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Improving Biology Education: 
We Listened to You

A Step Ahead
A Step Ahead describes what we set out to accomplish with 
this second-edition textbook. As authors and educators, we 
know your goal is to ensure your students are prepared for the 
future—their future course work, lab experiences, and careers 
in the sciences. Building 
a strong foundation in 
biology will put your stu-
dents a step ahead on this 
path. 

Through our classroom 
experiences and research 
work, we became inspired 
by the prospect that the 
first edition of Biology 
could move biology edu-
cation forward. We are confident that this new edition of Biol-
ogy is a step ahead because we listened to you. Based on our 
own experience and our discussions with educators and stu-
dents, we continue to concentrate our efforts on these crucial 
areas:

Experimentation and the process of science

Modern content 

Evolutionary perspective 

Emphasis on visuals

Accuracy and consistency

Critical thinking

Media—active teaching and learning 
with technology

Continued feedback from instructors using 
this textbook has been extremely valuable 
in refining the presentation of the mate-
rial. Likewise, we have used the textbook 
in our own classrooms. This hands-on 
experience has provided much insight 
regarding areas for improvement.  Our textbook continues to 
be comprehensive and cutting-edge, featuring an evolutionary 
focus and an emphasis on scientific inquiry.

The first edition of Biology was truly innovative in its visual 
program, and with the second edition it remains a step ahead. 
In watching students study as well as in extensive interviews, 
it is clear that students rely heavily on the artwork as their 
primary study tool. As you will see when you scan through 
our book, the illustrations have been crafted with the student’s 
perspective in mind. They are very easy to follow, particularly 
those that have multiple steps, and have very complete expla-
nations of key concepts.  We have taken the approach that stu-
dents should be able to look at the figures and understand the 
key concepts, without having to glance back and forth between 

the text and art. Many figures contain text boxes that explain 
what the illustration is showing. In those figures with multiple 
steps, the boxes are numbered and thereby guide the students 
through biological processes. 

A Step Ahead in Serving 
Teachers and Learners
To accurately and thoroughly cover a course as 
wide ranging as biology, we felt it was essential 
that our team reflect the diversity of the field. We 
saw an opportunity to reach students at an early 
stage in their education and provide their biology  
training with a solid and up-to-date foundation.We 
have worked to balance coverage of classic research 
with recent discoveries that extend biological con-
cepts in surprising new directions or that forge 

new concepts. Some new discoveries were selected because 
they highlight scientific controversies, showing students that 
we don’t have all the answers yet. There is still a lot of work 
for new generations of biologists. With this in mind, we’ve also 
spotlighted discoveries made by diverse people doing research 
in different countries to illustrate the global nature of modern 
biological science.

As active teachers and writers, one of the great joys of this 
process for us is that we have been able to meet many more 
educators and students during the creation of this textbook. It 
is humbling to see the level of dedication our peers bring to 
their teaching. Likewise, it is encouraging to see the energy and 
enthusiasm so many students bring to their studies. We hope 

this book and its media 
package will serve to aid 
both faculty and students 
in meeting the challenges 
of this dynamic and excit-
ing course. For us, this 
remains a work in prog-
ress, and we encourage 

you to let us know what you think of our efforts and what we 
can do to serve you better.

Rob Brooker, Eric Widmaier, Linda Graham, Peter Stiling

The illustrations are outstanding and 
better than in most textbooks. They are clear, 

eye-catching, and compactly illustrate the 
important features without the cluttering that 
so often accompanies diagrams. The essential 
features can be seen and understood at a glance.

 Harold Heatwole, North Carolina State University

This is an excellent textbook for biology majors, and 
the students should keep the book as a future refer-
ence.  The thoughts fl ow very well from one topic to 

the next.  

Gary Walker, Youngstown State University

CHANGES TO THIS EDITION

The author team is dedicated to producing the most engaging 
and current textbook that is available for undergraduate stu-
dents who are majoring in biology.  We want our students to be 
inspired by the field of biology and to become critical thinkers. 
To this end, we have made the following changes throughout 
the entire book.
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vi IMPROVING BIOLOGY EDUCATION

Chemistry Unit
• Chapter 2. The Chemical Basis of Life I: Atoms, Molecules, 

and Water: This stage-setting chapter now introduces 
the concepts of matter and energy, chemical equilibrium, 
 condensation/hydrolysis reactions, and expands upon the 
properties of water (for example, introducing such concepts 
as specific heat).  The nature and importance of radioiso-
topes in biology and medicine has also been expanded and 
clarified, along with a new photo of a whole-body PET scan 
of a person with cancer.

• Chapter 3. The Chemical Basis of Life II: Organic Mol-
ecules: Enzymes are now defined in this early chapter. A 
new figure has been added that reinforces and elaborates 
upon the mechanism and importance of dehydration and 
hydrolysis reactions, which were first introduced in Chap-
ter 2. This figure includes the principles of polymer formation 
and breakdown. Carbohydrates, lipids, proteins, and nucleic 
acids have been reorganized into distinct major headings for 
sharper focus.

Cell Unit
• Chapter 4. General Features of Cells: You will find 

improved illustrations of the cytoskeleton and new content 
regarding the origin of peroxisomes. The chapter has a new 
section on Protein Sorting to Organelles and ends with a new 

section called System Biology of Cells: A Summary, which 
summarizes the content of Chapter 4 from a systems biology 
perspective. 

• Chapter 5. Membrane Structure, Synthesis, and Trans-
port:   This chapter has a new section on the Synthesis of 
Membrane Components in Eukaryotic Cells. In this section, 
you will find a description of how cells make phospholipids, 
a critical topic that is often neglected. 

• Chapter 6. An Introduction to Energy, Enzymes, and 
Metabolism: Based on reviewer comments, this newly cre-
ated chapter splits the material that was originally in Chap-
ter 7 of the first edition. Chapter 6 provides an introduction 
to energy, enzymes, and metabolism. It includes added 
material on ribozymes and a novel section at the end of the 
chapter that describes the important topic of how cells recy-
cle the building blocks of their organic macromolecules. 

• Chapter 7. Cellular Respiration, Fermentation, and Sec-
ondary Metabolism: In the second edition, Chapter 7 is 
now divided into three sections: Cellular Respiration in the 
Presence of Oxygen, Anaerobic Respiration and Fermenta-
tion, and Secondary Metabolism. 

• Chapter 8. Photosynthesis: The discussion of the light-
dependent reactions is now divided into two sections: Reac-
tions that Harness Light Energy and Molecular Features of 
Photosystems. 

• Chapter 9. Cell Communication: Two sections that were in 
the first edition on Cellular Receptors and Signal Transduc-
tion and the Cellular Response have been streamlined and 
simplified. A new section called Apoptosis: Programmed Cell 
Death has been added, which includes a pioneering Feature 
Investigation that describes how apoptosis was originally 
discovered. 

• Chapter 10. Multicellularity: The figures in this chapter 
have been greatly improved with a greater emphasis on 
orientation diagrams that help students visualize where an 
event is occurring in the cell or in a multicellular organism. 

Genetics Unit
• Chapter 11. Nucleic Acid Structure, DNA Replication, 

and Chromosome Structure: The section on Chromosome 
Structure has been moved from Chapter 15 in the first edi-
tion to this chapter so that the main molecular features of 
the genetic material are contained within a single chapter. 
To help students grasp the major concepts, the topic of DNA 
replication has been split into two sections: Overview of DNA 
Replication and Molecular Mechanism of DNA Replication.

• Chapter 12.  Gene Expression at the Molecular Level: Sev-
eral topics in this chapter have been streamlined to make 
it easier for students to grasp the big picture of gene 
expression.

• Chapter 13.  Gene Regulation: Topics in gene regulation, 
such as micro RNAs, have been updated. 

• Chapter 14. Mutation, DNA Repair, and Cancer: 
Information regarding the effects of oncogenes has been 

• Each chapter in the second edition begins with an 
interesting story or a set of observations that will capture 
the students’ interests as they begin to read a chapter. 

• To help students test their knowledge and critical-thinking 
skills, we have increased the number of Concept check 
questions that are associated with the figure legends and 
revised many of the questions at the end of each chapter 
so they are at a higher level in Bloom’s taxonomy. An 
answer key for the questions is now provided in an 
appendix at the end of the book. 

• To further help students appreciate the scientific process, 
the Feature Investigation in each chapter now includes 
three new elements: a Conclusion, the original journal 
citation for the experiment, and questions that are directly 
related to the experiment. 

• Many photographs and micrographs have been enlarged or 
replaced with better images. 

• The presentation of the material has been refined by 
dividing some of the chapters into smaller sections and by 
the editing of complex sentences. 

With regard to the scientific content in the textbook, the author 
team has worked with hundreds of faculty reviewers to refine 
the first edition and to update the content so that our students 
are exposed to the most cutting-edge material. Some of the key 
changes that have occurred are summarized below.  
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 IMPROVING BIOLOGY EDUCATION vii

modified so that students can appreciate how mutations in 
particular oncogenes and tumor suppressor genes promote 
cancer. 

• Chapter 15. The Eukaryotic Cell Cycle, Mitosis, and Meio-
sis: This chapter now begins with a section on the eukaryotic 
cell cycle, which was in Chapter 9 of the first edition. This 
new organization allows students to connect how the cell 
cycle is related to mitosis and meiosis. Also, a new Genomes 
and Proteomes Connection on cytokinesis has been added, 
which explains new information on how cells divide. 

• Chapter 16. Simple Patterns of Inheritance: To make the 
topics stand out better for students, this chapter has been 
subdivided into six sections: Mendel’s Laws of Inheritance, 
The Chromosome Theory of Inheritance, Pedigree Analysis of 
Human Traits, Sex Chromosomes and X-Linked Inheritance 
Patterns, Variations in Inheritance Patterns and Their Molecu-
lar Basis, and Genetics and Probability. 

• Chapter 17. Complex Patterns of Inheritance: The cov-
erage of X inactivation, genomic imprinting, and maternal 
effect genes has been streamlined to focus on their impacts 
on phenotypes. 

• Chapter 18. Genetics of Viruses and Bacteria: In response 
to reviewers of the first edition, this chapter now begins 
with viruses. The topics of viroids and prions are set apart in 
their own section.  Also, the information regarding bacterial 
genetics comes at the end of the chapter and is divided into 
two sections on Genetic Properties of Bacteria and on Gene 
Transfer Between Bacteria. 

• Chapter 19. Developmental Genetics: Invertebrate devel-
opment has been streamlined to focus on the major themes 
of development. The topic of stem cells has been updated 
with new information regarding their importance in develop-
ment and their potential uses in medicine. 

• Chapter 20. Genetic Technology: New changes to this 
chapter include an improved figure on polymerase chain 
reaction (PCR) and new information regarding the engineer-
ing of Bt crops in agriculture. 

• Chapter 21. Genomes, Proteomes, and Bioinformatics:  This 
chapter has been updated with the newest information 
regarding genome sequences. Students are introduced to the 
NCBI website, and a collaborative problem at the end of the 
chapter asks the students to identify a mystery gene sequence 
using the BLAST program. 

Evolution Unit
• Chapter 22. The Origin and History of Life: The topic of 

fossils has been separated into its own section. The second 
edition has some new information regarding ideas about 
how polymers can be formed abiotically in an aqueous set-
ting. The role of oxygen has been expanded.

• Chapter 23. An Introduction to Evolution: To help the 
students make connections between genes and traits, newly 
discovered examples, such as the role of allelic differences in 
the Igf2 gene among dog breeds, have been added.

• Chapter 24. Population Genetics: To bring the topics into 
sharper focus, this chapter is now subdivided into five sec-
tions: Genes in Populations, Natural Selection, Sexual Selec-
tion, Genetic Drift, and Migration and Nonrandom Mating. 
The important topic of single nucleotide polymorphisms is 
highlighted near the beginning of the chapter along with its 
connection to personalized medicine. 

• Chapter 25. Origin of Species and Macroevolution: The 
topic of species concepts has been updated with an empha-
sis on the general lineage concept. Sympatric speciation has 
been divided into three subtopics: Polyploidy, Adaptation to 
Local Environments, and Sexual Selection.

• Chapter 26. Taxonomy and Systematics: The chapter 
begins with a modern description of taxonomy that divides 
eukaryotes into eight supergroups. To make each topic easier 
to follow, the chapter is now subdivided into five sections: 
Taxonomy, Phylogenetic Trees, Cladistics, Molecular Clocks, 
and Horizontal Gene Transfer. 

Diversity Unit
• Chapter 27. Bacteria and Archaea: In this chapter fea-

turing bacterial and archeal diversity, several illustrations 
have been improved. New information has been added to 
the Feature Investigation highlighting radiation resistance in 
Deinococcus.

• Chapter 28. Protists: In this exploration of protist diversity, 
recent research findings have been incorporated into chapter 
organization and phylogenetic trees. The evolutionary and 
ecological importance of cryptomonads and haptophytes are 
emphasized more completely. Life-cycle diagrams have been 
improved for clarity. A new Genomes and Proteomes Con-
nection features genomic studies of the human pathogens 
trichomonas and giardia. 

• Chapter 29. Plants and the Conquest of Land: This chapter 
on seedless plant diversity incorporates new molecular phy-
logenetic information on relationships. A new Genomes and 
Proteomes Connection features the model fern genus Cer-
atopteris. Life cycles have been improved for greater clarity.

• Chapter 30. The Evolution and Diversity of Modern Gym-
nosperms and Angiosperms: This chapter, highlighting seed 
plant diversity, features a new Genomes and Proteomes Con-
nection on the role of whole genome duplication via auto-
polyploidy and allopolyploidy in the evolution of seed plants.

• Chapter 31. Fungi: The fungal diversity chapter’s position 
has been changed to emphasize the close relationship of 
fungi to animals. There is an increased emphasis upon the 
role of fungi as pathogens and in other biotic associations. 
For example, a new Genomes and Proteomes Connection 
explores the genetic basis of beneficial plant associations 
with ectomycorrhizal fungi, and a new Feature Investiga-
tion features experiments that reveal a partnership between 
a virus and endophytic fungi that increases heat tolerance 
in plants. Life cycles of higher fungi have been modified to 
highlight heterokaryotic phases.
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viii IMPROVING BIOLOGY EDUCATION

• Chapter 32: An Introduction to Animal Diversity: A brief 
evolutionary history of animal life has been added. A new 
figure shows the similarity of a sponge to its likely ancestor, 
a colonial choanoflagellate. The summary characteristics of 
the major animal phyla have been simplified.

• Chapter 33: The Invertebrates: With the huge number of 
invertebrate species and the medical importance of many, 
a new Genomes and Proteomes Connection discusses DNA 
barcoding, which may allow for rapid classification of spe-
cies. The taxonomy of the annelids, arthropods, and chor-
dates has been updated.

• Chapter 34: The Vertebrates: The organization of the sec-
tion headings now follows the vertebrate cladogram intro-
duced at the start of the chapter. A more modern approach 
to the taxonomy of vertebrates has been adopted, particu-
larly in the discussion of primates. In addition, there is an 
extended treatment of human evolution and a new Genomes 
and Proteomes Connection comparing the human and chim-
panzee genetic codes. 

Plant Unit
• Chapter 35. An Introduction to Flowering Plant Form and 

Function: This overview of flowering plant structure and 
function has been revised to better serve as an introduction 
to Chapters 36–39.  A new Genomes and Proteomes Connec-
tion features the genetic control of stomatal development and 
emphasizes the role of asymmetric division in the formation 
of specialized plant cells. A new Feature Investigation reveals 
how recent experiments have demonstrated the adaptive 
value of palmate venation in leaves.

• Chapter 36. Flowering Plants: Behavior: In this chapter 
on plant behavior, the general function of plant hormones 
in reducing gene repression, thereby allowing gene expres-
sion, provides a new unifying theme. As an example, new 
findings on the stepwise evolution of the interaction 
between gibberellin and DELLA proteins are highlighted. 
The Feature Investigation, highlighting classic discoveries 
concerning auxin’s role in phototropism, has been con-
densed to achieve greater impact.

• Chapter 37. Flowering Plants: Nutrition: In this chapter on 
plant nutrition, a new Genomes and Proteomes Connection 
features the development of legume-rhizobium symbioses.

• Chapter 38. Flowering Plants: Transport: In this chapter 
on plant transport, the recent use of synthetic tree models 
has been added to further highlight experimental approaches 
toward understanding plant structure-function relationships.

• Chapter 39. Flowering Plants: Reproduction: In this chap-
ter on flowering plant reproduction, greater attention is 
paid to the trade-offs of sexual versus asexual reproduction, 
explaining why both commonly occur and are important in 
nature and agricultural applications. A new Genomes and 
Proteomes Connection describes a study of the evolution of 
plants that reproduce via only asexual means from sexually 
reproducing ancestral species.

Animal Unit
  Key changes to the animal unit include reorganization of the 

chapters such that animal nervous systems are presented 
first, an expanded emphasis on comparative features of 
invertebrate and vertebrate animal biology, and updates to 
each of the Impact on Public Health sections.

• Chapter 40. Animal Bodies and Homeostasis: This open-
ing chapter has numerous new and improved photos and 
illustrations, such as those associated with an expanded 
discussion of different types of connective and epithelial tis-
sue. The utility of the Fick diffusion equation has now been 
explained, and the very important relationship between sur-
face area and volume in animals has been more thoroughly 
developed.

• Chapter 41. Neuroscience I: Cells of the Nervous Sys-
tem: Discussion of animal nervous systems has been moved 
to the beginning chapters of the animal unit, rather than 
appearing midway through the unit.  This was done to better 
set the stage for all subsequent chapters. In this way, stu-
dents will gain an appreciation for how the nervous system 
regulates the functions of all other organ systems. This con-
cept will be continually reinforced as the students progress 
through the unit. Specific changes to Chapter 41 include an 
expanded treatment of equilibrium potential, a new discus-
sion and figure on spatial and temporal summation in neu-
rons, and a false-color SEM image of a synapse.

• Chapter 42. Neuroscience II: Evolution and Function of 
the Brain and Nervous Systems: In this second chapter 
devoted to nervous systems, the many functions of individ-
ual regions of animals’ brains have been more extensively 
described and also summarized for easy reference in a new 
table. The epithalamus is now included in this discussion, 
and the structure and function of the autonomic nervous 
system has received expanded coverage. 

• Chapter 43. Neuroscience III: Sensory Systems: An 
expanded, detailed, and step-by-step treatment of visual 
and auditory signaling mechanisms has been added to this 
third and concluding chapter on animal nervous systems. A 
fascinating comparison of the visual fields of predator and 
prey animals has been added, along with a figure illustrat-
ing the differences. A new figure illustrating how people see 
the world through eyes that are diseased due to glaucoma, 
macular degeneration, or cataracts is now included.

• Chapter 44. Muscular-Skeletal System and Locomo-
tion: The events occurring during cross-bridge cycling in 
muscle have been newly illustrated and detailed. A new 
figure showing the histologic appearance of healthy versus 
osteoporotic bones, and the skeleton of a child with rickets 
has been added.

• Chapter 45. Nutrition, Digestion, and Absorption: An over-
view figure illustrating the four basic features of energy assi-
miliation in animals has been added to the beginning of the 
chapter to set the stage for the later discussions of ingestion, 
digestion, absorption, and elimination.  A more developed 
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 IMPROVING BIOLOGY EDUCATION ix

comparative emphasis on ingestive and digestive processes 
in animals has been added, with expanded treatment of 
adaptations that occur in animals that live in freshwater or 
marine environments. This is accompanied by newly added 
photographs of different animals’ teeth being used to chew, 
tear, grasp, and nip food in their native environments.

• Chapter 46. Control of Energy Balance, Metabolic Rate, 
and Body Temperature: The text and artwork in this chap-
ter have been considerably streamlined to emphasize major 
principles of fat digestion and absorption in animals.

• Chapter 47. Circulatory Systems: The local and systemic 
relationships between pressure, blood flow, and resistance 
are now distinguished more clearly from each other and 
described in separate sections to emphasize the differences 
between them.  The organization of major topics has been 
adjusted to better reflect general principles of circulatory sys-
tems that apply across taxa, as well as comparative features 
of vertebrate circulatory systems.

• Chapter 48. Respiratory Systems: This chapter has bene-
fited from a general upgrade in artwork, but particularly that 
of the human respiratory system, including the addition of a 
cross section through alveoli to illustrate their cellular struc-
tures and associations with capillaries.

• Chapter 49. Excretory Systems and Salt and Water Bal-
ance: A new photo of proximal tubule cells that reveals their 
extensive microvilli has been added to reinforce the general 
principle of surface-area adaptations described in earlier 
chapters. A major reorganization of the manner in which 
the anatomy and function of nephrons has been introduced; 
each part of the nephron has now been separated into mul-
tiple figures for easier understanding.

• Chapter 50. Endocrine Systems: The layout of many fig-
ures has been adjusted to improve readability and flow; this 
has also been facilitated with new orientation illustrations 
that reveal where within the body a given endocrine organ 
is located. Along with the new layouts, several figures have 
been simplified to better illustrate major concepts of hor-
mone synthesis, action, and function.  As part of a unit-wide 
attempt to increase quantitative descriptions of animal biol-
ogy, additional data have been added in the form of a bar 
graph to this chapter’s Feature Investigation.

• Chapter 51. Animal Reproduction: The major concepts of 
asexual and sexual reproduction have been pulled together 
from various sections of the text into a newly organized 
single section immediately at the start of the chapter. This 
reorganization and consolidation of material has eliminated 
some redundancy, but more importantly allows for a direct, 
integrated comparison of the two major reproductive pro-
cesses found in animals. In keeping with a unit-wide effort 
to improve the flow of major illustrations, certain complex, 
multipart figures have been broken into multiple figures 
linked with the text.

• Chapter 52. Animal Development: To better allow this 
chapter to be understood on its own, a new introductory sec-
tion has been added that reinforces basic concepts of cellular 

and molecular control of animal development that were 
first introduced in Chapter 19 (Developmental Genetics). 
The complex processes occurring during gastrulation have 
been rendered in a newly simplified and clarified series of 
illustrations. The treatment of Frzb and Wnt proteins in the 
Genomes and Proteomes Connection has been removed and 
replaced with a discussion of Spemann’s organizer to better 
reflect the genetic basis of development across taxa in ani-
mals. An amazing series of photographs depicting cleft lip/
palate and its surgical reconstruction has also been added to 
the Impact on Public Health section.

• Chapter 53. Immune Systems: A key change in this chap-
ter is the effective use of additional or reformatted text 
boxes in illustrations of multistep processes. The layout of 
nearly every figure has been modified for clarity and ease 
of understanding. The topic of specific immunity has been 
reorganized such that the cellular and humoral aspects of 
immunity are clearly defined and distinguished. A new fig-
ure illustrating clonal selection has been added.

Ecology Unit
• Chapter 54: An Introduction to Ecology and Biomes: A 

new table summarizes the various abiotic factors and their 
effects on organisms. New information on greenhouse gases 
is provided, including their contributions to global warming. 

• Chapter 55: Behavioral Ecology: Portions of the section on 
mating systems have been rewritten in this updated chapter 
on behavior.  

• Chapter 56: Population Ecology: Additional information 
on population growth models has been provided by discuss-
ing the finite rate of increase, l, and by discussing growth 
of black-footed ferret populations in Wyoming, which are 
recovering after being pushed to the brink of extinction.

• Chapter 57: Species Interactions: This new treatment of 
species interactions has been streamlined, but at the same 
time, new information is provided on how shark fishing 
along the eastern seaboard of the United States has disrupted 
marine food webs. 

• Chapter 58: Community Ecology: The content of this chap-
ter has been updated and rewritten, and historical informa-
tion regarding community recovery following volcanic erup-
tion on the island of Krakatau, Indonesia, has been added. 
The section of species richness has also been reorganized.

• Chapter 59: Ecosystems Ecology: New art and text on the 
pyramid of numbers has been provided in the first section. 
The carbon cycle has been rewritten, and information on net 
primary production in different biomes has been updated.

• Chapter 60: Biodiversity and Conservation Biology: The 
link between biodiversity and ecosystem function has been 
underscored by better explaining Tilman’s field experiments. 
The chapter also provides a new section on climate change 
as a cause of species extinction and loss of biodiversity. A 
new discussion of bioremediation has been provided in the 
restoration ecology section.
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A STEP AHEAD IN
PREPARING STUDENTS 
FOR THE FUTURE

EXPERIMENTAL APPROACH

286 CHAPTER 14

 FEATURE INVESTIGATION
The Lederbergs Used Replica Plating to Show That 
Mutations Are Random Events
Mutations can affect the expression of genes in a variety of ways. Let’s now consider the following question: Do muta-tions that affect the traits of an individual occur as a result of pre-existing circumstances, or are they random events that may happen in any gene of any individual? In the 19th century, French naturalist Jean Baptiste Lamarck proposed that physi-ological events (such as use or disuse) determine whether traits are passed along to offspring. For example, his hypothesis sug-

gested that an individual who practiced and became adept at a physical activity, such as the long jump, would pass that qual-ity on to his or her offspring. Alternatively, geneticists in the early 1900s suggested that genetic variation occurs as a mat-ter of chance. According to this view, those individuals whose genes happen to contain beneficial mutations are more likely to survive and pass those genes to their offspring.
 These opposing views were tested in bacterial studies in the 1940s and 1950s. One such study, by Joshua and Esther Lederberg, focused on the occurrence of mutations in bacteria (Figure 14.2). First, they placed a large number of E. coli bac-

Figure 14.2  The experiment performed by the Lederbergs showing that mutations are random events.

5 CONCLUSION  Mutations are random events. In this case, the mutations occurred on the  master plate prior to exposure to T1  bacteriophage.

6 SOURCE  Lederberg, Joshua, and Lederberg, Esther M. 1952. Replica plating and indirect selection of bacterial mutants. Journal of Bacteriology
63:399–406.

54 THE DATA

3 Press a velvet cloth 
(wrapped over a cylinder) 
onto the master plate, and 
then lift gently to obtain a 
replica of each bacterial 
colony. Press the replica 
onto 2 secondary plates that 
contain T1 bacteriophage. 
Incubate overnight to 
allow bacterial growth. 

Master
plate

Secondary plates containing T1 phage

Colonies on each plate are in the 
same locations.

x

x

x

x x

x x

(Nonmutant cells are lysed and killed on 
these plates.)

Replica plate and 
allow to grow in the 
presence of T1.

x x

1

2 Incubate overnight to 
allow the formation of 
bacterial colonies. 
This is called the 
master plate.

Place individual bacterial 
cells onto growth media.

Experimental level

Single bacterial cell
Allow cells to divide, during 
which time random mutations 
may occur.

Bacterial
colony

x

x
x

x

Conceptual level

KEY MATERIALS  E. coli cells, T1 phage

HYPOTHESIS  Mutations are random events.

Bacterial colony
without a mutation

Bacterial colony in which 
some cells have a 
random mutation that 
gives resistance 
to T1.
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9/15/09   10:55:31 AMFeature Investigations provide a complete description 
of experiments, including data analysis, so students can 
understand how experimentation leads to an understanding 
of biological concepts. There are two types of Feature 

Investigations.  Most  describe experiments according to the 
scientific method. They begin with observations and then pro-
gress through the hypothesis, experiment, data, and the inter-
pretation of the data (conclusion). Some Feature Investigations

involve discovery-based science, which does not rely on a 
preconceived hypothesis. The illustrations of the Feature 

Investigations are particularly innovative by having parallel 
drawings at the experimental and conceptual levels. By 
comparing the two levels, students will be able to understand 
how the researchers were able to interpret the data and 
arrive at their conclusions. 

I really like the Feature 
Investigation so students can 
begin to grasp how scientists 
come to the conclusions that 
are simply presented as facts 
in these introductory texts. 
Richard Murray, Hendrix College
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CRITICAL THINKING

Modern techniques have enabled researchers to study many 
genes simultaneously, allowing them to explore genomes (all 
the genes an organism has) and proteomes (all the proteins 
encoded by those genes). This allows us to understand biology 
in a more broad way. Beginning in Chapter 3, each chapter has 
a topic called the  Genomes & Proteomes Connection  
that provides an understanding of how genomes and 
proteomes underlie the inner workings of cells and explains 
how evolution works at the molecular level.  The topics that 
are covered in the Genomes & Proteomes Connection  are very 
useful in preparing students for future careers in biology. 
The study of genomes and proteomes has revolutionized 
many careers in biology, including those in medicine, 
research, biotechnology, and many others.

420 CHAPTER 20

A B

C D

E F

A

A

A

D

D
D

F

F

F

A

A

A

D

D
D

F

F

F

1 Isolate mRNA 

from cells of 
interest. Add 
reverse 
transcriptase 
along with 
fluorescent 
nucleotides.

2 Hybridize cDNAs 

to the microarray, 

and wash away 

any unbound 
cDNAs.

3 Place the hybridized fluorescent 

DNA on the microarray into a 

scanning fluorescence microscope.

In this example, the cells 

make 3 different mRNAs, 

labeled A, D, and F.

Each spot contains 

single-stranded 

DNA molecules that

correspond to a

short sequence of

a particular gene.This process 
produces 
fluorescently 
labeled cDNA that 

is complementary 

to the mRNA.

DNA
microarray

A computer generates an

image that indicates the

relative fluorescence intensity

of each spot. In this case, spots

A, D, and F are highly fluorescent.

4

Figure 20.9  Identifying transcribed genes within a DNA 

microarray.   In this simplified example, only three cDNAs 

specifically hybridize to spots on the microarray. Those genes 

were expressed in the cells from which the mRNA was isolated. 

In an actual experiment, there are typically hundreds or 

thousands of different cDNAs and tens of thousands of different 

spots on the array.

Concept check:  If a fluorescent spot appears on a microarray, 

what information does this provide regarding gene expression?

Genomes & Proteomes Connection

A Microarray Can Identify Which Genes Are 

Transcribed by a Cell

Let’s now turn our attention to functional genomics. Research-

ers have developed an exciting new technology, called a DNA 

microarray (or gene chip), that is used to monitor the expres-

sion of thousands of genes simultaneously. A DNA microarray 

is a small silica, glass, or plastic slide that is dotted with many 

different sequences of single-stranded DNA, each corresponding 

to a short sequence within a known gene. Each spot contains 

multiple copies of a known DNA sequence. For example, one 

spot in a microarray may correspond to a sequence within the 

b-globin gene, while another spot might correspond to a differ-

ent gene, such as a gene that encodes a glucose transporter. A 

single slide contains tens of thousands of different spots in an 

area the size of a postage stamp. These microarrays are typi-

cally produced using a technology that “prints” spots of DNA 

sequences onto a slide similar to the way that an inkjet printer 

deposits ink on paper.

 What is the purpose of using a DNA microarray? In the 

experiment shown in Figure 20.9, the goal is to determine 

which genes are transcribed into mRNA from a particular sam-

ple of cells. In other words, which genes in the genome are 

expressed? To conduct this experiment, the mRNA was isolated 

from the cells and then used to make fluorescently labeled 

cDNA. The labeled cDNAs were then incubated with a DNA 

microarray. The DNA in the microarray is single stranded and 

corresponds to the sense strand—the strand that has a sequence 

like mRNA. Those cDNAs that are complementary to the DNAs 

in the microarray will hybridize and thereby remain bound 

to the microarray. The array is then washed and placed in a 

microscope equipped with a computer that scans each spot and 

generates an image of the spots’ relative fluorescence.

 If the fluorescence intensity in a spot is high, a large amount 

of cDNA was in the sample that hybridized to the DNA at this 

location. For example, if the b-globin gene was expressed in the 

cells being tested, a large amount of cDNA for this gene would 

be made, and the fluorescence intensity for that spot would be 

high. Because the DNA sequence of each spot is already known, 

a fluorescent spot identifies cDNAs that are complementary to 

those DNA sequences. Furthermore, because the cDNA was 

generated from mRNA, this technique identifies genes that 

have been transcribed in a particular cell type under a given 

set of conditions. However, the amount of protein encoded by 

an mRNA may not always correlate with the amount of mRNA 

due to variation in the rates of mRNA translation and protein 

degradation.

 Thus far, the most common use of microarrays is to 

study gene expression patterns. In addition, the technology 

of DNA microarrays has found several other important uses 

(Table 20.2).
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EVOLUTIONARY PERSPECTIVE

This is one of the best features of these chapters.  It is absolutely important to 
emphasize evolution themes at the molecular level in undergraduate biology courses.

Jorge Busciglio, University of California – Irvine

156 CHAPTER 7

 8. When a muscle becomes anaerobic during strenuous exercise, 

why is it necessary to convert pyruvate to lactate?
a. to decrease NAD� and increase NADHb. to decrease NADH and increase NAD�c. to increase NADH and increase NAD�d. to decrease NADH and decrease NAD�e. to keep oxidative phosphorylation running

 9. Secondary metabolitesa. help deter predation of certain organisms by causing the 
organism to taste bad.b. help attract pollinators by producing a pleasant smell.

c. help organisms compete for resources by acting as a poison to 

competitors.
d. provide protection from DNA damage.e. do all of the above. 10. Which of the following is an example of a secondary metabolite?

a. flavonoids found in vanillab. atropine found in deadly nightshadec. b-carotene found in carrots and flamingo feathers
d. streptomycin made by soil bacteriae. all of the above

Conceptual Questions 1. The electron transport chain is so named because electrons are 

transported from one component to another. Describe the purpose 

of the electron transport chain. 2. What causes the rotation of the g subunit of the ATP synthase? 

How does this rotation promote ATP synthesis?
 3. During fermentation, explain why it is important to oxidize 

NADH to NAD�.

Collaborative Questions 1. Discuss the advantages and disadvantages of aerobic respiration, 

anaerobic respiration, and fermentation. 2. Discuss the roles of secondary metabolites in biology. Such 
compounds have a wide variety of practical applications. If you 

were going to start a biotechnology company that produced 
secondary metabolites for sale, which type(s) would you focus 

on? How might you go about discovering new secondary 
metabolites that could be profitable?

Online Resource
www.brookerbiology.com

Stay a step ahead in your studies with animations that bring concepts to life and practice tests to assess your 

understanding. Your instructor may also recommend the interactive 

ebook, individualized learning tools, and more.

Assess and Discuss
Test Yourself
 1. Which of the following pathways occurs in the cytosol?

a. glycolysis
b. breakdown of pyruvate to an acetyl group
c. citric acid cycled. oxidative phosphorylatione. all of the above

 2. To break down glucose to CO2 and H2O, which of the following 

metabolic pathways is not involved?a. glycolysis
b. breakdown of pyruvate to an acetyl group
c. citric acid cycled. photosynthesise. c and d only

 3. The net products of glycolysis area. 6 CO2, 4 ATP, and 2 NADH.b. 2 pyruvate, 2 ATP, and 2 NADH.c. 2 pyruvate, 4 ATP, and 2 NADH.d. 2 pyruvate, 2 GTP, and 2 CO2.e. 2 CO2, 2 ATP, and glucose. 4. During glycolysis, ATP is produced bya. oxidative phosphorylation.b. substrate-level phosphorylation.c. redox reactions.d. all of the above.e. both a and b.
 5. Certain drugs act as ionophores that cause the mitochondrial 

membrane to be highly permeable to H�. How would such drugs 

affect oxidative phosphorylation?a. Movement of electrons down the electron transport chain 
would be inhibited.b. ATP synthesis would be inhibited.c. ATP synthesis would be unaffected.d. ATP synthesis would be stimulated.e. Both a and b are correct. 6. The source of energy that directly drives the synthesis of ATP 

during oxidative phosphorylation isa. the oxidation of NADH.b. the oxidation of glucose.c. the oxidation of pyruvate.d. the H� gradient.e. the reduction of O2. 7. Compared to oxidative phosphorylation in mitochondria, a key 

difference of anaerobic respiration in bacteria is
a. more ATP is made.b. ATP is made only via substrate-level phosphorylation.
c. O2 is converted to H2O2 rather than H2O.
d. something other than O2 acts as a final electron acceptor of the 

electron transport chain.e. b and d.

bro32215_c07_137_156.indd   156

9/1/09   12:01:01 PM

Students can test their knowledge and critical thinking skills 
with the Concept check questions that are associated with 
the figure legends. These questions go beyond simple recall 
of information and ask students to apply or interpret infor-
mation presented in the illustrations. 

Conceptual Questions can be found at the end of each chapter. 
Again, these questions take students a step ahead in their 
thought process by asking them to explain, describe, 
differentiate, distinguish, and so on,  key concepts of the 
chapter.

.c. the oxidation of pyruvate.d. the H� gradient.e. the reduction of O2. 7. Compared to oxidative phosphdifference of anaerobic respirata. more ATP is made.b. ATP is made only via substrac. O2 is converted to H2O2 rathed. something other than O2 actselectron transport chain.e. b and d.

Conceptual Questions
 1. The electron transport chain is so named because electrons are 

transported from one component to another. Describe the purpose 

of the electron transport chain.

 2. What causes the rotation of the g subunit of the ATP synthase? 

How does this rotation promote ATP synthesis?

 3. During fermentation, explain why it is important to oxidize 

NADH to NAD�.
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AN INTR

f available energy that can be used to promote change 

f energy (G). The letter G is in rec-

h concept of free 

Increase

Highly

ordered
More disordered

in entropy

Figure 6.2  Entropy.   Entropy is a measure of the disorder of 

a system. An increase in entropy means an increase in disorder.

Concept check:  Which do you think has more entropy, a NaCl 

crystal at the bottom of a beaker of water or the same beaker of water 

after the Na� and Cl� in the crystal have dissolved in the water?

A

H
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xii GUIDED TOUR—TO THE STUDENT

Working with a large team of editors, scientific 
illustrators, photographers, educators, and students, 
the authors have created an accurate, up-to-date, and 
visually appealing illustration program that is easy 
to follow, realistic, and instructive. The artwork and 
photos serve as a “visual outline” and guide students 
through complex processes. 

A VISUAL OUTLINE

I’m very impressed with the 
accuracy and quality of the figures.  

I especially like the explanatory 
captions within certain figures. 

Ernest DuBrul, University of Toledo

The illustrations were very effective in 
detailing the processes.  The drawings were 
more detailed than our current book, which 

allowed for a better idea of what the proteins’ 
(or whatever the object) structure was.  

Amy Weber, student, Ohio University

bro32215_c01_001_020.indd   9
8/25/09   3:42:14 PM

COMPANION WEBSITE

Students can enhance their understanding of the 
concepts with the rich study materials available at 
www.brookerbiology.com. This open access web-
site provides self-study options with chapter quiz-
zes to assess current understanding, animations that 
highlight topics students typically struggle with and 
textbook images that can be used for notetaking and 
study.
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Each chapter starts with a simple outline and engaging 
story that highlights why the information in the chapter 
is important and intriguing. Concept checks and the ques-
tions with the Feature Investigations throughout the chapter 

continually ask the student to check their understanding 
and push a bit further. We end each chapter with a thorough 
review section that returns to our outline and emphasizes 
higher-level learning through multiple-question types.

THE LEARNING SYSTEM

Overall, this is a great chapter where the text, photos, and diagrams come together to 
make for easy reading and easy understanding of concepts and terminology. 

Depth of coverage is right on, and bringing in current research results is a winner.
Donald Baud, University of Memphis 

4

A cell from the pituitary gland.  The cell in this micrograph was 

viewed by a technique called transmission electron microscopy, 

which is described in this chapter. The micrograph was artificially 

colored using a computer to enhance the visualization of certain 

cell structures.

General Features 
of Cells

Chapter Outline

4.1 Microscopy

4.2 Overview of Cell Structure

4.3 The Cytosol

4.4 The Nucleus and Endomembrane System

4.5 Semiautonomous Organelles

4.6 Protein Sorting to Organelles

4.7 Systems Biology of Cells: A Summary

Summary of Key Concepts

Assess and Discuss

mily had a persistent cough ever since she started smok-

ing cigarettes in college. However, at age 35, it seemed 

to be getting worse, and she was alarmed by the occa-

sional pain in her chest. When she began to lose weight 

and noticed that she became easily fatigued, Emily decided to see a 

doctor. The diagnosis was lung cancer. Despite aggressive treatment 

of the disease with chemotherapy and radiation therapy, she suc-

cumbed to lung cancer 14 months after the initial diagnosis. Emily 

was 36.

 Topics such as cancer are within the field of cell biology—

the study of individual cells and their interactions with each other. 

Researchers in this field want to understand the basic features of 

cells and apply their knowledge in the treatment of diseases such as 

cystic fibrosis, sickle-cell disease, and lung cancer.

 The idea that organisms are composed of cells originated in the 

mid-1800s. German botanist Matthias Schleiden studied plant mate-

rial under the microscope and was struck by the presence of many 

similar-looking compartments, each of which contained a dark area. 

Today we call those compartments cells, and the dark area is the 

nucleus. In 1838, Schleiden speculated that cells are living entities 

E
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Experimental Questions

 1. Explain the procedure of a pulse-chase experiment. What 
is the pulse, and what is the chase? What was the purpose 
of the approach?

 2. Why were pancreatic cells used for this investigation?

 3. What were the key results of the experiment of 
Figure 4.19? What did the researchers conclude?

experiments provided the first evidence that secreted proteins are 
synthesized into the rough ER and move through a series of cel-
lular compartments before they are secreted. These findings also 
caused researchers to wonder how proteins are targeted to par-
ticular organelles and how they move from one compartment to 
another. These topics are described later in Section 4.6.

bro32215_c04_065_096.indd   83 9/29/09   10:04:40 AM

Concept check:  What is the advantage of having a highly 
invaginated inner membrane?
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Summary of Key Concepts

4.1 Microscopy
• Three important parameters in microscopy are magnification, 

resolution, and contrast. A light microscope utilizes light for 
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Assess and Discuss

Test Yourself

 1. The cell doctrine states
a. all living things are composed of cells.
b. cells are the smallest units of living organisms.
c. new cells come from pre-existing cells by cell division.
d. all of the above.
e. a and b only.
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Conceptual Questions
 1. Describe two specific ways that protein-protein interactions are 

involved with cell structure or cell function.

 2. Explain how motor proteins and cytoskeletal filaments can 
interact to promote three different types of movements: 
movement of a cargo, movement of a filament, and bending 
of a filament.

 3. Describe the functions of the Golgi apparatus.

Collaborative Questions
 1. Discuss the roles of the genome and proteome in determining cell 

structure and function.

 2. Discuss and draw the structural relationship between the nucleus, 
the rough endoplasmic reticulum, and the Golgi apparatus.

Online Resource

www.brookerbiology.com

Stay a step ahead in your studies with 
animations that bring concepts to life and practice tests to assess your 
understanding. Your instructor may also recommend the interactive 
ebook, individualized learning tools, and more.
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xiv GUIDED TOUR—TO THE INSTRUCTOR

A STEP AHEAD IN PREPARING 
YOUR COURSE

McGRAW-HILL CONNECT PLUS™ BIOLOGY

   
Connect™ Biology is 
a web-based assign-
ment and assess-
ment platform that 

gives students the means to better connect with their course 
work, with their instructors, and with the important con-
cepts that they will need to know for success now and in the 
future.

With Connect Biology, you can deliver assignments, quiz-
zes, and tests online.  A robust set of questions and activities 
are presented and tied to the textbook’s learning objectives. 
As an instructor, you can edit existing questions and 
author entirely new problems. Track individual student 
performance—by question, assignment, or in relation to the 
class overall—with detailed grade reports. Integrate grade 
reports easily with Learning Management Systems (LMS) 
such as WebCT and Blackboard. And much more.

C o n n e c t P l u s T M 
Biology provides 
students with all 
the advantages of 
Connect Biology, 
plus 24/7 access to 
an eBook—a media-
rich version of the 
book that includes 
animations, videos, 
and inline assessments placed appropriately throughout the 
chapter. ConnectPlus Biology allows students to practice 
important skills at their own pace and on their own sched-
ule. By purchasing eBooks from McGraw-Hill students can 
save as much as 50% on selected titles delivered on the most 
advanced eBook platforms available. Contact your McGraw-
Hill sales representative to discuss eBook packaging options.

Powerful Presentation Tools
Everything you need for outstanding presentation in one place! 

• FlexArt Image PowerPoints—including every piece of art 
that has been sized and cropped specifically for superior 
presentations as well as labels that you can edit, flexible 
art that can be picked up and moved, tables, and 
photographs.

• Animation PowerPoints—numerous full-color animations 
illustrating important processes. Harness the visual 

impact of concepts in motion by importing these slides 
into classroom presentations or online course materials.

• Lecture PowerPoints with animations fully embedded.
• Labeled and unlabeled JPEG images—full-color digital files 

of all illustrations that can be readily incorporated into 
presentations, exams, or custom-made classroom materials.

Presentation Center
In addition to the images from your book, this online digi-
tal library contains photos, artwork, animations, and other 
media from an array of McGraw-Hill textbooks that can 
be used to create customized lectures, visually enhanced 
tests and quizzes, compelling course websites, or attractive 
printed support materials. 

Quality Test Bank
All questions have been written to fully align with the learn-
ing objectives and content of the textbook. Provided within 
a computerized test bank powered by McGraw-Hill’s flexible 
electronic testing program EZ Test Online, instructors can 
create paper and online tests or quizzes in this easy-to-use 
program! A new tagging scheme allows you to sort ques-
tions by difficulty level, topic, and section. Now, with EZ 
Test Online, instructors can select questions from multiple 
McGraw-Hill test banks or author their own, and then either 
print the test for paper distribution or give it online.

Active Learning Exercises
Supporting biology faculty in their efforts to make introduc-
tory courses more active and student-centered is critical to 
improving undergraduate biological education. Active learn-
ing can broadly be described as strategies and techniques 
in which students are engaged in their own learning, and 
is typically characterized by the utilization of higher order 
critical thinking skills. The use of these techniques is critical 
to biological education because of their powerful impact on 
students’ learning and development of scientific professional 
skills.

Active learning strategies are highly valued and have been 
shown to:

• Help make content relevant
• Be particularly adept at addressing common 

misconceptions
• Help students to think about their own learning 

(metacognition)
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Biology Lab Manual, Ninth Edition,
Vodopich/Moore 
ISBN 0073383066

This laboratory manual is designed for an 
introductory majors biology course with 
a broad survey of basic laboratory tech-
niques. The experiments and procedures 
are simple, safe, easy to perform, and 

especially appropriate for large classes. Few experiments 
require a second class-meeting to complete the procedure. 
Each exercise includes many photographs, traditional top-
ics, and experiments that help students learn about life. Pro-
cedures within each exercise are numerous and discrete so 
that an exercise can be tailored to the needs of the students, 
the style of the instructor, and the facilities available. 

Biological Investigations, 
Ninth Edition,
Dolphin et al. 
ISBN 0073383058

This independent laboratory manual 
can be used for a one- or two-semester 
majors-level general biology lab and can 
be used with any majors-level general 

biology textbook. The labs are investigative and ask stu-
dents to use more critical thinking and hands-on learning. 
The author emphasizes investigative, quantitative, and com-
parative approaches to studying the life sciences.

Understanding Evolution, 
Seventh Edition, 
by Rosenbaum and Volpe
ISBN 0073383236 

As an introduction to the principles of 
evolution, this paperback textbook is ide-
ally suited as a main textbook for general 
evolution or as a supplement for general 

biology, genetics, zoology, botany, anthropology, or any 
life science course that utilizes evolution as the underlying 
theme of all life. 

• Promote meaningful learning of content by 
emphasizing application

• Foster student interest in science

Guided Activities have been provided for instructors to use 
in their course for both in-class and out-of-class activities. 
The Guided Activities make it easy for you to incorporate 
active learning into your course and are flexible to fit your 
specific needs.

Brooker et al. Biology is available in many formats in addi-
tion to the traditional textbook to give instructors and stu-
dents more choices when deciding on the format of their 
biology text. 

Also available, customized versions for all of your course 
needs. You’re in charge of your course, so why not be in con-
trol of the content of your textbook? At McGraw-Hill Custom 
Publishing, we can help you create the ideal text—the one 
you’ve always imagined. Quickly. Easily. With more than 20 
years of experience in custom publishing, we’re experts. But 
at McGraw-Hill, we’re also innovators, leading the way with 
new methods and means for creating simplified, value-added 
custom textbooks. 

The options are never-ending when you work with McGraw-
Hill. You already know what will work best for you and 
your students. And here, you can choose it.

LABORATORY MANUALS

FOCUS ON EVOLUTION

FLEXIBLE DELIVERY OPTIONS

Foundations of 
Life—Chemis-
try, Cells, and 
Genetics  
ISBN: 
007740565X
Units 1, 2, and 3

Evolution, Diver-
sity, and Ecology   
ISBN: 
0077405889
Units 4, 5, and 8

Plants and 
Animals  
ISBN: 
0077405897
Units 6 and 7

bro32215_c00_i_xxx.indd   xvbro32215_c00_i_xxx.indd   xv 11/19/09   5:26:38 PM11/19/09   5:26:38 PM



xvi 

McGraw-Hill’s 360° Development Process 
is an ongoing, never-ending, education-
oriented approach to building accurate 
and innovative print and digital products. 
It is dedicated to continual large-scale and 
incremental improvement, driven by mul-
tiple user feedback loops and checkpoints. 
This is initiated during the early planning 
stages of our new products, intensifies dur-

ing the development and production stages, then begins again upon publi-
cation in anticipation of the next edition.

This process is designed to provide a broad, comprehensive spectrum of 
feedback for refinement and innovation of our learning tools, for both 
student and instructor. The 360° Development Process includes market 
research, content reviews, course- and product-specific symposia, accuracy 
checks, and art reviews. We appreciate the expertise of the many individu-
als involved in this process.

A STEP AHEAD IN QUALITY
360° DEVELOPMENT PROCESS

Contributing Authors
Photo Consultant - Alvin Telser,  Northwestern 

University
Instructors Manual - Mark Hens,  University of 

North Carolina–Greensboro
Integrated eBook Study Quizzes - Anita Baines,  

University of Wisconsin–LaCrosse; Matthew 
Neatrour, North Kentucky University

Test Bank - Bruce Stallsmith,  University of 
Alabama–Huntsville
Regina Wiggins-Speights,  Houston 
Community College–Northeast
Punnee Soonthornpoct, Blinn College
Sheila Wicks, Malcom X Junior College
James Mickle, North Carolina State University

Website - Lisa Burgess, Broward Community 
College; Marceau Ratard, Delgado 
Community College; Amanda Rosenzweig, 
Delgado Community College

Instructor Media - Sharon Thoma, University of 
Wisconsin–Madison; Brenda Leady, University 
of Toledo

Active Learning - Frank Bailey, Middle 
Tennessee State University, Steve Howard,  
Middle Tennessee State University; Michael 
Rutledge, Middle Tennessee State University 

Connect Content Contributors  
Russell Borski, North Carolina State University
Scott Cooper, University of Wisconsin—LaCrosse
Phil Gibson, Oklahoma University
Susan Hengeveld, Indiana University
Lelsie Jones, Valdosta State
Morris Maduro, University of California– Riverside
Matt Neatrour, Northern Kentucky University
Lynn Preston, Tarrant County College
Brian Shmaefsky, Lone Star College

Digital Board of Advisors
We are indebted to the valuable advice and direc-
tion of an outstanding group of advisors, led by 
Melissa Michael, University of Illinois at Urbana-
Champaign. Other board members include

Russel Borski, North Carolina State University
Karen Gerhart, University of California—Davis
Jean Heitz, University of Wisconsin—Madison
Mark Lyford, University of Wyoming
John Merrill, Michigan State
Randy Phillis, University of Massachusetts
Deb Pires, University of California—Los Angeles
Lynn Preston, Tarrant County College
Michael Rutledge, Middle Tennessee State

David Scicchitano, New York University
Bill Wischusen, Louisiana State University

General Biology Symposia
Every year McGraw-Hill conducts several 
General Biology Symposia, which are attended by 
instructors from across the country. These events 
are an opportunity for editors from McGraw-Hill to 
gather information about the needs and challenges 
of instructors teaching the major’s biology course. 
It also offers a forum for the attendees to exchange 
ideas and experiences with colleagues they might 
not have otherwise met. The feedback we have 
received has been invaluable, and has contributed 
to the development of Biology and its supple-
ments. A special thank you to recent attendees:

Sylvester Allred, Northern Arizona University
Michael Bell, Richland College
Arlene Billock, University of Louisiana–

Lafayette
Stephane Boissinot, Queens College, the City 

University of New York
David Bos, Purdue University
Scott Bowling, Auburn University
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University
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B

The crystal jelly (Aequorea victoria), which produces a green 
fluorescent protein (GFP).  The gene that encodes GFP has 

been widely used by researchers to study gene expression and 

to determine the locations of proteins in cells.

An Introduction 
to Biology

Chapter Outline

1.1 The Properties of Life

1.2 The Unity and Diversity of Life

1.3 Biology as a Scientific Discipline

Summary of Key Concepts

Assess and Discuss

iology is the study of life. The diverse forms of life found 

on Earth provide biologists with an amazing array of organ-

isms to study. In many cases, the investigation of living 

things leads to unforeseen discoveries that no one would 

have imagined. For example, researchers determined that the venom 

from certain poisonous snakes contains a chemical that lowers blood 

pressure in humans. By analyzing that chemical, drugs were later 

developed to treat high blood pressure (Figure 1.1). Certain ancient 

civilizations, such as the Greeks, Romans, and Egyptians, discovered 

that the bark of the white willow tree can be used to fight fever. Mod-

ern chemists determined that willow bark contains a substance called 

salicylic acid, which led to the development of the related compound 

acetylsalicylic acid, more commonly known as aspirin (Figure 1.2). In 

the last century, biologists studied soil bacteria that naturally produce 

“chemical weapons” to kill competing bacteria in their native environ-

ment. These chemicals have been characterized and used to develop 

antibiotics such as streptomycin to treat bacterial infections (Figure 
1.3). Finally, for many decades, biologists have known that the Pacific 

yew tree produces a toxin in its bark and needles that kills insects. 

B

ACE inhibitor (Lotensin®)
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Figure 1.1  The Brazilian arrowhead viper and inhibitors 
of high blood pressure.   Derivatives of a chemical found in 

the venom of the Brazilian arrowhead viper, called angiotensin-

converting enzyme (ACE) inhibitors, are commonly used to 

treat high blood pressure.

Figure 1.2  The white willow and aspirin.   Modern 

aspirin, acetylsalicylic acid, was developed after analyzing 

a chemical found in the bark of the white willow tree.
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2 CHAPTER 1

1.1 The Properties of Life
A good way to begin a biology textbook is to distinguish liv-
ing organisms from nonliving objects. At first, the distinction 
might seem intuitively obvious. A person is alive, but a rock is 
not. However, the distinction between living and nonliving may 
seem less obvious when we consider microscopic entities. Is a 
bacterium alive? What about a virus or a chromosome? In this 
section, we will examine the characteristics that are common 
to all forms of life and consider the levels of organization that 
biologists study.

A Set of Characteristics Is Common 
to All Forms of Modern Life

Living organisms have consistent features that set them apart 
from nonliving things. Biologists have determined that all 

Figure 1.3  The soil bacterium Streptomyces griseus, 
which naturally produces streptomycin that kills competing 
bacteria in the soil.   Doctors administer streptomycin to 

people to treat bacterial infections.
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living organisms display seven common characteristics, as 
described next.

Cells and Organization    The concept of organization is so 
fundamental to biology that the term organism can be applied 
to all living species. Organisms maintain an internal order that 
is separated from the environment (Figure 1.5a). The simplest 
unit of such organization is the cell, which we will examine in 
Unit II. The cell theory states that (1) all organisms are made of 
cells, (2) cells are the smallest units of life, and (3) cells come 
from pre-existing cells via cell division. Unicellular organisms 
are composed of one cell, whereas multicellular organisms such 
as plants and animals contain many cells. In plants and ani-
mals, each cell has internal order, and the cells within the body 
have specific arrangements and functions.

Energy Use and Metabolism    The maintenance of organiza-
tion requires energy. Therefore, all living organisms acquire 

Figure 1.4  The Pacific yew and Taxol.   A toxin called Taxol, 

found in the Pacific yew tree, is effective in the treatment of certain 

cancers.

Concept check:  How does biology—the study of life—benefit 
humans?
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Since the 1990s, this toxin, known by the drug name Taxol, has been 

used to treat patients with ovarian and breast cancer (Figure 1.4). 

These are but a few of the many discoveries that make biology an 

intriguing discipline. The study of life not only reveals the fascinating 

characteristics of living species but also leads to the development of 

drugs and research tools that benefit the lives of people.

 To make new discoveries, biologists view life from many differ-

ent perspectives. What is the composition of living things? How is 

life organized? How do organisms reproduce? Sometimes the ques-

tions posed by biologists are fundamental and even philosophical 

in nature. How did living organisms originate? Can we live forever? 

What is the physical basis for memory? Can we save endangered 

species? Can we understand intriguing changes in body function, 

such as the green light given off by certain jellyfish? 

 Future biologists will continue to make important advances. 

Biologists are scientific explorers looking for answers to some of 

the world’s most enduring mysteries. Unraveling these mysteries 

presents an exciting challenge to the best and brightest minds. The 

rewards of a career in biology include the excitement of forging into 

uncharted territory, the thrill of making discoveries that can improve 

the health and lives of people, and the impact of biology on the pres-

ervation of the environment and endangered species. For these and 

many other compelling reasons, students seeking challenging and 

rewarding careers may wish to choose biology as a lifelong pursuit.

 In this chapter, we will begin our survey of biology by examin-

ing the basic features that are common to all living organisms. We 

will consider how evolution has led to the development of modern 

genomes—the entire genetic compositions of living organisms—

which can explain the unity and diversity that we observe among 

modern species. Finally, we will explore the general approaches that 

scientists follow when making new discoveries.
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 AN INTRODUCTION TO BIOLOGY 3

energy from the environment and use that energy to maintain 
their internal order. Cells carry out a variety of chemical reac-
tions that are responsible for the breakdown of nutrients. Such 
reactions often release energy in a process called respiration. 
The energy may be used to synthesize the components that 
make up individual cells and living organisms. Chemical reac-
tions involved with the breakdown and synthesis of cellular 
molecules are collectively known as metabolism. Plants, algae, 
and certain bacteria can directly harness light energy to pro-
duce their own nutrients in the process of photosynthesis 
(Figure 1.5b). They are primary producers of food on Earth. In 
contrast, some organisms, such as animals and fungi, are con-
sumers—they must use other organisms as food to obtain 
energy.

Response to Environmental Changes    To survive, living 
organisms must be able to respond to environmental changes. 
For example, bacterial cells have mechanisms to detect that 
certain nutrients in the environment are in short supply while 
others are readily available. In the winter, many species of 
mammals develop a thicker coat of fur that protects them from 
the cold temperatures. Also, plants can respond to changes in 
the angle of the sun. If you place a plant in a window, it will 
grow toward the light (Figure 1.5c). The response shown in 
Figure 1.5c is a short-term response. As discussed later, bio-
logical evolution over the course of many generations 
can lead to more permanent adaptations of a species to its 
environment.

Regulation and Homeostasis    As we have just seen, one 
way that organisms can respond to environmental variation is 
to change themselves. The growth of thick fur in the winter-
time is an example. Although life is a dynamic process, living 
cells and organisms regulate their cells and bodies to maintain 
relatively stable internal conditions, a process called homeo-
stasis (from the Greek, meaning to stay the same). The degree 
to which homeostasis is achieved varies among different organ-
isms. For example, most mammals and birds maintain a 
relatively stable body temperature in spite of changing envi-
ronmental temperatures (Figure 1.5d), whereas reptiles and 
amphibians tolerate a wider fluctuation in body temperature. 
By comparison, all organisms continually regulate their cellular 
metabolism so that nutrient molecules are used at an appropri-
ate rate and new cellular components are synthesized when 
they are needed.

Growth and Development    All living things grow and develop. 
Growth produces more or larger cells, whereas development 
is a series of changes in the state of a cell, tissue, organ, or 
organism. The process of development produces organisms 
with a defined set of characteristics. Among unicellular organ-
isms such as bacteria, new cells are relatively small, and they 
increase in volume by the synthesis of additional cellular com-
ponents. Multicellular organisms, such as plants and animals, 
begin life at a single-cell stage (for example, a fertilized egg) 
and then undergo multiple cell divisions to develop into a com-
plete organism with many cells (Figure 1.5e).

(a) Cells and organization: 
 Organisms maintain an 
 internal order. The simplest 
 unit of organization is the cell.
 Yeast cells are shown here. 

(g) Biological evolution: 
Populations of organisms 
change over the course of 
many generations. Evolution 
results in traits that promote 
survival and reproductive 
success. 

(b) Energy use and 
metabolism: 
Organisms need energy to 
maintain internal order.
These algae harness light
energy via photosynthesis.
Energy is used in chemical 
reactions collectively known 
as metabolism.

(c) Response to environmental
 changes: 
 Organisms react to 
 environmental changes
 that promote their survival. 

(d) Regulation and 
homeostasis: 
Organisms regulate their 
cells and bodies, maintaining 
relatively stable internal 
conditions, a process called 
homeostasis.

(e) Growth and development: 
Growth produces more or
larger cells, whereas
development produces
organisms with a defined 
set of characteristics.

(f) Reproduction: 
To sustain life over many 
generations, organisms must 
reproduce. Due to the 
transmission of genetic 
material, offspring tend to 
have traits like their parents.

13.7 �m

Figure 1.5  Seven characteristics common to life.
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 3. Cells: Molecules and macromolecules associate with each 
other to form larger structures such as membranes. A cell 
is formed from the association of these larger structures.

 4. Tissues: In the case of multicellular organisms such as 
plants and animals, many cells of the same type associate 
with each other to form tissues. An example is muscle 
tissue (Figure 1.6).

 5. Organs: In complex multicellular organisms, an organ is 
composed of two or more types of tissue. For example, the 
heart is composed of several types of tissues, including 
muscle, nervous, and connective tissue.

 6. Organism: All living things can be called organisms. A 
single organism possesses the set of characteristics that 
define life. Biologists classify organisms as belonging to a 
particular species, which is a related group of organisms 
that share a distinctive form and set of attributes in nature. 
The members of the same species are closely related 
genetically. In Units VI and VII, we will examine plants 
and animals at the level of cells, tissues, organs, and 
complete organisms.

 7. Population: A group of organisms of the same species 
that occupy the same environment is called a population.

 8. Community: A biological community is an assemblage 
of populations of different species. The types of species 
found in a community are determined by the environment 
and by the interactions of species with each other.

 9. Ecosystem: Researchers may extend their work beyond 
living organisms and also study the environment. Ecologists 
analyze ecosystems, which are formed by interactions of a 
community of organisms with their physical environment. 
Unit VIII considers biology from populations to ecosystems.

 10. Biosphere: The biosphere includes all of the places on the 
Earth where living organisms exist. Life is found in the air, 
in bodies of water, on the land, and in the soil.

1.2  The Unity and Diversity 
of Life

Unity and diversity are two words that often are used to describe 
the living world. As we have seen, all modern forms of life 
display a common set of characteristics that distinguish them 
from nonliving objects. In this section, we will explore how 
this unity of common traits is rooted in the phenomenon of 
biological evolution. As you will learn, life on Earth is united by 
an evolutionary past in which modern organisms have evolved 
from pre-existing organisms.
 Evolutionary unity does not mean that organisms are exactly 
alike. The Earth has many different types of environments, rang-
ing from tropical rain forests to salty oceans, hot and dry des-
erts, and cold mountaintops. Diverse forms of life have evolved 
in ways that help them prosper in the diverse environments the 
Earth has to offer. In this section, we will begin to examine the 
diversity that exists within the biological world.

Reproduction    All living organisms have a finite life span. To 
sustain life over many generations, organisms must reproduce 
(Figure 1.5f). A key feature of reproduction is that offspring 
tend to have characteristics that greatly resemble those of their 
parent(s). How is this possible? All living organisms contain 
genetic material composed of DNA (deoxyribonucleic acid), 
which provides a blueprint for the organization, development, 
and function of living things. During reproduction, a copy of 
this blueprint is transmitted from parent to offspring. As dis-
cussed in Unit III, genes, which are segments of DNA, govern 
the characteristics, or traits, of organisms. Most genes are tran-
scribed into a type of RNA (ribonucleic acid) molecule called 
messenger RNA (mRNA) that is then translated into a polypep-
tide with a specific amino acid sequence. A protein is com-
posed of one or more polypeptides. The structures and functions 
of proteins are largely responsible for the traits of living 
organisms.

Biological Evolution    The first six characteristics of life, 
which we have just considered, apply to individual organisms 
over the short run. Over the long run, another universal char-
acteristic of life is biological evolution, which refers to the 
phenomenon that populations of organisms change from gen-
eration to generation. As a result of evolution, organisms may 
become more successful at survival and reproduction. Popula-
tions become better adapted to the environment in which they 
live. For example, the long snout of an anteater is an adapta-
tion that enhances its ability to obtain food, namely ants, from 
hard-to-reach places (Figure 1.5g). Over the course of many 
generations, the long snout occurred via biological evolution 
in which modern anteaters evolved from populations of organ-
isms that did not have such long snouts. Unit IV is devoted 
to the topic of evolution, and Unit V surveys the evolutionary 
diversity among different forms of life.

Living Organisms Can Be Viewed 
at Different Levels of Organization

As we have just learned, life exhibits a set of characteristics, 
beginning with the concept of organization. The organization of 
living organisms can be analyzed at different levels of complex-
ity, starting with the tiniest level of organization and progress-
ing to levels that are physically much larger and more complex. 
Figure 1.6 depicts a scientist’s view of biological organization 
at different levels.

 1. Atoms: An atom is the smallest unit of an element that 
has the chemical properties of the element. All matter is 
composed of atoms.

 2. Molecules and macromolecules: As discussed in Unit I, 
atoms bond with each other to form molecules. Many 
molecules bonded together to form a polymer such as a 
polypeptide is called a macromolecule. Carbohydrates, 
proteins, and nucleic acids (for example, DNA and RNA) 
are important macromolecules found in living organisms.
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in which to build a nest. If we did not already know that the 
milk carton had served an earlier purpose—namely, to contain 
milk—we might wonder why the bird had made a nesting site 
with this shape. Obviously, we do not need to wonder about 
this because we immediately grasp that the milk carton had a 
previous history and that it has been modified by a person to 
serve a new purpose—a nesting site for a bird. Understanding 
history allows us to make sense out of this nest.
 Likewise, evolutionary change involves modifications of 
characteristics in pre-existing populations. Over long periods of 

Modern Forms of Life Are Connected 
by an Evolutionary History

Life began on Earth as primitive cells about 3.5 to 4 billion 
years ago. Since that time, those primitive cells underwent evo-
lutionary changes that ultimately gave rise to the species we 
see today. Understanding the evolutionary history of species 
often provides key insights into the structure and function of 
an organism’s body. As a way to help you appreciate this idea, 
Figure 1.7 shows a photograph of a bird using a milk carton 

Atoms1 Molecules and 
macromolecules

2

Cells3

Tissues4Organs5

Organism6

Population7

Community8
Ecosystem9

Biosphere10

Figure 1.6  The levels of biological organization.

Concept check:  At which level of biological organization would you place a herd of buffalo?
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 With regard to the horses shown in Figure 1.9, the fos-
sil record has revealed adaptive changes in various traits such 
as size and tooth morphology. The first horses were the size 
of dogs, whereas modern horses typically weigh more than a 
half ton. The teeth of Hyracotherium were relatively small com-
pared to those of modern horses. Over the course of millions of 
years, horse teeth have increased in size, and a complex pattern 
of ridges has developed on the molars. How do evolutionary 
biologists explain these changes in horse characteristics? They 
can be attributed to natural selection producing adaptations to 
changing global climates. Over North America, where much of 
horse evolution occurred, large areas changed from dense for-
ests to grasslands. The horses’ increase in size allowed them to 
escape predators and travel great distances in search of food. 
The changes seen in horses’ teeth are consistent with a dietary 
shift from eating more tender leaves to eating grasses and other 
vegetation that are more abrasive and require more chewing.

Horizontal Gene Transfer    The most common way for genes 
to be transferred is in a vertical manner. This can involve the 
transfer of genetic material from a mother cell to daughter cells, 
or it can occur via gametes—sperm and egg—that unite to form 
a new organism. However, as discussed in later chapters, genes 
are sometimes transferred between organisms by other mecha-
nisms. These other mechanisms are collectively known as hori-
zontal gene transfer. In some cases, horizontal gene transfer can 
occur between members of different species. For example, you 
may have heard in the news media that resistance to antibiotics 
among bacteria is a growing medical problem. As discussed in 
Chapter 18, genes that confer antibiotic resistance are sometimes 
transferred between different bacterial species (Figure 1.10).

time, populations may change such that structures with a par-
ticular function may become modified to serve a new function. 
For example, the wing of a bat is used for flying, and the flipper 
of a dolphin is used for swimming. Both structures were modi-
fied from a limb that was used for walking in a pre-existing 
ancestor (Figure 1.8).
 Evolutionary change occurs by two mechanisms: vertical 
descent with mutation and horizontal gene transfer. Let’s take 
a brief look at each of these mechanisms.

Vertical Descent with Mutation    The traditional way to view 
evolution is in a vertical manner, which involves a progression 
of changes in a series of ancestors. Such a series is called a 
lineage. Figure 1.9 shows a portion of the lineage that gave rise 
to modern horses. This type of evolution is called vertical evo-
lution because it occurs in a lineage. Biologists have tradition-
ally depicted such evolutionary change in a diagram like the 
one shown in Figure 1.9. In this mechanism of evolution, new 
species evolve from pre-existing species by the accumulation 
of mutations, which are random changes in the genetic mate-
rial of organisms. But why would some mutations accumulate 
in a population and eventually change the characteristics of 
an entire species? One reason is that a mutation may alter the 
traits of organisms in a way that increases their chances of sur-
vival and reproduction. When a mutation causes such a ben-
eficial change, the frequency of the mutation may increase in 
a population from one generation to the next, a process called 
natural selection. This process is discussed in Units IV and V. 
Evolution also involves the accumulation of neutral changes 
that do not either benefit or harm a species, and sometimes 
even involves rare changes that may be harmful.

Figure 1.7  An example of modification of a structure for a 
new function.   The bird shown here has used a modified milk 

carton in which to build its nest. By analogy, evolution also 

involves the modification of pre-existing structures for a new 

function.

Figure 1.8  An example showing a modification that has 
occurred as a result of biological evolution.   The wing of a bat 

and the flipper of a dolphin were modified from a limb that was 

used for walking in a pre-existing ancestor.

Concept check:  Among mammals, give two examples of how 
the tail has been modified for different purposes.

AncestralAncestral
limblimb
Ancestral
limb

Bat wing

Dolphin
flipper

Modification over time  Modification over time  
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 AN INTRODUCTION TO BIOLOGY 7

 In a lineage in which the time scale is depicted on a vertical 
axis, horizontal gene transfer between different species is 
shown as a horizontal line (Figure 1.11). Genes transferred hor-
izontally may be subjected to natural selection and promote 
changes in an entire species. This has been an important mech-
anism of evolutionary change, particularly among bacterial spe-
cies. In addition, during the early stages of evolution, which 
occurred a few billion years ago, horizontal gene transfer was 
an important part of the process that gave rise to all modern 
species.
 Traditionally, biologists have described evolution using 
diagrams that depict the vertical evolution of species on a long 
time scale. This is the type of evolutionary tree that was shown 
in Figure 1.9. For many decades, the simplistic view held that 
all living organisms evolved from a common ancestor, resulting 
in a “tree of life” that could describe the vertical evolution that 
gave rise to all modern species. Now that we understand the 
great importance of horizontal gene transfer in the evolution of 
life on Earth, biologists have needed to re-evaluate the concept 
of evolution as it occurs over time. Rather than a tree of life, a 
more appropriate way to view the unity of living organisms is 
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Hyracotherium

Pachynolophus    

Propalaeotherium      

Paleotherium    

Orohippus

Epihippus

Mesohippus

Miohippus  

Parahippus

Anchitherium
Hypohippus

Sinohippus

Archaeohippus

Megahippus

Merychippus

Calippus

Pliohippus

Hippidium and 
other generaEquus   

Neohipparion

Nannippus

Hipparion

Styohipparion

Figure 1.9  An example of vertical evolution: the 
horse.  This diagram shows a lineage of ancestors; 

the branch that is highlighted gave rise to the modern 

horse (Equus), which evolved from ancestors that 

were much smaller. The vertical evolution shown 

here occurred due to the accumulation of mutations 

that altered the traits of the species.

Concept check:  What is the relationship between 
biological evolution and natural selection?

Bacterial species such as 
Escherichia coli

Antibiotic- 
resistance 
gene

Antibiotic- 
resistance 
gene from 
E. coli

Horizontal 
gene 
transfer to 
another 
species

DNA DNA

Bacterial species such as 
Streptococcus pneumoniae

Figure 1.10  An example of horizontal gene transfer: 
antibiotic resistance.   One bacterial species may transfer a 

gene to a different bacterial species, such as a gene that confers 

resistance to an antibiotic.
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8 CHAPTER 1

to describe it as a “web of life,” which accounts for both verti-
cal evolution and horizontal gene transfer (Figure 1.11).

The Classification of Living Organisms 
Allows Biologists to Appreciate the Unity 
and Diversity of Life

As biologists discover new species, they try to place them in 
groups based on their evolutionary history. This is a difficult 
task because researchers estimate the Earth has between 10 
and 100 million different species! The rationale for categoriza-
tion is usually based on vertical descent. Species with a recent 
common ancestor are grouped together, whereas species whose 
common ancestor is in the very distant past are placed into dif-
ferent groups. The grouping of species is termed taxonomy.
 Let’s first consider taxonomy on a broad scale. You may 
have noticed that Figure 1.11 showed three main groups of 
organisms. All forms of life can be placed into three large cat-
egories, or domains, called Bacteria, Archaea, and Eukarya 
(Figure 1.12). Bacteria and Archaea are microorganisms that 
are also termed prokaryotic because their cell structure is 

Bacteria Archaea Eukarya

Common ancestral community of primitive cells

AnimalsFungi Plants Protists

Vertical evolution
Horizontal gene transfer

KEY

Figure 1.11  The web of life, showing both vertical evolution and horizontal gene transfer.   This diagram of evolution includes both 

of these important mechanisms in the evolution of life on Earth. Note: Archaea are unicellular species.

Concept check:  How does the concept of a tree of life differ from that of a web of life?

relatively simple. At the molecular level, bacterial and archaeal 
cells show significant differences in their compositions. By 
comparison, organisms in domain Eukarya are eukaryotic and 
have larger cells with internal compartments that serve vari-
ous functions. A defining distinction between prokaryotic and 
eukaryotic cells is that eukaryotic cells have a cell nucleus in 
which the genetic material is surrounded by a membrane. The 
organisms in domain Eukarya had once been subdivided into 
four major categories, or kingdoms, called Protista (protists), 
Plantae (plants), Fungi, and Animalia (animals). However, as 
discussed in Chapter 26 and Unit V, this traditional view has 
become invalid as biologists have gathered new information 
regarding the evolutionary relationships of these organisms. 
We now know that the protists do not form a single kingdom 
but instead can be divided into seven broad groups.
 Taxonomy involves multiple levels in which particular spe-
cies are placed into progressively smaller and smaller groups of 
organisms that are more closely related to each other evolution-
arily. Such an approach emphasizes the unity and diversity of 
different species. As an example, let’s consider the clownfish, 
which is a common saltwater aquarium fish (Figure 1.13). 
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 AN INTRODUCTION TO BIOLOGY 9

(a) Domain Bacteria: Mostly unicellular prokaryotes that inhabit 
many diverse environments on Earth.

(c) Domain Eukarya: Unicellular and multicellular organisms having cells with internal compartments that serve various functions.

(b) Domain Archaea: Unicellular prokaryotes that often live in extreme 
 environments, such as hot springs.

Protists: Unicellular and small multicellular organisms 
that are now subdivided into seven broad groups based 
on their evolutionary relationships.

Fungi: Unicellular and multicellular organisms that have a cell 
wall but cannot carry out photosynthesis. Fungi usually survive 
on decaying organic material.

Animals: Multicellular organisms that usually have a nervous 
system and are capable of locomotion. They must eat other 
organisms or the products of other organisms to live.

Plants: Multicellular organisms that can carry out 
photosynthesis.

Figure 1.12  The three domains of life.   Two of these domains, (a) Bacteria and (b) Archaea, are prokaryotes. The third domain, 

(c) Eukarya, comprises species that are eukaryotes.
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genera (singular, genus). The genus Amphiprion is composed of 
28 different species; these are various types of clownfish. There-
fore, the genus contains species that are very similar to each 
other in form and have evolved from a common (extinct) ances-
tor that lived relatively recently on an evolutionary time scale.
 Biologists use a two-part description, called binomial 
nomenclature, to provide each species with a unique scien-
tific name. The scientific name of the Ocellaris clownfish is 
Amphiprion ocellaris. The first part is the genus, and the second 
part is the specific epithet or species descriptor. By conven-
tion, the genus name is capitalized, whereas the specific epithet 
is not. Both names are italicized. Scientific names are usually 
Latinized, which means they are made similar in appearance to 
Latin words. The origins of scientific names are typically Latin 
or Greek, but they can come from a variety of sources, such as 
a person’s name.

Several species of clownfish, also called clown anemonefish, 
have been identified. One species of clownfish, which is orange 
with white stripes, has several common names, including Ocel-
laris clownfish, false clownfish, and false-clown anemonefish. 
The broadest grouping for this clownfish is the domain, namely, 
Eukarya, followed by progressively smaller divisions, from 
kingdom (Animalia) to species. In the animal kingdom, clown-
fish are part of a phylum, Chordata, the chordates, which is 
subdivided into classes. Clownfish are in a class called Actinop-
terygii, which includes all ray-finned fishes. The common ances-
tor that gave rise to ray-finned fishes arose about 420 million 
years ago (mya). Actinopterygii is subdivided into several 
smaller orders. The clownfish are in the order Perciformes 
(bony fish). The order is, in turn, divided into families; the 
clownfish belong to the family of marine fish called Pomacentri-
dae, which are often brightly colored. Families are divided into 

Taxonomic 
group

Examples

Domain

Kingdom

Phylum

Class

Order

Family

Genus

Species

Eukarya

Animalia

Chordata

Actinopterygii

Perciformes

Pomacentridae

Amphiprion

ocellaris

2,000 mya

600 mya

525 mya

420 mya

80 mya

~ 40 mya

~ 9 mya

� 3 mya

� 5,000,000

� 1,000,000

50,000

30,000

7,000

360

28

1

Clown 
anemonefish
is found in

Approximate time
when the common
ancestor for this 
group arose

Approximate 
number of 
modern species 
in this group

Figure 1.13  Taxonomic and evolutionary groupings leading to the clownfish.

Concept check:  Why is it useful to place organisms into taxonomic groupings?
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Genomes & Proteomes Connection

The Study of Genomes and Proteomes 
Provides an Evolutionary Foundation 
for Our Understanding of Biology

The unifying concept in biology is evolution. We can understand 
the unity of modern organisms by realizing that all living spe-
cies evolved from an interrelated group of ancestors. However, 
from an experimental perspective, this realization pre sents a 
dilemma—we cannot take a time machine back over the course 
of 4 billion years to carefully study the characteristics of extinct 
organisms and fully appreciate the series of changes that have 
led to modern species. Fortunately though, evolution has given 
biologists some wonderful puzzles to study, including the fos-
sil record and, more recently, the genomes of modern species. 
As mentioned, the term genome refers to the complete genetic 
composition of an organism (Figure 1.14a). The genome is criti-
cal to life because it performs these functions:

• Stores information in a stable form: The genome of every 
organism stores information that provides a blueprint to 
create its characteristics.

• Provides continuity from generation to generation: The 
genome is copied and transmitted from generation to 
generation.

• Acts as an instrument of evolutionary change: Every now 
and then, the genome undergoes a mutation that may alter 
the characteristics of an organism. In addition, a genome 
may acquire new genes by horizontal gene transfer. The 
accumulation of such changes from generation to generation 
produces the evolutionary changes that alter species and 
produce new species.

 The evolutionary history and relatedness of all living 
organisms can be illuminated by genome analysis. The genome 
of every organism carries the results and the evidence of mil-
lions of years of evolution. The genomes of prokaryotes usu-
ally contain a few thousand genes, whereas those of eukaryotes 
may contain tens of thousands. An exciting advance in biology 
over the past couple of decades has been the ability to analyze 
the DNA sequence of genomes, a technology called genom-
ics. For instance, we can compare the genomes of a frog, a 
giraffe, and a petunia and discover intriguing similarities and 
differences. These comparisons help us to understand how new 
traits evolved. For example, all three types of organisms have 
the same kinds of genes needed for the breakdown of nutrients 
such as sugars. In contrast, only the petunia has genes that 
allow it to carry out photosynthesis.
 An extension of genome analysis is the study of proteomes, 
which refers to all of the proteins that a cell or organism can 
make. The function of most genes is to encode polypeptides 
that become units in proteins. As shown in Figure 1.14b, these 
include proteins that form a cytoskeleton, proteins that function 
in cell organization and as enzymes, transport proteins, cell 
signaling proteins, and extracellular proteins. The genome of 
each species carries the information to make its proteome, the 

hundreds or thousands of proteins that each cell of that species 
makes. Proteins are largely responsible for the structures and 
functions of cells and organisms. The technical approach called 
proteomics involves the analysis of the proteome of a single 
species and the comparison of the proteomes of different spe-
cies. Proteomics helps us understand how the various levels of 
biology are related to one another, from the molecular level—at 
the level of protein molecules—to the higher levels, such as 
how the functioning of proteins produces the characteristics of 
cells and organisms and affects the ability of populations of 
organisms to survive in their natural environments.
 As a concrete way to understand the unifying concept of 
evolution in biology, a recurring theme in the chapters that fol-
low is a brief topic called “Genomes & Proteomes Connection” 
that will allow you to appreciate how evolution produced the 
characteristics of modern species. These topics explore how the 
genomes of different species are similar to each other and how 
they are different. You will learn how genome changes affect 
the proteome and thereby control the traits of modern species. 
Ultimately, these concepts provide you with a way to relate 
information at the molecular level to the traits of organisms and 
their survival within ecosystems.

The Textbook Cover Provides an Example of How 
Genomes and Proteomes Are Fundamental to an 
Organism’s Characteristics

As shown on the cover of your textbook, the crystal jelly 
(Aequorea victoria) is a bioluminescent jellyfish found off the 
west coast of North America. What is bioluminescence? The 
term refers to the ability of some living organisms, such as 
jellyfish, to produce and emit light due to reactions in which 
chemical energy is converted to light energy. Biologists cur-
rently do not know the function of bioluminescence in this 
species. Possible roles could be defense against predators or 
attracting prey.
 In the case of the crystal jelly, most of the organism is 
transparent and not bioluminescent. The bioluminescence is 
largely restricted to a ring of discrete spots around the bell 
margin (Figure 1.15a). The spots occasionally give off flashes 
of green light, which is due to a protein the jellyfish makes, 
called green fluorescent protein (GFP). From the perspective 
of genomes and proteomes, biologists would say that the GFP 
gene is found in the genome of this jellyfish, but the green fluo-
rescent protein is expressed only in the proteome of the cells 
that form these spots around the bell margin.
 Researchers interested in bioluminescence have studied 
how it occurs at the molecular level. The crystal jelly produces 
light in a two-step process. First, the release of Ca2+ in a cell 
interacts with a protein called aequorin, which produces a blue 
light. Why don’t the jellyfish glow blue? The answer is that, in 
a second step, the blue light is absorbed by GFP, which then 
emits a green light.
 Because GFP is easily activated by UV or blue light and then 
specifically gives off green light, researchers have also adapted 
and used GFP as a visualization tool in medicine, research, 
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cells are exposed to UV light, the spindle glows green, enabling 
researchers to visualize its location. These results confirm that 
tubulin is a component of the spindle.
 The discovery of GFP and its development as a molecular 
tool has involved the efforts of several scientists. In the 1960s, 
Osamu Shimomura was the first researcher to identify and 
purify GFP from Aequorea victoria. Over 20 years later, Mar-
tin Chalfie and colleagues obtained the GFP gene from Douglas 
Prasher, who was also interested in GFP as a molecular tool. 
Chalfie’s work demonstrated that GFP could be used as a col-
ored tag in both bacteria and animals. In addition, Roger Tsien 
studied the molecular properties of GFP, enabling biologists to 
understand how GFP gives off light and leading to the devel-
opment of altered forms of GFP that glow in different colors 

and biotechnology. With the aid of GFP, researchers can “see” 
where genes are expressed in a multicellular organism and 
where in a cell a particular protein is located. How is this pos-
sible? As mentioned, the gene for GFP is found in the genome of 
the crystal jelly. Using molecular techniques, copies of the GFP 
gene have been made from this species and placed into the cells 
of other species. Researchers can create hybrid genes in which 
a gene from a species of interest is fused with the GFP gene. 
For example, Figure 1.15b shows the results of an experiment 
where researchers created a hybrid gene by fusing a gene that 
encodes a protein called tubulin to the GFP gene. Tubulin is a 
component of microtubules that form a spindle in dividing cells. 
This hybrid gene encodes a protein in which tubulin is linked to 
GFP. When this hybrid protein is made in dividing cells and the 

(a) The genome

Sets of 
chromosomes
Sets of 
chromosomes

NucleusNucleus

DNAChromosomeChromosome
Cytoplasm

Extracellular fluid

(b) The proteome

Cell signaling:
Proteins are needed 
for cell signaling with 
other cells and with 
the environment.

Cell organization:
Proteins organize the 
components within 
cells.

Extracellular 
proteins:
Proteins hold cells 
together in tissues.

Cytoskeleton: 
Proteins are involved 
in cell shape and 
movement.

In eukaryotes, most of the genome 
is contained within chromosomes 
that are located in the cell nucleus.

Most genes encode mRNAs 
that contain the information 
to make proteins.

Enzymes:
Proteins function as 
enzymes to synthesize 
and break down 
cellular molecules and 
macromolecules.

Transport proteins:
Proteins facilitate the 
uptake and export of 
substances.

Gene

Figure 1.14  Genomes and proteomes.   (a) The genome, which is composed of DNA, is the entire genetic composition of an 

organism. Most of the genetic material in eukaryotic cells is found in the cell nucleus. Its primary function is to encode the proteome. 

(b) The proteome is the entire protein complement of a cell or organism. Six general categories of proteins are illustrated. Proteins are 

largely responsible for the structure and function of cells and complete organisms.

Concept check:  Biologists sometimes say the genome is a storage unit, whereas the proteome is largely the functional unit of life. 
Explain this statement.
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others try to understand how organisms survive in their natural 
environments. In some cases, experiments are designed to test 
the validity of ideas suggested by researchers. In this section, 
we will examine how biologists follow a standard approach, 
called the scientific method, to test their ideas. We will learn 
that scientific insight is not based solely on intuition. Instead, 
scientific knowledge makes predictions that can be experimen-
tally tested.
 Even so, not all discoveries are the result of researchers 
following the scientific method. Some discoveries are simply 
made by gathering new information. As described earlier in 
Figures 1.1 to 1.4, the characterization of many plants and ani-
mals has led to the development of many important medicines 
and research tools. In this section, we will also consider how 
researchers often set out on “fact-finding missions” that are 
aimed at uncovering new information that may eventually lead 
to modern discoveries in biology.

Biologists Investigate Life at Different Levels 
of Organization

Earlier, in Figure 1.6, we examined the various levels of biologi-
cal organization. The study of these different levels depends not 
only on the scientific interests of biologists but also on the tools 
available to them. The study of organisms in their natural envi-
ronments is a branch of biology called ecology (Figure 1.16a). 
In addition, researchers examine the structures and functions 
of plants and animals, which are disciplines called anatomy 
and physiology (Figure 1.16b). With the advent of microscopy, 
cell biology, which is the study of cells, became an important 
branch of biology in the early 1900s and remains so today 
(Figure 1.16c). In the 1970s, genetic tools became available to 
study single genes and the proteins they encode. This genetic 
technology enabled researchers to study individual molecules, 
such as proteins, in living cells and thereby spawned the field 
of molecular biology. Together with chemists and biochem-
ists, molecular biologists focus their efforts on the structure and 
function of the molecules of life (Figure 1.16d). Such research-
ers want to understand how biology works at the molecular and 
even atomic levels. Overall, the 20th century saw a progressive 
increase in the number of biologists who used a reductionist 
approach to understanding biology. Reductionism involves 
reducing complex systems to simpler components as a way to 
understand how the system works. In biology, reductionists 
study the parts of a cell or organism as individual units.
 In the 1980s, the pendulum began to swing in the other 
direction. Scientists have invented new tools that allow us to 
study groups of genes (genomic techniques) and groups of pro-
teins (proteomic techniques). Biologists now use the term sys-
tems biology to describe research aimed at understanding how 
the properties of life arise by complex interactions. This term is 
often applied to the study of cells. In this context, systems biol-
ogy may involve the investigation of groups of proteins with a 
common purpose (Figure 1.16e). For example, a systems biolo-
gist may conduct experiments that try to characterize an entire 
cellular process, which is driven by dozens of different proteins. 

Figure 1.15  Expression of green fluorescent protein 
(GFP) in the crystal jelly and its use as a molecular tool.  
(a) This jellyfish is mostly transparent. GFP is naturally expressed 

in spots along the bell margin. (b) When GFP is linked to tubulin, 

the spindle (described in Chapter 15) glows green.

(a) Bioluminescence in Aequorea victoria

(b) Using GFP to label a spindle in a dividing cell

GFP
expression

such as cyan, yellow, and red. In 2008, Shimomura, Chalfie, 
and Tsien received the Nobel Prize for the discovery and the 
development of GFP, which has become a widely used tool in 
biology.

1.3  Biology as a Scientific 
Discipline

What is science? Surprisingly, the definition of science is not 
easy to state. Most people have an idea of what science is, but 
actually articulating that idea proves difficult. In biology, we 
might define science as the observation, identification, experi-
mental investigation, and theoretical explanation of natural 
phenomena.
 Science is conducted in different ways and at different lev-
els. Some biologists study the molecules that compose life, while 
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However, systems biology is not new. Animal and plant phys-
iologists have been studying the functions of complex organ 
systems for centuries. Likewise, ecologists have been character-
izing ecosystems for a very long time. The novelty and excite-
ment of systems biology in recent years have been the result of 
new experimental tools that allow us to study complex interac-
tions at the molecular level. As described throughout this text-
book, the investigation of genomes and proteomes has provided 
important insights regarding many interesting topics in systems 
biology.

A Hypothesis Is a Proposed Idea, Whereas 
a Theory Is a Broad Explanation Backed 
by Extensive Evidence

Let’s now consider the process of science. In biology, a hypoth-
esis is a proposed explanation for a natural phenomenon. It 
is a proposition based on previous observations or experimen-
tal studies. For example, with knowledge of seasonal changes, 
you might hypothesize that maple trees drop their leaves in 
the autumn because of the shortened amount of daylight. 
An alternative hypothesis might be that the trees drop their 
leaves because of colder temperatures. In biology, a hypothesis 
requires more work by researchers to evaluate its validity.
 A useful hypothesis must make predictions—expected 
outcomes that can be shown to be correct or incorrect. In 
other words, a useful hypothesis is testable. If a hypothesis is 
incorrect, it should be falsifiable, which means that it can be 
shown to be incorrect by additional observations or experimen-
tation. Alternatively, a hypothesis may be correct, so further 
work will not disprove it. In such cases, we would say that 
the researcher(s) has failed to reject the hypothesis. Even so, 
a hypothesis is never really proven but rather always remains 
provisional. Researchers accept the possibility that perhaps 
they have not yet conceived of the correct hypothesis. After 
many experiments, biologists may conclude that their hypoth-
esis is consistent with known data, but they should never say 
the hypothesis is proven.
 By comparison, the term theory, as it is used in biology, 
is a broad explanation of some aspect of the natural world 
that is substantiated by a large body of evidence. Biological 
theories incorporate observations, hypothesis testing, and the 
laws of other disciplines such as chemistry and physics. The 
power of theories is they allow us to make many predictions 
regarding the properties of living organisms. As an example, 
let’s consider the theory that DNA is the genetic material and 
that it is organized into units called genes. An overwhelming 
body of evidence has substantiated this theory. Thousands of 
living species have been analyzed at the molecular level. All 
of them have been found to use DNA as their genetic mate-
rial and to express genes that produce the proteins that lead 
to their characteristics. This theory makes many valid predic-
tions. For example, certain types of mutations in genes are 
expected to affect the traits of organisms. This prediction has 
been confirmed experimentally. Similarly, this theory predicts 

Ecologists study species in
their native environments.

Anatomists and physiologists
study how the structures of
organisms are related to their
functions.

(a) Ecology—population/
      community/ecosystem
      levels

(d) Molecular biology—
     atomic/molecular levels

(b) Anatomy and physiology—
     tissue/organ/organism levels

Cell biologists often use 
microscopes to learn how 
cells function.

(c) Cell biology—cellular levels

Systems biologists may study
groups of molecules. The
microarray shown in the inset
determines the expression of
many genes simultaneously.

Molecular biologists and
biochemists study the
molecules and
macromolecules that
make up cells.

(e) Systems biology—all levels, shown here at the molecular level

Figure 1.16  Biological investigation at different levels.
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genomes (Figure 1.17b). Over the past few decades, research-
ers have identified and begun to investigate newly discovered 
genes within the human genome without already knowing the 
function of the gene they are studying. The goal is to gather 
additional clues that may eventually allow them to propose a 
hypothesis that explains the gene’s function. Discovery-based 
science often leads to hypothesis testing.

that genetic material is copied and transmitted from parents to 
offspring. By comparing the DNA of parents and offspring, this 
prediction has also been confirmed. Furthermore, the theory 
explains the observation that offspring resemble their parents. 
Overall, two key attributes of a scientific theory are (1) consis-
tency with a vast amount of known data and (2) the ability to 
make many correct predictions. Two other important biological 
theories we have touched on in this chapter are the cell theory 
and the theory of evolution by natural selection.
 The meaning of the term theory is sometimes muddled 
because it is used in different situations. In everyday language, 
a “theory” is often viewed as little more than a guess or a 
hypothesis. For example, a person might say, “My theory is 
that Professor Simpson did not come to class today because 
he went to the beach.” However, in biology, a theory is much 
more than a guess. A theory is an established set of ideas that 
explains a vast amount of data and offers valid predictions that 
can be tested. Like a hypothesis, a theory can never be proven 
to be true. Scientists acknowledge that they do not know every-
thing. Even so, biologists would say that theories are extremely 
likely to be true, based on all known information. In this regard, 
theories are viewed as knowledge, which is the awareness and 
understanding of information.

Discovery-Based Science and Hypothesis 
Testing Are Scientific Approaches That Help 
Us Understand Biology

The path that leads to an important discovery is rarely a straight 
line. Rather, scientists ask questions, make observations, ask 
modified questions, and may eventually conduct experiments 
to test their hypotheses. The first attempts at experimentation 
may fail, and new experimental approaches may be needed. 
To suggest that scientists follow a rigid scientific method is an 
oversimplification of the process of science. Scientific advances 
often occur as scientists dig deeper and deeper into a topic that 
interests them. Curiosity is the key phenomenon that sparks 
scientific inquiry. How is biology actually conducted? As dis-
cussed next, researchers typically follow two general types of 
approaches—discovery-based science and hypothesis testing.

Discovery-Based Science    The collection and analysis of 
data without the need for a preconceived hypothesis is called 
discovery-based science, or simply discovery science. Why 
is discovery-based science carried out? The information gained 
from discovery-based science may lead to the formation of new 
hypotheses, and, in the long run, may have practical applica-
tions that benefit people. Drug companies, for example, may 
test hundreds or even thousands of compounds to determine 
if any of them are useful in the treatment of disease (Figure 
1.17a). Once a drug has been discovered that is effective in 
disease treatment, researchers may dig deeper and try to under-
stand how the drug exerts its effects. In this way, discovery-
based science may help us learn about basic concepts in 
medicine and biology. Another example involves the study of 

Figure 1.17  Discovery-based science.

Concept check:  How is discovery-based science different from 
hypothesis testing?

Drug companies may screen hundreds or thousands of different 
compounds, trying to discover ones that may prove effective in 
the treatment of a particular disease.

Genetic researchers search through the genomes of humans and
other species, trying to discover new genes. Such discoveries may
help us understand molecular biology and provide insight
into the causes of inherited diseases in people.

(b) Discovery of genes

(a) Drug discovery
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16 CHAPTER 1

 How is hypothesis testing conducted? Although hypothesis 
testing may follow many paths, certain experimental features 
are common to this approach. First, data are often collected in 
two parallel manners. One set of experiments is done on the 
control group, while another set is conducted on the experi-
mental group. In an ideal experiment, the control and experi-
mental groups differ by only one factor. For example, an 
experiment could be conducted in which two groups of trees 
would be observed and the only difference between their envi-
ronments would be the length of light each day. To conduct 
such an experiment, researchers would grow small trees in a 
greenhouse where they could keep factors such as temperature 
and water the same between the control and experimental 
groups, while providing them with different amounts of day-
light. In the control group, the number of hours of light pro-
vided by lightbulbs would be kept constant each day, while in 
the experimental group, the amount of light each day would 
become progressively shorter to mimic seasonal light changes. 
The researchers would then record the number of leaves dropped 
by the two groups of trees over a certain period of time.
 Another key feature of hypothesis testing is data analysis. 
The result of experimentation is a set of data from which a 
biologist tries to draw conclusions. Biology is a quantitative 
science. When experimentation involves control and experi-
mental groups, a common form of analysis is to determine if 

Hypothesis Testing    In biological science, the scientific method, 
also known as hypothesis testing, is usually followed to test 
the validity of a hypothesis. This strategy may be described as 
a five-stage process:

 1. Observations are made regarding natural phenomena.
 2. These observations lead to a hypothesis that tries to 

explain the phenomena. A useful hypothesis is one 
that is testable because it makes specific predictions.

 3. Experimentation is conducted to determine if the 
predictions are correct.

 4. The data from the experiment are analyzed.
 5. The hypothesis is considered to be consistent 

with the data, or it is rejected.

 The scientific method is intended to be an objective way to 
gather knowledge. As an example, let’s return to our scenario 
of maple trees dropping their leaves in autumn. By observing 
the length of daylight throughout the year and comparing that 
data with the time of the year when leaves fall, one hypothesis 
might be that shorter daylight causes the leaves to fall (Fig-
ure 1.18). This hypothesis makes a prediction—exposure of 
maple trees to shorter daylight will cause their leaves to fall. To 
test this prediction, researchers would design and conduct an 
experiment.

EXPERIMENTATION
Small maple trees are grown in 
2 greenhouses where the only 
variable is the length of light.

OBSERVATIONS  The leaves on maple trees fall in autumn when the days get colder and shorter.

HYPOTHESIS  The shorter amount of daylight causes the leaves to fall.

Control group:
Amount of daily light remains 
constant for 180 days.

Experimental group:
Amount of daily light becomes
progressively shorter for 180 days.

3

1

2

4 THE DATA 5 CONCLUSION  The hypothesis cannot be rejected.

100

Control
group

Experimental
group

A statistical analysis
can determine if 
the control and the 
experimental data 
are significantly
different. In this
case, they are.
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Figure 1.18  The steps of the scientific method, also 
known as hypothesis testing.   In this example, the goal is 

to test the hypothesis that maple trees drop their leaves in 

the autumn due to shortening length of daylight.

Concept check:  What is the purpose of a control in 
hypothesis testing?
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for the CF gene did not require any preconceived hypothesis 
regarding the function of the gene. Rather, they used genetic 
strategies similar to those described in Chapter 20. In 1989, 
research groups headed by Lap-Chi Tsui, Francis Collins, and 
John Riordan identified the CF gene.
 The discovery of the gene made it possible to devise 
diagnostic testing methods to determine if a person carries a 
faulty CF gene. In addition, the characterization of the CF gene 
provided important clues regarding its function. Researchers 
observed striking similarities between the CF gene and other 
genes that were already known to encode proteins called trans-
porters, which function in the transport of substances across 
membranes. Based on this observation, as well as other kinds 
of data, the researchers hypothesized that the function of the 
normal CF gene is to encode a transporter. In this way, the 
identification of the CF gene led researchers to conduct experi-
ments aimed at testing a hypothesis of its function.

The CF Gene and Hypothesis Testing   Researchers consid-
ered the characterization of the CF gene along with other stud-
ies showing that patients with the disorder have an abnormal 
regulation of salt balance across their plasma membranes. They 
hypothesized that the normal CF gene encodes a transporter 
that functions in the transport of chloride ions (Cl�), a com-
ponent of common table salt (NaCl), across the membranes of 
cells (Figure 1.19). This hypothesis led to experimentation in 
which researchers tested normal cells and cells from CF patients 

the data collected from the two groups are truly different from 
each other. Biologists apply statistical analyses to their data to 
determine if the control and experimental groups are likely to 
be different from each other because of the single variable that 
is different between the two groups. When they are statistically 
significant, this means that the differences between the control 
and experimental data are not likely to have occurred as a mat-
ter of random chance. In our tree example shown in Figure 
1.18, the trees in the control group dropped far fewer leaves 
than did those in the experimental group. A statistical analysis 
could determine if the data collected from the two greenhouses 
are significantly different from each other. If the two sets of 
data are found not to be significantly different, the hypothesis 
would be rejected. Alternatively, if the differences between the 
two sets of data are significant, as shown in Figure 1.18, biolo-
gists would conclude that the hypothesis is consistent with the 
data, though it is not proven. These results may cause research-
ers to ask further questions. For example, they may want to 
understand how decreases in the length of daylight promote 
cellular changes that cause the leaves to fall.
 As described next, discovery-based science and hypoth-
esis testing are often used together to learn more about a par-
ticular scientific topic. As an example, let’s look at how both 
approaches have led to successes in the study of the disease 
called cystic fibrosis.

The Study of Cystic Fibrosis Provides 
Examples of Both Discovery-Based Science 
and Hypothesis Testing

Let’s consider how biologists made discoveries related to the 
disease cystic fibrosis (CF), which affects about 1 in every 
3,500 Americans. Persons with CF produce abnormally thick 
and sticky mucus that obstructs the lungs and leads to life-
threatening lung infections. The thick mucus also blocks the 
pancreas, which prevents the digestive enzymes this organ pro-
duces from reaching the intestine. For this reason, CF patients 
tend to have excessive appetites but poor weight gain. Persons 
with this disease may also experience liver damage because 
the thick mucus can obstruct the liver. The average life span 
for people with CF is currently in their mid- to late 30s. For-
tunately, as more advances have been made in treatment, this 
number has steadily increased.
 Because of its medical significance, many scientists are inter-
ested in cystic fibrosis and have conducted studies aimed at gain-
ing greater information regarding its underlying cause. The hope 
is that a better understanding of the disease may lead to improved 
treatment options, and perhaps even a cure. As described next, 
discovery-based science and hypothesis testing have been critical 
to gaining a better understanding of this disease.

The CF Gene and Discovery-Based Science    In 1945, Doro-
thy Anderson determined that cystic fibrosis is a genetic dis-
order. Persons with CF have inherited two faulty CF genes, 
one from each parent. Over 40 years later, researchers used 
discovery- based science to identify this gene. Their search 

Transporter encoded by 
normal CF gene

Defective
transporter

Lung cell with normal CF gene Lung cell with faulty CF gene

Cl�

Cl�

Cl� Cl�

Proper Cl� export 
occurs, and water 
balance is normal.

Cl� export is defective, 
affecting water balance 
and causing sticky mucus.

Figure 1.19  A hypothesis that suggests an explanation for 
the function of the gene that is defective in patients with cystic 
fibrosis.   The normal CF gene, which does not carry a mutation, 

encodes a transporter that transports chloride ions (Cl�) across 

the plasma membrane to the outside of the cell. In persons with 

CF, this transporter is defective due to a mutation in the CF gene.

Concept check:  Explain how discovery-based science helped 
researchers to hypothesize that the CF gene encodes a 
transporter.

bro32215_c01_001_020.indd   17bro32215_c01_001_020.indd   17 8/25/09   3:42:26 PM8/25/09   3:42:26 PM



18 CHAPTER 1

for their ability to transport Cl�. The CF cells were found to 
be defective in chloride transport. In 1990, scientists success-
fully transferred the normal CF gene into CF cells in the labora-
tory. The introduction of the normal gene corrected the cells’ 
defect in chloride transport. Overall, the results showed that 
the CF gene encodes a transporter that transports Cl� across 

the plasma membrane. A mutation in this gene causes it to 
encode a defective transporter, leading to a salt imbalance that 
affects water levels outside the cell, which explains the thick 
and sticky mucus in CF patients. In this example, hypothesis 
testing has provided a way to evaluate a hypothesis regarding 
how a disease is caused by a genetic change.

FEATURE INVESTIGATION

Observation and Experimentation Form 
the Core of Biology

Because biology is the study of life, a biology textbook that 
focuses only on a description of living organisms would miss 
the main point. Biology is largely about the process of discov-
ery. Therefore, a recurring theme of this textbook is discovery-
 based science and hypothesis testing. While each chapter 
contains many examples of data collection and experiments, a 
consistent element is a “Feature Investigation”—an actual study 
by current or past researchers. Some of these involve discovery-
based science in which biologists collect and analyze data in 
an attempt to make discoveries that are not hypothesis driven. 
Alternatively, most Feature Investigations involve hypothesis 
testing in which a hypothesis is stated and the experiment and 
resulting data are presented. See Figure 1.18 to see the form of 
these Feature Investigations.
 The Feature Investigations allow you to appreciate the con-
nection between science and scientific theories. We hope you 

will find this a more interesting and rewarding way to learn 
about biology. As you read a Feature Investigation, you may 
find yourself thinking about different approaches and alterna-
tive hypotheses. Different people can view the same data and 
arrive at very different conclusions. As you progress through the 
experiments in this textbook, you will enjoy biology far more if 
you try to develop your own skills at formulating hypotheses, 
designing experiments, and interpreting data.

Experimental Questions

 1. Discuss the difference between discovery-based science 
and hypothesis testing.

 2. What are the steps in the scientific method, also called 
hypothesis testing?

 3. When conducting an experiment, explain how a control 
group and an experimental group differ from each other.

Figure 1.20  The social aspects of science.   At scientific 

meetings, researchers gather to discuss new data and discoveries. 

Research conducted by professors, students, lab technicians, and 

industrial participants is sometimes hotly debated.

Science as a Social Discipline

Finally, it is worthwhile to point out that science is a social 
discipline. After performing observations and experiments, 
biologists communicate their results in different ways. Most 
importantly, papers are submitted to scientific journals. Follow-
ing submission, most papers undergo a peer-review process 
in which other scientists, who are experts in the area, evaluate 
the paper and make suggestions regarding its quality. Following 
peer review, a paper is either accepted for publication, rejected, 
or the authors of the paper may be given suggestions for how 
to revise the work or conduct additional experiments before it 
will be acceptable for publication.
 Another social aspect of research is that biologists often 
attend meetings where they report their most recent work to 
the scientific community (Figure 1.20). They comment on each 
other’s ideas and work, eventually shaping together the infor-
mation that builds into scientific theories over many years. As 
you develop your skills at scrutinizing experiments, it is satisfy-
ing to discuss your ideas with other people, including fellow 
students and faculty members. Importantly, you do not need to 
“know all the answers” before you enter into a scientific discus-
sion. Instead, a more rewarding way to view science is as an 
ongoing and never-ending series of questions.
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• A hypothesis is a proposal to explain a natural phenomenon. 
A useful hypothesis makes a testable prediction. A biological 
theory is a broad explanation based on vast amounts of data 
and makes many valid predictions.

• Discovery-based science is an approach in which researchers 
conduct experiments without a preconceived hypothesis. It is 
a fact-finding mission. (Figure 1.17)

• The scientific method, also called hypothesis testing, is 
a series of steps to test the validity of a hypothesis. The 
experimentation often involves a comparison between control 
and experimental groups. (Figure 1.18)

• The study of cystic fibrosis is an interesting example in which 
both discovery-based science and hypothesis testing have 
provided key insights regarding the nature of the disease. 
(Figure 1.19)

• Each chapter in this textbook has a “Feature Investigation” to 
help you appreciate how science has led to key discoveries in 
biology.

• To be published, scientific papers are usually subjected to peer 
review. Advances in science often occur when scientists gather 
and discuss their data. (Figure 1.20)

Assess and Discuss

Test Yourself

 1. The process where living organisms maintain a relatively stable 
internal condition is
a. adaptation. d. homeostasis.
b. evolution. e. development.
c. metabolism.

 2. Populations of organisms change over the course of many 
generations. Many of these changes result in increased survival 
and reproduction. This phenomenon is
a. evolution. d. genetics.
b. homeostasis. e. metabolism.
c. development. 

 3. All of the places on Earth where living organisms are found is 
a. the ecosystem. d. a viable land mass.
b. a community. e. a population.
c. the biosphere.

 4. Which of the following would be an example of horizontal gene 
transfer?
a. the transmission of an eye color gene from father to daughter
b. the transmission of a mutant gene causing cystic fibrosis from 

father to daughter
c. the transmission of a gene conferring pathogenicity (the ability 

to cause disease) from one bacterial species to another
d. the transmission of a gene conferring antibiotic resistance 

from a mother cell to its two daughter cells
e. all of the above

 5. The scientific name for humans is Homo sapiens. The name 
Homo is the _____ to which humans are classified.
a. kingdom d. genus
b. phylum e. species
c. order

Summary of Key Concepts

• Biology is the study of life. Discoveries in biology help us 
understand how life exists, and they also have many practical 
applications, such as the development of drugs to treat human 
diseases. (Figures 1.1, 1.2, 1.3, 1.4)

1.1 The Properties of Life
• Seven characteristics are common to all forms of life. All living 

things (1) are composed of cells; (2) use energy; (3) respond to 
environmental changes; (4) regulate their internal conditions 
(homeostasis); (5) grow and develop; (6) reproduce; and 
(7) evolve over the course of many generations. (Figure 1.5)

• Living organisms can be viewed at different levels of 
complexity: atoms, molecules and macromolecules, cells, 
tissues, organs, organisms, populations, communities, 
ecosystems, and the biosphere. (Figure 1.6)

1.2 The Unity and Diversity of Life
• Changes in species often occur as a result of modification of 

pre-existing structures. (Figures 1.7, 1.8)

• Vertical evolution involves mutations in a lineage that alter 
the characteristics of species over many generations. During 
this process, natural selection results in the survival of 
individuals with greater reproductive success. Over the long 
run, this process alters species and may produce new species. 
In addition, evolution involves the accumulation of neutral 
changes. (Figure 1.9)

• Horizontal gene transfer may involve the transfer of genes 
between different species. Along with vertical evolution, it is 
an important force in biological evolution, producing a web of 
life. (Figures 1.10, 1.11)

• Taxonomy involves the grouping of species according to their 
evolutionary relatedness to other species. Going from broad 
to narrow, each species is placed into a domain, kingdom, 
phylum, class, order, family, and genus. (Figures 1.12, 1.13)

• The genome is the genetic composition of a species. It provides 
a blueprint for the traits of an organism, is transmitted from 
parents to offspring, and acts as an instrument for evolutionary 
change. The proteome is the collection of proteins that a cell 
or organism can make. Beginning with Chapter 3, each chapter 
in this textbook has a brief discussion called “Genomes & 
Proteomes Connection.” (Figure 1.14)

• An analysis of genomes and proteomes helps us to understand 
the characteristics of individuals and how they survive in their 
native environments. (Figure 1.15)

1.3 Biology as a Scientific Discipline
• Biological science involves the observation, identification, 

experimental investigation, and theoretical explanation of 
natural phenomena.

• Biologists study life at different levels, ranging from ecosystems 
to molecular components in cells. (Figure 1.16)
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