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biotechnology 388

Differential Gene
Expression in 
Development   392

19.1 What Are the Processes of 
Development? 393
Development involves distinct but 

overlapping processes 393
Cell fates become progressively 

more restricted during 
development 394

19.2 How Is Cell Fate 
Determined? 395
Cytoplasmic segregation can 

determine polarity and cell fate   
395

Inducers passing from one cell to 
another can determine cell 
fates 395

19.3 What Is the Role of Gene 
Expression in 
Development? 397
Cell fate determination involves 

signal transduction pathways 
that lead to differential gene 
expression 397

Differential gene transcription is a 
hallmark of cell 
differentiation 398

19.4 How Does Gene 
Expression Determine 
Pattern Formation? 399
Multiple proteins interact to 

determine developmental 
programmed cell death  399

Plants have organ identity 
genes 400

Morphogen gradients provide 
positional information 401

A cascade of transcription factors 
establishes body segmentation 
in the fruit fly 401

19.5 Is Cell Differentiation 
Reversible? 405
Plant cells can be totipotent 405
Nuclear transfer allows the 

cloning of animals 406
Multipotent stem cells 

differentiate in response to 
environmental signals 408

Pluripotent stem cells can be 
obtained in two ways 408

Genes, 
Development, and
Evolution 412

20.1 How Can Small Genetic 
Changes Result in Large 
Changes in Phenotype?
413
Developmental genes in distantly 

related organisms are 
similar 413
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20.2 How Can Mutations with 
Large Effects Change Only 
One Part of the Body?  415
Genetic switches govern how the 

genetic toolkit is used 415
Modularity allows for differences 

in the patterns of gene 
expression 416

20.3 How Can Developmental 
Changes Result in 
Differences among 
Species? 418

Differences in Hox gene 
expression patterns result in 
major differences in body 
plans 418

Mutations in developmental 
genes can produce major 
morphological changes 418

20.4 How Can the Environment 
Modulate Development?
420
Temperature can determine 

sex 420

Dietary information can be a 
predictor of future 
conditions 421

A variety of environmental signals 
influence development 421

20.5 How Do Developmental 
Genes Constrain 
Evolution? 423
Evolution usually proceeds by 

changing what’s already 
there 423

Conserved developmental genes 
can lead to parallel 
evolution 423

PART SIX 
The Patterns and Processes of Evolution

Mechanisms of 
Evolution 427

21.1 What Is the Relationship 
between Fact and Theory 
in Evolution? 428

Darwin and Wallace introduced the 
idea of evolution by natural 
selection 428

Evolutionary theory has continued 
to develop over the past 
century 430

Genetic variation contributes to 
phenotypic variation 431

21.2 What Are the Mechanisms 
of Evolutionary 
Change? 432
Mutation generates genetic 

variation 432
Selection acting on genetic 

variation leads to new 
phenotypes 432

Gene flow may change allele 
frequencies 433

Genetic drift may cause large 
changes in small 
populations 434

Nonrandom mating can change 
genotype or allele 
frequencies 434

21.3 How Do Biologists 
Measure Evolutionary 
Change? 436
Evolutionary change can be 

measured by allele and 
genotype frequencies 436

Evolution will occur unless certain 
restrictive conditions 
exist 437

Deviations from Hardy–
Weinberg equilibrium 
show that evolution is 
occurring 438

Natural selection acts 
directly on 
phenotypes 438

Natural selection can 
change or stabilize 
populations 439

21.4 How Is Genetic 
Variation 
Distributed and 
Maintained within 
Populations? 441
Neutral mutations accumulate in 

populations 441
Sexual recombination amplifies 

the number of possible 
genotypes 441

Frequency-dependent selection 
maintains genetic variation 
within populations 441

Heterozygote advantage 
maintains polymorphic 
loci 442

Genetic variation within species is 
maintained in geographically 
distinct populations 443

21.5 What Are the Constraints 
on Evolution? 444
Developmental processes 

constrain evolution 444
Trade-offs constrain 

evolution 445
Short-term and long-term 

evolutionary outcomes 
sometimes differ 446

Reconstructing and
Using Phylogenies
449

22.1 What Is Phylogeny? 450
All of life is connected through 

evolutionary history 451
Comparisons among species 

require an evolutionary 
perspective 451

22.2 How Are Phylogenetic 
Trees Constructed? 452
Parsimony provides the simplest 

explanation for phylogenetic 
data 454

Phylogenies are reconstructed 
from many sources of 
data 454

Mathematical models expand the 
power of phylogenetic 
reconstruction 456

The accuracy of phylogenetic 
methods can be tested 457
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22.3 How Do Biologists Use 
Phylogenetic Trees? 458
Phylogenetic trees can be used to 

reconstruct past events 458
Phylogenies allow us to compare 

and contrast living 
organisms 459

Phylogenies can reveal 
convergent evolution 459

Ancestral states can be 
reconstructed 460

Molecular clocks help date 
evolutionary events 461

22.4 How Does Phylogeny 
Relate to 
Classification? 462
Evolutionary history is the basis 

for modern biological 
classification 463

Several codes of biological 
nomenclature govern the use 
of scientific names 463

Speciation 467

23.1 What Are Species? 468
We can recognize many species 

by their appearance 468
Reproductive isolation is 

key 468
The lineage approach takes a 

long-term view 469
The different species concepts 

are not mutually 
exclusive 469

23.2 What Is the Genetic Basis 
of Speciation? 470
Incompatibilities between genes 

can produce reproductive 
isolation 470

Reproductive isolation develops 
with increasing genetic 
divergence 470

23.3 What Barriers to Gene 
Flow Result in 
Speciation? 472
Physical barriers give rise to 

allopatric speciation 472
Sympatric speciation occurs 

without physical barriers 473

23.4 What Happens When 
Newly Formed Species 
Come into Contact? 475
Prezygotic isolating mechanisms 

prevent hybridization 476

Postzygotic isolating mechanisms 
result in selection against 
hybridization 478

Hybrid zones may form if 
reproductive isolation is 
incomplete 478

23.5 Why Do Rates of 
Speciation Vary? 480
Several ecological and behavioral 

factors influence speciation 
rates 480

Rapid speciation can lead to 
adaptive radiation 481

Evolution of Genes 
and Genomes 485

24.1 How Are Genomes Used to 
Study Evolution? 486
Evolution of genomes results in 

biological diversity 486
Genes and proteins are 

compared through sequence 
alignment 486

Models of sequence evolution are 
used to calculate evolutionary 
divergence 487

Experimental studies examine 
molecular evolution 
directly 489

24.2 What Do Genomes Reveal 
about Evolutionary 
Processes? 491
Much of evolution is neutral 492
Positive and purifying selection 

can be detected in the 
genome 492

Genome size also evolves 494

24.3 How Do Genomes Gain 
and Maintain Functions?
496
Lateral gene transfer can result in 

the gain of new functions 496
Most new functions arise 

following gene 
duplication 496

Some gene families evolve 
through concerted 
evolution 498

24.4 What Are Some 
Applications of Molecular 
Evolution? 499
Molecular sequence data are 

used to determine the 
evolutionary history of 
genes 499

Gene evolution is used to study 
protein function 500

In vitro evolution is used to 
produce new molecules 500

Molecular evolution is used to 
study and combat 
diseases 501

The History of Life
on Earth 505

25.1 How Do Scientists Date 
Ancient Events? 506
Radioisotopes provide a way to 

date fossils and rocks 507
Radiometric dating methods have 

been expanded and 
refined 507

Scientists have used several 
methods to construct a 
geological time scale 508

25.2 How Have Earth’s 
Continents and Climates 
Changed over Time? 508
The continents have not always 

been where they are 
today 509

Earth’s climate has shifted 
between hot and cold 
conditions 510

Volcanoes have occasionally 
changed the history of 
life 510

Extraterrestrial events have 
triggered changes on 
Earth 511

Oxygen concentrations in Earth’s 
atmosphere have changed 
over time 511

25.3 What Are the Major Events 
in Life’s History? 514
Several processes contribute to 

the paucity of fossils 514
Precambrian life was small and 

aquatic 515
Life expanded rapidly during the 

Cambrian period 516
Many groups of organisms that 

arose during the Cambrian 
later diversified 516

Geographic differentiation 
increased during the Mesozoic 
era 521

Modern biotas evolved during 
the Cenozoic era 521

The tree of life is used to 
reconstruct evolutionary 
events 522
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PART SEVEN 
The Evolution of Diversity

Bacteria, Archaea,
and Viruses 525

26.1 Where Do Prokaryotes Fit 
into the Tree of Life? 526
The two prokaryotic domains 

differ in significant ways 526
The small size of prokaryotes has 

hindered our study of their 
evolutionary relationships 527

The nucleotide sequences of 
prokaryotes reveal their 
evolutionary relationships 528

Lateral gene transfer can lead to 
discordant gene trees 529

The great majority of prokaryote 
species have never been 
studied 530

26.2 Why Are Prokaryotes So 
Diverse and Abundant?
530
The low-GC Gram-positives 

include some of the smallest 
cellular organisms 530

Some high-GC Gram-positives 
are valuable sources of 
antibiotics 532

Hyperthermophilic bacteria live at 
very high temperatures 532

Hadobacteria live in extreme 
environments 532

Cyanobacteria were the first 
photosynthesizers 532

Spirochetes move by means of 
axial filaments 533

Chlamydias are extremely small 
parasites 533

The proteobacteria are a large 
and diverse group 534

Gene sequencing enabled 
biologists to differentiate the 
domain Archaea 534

Most crenarchaeotes live in hot or 
acidic places 536

Euryarchaeotes are found in 
surprising places 536

Korarchaeotes and 
nanoarchaeotes are less well 
known 537

26.3 How Do Prokaryotes Affect 
Their Environments? 537
Prokaryotes have diverse 

metabolic pathways 537
Prokaryotes play important roles 

in element cycling 538
Many prokaryotes form complex 

communities 539

Prokaryotes live on and in other 
organisms 539

Microbiomes are critical to human 
health 539

A small minority of bacteria are 
pathogens 541

26.4 How Do Viruses Relate to 
Life’s Diversity and 
Ecology? 543
Many RNA viruses probably 

represent escaped genomic 
components of cellular 
life 544

Some DNA viruses may have 
evolved from reduced cellular 
organisms 544

Vertebrate genomes contain 
endogenous retroviruses 545

Viruses can be used to fight 
bacterial infections 545

Viruses are found throughout the 
biosphere 546

The Origin and
Diversifi cation of
Eukaryotes 549

27.1 How Did the Eukaryotic 
Cell Arise? 550
The modern eukaryotic cell arose 

in several steps 550
Chloroplasts have been 

transferred among eukaryotes 
several times 551

27.2 What Features Account for 
Protist Diversity? 552
Alveolates have sacs under their 

plasma membranes 553
Stramenopiles typically have two 

flagella of unequal length 555

Rhizaria typically have long, thin 
pseudopods 557

Excavates began to diversify 
about 1.5 billion years 
ago 558

Amoebozoans use lobe-shaped 
pseudopods for 
locomotion 559

27.3 What Is the Relationship 
between Sex and 
Reproduction in 
Protists? 562
Some protists reproduce without 

sex and have sex without 
reproduction 562

Some protist life cycles feature 
alternation of 
generations 562

27.4 How Do Protists Affect 
Their Environments? 563
Phytoplankton are primary 

producers 563
Some microbial eukaryotes are 

deadly 563
Some microbial eukaryotes are 

endosymbionts 564
We rely on the remains of ancient 

marine protists 565

Plants without 
Seeds: From Water
to Land 569

28.1 How Did Photosynthesis 
Arise in Plants? 570
Several distinct clades of algae 

were among the first 
photosynthetic 
eukaryotes 571
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Two groups of green algae are 
the closest relatives of land 
plants  572

There are ten major groups of 
land plants 573

28.2 When and How Did 
Plants Colonize 
Land? 574
Adaptations to life on land 

distinguish land plants from 
green algae 574

Life cycles of land plants feature 
alternation of generations
574

Nonvascular land plants live 
where water is readily 
available 575

The sporophytes of nonvascular 
land plants are dependent on 
the gametophytes 575

Liverworts are the sister clade 
of the remaining land 
plants 577

Water and sugar transport 
mechanisms emerged in the 
mosses 577

Hornworts have distinctive 
chloroplasts and stalkless 
sporophytes 578

28.3 What Features Allowed 
Land Plants to Diversify in 
Form? 579
Vascular tissues transport water 

and dissolved materials 579
Vascular plants allowed 

herbivores to colonize the 
land 580

The closest relatives of vascular 
plants lacked roots 580

The lycophytes are sister to the 
other vascular plants 581

Horsetails and ferns constitute a 
clade 581

The vascular plants branched 
out 582

Heterospory appeared among 
the vascular plants 584

The Evolution 
of Seed Plants
588

29.1 How Did Seed Plants 
Become Today’s Dominant 
Vegetation? 589
Features of the seed plant life 

cycle protect gametes and 
embryos 589

The seed is a complex, well-
protected package 591

A change in stem anatomy 
enabled seed plants to grow to 
great heights 591

29.2 What Are the Major 
Groups of 
Gymnosperms? 592
There are four major groups of 

living gymnosperms 592
Conifers have cones and no 

swimming sperm 593

29.3 How Do Flowers and Fruits 
Increase the Reproductive 
Success of 
Angiosperms? 596
Angiosperms have many shared 

derived traits 596
The sexual structures of 

angiosperms are flowers 596
Flower structure has evolved over 

time 597
Angiosperms have coevolved 

with animals 598
The angiosperm life cycle 

produces diploid zygotes 
nourished by triploid 
endosperms 600

Fruits aid angiosperm seed 
dispersal 601

Recent analyses have revealed 
the phylogenetic relationships 
of angiosperms 601

29.4 How Do Plants Benefit 
Human Society? 604
Seed plants have been sources of 

medicine since ancient 
times 604

Seed plants are our primary food 
source  605

The Evolution
and Diversity of
Fungi 608

30.1 What Is a Fungus? 609
Unicellular yeasts absorb nutrients 

directly 609
Multicellular fungi use hyphae to 

absorb nutrients 609
Fungi are in intimate contact with 

their environment 610

30.2 How Do Fungi 
Interact with Other 
Organisms? 611
Saprobic fungi are critical to the 

planetary carbon cycle 611
Some fungi engage in parasitic or 

predatory interactions 611
Mutualistic fungi engage in 

relationships that benefit both 
partners 612

Endophytic fungi protect some 
plants from pathogens, 
herbivores, and stress 615

30.3 How Do Major Groups of 
Fungi Differ in Structure 
and Life History? 615
Fungi reproduce both sexually 

and asexually 616
Microsporidia are highly reduced, 

parasitic fungi 617
Most chytrids are aquatic  617
Some fungal life cycles feature 

separate fusion of cytoplasms 
and nuclei 619

Arbuscular mycorrhizal fungi form 
symbioses with plants 619

The dikaryotic condition is a 
synapomorphy of sac fungi and 
club fungi 620

The sexual reproductive structure 
of sac fungi is the ascus 620

The sexual reproductive structure 
of club fungi is the 
basidium 622

30.4 What Are Some 
Applications of Fungal 
Biology? 623
Fungi are important in producing 

food and drink 623
Fungi record and help remediate 

environmental pollution 624
Lichen diversity and abundance 

are indicators of air 
quality 624

Fungi are used as model 
organisms in laboratory 
studies 624

Reforestation may depend on 
mycorrhizal fungi 626
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Fungi provide important weapons 
against diseases and 
pests 626

Animal Origins 
and the Evolution 
of Body Plans 629

31.1 What Characteristics 
Distinguish the 
Animals? 630
Animal monophyly is supported 

by gene sequences and 
morphology 630

A few basic developmental 
patterns differentiate major 
animal groups 633

31.2 What Are the Features of 
Animal Body Plans? 634
Most animals are 

symmetrical 634
The structure of the body cavity 

influences movement 635
Segmentation improves control of 

movement 636
Appendages have many 

uses 636
Nervous systems coordinate 

movement and allow sensory 
processing 637

31.3 How Do Animals Get Their 
Food? 637
Filter feeders capture small 

prey 637
Herbivores eat plants 637
Predators and omnivores capture 

and subdue prey 638
Parasites live in or on other 

organisms 638
Detritivores live on the remains of 

other organisms 639

31.4 How Do Life Cycles Differ 
among Animals? 639
Many animal life cycles feature 

specialized life stages 639
Most animal life cycles have at 

least one dispersal stage 640
Parasite life cycles facilitate 

dispersal and overcome host 
defenses 640

Some animals form colonies of 
genetically identical, 
physiologically integrated 
individuals 640

No life cycle can maximize all 
benefits 641

31.5 What Are the Major 
Groups of Animals? 643
Sponges are loosely organized 

animals 643
Ctenophores are radially 

symmetrical and 
diploblastic 644

Placozoans are abundant but 
rarely observed 645

Cnidarians are specialized 
predators 645

Some small groups of parasitic 
animals may be the closest 
relatives of bilaterians 648

Protostome 
Animals 651

32.1 What Is a 
Protostome? 652

Cilia-bearing lophophores and 
trochophores evolved among the 
lophotrochozoans 652

Ecdysozoans must shed their 
cuticles 654

Arrow worms retain some ancestral 
developmental features 655

32.2 What Features Distinguish 
the Major Groups of 
Lophotrochozoans? 656
Most bryozoans and entoprocts 

live in colonies 656
Flatworms, rotifers, and 

gastrotrichs are structurally 
diverse relatives 656

Ribbon worms have a long, 
protrusible feeding organ 658

Brachiopods and phoronids use 
lophophores to extract food 
from the water 658

Annelids have segmented 
bodies 659

Mollusks have undergone a 
dramatic evolutionary 
radiation 662

32.3 What Features Distinguish 
the Major Groups of 
Ecdysozoans? 665
Several marine ecdysozoan 

groups have relatively few 
species 665

Nematodes and their relatives are 
abundant and diverse 666

32.4 Why Are Arthropods So 
Diverse? 667
Arthropod relatives have fleshy, 

unjointed appendages 667
Jointed appendages appeared in 

the trilobites 668
Chelicerates have pointed, 

nonchewing mouthparts 668
Mandibles and antennae 

characterize the remaining 
arthropod groups 669

More than half of all described 
species are insects 671

Deuterostome
Animals 678

33.1 What Is a 
Deuterostome? 679
Deuterostomes share early 

developmental patterns 679
There are three major 

deuterostome clades 679
Fossils shed light on 

deuterostome ancestors 679

33.2 What Features Distinguish 
the Echinoderms, 
Hemichordates, and Their 
Relatives? 680
Echinoderms have unique 

structural features 680
Hemichordates are wormlike 

marine deuterostomes 682

33.3 What New Features 
Evolved in the 
Chordates? 683
Adults of most lancelets and 

tunicates are sedentary 684
A dorsal supporting structure 

replaces the notochord in 
vertebrates 684

The phylogenetic relationships of 
jawless fishes are 
uncertain 685

Jaws and teeth improved feeding 
efficiency 686

Fins and swim bladders improved 
stability and control over 
locomotion 686

33.4 How Did Vertebrates 
Colonize the Land? 689
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Jointed limbs enhanced support 
and locomotion on land 689

Amphibians usually require moist 
environments 690

Amniotes colonized dry 
environments 692

Reptiles adapted to life in many 
habitats 693

Crocodilians and birds share their 
ancestry with the 
dinosaurs 693

Feathers allowed birds to 
fly 695

Mammals radiated after the 
extinction of non-avian 
dinosaurs 696

33.5 What Traits Characterize 
the Primates? 701

Two major lineages of primates 
split late in the 
Cretaceous 701

Bipedal locomotion evolved in 
human ancestors 702

Human brains became larger as 
jaws became smaller 704

Humans developed complex 
language and culture 705

PART EIGHT
Flowering Plants: Form and Function

The Plant Body
708

34.1 What Is the Basic Body 
Plan of Plants? 709
Most angiosperms are either 

monocots or eudicots 709
Plants develop differently than 

animals 710
Apical–basal polarity and radial 

symmetry are characteristics of 
the plant body 711

34.2 What Are the Major Tissues 
of Plants? 712
The plant body is constructed 

from three tissue systems 712
Cells of the xylem transport water 

and dissolved minerals 714
Cells of the phloem transport 

the products of 
photosynthesis 714

34.3 How Do Meristems Build a 
Continuously Growing 
Plant? 715
Plants increase in size through 

primary and secondary 
growth 715

A hierarchy of meristems 
generates the plant body 715

Indeterminate primary growth 
originates in apical 
meristems 715

The root apical meristem gives 
rise to the root cap and the 
root primary meristems 716

The products of the root’s 
primary meristems become 
root tissues 716

The root system anchors the 
plant and takes up water and 
dissolved minerals 718

The products of the stem’s 
primary meristems become 
stem tissues 719

The stem supports leaves and 
flowers 720

Leaves are determinate organs 
produced by shoot apical 
meristems 720

Many eudicot stems and roots 
undergo secondary 
growth 721

34.4 How Has Domestication 
Altered Plant Form? 723

Transport in
Plants 726

35.1 How Do Plants Take Up 
Water and Solutes? 727
Water potential differences 

govern the direction of water 
movement  727

Water and ions move across 
the root cell plasma 
membrane 728

Water and ions pass to the xylem 
by way of the apoplast and 
symplast 729

35.2 How Are Water 
and Minerals 
Transported in 
the Xylem?  730
The transpiration–

cohesion–tension 
mechanism accounts for 
xylem transport 731

35.3 How Do Stomata 
Control the Loss 
of Water and 
the Uptake of 
CO2? 732
The guard cells 

control the size of 
the stomatal opening
733

Plants can control their total 
numbers of stomata 734

35.4 How Are Substances 
Translocated in the 
Phloem? 734
Sucrose and other solutes are 

carried in the phloem 734
The pressure flow model appears 

to account for translocation in 
the phloem 735

Plant 
Nutrition 740

36.1 What Nutrients Do Plants 
Require? 741
All plants require specific 

macronutrients and 
micronutrients 741

Deficiency symptoms reveal 
inadequate nutrition 742

Hydroponic experiments 
identified essential 
elements 742
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36.2 How Do Plants Acquire 
Nutrients? 743
Plants rely on growth to find 

nutrients 743
Nutrient uptake and assimilation 

are regulated 744

36.3 How Does Soil Structure 
Affect Plants? 744
Soils are complex in 

structure 745
Soils form through the 

weathering of rock 745
Soils are the source of plant 

nutrition 746
Fertilizers can be used to add 

nutrients to soil 746

36.4 How Do Fungi and Bacteria 
Increase Nutrient Uptake 
by Plant Roots? 747
Plants send signals for 

colonization 747
Mycorrhizae expand the root 

system 748
Soil bacteria are essential in 

getting nitrogen from air to 
plant cells 749

Nitrogenase catalyzes nitrogen 
fixation 749

Biological nitrogen fixation does 
not always meet agricultural 
needs 750

Plants and bacteria participate in 
the global nitrogen cycle 750

36.5 How Do Carnivorous and 
Parasitic Plants Obtain a 
Balanced Diet? 751
Carnivorous plants supplement 

their mineral nutrition 751
Parasitic plants take advantage of 

other plants 752
The plant–parasite relationship is 

similar to plant–fungus and 
plant–bacteria 
associations 753

Regulation of 
Plant Growth 756

37.1 How Does Plant 
Development 
Proceed? 757
In early development, the seed 

germinates and forms a 
growing seedling 757

Several hormones and 
photoreceptors help regulate 
plant growth 758

Genetic screens have increased 
our understanding of plant 
signal transduction 759

37.2 What Do 
Gibberellins and 
Auxin Do? 760
Gibberellins have many 

effects on plant 
growth and 
development 760

Auxin plays a role in 
differential plant 
growth 762

Auxin affects plant 
growth in several 
ways 765

At the molecular level, 
auxin and gibberellins 
act similarly 767

37.3 What Are 
the Effects of 
Cytokinins, Ethylene,
and Brassinosteroids? 768
Cytokinins are active from seed 

to senescence 768
Ethylene is a gaseous hormone 

that hastens leaf senescence 
and fruit ripening 769

Brassinosteroids are plant steroid 
hormones 771

37.4 How Do Photoreceptors 
Participate in Plant Growth 
Regulation? 771
Phototropins, cryptochromes, and 

zeaxanthin are blue-light 
receptors 771

Phytochromes mediate the 
effects of red and far-red 
light 772

Phytochrome stimulates gene 
transcription 773

Circadian rhythms are entrained 
by light reception 774

Reproduction in
Flowering Plants
778

38.1 How Do Angiosperms 
Reproduce Sexually? 779
The flower is an angiosperm’s 

structure for sexual 
reproduction 779

Flowering plants have 
microscopic 
gametophytes 779

Pollination in the absence of 
water is an evolutionary 
adaptation 780

A pollen tube delivers sperm cells 
to the embryo sac 780

Many flowering plants control 
pollination or pollen tube 
growth to prevent 
inbreeding 782

Angiosperms perform double 
fertilization 783

Embryos develop within seeds 
contained in fruits 784

Seed development is under 
hormonal control 785

38.2 What Determines the 
Transition from the 
Vegetative to the 
Flowering State?  785
Shoot apical meristems can 

become inflorescence 
meristems 785

A cascade of gene expression 
leads to flowering 786

Photoperiodic cues can initiate 
flowering 787

Plants vary in their responses to 
photoperiodic cues 787

Night length is a key 
photoperiodic cue that 
determines flowering 788

The flowering stimulus originates 
in a leaf 788

Florigen is a small protein 790
Flowering can be induced by 

temperature or 
gibberellin  790

Some plants do not require an 
environmental cue to 
flower 792

38.3 How Do Angiosperms 
Reproduce Asexually? 792
Many forms of asexual 

reproduction exist 792
Vegetative reproduction has a 

disadvantage 793
Vegetative reproduction is 

important in agriculture 793
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