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Preface

This eleventh edition of Solomon, Martin, Martin, and Berg’s
Biology conveys our vision of the dynamic science of biology
and how it affects every aspect of our lives, from our own
health and behavior to the challenging global environmen-
tal issues that confront us. New discoveries in the biological
sciences continue to increase our understanding of both the
unity and diversity of life’s processes and adaptations. With
this understanding, we become ever more aware of our inter-
dependence with the vast diversity of organisms with which
we share planet Earth.

Biology: The Student-Friendly
Biology Textbook

We want beginning students to experience learning biology
as an exciting journey of discovery. In the eleventh edition of
Biology, we explore Earth’s diverse organisms, their remark-
able adaptations to the environment, and their evolutionary
and ecological relationships. We present the workings of
science and the contributions of scientists whose discover-
ies not only expand our knowledge of biology but also help
shape and protect the future of our planet. Biology provides
insight into what science is, how scientists work, what scien-
tists have contributed, and how scientific knowledge affects
daily life.

Since the first edition of Biology, we have worked very
hard to present the principles of biology in an integrated
way that is accurate, interesting, and conceptually accessible
to students. In this eleventh edition of Biology, we continue
this tradition. We also continue to present biology in an in-
quiry-based framework. Some professors interpret inquiry
as a learning method that takes place in the laboratory as
students perform experiments. While laboratory research is
certainly an integral part of inquiry-based learning, inquiry
is also a way of learning in which students actively pursue
knowledge outside the laboratory. In Biology, we have al-
ways presented the history of scientific advances, including
scientific debates, to help students understand that science
is a process—that is, a field of investigative inquiry—as
well as a body of knowledge, the product of inquiry. In the
eleventh edition of Biology, we further integrate inquiry-
based learning into the textbook, as discussed in the follow-
ing sections.

Throughout the text, we stimulate interest by relating con-
cepts to experiences within the student’s frame of reference.
By helping students make such connections, we facilitate their
mastery of general concepts. The combined effect of an engag-
ing writing style, interesting and exciting features, and our
well-tested Learning System provides the ingredients for stu-
dents to succeed in their study of biology.
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The Solomon/Martin/Martin/Berg
Learning System

In the eleventh edition, we have continued to refine our
highly successful Learning System. This system provides the
student with the learning strategies needed to integrate bio-
logical concepts and demonstrate mastery of these concepts.
Learning biology is challenging because it requires learning
many new terms and facts that must then be integrated into
the framework of biological principles. To help students focus
on important principles and concepts, we provide Learning
Outcomes for the course and Learning Objectives for each
major section of every chapter. At the end of each section, we
provide Checkpoint questions based on the Learning Objectives
so that students can assess their level of understanding of the
material presented in the section. At the end of each chap-
ter, we include a Summary: Focus on Learning Objectives that
is organized around the Learning Objectives and emphasizes
key terms in context. The Summary is followed by Test Your
Understanding, a set of questions organized according to
Bloom’s taxonomy. Questions include Know and Comprehend
multiple-choice exercises as well as a variety of questions that
encourage the student to Apply and Analyze and Evaluate and
Synthesize the topics in the chapter.

Students are directed to www.cengagebrain.com, a pow-
erful online tool that offers access to MindTap and additional
study materials. See the Resources for Students section of the
Preface for details.

Pedagogical Features

Our Learning System includes numerous learning strategies
that help students increase their success:

o Our updated art program reinforces concepts discussed
in the text and presents complex processes in clear steps.
Key Experiment figures emphasize the scientific pro-
cess in both classic and modern research. These figures
encourage students to evaluate investigative approaches
that scientists have taken. Examples include Figures 4-12,
8-9, and 52-1. Key Point figures state important concepts
in process diagrams of complex topics. Examples include
Figures 4-11, 4-15,27-2, 31-32, and 42-6. Many of the Key
Point figures have numbered parts that show sequences of
events in biological processes or life cycles.

o Numerous photographs, both alone and combined with
line art, help students grasp concepts by connecting the
“real” to the “ideal” The line art uses features such as
orientation icons to help students put the detailed figures
into the broader context. We use symbols and colors con-
sistently throughout the book to help students connect
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concepts. For example, the same four colors and shapes
are used throughout the book to identify guanine, cyto-
sine, adenine, and thymine. Similarly, the same colors
are used consistently in illustrations and tables to indi-
cate specific clades of organisms. Research Method fig-
ures describe why biologists use a particular method and
explain how the method is executed. Examples include
Figures 4-7 and 15-9.

Many questions carry special designations: Predict;
Connect; Visualize; Evolution Link; Interpret Data; or
Science, Technology, and Society. These questions empha-
size that learning is enhanced by many diverse approaches.
Inquiring About boxes explore issues of special relevance
to students, such as the effects of smoking, how traumatic
experiences affect the body, and breast cancer. These
boxes also provide a forum for discussing some inter-
esting topics in more detail, such as the smallest ancient
humans, ancient plants and coal formation, hydrothermal
vent communities, declining amphibian populations, and
stratospheric ozone depletion.

A list of Key Concepts at the beginning of each chapter
provides a chapter overview and helps the student focus
on important principles discussed in the chapter.
Learning Objectives at the beginning of each major sec-
tion in the chapter indicate, in behavioral terms, what the
student must do to demonstrate mastery of the material
in that section.

Each major section of the chapter is followed by a series of
Checkpoint questions that assess comprehension by ask-
ing the student to describe, explain, compare, contrast, or
illustrate important concepts. The Checkpoint questions
are based on the section Learning Objectives.

Concept Statement Subheads introduce sections, preview-
ing and summarizing the key idea or ideas to be discussed
in that section.

Sequence Summaries within the text simplify and summa-
rize information presented in paragraph form. For exam-
ple, paragraphs describing blood circulation through the
body or the steps by which cells take in certain materials
are followed by a Sequence Summary listing the sequence
of structures or steps.

Numerous tables, many illustrated, help the student orga-
nize and summarize material presented in the text. Many
tables are color-coded.

A Summary: Focus on Learning Objectives at the end of
each chapter is organized around the chapter Learning
Objectives. This summary provides a review of the mate-
rial, and because selected key terms are boldfaced in
the summary, students learn vocabulary words within the
context of related concepts.

Test Your Understanding end-of-chapter questions are
organized according to Bloom’s taxonomy, providing stu-
dents with the opportunity to evaluate their understanding
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of the material in the chapter. Know and Comprehend
multiple-choice questions reinforce important terms and
concepts. Apply and Analyze questions challenge students
to integrate their knowledge. Higher-level Evaluate and
Synthesize questions encourage students to apply the con-
cepts just learned to new situations or to make connec-
tions among important concepts. Each chapter has one or
more Evolution Link questions, and many chapters con-
tain one or more Interpret Data questions that require stu-
dents to actively interpret experimental data presented in
the chapter. Also included are Predict, Connect, Visualize,
and Science, Technology, and Society questions. Answers
to the Test Your Understanding questions are provided in
Appendix E online at www.cengagebrain.com.

o The Glossary at the end of the book, the most compre-
hensive glossary found in any biology text, provides
precise definitions of terms. The Glossary is especially
useful because it is extensively cross-referenced and
includes pronunciations for many terms. The vertical
yellow bar along the margin facilitates rapid access to the
Glossary. MindTap also includes glossary flash cards with
pronunciations.

Course Learning Outcomes

At the end of a successful study of introductory biology,
the student can demonstrate mastery of biological concepts
by responding accurately to the following Course Learning
Outcomes:

o Design an experiment to test a given hypothesis, using the
procedure and terminology of the scientific method.

 Cite the cell theory and relate the structure of organelles to
their functions in both prokaryotic and eukaryotic cells.

o Describe the mechanisms of evolution, explain why evo-
lution is the principal unifying concept in biology, and
discuss natural selection as the primary agent of evolu-
tionary change.

o Explain the role of genetic information in all species and
discuss applications of genetics that affect society.

o Describe several mechanisms by which cells and organ-
isms transfer information, including the use of nucleic
acids in genetic transmission of information, signal trans-
duction, chemical signals (such as hormones and phero-
mones), electrical signals (such as neural transmission),
sounds, and visual displays.

o Provide examples (at various levels of complexity) of
interactions among biological systems that illustrate the
interdependence of these systems.

o Explain how any given structure is related to its function.

o Argue for oragainst the classification of organisms in three
domains and several kingdoms or supergroups, charac-
terizing each of these clades; based on your knowledge
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of genetics and evolution, give specific examples of the
unity and diversity of organisms in different domains and
supergroups.

o Compare the structural adaptations, life processes, and life
cycles of a prokaryote, protist, fungus, plant, and animal.

o Define homeostasis and give examples of regulatory
mechanisms, including feedback systems.

o Trace the flow of matter and energy through a photosyn-
thetic cell and a nonphotosynthetic cell and through the
biosphere, comparing the roles of producers, consumers,
and decomposers.

o Describe the study of ecology at the levels of an individual
organism, a population, a community, and an ecosystem.

What's New: An Overview
of Biology, Eleventh Edition

Five themes are interwoven throughout Biology: the evolu-
tion of life, the transmission of biological information, the
flow of energy through living systems, interactions among
biological systems, and the inter-relationship of structure and
function. As we introduce the concepts of modern biology, we
explain how these themes are connected and how life depends
on them.

Educators present the major topics of an introductory bi-
ology course in a variety of orders. For this reason, we care-
fully designed the eight parts of this book so that they do not
depend heavily on preceding chapters and parts. This flexible
organization means that an instructor can present the 57 chap-
ters in any number of sequences with pedagogical success.
Chapter 1, which introduces the student to the major prin-
ciples of biology, provides a comprehensive springboard for
future discussions, whether the professor prefers a “top-down”
or “bottom-up” approach.

In this edition as in previous editions, we examined every
line of every chapter for accuracy and currency. We carefully
updated each topic and verified new material. The following
brief summary provides a general overview of the organiza-
tion of Biology and some of the changes made to the eleventh
edition.

Part 1 The Organization of Life

The six chapters that make up Part 1 provide basic princi-
ples of biology and the concepts of chemistry and cell biol-
ogy that lay the foundation upon which the remaining parts
of the book build. We begin Chapter 1 with a discussion of
the promise and challenges of CRISPR research. We then
introduce the main themes of the book: evolution, informa-
tion transfer, energy transfer, interactions in biological sys-
tems, and the inter-relationship of structure and function.
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Chapter 1 examines several fundamental concepts in biology
and the nature of the scientific process, including a discus-
sion of systems biology. Chapters 2 and 3, which focus on the
molecular level of organization, establish the foundations in
chemistry necessary for understanding biological processes.
Chapters 4, 5, and 6 focus on the cellular level of organiza-
tion, including cell structure and function, cell membranes,
and cell signaling. We emphasize the interdisciplinary nature
of cell research. Topics discussed include transport between
the nucleus and cytoplasm, routing of proteins through the
endomembrane system, and cell communication.

Part 2 Energy Transfer through
Living Systems

Because all living cells need energy for life processes, the flow
of energy through living systems—that is, capturing energy
and converting it to usable forms—is a basic theme of Biology.
Chapter 7 examines how cells capture, transfer, store, and use
energy. Chapters 8 and 9 discuss the metabolic adaptations
by which organisms obtain and use energy through cellular
respiration and photosynthesis.

Part 3 The Continuity of Life: Genetics

We have updated and expanded the eight chapters of Part 3
for the eleventh edition. We begin this unit by discussing
mitosis and meiosis in Chapter 10. Chapter 11 builds on this
foundation as it considers Mendelian genetics and related
patterns of inheritance. We then turn our attention to the
structure and replication of DNA in Chapter 12. The discus-
sion of RNA and protein synthesis in Chapter 13 includes
insights into how the small percentage of DNA that codes
for polypeptides relates to the much larger percentage of the
genome that is expressed. We provide information establish-
ing that much of the genome encodes different classes of
non-protein-coding RNAs, including microRNAs and long
non-coding RNAs. The regulatory functions of these RNAs
are further explored in Chapter 14, which also includes infor-
mation on eukaryotic promoters, enhancers, and silencers as
well as on epigenetic inheritance. In Chapter 15 we focus
on DNA technology and genomics, including a discussion
of rapid DNA sequencing and CRISPR-mediated gene edit-
ing. We discuss the importance of gene databases as tools for
understanding gene regulation, gene functions, and molecu-
lar evolution. We have also added a section on genetically
engineered gene drive systems. These chapters build the
necessary foundation for exploring human genetics and the
human genome in Chapter 16, which includes sections on
genomic imprinting and on genome-wide association stud-
ies. In Chapter 17 we introduce the role of genes in devel-
opment, emphasizing studies on specific model organisms
that have led to spectacular advances in this field. We discuss
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induced pluripotent stem cells and present a comprehensive
view of cancer and its relationship to cell signaling. We link
these advances to the application of genome-wide associa-
tion studies and whole genome sequencing.

Part 4 The Continuity of Life: Evolution

Although we explore evolution as the cornerstone of biol-
ogy throughout the book, in Part 4 we discuss evolutionary
concepts in depth. We provide the history behind the dis-
covery of the scientific theory of evolution, the mechanisms
by which it occurs, and the methods by which it is studied
and tested. Chapter 18 introduces the Darwinian concept of
evolution and presents several kinds of evidence that support
the scientific theory of evolution. In Chapter 19 we examine
evolution at the population level. Chapter 20 describes the
evolution of new species and discusses aspects of macroevo-
lution. Chapter 21 summarizes the evolutionary history of
life on Earth. In Chapter 22 we recount the evolution of pri-
mates, including humans. We explore recent molecular and
fossil findings, including those relating to human relatives
such as the Denisovans (a sister species to the Neandertals)
as well as Australopithecus sediba and Homo naledi, species
whose fossils exhibit unique mixtures of apelike and human-
like features.

Part 5 The Diversity of Life

Emphasizing the cladistic approach, we use an evolutionary
framework to discuss each group of organisms. We present
current hypotheses of how groups of organisms are related.
In Chapter 23 we discuss why organisms are classified and
provide insight into the scientific process of deciding how
they are classified. New advances have enabled us to further
clarify the connection between evolutionary history and sys-
tematics in the eleventh edition. Chapter 24 focuses entirely
on viruses and subviral agents. Topics include giant viruses,
viral origins, and the evolutionary importance of viruses.
Chapter 25 is devoted to the prokaryotes, both bacteria and
archaea. Information about the evolution, structure, ecology,
and phylogeny of archaea has been updated and expanded.
Implications of research on the human microbiome are
discussed and discussion of antibiotic resistance has been
expanded.

Chapter 26 describes the protists in the context of five
“supergroups” of eukaryotes. Chapters 27 and 28 present the
members of the plant kingdom. Chapter 27 considers the evolu-
tion of land plants and the evolution of seedless vascular plants.
Discussion of the origin and early evolution of angiosperms
is included in Chapter 28. Chapter 29 describes the fungi. In
Chapters 30 through 32, we discuss the diversity of animals. We
have updated the discussions of phylogenetic relationships to
reflect recent research.
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Part 6 Structure and Life Processes
in Plants

Part 6 introduces students to the fascinating plant world. Here
we stress relationships between structure and function in plant
cells, tissues, organs, and individual organisms. In Chapter 33
we consider plant structure, growth, and differentiation in the
context of cell division, cell expansion, cell differentiation,
tissue culture, morphogenesis, pattern formation, positional
information, and Arabidopsis mutants. Chapters 34 through 36
discuss the structural and physiological adaptations of leaves,
stems, and roots; these chapters include special consideration
of plant transport systems. Chapter 37 describes reproduction
in flowering plants, including asexual reproduction, flowers,
fruits, and seeds. Chapter 38 focuses on growth responses and
regulation of growth, including the latest findings generated
by the continuing explosion of knowledge in plant biology,
particularly at the molecular level.

Part 7 Structure and Life Processes
in Animals

In Part 7 we provide a strong emphasis on comparative animal
physiology, showing the structural, functional, and behavioral
adaptations that help animals meet environmental challenges.
We use a comparative approach to examine how various ani-
mal groups have solved both similar and diverse problems. In
Chapter 39 we discuss the basic tissues and organ systems of
the animal body, homeostasis, and the ways that animals regu-
late their body temperature. Chapter 40 focuses on different
types of body coverings, skeletons, and muscles, and discusses
how they function. In Chapters 41 through 43, we discuss
neural signaling, neural regulation, and sensory reception.
In Chapters 44 through 51, we compare how different ani-
mal groups carry on life processes, such as internal transport,
internal defense, gas exchange, digestion, osmoregulation and
disposal of metabolic wastes, endocrine regulation, reproduc-
tion, and development. Each chapter in Part 7 considers the
adaptations for the life processes being discussed. Part 7 ends
with a discussion of behavioral adaptations in Chapter 52.
Reflecting recent research findings, we have updated or added
new material on many topics, including neurotransmitters,
cardiovascular disease, immune function, nutrition, regula-
tion of appetite and energy metabolism, the mesentery, endo-
crine function, contraception, sexually transmitted infections,
and transmission of culture in vertebrates.

Part 8 The Interactions of Life: Ecology

In Part 8 we discuss the ecology of populations, communities,
and ecosystems and the application of ecological principles to
disciplines such as conservation biology. Throughout Chap-
ters 53 through 57, we focus on human interdependence with
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other organisms, how we have disrupted the biosphere, and
what we can do to stop global climate change, decreases in
species diversity, and other negative human impacts.

In Chapter 53 we focus on population ecology. In Chapter 54
we focus on community ecology. We discuss research advances
that facilitate understanding of community structure, interac-
tions, synergy, and potential medical benefits. For example, we
discuss research on the keystone wolves of Yellowstone and eco-
system cascade effects. We have added a new box, Inquiring About:
The Human Microbiota: Our Many Symbionts, which introduces
students to the various relationships we have with our microbiota,
including health, metabolism, and immune functions.

In Chapter 55 we discuss ecosystems and the biosphere.
We present updated discussions on community composition
research, illustrating the potential for balance between species
richness and agricultural productivity. Chapter 56 focuses on
ecology and the geography of life. We discuss the degradation
of permafrost and the resulting concerns for global climate
change. We have added a discussion of research suggesting
ecotones as potential global climate change indicators and
have expanded research information on coral reef bleaching
and recovery and the effects of global warming.

In Chapter 57 we discuss biological diversity and conser-
vation biology. We have expanded information on human-
caused extinctions and decreases in biodiversity. We include
updated information on biodiversity hotspots and conserva-
tion partnerships.

This chapter includes new conservation biology research
on ecosystem restoration partnerships. We have also expanded
information linking global climate change with sea level rise
and the increasing diseases spread by mosquitos.

A Comprehensive Package
for Learming and Teaching

A carefully designed supplement package is available to fur-
ther facilitate learning. In addition to print resources, we are
pleased to present student multimedia tools that have been
developed in conjunction with the text.

Resources for Students

MindTap A fullyonlinelearningexperiencebuilt on Cengage
Learning content. MindTap combines student learning tools—
readings, study tools, animations, activities, and assessments—
into a singular Learning Path that guides students through
their course. New features for the eleventh edition include Data
Analysis activities and Mastery Training powered by Cerego.
Mastery Training uses the science of how we learn to support
students’ understanding of the key concepts in each chapter
and can be accessed through your computer or the mobile app.
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Each MindTap product offers the full, mobile-ready textbook
combined with superior and proven learning tools at one
affordable price. Students who purchase digital access can add
a print option at any time.

A Problem-Based Guide to Basic Genetics by Donald
Cronkite of Hope College. This brief guide provides students
with a systematic approach to solving genetics problems along
with numerous solved problems and practice problems.

Spanish Glossary This glossary includes key terms and
definitions in Spanish.

Additional Resources for Instructors

This edition includes a comprehensive package of supple-
ments, available to qualified adopters. Please ask your local
sales representative for details.

Instructor Companion Site Everything you need for your
course in one place! This collection of book-specific lecture
and class tools is available online via www.cengage.com/login.
Access and download PowerPoint presentations, images, instruc-
tor’s manual, videos, and more.

Cengage Learning Testing Powered by Cognero A
flexible, online system that allows you to import, edit, and
manipulate test bank content from the test bank or elsewhere,
including your own favorite test questions; create multiple test
versions in an instant; and deliver tests from your LMS, your
classroom, or wherever you want.

MindTap A fully online, highly personalized learning
experience built on Cengage Learning content. MindTap com-
bines student learning tools—readings, multimedia, activities,
and assessments—into a singular Learning Path that guides
students through their course. Instructors personalize the
experience by customizing authoritative Cengage Learning con-
tent and learning tools, including the ability to add their own
content in the Learning Path via apps that integrate into the
MindTap framework seamlessly with Learning Management
Systems.

MindTap for Biology is easy to use and saves instructors
time by allowing them to:

o Seamlessly deliver appropriate content from a number of
providers.

o Break course content down into movable objects to pro-
mote personalization, encourage interactivity, and ensure
student engagement.

o Customize the course—from tools to text—and make
adjustments “on the fly;” making it possible to intertwine
breaking news into their lessons.
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o Bring interactivity into learning through the integration
of multimedia assets.

o Track students’ use, activities, and comprehension in real
time, which provides opportunities for early intervention
to influence progress and outcomes. Grades are visible
and archived so that students and instructors always have
access to current standings in the class.
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To the Student

We have learned a great deal from tens of thousands of stu-
dents who have taken on the challenge of learning biology.
Although they have varied in their life goals and academic
preparation, most have found that they needed to modify
their approach to learning to be successful.

You already know that memorization and cramming are
unsuccessful, and you probably also know that many students
fall back on these methods as default strategies. So, what really
works?

Use the Wealth of Learning Aids
That Accompany Biology

The Learning System we use in this book is described in the
Preface. Using the strategies of the Learning System will help
you master the language and concepts of biology. You will
also want to use the many online tools available to Biology
students. These tools, described in the Resources for Students
section of the Preface, are included in MindTap available at
www.cengagebrain.com. In addition to these learning strate-
gies, you can make the task of learning biology easier by using
approaches that have been successful for a broad range of our
students over the years.

Be Open to Many Learning Styles

There is a popular belief that each person has an innate “learn-
ing style” that is most successful for them. In fact, there is very
little scientific evidence to support this view. What works will
depend on the nature of the material being learned, and in
most cases a mix of activities and a variety of sensory inputs
will be most effective. Biology includes many kinds of questions
to encourage you to think and learn in different ways. Make
learning a part of your life as you think, listen, draw, write,
argue, describe, speak, observe, explain, and experiment.

Know Your Professor’s Expectations

Determine what your professor wants you to know and how
your learning will be assessed. Some professors test almost
exclusively on material covered in lecture. Others rely on their
students” learning most of, or even all, the content assigned
in chapters. Find out what your professor’s requirements are
because the way you study will vary accordingly.

If lectures are the main source of examination questions,
make your lecture notes as complete and organized as possible.
Before going to class, skim over the chapter, identifying key
terms and examining the main figures, so that you can take
effective lecture notes. Spend no more than 1 hour on this.
Within 24 hours after class, type (or rewrite) your notes. Before
typing them, however, read the notes and make marginal notes
about anything that is not clear. Then read the corresponding

XXX

material in your text. Do not copy the information; instead,
process it and write out an explanation in your own words.
Read the entire chapter, including parts that are not covered
in lecture. This extra information will give you breadth of un-
derstanding and will help you grasp key concepts. In addition,
you should make an effort to employ as many of the techniques
described in the next paragraphs as possible.

If the assigned readings in the text are going to be tested,
you must use your text intensively. After reading the chapter
introduction, read the list of Learning Objectives for the first
section. These objectives are written in behavioral terms; that
is, they ask you to “do” something to demonstrate mastery. The
objectives give you a concrete set of goals for each section of
the chapter. At the end of each section, you will find Checkpoint
questions keyed to the Learning Objectives. Carefully examine
each figure, making certain that you understand what it is il-
lustrating. Answer the question at the end of each Key Point
figure and at the end of each Key Experiment.

Read each chapter section actively. Highlighting and un-
derlining are not always active learning techniques; sometimes
they postpone learning. (“This part is important; I'll learn it
later”) An active learner always has questions in mind and is
constantly making connections. For example, there are many
processes that must be understood in biology. Don't try to
blindly memorize them; instead, think about causes and ef-
fects so that every process becomes a story. Eventually, you'll
see that many processes are connected by common elements.

To master the material, you will probably have to read each
chapter more than once. Each time will be much easier than
the previous time because you’ll be reinforcing concepts that
you have already partially learned.

Write a chapter outline and flesh out your outline by add-
ing important concepts and boldface terms with definitions in
your own words (not copied from the book or cut and pasted).
Use this outline when preparing for the exam.

Now it is time to test yourself. Answer the Test Your
Understanding questions (Know and Comprehend, Apply and
Analyze, and Evaluate and Synthesize) at the end of the chapter.
You will sharpen your thinking if you take the time to type
or write out your answers. The answers are in Appendix E
online at www.cengagebrain.com, but do not be too quick to
check them. Think about them and discuss them with your
fellow students if possible. Consider each question as a kind of
springboard that leads to other questions. Finally, review the
Learning Objectives in the Summary and try to answer them
before reading the summary provided.

Learn the Vocabulary

One stumbling block for many students is learning the many
terms that make up the language of biology. In fact, it would
be much more difficult to learn and communicate if we did
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not have this terminology because words are really tools for
thinking. Learning terminology generally becomes easier if
you realize that most biological terms are modular. They con-
sist of mostly Latin and Greek roots; once you learn many
of these roots, you will have a good idea of the meaning of a
new word even before it is defined. For this reason, we have
included Appendix C, Understanding Biological Terms, online
at www.cengagebrain.com. To be sure that you understand
the precise definition of a term, use the Index and the Glossary.
The more you use biological terms in speech and writing, the
more comfortable you will be with the language of biology.

Develop a Framework for Your
Learning

Always aim to get the big picture before adding details.
When attempting to learn a complex process, a struggling
student will typically begin with the first part, try to learn
all the details, and then give up. Instead, begin by making
sure that you have a basic understanding of what is happen-
ing in the overall process. To encourage you in this way of
thinking, we have modeled this approach in Biology. As just
one example out of many, glycolysis is a multistep process
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covered in Chapter 8. Before presenting all the details, we
provide an overview figure that emphasizes what the process
accomplishes.

Form a Study Group

Active learning is facilitated if you do some of your studying
collaboratively in a small group. In a study group, the roles of
teacher and learner can be interchanged: a good way to learn
material is to teach, through a process that cognitive scien-
tists describe as elaborative rehearsal (not to be confused with
memorization). A study group has other advantages: it can
make learning more fun, lets you meet challenges in a non-
threatening environment, and can provide some emotional
support. When combined with individual study of text and
lecture notes, study groups can be effective learning tools.

Our author team hopes that your study of biology will be
an exciting journey for you, as it continues to be for us.

Eldra P. Solomon

Charles E. Martin
Diana W. Martin

Linda R. Berg

To the Student / xxxi
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1 A View of Life

This is a very exciting time to study biology, the science of
life. Biologists are making remarkable new discoveries that
affect every aspect of our lives, including our health, food,
safety, relationships with humans and other organisms, and
the environment of our planet. New knowledge provides
new insights into the human species and the millions of other
organisms with which we share planet Earth. Biology affects
our personal, governmental, and societal decisions.

One of the most exciting areas of current research is genetic
engineering, specifically CRISPR, a breakthrough technology
that allows researchers to edit genes. CRISPR (clustered regularly
interspaced short palindromic repeats) are sections of prokaryotic
(archaeal and bacterial) DNA that have short repeating base
sequences. Near each CRISPR there are groups of cas genes. The
CRISPR/Cas system protects prokaryotes from foreign genetic
material (which is carried and inserted into their genetic material
by plasmids and phages). RNA in nearby spacer sequences works
with Cas proteins to recognize and remove the foreign DNA
or RNA.

pHOTO: CRISPR editing a genome (genetic material in a cell).
This molecular model of gene editing using CRISPR (clustered
regularly interspaced short palindromic repeats) shows a Cas9 protein
(purple) attached to the DNA of a cell using a guide RNA (orange)
that matches a target DNA sequence (light blue). The Cas9 protein
separates the DNA strands of the double helix. The green area of the
DNA identifies the location where the Cas9 protein is attached and
“cuts” the target DNA, changing the gene sequence. Evan 0to/Science Source

QKEY CONCEPTS

1.1 Basic themes of biology include evolution, interactions
of biological systems, inter-relationships of structure and
function, information transfer, and energy transfer.

1.2 Characteristics of life include cellular structure, growth
and development, self-regulated metabolism, response to
stimuli, and reproduction.

1.3 Biological organization is hierarchical and includes
chemical, cell, tissue, organ, organ system, and organism
levels; ecological organization includes population,
community, ecosystem, and biosphere levels.

1.4 Information transfer includes DNA transfer of information
from one generation to the next, chemical and electrical
signals within and among the cells of every organism,
and sensory receptors and response systems that allow
organisms to communicate with one another and interact
with their environment.

1.5 Individual organisms and entire ecosystems depend on a
continuous input of energy. Energy is transferred within
cells and from one organism to another.

1.6 Evolution is the process by which populations of organisms
change over time, adapting to changes in their environment;
the tree of life includes three major branches, or domains.

1.7 Biologists ask questions, develop hypotheses, make
predictions, and collect data by careful observation and
by performing experiments; based on their results, they
come to conclusions and then share their work with other
scientists and with the public.
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Researchers are now using CRISPR as a tool for editing genes
rapidly and inexpensively (see image). By “knocking out” specific
genes, scientists discover the function of these genes. CRISPR
identifies the specific region of DNA that has been targeted. It
then cuts out and removes the gene of interest. You will learn
more about CRISPR when you study genetics later in this book.

CRISPR/Cas9 technology has been used to successfully
deactivate specific human genes, modify yeasts for biofuel
production, and modify agricultural crops. Scientists are
researching how CRISPR technology could produce mutant
model stem cell lines for studying disease, eliminate proteins
that cause rejection in organ transplants, and selectively cut out
or alter any targeted human gene. CRISPR research will almost
certainly lead to more effective ways of preventing and treating
cancer and HIV, and of dramatically decreasing the spread of
mosquito-transmitted diseases, such as Zika and malaria.

CRISPR technology is just one of hundreds of exciting areas of
biological research that bring together science, technology, and
society. Whatever your college major or career goals, knowledge of
biological concepts is a vital tool for understanding our world and
for meeting many of the personal, societal, and global challenges
that confront us. Among these challenges are the expanding
human population, decreasing biological diversity, diminishing
natural resources, global climate change, and prevention and cure
of diseases, such as heart disease, cancer, diabetes, and Alzheimer’s
disease. Meeting these challenges will require the combined efforts
of biologists and other scientists, health professionals, educators,
politicians, and biologically informed citizens.

This book is a starting point for your exploration of biology.
It will provide you with the basic knowledge and the tools to
become a part of this fascinating science as well as a more
informed member of society.

1.1 Major Themes of Biology

LEARNING OBJECTIVE

Describe five basic themes of biology.

In this first chapter we introduce five major themes of biology.
These themes are interconnected with one another and with
almost every concept that we discuss in this book.

1. Biological systems interact. Every organism is a biological
system made up of millions of other biological systems. Each
of its cells is a biological system, as is each organ (e.g., heart
and liver) and body system (e.g., cardiovascular system and
digestive system). Each of the multitude of microorgan-
isms (e.g., bacteria) that inhabit an organism is also a bio-
logical system. Making this concept even more interesting,
an organism cannot survive on its own. Every organism is
a biological system that is interdependent with many other
biological systems. Clearly, scientists can study biological
systems and their interactions at many different levels.

2. Structure and function are interrelated in all biological
systems. The structure of neurons that function to trans-
mit information is very different from the structure of red
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blood cells, which function to transport oxygen. Similarly,
on the level of organisms, the canine teeth of carnivorous
mammals are adapted for stabbing their prey and ripping
flesh. In contrast, horses and other herbivorous mammals
have teeth adapted for cutting off bits of vegetation and
grinding plant material. In each case, structure and func-
tion are inter-related.

3. Information must be transmitted within organisms and
among organisms. Each organism must be able to receive
information from the surrounding environment. The
survival and function of every cell and every organism
depend on the orderly transmission of information. As
we will learn, evolution depends on the transmission of
genetic information from one generation to another.

4. Life depends on a continuous input of energy from the
sun because every activity of a living cell or organism
requires energy. Energy from the sun flows through indi-
vidual organisms and through ecosystems. Within living
cells energy is continuously transferred from one chemi-
cal compound to another.

5. Evolution is the process by which populations of organ-
isms change over time. Scientists have accumulated a
wealth of evidence showing that the diverse life-forms on
this planet are related and that populations have evolved—
that is, have changed over time—from earlier forms of life.
The process of evolution is the framework for the science
of biology and is a major theme of this book.

The interaction of biological systems, the inter-relationship of
structure and function, information transfer, energy transfer,
and the process of evolution are forces that give life its unique
characteristics. You will find reference to one or more of these
unifying themes in every chapter of Biology. We begin our
study of biology by developing a more precise understanding
of the fundamental characteristics of living systems and of the
levels of biological organization. We then take a closer look at
some of the major themes of biology. We end Chapter 1 with
a discussion of the process of science.

“CHECKPOINT 1.1

® Why are information transmission, energy transfer, and
evolution considered basic to life?

. What are some ways in which an organism
is dependent on other biological systems?

1.2 Characteristics of Life

LEARNING OBJECTIVE

Distinguish between living systems and nonliving things by
describing the features that characterize living organisms.

We easily recognize that a pine tree, a butterfly, and a horse are
living systems, whereas a rock is not. Despite their diversity,
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the organisms that inhabit our planet share a common set of
characteristics that distinguish them from nonliving things.
These features include a precise kind of organization, growth
and development, self-regulated metabolism, the ability to
respond to stimuli, reproduction, and adaptation to environ-
mental change.

Organisms are composed of cells

Although they vary greatly in size and appearance, all organ-
isms consist of basic units called cells. New cells are formed
only by the division of previously existing cells. As will be dis-
cussed in Chapter 4, these concepts are expressed in the cell
theory, another fundamental unifying concept of biology.

Some of the simplest life-forms, such as protozoa, are
unicellular organisms, meaning that each consists of a single
cell (FIG. 1-1a). In contrast, the body of a maple tree or a buf-
falo is made of billions of cells (FIG. 1-1b). In such complex
multicellular organisms, life processes depend on the coordi-
nated functions of component cells that are organized to form
tissues, organs, and organ systems.

Every cell is enveloped by a protective plasma membrane
that separates it from the surrounding external environment.
The plasma membrane regulates passage of materials between
the cell and its environment. Cells have specialized molecules—
deoxyribonucleic acid, more simply known as DNA—that
contain genetic instructions and transmit genetic information.
Cells typically have internal structures called organelles that
are specialized to perform specific functions. For example,
mitochondria, which we can think of as the power plants of the
cell, convert energy in food molecules into energy forms that
can be more conveniently used by the cell.

There are two fundamentally different types of cells: pro-
karyotic and eukaryotic. Prokaryotic cells are microscopic
organisms classified in two large groups (called domains):
domain Bacteria and domain Archaea. Prokaryotic cells do
not have a nucleus or other membrane-enclosed organelles.
All other organisms are characterized by their eukaryotic
cells. These cells typically contain a variety of organelles
enclosed by membranes, including a nucleus, which contains
DNA, the genetic information.

Organisms grow and develop

Biological growth involves an increase in the size of individ-
ual cells of an organism, in the number of cells, or in both.
Growth may be uniform in the various parts of an organism, or
it may be greater in some parts than in others, causing the body
proportions to change as growth occurs. Some organisms—
most trees, for example—continue to grow throughout their
lives. Many animals have a defined growth period that termi-
nates when a characteristic adult size is reached. An intriguing
aspect of the growth process is that each part of the organism
typically continues to function as it grows.

Organisms develop as well as grow. Development includes
all the changes that take place during an organismss life. The
structures and body form that develop are exquisitely adapted
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(a) Unicellular organisms consist of one cell that performs all the
functions essential to life. Ciliates, such as this Paramecium, move
about by beating their hairlike cilia.

(b) Multicellular organisms, such as this African buffalo (Syncerus
caffer) and the plants on which it grazes, may consist of billions of
cells specialized to perform specific functions.

Figure 1-1 Unicellular and multicellular life-forms

to the functions the organism must perform. Like many other
organisms, every human begins life as a fertilized egg that
then grows and develops.

Organisms regulate their metabolic
processes

Withinall organisms, chemicalreactionsand energy transforma-
tionsoccur thatare essential to nutrition, the growth and repair of
cells, and the conversion of energy into usable forms. The sum
of all the chemical activities of the organism is its metabolism.

Metabolic processes occur continuously in every organism,
and they must be carefully regulated to maintain homeostasis,
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an appropriate, balanced internal environment. The term
homeostasis also refers to the automatic tendency of the organ-
ism to maintain a steady state. For example, when a particu-
lar substance is required, cell processes that produce it must
be turned on. When enough of a cell product has been made,
its manufacture must be decreased or turned off. These
homeostatic mechanisms are self-regulating control systems
that are remarkably sensitive and efficient.

The regulation of glucose (a simple sugar) concentration
in the blood of complex animals is a good example of a homeo-
static mechanism. Your cells require a constant supply of glu-
cose molecules, which they break down to obtain energy. The
circulatory system delivers glucose and other nutrients to all
the cells. When the concentration of glucose in the blood rises
above normal limits, glucose is stored in the liver and in mus-
cle cells. When you have not eaten for a few hours, the glucose
concentration begins to fall. Your body mobilizes stored glu-
cose. If necessary, the body converts other stored nutrients to
glucose, bringing the glucose concentration in the blood back
to normal levels. When the glucose concentration decreases,
you also feel hungry and can restore nutrients by eating.

Organisms respond to stimuli

All forms of life respond to stimuli, physical or chemical
changes in their internal or external environment. Stimuli that
evoke a response in most organisms are changes in the color,
intensity, or direction of light; changes in temperature, pres-
sure, or sound; and changes in the chemical composition of
the surrounding soil, air, or water. Responding to stimuli often
involves movement, although not always locomotion (moving
from one place to another).

In simple organisms, the entire individual may be sensitive
to stimuli. Certain unicellular organisms, for example, respond to
bright light by retreating. In some organisms, locomotion is
achieved by the slow oozing of the cell, the process of amoeboid
movement. Other organisms move by beating tiny, hairlike
extensions of the cell called cilia or longer structures known as
flagella (FIG. 1-2). Some bacteria
move by rotating their flagella.

Most animals move very
obviously. They wiggle, crawl,
swim, run, or fly by contracting
muscles. Sponges, corals, and
oysters have free-swimming lar-
val stages, but most are sessile as
adults, meaning that they do not
move from place to place. In fact,
they may remain firmly attached
to a surface, such as the sea bot-
tom or a rock. Many sessile
organisms have cilia or flagella
that beat rhythmically, bring-
ing them food and oxygen in
the surrounding water. Complex
animals, such as grasshoppers,

(a) When hairs on the leaf surface of the Venus
flytrap (Dionaea muscipula) detect the touch
of an insect, the leaf responds by folding.

} Flagella

CAMR/A. Barry Dowsett/Science Source

1 pum

Figure 1-2 Biological movement

These bacteria (Helicobacter pylori), equipped with flagella for

locomotion, have been linked to stomach ulcers. The photograph
was taken using a scanning electron microscope. The bacteria are
not really red and blue. Their color has been artificially enhanced.

specialized cells that respond to specific types of stimuli. For
example, cells in the retina of the vertebrate eye respond to light.

Although their responses may not be as obvious as those
of animals, plants do respond to light, gravity, water, touch,
and other stimuli. For example, plants orient their leaves to
the sun and grow toward light. Many plant responses involve
different growth rates of various parts of the plant body. A
few plants, such as the Venus flytrap of the Carolina swamps,
are very sensitive to touch and catch insects (FIG. 1-3). Their
leaves are hinged along the midrib, and they have a scent

Linas T/Shutterstock.com

(b) The edges of the leaf come together and
interlock, preventing the insect’s escape. The
leaf then secretes enzymes that kill and digest
the insect.

Figure 1-3 Plants respond to stimuli

Linas T/Shutterstock.com

lizards, and humans, have highly
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that attracts insects. Trigger hairs on the leaf surface detect
the arrival of an insect and stimulate the leaf to fold. When the
edges come together, they interlock, preventing the insect’s
escape. The leaf then secretes enzymes that kill and digest the
insect. The Venus flytrap usually grows in nitrogen-deficient
soil. The plant obtains part of the nitrogen required for its
growth from the insects it “eats”

Organisms reproduce

At one time, people thought worms arose spontaneously from
horsehair in a water trough, maggots from decaying meat,
and frogs from the mud of the Nile. Thanks to the work of
a great many scientists, beginning with pioneering studies
by Italian physician Francesco Redi in the 17th century and
French chemist Louis Pasteur in the 19th century, we know
that organisms arise only from previously existing organisms.

Simple organisms, such as amoebas, perpetuate them-
selves by asexual reproduction (FIG. 1-4a). When an amoeba
has grown to a certain size, it reproduces by splitting to form
two new amoebas. Before an amoeba divides, its hereditary
material (set of genes) is duplicated, and one complete set is
distributed to each new cell. Except for size, each new amoeba
is similar to the parent cell. The only way that variation
occurs among asexually reproducing organisms is by genetic
mutation, a permanent change in the genes.

In most plants and animals, sexual reproduction is car-
ried out by the fusion of an egg and a sperm cell to form a
fertilized egg (FIG. 1-4b). The new organism develops from
the fertilized egg. Offspring produced by sexual reproduc-
tion are the product of the interaction of various genes con-
tributed by the mother and the father. Genetic variation is
important in the vital processes of evolution and adaptation.

Populations evolve and become
adapted to the environment

The ability of a population to evolve over many generations
and adapt to its environment equips it to survive in a chang-
ing world. Adaptations are inherited characteristics that
enhance an organism’s ability to survive in a particular envi-
ronment. The long, flexible tongue of the frog is an adapta-
tion for catching insects. The feathers and lightweight bones
of birds are adaptations for flying, and their thick fur coats
allow polar bears to survive in frigid temperatures. Adapta-
tions may be structural, physiological, biochemical, behav-
ioral, or a combination of all four (FIG. 1-5). Every biologically
successful organism is a complex collection of coordinated
adaptations produced through evolutionary processes.

“CHECKPOINT 1.2

® What characteristics distinguish a living organism from a rock?

o b9 What would be the consequences to an organism
if its homeostatic mechanisms failed? Explain your answer.
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(a) Asexual reproduction. One individual gives rise to two

or more offspring that are similar to the parent. Difflugia, a
unicellular amoeba, is shown dividing to form two amoebas.

iStock.com/PK6289

(b) Sexual reproduction. Typically, each of two parents
contributes a gamete (sperm or egg). Gametes fuse to produce
the offspring, which has a combination of the traits of both
parents. A pair of cucumber beetles is shown mating.

Figure 1-4 Asexual and sexual reproduction

Figure 1-5 Adaptations

These Burchell’s zebras (Equus burchelli), photographed in Tanzania,
are behaviorally adapted to position themselves to watch for lions
and other predators. Stripes are thought to be an adaptation for
visual protection against predators. They serve as camouflage or to
break up form when spotted from a distance. The zebra stomach is
adapted for feeding on coarse grass passed over by other grazers,
an adaptation that helps the animal survive when food is scarce.
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1.3 Levels of Biological
Organization

LEARNING OBJECTIVE

Construct a hierarchy of biological organization, including
levels characteristic of individual organisms and levels
characteristic of ecological systems.

Whether we study a single organism or the world of life as a
whole, we can identify a hierarchy of biological organization
(FIG. 1-6). At every level, structure and function are precisely
coordinated. One way to study a particular level is by look-
ing at its components. Biologists can gain insights about cells
by studying atoms and molecules. Learning about a struc-
ture by studying its parts is called reductionism. However,
the whole is more than the sum of its parts. Each level has
emergent properties, characteristics not found at lower
levels. For example, populations of organisms have emergent
properties such as population density, age structure, and birth
and death rates. The individuals that make up a population
do not have these characteristics. Consider also the human
brain. The brain is composed of billions of neurons (nerve
cells). However, we could study every one of these individual
neurons and have no clue about the functional capacities of
the brain. Only when the neurons interact are the emergent
properties, such as the capacity for thought, judgment, and
motor coordination, evident.

Organisms have several levels
of organization

The chemical level, the most basic level of organization,
includes atoms and molecules. An atom is the smallest unit
of a chemical element that retains the characteristic proper-
ties of that element. For example, an atom of hydrogen is the
smallest possible amount of hydrogen. Atoms combine chem-
ically to form molecules. Two atoms of hydrogen combine
with one atom of oxygen to form a single molecule of water.
Although composed of two types of atoms that are gases under
conditions found on Earth, water can exist as a gas, liquid, or
solid. The properties of water are very different from those of
its hydrogen and oxygen components, an example of emer-
gent properties.

At the cellular level, many types of atoms and molecules
associate with one another to form cells. However, a cell is
much more than a heap of atoms and molecules. Its emergent
properties make it the basic structural and functional unit of
life, the simplest component of living matter that can carry on
all the activities necessary for life.

During the evolution of multicellular organisms, cells
associated to form tissues. For example, most animals have
muscle tissue and nervous tissue. Plants have epidermis, a tis-
sue that serves as a protective covering, and vascular tissues
that move materials throughout the plant body. In most com-
plex organisms, tissues organize into functional structures
called organs, such as the heart and stomach in animals and
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roots and leaves in plants. In animals, each major group of
biological functions is performed by a coordinated group
of tissues and organs called an organ system. The circulatory
and digestive systems are examples of organ systems. Func-
tioning together with great precision, organ systems make up
a complex, multicellular organism. Again, emergent proper-
ties are evident. An organism is much more than its compo-
nent organ systems.

Several levels of ecological
organization can be identified

Organisms interact to form still more complex levels of bio-
logical organization. All the members of one species living
in the same geographic area at the same time make up a
population. The populations of various types of organisms
that inhabit a particular area and interact with one another
form a community. A community can consist of hundreds of
different types of organisms. The human body, for example,
harbors a community of hundreds of species of microorgan-
isms, its microbiota, that critically affect human health.

A community together with its nonliving environment is
an ecosystem. An ecosystem can be as small as a pond (or even
a puddle) or as vast as the Great Plains of North America or
the Arctic tundra. All Earth’s ecosystems together are known
as the biosphere. The biosphere includes all systems of Earth
that are inhabited by living organisms: the atmosphere, the
hydrosphere (water in any form), and the lithosphere (Earth’s
crust). The study of how organisms relate to one another and
to their physical environment is called ecology (derived from
the Greek oikos, meaning “house”).

/CHECKPOINT 13

® \What are the levels of organization within an organism?

* IS At which level do you think more biological
systems would be interacting: organism, population, or
ecosystem? Justify your answer.

1.4 Information Transfer

LEARNING OBJECTIVE

Summarize the importance of information transfer within
and between living systems, giving specific examples.

Biological systems receive and respond to information. They
also store information in the form of DNA (or RNA). An
organism inherits the information it needs to grow, develop,
carry on self-regulated metabolism, respond to stimuli, and
reproduce. Each organism must also have precise instructions
for making the molecules necessary for its cells to communi-
cate. The information an organism requires to carry on these
life processes is coded and transmitted in the form of chemi-
cal substances and electrical impulses.
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Figure 1-6 The hierarchy of biological organization
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DNA transmits information from
one generation to the next

Humans give birth only to human babies, not to giraffes or rose-
bushes. In organisms that reproduce sexually, each offspring is
a combination of the traits of its parents. In 1953, James Watson
and Francis Crick worked out the structure of DNA, the large
molecule that makes up the genes, units of hereditary infor-
mation (FIG. 1-7). A DNA molecule consists of two chains of
atoms twisted into a helix. As will be described in Chapter 3,
each chain is made up of a sequence of chemical subunits called
nucleotides. There are four types of nucleotides in DNA, and
each sequence of three nucleotides is part of the genetic code.
Watson and CricK’s work, building on the earlier findings of
many researchers, led to the understanding of the genetic code.
The information coded in sequences of nucleotides in DNA
transmits genetic information from generation to generation. The
code works somewhat like an alphabet of 4 letters (A, G, C, T).
The nucleotides can “spell” an amazing variety of instructions
for making organisms as diverse as bacteria, frogs, and redwood
trees. The genetic code is universal—that is, virtually identical
in all organisms—and is a dramatic example of the unity of life.

Information is transmitted by chemical
and electrical signals

Genes control the development and functioning of every
organism. As you will learn in later chapters, the information
carried by the DNA that makes up the genes has many func-
tions, including providing the “recipes” for making all the pro-
teins required by the organism. Proteins are large molecules
important in determining the structure and function of cells
and tissues. For example, brain cells differ from muscle cells in
large part because they have different types of proteins. Some
proteins are important in communication within and among
cells. Certain proteins on the surface of a cell serve as markers
so that other cells “recognize” them. Other cell-surface proteins
serve as receptors that combine with chemical messengers.

Cells use proteins and many other types of molecules
to communicate with one another. In a multicellular organ-
ism, cells produce chemical compounds, such as hormones,
that signal other cells. Hormones and other chemical mes-
sengers can signal cells in distant organs to secrete a particu-
lar required substance or change some metabolic activity. In
this way chemical signals help regulate growth, development,
and metabolic processes. The mechanisms involved in cell
signaling often involve complex biochemical processes.

Cell signaling is currently an area of intense research.
A major focus has been the transfer of information among cells
of the immune system. A better understanding of how cells
communicate promises new insights into how the body pro-
tects itself against disease organisms. Learning to manipulate
cell signaling may lead to new methods of delivering drugs
into cells and new treatments for cancer and other diseases.

Many organisms use electrical signals to transmit infor-
mation. Most animals have nervous systems that transmit
information by way of both electrical impulses and chemical
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Figure 1-7 DNA

DNA is the hereditary material that transmits information from
one generation to the next. As shown in this model, DNA is a
macromolecule that consists of two chains of atoms twisted into
a helix. Each chain consists of subunits called nucleotides. The
sequence of nucleotides makes up the genetic code.

compounds known as neurotransmitters. Information trans-
mitted from one part of the body to another is important in reg-
ulating life processes. In complex animals, the nervous system
gives the animal information about its outside environment by
transmitting signals from sensory receptors such as the eyes
and ears to the brain. Neurons in the brain make appropriate
decisions and transmit signals to specific muscles or glands.

Organisms also communicate
information to one another
Organisms communicate information to other organisms by

releasing chemicals, sounds, and visual displays. Typically, organ-
isms use a combination of several types of communication
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signals. A dog may signal aggression by growling, using a par-
ticular facial expression, and laying its ears back. Many animals
perform complex courtship rituals in which they display parts of
their bodies, often elaborately decorated, to attract a mate.
Seaweed algae compete with coral for light and space.
Marine biologists studying endangered coral reefs have discov-
ered that certain seaweed algae secrete chemical compounds
that kill coral. Researchers have reported that some coral can
fight back. When they come into contact with toxic seaweed,
the coral release chemical compounds that signal certain spe-
cies of goby fish. In response to this chemical signal, the fish eat
the seaweed. This action helps preserve their coral reef habitat.

Light
energy
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Earth. All life processes, including thousands of chemi-

cal transactions that maintain life’s organization, require
a continuous input of energy. Organisms can neither
create energy nor use it with complete efficiency. During
every energy transaction, some energy is converted to
heat and dispersed into the environment. Energy flows
through individual organisms and through ecosystems.

A self-sufficient ecosystem consists of a physical
environment inhabited by three types of organisms:
producers, consumers, and decomposers. These organ-
isms depend on one another and on the environment
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Figure 1-8 Energy flow within and among organisms

Algae and certain plant cells carry on photosynthesis, a process that uses light
energy to produce glucose from carbon dioxide and water. Energy is stored in the
chemical bonds of glucose and other nutrients produced from glucose. Through
the process of cellular respiration, cells of all organisms, including algae and plant
cells, then break down glucose and other nutrients. The energy released can be
used to produce needed molecules and to fuel other life activities.

for nutrients, energy, oxygen, and carbon dioxide.

Plants, algae, and certain bacteria and archaea are producers,
or autotrophs, organisms that use simple raw materials (inor-
ganic compounds) to produce organic compounds (which
may be used for food). Most of these organisms carry on
photosynthesis, the process during which autotrophs use
carbon dioxide, water, and light energy to synthesize complex
molecules such as glucose and other sugars (FIG. 1-8):

carbon dioxide + water + light energy ——
glucose + oxygen

The light energy is transformed into chemical energy, which
is stored within the chemical bonds of the glucose and other
food molecules produced. Oxygen, which is required by the
cells of most organisms including plant cells, is produced as a
byproduct of photosynthesis.
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Recall that all of the energy transformations and chemical
processes that occur within an organism are referred to as its
metabolism. Energy is necessary to carry on the metabolic activi-
ties essential for growth, repair, and maintenance. Each cell of an
organism requires nutrients that contain energy. During cellular
respiration, cells capture energy stored in glucose and other
nutrient molecules through a series of carefully regulated chemi-
cal reactions. We can summarize these reactions as follows:

glucose + oxygen —— carbon dioxide + water + energy

When chemical bonds are broken during cellular respira-
tion, their stored energy is made available for life processes.
Cells use this energy to do work, including the synthesis of
required materials, such as new cell components. Virtually all
cells carry on cellular respiration.

AView of Life / 9

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

BMJ/Shutterstock.com



