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PART ONE: THE ORGANIZATION OF LIFE

1 A View of Life i
1.1 M ajor Themes of Biology 2
1.2 Characteristics o f Life 2
Organisms are composed of cells 3 
Organisms grow and develop 3 
Organisms regulate their metabolic processes 3 
Organisms respond to stimuli 4 
Organisms reproduce 5
Populations evolve and become adapted to the environment 5
1.3 Levels of Biological Organization 6
Organisms have several levels of organization 6 
Several levels of ecological organization can be identified 6
1.4 Inform ation Transfer 6
DNA transmits information from one generation to the next 8 
Information is transmitted by chemical and electrical signals 8 
Organisms also communicate information to one another 8
1.5 The Energy of Life 9
1.6 Evolution: The Basic Unifying Concept of Biology 10
Biologists use a binomial system for naming organisms 11 
Taxonomic classification is hierarchical 11 
Systematists classify organisms in three domains 11 
Species adapt in response to changes in their environment 14 
Natural selection is an important mechanism by which 

evolution proceeds 14
Populations evolve as a result of selective pressures from 

changes in their environment 15
1.7 The Process of Science 15
Science requires systematic thought processes 16 
Scientists make careful observations and ask critical 

questions 16
Chance often plays a role in scientific discovery 17 
A hypothesis is a testable statement 17 
Researchers must avoid bias 18 
Scientists interpret the results of experiments and draw 

conclusions 18
A scientific theory is supported by tested hypotheses 20 
Many hypotheses cannot be tested by direct experiment 21 
Paradigm shifts accommodate new discoveries 21 
Systems biology integrates different levels of information 21 
Science has ethical dimensions 21 
Science, technology, and society interact 22

2 Atoms and Molecules:
The Chemical Basis of Life 26
2.1 Elements and Atoms 27
An atom is uniquely identified by its number of protons 28 
Protons plus neutrons determine atomic mass 29 
Isotopes of an element differ in number of neutrons 29 
Electrons move in orbitals corresponding to energy levels 30

2.2 Chemical Reactions 31
Atoms form compounds and molecules 31 
Simplest, molecular, and structural chemical formulas give 

different information 31
One mole of any substance contains the same number 

of units 31
Chemical equations describe chemical reactions 32
2.3 Chemical Bonds 32
In covalent bonds electrons are shared 32 
The function of a molecule is related to its shape 34 
Covalent bonds can be nonpolar or polar 34 
Ionic bonds form between cations and anions 34 
Hydrogen bonds are weak attractions 36 
van der Waals interactions are weak forces 37
2.4 Redox Reactions 37
2.5 W ater 38
Hydrogen bonds form between water molecules 38 
Water molecules interact with hydrophilic substances by 

hydrogen bonding 38
Water helps maintain a stable temperature 39
2.6 Acids, Bases, and Salts 41
pH is a convenient measure of acidity 41
Buffers minimize pH change 42
An acid and a base react to form a salt 43

3 The Chemistry of Life:
Organic Compounds 46
3.1 Carbon Atoms and Organic Molecules 47
Isomers have the same molecular formula but different 

structures 48
Functional groups change the properties of organic 

molecules 49
Many biological molecules are polymers 50
3.2 Carbohydrates 51 
Monosaccharides are simple sugars 51 
Disaccharides consist of two monosaccharide units 52 
Polysaccharides can store energy or provide structure 53 
Some modified and complex carbohydrates have special

roles 55
3.3 Lipids 56
Triacylglycerol is formed from glycerol and three fatty 

acids 56
Saturated and unsaturated fatty acids differ in physical 

properties 57
Phospholipids are components of cell membranes 57 
Carotenoids and many other pigments are derived from 

isoprene units 57
Steroids contain four rings of carbon atoms 58 
Some chemical mediators are lipids 59
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3.4 Proteins 59
Amino adds are the subunits of proteins 60 
Peptide bonds join amino acids 61 
Proteins have four levels of organization 61 
The amino add sequence of a protein determines its 

conformation 65
3.5 Nucleic Acids 68
Some nucleotides are important in energy transfers and other 

cell functions 68
3.6 Identifying Biological Molecules 69

Organization of the Cell 73
4.1 The Cell: Basic Unit of Life 74
The cell theory is a unifying concept in biology 74 
The organization and basic functions of all cells are 

similar 74
Cell size is limited 74
Cell size and shape are adapted to function 76
4.2 Methods for Studying Cells 76
Light microscopes are used to study stained or living cells 76 
Electron microscopes provide a high-resolution image that can 

be greatly magnified 78
Biologists use biochemical and genetic methods to connect 

cell structures with their functions 79
4.3 Prokaryotic and Eukaryotic Cells 82
Organelles of prokaryotic cells are not surrounded by 

membranes 82
Membranes divide the eukaryotic cell into compartments 83 
The unique properties of biological membranes allow 

eukaryotic cells to carry on many diverse functions 83
4.4 The Cell Nucleus 84
Ribosomes manufacture proteins in the cytoplasm 87
4.5 Mem branous Organelles in the Cytoplasm 88
The endoplasmic reticulum is a multifunctional network of 

membranes 88
The ER is the primary site of membrane assembly for 

components of the endomembrane system 91 
The Golgi complex processes, sorts, and routes proteins 

from the ER to different parts of the endomembrane 
system 91

Lysosomes are compartments for digestion 93 
Vacuoles are large, fluid-filled sacs with a variety of 

functions 94
Peroxisomes metabolize small organic compounds 94 
Mitochondria and chloroplasts are energy-converting 

organelles 95
Mitochondria make ATP through aerobic respiration 95 
Chloroplasts convert light energy to chemical energy through 

photosynthesis 97
4.6 The Cytoskeleton 98 
Microtubules are hollow cylinders 98 
Centrosomes and centrioles function in cell division 99 
Cilia and flagella are composed of microtubules 99

Microfilaments consist of intertwined strings of actin 100 
Intermediate filaments help stabilize cell shape 102
4.7 Cell Coverings 103

5 Biological Membranes 106
5.1 The Structure o f Biological Membranes 107
Phospholipids form bilayers in water 107 
The fluid mosaic model explains membrane structure 108 
Biological membranes are two-dimensional fluids 109 
Biological membranes fuse and form closed vesicles 110 
Membrane proteins include integral and peripheral 

proteins 111
Proteins are oriented asymmetrically across the bilayer 111
5.2 Overview of Membrane Protein Functions 113
5.3 Cell Mem brane Structure and Permeability 114
Biological membranes present a barrier to polar 

molecules 114
Transport proteins transfer molecules across membranes 115
5.4 Passive Transport 115
Diffusion occurs down a concentration gradient 115 
Osmosis is diffusion of water across a selectively permeable 

membrane 116
Facilitated diffusion occurs down a concentration gradient 118
5.5 Active Transport 120
Active transport systems "pump" substances against their 

concentration gradients 120 
Carrier proteins can transport one or two solutes 122 
Cotransport systems indirectly provide energy for active 

transport 122
5.6 Exocytosis and Endocytosis 123
In exocytosis, vesicles export large molecules 123 
In endocytosis, the cell imports materials 123
5.7 Cell Junctions 125
Anchoring junctions connect cells of an epithelial sheet 125 
Tight junctions seal o ff intercellular spaces between some 

animal cells 127
Gap junctions allow the transfer of small molecules and ions 128 
Plasmodesmata allow certain molecules and ions to move 

between plant cells 128

6 Cell Communication 131
6.1 Cell Communication: An Overview 132
6.2 Sending Signals 133
6.3 Reception 134
Cells regulate reception 135
Three types of receptors occur on the cell surface 135 
Some receptors are located inside the cell 137
6.4 Signal Transduction 138
Signaling molecules can act as molecular switches 138 
Ion channel-linked receptors open or close channels 139 
G protein-linked receptors initiate signal transduction 139 
Second messengers are intracellular signaling agents 139
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Many activated intracellular receptors are transcription 
factors 142

Scaffold proteins increase efficiency 143
Signals can be transmitted in more than one direction 143
6.5 Responses to  Signals 143

Ras pathways involve tyrosine kinase receptors and 
G proteins 144

The response to a signal is amplified 144 
Signals must be terminated 145
6.6 Evolution of Cell Communication 146

PART TWO: ENERGY TRANSFER THROUGH LIVING SYSTEMS

7  Energy and Metabolism 150
7.1 Biological W ork 151
Organisms carry out conversions between potential energy 

and kinetic energy 151
7.2 The Laws of Thermodynamics 151
The total energy in the universe does not change 151 
The entropy of the universe is increasing 152
7.3 Energy and Metabolism 152
Enthalpy is the total potential energy of a system 153 
Free energy is available to do cell work 153 
Chemical reactions involve changes in free energy 153 
Free energy decreases during an exergonic reaction 153 
Free energy increases during an endergonic reaction 154 
Diffusion is an exergonic process 154 
Free-energy changes depend on the concentrations of 

reactants and products 154 
Cells drive endergonic reactions by coupling them to 

exergonic reactions 154
7.4 ATP, the Energy Currency o f the Cell 155
ATP donates energy through the transfer of a phosphate 

group 155
ATP links exergonic and endergonic reactions 156 
The cell maintains a very high ratio of ATP to ADP 156
7.5 Energy Transfer in Redox Reactions 157
Most electron carriers transfer hydrogen atoms 157
7.6 Enzymes 158
All reactions have a required energy of activation 158 
An enzyme lowers a reaction's activation energy 159 
An enzyme works by forming an enzyme-substrate 

complex 159 
Enzymes are specific 160 
Many enzymes require cofactors 160 
Enzymes are most effective at optimal conditions 161 
Enzymes are organized into teams in metabolic pathways 162 
The cell regulates enzymatic activity 162 
Enzymes are inhibited by certain chemical agents 163 
Some drugs are enzyme inhibitors 164

8 How Cells Make ATP: 
Energy-Releasing Pathways i6?
8.1 Redox Reactions 168
8.2 The Four Stages of Aerobic Respiration 168
In glycolysis, glucose yields two pyruvates 170

Pyruvate is converted to acetyl CoA 171
The citric acid cycle oxidizes acetyl groups derived from 

acetyl CoA 171
The electron transport chain is coupled to ATP 

synthesis 176
Aerobic respiration of one glucose yields a maximum of 36 to 

38 ATPs 180
Cells regulate aerobic respiration 181
8.3 Energy Yield of Nutrients Other Than 

Glucose 182
8.4 Anaerobic Respiration and Fermentation 182
Alcohol fermentation and lactate fermentation are 

inefficient 183

9 Photosynthesis: Capturing Light 
Energy is?
9.1 Light and Photosynthesis 188
9.2 Chloroplasts 189
Chlorophyll is found in the thylakoid membrane 190
Chlorophyll is the main photosynthetic pigment 191
9.3 Overview of Photosynthesis 192
ATP and NADPH are the products of the light-dependent 

reactions: An overview 192
Carbohydrates are produced during the carbon fixation 

reactions: An overview 193
9.4 The Light-Dependent Reactions 193
Photosystems I and II each consist of a reaction center and

multiple antenna complexes 194
Noncyclic electron transport produces ATP and 

NADPH 194
Cyclic electron transport produces ATP but no 

NADPH 196
ATP synthesis occurs by chemiosmosis 196
9.5 The Carbon Fixation Reactions 198
Most plants use the Calvin cycle to fix 

carbon 198
Photorespiration reduces photosynthetic 

efficiency 200
The initial carbon fixation step differs in C4 plants and in 

CAM plants 200
CAM plants fix C02 at night 202
9.6 Metabolic Diversity 202
9.7 Photosynthesis in Plants and in the  

Environment 203
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PART THREE: THE CONTINUITY OF LIFE: GENETICS

10 Chromosomes, Mitosis, and 
Meiosis гое
10.1 Eukaryotic Chromosomes 207
DNA is organized into informational units called genes 207 
DNA is packaged in a highly organized way in 

chromosomes 207
Chromosome number and informational content differ 

among species 208
10.2 The Cell Cycle and Mitosis 210
Chromosomes duplicate during interphase 210 
During prophase, duplicated chromosomes become visible 

with the microscope 211
Prometaphase begins when the nuclear envelope breaks 

down 211
Duplicated chromosomes line up on the midplane during 

metaphase 212
During anaphase, chromosomes move toward the 

poles 213
During telophase, two separate nuclei form 215 
Cytokinesis forms two separate daughter cells 215 
Mitosis produces two cells genetically identical to the 

parent cell 215
Lacking nuclei, prokaryotes divide by binary fission 216
10.3 Regulation o f the Cell Cycle 217
10.4 Sexual Reproduction and Meiosis 219
Meiosis produces haploid cells with unique gene 

combinations 220
Prophase I includes synapsis and crossing-over 221 
During meiosis I, homologous chromosomes separate 221 
Chromatids separate in meiosis II 222 
Mitosis and meiosis lead to contrasting outcomes 223
10.5 Sexual Life Cycles 224

11 The Basic Principles of Heredity 22s
11.1 Mendeľs Principles of Inheritance 229
Alleles separate before gametes are formed: the principle 

of segregation 231
Alleles occupy corresponding loci on homologous 

chromosomes 232
A monohybrid cross involves individuals with different alleles 

of a given locus 233
A dihybrid cross involves individuals that have different alleles 

at tw o loci 235
Alleles on nonhomologous chromosomes are randomly 

distributed into gametes: the principle of independent 
assortment 236

Recognition of Mendel's work came during the early 
20th century 236

11.2 Using Probability to  Predict Mendelian  
Inheritance 238

The rules of probability can be applied to a variety of 
calculations 238

11.3 Inheritance and Chromosomes 240
Linked genes do not assort independently 240 
Calculating the frequency of crossing-over reveals the linear 

order of linked genes on a chromosome 240 
Sex is generally determined by sex chromosomes 241
11.4 Extensions o f Mendelian Genetics 246 
Dominance is not always complete 246
Multiple alleles for a locus may exist in a population 248 
A single gene may affect multiple aspects of the phenotype 248 
Alleles of different loci may interact to produce a 

phenotype 248
In polygenic inheritance, the offspring exhibit a continuous 

variation in phenotypes 249
Genes interact with the environment to shape phenotype 250

12 DNA: The Carrier of Genetic 
Information 253
12.1 Evidence o f DNA as the Hereditary M aterial 254
DNA is the transforming factor in bacteria 254 
DNA is the genetic material in certain viruses 254
12.2 The Structure o f DNA 257
Nucleotides can be covalently linked in any order to form long 

polymers 257
DNA is made of two polynucleotide chains intertwined to 

form a double helix 258
In double-stranded DNA, hydrogen bonds form between 

A and T and between G and C 261
12.3 DNA Replication 261
Meselson and Stahl verified the mechanism of 

semiconservative replication 262 
Semiconservative replication explains the perpetuation of 

mutations 262
DNA replication requires protein "machinery" 263 
Enzymes proofread and repair errors in DNA 268 
Telomeres cap eukaryotic chromosome ends 268

13 Gene Expression m

13.1 Discovery of the Gene-Protein Relationship 273
Beadle and Tatum proposed the one-gene, one-enzyme 

hypothesis 273
13.2 Inform ation Flow from DNA to Protein:

An O verview  275
DNA is transcribed to form RNA 276 
RNA is translated to form a polypeptide 276 
Biologists cracked the genetic code in the 1960s 277 
The genetic code is virtually universal 278 
The genetic code is redundant 278
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13.3 Transcription 279
The synthesis of mRNA includes initiation, elongation, 

and termination 280
Messenger RNA contains base sequences that do not directly 

code for protein 281
Eukaryotic mRNA is modified after transcription and before 

translation 282
Biologists debate the evolution of eukaryotic gene 

structure 282
13.4 Translation 284
An amino acid is attached to tRNA before incorporation into a 

polypeptide 284
The components of the translational machinery come 

together at the ribosomes 285 
Translation begins with the formation of an initiation 

complex 285
During elongation, amino acids are added to the growing 

polypeptide chain 286
One of three stop codons signals the termination of 

translation 288
Transcription and translation are coupled in bacteria 288
13.5 M utations 290
Base-pair substitution mutations result from the replacement 

of one base pair by another 290 
Frameshift mutations result from the insertion or deletion of 

base pairs 290
Some mutations involve mobile genetic elements 290 
Mutations have various causes 292
13.6 Variations in Gene Expression 292
Many eukaryotic genes produce "non-coding" RNAs with 

catalytic, regulatory, or other cellular functions 292 
The definition of a gene has evolved 293 
The usual direction of information flow  has exceptions 293

14 Gene Regulation 297
14.1 Gene Regulation in Bacteria and Eukaryotes:

An O verview  298
14.2 Gene Regulation in Bacteria 299
Operons in bacteria facilitate the coordinated control of 

functionally related genes 299 
Some posttranscriptional regulation occurs in 

bacteria 303
14.3 Gene Regulation in Eukaryotic Cells 304
Eukaryotic transcription is controlled at many sites and by 

many regulatory molecules 305 
Chromosome organization affects the expression of some 

genes 307
Long non-coding RNAs (IncRNAs) regulate transcription over 

long distances within the genome 309 
The mRNAs of eukaryotes are subject to many types of 

posttranscriptional control 309 
Posttranslational chemical modifications may alter the activity 

of eukaryotic proteins 312

1 5  DNA Technology and Genomics 315
15.1 DNA Cloning 316
Restriction enzymes are "molecular scissors" used to 

construct recombinant DNA molecules 316 
Recombinant DNA is formed when DNA is spliced into a 

vector 317
Scientists use restriction enzymes and gel electrophoresis to 

examine cloned DNA fragments 318 
The polymerase chain reaction amplifies DNA 

in vitro 318
cDNA clones do not contain introns 319
15.2 CRISPR-Based Technologies 321
CRISPR-based technologies can be used to edit genes in 

growing cells 321
CRISPR-based tools exploit host DNA repair systems to 

perform many types of recombinant DNA functions 322 
Engineered CRISPR systems are used for specialized research 

applications 322
15.3 Tools for Studying DNA 323
DNA, RNA, and protein blots detect differences in related 

molecules separated by gel electrophoresis 324 
Automated DNA sequencing methods have been 

developed 324
Gene databases are powerful research tools 325 
Reverse transcription of mRNA to cDNA is used to measure 

gene expression in numerous ways 326
15.4 Genomics 328
Collaborative genome-wide association studies have radically 

changed our view of the human genome 328 
Comparative genomic databases are tools for uncovering 

gene functions 328
RNA interference is used to study gene functions 329
15.5 Applications o f DNA Technologies 330
DNA technology has revolutionized medicine 330 
DNA fingerprinting has numerous applications 331 
Transgenic organisms have many research and technological 

applications 331
15.6 CRISPR-Based Gene Drives 334
15.7 DNA Technology and Safety Concerns 336

16 Human Genetics
and the Human Genome 340
16.1 Studying Human Genetics 341
F^man chromosomes are studied by karyotyping 341 
Family pedigrees help identify certain inherited 

conditions 342
Human gene databases allow geneticists to map the locations 

of genes on chromosomes 342
16.2 Abnormalities in Chromosome Number 

and Structure 344
Down syndrome is usually caused by trisomy 21 345 
Most sex chromosome aneuploidies are less severe than 

autosomal aneuploidies 347
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Abnormalities in chromosome structure cause certain 
disorders 348

Genomic imprinting may determine whether inheritance is 
from the male or female parent 349

16.3 Genetic Diseases Caused by Single-Gene 
M utations 351

Many genetic diseases are inherited as autosomal 
recessive traits 351

Some genetic diseases are inherited as autosomal 
dominant traits 353

Some genetic diseases are inherited as X-linked 
recessive traits 353

16.4 Gene Therapy 354
Performing clinical trials on humans always has inherent 

risks 354
16.5 Genetic Testing and Counseling 355
Prenatal diagnosis detects chromosome abnormalities and 

gene defects 355
Preimplanation genetic diagnosis is used to screen embryos 

produced by in vitro fertilization 356
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Genetic counselors educate people about genetic 
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Genetic discrimination provokes heated debate 358
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addressed 358
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Most cell differences are due to differential gene 

expression 363
A totipotent nucleus contains all the instructions for 

development 364
The first cloned mammal was a sheep 366
Stem cells divide and give rise to differentiated 

cells 367
17.2 The Genetic Control of Developm ent 369
A variety of model organisms provide insights into basic 

biological processes 369
Many genes that control development have been identified in 

the fruit fly 369
Caenorhabditis elegans has a relatively rigid developmental 

pattern 374
The mouse is a model for mammalian development 377
Arabidopsis is a model for studying plant development, 

including transcription factors 379
17.3 Cancer and Cell Development 380
Oncogenes are usually altered components of cell

signaling pathways that control growth and 
differentiation 381

In many familial cancers, tumor suppressor genes must be 
inactivated before cells progress to cancer 382

Cancer cells evolve by accumulating new mutations 382

PART FOUR: THE CONTINUITY OF LIFE: EVOLUTION

18 Introduction to Darwinian
E v o l u t i o n  385
18.1 W hat Is Evolution? 386
18.2 Pre-Darwinian Ideas about Evolution 386
18.3 Darwin and Evolution 387
Darwin proposed that evolution occurs by natural 

selection 389
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20 Speciation and Macroevolution 421
20.1 W hat Is a Species? 422
The biological species concept is based on reproductive 

isolation 422
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such evidence as molecular sequencing 422
20.2 Reproductive Isolation 423
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30.4 Reconstructing Animal Phylogeny 632
Animals exhibit two main types of body symmetry 632 
Animal body plans are linked to the level of tissue 

development 633
Most bilateral animals have a body cavity lined with 

mesoderm 634
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31 Sponges, Cnidarians, Ctenophores, 
and Protostomes 64i
31.1 Sponges, Cnidarians, and Ctenophores 642
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PART SIX: STRUCTURE AND LIFE PROCESSES IN PLANTS

33 Plant Structure, Growth, and 
Development 710
33.1 The Plant Body 711
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34 Leaf Structure and Function 729
34.1 Leaf Form and Structure 730
Leaf structure is adapted for maximum light absorption 730
34.2 Stomatal Opening and Closing 736
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Additional factors affect stomatal opening and closing 737
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34.3 Transpiration and Guttation 737
Some plants exude liquid water 738
34.4 Leaf Abscission 739
In many leaves, abscission occurs at an abscission zone 

near the base of the petiole 739
34.5 M odified Leaves 740
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37.3 Fertilization and Seed and Fruit 
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predictable 790
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p a r t  SEVEN: STRUCTURE AND LIFE PROCESSES IN ANIMALS

39 Animal Structure and Function:
А П  I n t r o d u c t i o n  821
39.1 Tissues, Organs, and Organ Systems 822
Epithelial tissues cover the body and line its 

cavities 822
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Epithelial cells form membranes 823 
Connective tissues support other body 
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40 Protection, Support, and 
Movement 342
40.1 Epithelial Coverings 843
Invertebrate epithelium may secrete a cuticle 843 
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Mollusks and arthropods have nonliving exoskeletons 845 
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The action potential is an all-or-none response 869 
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42.4 The Human Central Nervous System 888
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cerebrum 889
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Axons in the white matter of the cerebrum connect parts of 
the brain 892

The body follows a circadian rhythm of sleep and 
wakefulness 892

The limbic system affects emotional aspects of behavior 896 
Learning and memory involve long-term changes 

at synapses 897
Language involves comprehension and expression 901
42.5 The Peripheral Nervous System 901
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44.1 Types o f Circulatory Systems 937
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Some invertebrates have a closed circulatory system 938 
Vertebrates have a closed circulatory system 938

44.2 Vertebrate Blood 939
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Platelets function in blood clotting 941
44.3 Vertebrate Blood Vessels 942
44.4 Evolution o f the Vertebrate Circulatory 

System 944
44.5 The Human Heart 946
Each heartbeat is initiated by a pacemaker 947 
The cardiac cycle consists of alternating periods of contraction 
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44.8 The Lymphatic System 955
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45.2 Innate Immune Responses in Vertebrates 965
Physical barriers and chemical weapons stop most 

pathogens 965
Cells of the innate immune system destroy pathogens 965 
Cytokines are important signaling molecules 966 
Complement promotes destruction of pathogens and 

enhances inflammation 967 
Inflammation is a protective response 967
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45.5 Antibody-M ediated Immunity 973
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Allergic reactions are directed against ordinary environmental 

antigens 985
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The quantity of respired air can be measured 998 
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Terrestrial vertebrates must conserve water 1037
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