that the 
tree’s main node is the common ancestor (ancestral population) 
of all living organisms. Researchers who study the origin of life 
propose that the tree’s root extends even further back to the “last 
universal common ancestor” of cells, or LUCA.

The tree of life implied by genetic sequence data established 
that there are three fundamental groups or lineages of organ-
isms: (1) the Bacteria, (2) the Archaea, and (3) the Eukarya. 
In all eukaryotes (literally, “true kernel”), cells have a promi-
nent component called the nucleus (Figure 1.7a). Because the 
vast majority of bacterial and archaeal cells lack a nucleus, 
they are referred to as  prokaryotes (literally, “before-kernel”; 
see Figure 1.7b). The vast majority of bacteria and archaea are 
unicellular (“one-celled”); many eukaryotes are multicellular 
(“many-celled”).

When results based on genetic data were first published, 
biologists were astonished. For example:

•	 Prior to Woese’s work and follow-up studies, biologists 
thought that the most fundamental division among organisms 
was between prokaryotes and eukaryotes. The Archaea were 
virtually unknown—much less recognized as a major and 
highly distinctive branch on the tree of life.

•	 Fungi were thought to be closely related to plants. Instead, 
they are actually much more closely related to animals.

Membrane
around 
nucleus

No nucleus

(a) Eukaryotic cells have 
a membrane-bound 
nucleus.

(b) Prokaryotic cells do not 
have a membrane-bound 
nucleus.

Nucleus

1 μm

0.1 μm

Figure 1.7 Eukaryotic and Prokaryotic Cells Differ in Structure.

 QUANTITATIVE how many times larger is the eukaryotic cell in this 
figure than the prokaryotic cell? (hint: Study the scale bars.)
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and the more recent insights of the tree of life have revolution-
ized our understanding of life’s diversity.

These three unifying ideas are considered great because they 
explain fundamental aspects of nature, and because they have 
consistently been shown to be correct. They are considered cor-
rect because they have withstood extensive testing.

How do biologists go about testing their ideas? Before answer-
ing this question, let’s step back a bit and consider the types of 
questions that researchers can and cannot ask.

The Nature of Science
Biologists ask questions about organisms, just as physicists and 
chemists ask questions about the physical world or geologists 
ask questions about Earth’s history and the processes that shape 
landforms. No matter what their field, all scientists ask ques-
tions that can be answered by observing or measuring things—by 
collecting data. Conversely, scientists cannot address questions 
that can’t be answered by observing or measuring things.

This distinction is important. It is at the root of continu-
ing controversies about teaching evolution in publicly funded 
schools. In the United States and in Turkey, in particular, some 
Christian and Islamic leaders have been particularly successful 
in pushing their claim that evolution and religious faith are in 
conflict. Even though the theory of evolution is considered one of 
the most successful and best-substantiated ideas in the history of 
science, they object to teaching it.

The vast majority of biologists and many religious leaders 
reject this claim; they see no conflict between evolution and reli-
gious faith. Their view is that science and religion are compatible 
because they address different types of questions.

•	 Science is about formulating hypotheses and finding evidence 
that supports or conflicts with those hypotheses.

•	 Religious faith addresses questions that cannot be answered 
by data. The questions addressed by the world’s great reli-
gions focus on why we exist and how we should live.

So how do biologists go about answering questions? After 
formulating hypotheses, biologists perform studies that yield 
experimental data or descriptive data, such as observing a behav-
ior, characterizing a structure within a cell by microscopy, or 
sequencing DNA. Let’s consider two examples of this process.

Why Do Giraffes Have Long Necks?  
An Introduction to Hypothesis Testing
If you were asked why giraffes have long necks, you might say 
based on your observations that long necks enable giraffes to 
reach food that is unavailable to other mammals. This hypoth-
esis is expressed in African folktales and has traditionally been 
accepted by many biologists. The food competition hypothesis 
is so plausible, in fact, that for decades no one thought to test it.

In the mid-1990s, however, Robert Simmons and Lue 
Scheepers assembled data suggesting that the food competition 
hypothesis is only part of the story. Their analysis supports an 
alternative hypothesis: Long necks allow giraffes to use their 
heads as effective weapons for battering their opponents, and 
longer-necked giraffes have a competitive advantage in fights.

•	 Species The second term in the two-part name identifies the 
organism’s species. Linnaeus gave humans the species name 
sapiens. A species name is always preceded by its genus.

An organism’s genus and species designation is called its 
 scientific name or Latin name. Scientific names are always ital-
icized. Genus names are always capitalized, but species names 
are not—as in Homo sapiens.

Linnaeus maintained that different types of organisms should 
not be given the same genus and species names. Other species 
may be assigned to the genus Homo (from the Latin for “man”), 
and members of other genera may be named sapiens (from the 
Latin for “wise” or “knowing”), but only humans are named 
Homo sapiens. Each scientific name is unique.

Scientific Names Are Often Descriptive Scientific names and 
terms are often based on Latin or Greek word roots that are 
descriptive. For example, consider the yeast Saccharomyces cere-
visiae. Saccharomyces is aptly named—the domesticated strains 
of yeast used in commercial baking and brewing are often fed 
sugar (Greek root saccharo), and yeast is a fungus (Greek root 
myces). The species name of this organism, cerevisiae, is Latin for 
“beer.” Loosely translated, then, the scientific name of brewer’s 
yeast means “sugar-fungus for beer.”

Scientific names and terms often seem daunting at first glance. 
So, most biologists find it extremely helpful to memorize some of 
the common Latin and Greek roots. To aid you in this process, new 
terms in this text are often accompanied by a translation of their 
Latin or Greek word roots in parentheses. (A glossary of common 
root words with translations and examples is also provided in 
BioSkills 15.)

check your understanding

If you understand that …
•	A phylogenetic tree shows the evolutionary relationships 

between species.
•	To infer where species belong on a phylogenetic tree, biologists 

examine their genetic and other characteristics. Closely related 
species should have similar characteristics, while less closely 
related species should be less similar.

 You should be able to …
examine the following DNa sequences and determine which 
two species would be closest on a phylogenetic tree.

Species A: a a C t a G C G C G a t

Species B: a a C t a G C G C C a t

Species C: t t C t a G C G G t a t

Answers are available in Appendix A.

1.6 Doing Biology
This chapter has introduced some of the great ideas in biology. 
The development of the cell theory, the theory of evolution, and 
the chromosome theory of inheritance provided cornerstones 
when the science was young. The central dogma explained the 
flow of information from DNA to physical traits of an organism, 




