





Concepts of Biology

SENIOR CONTRIBUTING AUTHORS
SAMANTHA FOWLER, CLAYTON STATE UNIVERSITY
REBECCA ROUSH, SANDHILLS COMMUNITY COLLEGE
JAMES WISE, HAMPTON UNIVERSITY

‘= Openstax”




OpenStax

Rice University

6100 Main Street MS-375
Houston, Texas 77005

To learn more about OpenStax, visit https://openstax.org.
Individual print copies and bulk orders can be purchased through our website.

©2023 Rice University. Textbook content produced by OpenStax is licensed under a Creative Commons
Attribution 4.0 International License (CC BY 4.0). Under this license, any user of this textbook or the textbook
contents herein must provide proper attribution as follows:

- Ifyou redistribute this textbook in a digital format (including but not limited to PDF and HTML), then you
must retain on every page the following attribution:
“Access for free at openstax.org.”

- Ifyou redistribute this textbook in a print format, then you must include on every physical page the
following attribution:
“Access for free at openstax.org.”

- Ifyou redistribute part of this textbook, then you must retain in every digital format page view (including
but not limited to PDF and HTML) and on every physical printed page the following attribution:
“Access for free at openstax.org.”

- Ifyou use this textbook as a bibliographic reference, please include
https://openstax.org/details/books/concepts-biology in your citation.

For questions regarding this licensing, please contact support@openstax.org.

Trademarks

The OpenStax name, OpenStax logo, OpenStax book covers, OpenStax CNX name, OpenStax CNX logo,
OpenStax Tutor name, Openstax Tutor logo, Connexions name, Connexions logo, Rice University name, and
Rice University logo are not subject to the license and may not be reproduced without the prior and express
written consent of Rice University.

HARDCOVER BOOK ISBN-13 978-1-938168-11-6
B&W PAPERBACK BOOK ISBN-13 978-1-50669-653-9
DIGITAL VERSION ISBN-13 978-1-947172-03-6
ORIGINAL PUBLICATION YEAR 2013

12345678910RS2313



OPENSTAX

OpenStax provides free, peer-reviewed, openly licensed textbooks for introductory college and Advanced
Placement® courses and low-cost, personalized courseware that helps students learn. A nonprofit ed tech
initiative based at Rice University, we're committed to helping students access the tools they need to complete
their courses and meet their educational goals.

RICE UNIVERSITY

OpenStax is an initiative of Rice University. As a leading research university with a distinctive commitment to
undergraduate education, Rice University aspires to path-breaking research, unsurpassed teaching, and
contributions to the betterment of our world. It seeks to fulfill this mission by cultivating a diverse community

of learning and discovery that produces leaders across the spectrum of human endeavor.

% RICE

PHILANTHROPIC SUPPORT

OpenStax is grateful for the generous philanthropic partners who advance our mission to improve educational

access and learning for everyone. To see the impact of our supporter community and our most updated list of

partners, please visit openstax.org/impact.

Arnold Ventures

Chan Zuckerberg Initiative

Chegg, Inc.

Arthur and Carlyse Ciocca Charitable Foundation
Digital Promise

Ann and John Doerr

Bill & Melinda Gates Foundation

Girard Foundation

Google Inc.

The William and Flora Hewlett Foundation
The Hewlett-Packard Company

Intel Inc.

Rusty and John Jaggers

The Calvin K. Kazanjian Economics Foundation
Charles Koch Foundation

Leon Lowenstein Foundation, Inc.

The Maxfield Foundation

Burt and Deedee McMurtry
Michelson 20MM Foundation
National Science Foundation

The Open Society Foundations
Jumee Yhu and David E. Park III
Brian D. Patterson USA-International Foundation
The Bill and Stephanie Sick Fund
Steven L. Smith & Diana T. Go
Stand Together

Robin and Sandy Stuart Foundation
The Stuart Family Foundation
Tammy and Guillermo Trevifio
Valhalla Charitable Foundation
White Star Education Foundation
Schmidt Futures

William Marsh Rice University



N OpenStax

\\X KINETIC

7/

—

Your Journey to Biology Success

OpenStax Kinetic will help you uncover who you are as a
science learner and provide helpful personalized feedback
as you explore your options for a future in science.

Throughout the year, participate in a range of free
research studies on Kinetic to deepen your:

* Foundational science knowledge

+ Early science and math experiences

+ STEM interests and matching careers

« Career and vocational interests

Take part in fun, researcher-created activities
to explore biological concepts like RNA,
cancer, and the cell cycle!

Participation supports important learning
research to help improve digital learning
nationwide. All while giving you a chance
at earning amazing prizes.

Learn while you earn
with OpenStax Kinetic!

Get involved, get learning, and get
rewarded today with OpenStax Kinetic!

Learn with us today!
openstax.org/kinetic

ARICE




Ccontents

Preface 1

UNIT 1 THE CELLULAR FOUNDATION OF LIFE
CHAPTER 1

Introduction to Biology 5
Introduction 5

1.1 Themes and Concepts of Biology 5

1.2 The Process of Science 16

Key Terms 24

Chapter Summary 24

Visual Connection Questions 25

Review Questions 25

Critical Thinking Questions 26
CHAPTER 2

Chemistry of Life 27
Introduction 27

2.1 The Building Blocks of Molecules 28

2.2 Water 34

2.3 Biological Molecules 39

Key Terms 51

Chapter Summary 52

Visual Connection Questions 53

Review Questions 53

Critical Thinking Questions 54
CHAPTER 3

Cell Structure and Function 55
Introduction 55

3.1 How Cells Are Studied 55

3.2 Comparing Prokaryotic and Eukaryotic Cells 59
3.3 Eukaryotic Cells 61

3.4 The Cell Membrane 74

3.5 Passive Transport 76

3.6 Active Transport 80

Key Terms 84

Chapter Summary 85

Visual Connection Questions 87

Review Questions 87

Critical Thinking Questions 88



CHAPTER 4
How Cells Obtain Energy 89

Introduction 89

4.1 Energy and Metabolism 90

4.2 Glycolysis 100

4.3 Citric Acid Cycle and Oxidative Phosphorylation 101
4.4 Fermentation 105

4.5 Connections to Other Metabolic Pathways 108
Key Terms 110

Chapter Summary 111

Visual Connection Questions 112

Review Questions 112

Critical Thinking Questions 113

CHAPTER 5

Photosynthesis 115

Introduction 115

5.1 Overview of Photosynthesis 115

5.2 The Light-Dependent Reactions of Photosynthesis 120
5.3 The Calvin Cycle 124

Key Terms 129

Chapter Summary 129

Visual Connection Questions 130

Review Questions 130

Critical Thinking Questions 130

UNIT 2 CELL DIVISION AND GENETICS

CHAPTER 6

Reproduction at the Cellular Level 133
Introduction 133

6.1 The Genome 133

6.2 The Cell Cycle 135

6.3 Cancer and the Cell Cycle 141
6.4 Prokaryotic Cell Division 142
Key Terms 146

Chapter Summary 147

Visual Connection Questions 148
Review Questions 148

Critical Thinking Questions 149

CHAPTER 7

The Cellular Basis of Inheritance 151
Introduction 151

7.1 Sexual Reproduction 152

7.2 Meiosis 155

7.3 Variations in Meiosis 160

Key Terms 167

Chapter Summary 167



Visual Connection Questions 168

Review Questions 168

Critical Thinking Questions 169
CHAPTER 8

Patterns of Inheritance 171
Introduction 171

8.1 Mendel’s Experiments 172

8.2 Laws of Inheritance 176

8.3 Extensions of the Laws of Inheritance 183
Key Terms 192

Chapter Summary 192

Visual Connection Questions 193

Review Questions 194

Critical Thinking Questions 195

UNIT 3 MOLECULAR BIOLOGY AND
BIOTECHNOLOGY

CHAPTER 9

Molecular Biology 197
Introduction 197

9.1 The Structure of DNA 198

9.2 DNA Replication 202

9.3 Transcription 209

9.4 Translation 212

9.5 How Genes Are Regulated 215
Key Terms 219

Chapter Summary 220

Visual Connection Questions 221
Review Questions 221

Critical Thinking Questions 222

CHAPTER 10

Biotechnology 223
Introduction 223

10.1 Cloning and Genetic Engineering 223
10.2 Biotechnology in Medicine and Agriculture 231
10.3 Genomics and Proteomics 234

Key Terms 243

Chapter Summary 243

Visual Connection Questions 244

Review Questions 244

Critical Thinking Questions 245

UNIT 4 EVOLUTION AND THE DIVERSITY OF




LIFE

CHAPTER 11

Evolution and Its Processes 247
Introduction 247

11.1 Discovering How Populations Change 248
11.2 Mechanisms of Evolution 254

11.3 Evidence of Evolution 256

11.4 Speciation 259

11.5 Common Misconceptions about Evolution 264
Key Terms 268

Chapter Summary 268

Visual Connection Questions 269

Review Questions 269

Critical Thinking Questions 271

CHAPTER 12

Diversity of Life 273

Introduction 273

12.1 Organizing Life on Earth 273

12.2 Determining Evolutionary Relationships 278
Key Terms 285

Chapter Summary 285

Visual Connection Questions 286

Review Questions 286

Critical Thinking Questions 286

CHAPTER 13

Diversity of Microbes, Fungi, and Protists
Introduction 287

13.1 Prokaryotic Diversity 288
13.2 Eukaryotic Origins 298
13.3 Protists 300

13.4 Fungi 306

Key Terms 315

Chapter Summary 316

Visual Connection Questions 317
Review Questions 317

Critical Thinking Questions 318

CHAPTER 14

Diversity of Plants 319
Introduction 319

14.1 The Plant Kingdom 320

14.2 Seedless Plants 326

14.3 Seed Plants: Gymnosperms 333
14.4 Seed Plants: Angiosperms 338
Key Terms 347

Chapter Summary 348

287



Visual Connection Questions 348
Review Questions 349
Critical Thinking Questions 349

CHAPTER 15

Diversity of Animals 351
Introduction 351

15.1 Features of the Animal Kingdom 352
15.2 Sponges and Cnidarians 357

15.3 Flatworms, Nematodes, and Arthropods 363
15.4 Mollusks and Annelids 370

15.5 Echinoderms and Chordates 376
15.6 Vertebrates 380

Key Terms 390

Chapter Summary 392

Visual Connection Questions 394

Review Questions 394

Critical Thinking Questions 395

UNIT 5 ANIMAL STRUCTURE AND FUNCTION

CHAPTER 16

The Body’s Systems 397
Introduction 397

16.1 Homeostasis and Osmoregulation 398
16.2 Digestive System 402

16.3 Circulatory and Respiratory Systems 408
16.4 Endocrine System 414

16.5 Musculoskeletal System 420

16.6 Nervous System 426

Key Terms 436

Chapter Summary 438

Visual Connection Questions 441

Review Questions 441

Critical Thinking Questions 443

CHAPTER 17

The Immune System and Disease 445
Introduction 445

17.1 Viruses 446

17.2 Innate Immunity 453

17.3 Adaptive Immunity 456

17.4 Disruptions in the Immune System 465
Key Terms 469

Chapter Summary 470

Visual Connection Questions 471

Review Questions 471

Critical Thinking Questions 472



CHAPTER 18

Animal Reproduction and Development 473
Introduction 473

18.1 How Animals Reproduce 474

18.2 Development and Organogenesis 478

18.3 Human Reproduction 480

Key Terms 491

Chapter Summary 492

Visual Connection Questions 493

Review Questions 493

Critical Thinking Questions 494

UNIT 6 ECOLOGY

CHAPTER 19

Population and Community Ecology 495
Introduction 495

19.1 Population Demographics and Dynamics 496
19.2 Population Growth and Regulation 500

19.3 The Human Population 506

19.4 Community Ecology 509

Key Terms 520

Chapter Summary 521

Visual Connection Questions 521

Review Questions 522

Critical Thinking Questions 523

CHAPTER 20

Ecosystems and the Biosphere 525
Introduction 525

20.1 Waterford's Energy Flow through Ecosystems 526
20.2 Biogeochemical Cycles 533

20.3 Terrestrial Biomes 543

20.4 Aquatic and Marine Biomes 550

Key Terms 559

Chapter Summary 560

Visual Connection Questions 561

Review Questions 561

Critical Thinking Questions 562

CHAPTER 21

Conservation and Biodiversity 563
Introduction 563

21.1 Importance of Biodiversity 564

21.2 Threats to Biodiversity 571

21.3 Preserving Biodiversity 578

Key Terms 586

Chapter Summary 586

Visual Connection Questions 587



Review Questions 587

Critical Thinking Questions 588
Appendix A The Periodic Table of Elements 589
Appendix B Geological Time 591

Appendix C Measurements and the Metric System
Index 595

593





