CHAPTER 10

Cell Growth
and Division

Connect to the Big Idea
Use the photo of embryonic whiteﬁsh cells
to help students connect to concepts they
will learn in this chapter. First, activate
prior knowledge by asking them if they know how
many cells an adult human body has. (60–100 trillion) Then, ask where those cells came from. (a single
fertilized cell) Ask if that means that all the cells in
their body are the same. (No, they have
differentiated.)

Growth, Development, and Reproduction
Q:

How does a cell produce a new cell?

Now have them study the false-colored micrograph
of embryonic whiteﬁsh cells. Ask them to describe
what they see. Focus their attention on the metaphase chromosomes in the cell at the center of the
image. Ask how it differs from surrounding cells.
(chromosomes double, lined up for division) Talk
about how the rate of division for embryonic cells
differs from that of cells in an adult. If cells in an
embryo divide rapidly, ask what stops them from
continuing to divide. (internal, external regulation)
Ask them to anticipate the answer to the question,
How does a cell produce a new cell? Ask what it
means that cells are the basic unit of life.
Have students read over the
Chapter Mystery and predict what
they think might happen to the
salamander’s limb. Use their predictions to help them
start connecting the Chapter Mystery to the Big Idea
of Growth, Development, and Reproduction.

Have students preview the chapter
vocabulary terms using the Flash Cards.
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Understanding by Design
In unit 3, students are building toward the Enduring Understanding of how a cell is
the basic unit of life; the processes that occur at the cellular level provide the energy
and basic structure organisms need to survive. In Chapter 10, they will explore cell
size, cell division, and the process of differentiation. As shown in the graphic organizer at the right, a Big Idea, Essential Question, and lesson Guiding Questions help
frame their exploration of how chapter content informs this Enduring Understanding.
PERFORMANCE GOALS
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Chapter 10

In Chapter 10, students will be able to express their knowledge of the cell cycle orally,
in written words, and by modeling it with classroom objects. Students will apply their
knowledge of cell regulation and differentiation by creating real-world analogies for
both processes. They will also practice data analysis skills by interpreting cell regulation and differentiation data. At the end of the chapter, students will synthesize what
they know by writing a memoir as if they were a cell that had just divided.
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INSIDE:
• 10.1 Cell Growth, Division, and Reproduction
• 10.2 The Process of Cell Division
• 10.3 Regulating the Cell Cycle
• 10.4 Cell Differentiation

Embryonic cells
from a whiteﬁsh
blastula (LM 1250ⴛ)

PET SHOP ACCIDENT
Extend your reach by using
these and other digital assets offered at
Biology.com.

Julia stared into the
salamander tank in horror. As
an assistant in a pet shop,
Julia had mistakenly put
a small salamander
in the same tank as
a large one. Just as
she realized her error,
the large salamander
attacked and bit off one of the small
salamander’s limbs.
Acting quickly, Julia scooped up
the injured salamander and put it in
its own tank. She was sure it would
die before her shift ended. But she
was wrong! Days passed . . . then
weeks. Every time Julia checked
on the salamander, she was more
amazed at what she saw. How did
the salamander’s body react to losing
a limb? As you read this chapter,
look for clues to help you predict the
salamander’s fate. Think about the
cell processes that would be involved.
Then, solve the mystery.

CHAPTER MYSTERY

Students use what they learn about cell division and
differentiation to help them discover how salamanders are able to regrow limbs.
UNTAMED SCIENCE VIDEO

This short movie will take students on a ﬁeld trip that
starts with a hunt for salamanders in an American
woodland and ends with scientists studying echinoderm regeneration in Sweden.

Never Stop Exploring Your World.
Finding the solution to the Pet Shop
mystery is only the beginning. Take
a video ﬁeld trip with the ecogeeks
of Untamed Science to see where the
mystery leads.

VISUAL ANALOGY

Animations and virtual comparisons of cell parts with
town structures help students better understand
limits on cell size.
ART REVIEW

Students explore the eukaryotic chromosome by
labeling speciﬁc structures.
Science Video • Test
L_BioOnlineSubjects
of Nest Mystery
• test
• Untamed
• Chapter

TUTOR TUBE
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Short, online tutorials provide extra help on eukaryotic
chromosome structure and the phases of the cell cycle.
DATA ANALYSIS
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Chapter 10
Big Idea: Growth,
Development, and
Reproduction

Chapter 10 EQ:
How does a cell
produce a new cell?
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Students can gather data from a virtual sample of
plant tissue to determine the relative durations of the
different phases of the cell cycle.

10.1 GQ: Why do cells divide?

INTERACTIVE ART

10.2 GQ: How do cells divide?

A short animation shows students that, while mitosis
is broken into phases, cell division is a continuous
process in which one phase leads to another.

10.3 GQ: How does a cell control the process
of cell division?
10.4 GQ: How does a single undifferentiated
cell lead to a complex multicellular organism?

ART IN MOTION

Students watch how cancer cells form a tumor and
metastasize throughout the body.
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CHAPTER 10

What’s Online

LESSON 10.1

Cell Growth, Division,
and Reproduction

Getting Started
Objectives
10.1.1 Explain the problems that growth causes for
cells.
10.1.2 Compare asexual and sexual reproduction.

Student Resources

Key Questions
What are some of the
difﬁculties a cell faces as it
increases in size?

Study Workbooks A and B, 10.1 Worksheets

How do asexual and
sexual reproduction compare?

Spanish Study Workbook, 10.1 Worksheets

Vocabulary

Lab Manual A, 10.1 Quick Lab Worksheet

cell division
asexual reproduction
sexual reproduction

Lab Manual B, 10.1 Hands-On Activity Worksheet
Lesson Overview • Lesson Notes
• Activity: Visual Analogy • Assessment:
Self-Test, Lesson Assessment

Taking Notes
Outline As you read, create an
outline about cell growth, division, and reproduction. As you
read, ﬁll in key phrases or sentences about each heading.

For corresponding lesson in the
Foundation Edition, see pages 234–238.

THINK ABOUT IT When a living thing grows, what
happens to its cells? Does an organism get larger because
each cell increases in size or because it produces more
of them? In most cases, living things grow by producing more cells. What is there about growth that requires
cells to divide and produce more of themselves?

Limits to Cell Size
What are some of the difﬁculties a cell faces
as it increases in size?

Nearly all cells can grow by increasing in size, but eventually, most
cells divide after growing to a certain point. There are two main reasons
The larger a cell
why cells divide rather than continuing to grow.
becomes, the more demands the cell places on its DNA. In addition,
a larger cell is less efﬁcient in moving nutrients and waste materials
across the cell membrane.

Information “Overload” Living cells store critical information in a
molecule known as DNA. As a cell grows, that information is used to
build the molecules needed for cell growth. But as a cell increases in
size, its DNA does not. If a cell were to grow too large, an “information
crisis” would occur.
To get a better sense of information overload, compare a cell to a
growing town. Suppose a small town has a library with a few thousand books. As more people move in, more people will borrow books.
Sometimes, people may have to wait to borrow popular books. Similarly, a larger cell would make greater demands on its genetic “library.”
After a while, the DNA would no longer be able to serve the needs of
the growing cell—it might be time to build a new library.

Activate Prior Knowledge
Have students come to the board, one by one, and
build a Cluster Diagram that incorporates all they
can remember about cell growth. Encourage them
to include diagrams when appropriate. Refer back to
this diagram as you work through the lesson.
Study Wkbks A/B, Appendix S19, Cluster Diagram.
Transparencies, GO2.

Exchanging Materials There is another critical reason why cell size
is limited. Food, oxygen, and water enter a cell through its cell membrane. Waste products leave a cell in the same way. The rate at which
this exchange takes place depends on the surface area of the cell, which
is the total area of its cell membrane. The rate at which food and
oxygen are used up and waste products are produced depends on the
cell’s volume. Understanding the relationship between a cell’s surface
area and its volume is the key to understanding why cells must divide
rather than continue to grow.
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CONTENT

C.1.c, C.2.a
INQUIRY

A.1.a, A.1.b, A.1.c, A.1.d, A.2.a

Teach for Understanding
ENDURING UNDERSTANDING A cell is the basic unit of life; the processes that occur

at the cellular level provide the energy and basic structure organisms need to survive.
GUIDING QUESTION Why do cells divide?
EVIDENCE OF UNDERSTANDING After completing the lesson, give students this

assessment to ensure they understand how a small size helps cells survive and
function efficiently. Have students use classroom objects to model how DNA
overload or material exchange limits the size of cells. For example, they might limit
the number of pencils available to the class. As the class size gets bigger, fewer
people can be writing compared to the number who do not have a pencil.
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Teach
1 cm

2 cm
1 cm

Build Math Skills

3 cm

1 cm
2 cm
2 cm

3 cm

3 cm
Surface Area
(length x width) x 6 sides

1 cm x 1 cm x 6 = 6 cm²

Volume
(length x width x height)

1 cm x 1 cm x 1 cm = 1 cm³

Ratio of Surface Area to
Volume

6/1=6:1

2 cm x 2 cm x 6 = 24 cm²
2 cm x 2 cm x 2 cm = 8 cm³

3 cm x 3 cm x 6 = 54 cm²
3 cm x 3 cm x 3 cm = 27 cm³

24 / 8 = 3 : 1

54 / 27 = 2 : 1

FIGURE 10–1 Ratio of Surface
䊳

Ratio of Surface Area to Volume Imagine a cell that is shaped like
a cube, like those shown in Figure 10–1. The formula for area (l × w)
is used to calculate the surface area. The formula for volume (l × w × h) is
used to calculate the amount of space inside. By using a ratio of surface area to volume, you can see how the size of the cell’s surface area
grows compared to its volume.
Notice that for a cell with sides that measure 1 cm in length, the
ratio of surface area to volume is 6/1 or 6 : 1. Increase the length of
the cell’s sides to 2 cm, and the ratio becomes 24/8 or 3 : 1. What if the
length triples? The ratio of surface area to volume becomes 54/27 or
2 : 1. Notice that the surface area is not increasing as fast as the volume
increases. For a growing cell, a decrease in the relative amount of cell
membrane available creates serious problems.

Modeling the Relationship Between
Surface Area and Volume
1 Use the drawing and grid paper to make
patterns for a 6-cm cube, a 5-cm cube, a 4-cm
cube, and a 3-cm cube.
2

Cut out your patterns and fold them. Then
use the tabs to tape or glue the sides together.
Don’t tape down the top side.
3 Construct a data table to compare the
volume, the surface area, and the ratio of surface
area to volume of each cube.

Area to Volume As the length of
the sides increases, the volume
increases more than the surface
area. Interpret Tables What are
the ratios comparing?

Some students may have limited experience with
ratios. Explain that a ratio is a comparison. In this
case, it compares the amount of surface area a cell
has to its volume. A ratio can be expressed as a
proportion, such as 2:1, or as a fraction, such as
2
−.
1 In Figure 10–1, the ratios have been reduced to
their simplest form to make it more obvious how
the cube’s surface area grows in relationship to
its volume.
Ask What is the ratio of vowels to consonants in the
5
alphabet? (5:21 or −
21 )

DIFFERENTIATED INSTRUCTION
L1 Special Needs Use clay models to help students
understand that a smaller surface area to volume
ratio does not mean the cube is getting smaller. Both
surface area and cube volume increase as the length
of the side increases.

making a cube

4 Use your data to calculate the number of
3-cm cubes that would ﬁt in the same volume
as the 6-cm cube. Also calculate the total surface
area for the smaller cubes.

Analyze and Conclude
1. Review Describe the function of a cell
membrane and its relationship to what happens
inside a cell.
2. Apply Concepts How does the surface area
change when a large cell divides into smaller cells
that have the same total volume?

L1 Struggling Students Some students may
have a difﬁcult time understanding the information presented in the table. Point out that the cube
directly above each column shows the “cell” that
the calculations refer to. Then, explain that the ﬁrst
row shows how to ﬁnd the surface area for each
cubic “cell.” Use a clay or plastic model of a cube
to explain that, when students multiply length and
width (l × w), they are ﬁnding the surface area of
one face of the cube. They need to multiply this area
by six, because the cube has six faces.

Cell Growth and Division 275
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ANALYZE AND CONCLUDE
1. The cell membrane provides the
PURPOSE Students will explore the ratio

of surface area to volume in differentsized cubes that fill an equal volume.
MATERIALS 1-cm grid paper,

tape, scissors
PLANNING Suggest students choose
side lengths that are multiples of one
another and make enough small cubes
to fill the larger cube.

surface across which materials can
be exchanged between a cell and
its environment.
2. A growing cell requires more surface

area because it carries out more activity than a smaller cell. A cell’s volume
cannot become so large that its cell
membrane can no longer bring in
enough nutrients or get rid of wastes.

Answers
FIGURE 10–1 the amount of surface area a cell has to

its volume
Cell Growth and Division
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Ratio of Surface Area to Volume in Cells

LESSON 10.1

Teach

continued

Explore the comparison of a cell to a town.

GROWING PAINS
FIGURE 10–2 Lots of growth can
mean lots of trouble—both in a town
and in a cell. Use Analogies How
could cell growth create a problem
that is similar to a trafﬁc jam?

Ask What do the books and library represent? (DNA
and the nucleus)
Ask What part of a town would be analogous to a
cell membrane? (the town’s border)
Ask What do the crowds and trafﬁc suggest about
activity in the town? (Workers and materials are not
getting where they need to go.)

DIFFERENTIATED INSTRUCTION
L3 Advanced Students Give students ﬁve minutes
to come up with other analogies for cell growth.
Have them consider the idea of central control, as
well as the ability to process materials efﬁciently.

Students can further explore the
visual analogy by watching the virtual city
grow in Visual Analogy: Growing Pains.

䊳 Trafﬁc Problems To use the town analogy again, suppose the town
has just a two-lane main street leading to the center of town. As the
town grows, more and more trafﬁc clogs the main street. It becomes
increasingly difﬁcult to move goods in and out.
A cell that continues to grow would experience similar problems. If
a cell got too large, it would be more difﬁcult to get sufﬁcient amounts
of oxygen and nutrients in and waste products out. This is another reason why cells do not continue to grow larger even if the organism does.

Address Misconceptions
Cell Growth Students may think that cells get smaller
and smaller with every successive cell division. Tell
students that cells go through a period of growth
after they divide. Remind students that cell division
helps a cell avoid the problems of growing too large.

Division of the Cell Before it becomes too large, a growing cell
divides, forming two “daughter” cells. The process by which a cell
divides into two new daughter cells is called cell division.
Before cell division occurs, the cell replicates, or copies all of its
DNA. This replication of DNA solves the problem of information
overload because each daughter cell gets one complete copy of genetic
information. Cell division also solves the problem of increasing size by
reducing cell volume. Cell division results in an increase in the ratio
of surface area to volume for each daughter cell. This allows for the
efﬁcient exchange of materials within a cell.
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Check for Understanding
FOLLOW-UP PROBES

Ask What problem does cell division solve for a cell, both in terms of information
overload and cellular trafﬁc? Explain. (Cell division keeps cells from growing too large,
so the information stored in DNA can get to where it is needed in the cell.
Also, with a smaller size, a cell can efficiently move materials across its membrane.)

Answers
FIGURE 10–2 As a cell grows, it needs more materials

to cross its membrane. Traffic is comparable to the
movement of materials such as nutrients, water,
oxygen, and waste across a cell’s membrane. With a
larger cell, the “lanes of traffic” are more crowded.
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ADJUST INSTRUCTION

If students struggle to answer the question, have them review the sections, Information “Overload” and Exchanging Materials, in the student edition. Then, have
pairs work together to write two short summary statements that explain why information overload and exchanging materials limit cell size.
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How do asexual and sexual reproduction compare?
Reproduction, the formation of new individuals, is one of the most
important characteristics of living things. For an organism composed
of just one cell, cell division can serve as a perfectly good form of
reproduction. You don’t have to meet someone else,
conduct a courtship, or deal with rivals. All you
have to do is to divide, and presto—there are
two of you!

Lead a Discussion
Talk about how cell division relates to the process of
asexual reproduction. To reinforce students’ knowledge, have them apply what they have learned to
their everyday lives.

FIGURE 10–3 Asexual

Reproduction Cell division
leads to reproduction in
single-celled organisms and
some multicellular organisms.
Apply Concepts What do
the offspring of each of these
organisms have in common?

Ask Why do bacterial infections spread so quickly
through a school? (Bacteria can reproduce asexually.
So, they can quickly reproduce in the right environment, such as a crowded school.)

DIFFERENTIATED INSTRUCTION
LPR Less Proﬁcient Readers List the Key Concepts
on the board in simpliﬁed language. For example,
write:

Hydra
(LM 25⫻)

Bacterium

• Offspring of asexual reproduction have the same
genetic information.

(TEM 32,800⫻)

Kalanchoe

Asexual Reproduction For many single-celled organisms, such as
the bacterium in Figure 10–3, cell division is the only form of reproduction. The process can be relatively simple, efﬁcient, and effective,
enabling populations to increase in number very quickly. In most
cases, the two cells produced by cell division are genetically identical
to the cell that produced them. This kind of reproduction is called
asexual reproduction.
The production of genetically identical
offspring from a single parent is known as asexual reproduction.
Asexual reproduction also occurs in many multicellular organisms.
The small bud growing off the hydra will eventually break off and
become an independent organism, an example of asexual reproduction in an animal. Each of the small shoots or plantlets on the tip of
the kalanchoe leaf may also grow into a new plant.

• Offspring of sexual reproduction have genetic
information from both parents.
Suggest that students preview these Key Concepts
and keep them in mind as they read the text.

BUILD Vocabulary
PREFIXES The preﬁx a- in asexual
means “without.” Asexual
reproduction is reproduction without
the fusion of reproductive cells.

Focus on ELL:
Access Content

BEGINNING SPEAKERS Show students how cells

combine and divide during asexual and sexual
reproduction by drawing these simple diagrams
on the board:

Sexual Reproduction Unlike asexual reproduction, where cells
separate to form a new individual, sexual reproduction involves the
fusion of two separate parent cells. In sexual reproduction, offspring
are produced by the fusion of special reproductive cells formed by
Offspring produced by sexual reproduction
each of two parents.
inherit some of their genetic information from each parent. Most
animals and plants reproduce sexually, and so do some single-celled
organisms. You will learn more about the form of cell division that
produces reproductive cells in Chapter 11.

Asexual Reproduction

Sexual Reproduction

Parent Cells
Offspring

In Your Notebook Use a Venn diagram to compare asexual and
sexual reproduction.
Cell Growth and Division 277
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ELL

Color code the drawings of the parent cells and
the label “Parent Cells,” as well as the offspring
cells and their label. Point to the diagrams as
you explain why asexual reproduction results in
genetically identical offspring while sexual reproduction produces offspring with a combination of
genetic information from both parents.
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Quick Facts
CELL SIZE

While surface area to volume ratios limit the sizes of cells, not all cells are the same
size. In fact, there are a surprising variety of cell sizes that exist in nature. For example,
some tiny Mycoplasma bacteria measure a scant 0.3 micrometers in diameter. To put
that in perspective, it can take hundreds of these bacteria, set end to end, to equal
the width of a single human hair, about 50–200 micrometers. On the other extreme,
giraffes have nerve cells that stretch for meters along the length of their necks.

Answers
FIGURE 10–3 The offspring share the same genetic
material as their parent.
IN YOUR NOTEBOOK Venn diagrams should show
the following characteristics: For both sexual and
asexual reproduction: produces new organisms;
For asexual reproduction only: quick, produces
genetically identical offspring, one parent; For sexual
reproduction only: offspring produced by the fusion of
two cells, two parents

Cell Growth and Division
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Cell Division and Reproduction

LESSON 10.1

Teach

Comparing Asexual and Sexual Reproduction You can see
that each type of reproduction has its advantages and disadvantages
when you look at each one as a strategy for survival. Species survive
by reproducing. The better suited a species is to its environment, the
greater its chance of survival.
For single-celled organisms, asexual reproduction is a survival
strategy. When conditions are right, the faster they reproduce, the
better their chance of survival over other organisms using the same
resources. Having offspring that are genetically identical is also an
advantage as long as conditions remain favorable. However, a lack of
genetic diversity becomes a disadvantage when conditions change in
ways that do not ﬁt the characteristics of an organism.
Sexual reproduction is a different type of survival strategy. The
process of ﬁnding a mate and the growth and development of offspring require more time. However, this can be an advantage for species that live in environments where seasonal changes affect weather
conditions and food availability. Sexual reproduction also provides
genetic diversity. If an environment changes, some offspring may have
the right combination of characteristics needed to survive.
Some organisms reproduce both sexually and asexually. Yeasts, for
example, are single-celled eukaryotes that use both strategies. They
reproduce asexually most of the time. However, under certain conditions, they enter a sexual phase. The different advantages of each type
of reproduction may help to explain why the living world includes
organisms that reproduce sexually, those that reproduce asexually, and
many organisms that do both.

continued
As its wound heals,
the salamander’s
body cells are
dividing to repair
the damage.
In what way is
this type of cell
division similar to
asexual reproduction?

Discuss with students what they think
starts to happen to the lost limb of the
salamander after a few days. Suggest
students look back at the hydra and kalanchoe in
Figure 10–3 for a hint. Students can go online at
Biology.com to gather their evidence.

Assess and Remediate
EVALUATE UNDERSTANDING

Ask students to write a paragraph that explains why
a cell in the human body never grows as large as a
ﬁst. Then, have them complete the 10.1 Assessment.
REMEDIATION SUGGESTION
L1 Struggling Students If your students have
trouble with Question 1a, have them go back to the
Key Concept on the ﬁrst page of the lesson. Have
them rewrite each part of the Key Concept in “ifthen” form.

Review Key Concepts

Students can check their understanding of lesson concepts with the SelfTest assessment. They can then take an online
version of the Lesson Assessment.

1. a. Review Identify two reasons why a
cell’s growth is limited.
b. Explain As a cell’s size increases,
what happens to the ratio of its surface area to its volume?
c. Applying Concepts Why is a
cell’s surface area-to-volume ratio
important?
2. a. Review What is asexual reproduction? What is sexual reproduction?
b. Explain What types of organisms
reproduce sexually?
c. Summarize What are the advantages and disadvantages of both
asexual and sexual reproduction?
Lesson 10.1

Assessment Answers
1a. The larger a cell becomes, the more
demands it places on its DNA and the
more trouble it has moving enough nutrients and wastes across the cell membrane.
1b. As a cell grows, its surface area-to-volume
ratio decreases.
1c. As a cell’s volume grows, its membrane
needs more and more surface area to bring
nutrients, oxygen, and water into the cell
and move waste out. The cell’s surface
area-to-volume ratio shows how much area
is available to move materials in and out of
the cell compared to the cell’s volume.
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3. The formula for ﬁnding the surface area of a sphere,
such as a baseball or a basketball, is A ⫽ 4 r 2, where r
is the radius. The formula for ﬁnding the volume of a
sphere is V ⫽ 4/3 r 3.
a. Calculate Calculate the surface area and the volume
of the baseball and the basketball. Then, write the ratio
of surface area to volume for each sphere.
b. Infer If the baseball and basketball were cells, which
would possess a larger ratio of area of cell membrane
to cell volume?
r =12.2 cm

r =3.6 cm

• Self-Test

• Lesson Assessment
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2a. Asexual reproduction is the production of offspring from only one parent.
Sexual reproduction is the production of
offspring from two parents.
2b. Most animals and plants reproduce
sexually, as do some single-celled
organisms.
2c. Asexual reproduction occurs rapidly,
enabling a population to increase rapidly;
however, the offspring are genetically
identical and may not survive a change
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in the environment. Sexual reproduction takes longer, so a population does
not grow fast; however, the offspring have
a mix of genetic material from two parents
that might help the population survive if
the environment changes.

3a. baseball, 0.85:1; basketball, 0.25:1
3b. the baseball

Getting Started
Objectives
10.2.1 Describe the role of chromosomes in cell
division.

THINK ABOUT IT What role does cell division play in your life? You
know from your own experience that living things grow, or increase in
size, during particular stages of life or even throughout their lifetime.
This growth clearly depends on the production of new cells through
cell division. But what happens when you are ﬁnished growing? Does
cell division simply stop? Think about what must happen when your
body heals a cut or a broken bone. And ﬁnally, think about the everyday wear and tear on the cells of your skin, digestive system, and
blood. Cell division has a role to play there, too.

Key Questions

10.2.2 Name the main events of the cell cycle.

What is the role of chromosomes in cell division?

10.2.3 Describe what happens during the four
phases of mitosis.

What are the main events
of the cell cycle?

10.2.4 Describe the process of cytokinesis.

Chromosomes

Vocabulary

What is the role of chromosomes in cell division?

What do you think would happen if a cell were simply to split in two,
without any advance preparation? The results might be disastrous,
especially if some of the cell’s essential genetic information wound
up in one of the daughter cells, and not in the other. In order to make
sure this doesn’t happen, cells ﬁrst make a complete copy of their
genetic information before cell division begins.
Even a small cell like the bacterium E. coli has a tremendous amount
of genetic information in the form of DNA. In fact, the total length of
this bacterium’s DNA molecule is 1.6 mm, roughly 1000 times longer
than the cell itself. In terms of scale, imagine a 300-meter rope stuffed
into a school backpack. Cells can handle such large molecules only by
careful packaging. Genetic information is bundled into packages of
DNA known as chromosomes.

What events occur during
each of the four phases of mitosis?
How do daughter cells split
apart after mitosis?

chromosome • chromatin •
cell cycle • interphase •
mitosis • cytokinesis •
prophase • centromere •
chromatid • centriole •
metaphase • anaphase •
telophase

Student Resources
Study Workbooks A and B, 10.2 Worksheets
Spanish Study Workbook, 10.2 Worksheets
Lesson Overview • Lesson Notes
• Activities: Art Review, Tutor Tube, Data
Analysis, InterActive Art • Assessment: SelfTest, Lesson Assessment

Taking Notes
Two-Column Chart As you read,
create a two-column chart. In the
left column, make notes about
what is happening in each stage
of the cell cycle. In the right column, describe what the process
looks like or draw pictures.

For corresponding lesson in the
Foundation Edition, see pages 239–244.

Build Background
Have students think of as many words as they can
that are associated with copying, for example,
duplicate, copy, reproduce, replica, replicate, pair.
Write the words on the board, and discuss which
words are verbs and which are nouns. As students
work through the lesson, encourage them to use the
words from the list whenever possible.

Prokaryotic Chromosomes Prokaryotes lack nuclei and many of
the organelles found in eukaryotes. Their DNA molecules are found in
the cytoplasm along with most of the other contents of the cell. Most
prokaryotes contain a single, circular DNA chromosome that contains
all, or nearly all, of the cell’s genetic information.

FIGURE 10–4 Prokaryotic

Chromosome In most prokaryotes,
a single chromosome holds most
of the organism’s DNA.
Chromosome

NATIONAL SCIENCE EDUCATION STANDARDS
BioOnline/Lesson
Lesson 10.2 10.1

Lesson Overview • Lesson Notes
••QuickLab

279

UNIFYING CONCEPTS AND PROCESSES

I, II
0001_Bio10_se_Ch10_S2.indd 1

6/2/09 6:54:12 PM

Teach for Understanding
ENDURING UNDERSTANDING A cell is the basic unit of life; the processes that occur

at the cellular level provide the energy and basic structure organisms need to survive.
GUIDING QUESTION How do cells divide?
EVIDENCE OF UNDERSTANDING Have students complete this assessment to show

CONTENT

C.1.c, C.2.b
INQUIRY

A.1.b, A.1.c, A.2.a

they understand how cell division helps a cell efficiently organize and transfer
genetic information to its daughter cells. Ask pairs of students to brainstorm various
ways to equally divide a pile of several-sized rubber bands amongst themselves. Tell
them to apply what they know about how a cell divides its genetic information to
help them come up with the most efficient, even method for distributing the rubber
bands. As a class, discuss and evaluate each pair’s method.

Cell Growth and Division
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LESSON 10.2

The Process
of Cell Division

LESSON 10.2

Teach

Duplicated
chromosome

Use Visuals

Sister
chromatids

DNA
double
helix

Centromere

Use Figure 10–5 to start a discussion on the structure of eukaryotic chromosomes. Discuss the levels of
organization within the chromosome structure.

Coils

Ask What are nucleosomes composed of? (DNA
wrapped around histone molecules)

Nucleosome

Supercoils

Ask Tightly-packed nucleosomes form what
structure? (coils)

DIFFERENTIATED INSTRUCTION
English Language Learners Model how the
organized structure of eukaryotic chromosomes
helps cells divide DNA efﬁciently. Cut 8 long pieces
of string (40 cm each) and 8 shorter pieces of
string (10 cm each). Combine 4 longer strands and
4 shorter strands in one tangled pile. Then, wind the
remaining strands each around an individual pencil. Group this set of pencils and string as a second
“genome.” Have two volunteers race to divide each
of the two genomes in half. Discuss the results of
the race.

Histone proteins

ELL

FIGURE 10–5 Eukaryotic
Chromosome As a eukaryotic
cell prepares for division, each
chromosome coils more and more
tightly to form a compact structure.
Interpret Visuals Which side of
the diagram, left or right, shows the
smallest structures, and which shows
the largest?

L3 Advanced Students Ask students to discuss
why the eukaryotic chromosome structure makes
sense. Suggest they think of different ways to pack a
rope into a small bag, and discuss how compact each
way is. Ask them to consider how easy it would be
to ﬁnd a speciﬁc spot on the rope for each packing
suggestion.

Eukaryotic Chromosomes Eukaryotic cells generally have much
more DNA than prokaryotes have and, therefore, contain multiple
chromosomes. Fruit ﬂies, for example, have 8 chromosomes per cell,
human cells have 46, and carrot cells have 18. The chromosomes in
eukaryotic cells form a close association with histones, a type of protein.
This complex of chromosome and protein is referred to as chromatin.
DNA tightly coils around the histones, and together, the DNA and
histone molecules form beadlike structures called nucleosomes.
Nucleosomes pack together to form thick ﬁbers, which condense even
further during cell division. Usually the chromosome shape you see
drawn is a duplicated chromosome with supercoiled chromatin, as
shown in Figure 10–5.
Why do cells go to such lengths to package their DNA into chromosomes? One of the principal reasons is to ensure equal division of DNA
Chromosomes make it possible to separate
when a cell divides.
DNA precisely during cell division.
In Your Notebook Write instructions to build a eukaryotic
chromosome.

The Cell Cycle

Have students further explore
chromosome structure by viewing Art
Review: Eukaryotic Chromosome.

What are the main events of the cell cycle?
Cells go through a series of events known as the cell cycle as they grow
During the cell cycle, a cell grows, prepares for diviand divide.
sion, and divides to form two daughter cells. Each daughter cell then
moves into a new cell cycle of activity, growth, and division.
280
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Check for Understanding
ONE-MINUTE RESPONSE

Write the following prompt on the board, and give students about a minute to write
a quick response summarizing their understanding.

Answers
FIGURE 10–5 The right side shows the smallest

structures. The left side shows the largest.
IN YOUR NOTEBOOK Check that students have
traced the hierarchy of chromosome structure shown
in Figure 10–5 starting with DNA coiling around
histone proteins to the condensed, supercoiled
structure of a chromatid.

280
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Explain why an organized chromosome structure is an important adaptation for
eukaryotic organisms. (Essays should mention that having an organized structure helps
cells use and pass on large amounts of DNA in multiple strands exactly and efficiently.)
ADJUST INSTRUCTION

If student responses are incorrect or incomplete, review the advantages of chromosome structure by comparing it to a spool of thread. Point out that it is easier to sort
two spools of thread than two long, tangled threads. Have them use the analogy to
help them explain how chromosome structure helps cells divide.
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Cell
membrane

Ask Why does the cell duplicate its DNA? (The cell
duplicates its DNA so that each daughter cell will
have a complete copy of the original cell’s DNA.)

Cell
membrane
indents.
Cell divides;
two new
cells form.
FIGURE 10–6 Binary Fission Cell

division in a single-celled organism
produces two genetically identical
organisms.

Ask What might happen if the membrane did not
indent and pinch off? (The cell would remain undivided, and no new cells would form.)
Use Figure 10–7 to discuss the main events of the
eukaryotic cell cycle. Explain that this process is called
a cycle because it is continuous through generations
of cells and because one phase leads to the next.
Ask What are the four phases of the cell cycle?
(G1 phase, S phase, G2 phase, and M phase)
Ask For each individual cell, when does the cell
cycle begin? (when two daughter cells form,
after cytokinesis)

ph
a

on
isi
iv

se

L1 Struggling Students Some students might
have difﬁculty making the connection that
Figure 10–6 shows a prokaryotic cell cycle, even
though it is not drawn as a cycle. To help these students better understand the visual, redraw the ﬁgure
on the board as a four-stage cycle similar to the sixstage cycle shown in Figure 10–13.

G1 phase
(Cell growth)

es

Mit

in

ok

yt

M

Ce
ll

d

DIFFERENTIATED INSTRUCTION

C
osis

G2 phase
(Preparation
for mitosis)

is

䊳 S Phase: DNA Replication The
G1 phase is followed by the S phase.
The S stands for “synthesis.” During the
S phase, new DNA is synthesized when
the chromosomes are replicated. The cell
at the end of the S phase contains twice as
much DNA as it did at the beginning.

Discuss binary ﬁssion. Talk about the importance of
each step pictured in Figure 10–6.

DNA
duplicates.

The Eukaryotic Cell Cycle In contrast to prokaryotes, much
more is known about the eukaryotic cell cycle. As you can see in
Figure 10–7, the eukaryotic cell cycle consists of four phases: G1, S,
G2, and M. The length of each part of the cell cycle—and the length
of the entire cell cycle—varies depending on the type of cell.
At one time, biologists described the life of a cell as one cell division after another separated by an “in-between” period of growth
interphase.. We now appreciate that a great deal happens in
called interphase
the time between cell divisions. Interphase is divided into three
parts: G1, S, and G2.
䊳 G Phase: Cell Growth Cells do most of their
1
growing during the G1 phase. In this phase, cells
increase in size and synthesize new proteins
and organelles. The G in G1 and G2 stands for
“gap,” but the G1 and G2 phases are actually
periods of intense growth and activity.

Use Visuals

DNA

S phase
(DNA replication)

Interphase

FIGURE 10–7 The Cell Cycle During the cell cycle, a cell grows, prepares

for division, and divides to form two daughter cells. The cell cycle includes
four phases—G1, S, G2, and M. Infer During which phase or phases
would you expect the amount of DNA in the cell to change?
Cell Growth and Division 281
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How Science Works
HUMAN CELLS THAT KEEP DIVIDING

To study cell division for medical and other purposes, biologists need human cells
that continue to divide in culture in the laboratory. Yet, ﬁnding such cells proved difﬁcult. In 1951, researchers at Johns Hopkins University tried to culture a line of cells
that would continue to live and multiply. Every cell sample they tried died out in a
few weeks, because normal mammalian cells will divide only about 50 times in culture before cell division stops. Finally, cells from one sample kept dividing week after
week, and eventually, year after year. These were called HeLa cells after their original
source, a young Baltimore woman named Henrietta Lacks. The sample had been
taken from a malignant tumor in her body. Unfortunately, she died a few months
later, but HeLa cells have been grown since that time in laboratories around
the world.

Answers
FIGURE 10–7 the S phase and M phase

Cell Growth and Division
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The Prokaryotic Cell Cycle The prokaryotic cell cycle is a regular
pattern of growth, DNA replication, and cell division that can take
place very rapidly under ideal conditions. Researchers are only just
beginning to understand how the cycle works in prokaryotes, and
relatively little is known about its details. It is known that most prokaryotic cells begin to replicate, or copy, their DNA chromosomes
once they have grown to a certain size. When DNA replication is
complete, or nearly complete, the cell begins to divide.
The process of cell division in prokaryotes is a form of asexual
reproduction known as binary ﬁssion. Once the chromosome has
been replicated, the two DNA molecules attach to different regions of
the cell membrane. A network of ﬁbers forms between them, stretching from one side of the cell to the other. The ﬁbers constrict and
the cell is pinched inward, dividing the cytoplasm and chromosomes
between two newly formed cells. Binary ﬁssion results in the production of two genetically identical cells.

LESSON 10.2

Teach

䊳 G Phase: Preparing for Cell Division When DNA replication is
2
completed, the cell enters the G2 phase. G2 is usually the shortest of the
three phases of interphase. During the G2 phase, many of the organelles and molecules required for cell division are produced. When the
events of the G2 phase are completed, the cell is ready to enter the
M phase and begin the process of cell division.

continued

Use Visuals
Point out each of the labeled structures in Figures 10–8 and 10–9. Discuss the role each plays
in mitosis.
Ask What does the spindle do? (The spindle helps
pull apart the duplicated chromosomes.)
Ask What structures are joined at a centromere?
(sister chromatids)

DIFFERENTIATED INSTRUCTION
English Language Learners Divide the class
into groups, and give each group a packet of pictures that contains images of cells in each phase of
mitosis. Challenge each group to model how mitosis
proceeds by placing the individual pictures in the
correct sequence. Then, have groups present their
sequences to the class.

BUILD Vocabulary
WORD ORIGINS The preﬁx cytoin cytokinesis refers to cells and
derives from the Greek word
kytos, meaning “a hollow vessel.”
Cytoplasm is another word that
has the same root.

ELL

FIGURE 10–8 Prophase

Centrioles

Spindle forming

LPR Less Proﬁcient Readers Struggling readers
may become overwhelmed by the amount of new
vocabulary associated with mitosis. Have students
make a quick sketch for each word to help them
better understand the words.

Nuclear envelope

Centromere

Chromosomes

For more on the cell cycle have
students complete the Data Analysis:
Timing the Cell Cycle.

FIGURE 10–9 Metaphase

Address Misconceptions
Hereditary Information Students may think that
hereditary information is passed on only through
reproductive events. Reinforce that mitosis ensures
the accurate and complete transfer of DNA, or
hereditary information, from one cell to the next.
Make sure students know that cells that are not
directly involved in reproduction undergo mitosis
on a regular basis.

Spindle
282

䊳 M Phase: Cell Division The M phase of the cell cycle, which follows
interphase, produces two daughter cells. The M phase takes its name
from the process of mitosis. During the normal cell cycle, interphase
can be quite long. In contrast, the process of cell division usually takes
place quickly.
In eukaryotes, cell division occurs in two main stages. The ﬁrst
stage of the process, division of the cell nucleus, is called mitosis
(my toh sis). The second stage, the division of the cytoplasm, is called
cytokinesis (sy toh kih nee sis). In many cells, the two stages may
overlap, so that cytokinesis begins while mitosis is still taking place.

Mitosis
What events occur during each of the four phases of mitosis?
Biologists divide the events of mitosis into four phases: prophase, metaphase, anaphase, and telophase. Depending on the type of cell, mitosis
may last anywhere from a few minutes to several days. Figure 10–8
through Figure 10–11 show mitosis in an animal cell.

Prophase The ﬁrst phase of mitosis, prophase
prophase,, is usually the longest
and may take up to half of the total time required to complete mitoDuring prophase, the genetic material inside the nucleus
sis.
condenses and the duplicated chromosomes become visible. Outside
the nucleus, a spindle starts to form.
The duplicated strands of the DNA molecule can be seen to
be attached along their length at an area called the centromere.
Each DNA strand in the duplicated chromosome is referred to as a
chromatid (kroh muh tid), or sister chromatid. When the process
of mitosis is complete, the chromatids will have separated and been
divided between the new daughter cells.
Also during prophase, the cell starts to build a spindle, a fanlike
system of microtubules that will help to separate the duplicated chromosomes. Spindle ﬁbers extend from a region called the centrosome,
where tiny paired structures called centrioles are located. Plant cells lack
centrioles, and organize spindles directly from their centrosome regions.
The centrioles, which were duplicated during interphase, start to move
toward opposite ends, or poles, of the cell. As prophase ends, the chromosomes coil more tightly, the nucleolus disappears, and the nuclear
envelope breaks down.
Metaphase The second phase of mitosis, metaphase, is generally the
During metaphase, the centromeres of the duplicated
shortest.
chromosomes line up across the center of the cell. Spindle ﬁbers
connect the centromere of each chromosome to the two poles of
the spindle.
Lesson 10.2

• Data Analysis
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Check for Understanding
INDEX CARD SUMMARIES

Give students each an index card. Ask them to write one big idea about cell division
that they understand on the front of the card. Then, have them identify something
about cell division that they don’t understand and write it on the back in the form of
a question.
ADJUST INSTRUCTION

Read over students’ cards to get a sense of which concepts they understand well and
which concepts they are struggling with. Choose several questions that represent
areas of confusion shared by multiple students, and discuss them as a class.
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Telophase Following anaphase is telophase, the fourth and
During telophase, the chromoﬁnal phase of mitosis.
somes, which were distinct and condensed, begin to spread
out into a tangle of chromatin. A nuclear envelope re-forms
around each cluster of chromosomes. The spindle begins to
break apart, and a nucleolus becomes visible in each daughter nucleus. Mitosis is complete. However, the process of cell
division has one more step to go.
In Your Notebook Create a chart that lists the important

FIGURE 10–10

Anaphase

Use Visuals
Direct students attention to Figures 10–10
and 10–11. Use these visuals to discuss the main
events of anaphase and telophase.

Individual
chromosomes

DIFFERENTIATED INSTRUCTION
FIGURE 10–11

Telophase

Nuclear envelopes
re-forming

information about each phase of mitosis.

ELL English Language Learners Have students
read aloud the description of anaphase and telophase. Ask pairs or small groups of students to discuss how Figures 10–10 and 10–11 each shows the
main events of the phase.
L3 Advanced Students Challenge students to
identify what might happen if speciﬁc events in mitosis failed to occur.

Ask Suppose the nuclear envelope did not re-form.
What might be the result? (The daughter cells would
lack a defined nucleus and their genetic material
would remain in the cytoplasm.)
Mitosis in Action
1 Examine a slide of a stained onion
root tip under a microscope. Viewing the
slide under low power, adjust the stage
until you ﬁnd the boxlike cells just above
the root tip.
2 Switch the microscope to high power
and locate cells that are in the process of
dividing.

3. Apply Concepts Cells in the root divide many
times as the root grows longer and thicker. With each
cell division, the chromosomes are divided between
two daughter cells, yet the number of chromosomes
in each cell does not change. What processes ensure
that the normal number of chromosomes is restored
after each cell division?

Answers

3 Find and sketch cells that are in each
phase of mitosis. Label each sketch with
the name of the appropriate phase.

IN YOUR NOTEBOOK Students’ charts should
include the following information: Prophase: genetic
material condenses, spindle starts to form, nuclear
envelope starts to break down; Metaphase:
centromeres line up, spindle fibers connect to
centromeres; Anaphase: chromosomes separate
and move to opposite ends of the cell; Telophase:
chromosomes spread out, nuclear envelope reforms.

Analyze and Conclude
1. Observe In which phase of the cell
cycle were most of the cells you observed?
Why do you think this is?
2. Draw Conclusions What evidence

did you observe that shows mitosis is
a continuous process, not a series of
separate events?

(LM 820ⴛ)

Cell Growth and Division 283
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PURPOSE Students will observe what the

phases of the cell cycle look like in a typical
plant cell.
MATERIALS microscope, prepared slides of
onion root tips
SAFETY Remind students to handle the glass

microscope slides with care.
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PLANNING Have students read the procedure

ANALYZE AND CONCLUDE

and discuss any questions they have about
the materials and what they are to do. To save
time, you may also want to set up individual
microscope stations that show a cell in each
stage of mitosis in the center of the ﬁeld
of vision. Have students rotate through the
stations and identify which phase of mitosis
is shown.

1. Most cells were in interphase. This is likely

true because interphase is the longest phase
of the cell cycle.
2. Some of the cells are in intermediate phases

of mitosis rather than in one specific phase
of mitosis.
3. The replication of chromosomes during the

S phase of the cell cycle and the process of
mitosis ensure that each daughter cell has
the normal number of chromosomes after
cell division.

Cell Growth and Division
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Anaphase The third phase of mitosis, anaphase, begins
when sister chromatids suddenly separate and begin to
move apart. Once anaphase begins, each sister chromatid
During
is now considered an individual chromosome.
anaphase, the chromosomes separate and move along
spindle ﬁbers to opposite ends of the cell. Anaphase comes
to an end when this movement stops and the chromosomes
are completely separated into two groups.

LESSON 10.2

Cytokinesis

Teach continued

How do daughter cells split apart after mitosis?
As a result of mitosis, two nuclei—each with a duplicate set of
chromosomes—are formed. All that remains to complete the
M phase of the cycle is cytokinesis, the division of the cytoplasm itself.
CytoCytokinesis usually occurs at the same time as telophase.
kinesis completes the process of cell division—it splits one cell into
two. The process of cytokinesis differs in animal and plant cells.

How might the cell
cycles of the cells
surrounding the
salamander’s wound
be affected?

Discuss with students what they think
might happen to the cell cycles of the
cells surrounding the salamander’s
wound. Suggest students reread the information on
the eukaryotic cell cycle and review Figure 10–7.
Students can go online at Biology.com to gather
their evidence.

Cytokinesis in Animal Cells During cytokinesis in most animal cells, the cell membrane is drawn inward until the cytoplasm
is pinched into two nearly equal parts. Each part contains its own
nucleus and cytoplasmic organelles.

Assess and Remediate

The membrane draws inward.
FIGURE 10–12 Cytokinesis
The division of the cytoplasm occurs
differently in animal and plant cells.
Draw Conclusions What else, other
than cytoplasm, is divided between
the two new cells during cytokinesis?

EVALUATE UNDERSTANDING

Have students look at Figure 10–7. Call on volunteers to describe the events in each phase of interphase and each phase of mitosis. Then, have them
complete the 10.2 Assessment.
REMEDIATION SUGGESTION

Students can check their understanding of lesson concepts with the SelfTest assessment. They can then take an online
version of the Lesson Assessment.

FIGURE 10–12 The cell’s organelles and other

materials in the cytoplasm will be divided between
the two new cells.

Review Key Concepts
1. a. Review What are chromosomes?
b. Compare and Contrast How does the structure of chromosomes differ in prokaryotes and eukaryotes?
2. a. Review What is the cell cycle?
b. Sequence During which phase of the cell cycle are chromosomes replicated?
3. a. Review What happens during each of the four phases of
mitosis? Write one or two sentences for each phase.
b. Predict What do you predict would happen if the spindle
ﬁbers were disrupted during metaphase?

Lesson 10.2

Assessment Answers
1a. Chromosomes are bundles of DNA that
store most of a cell’s genetic information.
1b. Prokaryotic chromosomes are composed of
a single, circular strand of DNA. Eukaryotic
chromosomes are made up of DNA that is
tightly wound around histone molecules.
These DNA and protein structures pack
together to form condensed coils.
2a. a series of events that a cell goes through
as it grows and divides

TEM 1255

• Self-Test

4. a. Review What is cytokinesis
and when does it occur?
b. Compare and Contrast How
does cytokinesis differ in animal
and plant cells?

Summary
5. Summarize what happens
during interphase. Be sure to
include all three parts of interphase. Hint: Include all of the
main details in your summary.

• Lesson Assessment

0001_Bio10_se_Ch10_S2.indd 6

eres. The chromosomes then separate
and move to opposite ends of the cell in
anaphase. During telophase, the chromosomes begin to unwind and the spindle
begins to break apart.
3b. The centromeres would not attach to the
spindle, and the chromosomes could not
be pulled apart during anaphase.
4a. Cytokinesis is the division of the cytoplasm
and occurs at the end of cell division.

3a. During prophase, DNA in the nucleus condenses and the spindle begins to form. In
metaphase, the chromosomes line up and
the spindle fibers attach to the centrom-

4b. In animal cells, the cell membrane pinches
in half to form two cells. In plant cells, a
cell plate forms that gradually develops
into cell membranes separating the

Chapter 10 • Lesson 2

Plant Cell

TEM 1200
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2b. the S phase

284

Animal Cell

Cytokinesis in Plant Cells Cytokinesis in plant cells proceeds differently. The cell membrane is not ﬂexible enough to draw inward
because of the rigid cell wall that surrounds it. Instead, a structure
known as the cell plate forms halfway between the divided nuclei. The
cell plate gradually develops into cell membranes that separate the two
daughter cells. A cell wall then forms in between the two new membranes, completing the process.

Struggling Students If your students have
trouble comparing and contrasting in Questions 1
and 4, suggest that they create Venn diagrams to
help them understand the similarities and differences
between the cell processes they are comparing.
L1

Answers

A cell plate forms.
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daughter cells. Eventually, a cell wall forms
between the two daughter cells.

5. There are three main parts of interphase.
During the G1 phase, the cell grows and
makes new proteins and organelles. In the
S phase, the cell replicates its DNA. During
the G2 phase, the cell produces the organelles and molecules it needs to divide.

FIGURE 10–13 The phases of mitosis

shown here are typical of eukaryotic
cells. These light micrographs are from
a developing whiteﬁsh embryo (LM 415⫻).
Infer Why is the timing between what
happens to the nuclear envelope and the
activity of the mitotic spindle so critical?

The cell grows and replicates
its DNA and centrioles.

Prophase
The chromatin condenses
into chromosomes. The
centrioles separate, and a
spindle begins to form. The
nuclear envelope breaks down.

The cytoplasm pinches in
half. Each daughter cell
has an identical set of
duplicate chromosomes.

ELL

The chromosomes gather at
opposite ends of the cell and lose
their distinct shapes. Two new
nuclear envelopes will form.

Focus on ELL:
Extend Language

INTERMEDIATE SPEAKERS Have students
use the content on the page and in this
lesson to complete a peer-learning Jigsaw
Review activity. Form students into study
groups. Have each group focus on a different
phase of the cell cycle: interphase, prophase,
metaphase, anaphase, telophase, and
cytokinesis. Study group members should work
together to prepare a lesson on their phase.

Metaphase
The chromosomes line up
across the center of the cell.
Each chromosome
is connected to
spindle fibers at
its centromere.

Telophase

DIFFERENTIATED INSTRUCTION
L1 Special Needs Suggest students model the
stages of the cell cycle with paper towel “cells” and
six paper clip “chromosomes.” Have them start with
three clips on their towels. To model DNA replication,
they can make pairs by clipping the remaining three
clips to the ones on the towel. Then, have students
perform the job of the spindle ﬁbers by lining up the
pairs, separating them, and moving them to the ends
of their towels. They can then rip the towel in half to
model cytokinesis.

Interphase

Cytokinesis

Have small groups of students work through the
Visual Summary and discuss how each photo shows
the stage of the cell cycle being described.

Anaphase
The sister chromatids separate
into individual chromosomes
and are moved apart.

Once the study groups have prepared and practiced their lessons, have students reorganize into
learning circles composed of one member from
each study group. Each student in the learning
circle should then present his or her phase in the
order in which it occurs in the cell cycle.
Study Wkbks A/B, Appendix S7, Jigsaw Review.

Lesson 10.2

• InterActive Art
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Check for Understanding
VISUAL REPRESENTATION

Students can watch an animated
version of the cell cycle in InterActive
Art: Mitosis. Suggest they review chromosome vocabulary in Tutor Tube: Unraveling
Chromosome Vocabulary.

Draw a Cycle Diagram on the board with six circles to represent the phases of the
cell cycle. Call on students to label each circle with the correct phase and then draw
what happens during that phase. Then, ask other students to describe in words what
is happening in the cell during each phase.
Study Wkbks A/B, Appendix S23 Cycle Diagram. Transparencies, GO6.
ADJUST INSTRUCTION

If students are having a difﬁcult time identifying and describing the phases of the cell
cycle, have them reread the sections, The Cell Cycle and Mitosis, in groups. Then,
have them complete another Cycle Diagram.

Answers
FIGURE 10–13 During interphase, the nuclear envelope

contains the genetic material. During mitosis, the
spindle fibers pull the chromosomes to specific
locations in the cell. Nuclear envelope degradation and
spindle formation need to be synched.
Cell Growth and Division
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LESSON 10.2

MITOSIS

LESSON 10.3

Regulating
the Cell Cycle

Getting Started
Objectives
10.3.1 Describe how the cell cycle is regulated.
10.3.2 Explain how cancer cells are different from
other cells.

Key Questions
How is the cell cycle
regulated?

Student Resources
Study Workbooks A and B, 10.3 Worksheets
Spanish Study Workbook, 10.3 Worksheets
Lab Manual B, 10.3 Data Analysis Worksheet
Lesson Overview • Lesson Notes
• Activity: Art in Motion • Assessment: SelfTest, Lesson Assessment
For corresponding lesson in the
Foundation Edition, see pages 245–247.

How do cancer cells differ
from other cells?

Vocabulary
cyclin
growth factor
apoptosis
cancer
tumor

Taking Notes
Concept Map As you read,
create a concept map to
organize the information
in this lesson.

Activate Prior Knowledge
Give students the following scenario: Two athletes
are brought before an investigating committee
because both tested positive for growth hormones.
One athlete, a record holder, denies ever knowingly
taking the growth hormone. The other recently had
knee surgery and was taking the drugs prescribed by
the doctor. Have students write a short response in
which they speculate on how the growth hormones
were being used by the athletes. As a class, discuss
the question, What does the cell cycle have to do
with this story?

BUILD Vocabulary
ACADEMIC WORDS The verb
regulate means “to control or
direct.” Therefore, a substance
that regulates the cell cycle controls
when the cell grows and divides.

THINK ABOUT IT How do cells know when to divide? One striking
fact about cells in multicellular organisms is how carefully cell growth
and cell division are controlled. Not all cells move through the cell
cycle at the same rate.
In the human body, for example, most muscle cells and nerve cells
do not divide at all once they have developed. In contrast, cells in the
bone marrow that make blood cells and cells of the skin and digestive
tract grow and divide rapidly throughout life. These cells may pass
through a complete cycle every few hours. This process provides new
cells to replace those that wear out or break down.

Controls on Cell Division
How is the cell cycle regulated?
When scientists grow cells in the laboratory, most cells will divide until
they come into contact with each other. Once they do, they usually stop
dividing and growing. What happens if those neighboring cells are suddenly scraped away in the culture dish? The remaining cells will begin
dividing again until they once again make contact with other cells. This
simple experiment shows that controls on cell growth and division can
be turned on and off.
Something similar happens inside the body. Look at Figure 10–14.
When an injury such as a cut in the skin or a break in a bone occurs,
cells at the edges of the injury are stimulated to divide rapidly. New
cells form, starting the process of healing. When the healing process
nears completion, the rate of cell division slows, controls on growth
are restored, and everything returns to normal.

The Discovery of Cyclins For many years, biologists searched for a
signal that might regulate the cell cycle—something that would “tell”
cells when it was time to divide, duplicate their chromosomes, or enter
another phase of the cell cycle.
In the early 1980s, biologists discovered a protein in cells that were
in mitosis. When they injected the protein into a nondividing cell, a
mitotic spindle would form. They named this protein cyclin because it
seemed to regulate the cell cycle. Investigators have since discovered a
family of proteins known as cyclins that regulate the timing of the cell
cycle in eukaryotic cells.

NATIONAL SCIENCE EDUCATION STANDARDS
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C.1.d

Teach for Understanding
ENDURING UNDERSTANDING A cell is the basic unit of life; the processes that occur

INQUIRY

A.1.c, A.2.a

at the cellular level provide the energy and basic structure organisms need to survive.
GUIDING QUESTION How does a cell control the process of cell division?
EVIDENCE OF UNDERSTANDING At the end of the lesson, have students complete

this assessment to show they understand why cell regulation is a necessary part of
the healthy function and survival of an organism. Break the class into small groups.
Have each group develop a pamphlet to explain the regulation of cell division and
how cancer cells have lost control of the cell cycle that normal cells have.

286

Chapter 10 • Lesson 3

6/2/09 6:55:27 PM

Teach

䊳

Internal Regulators One group of proteins, internal regulatory
proteins, respond to events occurring inside a cell. Internal regulatory
proteins allow the cell cycle to proceed only when certain events have
occurred in the cell itself. For example, several regulatory proteins
make sure a cell does not enter mitosis until its chromosomes have
replicated. Another regulatory protein prevents a cell from entering
anaphase until the spindle ﬁbers have attached to the chromosomes.

Build Study Skills
Have students develop an analogy to grasp the
importance of cell cycle regulation. Point out that
many everyday tasks require a regulated system to
be completed successfully. For example, to make a
peanut butter and jelly sandwich, you need to lay
out the bread before you put jelly on the knife. You
also need to control how much peanut butter and
jelly are used to make the sandwich.

How might
regulatory proteins
be involved in
wound healing in
the salamander?

䊳 External Regulators Proteins that respond to events outside the
cell are called external regulatory proteins. External regulatory proteins direct cells to speed up or slow down the cell cycle.
One important group of external regulatory proteins is the group
made up of the growth factors. Growth factors stimulate the growth
and division of cells. These proteins are especially important during
embryonic development and wound healing. Other external regulatory proteins on the surface of neighboring cells often have an opposite effect. They cause cells to slow down or stop their cell cycles. This
prevents excessive cell growth and keeps body tissues from disrupting
one another.

Ask small groups to think of a daily task that requires
a sequence of regulated steps. One student should
present the group’s analogy to the class. The presentation should include the steps involved and what
could go wrong if regulation goes awry.
After the presentations, write the phases of the cell
cycle on the board.

In Your Notebook Use a cause-and-effect diagram to describe how
internal and external regulators work together to control the cell cycle.
New bone
cells

Ask What could go wrong if the cycle is not carefully regulated? (Sample answer: DNA may not be
divided evenly between the cells. Cells could divide
when new cells are not needed by the organism.)

DIFFERENTIATED INSTRUCTION
L1 Struggling Students Provide students with an
activity analogy, such as riding a bike, and have them
write down or say the steps that need to occur for
the activity to be completed. Have them talk about
how it is regulated.

CELL GROWTH AND HEALING
FIGURE 10–14 When a person breaks

a bone, cells at the edges of the injury
are stimulated to divide rapidly. The new
cells that form begin to heal the break.
As the bone heals, the cells stop dividing
and growing.

Cell Growth and Division 287
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Biology In-Depth
HEALING OF A BROKEN BONE

Several stages are involved in the healing of a broken bone. The stages reveal the
complex nature of bone tissue, of which students are probably not aware. When a
bone breaks, blood vessels are torn apart and a massive blood clot forms. Many bone
cells die because they are cut off from oxygen and nutrients. Within a few days, a soft
callus forms. New capillaries grow into the area and bring oxygen and nutrients to the
repair site. Immune system cells begin to remove dead cells and other debris. Bone
cells from surrounding areas move into the damaged area. These cells produce collagen ﬁbers and bony substances that form a bridge between the ends of the broken
bone. Soon, the soft callus hardens and forms a bony callus (shown in Figure 10–14).
Even when all of the bone structures are re-formed, the healing is not complete. As
the person resumes a normal activity level, the new bone tissue will react to mechanical stressors and alter its conﬁguration.

Ask students to compare the way a wound in the
skin heals and the way a broken bone heals. Students should note that a skin wound also begins to
heal at the edge of the wound.

Ask students which type of regulators—
internal, external, or both—are likely
involved in the salamander’s wound
healing. How do the regulators ensure that some
types of tissue do not grow faster than others? Students can go online at Biology.com to gather their
evidence.

Answers
IN YOUR NOTEBOOK Students’ diagrams should
show how events inside the cell trigger internal
regulators while external regulators respond to
events outside the cell. For example, a cause might
be a wound whose effect would be growth factors
speeding up the cell cycle.

Cell Growth and Division
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Regulatory Proteins The discovery of cyclins was just the start.
Scientists have since identiﬁed dozens of other proteins that also help to
The cell cycle is controlled by regulatory
regulate the cell cycle.
proteins both inside and outside the cell.

Lead a Discussion
Make sure students understand that apoptosis is a
normal cell process and is beneﬁcial to many organisms. In fact, apoptosis is a necessary process for
multicellular organisms. Apoptosis allows organisms
to more fully control which cells continue to grow
and divide and which do not. If a cell is old or damaged, apoptosis allows for this cell to be destroyed
rather than continuing to grow, divide, and use the
resources that other healthy cells need to survive.

DIFFERENTIATED INSTRUCTION

Cyclin Levels in Fertilized Clam Eggs

The Rise and Fall
of Cyclins
Scientists measured cyclin
levels in clam egg cells as
the cells went through their
ﬁrst mitotic divisions after
fertilization. The data are
shown in the graph.
Cyclins are continually
produced and destroyed
within cells. Cyclin production signals cells to
enter mitosis, while cyclin
destruction signals cells
to stop dividing and enter
interphase.

L1 Struggling Students Some students may think
that apoptosis—programmed cell death—is always
a sign of disease. Explain that apoptosis is an important event for the health of a multicellular organism.
For example, old cells, such as skin cells, must be
removed so that new cells have space to grow.

Cyclin Concentration

LESSON 10.3

Teach continued

Mitosis
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Mitosis

100
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Mitosis

130

140

Minutes After Fertilization

1. Interpret Graphs How long does cyclin production last during a
typical cell cycle in fertilized clam eggs?
2. Infer During which part of the cell cycle does cyclin production
begin? How quickly is cyclin destroyed?
3. Predict Suppose that the regulators that control cyclin production

are no longer produced. What are two possible outcomes?

Apoptosis Just as new cells are produced every day in a multicellular
organism, many other cells die. Cells end their life cycle in one of
two ways. A cell may die by accident due to damage or injury, or a cell
may actually be “programmed” to die. Apoptosis (ayp up toh sis)
is a process of programmed cell death. Once apoptosis is triggered,
a cell undergoes a series of controlled steps leading to its selfdestruction. First, the cell and its chromatin shrink, and then parts of
the cell’s membranes break off. Neighboring cells then quickly clean
up the cell’s remains.
Apoptosis plays a key role in development by shaping the structure of
tissues and organs in plants and animals. For example, look at the photos
of a mouse foot in Figure 10–15. Each foot of a mouse is shaped the way
it is partly because cells between the toes die by apoptosis during tissue
development. When apoptosis does not occur as it should, a number of
diseases can result. For example, the cell loss seen in AIDS and Parkinson’s disease can result if too much apoptosis occurs.

Ask If old skin cells did not die and shed, what
would happen to a person’s skin? (The skin would
become too thick and lose some of its properties.)
ELL English Language Learners To encourage
English language learners to use their language skills,
pair them with native English speakers. Have pairs
discuss why apoptosis is beneﬁcial to multicellular
organisms.

FIGURE 10 –15 Apoptosis The cells between
a mouse’s toes undergo apoptosis during a
late stage of development. Predict What is
one way the pattern of apoptosis would differ
in foot development for a duck?

B Adult foot

B Embryonic foot
(SEM 20ⴛ)
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jagged line before the 60-minute mark
tells readers that some information has
been condensed.
PURPOSE Students will examine and
interpret data that show the rise and
fall of cyclins during the cell cycle of
developing clams.

Answers
FIGURE 10–15 Not all of the cells between a duck’s

toes would undergo apoptosis. Some of the cells
would remain, causing a duck to have webbed feet.
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PLANNING Walk through the different
parts of the graph, such as the axis
labels and title, to make sure students
understand the information in the
graph before they begin analyzing it. If
students are confused by a graph that
does not start at zero, explain that the

ANSWERS
1. about 25 minutes
2. interphase; within a few minutes
3. If a regulator that turns on cyclin pro-

duction is no longer produced, a cell
will not enter mitosis. If a regulator
that turns off cyclin production is no
longer produced, a cell will not be able
to enter interphase.

Use Visuals

How do cancer cells differ from other cells?
Why is cell growth regulated so carefully? The
principal reason may be that the consequences of
uncontrolled cell growth in a multicellular organism are very severe. Cancer, a disorder in which
body cells lose the ability to control growth, is one
such example.
Cancer cells do not respond to the signals
that regulate the growth of most cells. As a result,
the cells divide uncontrollably. Cancer cells form
a mass of cells called a tumor. However, not all
tumors are cancerous. Some tumors are benign, or
noncancerous. A benign tumor does not spread to
surrounding healthy tissue or to other parts of the
body. Cancerous tumors, such as the one in
Figure 10–16, are malignant. Malignant tumors
invade and destroy surrounding healthy tissue.
As the cancer cells spread, they absorb the nutrients needed by other cells, block nerve connections,
and prevent the organs they invade from functioning properly. Soon, the delicate balances that exist
in the body are disrupted, and life-threatening
illness results.

What Causes Cancer? Cancers are caused by
defects in the genes that regulate cell growth and
division. There are several sources of such defects,
including: smoking or chewing tobacco, radiation exposure, other defective genes, and even viral
infection. All cancers, however, have one thing in
common: The control over the cell cycle has broken
down. Some cancer cells will no longer respond
to external growth regulators, while others fail to
produce the internal regulators that ensure orderly
growth.
An astonishing number of cancer cells have a
defect in a gene called p53, which normally halts the
cell cycle until all chromosomes have been properly
replicated. Damaged or defective p53 genes cause
cells to lose the information needed to respond to
signals that normally control their growth.
In Your Notebook Use a two-column chart to
compare the controls that regulate normal cell growth
to the lack of control seen in cancer cells.

Lesson 10.3

Talk through the steps of Figure 10–16 with
the class.

FIGURE 10 –16 Growth of Cancer

Cells Normal cells grow and divide in a
carefully controlled fashion. Cells that are
cancerous lose this control and continue to
grow and divide, producing tumors.

Ask What makes cancer cells different from healthy
cells? (Cancer cells do not respond to the signals
that regulate cell growth and division. They continue
to divide, when healthy cells would stop.)
Ask When researchers develop drugs to ﬁght cancer,
what characteristics of cancer cells do you think they
target? (Sample answer: They might target rapidly
dividing cells.)

DIFFERENTIATED INSTRUCTION

1 A cell begins to divide abnormally.

LPR Less Proﬁcient Readers Ask students to read
aloud the captions of the ﬁgure and look over each
drawing. Then, have them summarize the meaning
of each pictured step in their own words.

ELL

INTERMEDIATE SPEAKERS Since cancer is a
common disorder, many English language
learners may already be familiar with certain
aspects of the disease. Engage students by
asking them to discuss or write down what
they already know about cancer in their native
language. Have them translate the main points
of their discussion or written response into a
short list in English. You can use this list as a
starting point to talk about the relationship
between cancer and cell regulation.

2 The cancer cells produce a tumor, which begins
to displace normal cells and tissues.

3 Cancer cells are particularly dangerous because
of their tendency to spread once they enter the
bloodstream or lymph vessels. The cancer then
moves into other parts of the body and forms
secondary tumors, a process called metastasis.

• Art in Motion
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Focus on ELL:
Build Background

To see how cancer cells grow and
divide, suggest students watch the animation
Art in Motion: Growth of Cancer Cells.
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Check for Understanding
ORAL QUESTIONING

Use the following prompts to gauge students’ understanding of lesson concepts.
• How does the growth of a tumor relate to normal cell growth and division?

Answers

• How does cancer relate to the Big Idea of Growth, Development, and
Reproduction?

IN YOUR NOTEBOOK Students’ two-column charts
should show how normal cells respond to regulators
and how these controls are lost in cancer cells. For
example, some types of growth factors slow down
the growth and division of normal cells. Certain
cancer cells have lost their ability to respond to
growth factors, so their growth is no longer slowed
in the same way.

• What details from this lesson, and past lessons, could you add to the captions of
Figure 10–16 that further explain what is happening in each picture?
ADJUST INSTRUCTION

Help students make the connection between regulation and cancer by asking them to
think about what might happen if different real-world controls, such as trafﬁc signals,
no longer worked. Reinforce that cancer is the result of uncontrolled cell division.

Cell Growth and Division
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Cancer:
Uncontrolled Cell Growth

Assess and Remediate
EVALUATE UNDERSTANDING

Call on students at random to explain what regulates
the cell cycle and why cancer cells are different from
normal cells in the body. Then, have them complete
the 10.3 Assessment.
REMEDIATION SUGGESTIONS
L1 Struggling Students If students have a difﬁcult
time with developing a hypothesis for Question 1b,
suggest that they review the text on cyclins and the
Analyzing Data feature in this lesson. Have them
write down and discuss the role of cyclins in the cell
cycle with a partner. Then, have pairs write a hypothesis together.

Students can check their understanding of lesson concepts with the SelfTest assessment. They can then take an online
version of the Lesson Assessment.

Number per 100,000
Individuals

LESSON 10.3

Treatments for Cancer When a cancerous
tumor is localized, it can often be removed
by surgery. Skin cancer, the most common
175
form of the disease, can usually be treated
150
Males
this way. Melanomas, the most serious form
125
Females
of skin cancer, can be removed surgically, but
100
only if spotted very early.
75
Other forms of treatment make use
50
of the fact that cancer cells grow rapidly
25
and, therefore, need to copy their DNA
0
Breast
Colon
Lung/ Prostate Melanoma
more quickly than do most normal cells.
(skin)
Bronchus
This makes them especially vulnerable to
Type of Cancer
damage from radiation. As a result, many
tumors can be effectively treated with carefully targeted beams of radiation.
FIGURE 10–17 Cancer Incidence
Medical researchers have worked for years to develop chemical
Cancer can affect almost every
compounds that would kill cancer cells, or at least slow their growth.
organ in the body. Interpret Graphs
The use of such compounds against cancer is known as chemotherapy.
How many cases of breast cancer
were reported compared to prostate
Great advances in chemotherapy have taken place in recent years and
cancer for the time period shown?
have even made it possible to cure some forms of cancer. However,
because most chemotherapy compounds target rapidly dividing cells,
they also interfere with cell division in normal, healthy cells. This produces serious side effects in many patients, and it is one of the reasons
why scientists are so interested in gaining a better understanding of
the role of cell cycle proteins in cancer. The goal of many researchers
is to ﬁnd highly speciﬁc ways in which cancer cells can be targeted for
destruction while leaving healthy cells unaffected.
Cancer is a serious disease. Understanding and combating cancer
remains a major scientiﬁc challenge, but scientists at least know where
to start. Cancer is a disease of the cell cycle, and conquering cancer
will require a much deeper understanding of the processes that control
cell division.
Cancer Incidence in Males and Females (2000–2004)

Review Key Concepts

Answers
FIGURE 10–17 Per 100,000 individuals, there

were about 125 cases of breast cancer reported,
compared to about 165 cases of prostate cancer.

1. a. Review Name the two types of proteins that regulate the cell
cycle. How do these proteins work?
b. Form a Hypothesis Write a hypothesis about what you think
would happen if cyclin were injected into a cell during mitosis.
How could you test your hypothesis?
2. a. Review Why is cancer considered a disease of the cell cycle?
b. Compare and Contrast How are the growth of a tumor and the
repair
knee similar? How are theyy different?
p of a scrape
p on your
y
Lesson 10.3

Assessment Answers
1a. Internal and external regulators are two
types of proteins that regulate the cell
cycle. Internal regulators allow the cell
cycle to proceed only after certain events
occur. External regulators speed up or slow
down the cell cycle.
1b. Sample answer: If cyclins were injected
into cells during mitosis, then the cells
would go through the cell cycle more
quickly than cells that were not injected
with cyclins. I would test my hypothesis by
comparing a sample of injected cells with
a control sample.
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• Self-Test

Growth, Development,
and Reproduction
3. Why do you think it is
important that cells have a
“control system” to regulate
the timing of cell division?

• Lesson Assessment
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2a. Cancer is considered a disease of the cell
cycle because it occurs when changes
happen in a cell that prevent the cell from
regulating how often it divides.
2b. They are similar because they involve rapid
cell division. They are different because
once a scrape is repaired, the rapid cell
division will stop; however, in a tumor the
rapid cell division does not stop.
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3.

There are so many steps involved
with cell division that a system
must be in place to make sure
the proper steps have been completed
before a cell moves into the next phase of
cell division. Without this order, cells would
not be able to divide successfully.

Lead a Discussion
In 2000, an artist named Eduardo Kac commissioned
a laboratory to make “Alba”—a bunny containing
the green ﬂuorescence protein. Under blue light,
Alba glowed in the dark. Kac planned to display
Alba for a time in an art installation and then take
her home to live with him and his family. But the lab
decided not to release Alba to Kac, and the bunny
remained in captivity.

Fluorescence Microscopy
Imagine being able to “see” proteins at work
inside a cell, or to track proteins from where
they are made to where they go. Scientists can
now do all of these things, thanks to advances
in ﬂuorescence microscopy. One advance came
from the discovery that Paciﬁc jellyﬁsh, properly
known as Aequorea victoria, produce a protein
that glows. By fusing the gene for this protein to
other genes, scientists can label different parts
of the cell with ﬂuorescence. Other advances
include the development of additional highly
speciﬁc ﬂuorescent labels and the invention of
powerful laser microscopes. As the images on
this page show, the view is clearly amazing.

Color photos of Alba are still available online. Consider bringing in photos to show your students. Use
the questions below to start a discussion on the ethics involved with Alba.
Ask Is it right to alter genomes of animals just
because the technology exists to do so?

䊱 Viewing Labeled Specimens

In ﬂuorescence microscopy, a specimen is
labeled with a molecule that glows under a
speciﬁc wavelength of light. Different ﬂuorescent labels give off different colors. This way,
biologists can easily see exactly where a protein is
located within a cell or tissue.

Suppose you are a cell biologist studying
cell division and cancer. What might you use a ﬂuorescence
microscope to study? Describe your ideas in a paragraph.

䊲 Normal Spindle

䊲 Abnormal Spindle

Different ﬂuorescent labels enable
biologists to track how spindle ﬁbers
(green) form and how proteins help
distribute chromosomes (red)
evenly during mitosis.

Cell cycle control has gone
awry in this cell, causing an
abnormal mitotic spindle to
form.

Ask What types of social issues do you think could
arise due to this technology?
Ask Can Alba be considered “art”?

DIFFERENTIATED INSTRUCTION
L3 Advanced Students Have students identify
and discuss another technological advance that has
raised ethical issues. Ask them to talk about why the
technology was developed and how its use created
an ethical debate.

Technology and Biology 291
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How Science Works
USES OF FLUORESCENCE MICROSCOPY

Answers

Fluorescence microscopy has led to many breakthroughs in cell biology. Researchers can
watch a hormone interact with a receptor on a cell membrane; they can watch calcium
be released from a muscle cell; they can see which neurons in a brain ﬁre in response to
a particular stimulus. But ﬂuorescence microscopy also has other interesting applications.

WRITING Answers will vary. Student responses

One group of researchers had discovered how to produce sterile male mosquitoes.
They hoped that by releasing these sterile mosquitoes into the wild, they would
be able to help control the mosquito population and malaria outbreaks. But the
researchers had a difﬁcult time differentiating between sterile male mosquito larvae
and fertile female mosquito larvae. So, they used a ﬂuorescence molecule to tag a
protein produced only in the male larvae. Then, they examined larvae for the glowing
protein and released only the males that glowed into the wild.

may include suggestions such as labeling internal
regulators in normal and cancerous cells.

NATIONAL SCIENCE EDUCATION STANDARDS
UCP

II

CONTENT
INQUIRY

C.1.d, E.2
A.1.c, A.2.a, A.2.c
Technology and Biology

291

TECHNOLOGY & BIOLOGY

Teach

LESSON 10.4

Getting Started

Cell Differentiation

Objectives
10.4.1 Describe the process of differentiation.
10.4.2 Define stem cells and explain their
importance.
10.4.3 Identify the possible benefits and issues
relating to stem cell research.

Key Questions
How do cells become specialized for different functions?
What are stem cells?

Student Resources
Study Workbooks A and B, 10.4 Worksheets
Spanish Study Workbook, 10.4 Worksheets
Lab Manual B, 10.4 Data Analysis Worksheet
Lesson Overview • Lesson Notes
• Assessment: Self-Test, Lesson Assessment
For corresponding lesson in the
Foundation Edition, see pages 248–251.

What are some possible
beneﬁts and issues associated
with stem cell research?

Vocabulary
embryo • differentiation •
totipotent • blastocyst •
pluripotent • stem cell •
multipotent

Taking Notes
Compare/Contrast Table As you
read, create a table comparing
the ability of different cell types
to differentiate.

Build Background
Present the preﬁxes toti- (all), pluri- (most), and
multi- (many) as a sequence that shows how each is
progressively less inclusive. Write out the deﬁnitions
of totipotent, pluripotent, and multipotent and talk
about how each respective cell type is more limited
in what it can develop into.

THINK ABOUT IT The human body contains an estimated
100,000,000,000,000 (one hundred trillion) cells. That’s a staggering number, but in one respect it’s not quite as large as you might
think. Why? Try to estimate how many times a single cell would have
to divide through mitosis to produce that many cells. It may surprise
you to learn that as few as 47 rounds of cell division can produce that
many cells.
The results of those 47 cell cycles are truly amazing. The human
body contains hundreds of distinctly different cell types, and every one
of them develops from the single cell that starts the process. How do
the cells get to be so different from each other?

From One Cell to Many
How do cells become specialized for different functions?
Each of us started life as just one cell. So, for that matter, did your pet
dog, an earthworm, and the petunia on the windowsill. These living
things pass through a developmental stage called an embryo,
from which the adult organism is gradually produced. During
the development process, an organism’s cells become more and
more differentiated and specialized for particular functions.
Figure 10–18 shows some of the specialized cells found
in the roots, stems, and leaves of a plant.

FIGURE 10–18 Specialized

Plant Cells

Cells that
transport materials

Cells that
store sugar
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Cells that carry
out photosynthesis
Lesson 10.4
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Teach for Understanding
ENDURING UNDERSTANDING A cell is the basic unit of life; the processes that occur

at the cellular level provide the energy and basic structure organisms need to survive.
GUIDING QUESTION How does a single undifferentiated cell lead to a complex
multicellular organism?
EVIDENCE OF UNDERSTANDING At the end of the lesson, have students complete

this assessment to show they understand the importance of differentiation in the
proper function and survival of complex multicellular organisms. Have students come
up with real-world analogies for the process of differentiation. Tell them to make
sure their analogies highlight the advantages of specialization. For example, students
might suggest how medical doctors are specialized. Specialists are experts on how
best to treat specific parts of the human body. Have students describe how their
analogies connect to the process of differentiation.
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Nervous System By the 5th cell
division, cells in the nervous
system begin to differentiate.

Teach
Build Math Skills
The discussion on this page and the diagram offer
an opportunity to review exponents. Help students
calculate how many cells are in the embryonic
worm at the point when its nervous system begins
to differentiate (25=32). Have them calculate the
number of cells in the worm when the cuticle starts
to differentiate (28=256).

Cuticle By the 8th cell division, some
of the cells that secrete the worm’s
outer covering begin to differentiate.
Pharynx After 9 to 11 cell
divisions, cells in the feeding
organ differentiate.

DIFFERENTIATED INSTRUCTION
L1 Special Needs Students can cut a large piece
of paper in half, those two pieces in half again, and
so on, to understand how cell divisions double the
number of total cells with each round of division.
They will see how quickly cell numbers increase.

Eggs
Muscle

Gonad
Intestine

FIGURE 10–19 Differentiation

Mapping Differentiation The process of differentiation determines
a cell’s ultimate identity, such as whether it will spend its life as a
nerve cell or a muscle cell. In some organisms, a cell’s role is rigidly
determined at a speciﬁc point in the course of development. In the
microscopic worm Caenorhabditis elegans, for example, biologists have
mapped the outcome of each and every cell division from fertilized
egg to adult.
The process of cell differentiation in C. elegans begins with the
very ﬁrst division and continues throughout embryonic development.
Figure 10–19 shows when some of the cells found in the adult begin
to differentiate during development. Each and every time a new worm
develops, the process is the same, resulting in 959 cells with precisely
determined functions.

in C. elegans A fertilized egg
develops into an adult worm after
many cell divisions. Daughter cells
from each cell division follow a
speciﬁc path toward a role as a
particular kind of cell.

Differentiation in Mammals Other organisms, including mammals
like us, go through a more ﬂexible process in which cell differentiation
is controlled by a number of interacting factors in the embryo, many
of which are still not well understood. What is known, however, is that
adult cells generally do reach a point at which their differentiation is
complete—when they can no longer become other types of cells.

L3 Advanced Students Some students will point
out that Figure 10–19 says that pharynx cells are still
differentiating at the 11th cell division, which would
produce 211 or 2048 cells. This is more than the number of cells in the adult. They may also point
out that the ﬁnal number of cells found in the
adult worm (959) is not divisible by 2. Have them
infer what process happens during the worm’s
development to create a ﬁnal number of cells that
is only 959. They will need to recall apoptosis from
Lesson 10.3.

Address Misconceptions
Differentiation Students may think that cells differentiate by passing on different hereditary information when they divide. Remind students that, when
cells divide, mitosis ensures that each daughter cell
receives a complete set of genetic information from
its parent cell.

In Your Notebook Starting with a single cell, calculate how many
cells might result after 4, 8, and 10 cell divisions.

Cell Growth and Division 293
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Biology In-Depth
A GREAT LAB ANIMAL

Caenorhabditis elegans has become such a well-established laboratory animal that
more is known about its biology than that of almost any other organism. Because it is
only 1 mm long when mature, C. elegans can be raised in small laboratory dishes. It
takes only 12 hours from fertilization of the egg to hatching of the juvenile worm. In
that time, successive cell divisions produce 671 cells, of which 113 are programmed
to die, leaving 558 in the worm that hatches. This “programmed-to-die” characteristic is valuable to researchers studying the aging process. The precise number of 959
cells in the mature worm is adequate for studying the development of complex organ
systems, but the number is not so high that it is impossible to track the divisions of
each cell. The pattern and number of cell divisions in C. elegans are unvarying, making it possible to study the effects of a single genetic mutation.

Answers
IN YOUR NOTEBOOK 24 = 16; 28 = 256; 210 = 1024

Cell Growth and Division

293

LESSON 10.4

Deﬁning Differentiation The process by which cells become specialized is known as differentiation (dif ur en shee ay shun).
During
the development of an organism, cells differentiate into many types
of cells. A differentiated cell has become, quite literally, different from
the embryonic cell that produced it, and specialized to perform certain
tasks, such as contraction, photosynthesis, or protection. Our bodies,
and the bodies of all multicellular organisms, contain highly differentiated cells that carry out the jobs we need to perform to stay alive.

LESSON 10.4

Teach

continued

Lead a Discussion
Make sure students understand the difference
between totipotent and pluripotent stem cells.
Ask What types of cells can totipotent stem cells
form that pluripotent stem cells cannot? (Totipotent
cells can form tissues surrounding the embryo, while
pluripotent cells cannot.)
Point out that both totipotent and pluripotent stem
cells can develop into all of the types of cells that
make up an adult human body.

DIFFERENTIATED INSTRUCTION

Cellular Differentiation of C. elegans

Cell Type

The adult microscopic worm C. elegans contains
959 cells. The data table shows some of the different
cell types in this worm. Copy the data table into your
notebook and answer the following questions.
1. Calculate Calculate the percentage of the total cell
number represented by each tissue or organ listed by
using this formula:

Cuticle

213

Gonad (excluding germ
line cells)

143

Mesoderm muscle

81

Pharynx

80

22%

Other

3. Infer Why does C. elegans make an ideal
model for studying cellular differentiation?

Number of cells in adult × 100
Total number of cells

4. Infer Why would it be more difﬁcult

2. Calculate Find both the number of cells and the

percentage of the total represented by cells in tissues or
organs not listed (“other”). The category includes cells
from, among other organs, the intestine. Record the
results in your table.

Less Proﬁcient Readers Struggling readers
may stumble over the vocabulary associated with
stem cells. Take a few minutes to preview the vocabulary. Have them ﬁnd the words on the page. Say the
word aloud and use it in a sentence. Then, have students repeat the words so they are familiar and comfortable using them before they begin reading.

Number of Percent
Cells in Adult of Total

to map the differentiation patterns in a
different organism, such as a mammal?

LPR

To help students arrive at the answer,
remind them about what they already
know: that the salamander in the story
eventually grew a new limb.
Ask What kinds of tissues are found in a salamander
limb? (Bone, blood, and nerve tissue can be found
in a salamander limb.)

Stem Cells and Development

Some adult salamander
cells never completely
differentiate. What
ability do these
cells retain?

Help lead students to the conclusion that certain cells
in the adult salamander must retain the ability to differentiate into these types of tissues. Students can
go online at Biology.com to gather their evidence.

What are stem cells?
One of the most important questions in biology is how all of the
specialized, differentiated cell types in the body are formed from just a
single cell. Biologists say that such a cell is totipotent (toh tip uh tunt),
literally able to do everything, to develop into any type of cell in the
body (including the cells that make up the extraembryonic membranes
and placenta). Only the fertilized egg and the cells produced by the ﬁrst
few cell divisions of embryonic development are truly totipotent. If
there is a “secret” by which cells start the process of differentiation, these
are the cells that know that secret.

Human Development After about four days of development, a
human embryo forms into a blastocyst, a hollow ball of cells with a
cluster of cells inside known as the inner cell mass. Even at this early
stage, the cells of the blastocyst have begun to specialize. The outer cells
form tissues that attach the embryo to its mother, while the inner cell
mass becomes the embryo itself. The cells of the inner cell mass are said
to be pluripotent (plu rip uh tunt). Cells that are pluripotent can develop
into most, but not all, of the body’s cell types. They cannot form the
tissues surrounding the embryo.
In Your Notebook Look up the roots that form the words
totipotent, pluripotent, and multipotent. How do the roots relate
to each cell’s ability to differentiate?

294 Chapter 10 • Lesson 4
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ANSWERS
1. gonad 15%; mesoderm 8%;

pharynx 8%
PURPOSE Students will practice math

Answers
IN YOUR NOTEBOOK Students should discover

that the root “potent” comes from the Latin word
potens, meaning “to be able.” Using the meaning
of the prefixes toti- (all), pluri- (most), and multi(many), students should infer each cell type’s
respective ability to differentiate, from most flexible
(totipotent) to most limited (multipotent).

294
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skills using data from C. elegans
research.

2. 442 cells; 46%. Note: If students add

the percents in the table, they may
notice that they total 99%, not 100%.
Tell students that this discrepancy is a
result of rounding.

PLANNING Before students begin filling
out the table, point out that most, but
3. C. elegans has a very limited number of
not all, the data they need to calculate
cells in the adult organism and follows a
the percentages are in the table. Remind
rigid pattern of differentiation.
them to read the introductory paragraph
carefully to help them find the
4. Other animals have a more flexible develinformation they will need to complete
opmental pattern and have many more
the table.
cells to keep track of than C. elegans.

Use Visuals
Some students may have trouble navigating the ﬁgure on this page. Show students how they can use
the arrows to follow the process shown.



Embryonic Stem Cells As you have seen, the pluripotent stem cells
of the inner cell mass eventually produce all of the cells of the body.
Embryonic stem cells are pluripotent cells found in the early embryo.
In 1998, researchers at the University of Wisconsin found a way to
grow these embryonic stem cells in culture. Their experiments conﬁrmed that such cells did indeed have the capacity to produce just
about any cell type in the human body. In fact, scientists have managed to coax mouse embryonic stem cells to differentiate into nerve
cells, muscle cells, and even into sperm and egg cells. Recently, sperm
made from embryonic stem cells were used to generate live mice.



Ask What does the ﬁgure show happening to the
inner cell mass? (The cells are transferred into
culture.)

Adult Stem Cells For years, biologists have suspected that adult
organisms might also contain some types of stem cells. Cells in the
blood and skin, for example, have a limited life span and must be
constantly replaced. This suggests that the body contains pools of stem
cells from which new skin and blood cells can be produced.
Adult stem cells are groups of cells that differentiate to renew and
replace cells in the adult body. Because of their more limited potential, adult stem cells are referred to as multipotent (muhl tip uh tunt),
meaning that they can develop into many types of differentiated cells.
Typically, stem cells of a given organ or tissue produce only the types
of cells that are unique to that tissue. For example, adult stem cells
in the bone marrow can develop into several different types of blood
cells, while stem cells in the brain can produce neurons, or nerve cells.

FIGURE 10–20 Embryonic Stem
Cells After fertilization, the human
embryo develops into a hollow ball
of cells known as a blastocyst. The
actual body of the embryo develops
from the inner cell mass, a cluster of
cells inside the blastocyst. Because
of their ability to differentiate into
each of the body’s many cell types,
these cells are known as embryonic
stem cells.

Blastocyst

Ask What four types of cells do these cells in culture
become? (neuron, fat cell, smooth muscle cell, and
macrophage)

DIFFERENTIATED INSTRUCTION
L1 Special Needs Use physical models made of
resin or plastic to help students see or feel the differences between the structure of a blastocyst and
the structures of differentiated cells. Depending on
ability, ask students to speak or write about the differences they observe.
ELL English Language Learners Give students
two index cards and have them write True on one
and False on the other. Question students with true/
false statements to assess their comprehension of
lesson content. For example,

Inner cell
mass

• The blastocyst is a very early stage of embryo.
(True)
Embryonic stem
cells in culture

• The cells in the inner cell mass are totipotent.
(False)
• Multipotent cells can develop into many, but not
all, types of cells. (True)
Have students react to the statements by holding up
either their True or False card. Use their responses to
identify areas of confusion.

Neuron

Macrophage
Fat cell

Smooth muscle cell
Cell Growth and Division 295
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How Science Works

LPR Less Proﬁcient Readers Before they read, ask
struggling readers to create a KWL chart. Ask them
to ﬁll out what they know in the ﬁrst column and
any questions they want to know the answer to in
the second. Then, have them read the lesson text
and ﬁll out what they learned in the third column.
As a class, discuss any questions students still have
about stem cells.

Study Wkbks A/B, Appendix S27, KWL.
Transparencies, GO11.

BONE MARROW TRANSPLANTS

Students might be surprised to ﬁnd out that doctors are already using adult stem cells
to treat sick patients. In fact, bone marrow transplants are effectively stem cell transplants. Found inside bones, bone marrow is a soft tissue that contains hematopoietic
stem cells. Hematopoietic cells differentiate into white blood cells, red blood cells,
and platelets. Bone marrow transplants can be used to treat patients with certain
blood disorders that cause the patients to produce abnormal blood cells. Bone marrow transplants can also be used to treat cancer patients whose own marrow has
been damaged by high doses of chemotherapy or radiation.

Cell Growth and Division
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LESSON 10.4

Stem Cells
The unspecialized cells from which differentiated
cells develop are known as stem cells. As the name implies, stem cells
sit at the base of a branching “stem” of development from which different cell types form. Because of their potential to develop into other
cell types, stem cells are the subject of intense interest by researchers
around the world.

LESSON 10.4

Teach

continued

Lead a Discussion
Have students identify the potential beneﬁts and
issues associated with stem cell research. Use these
points to start a discussion on the importance of
considering both ethics and potential scientiﬁc
advancement in research. You may want to talk
about other areas of scientiﬁc inquiry that currently
have ethical considerations. For example, you could
discuss screening for genetic markers of disease such
as the genes associated with breast cancer.

3 The environment of the
heart stimulates injected
stem cells to differentiate
into new heart muscle cells.
1 Stem cells are ﬁltered
from bone marrow removed
from a patient’s hip.

2 The stem cells are
injected into the heart’s
damaged area.

DIFFERENTIATED INSTRUCTION
L3 Advanced Students Stem cell research is frequently in the media. Using media can reinforce
existing knowledge and add new insights, but it can
also present biases and misinformation. Have students investigate how responsible use of media can
help inform them about the stem cell debate.

Ask students to gather print articles, research online,
and, if possible, take notes on radio or TV reports
that cover stem cell research. Then, have students
meet in small groups and analyze their sources. Write
the following discussion prompts on the board:

FIGURE 10–21 A Possible Future

Treatment for Heart Disease? Stem
cell research may lead to new ways
to reverse the damage caused by
a severe heart attack. The diagram
shows one method currently being
investigated. Infer How would
the fate of the stem cells change
after they are moved from the bone
marrow to the heart?

Frontiers in Stem Cell Research
What are some possible beneﬁts and issues associated with
stem cell research?

Understanding how stem cells retain the capacity to differentiate
into so many cell types is an important unsolved problem in biology.
Scientists would like to learn exactly which signals tell a cell to become
specialized, and how other cells remain multipotent.

Potential Beneﬁts Basic research on stem cells takes on a special
urgency in light of the importance it might have for human health.
There are many causes of damage to particular types of cells. Heart
attacks destroy cells in the heart muscle, strokes injure brain cells, and
spinal cord injuries cause paralysis by breaking connections between
nerve cells. Given the suffering and death caused by these conditions,
the prospect of using stem cells to repair such cellular damage has
excited medical researchers.
Many hope to see a day when the damage caused by a severe heart
attack can be reversed using stem cell therapy. Experiments using
animals suggest that several approaches show promise of success. One
approach might be to inject stem cells from the patient’s bone marrow into the heart’s damaged area, as shown in Figure 10–21. Another
approach is to inject embryonic stem cells that might eventually differStem cells offer the potential
entiate into new heart muscle cells.
beneﬁt of using undifferentiated cells to repair or replace badly
damaged cells and tissues.

• How do the sources vary?
• What are the qualities of each source?
• What kinds of stories are likely to be published by
each source?
• What qualities do you think the editor was looking
for, and how does this impact the coverage?
• What sources would you most likely use if doing a
report on stem cell research in the United States?
Have students end the discussion by talking about
any new stem cell information they learned from
their articles. Have them comment on the credibility
of the information.
296 Chapter 10 • Lesson 4
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Check for Understanding
HAND SIGNALS

Present students with the following questions and ask them to show a thumbs-up
sign if they understand, a thumbs-down sign if they are confused, or a waving-hand
sign if they partially understand.
• Why is differentiation important to multicellular organisms?
• What are the three different types of stem cells and their respective potential
to differentiate?

Answers

• What are the benefits and issues surrounding stem cell research?

FIGURE 10–21 They would become heart muscle cells

ADJUST INSTRUCTION

rather than blood cells.

If students are struggling with a particular question, have them review it in small
groups. Then, have each group write a short answer and present it to the class.

296
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Expand Vocabulary

BUILD Vocabulary
ACADEMIC WORDS The word
harvest is the act or process of
gathering. Scientists who harvest
stem cells are gathering the cells.

Have students look up harvest in the dictionary and
summarize its different meanings in their own words.

DIFFERENTIATED INSTRUCTION
ELL English Language Learners Explain that
harvest is both a noun and a verb in English. Show
students a picture of a harvest and a farmer harvesting so they can see the difference.

Assess and Remediate
EVALUATE UNDERSTANDING

Have students write a few paragraphs of a pamphlet that aims to educate the public on the science
behind stem cell research. Then, have them complete
the 10.4 Assessment.
REMEDIATION SUGGESTION

In Your Notebook Make a two-column chart that lists the beneﬁts

L1 Struggling Students If your students have
trouble with Question 1a, have them review
Figure 10–19 and discuss it with a partner.

and issues related to stem cell research.

Students can check their understanding of lesson concepts with the SelfTest assessment. They can then take an online
version of the Lesson Assessment.

Review Key Concepts
1. a. Review What happens during differentiation?
b. Apply Concepts What does “mapping” refer to in the process
of cell differentiation?
2. a. Review What are stem cells?
b. Compare and Contrast How are embryonic stem cells and
adult stem cells alike? How are they different?
3. a. Review Summarize the potential beneﬁts and issues of stem
cell research.
b. Form an Opinion How might technological advances help
address the ethical concerns surrounding stem cell research?
Lesson 10.4

• Self-Test

Cellular Basis of Life
4. Use what you learned in
this lesson to discuss how
cells become specialized for
different functions. Include
an explanation of how the
potential for specialization
varies with cell type and
how it varies over the life
span of an organism.

Answers
IN YOUR NOTEBOOK Answers will vary. Check that
student lists include reasonable benefits and issues
pertaining to stem cell research.

• Lesson Assessment
Cell Growth and Division 297
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Assessment Answers
1a. During differentiation, a cell becomes
specialized.
1b. Mapping refers to tracking the progress of
a cell’s differentiation.
2a. Stem cells are unspecialized cells from
which different types of cells develop.
2b. Embryonic stem cells and adult stem cells
both have the ability to differentiate into
specific cell types. Embryonic stem cells
are found in embryos. Adult stem cells are
found in certain organs of adults and are

more limited in their ability to differentiate
than are embryonic stem cells.
3a. Sample answers: benefits: repair or regeneration of cells damaged by certain kinds
of disease; issues: embryonic stem cells
cannot be harvested without destroying
the embryo.

4.

Student responses should
explain the process of differentiation in embryonic and adult
organisms. Within this explanation, totipotent, pluripotent, and multipotent cells
should each be defined and discussed.

3b. Sample answer: If adult stems cells could
be coaxed into behaving like embryonic
stem cells, then perhaps there would no
longer be a desire by scientists to harvest
and use embryonic stem cells.
Cell Growth and Division
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LESSON 10.4

Ethical Issues Because adult stem cells can be obtained directly from
the body of a willing donor, research with these cells has raised few
ethical questions to date. This is not the case with embryonic stem
cells, which are generally obtained from very early embryos.
Most techniques for harvesting embryonic stem cells cause the
destruction of an embryo. For this reason, individuals who regard the
embryo as entitled to the rights and protections of any human being
object to such work. This concern has made government funding of
embryonic stem cell research an important political issue. Groups
seeking to protect embryos oppose such research as unethical. Other
groups support such research as essential for saving human lives and
Human
argue that it would be unethical to restrict research.
embryonic stem cell research is controversial because the arguments
for it and against it both involve ethical issues of life and death.
It is possible, however, that in the not-too-distant future, both
ethical concerns will be addressed with a technological solution. Some
recent experiments have suggested that there may be ways to extract a
small number of stem cells from an early embryo without damaging
the embryo itself. Other experiments have shown that it is possible to
switch “on” a small number of genes that reprogram adult cells to look
and function like pluripotent embryonic stem cells. Such a technique
would do away with the need to involve embryos at all. It also might
make it possible to tailor speciﬁc therapies to the needs of each individual patient. Approaches like these, if successful, might allow potentially lifesaving research to go forward while avoiding any destruction
of embryonic life.

CHAPTER LAB

OPEN-ENDED INQUIRY

Pre-Lab
Introduce students to the concepts they will explore
in the chapter lab by assigning the Pre-Lab questions.

Pre-Lab: Regeneration in Planaria

Lab

Problem How potent are the stem cells in planaria?

Pre-Lab Questions

Tell students they will perform the chapter lab Regeneration in Planaria described in Lab Manual A.

Materials fresh water or spring water, planarians,
petri dishes, grease pencil, forceps, scalpel, dissecting
microscope, glass microscope slide, lens paper, pipette,
small paintbrush, clear ruler

Preview the procedure in the lab manual.

Struggling Students A simpler version of the
chapter lab is provided in Lab Manual B.
L1

Lab Manual Chapter 10 Lab

SAFETY

Students should wear protective equipment and
handle the scalpel and glassware with care.
Look online for Editable Lab
Worksheets.
For corresponding pre-lab in the
Foundation Edition, see page 252.

Skills Focus Form a Hypothesis, Design an Experiment, Draw Conclusions
Connect to the
All cells come from
existing cells. When most cells in a multicellular organism divide, they produce cells just like themselves.
However, some cells can differentiate to form different
types of cells. These cells enable an organism to repair
tissue after an injury or in some cases to regenerate
body parts. In this lab, you will investigate the ability
of planarians to regenerate body parts.

Background Questions
a. Compare and Contrast What is the difference

NATIONAL SCIENCE EDUCATION STANDARDS

between totipotent stem cells and multipotent stem
cells?
b. Apply Concepts What type of stem cell enables
your body to produce cells, such as skin and blood
cells that are constantly replaced by the body?
c. Apply Concepts What type of stem cell enables a
salamander to regenerate its tail?
d. Compare and Contrast In what way is regeneration
of a body part similar to asexual reproduction? In
what way is it different?

1. Apply Concepts What would you expect to observe

if the stem cells in planarians are totipotent? What
would you expect to observe if the stem cells are
multipotent?
2. Control Variables What will you use as a control in
your experiment? Explain why you need this control.
3. Infer Two planarians are cut at different locations.
Regeneration occurs in one planarian, but not in
the other. Based on these results, what might you
infer about stem cells in planarians?
Chapter 10

Visit Chapter 10 online to test yourself on chapter content and to ﬁnd activities to help you learn.

Untamed Science Video Journey with the Untamed
Science crew to a research facility in Sweden to learn
why scientists are studying regeneration in brittle stars.

Visual Analogy Compare a growing cell to a growing city to understand limits on cell size.
Data Analysis Learn how to time the cell cycle by
counting cells in mitosis.

Art Review Test your knowledge of the structure of a
eukaryotic chromosome.
InterActive Art See the phases of mitosis in action.
Art in Motion See what happens when cancerous
cells invade normal tissue.

UCP II
CONTENT C.1.f
INQUIRY A.1.b

Pre-Lab Answers

298 Chapter 10 • Pre-Lab

BACKGROUND QUESTIONS
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a. Totipotent stem cells can form all types of

cells in a body. Multipotent stem cells can
form many, but not all, types of cells.
b. multipotent stem cells
c. totipotent stem cells
d. Sample answer: Asexual reproduction

and regeneration are similar because they
depend on cell division and differentiation.
They are different because asexual reproduction always produces two organisms, but
regeneration may result in a single repaired
organism.

298
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PRE-LAB QUESTIONS
1. Sample answer: If the stem cells are

totipotent, a cut planarian should
regenerate completely. If the cells are
multipotent, regeneration should be
incomplete.
2. Sample answer: I will use an uncut

planarian. Growth that takes place in
the uncut planarian can be compared
with the growth that takes place during
regeneration.

6/12/09 10:53:03 AM

3. Sample answer: You might infer that

stem cells are not found at every location in a planarian.

Study Online
10.3 Regulating the Cell Cycle

Growth, Development, and
Reproduction
Cells undergo cell division to produce new cells.
In eukaryotic cells, cell division is part of a highly
regulated cycle known as the cell cycle.

10.1 Cell Growth, Division, and Reproduction
The larger a cell becomes, the more demands
the cell places on its DNA. In addition, a larger cell is
less efﬁcient in moving nutrients and waste materials
across the cell membrane.
Asexual reproduction is the production of
genetically identical offspring from a single parent.

Cancer cells do not respond to the signals that
regulate the growth of most cells. As a result, the cells
divide uncontrollably.
cyclin (286)
growth factor (287)
apoptosis (288)

cancer (289)
tumor (289)

cell division (276)
asexual reproduction (277)
sexual reproduction (277)

The unspecialized cells from which differentiated cells develop are known as stem cells.
Stem cells offer the potential beneﬁt of using
undifferentiated cells to repair or replace badly damaged cells and tissues.

10.2 The Process of Cell Division
Chromosomes make it possible to separate DNA
precisely during cell division.
During the cell cycle, a cell grows, prepares for
division, and divides to form two daughter cells.
During prophase, the genetic material inside the
nucleus condenses. During metaphase, the chromosomes line up across the center of the cell. During
anaphase, the chromosomes separate and move along
spindle ﬁbers to opposite ends of the cell. During
telophase, the chromosomes, which were distinct
and condensed, begin to spread out into a tangle
of chromatin.

Vocabulary Review The Flash Cards and Crossword provide an interactive way to review chapter
vocabulary.
Chapter Assessments Have students take online
versions of the Chapter 10 Assessment.

Human embryonic stem cell research is controversial because the arguments for it and against it
both involve ethical issues of life and death.

Standardized Test Prep Students can take an
online version of the Standardized Test Prep. You will
receive their scores along with ideas for remediation.

embryo (292)
differentiation (293)
totipotent (294)
blastocyst (294)

Diagnostic and Benchmark Tests Use these tests
to monitor your students’ progress and supply
remediation.

pluripotent (294)
stem cell (295)
multipotent (295)

Think Visually Using the information in this chapter,
complete the following cycle diagram of the cell cycle.

Answers
1

THINK VISUALLY
The chromatin
condenses into
chromosomes.

4

Cytokinesis completes the process of cell
division—it splits one cell into two.

1. The cell grows and replicates its DNA and

centrioles.
2. The chromosomes line up across the middle of

centromere (282)
chromatid (282)
centriole (282)
metaphase (282)
anaphase (283)
telophase (283)

Chapter 10

Editable Worksheets Pages of Study Workbooks A and B, Lab Manuals A and B, and the
Assessment Resources Book are available online.
These documents can be easily edited using a wordprocessing program.
Lesson Overview Have students reread the Lesson
Overviews to help them study chapter concepts.

10.4 Cell Differentiation
During the development of an organism, cells
differentiate into many types of cells.

Offspring produced by sexual reproduction inherit
some of their genetic information from each parent.

chromosome (279)
chromatin (280)
cell cycle (280)
interphase (281)
mitosis (282)
cytokinesis (282)
prophase (282)

REVIEW AND ASSESSMENT
RESOURCES

The cell cycle is controlled by regulatory proteins both inside and outside the cell.

the cell.

The chromosomes
gather at opposite
ends of the cell.

2

3. The sister chromatids separate into individual

chromosomes and move apart.
4. The cell membrane pinches the cytoplasm in half.

3

• Match It
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Performance Tasks
SUMMATIVE TASK Have each student
write a memoir as if he or she were
a cell that had just divided. Write the
following prompts on the board and tell
students that they should mention each
of these points in their memoir.

• Why did you decide to divide?
• What signals did you receive that told
you it was time to divide? Describe
how you divided. What happened? In
what order?

• Talk about why each process you went
through was important to you and your
daughter cells.

• Why might humans be more limited in their
potential to regenerate an entire leg than
salamanders?

TRANSFER TASK Ask each student to make

• Humans can regenerate liver tissue. How is
this phenomenon similar to the regrowth of
hair and nails? How is it different?

a list of the types of cells and tissues humans
can regrow, such as hair and nails. Have small
groups of students compare lists and make
a comprehensive group list. Then, have each
group discuss the following questions:

• Stem cells in human bone marrow can produce blood cells. How are stem cells related
to regeneration?

• How is the regrowth of human hair and nails
different than regeneration in salamanders
and planarians?

Cell Growth and Division
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STUDY GUIDE

10 Study Guide

ASSESSMENT

10

Lesson 10.1
UNDERSTAND KEY CONCEPTS

1. d

2. a

Assessment

10.1 Cell Growth, Division, and Reproduction

3. b

4. Cell volume is the amount of material inside a
cell. Cell surface area is the total area of the cell’s
membrane. Ratio of surface area to volume is
the surface area compared to the volume.
5. Asexual reproduction allows populations to
increase in number very quickly. Sexual reproduction provides genetic diversity.
THINK CRITICALLY

6. 2.25:1
7. sexually; genetic differences in a population may
help the organisms better cope with environmental changes

Understand Key Concepts
1. The rate at which materials enter and leave the
cell depends on the cell’s
a. volume.
c. speciation.
b. weight.
d. surface area.
must ﬁrst
a. duplicate its genetic information.
b. decrease its volume.
c. increase its number of chromosomes.
d. decrease its number of organelles.
3. The process that increases genetic diversity within

a population is
a. asexual reproduction. c. cell division.
b. sexual reproduction. d. binary ﬁssion.
terms: cell volume, cell surface area, ratio of surface
area to volume.
5. Describe asexual and sexual reproduction as

UNDERSTAND KEY CONCEPTS

8. c

9. c

10. b

survival strategies.

11. d

12. Well before cell division, each chromosome is
replicated. At the beginning of cell division, the
chromosomes condense, with each chromosome
consisting of two identical sister chromatids
joined at a centromere.
13. Interphase is the period of growth between
cell divisions.
14. prophase, metaphase, anaphase, telophase;
In prophase, chromosomes condense and the
mitotic spindle starts to form. During metaphase,
the duplicated chromosomes line up in the
middle of the cell and the centromeres attach
to the spindle. In anaphase, the chromosomes
separate and move to opposite ends of the cell.
During telophase, the chromosomes spread out
and nuclear envelopes begin re-forming around
the genetic material.
THINK CRITICALLY

15. Prokaryotes divide by binary fission: the DNA
replicates and each DNA molecule attaches to
a different part of the cell membrane. The cell
pinches and divides. In eukaryotes, cell division
occurs in two stages—mitosis and cytokinesis.
16. The presence of many nuclei indicates that
mitosis has occurred repeatedly without cytokinesis having occurred.
17. Cell division is similar in animal and plant cells.
Plant cells, though, do not have centrioles, as
animal cells do. Plant cells organize their mitotic
spindles from regions known as centrosomes.
Also, during cytokinesis in most animal cells, the
cell membrane moves inward until the cytoplasm
is pinched into two nearly equal parts. In plant
cells, a cell plate forms midway between the
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metaphase of mitosis?

a.

c.

b.

d.

2. In order for a cell to divide successfully, the cell

4. Describe what is meant by each of the following

Lesson 10.2

10. Which of the illustrations below best represents

Think Critically
6. Calculate Calculate the ratio of surface area to
volume of an imaginary cubic cell measuring
4 mm long on each side.
7. Form a Hypothesis In a changing environment,
which organisms have an advantage—those that
reproduce asexually or those that reproduce sexually? Explain your answer.

10.2 The Process of Cell Division
Understand Key Concepts
8. Sister chromatids are attached to each other at an
area called the
a. centriole.
c. centromere.
b. spindle.
d. chromosome.
9. If a cell has 12 chromosomes, how many chromo-

somes will each of its daughter cells have after
mitosis and cytokinesis?
a. 4
b. 6
c. 12
d. 24

11. In plant cells, what forms midway between the

divided nuclei during cytokinesis?
a. nuclear membrane c. cell membrane
b. centromere
d. cell plate
12. Describe how a eukaryotic cell’s chromosomes

change as a cell prepares to divide.
13. What is the relationship between interphase and

cell division?
14. List the following stages of mitosis in the cor-

rect sequence, and describe what happens during
each stage: anaphase, metaphase, prophase, and
telophase.

Think Critically
15. Compare and Contrast How is the process of cell

division in prokaryotes different from cell division
in eukaryotes?
16. Form a Hypothesis Some cells have several nuclei

within their cytoplasm. Considering the events in
a typical cell cycle, which phase of the cell cycle is
not operating when such cells form?
17. Compare and Contrast Describe the differences

between cell division in an animal cell and cell
division in a plant cell.
18. Relate Cause and Effect The nerve cells in the

human nervous system seldom undergo mitosis.
Based on this information, explain why complete
recovery from injuries to the nervous system usually does not occur.
19. Apply Concepts A scientist treats cells with a

chemical that prevents DNA synthesis. In which
stage of the cell cycle will these cells remain?

300 Chapter 10 • Assessment
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divided nuclei and gradually develops
into separating membranes. A cell wall
then appears in the cell plate.
18. Because nerve cells seldom undergo
mitosis, the body is usually unable to
repair damage to parts of the nervous
system. Thus, complete recovery may
not occur.
19. They will remain in the S phase of
interphase.

6/3/09 4:25:47 PM

20. a. metaphase b. It is an animal cell
because centrioles are present. c. The
two strands of the same chromosome
contain identical genetic material. This
is important because when the strands
move to opposite ends and the cell
splits, each daughter cell will have the
same genetic material.

mitosis. Use the diagram to answer the following
questions.

After students have read
through the Chapter Mystery,
discuss the topics of dedifferentiation and specialization.

PET SHOP ACCIDENT

a. Identify the phase of mitosis shown in the

diagram.
b. Is this a plant or animal cell? How do you know?
c. The four chromosomes shown in the center of

this cell each have two connected strands. Explain
how the two strands on the same chromosome
compare with regard to the genetic information
they carry. In your answer, be sure to explain why
this is important to the cell.

Julia kept a close eye on the
injured salamander. About a
month after the accident,
Julia realized that a new
limb was growing to
replace the lost one!
Salamanders are one of
only a few vertebrates that
can regenerate a complete
limb. Examine the illustrations that show how a
new limb develops. Then answer the questions.
Week 1: Dedifferentiation

10.3 Regulating the Cell Cycle

At ﬁrst, cells in the injured limb
undergo dedifferentiation. During
this process, cells such as muscle
cells and nerve cells lose the characteristics that make them specialized.

Understand Key Concepts
21. The timing in the cell cycle in eukaryotic cells is
believed to be controlled by a group of closely
related proteins known as
a. chromatids.
c. centromeres.
b. cyclins.
d. centrioles.

Week 3: Blastema Formation

The dedifferentiated cells migrate
to the wounded area and form
a blastema—a growing mass of
undifferentiated cells.

22. In the cell cycle, external regulatory proteins

direct cells to
a. speed up or slow down the cell cycle.
b. remain unchanged.
c. proceed and then stop the cell cycle.
d. grow uncontrollably.

Cells in the blastema then
redifferentiate and form
the tissues needed for a
mature limb. The limb
will continue to grow
until it is full size.

a tissue culture, will new cells replace the cells that
were removed? Explain.
24. Describe the role of cyclins.

Ask Name some types of specialized cells that are in
both your legs and the salamander’s limb. (Sample
answers: muscle, nerve, blood, skin, bone cells)
Ask How does the regeneration of the salamander’s
limb differ from the healing of a broken human leg
bone? (For the salamander’s limb, dedifferentiation
results in unspecialized cells that can then differentiate into whatever type of cells are needed to build a
whole new limb. When a human bone heals, bone
cells can repair bone cells, but they cannot dedifferentiate to form new types of tissue.)
CHAPTER MYSTERY ANSWERS

undifferentiated cells necessary to form a new
limb through regeneration.
2. Stem cells; the blastema contains unspecialized

cells that differentiate into specific types of cells.
3.

1. Relate Cause and Effect Why is dedifferen-

Think Critically

tiation of the salamander’s limb cells necessary before regeneration can occur?

25. Compare and Contrast How do cancer cells

differ from noncancerous cells? How are they
similar?

2. Classify What type of cells do you think are

the cell experiences DNA damage that could lead
to a tumor. Predict what may happen if a gene
that controls apoptosis is damaged.

Chapter 10

3. Connect to the

Unlike salamanders, planarians contain undifferentiated
cells throughout their adult bodies. How
might the regeneration process in salamanders and planarians differ?

• Untamed Science Video

• Chapter Mystery
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Planarians would not need to go
through dedifferentiation when they
are injured.

Students can explore cell differentiation, with the Untamed Science crew in A Tail of Cell

contained in the blastema? Explain.

26. Predict A cell will usually undergo apoptosis if

Division.
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Lesson 10.3
UNDERSTAND KEY CONCEPTS

21. b

Ask How did the process of dedifferentiation change
the cells in the salamander’s leg? (The cells were no
longer specialized.)

1. Dedifferentiation needs to occur to provide the

Week 5:
Redifferentiation

23. When some cells are removed from the center of

Ask What is dedifferentiation? (The process
by which specialized cells lose their specialized
characteristics.)

22. a

23. Yes, new cells will replace the
removed cells because the process
of cell division will continue until the
new cells come in contact with other
cells. When that occurs, cell division
will stop.
24. Cyclins regulate the timing of the cell
cycle in eukaryotic cells.

THINK CRITICALLY

25. Cancer cells do not respond to the
signals that regulate the growth of
most cells. As a result, they form
tumors that can damage surrounding tissues. Cancer cells are similar
to normal cells in that they are body
cells that undergo cell division.
26. If the gene that controls apoptosis
is damaged, a cell will not die when
its DNA is damaged, and a tumor
may result.

Cell Growth and Division
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ASSESSMENT

20. Interpret Visuals The diagram shows a phase of

ASSESSMENT

10.4 Cell Differentiation
Lesson 10.4
UNDERSTAND KEY CONCEPTS

27. b

28. a

29. a hollow ball of cells that contains the inner
cell mass
30. Cell differentiation is the process by which cells
become specialized. It is important because
multicellular organisms consist of cells specialized for different functions.
31. There may be ways to obtain stem cells from
an early embryo without damaging the embryo
itself, or it may be possible to switch on genes
that would cause adult cells to mimic pluripotent
embryonic stem cells.
THINK CRITICALLY

32. Heart attack patients would be able to receive
new heart cells to replace the damaged ones.
33. In C. elegans, each cell’s role is rigidly determined
at a specific point in the course of development.
Mammals go through a more flexible process in
which cell differentiation is controlled by a number of interacting factors in the embryo.

Connecting Concepts

Understand Key Concepts
27. Bone marrow cells that produce blood cells are
best categorized as
a. embryonic stem cells. c. pluripotent.
b. adult stem cells.
d. totipotent cells.
28. Which type of cell has the potential to develop

into any type of cell?
a. totipotent
b. pluripotent

c. multipotent
d. differentiated

29. What is a blastocyst?
30. What is cell differentiation and how is it impor-

tant to an organism’s development?
31. Describe two ways that technology may

address the ethical concerns related to stem
cell research.

Think Critically
32. Relate Cause and Effect When researchers dis-

covered how to make skin stem cells pluripotent,
how did they apply their discovery to the treatment for heart attack patients?
33. Compare and Contrast How does embryonic

development and cell differentiation in
C. elegans differ from how these processes
work in mammals?

Use Science Graphics
Use the data table to answer questions 34 and 35.
Life Spans of Various Human Cells
Cell Type

Cell Division

Life Span

Red blood cells

<120 days

Cannot divide

Cardiac (heart) muscle

Long-lived

Cannot divide

Smooth muscle

Long-lived

Can divide

Neuron (nerve cell)

Long-lived

Most do not divide

34. Compare and Contrast Based on the data, in

what ways might injuries to the heart and spinal
cord be similar? How might they differ from injuries to smooth muscles?
35. Predict If cancer cells were added to the table,

predict what would be written in the Life Span
and Cell Division columns. Explain.

Write About Science
36. Explanation Recall what you learned about the
characteristics of life in Chapter 1. Explain how
cell division is related to two or more of those
characteristics.
37. Assess the

How is cancer an
example of how changes to a single cell can affect
the health of an entire organism?

Connecting Concepts
USE SCIENCE GRAPHICS

34. Heart and spinal cord injuries are similar in that
damaged cells won’t be replaced. Because
smooth muscle cells can divide, injuries to
smooth muscle can likely be repaired by producing new cells.
35. Because cancer cells have lost the ability to control growth and, hence, divide uncontrollably,
they would be listed as “long-lived” and “can
divide” in the data table.

A scientist performed an experiment to determine
the effect of temperature on the length of the cell
cycle in onion cells. His data are summarized in
the table below.
Effect of Temperature
on Length of Onion Cell Cycle

38. Interpret Tables On the basis of the data in the

table, how long would you expect the cell cycle
to be at 5°C?
a. less than 13.3 hours
b. more than 54.6 hours
c. between 29.8 and 54.6 hours
d. about 20 hours

Temperature (ºC)

Length of Cell Cycle (hours)

39. Draw Conclusions Given this set of data, what is

10

54.6

one valid conclusion the scientist could state?

15

29.8

20

18.8

25

13.3

WRITE ABOUT SCIENCE

36. Students might mention that organisms are
made of units called cells and that organisms
grow and develop as their cells divide.
37.

Because the growth and development
of an organism is carefully controlled by
internal and external regulators,
changes to one cell can disrupt all the others
around it. In the case of cancer, the damaged
cell begins to divide uncontrollably and forms a
tumor, which can then lead to disease in the
entire organism.
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PURPOSE Students will analyze data to understand the

ANSWERS

effects of temperature on the cell cycle of onion cells.

38. b

PLANNING Some students may have difﬁculty calculating

39. Sample answer:
As the temperature
decreases, the length
of the cell cycle
(in onions) takes
longer.

the percent increase in temperature, since it is greater than
100%. For these students, write the following formula on
the board and have them solve it.
Temperature difference (ﬁnal – original)
Original temperature

302
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× 100

Multiple Choice

Answers

Questions 8–10

The spindle ﬁbers of a
dividing cell were labeled
with a ﬂuorescent dye.
At the beginning of anaphase, a laser beam was
used to mark a region of
the spindle ﬁbers about
halfway between the centrioles and the chromosomes. The laser beam
stopped the dye from
glowing in this region,
as shown in the second
diagram. The laser did
not inhibit the normal function of the ﬁbers.

1. Which statement is true regarding a cell’s surface

area-to-volume ratio?
A As the size of a cell increases, its volume
decreases.
B As the size of a cell decreases, its volume
increases.
C Larger cells will have a greater surface
area-to-volume ratio.
D Smaller cells will have a greater surface
area-to-volume ratio.
2. Which of the following is NOT an advantage of

asexual reproduction?
A simple and efﬁcient
B produces large number of offspring quickly
C increases genetic diversity
D requires one parent
consists of two
A centromeres.
B centrioles.

A
B
C
D

C chromatids.
D spindles.

4. What regulates the timing of the cell cycle in

eukaryotes?
A chromosomes
B cyclins

2. C
3. C
Laser beam marks
the spindle fibers

4. B
5. A
6. C

Mark
Anaphase continues

7. A
8. A
9. A
10. D

how chromosomes migrate during cell division.
how ﬂuorescent dyes work in the cell.
the effect of lasers on cells.
why cells divide.

11. Careful regulation of the cell cycle ensures that
each cell in a multicellular organism grows,
divides, stops dividing, or dies appropriately. If
cell cycle regulation goes awry, then diseases
such as cancer can result.

9. The diagrams show that chromosomes move to the

poles of the cell as the spindle ﬁbers
A shorten on the chromosome side of the mark.
B lengthen on the chromosome side of the mark.
C shorten on the centriole side of the mark.
D lengthen on the centriole side of the mark.

C nutrients
D DNA and RNA

5. The period between cell divisions is called

C G3 phase.
D cytokinesis.

A interphase.
B prophase.

1. D

Early anaphase

8. This experiment tests a hypothesis about

3. At the beginning of cell division, a chromosome

ASSESSMENT

Standardized Test Prep

6. Which of the following is TRUE about totipotent cells?

A Embryonic stem cells are totipotent cells.
B Totipotent cells are differentiated cells.
C Totipotent cells can differentiate into any type
of cell and tissue.
D Adult stem cells are totipotent cells.
7. A cell enters anaphase before all of its chromo-

10. A valid conclusion that can be drawn from this

experiment is that the spindle ﬁbers break down
A at the centrioles.
B in the presence of dye.
C when marked by lasers.
D where they are attached to chromosomes.
Open-Ended Response

somes have attached to the spindle. This may
indicate that the cell is not responding to
A internal regulators. C growth factors.
B mitosis.
D apoptosis.

11. Explain why careful regulation of the cell cycle is

important to multicellular organisms.

If You Have Trouble With . . .
Question
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2

3

4
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Test-Taking Tip
INTERPRETING VISUALS

When answering questions that contain a visual prompt, remind students to look
carefully at the visual and read through any descriptive text that goes with it. Then,
suggest they read and answer the test questions. For students who struggle to
answer questions with visual prompts, suggest that they make a quick mental summary of what the visual is showing before reading the test questions.

Cell Growth and Division
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UNIT 3

Plan Ahead
Have students read through the Unit 3 Project a
few days in advance of writing their comic books
to give them time to think about the task. Suggest
they review differences between prokaryotic and
eukaryotic cells, as well as differences between plant
and animal cells. You may want to have several
“superhero” comic books on hand to give students
examples of how they might portray their “superhero cell.”
Materials colored pencils or pens, paper

Monitor the Project
Tell students the comic book should have a minimum
of four pages, but may have as many as they can create in the given time period, as long as each page is
well done. As they work on their comic books, walk
around the room and ask students questions that
will help them focus both on the cell being portrayed
and the story line of the comic book.
Ask What kind of cell is your superhero, and
what structures and organelles does that kind of
cell include?
Ask How does your story line provide insight into the
way your particular cell works?

Project Assessment
Make sure students use the rubric and reﬂection
questions to assess their work. Then, use the rubric
to assign a ﬁnal score. Note that it is important to
value the creativity of students’ work as well as the
content when you score their projects. If desired, talk
with students about any differences between their
self-assessment scores and your assigned score.

Cells

Unit Project
Superhero Cell
Do you like reading comics? Have you ever designed
a comic book of your own? Here’s your chance! A
high school teacher has contacted you asking for a
comic book on cells and cell processes. She has told
you that her students are just about to start studying cells and need a good introduction to the topic.
You’ve been tasked with developing the story line
and visuals that will provide the students with a
basic understanding of cell structure and function.
Remember that sometimes a picture can be worth a
thousand words—so be creative!
Your Task Write a comic book about a “superhero
cell” for an audience of high school students.
Be sure to
• incorporate important concepts and details
about the structure and function of various
organelles and cell processes.
• provide insight into the ways cells work and
interact with their environment.
• be entertaining and creative.

Reﬂection Questions
1. Score your project using the rubric below. What
score did you give yourself?
2. What did you do well on this project?
3. What about your project needs improvement?
4. Exchange your comic book with a classmate and
have him/her read it. What did your partner like
about your comic book? What did he/she think
could use improvement?

Assessment Rubric
Score

Scientific Content

Quality of Comic Book

4

The comic book includes accurate details about the structures and
functions of several organelles and cell processes. It provides exceptional
insight into how a cell works and interacts with its environment.

The comic book is thoughtfully and creatively
written and illustrated.

3

The comic book includes mostly accurate details about the structure and
functions of organelles and cell processes. It provides good insight into
how a cell works and interacts with its environment.

The comic book is well written and includes
some creativity. Illustrations are clear.

2

The comic book includes a few details about the structure and functions
of organelles and cell processes, with some inaccuracies. It provides
some insight into how a cell works and interacts with its environment.

The comic book needs some edits and could
use more creativity. Some parts of the story
line and illustrations are difﬁcult to follow.

1

The comic book includes vague and inaccurate information about the
structure and functions of organelles and cell processes. It provides little
insight into how a cell works and interacts with its environment.

The comic book needs significant edits and
includes very little creativity. Story line and
illustrations are unclear.
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NATIONAL SCIENCE EDUCATION STANDARDS
UCP I, II, V
CONTENT C.1.a, C.1.b, C.1.c, C.1.d, C.1.e, C.1.f
INQUIRY A.2.a

To be successful in the 21st century, students need skills and learning experiences
that extend beyond subject area mastery. The Unit 3 Project helps students build
the following 21st Century Skills: Communication Skills; Creativity and Intellectual
Curiosity; Interpersonal and Collaborative Skills; Self-Direction; and Accountability
and Adaptability.
FOCUS ON CRITICAL THINKING AND SYSTEMS THINKING Extend this Unit Project

by having pairs of students work together to create a comic book that features a
cell in a multicellular organism that is part of an organ or organ system, such as the
digestive system or circulatory system. Explain that the story line should focus on
how cells cooperate in a multicellular organism.
For more practice building 21st Century Skills, see The Chapter Mystery pages in
Study Workbook A.
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