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The availability of AP courses has resulted in steady growth of the AP 
program nationally. It has also shone a spotlight on the needs of AP 
students. As a teacher you are tasked with helping to cultivate your 
students' understanding – that is, teach them to “think like scientists” – 
while preparing them for success on the AP Biology exam. 

At McGraw-Hill Education, we understand the challenge of aligning 
biology instruction to the AP College Board Curriculum Framework. 
Raven’s Biology helps you meet the challenge by providing a variety of 
resources.

 ■ Raven’s Biology provides a comprehensive text that helps guide 
students through their study of AP Biology.

 ■ The Focus Review Guide workbook helps review and focus students 
on the content most essential to the AP Biology course. 

 ■ The AP Teacher’s Manual provides teaching strategies, suggested 
activities, and labs.

 ■ The AP advantage, an effective, easy-to-use solution for 
implementing your course with fidelity, providing personalized 
support for every student, and ensuring AP Biology Exam success.
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AP® advantage Overview
The AP advantage gives you 3 digital AP solutions on one powerful platform with  
a single sign-on. It’s all grounded in a core scientific curriculum you can trust.

Simply point and click to access diverse supplemental resources for teaching AP 
Biology your way while helping students develop the skills for tackling the  
AP Exam and college  coursework.

Follow these 3 steps to help your students earn a 5:

TM

TM

ONboard teaches scientific thinking skills and 
background knowledge to help prepare students 
for the rigors of their AP course.  

Connect is your AP Biology course management 
solution providing teachers with program support, 
tools, and resources all in one convenient online 
location.   

Start with ONboard™

Support with Connect®

Succeed with SCOREboard™

STEP 1 

STEP 2 

STEP 3 

Using SCOREboard, students have Advanced 
Placement Exam preparation that truly adapts 
to their learning needs to deliver a personalized 
learning path to AP Exam success.   

®

7 Back to CONTENTS
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Reinforce students’ background knowledge for more  
effective instruction from day one 

ONboard for AP Biology presents students with a series 
of self-paced, interactive modules for refining and 
mastering the skills necessary for success in AP Biology 
coursework and the AP Biology Exam. 

ONboard prepares students and informs teachers with:

 ■ A Pre-Test and Comprehensive Final Assessment with 
robust reporting features that show growth and 
identify skill gaps. 

 ■ Check Points and Quizzes with immediate feedback 
for gauging student comprehension. 

 ■ Animations and Interactivities to engage students 
with diverse learning styles.  

TM

for ADVANCED PLACEMENT®

Best Virtual  
Learning Solution!

Start with ONboard™

What's Covered
Pre-Test
Introduction to ONboard for AP Biology
Module 1: Biology Big Ideas
Module 2: Experimental Design
Module 3: Math Skills
Module 4: Graphing and Data Analysis
Module 5: Chemistry Foundations
Comprehensive Assessment

STEP 1 

®

7 Back to CONTENTS
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STEP 2 

®

Chapter Contents

4.3 

4.4 

4.5 

4.6 

4.7 

4
Part II Biology of the Cell

Essential Knowledge

 Big Idea 1 

 Big Idea 2 

 Big Idea 2 

 Big Idea 3 

 Big Idea 4

CONFIRMING PAGES

Manage your class your way with digital, print, or hybrid 
course management tools

Support with Connect ®

Connect® is your solution for AP Biology curriculum 
support and course management. It provides teachers 
with a range of useful resources and access to 
online presentation, assignment, and assessment 
solutions. Students also get an adaptive, interactive 
AP SmartBook™ powered by LearnSmart™ that will help 
them study smarter, not harder. 

Connect® also contains: 

 ■ AP Chapter Banks. Each chapter bank contains 
AP-style multiple choice, free response, and grid-
in questions where applicable. These questions are 
correlated to the AP Curriculum Framework and help 
provide students with an excellent opportunity to 
practice answering AP-style questions. 

 ■ Test Bank. Connect contains a comprehensive bank 
of questions for each chapter. Teachers can create 
or edit questions to prepare tests quickly and easily. 
Tests can be published in Connect so students can 
complete them online.

 ■ Teacher Presentation Tools. The presentation tools 
give teachers access to photos, artwork, animations, 
and other media that can be used to create 
customized lectures, visually enhanced tests and 
quizzes, or attractive printed support materials.

SmartBook® is the first and only adaptive reading 
experience designed to improve the way students 
read and learn. Powered by the intelligent diagnostic 
and adaptive LearnSmart® engine, SmartBook uses 
assessments that consider both confidence level 
and responses to content questions to identify what 
a student knows and doesn’t know. As the student 

reads, the material constantly adapts to ensure the 
student is focused on the content he or she needs 
the most to close any knowledge gaps. The result is 
that students learn faster, study more efficiently, and 
retain more knowledge, allowing teachers to focus 
valuable class time on higher-level concepts.

7 Back to CONTENTS
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Part I  The Molecular Basis of Life
Chapter  1  The Science of AP Biology
Chapter 2  The Nature of Molecules
Chapter 3  The Chemical Building Blocks of Life

Part II  Biology of the Cell
Chapter 4  Cell Structure
Chapter 5  Membranes
Chapter 6  Energy and Metabolism
Chapter 7  How Cells Harvest Energy
Chapter 8  Photosynthesis
Chapter 9  Cell Communication
Chapter 10  How Cells Divide

Part III  Genetic and Molecular Biology
Chapter 11  Sexual Reproduction and Meiosis
Chapter 12  Patterns of Inheritance
Chapter 13  Chromosomes, Mapping, and the  
  Meiosis— Inheritance Connection
Chapter 14  DNA: The Genetic Material
Chapter 15  Genes and How They Work
Chapter 16  Control of Gene Expression
Chapter 17  Biotechnology
Chapter 18  Genomics
Chapter 19  Cellular Mechanisms of Development

Part IV  Evolution
Chapter 20  Genes Within Populations
Chapter 21  The Evidence for Evolution
Chapter 22  The Origin of Species
Chapter 23  Systematics, Phylogenetics, and  
  Comparative Biology
Chapter 24  Genome Evolution
Chapter 25  Evolution of Development

Part V  Diversity of Life on Earth
Chapter 26 Origin and Diversity of Life
Chapter 27  Viruses
Chapter 28  Prokaryotes
Chapter 29  Protists
Chapter 30  Seedless Plants
Chapter 31  Seed Plants
Chapter 32  Fungi
Chapter 33  Animal Diversity & the Evolution  
  of Body Plans
Chapter 34  Protostomes
Chapter 35  Deuterostomes

Part VI  Plant Form and Function
Chapter 36  Plant Form
Chapter 37  Transport in Plants
Chapter 38  Plant Nutrition and Soils
Chapter 39  Plant Defense Responses
Chapter 40  Sensory Systems in Plants
Chapter 41  Plant Reproduction

Part VII  Animal Form and Function
Chapter 42  The Animal Body and Principles  
  of Regulation
Chapter 43  The Nervous System
Chapter 44  Sensory Systems
Chapter 45  The Endocrine System
Chapter 46  The Musculoskeletal System
Chapter 47  The Digestive System
Chapter 48  The Respiratory System
Chapter 49  The Circulatory System
Chapter 50  Osmotic Regulation and the  
  Urinary System
Chapter 51  The Immune System
Chapter 52  The Reproductive Systems
Chapter 53   Animal Development

Part VIII  Ecology and Behavior
Chapter 54  Behavioral Biology
Chapter 55  Ecology of Individuals  
  and Populations
Chapter 56  Community Ecology
Chapter 57  Dynamics of Ecosystems
Chapter 58  The Biosphere
Chapter 59 Conservation Biology

Biology’s comprehensive, inquiry-based approach coupled 
with its integration of print and digital make it the perfect 
solution for today’s AP Biology classroom.

Biology Guided Tour STEP 2 

®

Red titles indicate AP  Essential Knowledge Chapters  |   Blue titles indicate Extending Knowledge Chapters

The Biology learning system uses unique tools and chapter designation to 
help guide students through their study of AP Biology. Chapters have 
been designated as either an AP Essential Knowledge or an AP Extending 
Knowledge chapter. The content covered in AP Essential Knowledge 
chapters represents core concepts from the AP Biology Curriculum, while 
AP Extending Knowledge chapters contain illustrative examples.  
AP Extending Knowledge chapters allow students to apply core content 
to a variety of specific examples including a variety of biological systems. 
As a teacher you can choose to use these chapters to enhance student 
understanding of a specific biological concept or you may choose to cover 
these chapters after the AP Exam in May. 

Table of Contents
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Biology Guided Tour continued

1 μmAP

Chapter Contents

4.1 Cell Theory

4.2 Prokaryotic Cells

4.3 Eukaryotic Cells

4.4 The Endomembrane System

4.5 Mitochondria and Chloroplasts: Cellular Generators

4.6 The Cytoskeleton

4.7 Extracellular Structures and Cell Movement

4.8 Cell-to-Cell Interactions

Cell Structure

CHAPTER 4
Part II Biology of the Cell

Learning Outcomes
1. Discuss the cell theory.
2. Describe the factors that limit cell size.
3. Categorize structural and functional similarities  

in cells.

4.1 Cell Theory
Cells are characteristically microscopic in size. Although there are 
exceptions, a typical eukaryotic cell is 10 to 100 micrometers (µm) 
(10 to 100 millionths of a meter) in diameter, although most pro-
karyotic cells are only 1 to 10 µm in diameter.

Because cells are so small, they were not discovered until the 
invention of the microscope in the 17th century. English natural 
philosopher Robert Hooke was the first to observe cells in 1665, 
naming the shapes he saw in cork cellulae (Latin, “small rooms”). 
This is known to us as cells. Another early microscopist, Dutch 
Anton van Leeuwenhoek, first observed living cells, which he 
termed “animalcules,” or little animals. After these early efforts, a 

Essential Knowledge

1.B.1 Organisms share many conserved core processes and features that evolved and are widely  
distributed among organisms today. (4.2, 4.3, 4.6)

 Big Idea 1 

2.B.1 Cell membranes are selectively permeable due to their structure. (4.1, 4.2)  Big Idea 2 

2.B.3 Eukaryotic cells maintain internal membranes that partition the cell into specialized regions. (4.2, 4.3)  Big Idea 2 

3.D.2 Cells communicate with each other through direct contact with other cells or from a distance vial 
chemical signaling.  (4.8)

 Big Idea 3 

4.A.2 The structure and function of subcellular components, and their interactions, provide essential  
cellular processes. (4.3, 4.4, 4.5)

 Big Idea 4

chapter 4 Cell Structure 59www.ravenbiology.com

rav667246_ch04_CR_085-087.indd   59 9/28/15   5:20 PM
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AP  Essential Knowledge Chapters

STEP 2 

®

Let's take a look at the two different chapter types, AP Essential 
Knowledge and AP Extending Knowledge chapters. 

7 Back to CONTENTS
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Biology Guided Tour continued
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Let's take a look at the two different chapter types, AP Essential 
Knowledge and AP Extending Knowledge chapters. 
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Biology Guided Tour continued
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The AP Chapter Reviews for AP Essential 
Knowledge chapters provide a short chapter 
overview pinpointing the most significant  
sections of the chapter. 

Plasmodesma

Central
tubule

Smooth
ER

Cell 1 Cell 2

Primary
cell wall

Middle lamella Plasma
membrane

Learning Outcomes Review 4.8
The evolution of multicellularity required the acquisition of cell 
adhesion molecules to connect cells together. Cell connections 
fall into three basic categories: (1) adhesive junctions provide 
strength and flexibility; (2) tight, or septate, junctions help 
to make sheets of cells that form watertight seals; and (3) 
communicating junctions, including gap junctions in animals 
and plasmodesmata in plants, allow passage of some materials 
between cells. Cells in multicellular organisms have distinct 
identity and connections. Cell identity is conferred by surface 
glycoproteins, which include the MHC proteins that are important 
in the immune system.

■ How do cell junctions help to form tissues?
Figure 4.29  Plasmodesmata. Plant cells can communicate 
through specialized openings in their cell walls, called plasmodesmata, 
where the cytoplasm of adjoining cells are connected.

Plasmodesmata function much like gap junctions in animal 
cells, although their structure is more complex. Unlike gap 
junctions, plasmodesmata are lined with plasma membrane and 
contain a central tubule that connects the endoplasmic reticulum of 
the two cells.

Chapter 4 Cell Structure

The following summaries are a snapshot of the material 
covered in the chapter. Sections 4.1-4.6 and 4.8 directly 
correlate to the AP Biology curriculum. However, the 
information contained in the other sections is valuable to your 
understanding of biology and the AP Curriculum.

4.1 Cell Theory 
The cell theory is the idea that all cells come from other cells and that 
all living things are composed of cells.  Many cells share features that 
are similar in structure and function, such as a plasma membrane which 
control what goes in and out of a cell.  2.B.1 

4.2 Prokaryotic Cells
Prokaryotic cells have relatively simple organization. They contain DNA 
and ribosomes, but they lack a nucleus, an internal membrane system, 
and membrane-bounded organelles. A rigid cell wall, composed of 
peptidoglycan, surrounds the plasma membrane. In most prokaryotes, 
DNA is organized into a single circular chromosome, a contrast to 
eukaryotes where numerous chromosomes are present. Prokaryotic cells 
have many processes that eukaryotic cells do such as, transcription and 
translation.  1.B.1 ,  2.B.1 ,  2.B.3 

4.3 Eukaryotic Cells
Eukaryotic cells are much more complex than prokaryotic cells. 
Eukaryotic cells have a membrane-bounded nucleus, an endomembrane 

system, and many different organelles.  They are small which allows 
them to move materials across the membrane with ease. The nucleus 
acts likes an information center and is surrounded by an envelope of 
two phospholipid bilayers. Pores allow exchange of small molecules. 
The nucleolus is a region of the nucleoplasm where RNA is transcribed 
and ribosomes are assembled. Ribosomes translate mRNA to produce 
polypeptides. They are found in all cell types.  1.B.1 ,  2.B.3 ,  4.A.2 

4.4 The Endomembrane System
The endomembrane system divides the cell into structural and 
contractual compartments. These compartments work together to 
ensure that cells function efficiently. The system is made up of the 
following parts: endoplasmic reticulum, the Golgi, and lysosomes. 
The endoplasmic reticulum (ER) creates channels and passages 
within the cytoplasm and has two types. The rough ER (RER) is 
studded with ribosomes and is the site of protein synthesis.  It 
synthesizes and modifies proteins and manufactures membranes. 
The smooth endoplasmic reticulum (SER) lacks ribosomes; it is 
involved in carbohydrate and lipid synthesis and detoxification. 
The Golgi apparatus sorts and packages proteins. It receives vesicles 
from the ER, modifies and packages macromolecules, and transports 
them outside of the cell. Lysosomes contain digestive enzymes. They 
break down macromolecules and recycle the components of old 
organelles.  4.A.2 

4.5 Mitochondria and Chloroplasts: Cellular Generators
Mitochondria and chloroplasts have a double-membrane structure, 
contain their own DNA, and can divide independently. Mitochondria 
metabolize sugar to generate ATP which is the currency of our cells’ 

Chapter ReviewAP

chapter 4 Cell Structure 85www.ravenbiology.com
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and membrane-bounded organelles. A rigid cell wall, composed of 
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4.3 Eukaryotic Cells
Eukaryotic cells are much more complex than prokaryotic cells. 
Eukaryotic cells have a membrane-bounded nucleus, an endomembrane 

system, and many different organelles.  They are small which allows 
them to move materials across the membrane with ease. The nucleus 
acts likes an information center and is surrounded by an envelope of 
two phospholipid bilayers. Pores allow exchange of small molecules. 
The nucleolus is a region of the nucleoplasm where RNA is transcribed 
and ribosomes are assembled. Ribosomes translate mRNA to produce 
polypeptides. They are found in all cell types.  1.B.1 ,  2.B.3 ,  4.A.2 

4.4 The Endomembrane System
The endomembrane system divides the cell into structural and 
contractual compartments. These compartments work together to 
ensure that cells function efficiently. The system is made up of the 
following parts: endoplasmic reticulum, the Golgi, and lysosomes. 
The endoplasmic reticulum (ER) creates channels and passages 
within the cytoplasm and has two types. The rough ER (RER) is 
studded with ribosomes and is the site of protein synthesis.  It 
synthesizes and modifies proteins and manufactures membranes. 
The smooth endoplasmic reticulum (SER) lacks ribosomes; it is 
involved in carbohydrate and lipid synthesis and detoxification. 
The Golgi apparatus sorts and packages proteins. It receives vesicles 
from the ER, modifies and packages macromolecules, and transports 
them outside of the cell. Lysosomes contain digestive enzymes. They 
break down macromolecules and recycle the components of old 
organelles.  4.A.2 

4.5 Mitochondria and Chloroplasts: Cellular Generators
Mitochondria and chloroplasts have a double-membrane structure, 
contain their own DNA, and can divide independently. Mitochondria 
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Learning Outcomes Review 4.8
The evolution of multicellularity required the acquisition of cell 
adhesion molecules to connect cells together. Cell connections 
fall into three basic categories: (1) adhesive junctions provide 
strength and flexibility; (2) tight, or septate, junctions help 
to make sheets of cells that form watertight seals; and (3) 
communicating junctions, including gap junctions in animals 
and plasmodesmata in plants, allow passage of some materials 
between cells. Cells in multicellular organisms have distinct 
identity and connections. Cell identity is conferred by surface 
glycoproteins, which include the MHC proteins that are important 
in the immune system.

■ How do cell junctions help to form tissues?
Figure 4.29  Plasmodesmata. Plant cells can communicate 
through specialized openings in their cell walls, called plasmodesmata, 
where the cytoplasm of adjoining cells are connected.

Plasmodesmata function much like gap junctions in animal 
cells, although their structure is more complex. Unlike gap 
junctions, plasmodesmata are lined with plasma membrane and 
contain a central tubule that connects the endoplasmic reticulum of 
the two cells.

Chapter 4 Cell Structure

The following summaries are a snapshot of the material 
covered in the chapter. Sections 4.1-4.6 and 4.8 directly 
correlate to the AP Biology curriculum. However, the 
information contained in the other sections is valuable to your 
understanding of biology and the AP Curriculum.

4.1 Cell Theory 
The cell theory is the idea that all cells come from other cells and that 
all living things are composed of cells.  Many cells share features that 
are similar in structure and function, such as a plasma membrane which 
control what goes in and out of a cell.  2.B.1 

4.2 Prokaryotic Cells
Prokaryotic cells have relatively simple organization. They contain DNA 
and ribosomes, but they lack a nucleus, an internal membrane system, 
and membrane-bounded organelles. A rigid cell wall, composed of 
peptidoglycan, surrounds the plasma membrane. In most prokaryotes, 
DNA is organized into a single circular chromosome, a contrast to 
eukaryotes where numerous chromosomes are present. Prokaryotic cells 
have many processes that eukaryotic cells do such as, transcription and 
translation.  1.B.1 ,  2.B.1 ,  2.B.3 

4.3 Eukaryotic Cells
Eukaryotic cells are much more complex than prokaryotic cells. 
Eukaryotic cells have a membrane-bounded nucleus, an endomembrane 

system, and many different organelles.  They are small which allows 
them to move materials across the membrane with ease. The nucleus 
acts likes an information center and is surrounded by an envelope of 
two phospholipid bilayers. Pores allow exchange of small molecules. 
The nucleolus is a region of the nucleoplasm where RNA is transcribed 
and ribosomes are assembled. Ribosomes translate mRNA to produce 
polypeptides. They are found in all cell types.  1.B.1 ,  2.B.3 ,  4.A.2 

4.4 The Endomembrane System
The endomembrane system divides the cell into structural and 
contractual compartments. These compartments work together to 
ensure that cells function efficiently. The system is made up of the 
following parts: endoplasmic reticulum, the Golgi, and lysosomes. 
The endoplasmic reticulum (ER) creates channels and passages 
within the cytoplasm and has two types. The rough ER (RER) is 
studded with ribosomes and is the site of protein synthesis.  It 
synthesizes and modifies proteins and manufactures membranes. 
The smooth endoplasmic reticulum (SER) lacks ribosomes; it is 
involved in carbohydrate and lipid synthesis and detoxification. 
The Golgi apparatus sorts and packages proteins. It receives vesicles 
from the ER, modifies and packages macromolecules, and transports 
them outside of the cell. Lysosomes contain digestive enzymes. They 
break down macromolecules and recycle the components of old 
organelles.  4.A.2 

4.5 Mitochondria and Chloroplasts: Cellular Generators
Mitochondria and chloroplasts have a double-membrane structure, 
contain their own DNA, and can divide independently. Mitochondria 
metabolize sugar to generate ATP which is the currency of our cells’ 
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metabolism. The inner membrane of mitochondria is extensively 
folded into layers called cristae. Proteins on the surface and in the inner 
membrane carry out metabolism of sugar to produce ATP. Chloroplasts 
capture light energy and oxygen via thylakoid membranes arranged in 
stacks called grana to generate ATP (this is the light-depended stage of 
photosynthesis). In the light independent reactions, cells use that ATP 
and CO2 to synthesize glucose. Mitochondria and chloroplasts arose by 
endosymbiosis. This theory proposes that mitochondria and chloroplasts 
were once prokaryotes engulfed by another cell.  4.A.2 

4.6 The Cytoskeleton
The cytoskeleton consists of crisscrossed protein fibers that support the 
shape of the cell and anchor organelles. Three types of fibers compose 
the cytoskeleton. Actin filaments, or microfilaments, are long, think 
polymers involved in cellular movement. Microtubules are hollow 
structures that move materials within a cell. Intermediate filaments 
serve wide variety of functions. Centrosomes help assemble the nuclear 
division apparatus of animal cells. Molecular motors move vesicles 
along microtubules, like a train on a railroad track. Kinesin and dynein 
are two motor proteins.  1.B.1 

4.7 Extracellular Structures and Cell Movement
Cell crawling occurs as actin polymerization forces the cell membrane 
forward, while myosin pulls the cell body forward. Eukaryotic flagella 
have a 9 + 2 structure and arise from a basal body. Cilia are shorter 
and more numerous than flagella. Plants have cell walls composed of 
cellulose fibers. The middle lamella, between cell walls, holds adjacent 
cells together. Glycoproteins are the main component of the extracellular 
matrix (ECM) of animal cells. 

4.8 Cell-to-Cell Interactions
Cells communicate by chemical signaling or direct contact. 
Surface proteins give cells identity. These glycolipids and MHC 
proteins on cell surfaces help distinguish self from nonself. Cell 
connections mediate cell-to-cell adhesion. Cell junctions include 
tight junctions, adhesive junctions, and communicating junctions. 
In animals, gap junctions allow the passage of small molecules 
between cells. In plants, plasmodesmata penetrate the cell wall and 
connect cells.  3.D.2 

AP  M U LT I P L E  C H O I C E

 1. A student is investigating microbes found in his refrigerator for a 
school project. He finds that the scum at the bottom of his 
refrigerator is rich in peptidoglycan, a complex combination of 
carbohydrate and peptide material. Identify which type of living 
thing is present in this refrigerator scum.
a. Bacteria
b. Archaea
c. Fungi
d. Animalia

 2. The evolutionary history of prokaryotic and eukaryotic cells has 
been intensely studied.  Which statement would best justify the 
claim that ribosomes are one of the most ancient of all cellular 
organelles?
a. Ribosomes are directly involved in vital energy processes.
b. Some ribosomes are attached to endoplasmic reticulum.
c. Ribosomes are found in all cell types in organisms from all 

three domains.
d. Ribosomes in eukaryotes are made of r-RNA, but in 

prokaryotes they are made of t-RNA.
 3. Eukaryotic cells possess an extensive endomembrane system. 

Components of this system include organelles such as the 
endoplasmic reticulum, Golgi apparatus, and lysosome. The 
extensive use of internal membranes gives eukaryotic cells certain 
useful advantages not seen in prokaryotic cells. Choose the 
example that correctly describes one of these advantages.
a. Nucleic acids can freely mingle with cytoplasmic enzymes
b. Lysosomes can maintain a much lower pH than the 

surrounding cytosol

c. Endoplasmic reticulum is prevented from forming vesicles
d. Surface area available for chemical reactions is greatly 

decreased
 4. Mitochondria are organelles specialized to perform cellular 

respiration.  Observations about them include the following: 
Mitochondria have their own DNA. Before a cell divides, 
mitochondria divide in two, doubling the number of 
mitochondria in the parent cell. Mitochondria cannot be grown 
in cell-free cultures in the lab. From the answers below, choose 
the best conclusion based on the observations about 
mitochondria.
a. Mitochondria are not essential to cells.
b. Cellular respiration is not essential to cells.
c. Mitochondria are self-sustaining, independent of a host cell.
d. Mitochondria are not self-sustaining, and require nuclear DNA.

 5. Cell-to-cell communication is a vital function in multicellular 
organisms. Identify the communicating junction that allows for 
cytoplasmic connections in plant cells.
a. Plasmodesmata
b. Gap junction
c. Desmosome
d. Tight junction

 6. Actin is a globular protein that forms filaments in many different 
cells. A disorder that disabled actin filaments would most likely 
reduce what type of cellular activity?
a. Glucose synthesis
b. Movement
c. Protein synthesis
d. Digestion of waste material
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AP  F R E E  R E S P O N S E
 1. There are thousands of different eukaryotic cells in existence. 

Included in this vast list is a large range of plant and animal cells. 
a. Identify one structure found in both plant and animal cells 

that would indicate they share a common ancestor. Justify 
your selection. 

b. Identify one structure found only in plant cells that would 
indicate that plant and animal cells have evolved separately at 
some point. Justify your selection.

 2. The smooth endoplasmic reticulum is the site of synthesis of the 
phospholipids that make up all the membranes of a cell—especially 
the plasma membrane. Describe a pathway that would carry a 
phospholipid molecule from the SER to the plasma membrane. 
Explain how a phospholipid molecule can move between 
membrane compartments.

 3. The protist Giardia intestinalis is an organism associated with 
water-borne diarrheal diseases. G. intestinalis is an unusual 
eukaryote because it seems to lack mitochondria. Provide two 
possible scenarios for the lack of mitochondria in the context of the 
endosymbiotic theory.

AP  G R I D - I N
  With some exceptions, cells are too small to be seen with the naked 

eye. But within the microscopic world, there is still considerable 
variation in their size. This is particularly obvious when comparing 
prokaryotic and eukaryotic cells. On the scale shown to the right, 
compare the prokaryotic cell to the human egg cell. Calculate how 
much larger the human egg cell is than the prokaryotic cell. Give 
your to the nearest whole number.
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metabolism. The inner membrane of mitochondria is extensively 
folded into layers called cristae. Proteins on the surface and in the inner 
membrane carry out metabolism of sugar to produce ATP. Chloroplasts 
capture light energy and oxygen via thylakoid membranes arranged in 
stacks called grana to generate ATP (this is the light-depended stage of 
photosynthesis). In the light independent reactions, cells use that ATP 
and CO2 to synthesize glucose. Mitochondria and chloroplasts arose by 
endosymbiosis. This theory proposes that mitochondria and chloroplasts 
were once prokaryotes engulfed by another cell.  4.A.2 

4.6 The Cytoskeleton
The cytoskeleton consists of crisscrossed protein fibers that support the 
shape of the cell and anchor organelles. Three types of fibers compose 
the cytoskeleton. Actin filaments, or microfilaments, are long, think 
polymers involved in cellular movement. Microtubules are hollow 
structures that move materials within a cell. Intermediate filaments 
serve wide variety of functions. Centrosomes help assemble the nuclear 
division apparatus of animal cells. Molecular motors move vesicles 
along microtubules, like a train on a railroad track. Kinesin and dynein 
are two motor proteins.  1.B.1 

4.7 Extracellular Structures and Cell Movement
Cell crawling occurs as actin polymerization forces the cell membrane 
forward, while myosin pulls the cell body forward. Eukaryotic flagella 
have a 9 + 2 structure and arise from a basal body. Cilia are shorter 
and more numerous than flagella. Plants have cell walls composed of 
cellulose fibers. The middle lamella, between cell walls, holds adjacent 
cells together. Glycoproteins are the main component of the extracellular 
matrix (ECM) of animal cells. 

4.8 Cell-to-Cell Interactions
Cells communicate by chemical signaling or direct contact. 
Surface proteins give cells identity. These glycolipids and MHC 
proteins on cell surfaces help distinguish self from nonself. Cell 
connections mediate cell-to-cell adhesion. Cell junctions include 
tight junctions, adhesive junctions, and communicating junctions. 
In animals, gap junctions allow the passage of small molecules 
between cells. In plants, plasmodesmata penetrate the cell wall and 
connect cells.  3.D.2 

AP  M U LT I P L E  C H O I C E

 1. A student is investigating microbes found in his refrigerator for a 
school project. He finds that the scum at the bottom of his 
refrigerator is rich in peptidoglycan, a complex combination of 
carbohydrate and peptide material. Identify which type of living 
thing is present in this refrigerator scum.
a. Bacteria
b. Archaea
c. Fungi
d. Animalia

 2. The evolutionary history of prokaryotic and eukaryotic cells has 
been intensely studied.  Which statement would best justify the 
claim that ribosomes are one of the most ancient of all cellular 
organelles?
a. Ribosomes are directly involved in vital energy processes.
b. Some ribosomes are attached to endoplasmic reticulum.
c. Ribosomes are found in all cell types in organisms from all 

three domains.
d. Ribosomes in eukaryotes are made of r-RNA, but in 

prokaryotes they are made of t-RNA.
 3. Eukaryotic cells possess an extensive endomembrane system. 

Components of this system include organelles such as the 
endoplasmic reticulum, Golgi apparatus, and lysosome. The 
extensive use of internal membranes gives eukaryotic cells certain 
useful advantages not seen in prokaryotic cells. Choose the 
example that correctly describes one of these advantages.
a. Nucleic acids can freely mingle with cytoplasmic enzymes
b. Lysosomes can maintain a much lower pH than the 

surrounding cytosol

c. Endoplasmic reticulum is prevented from forming vesicles
d. Surface area available for chemical reactions is greatly 

decreased
 4. Mitochondria are organelles specialized to perform cellular 

respiration.  Observations about them include the following: 
Mitochondria have their own DNA. Before a cell divides, 
mitochondria divide in two, doubling the number of 
mitochondria in the parent cell. Mitochondria cannot be grown 
in cell-free cultures in the lab. From the answers below, choose 
the best conclusion based on the observations about 
mitochondria.
a. Mitochondria are not essential to cells.
b. Cellular respiration is not essential to cells.
c. Mitochondria are self-sustaining, independent of a host cell.
d. Mitochondria are not self-sustaining, and require nuclear DNA.

 5. Cell-to-cell communication is a vital function in multicellular 
organisms. Identify the communicating junction that allows for 
cytoplasmic connections in plant cells.
a. Plasmodesmata
b. Gap junction
c. Desmosome
d. Tight junction

 6. Actin is a globular protein that forms filaments in many different 
cells. A disorder that disabled actin filaments would most likely 
reduce what type of cellular activity?
a. Glucose synthesis
b. Movement
c. Protein synthesis
d. Digestion of waste material
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AP  F R E E  R E S P O N S E
 1. There are thousands of different eukaryotic cells in existence. 

Included in this vast list is a large range of plant and animal cells. 
a. Identify one structure found in both plant and animal cells 

that would indicate they share a common ancestor. Justify 
your selection. 

b. Identify one structure found only in plant cells that would 
indicate that plant and animal cells have evolved separately at 
some point. Justify your selection.

 2. The smooth endoplasmic reticulum is the site of synthesis of the 
phospholipids that make up all the membranes of a cell—especially 
the plasma membrane. Describe a pathway that would carry a 
phospholipid molecule from the SER to the plasma membrane. 
Explain how a phospholipid molecule can move between 
membrane compartments.

 3. The protist Giardia intestinalis is an organism associated with 
water-borne diarrheal diseases. G. intestinalis is an unusual 
eukaryote because it seems to lack mitochondria. Provide two 
possible scenarios for the lack of mitochondria in the context of the 
endosymbiotic theory.

AP  G R I D - I N
  With some exceptions, cells are too small to be seen with the naked 

eye. But within the microscopic world, there is still considerable 
variation in their size. This is particularly obvious when comparing 
prokaryotic and eukaryotic cells. On the scale shown to the right, 
compare the prokaryotic cell to the human egg cell. Calculate how 
much larger the human egg cell is than the prokaryotic cell. Give 
your to the nearest whole number.
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metabolism. The inner membrane of mitochondria is extensively 
folded into layers called cristae. Proteins on the surface and in the inner 
membrane carry out metabolism of sugar to produce ATP. Chloroplasts 
capture light energy and oxygen via thylakoid membranes arranged in 
stacks called grana to generate ATP (this is the light-depended stage of 
photosynthesis). In the light independent reactions, cells use that ATP 
and CO2 to synthesize glucose. Mitochondria and chloroplasts arose by 
endosymbiosis. This theory proposes that mitochondria and chloroplasts 
were once prokaryotes engulfed by another cell.  4.A.2 

4.6 The Cytoskeleton
The cytoskeleton consists of crisscrossed protein fibers that support the 
shape of the cell and anchor organelles. Three types of fibers compose 
the cytoskeleton. Actin filaments, or microfilaments, are long, think 
polymers involved in cellular movement. Microtubules are hollow 
structures that move materials within a cell. Intermediate filaments 
serve wide variety of functions. Centrosomes help assemble the nuclear 
division apparatus of animal cells. Molecular motors move vesicles 
along microtubules, like a train on a railroad track. Kinesin and dynein 
are two motor proteins.  1.B.1 

4.7 Extracellular Structures and Cell Movement
Cell crawling occurs as actin polymerization forces the cell membrane 
forward, while myosin pulls the cell body forward. Eukaryotic flagella 
have a 9 + 2 structure and arise from a basal body. Cilia are shorter 
and more numerous than flagella. Plants have cell walls composed of 
cellulose fibers. The middle lamella, between cell walls, holds adjacent 
cells together. Glycoproteins are the main component of the extracellular 
matrix (ECM) of animal cells. 

4.8 Cell-to-Cell Interactions
Cells communicate by chemical signaling or direct contact. 
Surface proteins give cells identity. These glycolipids and MHC 
proteins on cell surfaces help distinguish self from nonself. Cell 
connections mediate cell-to-cell adhesion. Cell junctions include 
tight junctions, adhesive junctions, and communicating junctions. 
In animals, gap junctions allow the passage of small molecules 
between cells. In plants, plasmodesmata penetrate the cell wall and 
connect cells.  3.D.2 

AP  M U LT I P L E  C H O I C E

 1. A student is investigating microbes found in his refrigerator for a 
school project. He finds that the scum at the bottom of his 
refrigerator is rich in peptidoglycan, a complex combination of 
carbohydrate and peptide material. Identify which type of living 
thing is present in this refrigerator scum.
a. Bacteria
b. Archaea
c. Fungi
d. Animalia

 2. The evolutionary history of prokaryotic and eukaryotic cells has 
been intensely studied.  Which statement would best justify the 
claim that ribosomes are one of the most ancient of all cellular 
organelles?
a. Ribosomes are directly involved in vital energy processes.
b. Some ribosomes are attached to endoplasmic reticulum.
c. Ribosomes are found in all cell types in organisms from all 

three domains.
d. Ribosomes in eukaryotes are made of r-RNA, but in 

prokaryotes they are made of t-RNA.
 3. Eukaryotic cells possess an extensive endomembrane system. 

Components of this system include organelles such as the 
endoplasmic reticulum, Golgi apparatus, and lysosome. The 
extensive use of internal membranes gives eukaryotic cells certain 
useful advantages not seen in prokaryotic cells. Choose the 
example that correctly describes one of these advantages.
a. Nucleic acids can freely mingle with cytoplasmic enzymes
b. Lysosomes can maintain a much lower pH than the 

surrounding cytosol

c. Endoplasmic reticulum is prevented from forming vesicles
d. Surface area available for chemical reactions is greatly 

decreased
 4. Mitochondria are organelles specialized to perform cellular 

respiration.  Observations about them include the following: 
Mitochondria have their own DNA. Before a cell divides, 
mitochondria divide in two, doubling the number of 
mitochondria in the parent cell. Mitochondria cannot be grown 
in cell-free cultures in the lab. From the answers below, choose 
the best conclusion based on the observations about 
mitochondria.
a. Mitochondria are not essential to cells.
b. Cellular respiration is not essential to cells.
c. Mitochondria are self-sustaining, independent of a host cell.
d. Mitochondria are not self-sustaining, and require nuclear DNA.

 5. Cell-to-cell communication is a vital function in multicellular 
organisms. Identify the communicating junction that allows for 
cytoplasmic connections in plant cells.
a. Plasmodesmata
b. Gap junction
c. Desmosome
d. Tight junction

 6. Actin is a globular protein that forms filaments in many different 
cells. A disorder that disabled actin filaments would most likely 
reduce what type of cellular activity?
a. Glucose synthesis
b. Movement
c. Protein synthesis
d. Digestion of waste material
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AP  F R E E  R E S P O N S E
 1. There are thousands of different eukaryotic cells in existence. 

Included in this vast list is a large range of plant and animal cells. 
a. Identify one structure found in both plant and animal cells 

that would indicate they share a common ancestor. Justify 
your selection. 

b. Identify one structure found only in plant cells that would 
indicate that plant and animal cells have evolved separately at 
some point. Justify your selection.

 2. The smooth endoplasmic reticulum is the site of synthesis of the 
phospholipids that make up all the membranes of a cell—especially 
the plasma membrane. Describe a pathway that would carry a 
phospholipid molecule from the SER to the plasma membrane. 
Explain how a phospholipid molecule can move between 
membrane compartments.

 3. The protist Giardia intestinalis is an organism associated with 
water-borne diarrheal diseases. G. intestinalis is an unusual 
eukaryote because it seems to lack mitochondria. Provide two 
possible scenarios for the lack of mitochondria in the context of the 
endosymbiotic theory.

AP  G R I D - I N
  With some exceptions, cells are too small to be seen with the naked 

eye. But within the microscopic world, there is still considerable 
variation in their size. This is particularly obvious when comparing 
prokaryotic and eukaryotic cells. On the scale shown to the right, 
compare the prokaryotic cell to the human egg cell. Calculate how 
much larger the human egg cell is than the prokaryotic cell. Give 
your to the nearest whole number.
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Chapter Contents

30.1 Origin of Land Plants

30.2 Bryophytes: Dominant Gametophyte Generation

30.3 Tracheophyte Plants: Dominant Sporophyte 
Generation

30.4 Lycophytes: Divergent from Main Lineage of 
Vascular Plants

30.5 Pterophytes: Ferns and Their Relatives

Seedless Plants

CHAPTER 30

 30.1 Origin of Land Plants

Learning Outcomes
1. Explain the relationship between the different algae clades 

and plants.
2. Describe the haplodiplontic life cycle.
3. Distinguish between a sporophyte and a gametophyte.
4. Identify two major environmental challenges for land plants 

and associated adaptations.

Imagine Earth 500 million years ago. Most of the continents were 
in the southern hemisphere. A diverse array of animals swam 
through the seas, feeding on an abundance of algae. In stark 

contrast, the terrestrial environment was a barren landscape. 
Slowly, though, sea life began to explore the possibilities of living 
on land. Eventually, land plants evolved from green algae. This 
began the conversion of bare ground to the rich and diverse 
ecosystems found on our planet today.

Green algae and the land plants shared a common ances-
tor a little over 1 bya and are collectively referred to as the 
green plants. DNA sequence data are consistent with the claim 
that a single individual gave rise to all green plants. The green 
plants are photoautotrophic, but not all photoautotrophs are 
plants.

Although the plant kingdom includes the green algae, it does 
not include the fungi, which are more closely related to metazoan 
animals (see chapter 33). Fungi, however, were essential to the 
colonization of land by plants, enhancing plants’ nutrient uptake 
from the soil.

APExtending Knowledge
In Part IV, you learned that organisms share many processes which reflect both common ancestry as well as  
differences due to adaptations in different habitats. Chapter 30 introduces land plants, which exhibit both shared  
properties with freshwater algae as well as unique osmoregulatory mechanisms for terrestrial environments. 
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Seedless Plants

CHAPTER 30

 30.1 Origin of Land Plants

Learning Outcomes
1. Explain the relationship between the different algae clades 

and plants.
2. Describe the haplodiplontic life cycle.
3. Distinguish between a sporophyte and a gametophyte.
4. Identify two major environmental challenges for land plants 

and associated adaptations.

Imagine Earth 500 million years ago. Most of the continents were 
in the southern hemisphere. A diverse array of animals swam 
through the seas, feeding on an abundance of algae. In stark 

contrast, the terrestrial environment was a barren landscape. 
Slowly, though, sea life began to explore the possibilities of living 
on land. Eventually, land plants evolved from green algae. This 
began the conversion of bare ground to the rich and diverse 
ecosystems found on our planet today.

Green algae and the land plants shared a common ances-
tor a little over 1 bya and are collectively referred to as the 
green plants. DNA sequence data are consistent with the claim 
that a single individual gave rise to all green plants. The green 
plants are photoautotrophic, but not all photoautotrophs are 
plants.

Although the plant kingdom includes the green algae, it does 
not include the fungi, which are more closely related to metazoan 
animals (see chapter 33). Fungi, however, were essential to the 
colonization of land by plants, enhancing plants’ nutrient uptake 
from the soil.

APExtending Knowledge
In Part IV, you learned that organisms share many processes which reflect both common ancestry as well as  
differences due to adaptations in different habitats. Chapter 30 introduces land plants, which exhibit both shared  
properties with freshwater algae as well as unique osmoregulatory mechanisms for terrestrial environments. 
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Take a look at an Extending Knowledge chapter. These 
chapters are ideal for enhancing student understanding of key 
concepts through the use of illustrative examples. 
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Biology Guided Tour continued
Extending Knowledge Chapters

The Chapter Review pages for  
Extending Knowledge chapters 
provide a short summary of 
each section. While the material 
in this chapter is not core con-
tent required by the AP Biology 
Curriculum, examples within 
these chapters can be used to 
illustrate key concepts of AP 
Biology.

Chapter 30 Seedless Plants

The following summaries are a snapshot of the material 
covered in the chapter. Chapter 30 does not correlate directly 
to the AP Biology Curriculum, however, it does provide 
illustrative examples for Big Idea 2. Information contained in 
Chapter 30 is valuable to your understanding of biology and 
the AP Curriculum.

30.1 Origin of Land Plants
Land plants and green algae are known as green plants. All green plants 
arose from a single freshwater green algal species. The charophytes are 
the sister clade of the land plants and together these groups are called 
the streptophytes. Land plants have two major characteristics: protected 
embryos and multicellular haploid and diploid phases. A waxy cuticle, 
stomata, and specialized cells for transport of water and minerals 
enhance survival. Most multicellular green plants have haplodiplontic 
life cycles with multicellular diploid sporophytes and haploid 
gametophytes. The relative sizes of haploid and diploid generations vary 
as some plants became more complex, the sporophyte stage became the 
dominant phase.

30.2  Bryophytes: Dominant Gametophyte Generation 
Bryophytes consist of three distinct clades: liverworts, mosses, and 
hornworts. Bryophytes do not have true roots or tracheids, but do have 
conducting cells for movement of water and nutrients. In liverworts and 
mosses, the nonphotosynthetic sporophyte is nutritionally dependent on 
the gametophyte. In some liverworts, the gametophyte is flattened and 
has lobes that resemble those of the liver. Mosses exhibit alternation 
of generations and have widespread distribution. Stomata in the 
sporophytes of hornworts can open and close to regulate gas exchange. 
The sporophyte is also photosynthetic. 

30.3  Tracheophyte Plants: Dominant Sporophyte 
Generation

The tracheophyte vascular plants found today exist in three clades: 
lycophytes, pterophytes, and seed plants. Vascular tissue allows for 
distribution of nutrients. The evolution of tracheids allowed more 
efficient vascular systems to develop. This vascular tissue develops 
in the sporophyte, and the gametophyte is largely reduced. Stems 
evolved prior to roots because roots and leaves evolved more than 
once. Lycophytes evolved small leaves called lycophylls that lack 
vascularization. The true leaves (euphylls) are found only in ferns and 
seed plants and have origins different from lycophylls. Seeds are another 
innovation in the advanced tracheophyte phyla. They are resistant 
structures that protect the embryo from desiccation and to some extent 
from predators.

30.4  Lycophytes: Divergent from Main Lineage of 
Vascular Plants

Lycophyte ancestors were the earliest vascular plants and were among 
the first plants to have a dominant sporophyte generation. 

30.5 Pterophytes: Ferns and Their Relatives
Ancestors of the pterophytes gave rise to two clades: one line of ferns 
and horsetails, and a second line of ferns and whisk ferns. Pterophytes 
require water for fertilization and are seedless. Whisk ferns lack roots 
and leaves. Horsetails have jointed stems with brushlike leaves. Ferns 
have specialized leaves called fronts. Sporangia called sori develop no 
the underside of the fronds. 

Chapter Review

600 part V Diversity of Life on Earth
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to the AP Biology Curriculum, however, it does provide 
illustrative examples for Big Idea 2. Information contained in 
Chapter 30 is valuable to your understanding of biology and 
the AP Curriculum.
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stomata, and specialized cells for transport of water and minerals 
enhance survival. Most multicellular green plants have haplodiplontic 
life cycles with multicellular diploid sporophytes and haploid 
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as some plants became more complex, the sporophyte stage became the 
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hornworts. Bryophytes do not have true roots or tracheids, but do have 
conducting cells for movement of water and nutrients. In liverworts and 
mosses, the nonphotosynthetic sporophyte is nutritionally dependent on 
the gametophyte. In some liverworts, the gametophyte is flattened and 
has lobes that resemble those of the liver. Mosses exhibit alternation 
of generations and have widespread distribution. Stomata in the 
sporophytes of hornworts can open and close to regulate gas exchange. 
The sporophyte is also photosynthetic. 

30.3  Tracheophyte Plants: Dominant Sporophyte 
Generation

The tracheophyte vascular plants found today exist in three clades: 
lycophytes, pterophytes, and seed plants. Vascular tissue allows for 
distribution of nutrients. The evolution of tracheids allowed more 
efficient vascular systems to develop. This vascular tissue develops 
in the sporophyte, and the gametophyte is largely reduced. Stems 
evolved prior to roots because roots and leaves evolved more than 
once. Lycophytes evolved small leaves called lycophylls that lack 
vascularization. The true leaves (euphylls) are found only in ferns and 
seed plants and have origins different from lycophylls. Seeds are another 
innovation in the advanced tracheophyte phyla. They are resistant 
structures that protect the embryo from desiccation and to some extent 
from predators.

30.4  Lycophytes: Divergent from Main Lineage of 
Vascular Plants

Lycophyte ancestors were the earliest vascular plants and were among 
the first plants to have a dominant sporophyte generation. 

30.5 Pterophytes: Ferns and Their Relatives
Ancestors of the pterophytes gave rise to two clades: one line of ferns 
and horsetails, and a second line of ferns and whisk ferns. Pterophytes 
require water for fertilization and are seedless. Whisk ferns lack roots 
and leaves. Horsetails have jointed stems with brushlike leaves. Ferns 
have specialized leaves called fronts. Sporangia called sori develop no 
the underside of the fronds. 
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Extending Knowledge Chapters

M U LT I P L E  C H O I C E

 1. Which of the following plant structures is NOT matched to its 
correct function?
a. Stomata—allow gas transfer
b. Tracheids—allow the movement of water and minerals
c. Cuticle—prevents desiccation
d. All of the choices are matched correctly.

 2. Which of the following genera most likely directly gave rise to the 
land plants?
a. Volvox
b. Chlamydomonas

c. Ulva
d. Chara

 3. Which of the following would NOT be found in a bryophyte?
a. Mycorrhizal associations
b. Rhizoids
c. Tracheid cells
d. Photosynthetic gametophytes

 4. Which of the following statements is correct regarding  
the bryophytes?
a. The bryophytes represent a monophyletic clade.
b. The sporophyte stage of all bryophytes is photosynthetic.
c. Archegonium and antheridium represent haploid structures 

that produce reproductive cells.
d. Stomata are common to all bryophytes.

 5. Evolutionary innovations that increase desiccation tolerance 
include
a. waxy cuticles.
b. abscisic acid–signaling pathways.
c. rhizoids.
d. All of the choices are correct.

 6. Which of the following statements about the pterophytes is 
accurate?
a. Horsetails and whisk ferns form a single clade.
b. Ferns form a single clade.
c. Whisk ferns have euphylls.
d. All pterophytes have a dominant sporophyte generation.

 7. Compare what happens to a spore mother cell as it gives rise to a 
spore with what happens to a spore as it gives rise to a 
gametophyte.
a. The spore mother cell and the spore both go through meiosis.
b. The spore mother cell and the spore both go through mitosis.
c. The spore mother cell goes through mitosis, and the spore 

goes through meiosis.
d. The spore mother cell goes through meiosis, and the spore 

goes through mitosis.
 8. How could a plant without roots obtain sufficient nutrients from 

the soil?
a. It cannot; all land plants have roots.
b. Mycorrhizal fungi associate with the plant and assist with the 

transfer of nutrients.
c. Charophytes associate with the plant and assist with the 

transfer of nutrients.
d. It relies on its xylem in the absence of a root.

 9. A major innovation of land plants is embryo protection. How is a 
moss embryo protected from desiccation?
a. By the seed
b. By the antheridium
c. By the archegonium
d. By the lycophyll

10. In comparing the Selaginella and Physcomitrella genomes, you 
would expect to find that
a. both have genes needed for flagellar arms.
b. Selaginella has 3000 new genes not found in Physcomitrella.
c. Selaginella, but not Physcomitrella, has abscisic acid genes 

and other abiotic stress genes.
d. some of the novel genes in Selaginella encode proteins 

necessary for tracheid development.
11. The following evolutionary trends are seen in the seedless land 

plants.
a. Gametophytes became photosynthetic.
b. A key innovation accompanying the appearance of 

pterophytes was the haplodiplontic life cycle.
c. The gametophyte generation became the dominant generation.
d. There is increased protection of the sporophyte generation in 

its early developmental stages.
12. Identify which of the following statements is true.

a. Moss and lycophytes have leaves.
b. Leaves of lycophytes and pterophytes have different origins.
c. Leaves were a bryophyte innovation.
d. Leaf polarity genes in Selaginella support the hypothesis that 

leaves evolved one time in all the land plants.

F R E E  R E S P O N S E

 1. You have access to the sequenced genomes for moss and the 
lycophyte Selaginella. Your goal in analyzing the data is to write a 
ground-breaking paper that answers an important question about the 
evolution of land plants. What question would you try to answer?

 2. Would you expect the sporophyte generation of a moss or a fern to 
have more mitotic divisions? Why?

 3. Imagine hypothetical moss and fern trees, each 10 m tall. Which 
would face the greater barriers to sexual reproduction? Why?

Complete the activities in Chapter 30 of your Focus Review 
Guide to review content essential for your AP exam.

Review Questions
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Focus Review Guide chapter.
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Chapter 30 Seedless Plants

The following summaries are a snapshot of the material 
covered in the chapter. Chapter 30 does not correlate directly 
to the AP Biology Curriculum, however, it does provide 
illustrative examples for Big Idea 2. Information contained in 
Chapter 30 is valuable to your understanding of biology and 
the AP Curriculum.

30.1 Origin of Land Plants
Land plants and green algae are known as green plants. All green plants 
arose from a single freshwater green algal species. The charophytes are 
the sister clade of the land plants and together these groups are called 
the streptophytes. Land plants have two major characteristics: protected 
embryos and multicellular haploid and diploid phases. A waxy cuticle, 
stomata, and specialized cells for transport of water and minerals 
enhance survival. Most multicellular green plants have haplodiplontic 
life cycles with multicellular diploid sporophytes and haploid 
gametophytes. The relative sizes of haploid and diploid generations vary 
as some plants became more complex, the sporophyte stage became the 
dominant phase.

30.2  Bryophytes: Dominant Gametophyte Generation 
Bryophytes consist of three distinct clades: liverworts, mosses, and 
hornworts. Bryophytes do not have true roots or tracheids, but do have 
conducting cells for movement of water and nutrients. In liverworts and 
mosses, the nonphotosynthetic sporophyte is nutritionally dependent on 
the gametophyte. In some liverworts, the gametophyte is flattened and 
has lobes that resemble those of the liver. Mosses exhibit alternation 
of generations and have widespread distribution. Stomata in the 
sporophytes of hornworts can open and close to regulate gas exchange. 
The sporophyte is also photosynthetic. 

30.3  Tracheophyte Plants: Dominant Sporophyte 
Generation

The tracheophyte vascular plants found today exist in three clades: 
lycophytes, pterophytes, and seed plants. Vascular tissue allows for 
distribution of nutrients. The evolution of tracheids allowed more 
efficient vascular systems to develop. This vascular tissue develops 
in the sporophyte, and the gametophyte is largely reduced. Stems 
evolved prior to roots because roots and leaves evolved more than 
once. Lycophytes evolved small leaves called lycophylls that lack 
vascularization. The true leaves (euphylls) are found only in ferns and 
seed plants and have origins different from lycophylls. Seeds are another 
innovation in the advanced tracheophyte phyla. They are resistant 
structures that protect the embryo from desiccation and to some extent 
from predators.

30.4  Lycophytes: Divergent from Main Lineage of 
Vascular Plants

Lycophyte ancestors were the earliest vascular plants and were among 
the first plants to have a dominant sporophyte generation. 

30.5 Pterophytes: Ferns and Their Relatives
Ancestors of the pterophytes gave rise to two clades: one line of ferns 
and horsetails, and a second line of ferns and whisk ferns. Pterophytes 
require water for fertilization and are seedless. Whisk ferns lack roots 
and leaves. Horsetails have jointed stems with brushlike leaves. Ferns 
have specialized leaves called fronts. Sporangia called sori develop no 
the underside of the fronds. 
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 1. Which of the following plant structures is NOT matched to its 
correct function?
a. Stomata—allow gas transfer
b. Tracheids—allow the movement of water and minerals
c. Cuticle—prevents desiccation
d. All of the choices are matched correctly.

 2. Which of the following genera most likely directly gave rise to the 
land plants?
a. Volvox
b. Chlamydomonas

c. Ulva
d. Chara

 3. Which of the following would NOT be found in a bryophyte?
a. Mycorrhizal associations
b. Rhizoids
c. Tracheid cells
d. Photosynthetic gametophytes

 4. Which of the following statements is correct regarding  
the bryophytes?
a. The bryophytes represent a monophyletic clade.
b. The sporophyte stage of all bryophytes is photosynthetic.
c. Archegonium and antheridium represent haploid structures 

that produce reproductive cells.
d. Stomata are common to all bryophytes.

 5. Evolutionary innovations that increase desiccation tolerance 
include
a. waxy cuticles.
b. abscisic acid–signaling pathways.
c. rhizoids.
d. All of the choices are correct.

 6. Which of the following statements about the pterophytes is 
accurate?
a. Horsetails and whisk ferns form a single clade.
b. Ferns form a single clade.
c. Whisk ferns have euphylls.
d. All pterophytes have a dominant sporophyte generation.

 7. Compare what happens to a spore mother cell as it gives rise to a 
spore with what happens to a spore as it gives rise to a 
gametophyte.
a. The spore mother cell and the spore both go through meiosis.
b. The spore mother cell and the spore both go through mitosis.
c. The spore mother cell goes through mitosis, and the spore 

goes through meiosis.
d. The spore mother cell goes through meiosis, and the spore 

goes through mitosis.
 8. How could a plant without roots obtain sufficient nutrients from 

the soil?
a. It cannot; all land plants have roots.
b. Mycorrhizal fungi associate with the plant and assist with the 

transfer of nutrients.
c. Charophytes associate with the plant and assist with the 

transfer of nutrients.
d. It relies on its xylem in the absence of a root.

 9. A major innovation of land plants is embryo protection. How is a 
moss embryo protected from desiccation?
a. By the seed
b. By the antheridium
c. By the archegonium
d. By the lycophyll

10. In comparing the Selaginella and Physcomitrella genomes, you 
would expect to find that
a. both have genes needed for flagellar arms.
b. Selaginella has 3000 new genes not found in Physcomitrella.
c. Selaginella, but not Physcomitrella, has abscisic acid genes 

and other abiotic stress genes.
d. some of the novel genes in Selaginella encode proteins 

necessary for tracheid development.
11. The following evolutionary trends are seen in the seedless land 

plants.
a. Gametophytes became photosynthetic.
b. A key innovation accompanying the appearance of 

pterophytes was the haplodiplontic life cycle.
c. The gametophyte generation became the dominant generation.
d. There is increased protection of the sporophyte generation in 

its early developmental stages.
12. Identify which of the following statements is true.

a. Moss and lycophytes have leaves.
b. Leaves of lycophytes and pterophytes have different origins.
c. Leaves were a bryophyte innovation.
d. Leaf polarity genes in Selaginella support the hypothesis that 

leaves evolved one time in all the land plants.

F R E E  R E S P O N S E

 1. You have access to the sequenced genomes for moss and the 
lycophyte Selaginella. Your goal in analyzing the data is to write a 
ground-breaking paper that answers an important question about the 
evolution of land plants. What question would you try to answer?

 2. Would you expect the sporophyte generation of a moss or a fern to 
have more mitotic divisions? Why?

 3. Imagine hypothetical moss and fern trees, each 10 m tall. Which 
would face the greater barriers to sexual reproduction? Why?

Complete the activities in Chapter 30 of your Focus Review 
Guide to review content essential for your AP exam.

Review Questions

chapter 30 Seedless Plants 601www.ravenbiology.com

rav667246_ch30_CR_600-601.indd   601 13/11/15   5:38 pm

CONFIRMING PAGES

The Review Questions for these 
chapters provide a content review, 
but are not presented in the AP 
style. For AP-style free-response 
questions addressing illustrative 
examples presented in these 
chapters, see the Summarize 
It section of the corresponding 
Focus Review Guide chapter.

M U LT I P L E  C H O I C E

 1. Which of the following plant structures is NOT matched to its 
correct function?
a. Stomata—allow gas transfer
b. Tracheids—allow the movement of water and minerals
c. Cuticle—prevents desiccation
d. All of the choices are matched correctly.

 2. Which of the following genera most likely directly gave rise to the 
land plants?
a. Volvox
b. Chlamydomonas

c. Ulva
d. Chara

 3. Which of the following would NOT be found in a bryophyte?
a. Mycorrhizal associations
b. Rhizoids
c. Tracheid cells
d. Photosynthetic gametophytes

 4. Which of the following statements is correct regarding  
the bryophytes?
a. The bryophytes represent a monophyletic clade.
b. The sporophyte stage of all bryophytes is photosynthetic.
c. Archegonium and antheridium represent haploid structures 

that produce reproductive cells.
d. Stomata are common to all bryophytes.

 5. Evolutionary innovations that increase desiccation tolerance 
include
a. waxy cuticles.
b. abscisic acid–signaling pathways.
c. rhizoids.
d. All of the choices are correct.

 6. Which of the following statements about the pterophytes is 
accurate?
a. Horsetails and whisk ferns form a single clade.
b. Ferns form a single clade.
c. Whisk ferns have euphylls.
d. All pterophytes have a dominant sporophyte generation.
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spore with what happens to a spore as it gives rise to a 
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a. The spore mother cell and the spore both go through meiosis.
b. The spore mother cell and the spore both go through mitosis.
c. The spore mother cell goes through mitosis, and the spore 

goes through meiosis.
d. The spore mother cell goes through meiosis, and the spore 

goes through mitosis.
 8. How could a plant without roots obtain sufficient nutrients from 

the soil?
a. It cannot; all land plants have roots.
b. Mycorrhizal fungi associate with the plant and assist with the 

transfer of nutrients.
c. Charophytes associate with the plant and assist with the 
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d. It relies on its xylem in the absence of a root.

 9. A major innovation of land plants is embryo protection. How is a 
moss embryo protected from desiccation?
a. By the seed
b. By the antheridium
c. By the archegonium
d. By the lycophyll

10. In comparing the Selaginella and Physcomitrella genomes, you 
would expect to find that
a. both have genes needed for flagellar arms.
b. Selaginella has 3000 new genes not found in Physcomitrella.
c. Selaginella, but not Physcomitrella, has abscisic acid genes 

and other abiotic stress genes.
d. some of the novel genes in Selaginella encode proteins 

necessary for tracheid development.
11. The following evolutionary trends are seen in the seedless land 

plants.
a. Gametophytes became photosynthetic.
b. A key innovation accompanying the appearance of 

pterophytes was the haplodiplontic life cycle.
c. The gametophyte generation became the dominant generation.
d. There is increased protection of the sporophyte generation in 

its early developmental stages.
12. Identify which of the following statements is true.

a. Moss and lycophytes have leaves.
b. Leaves of lycophytes and pterophytes have different origins.
c. Leaves were a bryophyte innovation.
d. Leaf polarity genes in Selaginella support the hypothesis that 

leaves evolved one time in all the land plants.

F R E E  R E S P O N S E

 1. You have access to the sequenced genomes for moss and the 
lycophyte Selaginella. Your goal in analyzing the data is to write a 
ground-breaking paper that answers an important question about the 
evolution of land plants. What question would you try to answer?

 2. Would you expect the sporophyte generation of a moss or a fern to 
have more mitotic divisions? Why?

 3. Imagine hypothetical moss and fern trees, each 10 m tall. Which 
would face the greater barriers to sexual reproduction? Why?

Complete the activities in Chapter 30 of your Focus Review 
Guide to review content essential for your AP exam.
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The Focus Review Guide was written with the AP® Curriculum in mind.  Reviewed 
and edited by Darrel James, an experienced AP teacher, it provides students with a 
great review tool for the AP course. Each chapter of the workbook pinpoints content 
that is most important to the AP Curriculum. The Recall It, Review It, Use It format 
helps students to review and apply the content in each chapter essential to the 
AP course. The Summarize It section at the end of each chapter contains AP-style 
free-response questions for each Essential Knowledge covered in the chapter  
providing ideal AP Exam practice. 
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Chapter 4: Cell Structure

AP

Chapter Overview
Cells are the basic organizational unit for life. All organisms are made up of one or more cells.  
Cells provide the structural foundation as well as the functional needs for all organisms. Cells vary 
in complexity but many share similar characteristics.

 4.1 Cell Theory

Recall It
The cell theory has three main principals: 1) all organisms are composed of one or more cells,  
2) cells are the basic unit of organization for all organisms, and 3) all cells come from other cells. 
Cells need to remain relatively small so that substances can diffuse in and out of the cell surface. 
Many different types of cells share similar structures and functions.

Essential Knowledge covered
2.B.1: Cell membranes are selectively permeable due to their structure. 

Review It
Name two scientists who played a role in developing the cell theory.

List four variables that may affect rate of diffusion

Essential Knowledge

1.B.1 Organisms share many conserved core processes and features that evolved and are widely 
distributed among organisms today. (4.2, 4.3, 4.6)

 Big Idea 1

2.B.1 Cell membranes are selectively permeable due to their structure. (4.1, 4.2)  Big Idea 2

2.B.3 Eukaryotic cells maintain internal membranes that partition the cell into specialized regions.  
(4.2, 4.3)

 Big Idea 2

3.D.2 Cells communicate with each other through direct contact with other cells or from a distance  
via chemical signaling. (4.8)

Big Idea 3

4.A.2 The structure and function of subcellular components, and their interactions, provide essential 
cellular processes. (4.3, 4.4, 4.5)

Big Idea 4
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Chapter 4: Cell Structure

AP

Chapter Overview
Cells are the basic organizational unit for life. All organisms are made up of one or more cells.  
Cells provide the structural foundation as well as the functional needs for all organisms. Cells vary 
in complexity but many share similar characteristics.

 4.1 Cell Theory

Recall It
The cell theory has three main principals: 1) all organisms are composed of one or more cells,  
2) cells are the basic unit of organization for all organisms, and 3) all cells come from other cells. 
Cells need to remain relatively small so that substances can diffuse in and out of the cell surface. 
Many different types of cells share similar structures and functions.

Essential Knowledge covered
2.B.1: Cell membranes are selectively permeable due to their structure. 

Review It
Name two scientists who played a role in developing the cell theory.

List four variables that may affect rate of diffusion

Essential Knowledge

1.B.1 Organisms share many conserved core processes and features that evolved and are widely 
distributed among organisms today. (4.2, 4.3, 4.6)

 Big Idea 1

2.B.1 Cell membranes are selectively permeable due to their structure. (4.1, 4.2)  Big Idea 2

2.B.3 Eukaryotic cells maintain internal membranes that partition the cell into specialized regions.  
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The Focus Review Guide was written with the AP® Curriculum in mind.  Reviewed 
and edited by Darrel James, an experienced AP teacher, it provides students with a 
great review tool for the AP course. Each chapter of the workbook pinpoints content 
that is most important to the AP Curriculum. The Recall It, Review It, Use It format 
helps students to review and apply the content in each chapter essential to the 
AP course. The Summarize It section at the end of each chapter contains AP-style 
free-response questions for each Essential Knowledge covered in the chapter  
providing ideal AP Exam practice. 
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review the parts of the AP Curriculum 
covered in the chapter. You will find that 
these match the Essential Knowledge 
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The Recall It summaries will 
help students review  
prerequisite knowledge  
necessary to understand  
the key concepts covered in  
the chapter. 

The Essential Knowledge  
covered section pinpoints  
the parts of the AP Curriculum 
covered.

Review It activities will help 
students to review key  
concepts that should have  
been mastered while studying  
the chapter.
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Identify the following four features all cells have in common:

Feature Description

Location of genetic material

Semifluid matrix in the interior of the cell

A phospholipid bilayer surrounding the cell

The site of protein synthesis

Use It
Aegagropila linnaei is a type of filamentous algae that forms spherical balls called marimos under 
certain conditions. Which marimo would have a greater surface-area-to-volume, a  marimo that has 
a diameter 25 cm or one with a diameter of 5 cm?

Give two reasons why cells remain relatively small.

 4.1 Cell Theory continued

Recall It
Prokaryotic cells are relatively simple compared to eukaryotic cells. Prokaryotic cells lack a nucleus,  
an internal membrane system, and membrane-bounded organelles. In most prokaryotes, DNA is 
 organized into a single circular chromosome. All prokaryotic cells have ribosomes and carry out 
 processes that eukaryotic cells do, such as transcription and translation. In most bacterial prokaryotes,  
the rigid cell wall surrounding the plasma membrane is composed of peptidoglycan. In archaeal 
prokaryotes, cell walls are formed from various chemical compounds, including polysaccharides and 
proteins. Archaea also have different lipids in their membranes compared to bacterial cells.

Essential Knowledge covered
1.B.1: Organisms share many conserved core processes and features that evolved and are widely distributed among 
organisms today.
2.B.1: Cell membranes are selectively permeable due to their structure.
2.B.3: Eukaryotic cells maintain internal membranes that partition the cell into specialized regions.

 4.2 Prokaryotic Cells
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students to apply what 
they've learned in the  
chapter. 

Different visual organizers help  
students to analyze and summarize  
information and remember  
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Use It activities allow  
students to apply what 
they've learned in the  
chapter. 

At the end of each Focus Review  
Guide Chapter, there is a  
Summarize It section. This section 
provides an excellent review of the 
chapter’s AP content. 

Different visual organizers help  
students0 to analyze and summarize  
information and remember  
content. 
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Summarize It
1. If the following shapes below represented two different types of cells, which would be better at 

exchanging molecules (such as nutrients or waste) with the outside environment and why?

 4 Chapter Review

 4.8 Cell-to-Cell Interactions continued

Briefly describe how the vertebrate immune system keeps malignant cells from invading.
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The Summarize It  
section contains AP-style 
Free-Response Questions 
which cover each Essential 
Knowledge presented in 
the chapter. These  
questions provide ideal  
AP Exam practice.
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APExtending Knowledge

Chapter 19: Cellular Mechanisms of Development

In Chapter 14, you learned that DNA, and sometimes RNA, is the primary molecule containing genetic 
 information. Scientists can use their knowledge of the structure and function of DNA in genetic engineering, 
which allows them to better understand the processes of development covered in Chapter 19.

Chapter Overview
Through your study of biology thus far, you have learned that DNA carries all the information an 
organism needs for growth and development. Gene expression is controlled through diverse and 
interacting mechanisms in many organisms. Multicellular organisms have incredibly  complicated 
gene patterns and developmental pathways. While many of the cellular changes during devel-
opment are irreversible, the cloning of Dolly the sheep showed us that the nucleus of an adult 
cell can be reprogrammed to be totipotent. Because of the complexities of gene expression, 
 reproductive cloning has a low success rate, and clones often develop age-associated diseases.

Review It
The following molecular biology terms are important to know when considering the process of 
reproductive cloning. Fill in the definition for the following terms:

Vocabulary Definition

Zygote

Nucleus

Cytoplasm

Genomic imprinting 

Summarize It
In what way did the existence of Dolly the sheep shows that a differentiated adult cell can be 
used to drive all of development? What aspects of Dolly’s life indicated the complexities of gene 
 expression?

 Big Idea 3
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Some chapters are not covered by the AP Curriculum, but include illustrative  
examples that can be used to illustrate particular concepts. These chapters are  
classified as Extending Knowledge chapters. For these chapters we’ve devised a  
special review that allows students to take what they've learned and apply it to  
these illustrative examples.
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gene patterns and developmental pathways. While many of the cellular changes during devel-
opment are irreversible, the cloning of Dolly the sheep showed us that the nucleus of an adult 
cell can be reprogrammed to be totipotent. Because of the complexities of gene expression, 
 reproductive cloning has a low success rate, and clones often develop age-associated diseases.

Review It
The following molecular biology terms are important to know when considering the process of 
reproductive cloning. Fill in the definition for the following terms:

Vocabulary Definition

Zygote

Nucleus

Cytoplasm

Genomic imprinting 

Summarize It
In what way did the existence of Dolly the sheep shows that a differentiated adult cell can be 
used to drive all of development? What aspects of Dolly’s life indicated the complexities of gene 
 expression?
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Chapter 19: Cellular Mechanisms of Development

In Chapter 14, you learned that DNA, and sometimes RNA, is the primary molecule containing genetic 
 information. Scientists can use their knowledge of the structure and function of DNA in genetic engineering, 
which allows them to better understand the processes of development covered in Chapter 19.

Chapter Overview
Through your study of biology thus far, you have learned that DNA carries all the information an 
organism needs for growth and development. Gene expression is controlled through diverse and 
interacting mechanisms in many organisms. Multicellular organisms have incredibly  complicated 
gene patterns and developmental pathways. While many of the cellular changes during devel-
opment are irreversible, the cloning of Dolly the sheep showed us that the nucleus of an adult 
cell can be reprogrammed to be totipotent. Because of the complexities of gene expression, 
 reproductive cloning has a low success rate, and clones often develop age-associated diseases.

Review It
The following molecular biology terms are important to know when considering the process of 
reproductive cloning. Fill in the definition for the following terms:

Vocabulary Definition

Zygote

Nucleus

Cytoplasm

Genomic imprinting 

Summarize It
In what way did the existence of Dolly the sheep shows that a differentiated adult cell can be 
used to drive all of development? What aspects of Dolly’s life indicated the complexities of gene 
 expression?
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Some chapters are not covered by the AP Curriculum, but include illustrative  
examples that can be used to illustrate particular concepts. These chapters are  
classified as Extending Knowledge chapters. For these chapters we’ve devised a  
special review that allows students to take what they've learned and apply it to  
these illustrative examples.
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Chapter 19: Cellular Mechanisms of Development

In Chapter 14, you learned that DNA, and sometimes RNA, is the primary molecule containing genetic 
 information. Scientists can use their knowledge of the structure and function of DNA in genetic engineering, 
which allows them to better understand the processes of development covered in Chapter 19.

Chapter Overview
Through your study of biology thus far, you have learned that DNA carries all the information an 
organism needs for growth and development. Gene expression is controlled through diverse and 
interacting mechanisms in many organisms. Multicellular organisms have incredibly  complicated 
gene patterns and developmental pathways. While many of the cellular changes during devel-
opment are irreversible, the cloning of Dolly the sheep showed us that the nucleus of an adult 
cell can be reprogrammed to be totipotent. Because of the complexities of gene expression, 
 reproductive cloning has a low success rate, and clones often develop age-associated diseases.

Review It
The following molecular biology terms are important to know when considering the process of 
reproductive cloning. Fill in the definition for the following terms:

Vocabulary Definition

Zygote

Nucleus

Cytoplasm

Genomic imprinting 

Summarize It
In what way did the existence of Dolly the sheep shows that a differentiated adult cell can be 
used to drive all of development? What aspects of Dolly’s life indicated the complexities of gene 
 expression?
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The AP Extending Knowledge section 
helps to illustrate how the chapter  
relates to AP content. 

The Review It activities in Extending 
Knowledge chapters focus on reviewing 
how the chapter content relates to  
illustrative examples of AP Biology  
Curriculum.
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Chapter 19: Cellular Mechanisms of Development

In Chapter 14, you learned that DNA, and sometimes RNA, is the primary molecule containing genetic 
 information. Scientists can use their knowledge of the structure and function of DNA in genetic engineering, 
which allows them to better understand the processes of development covered in Chapter 19.

Chapter Overview
Through your study of biology thus far, you have learned that DNA carries all the information an 
organism needs for growth and development. Gene expression is controlled through diverse and 
interacting mechanisms in many organisms. Multicellular organisms have incredibly  complicated 
gene patterns and developmental pathways. While many of the cellular changes during devel-
opment are irreversible, the cloning of Dolly the sheep showed us that the nucleus of an adult 
cell can be reprogrammed to be totipotent. Because of the complexities of gene expression, 
 reproductive cloning has a low success rate, and clones often develop age-associated diseases.

Review It
The following molecular biology terms are important to know when considering the process of 
reproductive cloning. Fill in the definition for the following terms:

Vocabulary Definition

Zygote

Nucleus

Cytoplasm

Genomic imprinting 

Summarize It
In what way did the existence of Dolly the sheep shows that a differentiated adult cell can be 
used to drive all of development? What aspects of Dolly’s life indicated the complexities of gene 
 expression?
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Some chapters are not covered by the AP Curriculum, but include illustrative  
examples that can be used to illustrate particular concepts. These chapters are  
classified as Extending Knowledge chapters. For these chapters we’ve devised a  
special review that allows students to take what they've learned and apply it to  
these illustrative examples.
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Chapter 19: Cellular Mechanisms of Development

In Chapter 14, you learned that DNA, and sometimes RNA, is the primary molecule containing genetic 
 information. Scientists can use their knowledge of the structure and function of DNA in genetic engineering, 
which allows them to better understand the processes of development covered in Chapter 19.

Chapter Overview
Through your study of biology thus far, you have learned that DNA carries all the information an 
organism needs for growth and development. Gene expression is controlled through diverse and 
interacting mechanisms in many organisms. Multicellular organisms have incredibly  complicated 
gene patterns and developmental pathways. While many of the cellular changes during devel-
opment are irreversible, the cloning of Dolly the sheep showed us that the nucleus of an adult 
cell can be reprogrammed to be totipotent. Because of the complexities of gene expression, 
 reproductive cloning has a low success rate, and clones often develop age-associated diseases.

Review It
The following molecular biology terms are important to know when considering the process of 
reproductive cloning. Fill in the definition for the following terms:

Vocabulary Definition

Zygote

Nucleus

Cytoplasm

Genomic imprinting 

Summarize It
In what way did the existence of Dolly the sheep shows that a differentiated adult cell can be 
used to drive all of development? What aspects of Dolly’s life indicated the complexities of gene 
 expression?
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The AP Extending Knowledge section 
helps to illustrate how the chapter  
relates to AP content. 

The Review It activities in Extending 
Knowledge chapters focus on reviewing 
how the chapter content relates to  
illustrative examples of AP Biology  
Curriculum.

The Summarize It section applies the  
illustrative example content to an  
AP-style Free-Response Question. These 
are similar to one students might find 
on the AP Biology Exam. 
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The AP Teacher’s Manual, available through Connect®, illustrates how 
Raven’s Biology addresses the AP Curriculum and helps to instruct 
teachers on how to tackle the challenges of this course. This version of 
the Teacher’s Manual provides:

 ■  A pacing guide that 
details what should be 
taught during each day 
of classroom instruction. 
The guide also provides 
alignment to the Essential 
Knowledge, Learning 
Objectives, and Science 
Practices presented and 
taught in each section.

 ■ Alignment of College Board 
Labs to chapter content.

 ■ Additional activities to help 
students better understand 
chapter content. 

 ■ Answers to the Student 
Edition chapter 
assessments. 

 ■ A suggested approach 
for teaching the chapter 
content.

 ■ Additional questions for 
review.

 ■ Alignment to past College 
Board Free Response 
Questions.

AP® Teacher's Manual

7 Back to CONTENTS

CHAPTER 11: Sexual Reproduction and Meiosis 

Chapter 11 suggested pacing is 2–3 days and includes AP Investigation 7.  
 
CHAPTER 11: 
Sexual 
Reproduction 
and Meiosis 

Essential 
Knowledge 
Covered 

Learning 
Objectives & 
Science 
Practices 
Covered 

Activities and Labs 

11.1 Sexual 
Reproduction 
Requires Meiosis 

3.A.2   

11.2 Features of 
Meiosis 

3.A.2 LO 3.9 [SP 6.2] 
LO 3.10 [SP 7.1] 
LO 3.11 [SP 5.3] 

AP Laboratory Investigation 7: Mitosis 
and Meiosis (TM p. xx) 
Dance of the Meiosis Chromosomes (TM 
p. xx) 
Meiosis, the Play (TM p. xx) 

11.3 The Process 
of Meiosis 

3.A.2 LO 3.9 [SP 6.2] 
LO 3.10 [SP 7.1] 
LO 3.11 [SP 5.3] 

AP Laboratory Investigation 7: Mitosis 
and Meiosis (TM p. xx) 
Dance of the Meiosis Chromosomes (TM 
p. xx) 
Meiosis, the Play (TM p. xx) 

11.4 Summing 
Up: Meiosis 
Versus Mitosis 

3.A.2   

Chapter 11 
Cumulative 
Review 

  AP Chapter Review (SE pp. 218-219) 
AP Review Questions (SE pp. 219-220) 
Focus Review Guide Chapter 11 (p. xx) 
Connect Banks (Chapter 11) 

 

 
CHAPTER SUMMARY FOR TEACHERS 

How meiosis reduces genetic information in the production of haploid gametes is the subject of 
chapter 11. Genetic information provides for continuity of life. In organisms that reproduce 
sexually, including most animals and plants, gametes of the opposite sex unite to form a cell 
that then divides repeatedly by mitosis, eventually giving rise to an adult body with trillions of 
cells. Although the similarities between the processes of mitosis and meiosis are not coincidental, 
the function of meiosis differs from mitosis: mitosis produces genetically identical daughter cells 
(barring mutation) with the same number of chromosomes, whereas meiosis produces haploid 
reproductive cells (i.e., cells with half the number of chromosomes as the parent cell). In 
addition, meiosis followed by fertilization plays a key role in generating the tremendous genetic 
diversity that provides the raw material for evolution.  
 

STEP 2 

®
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Succeed with SCOREboard™

SCOREboard uses a series of adaptive study sessions 
that review student content knowledge and identify 
gaps in student learning. As learning research shows, 
students overcome these gaps best when immediate 
instructional support is given. Therefore, SCOREboard 
provides learning resources as instructional support 
reteaching and clarifying these difficult concepts at 
point of need. The adaptive engine makes note of 
the topics and concepts that challenge students and 
gives further practice to ensure mastery. After their 
content review, students work through 4 complete AP 
Practice Exams.

SCOREboard has many unique features to prepare 
students in the weeks and months leading up to the 
AP Exam. 

 ■ Students can track their progress and set short-
term goals as they go.

 ■ SCOREboard provides both students and teachers 
with multiple reports including student progress, 
performance summary, metacognitive skills, most 
challenging learning objectives, and more. 

 ■ SCOREboard empowers students to work at their 
own pace and adjust their study schedules at any 
time.

Adaptive learning makes SCOREboard the most valuable  
AP Exam preparation solution available.

STEP 3 

®
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To learn more visit mheonline.com/biology

Actions speak louder than words. We prove our commitment to you 
and your students with:

• Intensive behind-the-scenes technology training

• Program implementation training

• Ongoing support and troubleshooting

For more information contact your Specialist or visit  
mheonline.com/biology

Melinda Routson
melinda.routson@mheducation.com
614-430-4713

Andrew Forsbach
andrew.forsbach@mheducation.com
614-430-4730

Jeanette Fougeron
jeanette.fougeron@mheducation.com
480-244-7826

Jason Hillyer
jason.hillyer@mheducation.com
877-654-3393

Tina Clark
tina.clark@mheducation.com
501-517-0484

Alyson Tranquill
alyson.tranquill@mheducation.com
724-825-8420
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