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Chapter Outline
1.1

C HROMOSOMES AND M ITOSIS

1.2

R EPRODUCTION AND M EIOSIS

1.3

R EFERENCES

What do you think this colorful picture shows? If you guessed that it’s a picture of a cell undergoing cell division, you
are right. In fact, the picture is an image of a lung cell stained with fluorescent dyes undergoing mitosis, specifically
during early anaphase. You will read about mitosis, a type of cell division, in this chapter.
Cell division is just one of the stages that all cells go through during their life. This includes cells that are harmful,
such as cancer cells. Cancer cells divide more often than normal cells, and grow out of control. In fact, this is how
cancer cells cause illness. In this chapter, you will read about how cells divide, what other stages cells go through,
and what causes cancer cells to divide out of control and harm the body.
Courtesy o f Conly Rieder/National Institutes o f Health. commons.wikimedia.org/wiki/File:Mitosis− f luorescent. j pg. Public Domain.
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1.1 Chromosomes and Mitosis
Chromosomes & Mitosis Lesson Summary

• Genes are carried on chromosomes. Animal cells contain two copies of each chromosome with genetic
information that regulate body structure and functions.
• Most cells divide by a process called mitosis, in which the genetic information is copied so that each new cell
contains exact copies of the original chromosomes.
• Chromosomes contain genes, which code for proteins.
• Cell division in eukaryotic cells includes mitosis, in which one cell divides, producing two cells, each with
copies of both chromosomes from each pair in the original cell.
• During mitosis the nucleus divides, and cytokinesis, in which the cytoplasm divides and daughter cells form.
• Mitosis occurs in four phases, called prophase, metaphase, anaphase, and telophase.
Introduction

In eukaryotic cells, the nucleus divides before the cell itself divides. The process in which the nucleus divides is
called mitosis. Before mitosis occurs, a cell’s DNA is replicated. This is necessary so that each daughter cell will
have a complete copy of the genetic material from the parent cell. How is the replicated DNA sorted and separated
so that each daughter cell gets a complete set of the genetic material? To understand how this happens, you need to
know more chromosomes.
Chromosomes

Chromosomes are coiled structures made of DNA and proteins. Chromosomes are the form of the genetic material
of a cell during cell division. During other phases of the cell cycle, DNA is not coiled into chromosomes. Instead, it
exists as a grainy material called chromatin.
The vocabulary of DNA: chromosomes, chromatids, chromatin, transcription, translation, and replication is discussed at http://www.youtube.com/watch?v=s9HPNwXd9fk (18:23).

MEDIA
Click image to the left for use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/269

Chromatids and the Centromere

DNA condenses and coils into the familiar X-shaped form of a chromosome, shown in Figure 1.1, only after it has
replicated. (You can watch DNA coiling into a chromosome at the link below.) Because DNA has already replicated,
each chromosome actually consists of two identical copies. The two copies are called sister chromatids. They are
attached to one another at a region called the centromere. A remarkable animation can be viewed at http://www.h
hmi.org/biointeractive/dna-packaging .
2
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FIGURE 1.1
Chromosome.

After DNA replicates, it

forms chromosomes like the one shown
here.

Chromosomes and Genes

The DNA of a chromosome is encoded with genetic instructions for making proteins. These instructions are
organized into units called genes. Most genes contain the instructions for a single protein. There may be hundreds
or even thousands of genes on a single chromosome.
Human Chromosomes

Human cells normally have two sets of chromosomes, one set inherited from each parent. There are 23 chromosomes
in each set, for a total of 46 chromosomes per cell. Each chromosome in one set is matched by a chromosome of the
same type in the other set, so there are actually 23 pairs of chromosomes per cell. Each pair consists of chromosomes
of the same size and shape that also contain the same genes. The chromosomes in a pair are known as homologous
chromosomes.
Mitosis and Cytokinesis

During mitosis, when the nucleus divides, the two chromatids that make up each chromosome separate from each
other and move to opposite poles of the cell. This is shown in Figure 1.2. You can watch an animation of the process
at the following link: http://www.biology.arizona.edu/Cell_bio/tutorials/cell_cycle/MitosisFlash.html .
Mitosis actually occurs in four phases. The phases are called prophase, metaphase, anaphase, and telophase. They
are shown in Figure 1.3 and described in greater detail in the following sections.
Prophase

The first and longest phase of mitosis is prophase. During prophase, chromatin condenses into chromosomes, and
the nuclear envelope, or membrane, breaks down. In animal cells, the centrioles near the nucleus begin to separate
and move to opposite poles of the cell. As the centrioles move, a spindle starts to form between them. The spindle,
shown in Figure 1.4, consists of fibers made of microtubules.
3
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FIGURE 1.2
Mitosis is the phase of the eukaryotic cell
cycle that occurs between DNA replication and the formation of two daughter
cells. What happens during mitosis?

Metaphase

During metaphase, spindle fibers attach to the centromere of each pair of sister chromatids (see Figure 1.5). The
sister chromatids line up at the equator, or center, of the cell. The spindle fibers ensure that sister chromatids will
separate and go to different daughter cells when the cell divides.

Anaphase

During anaphase, sister chromatids separate and the centromeres divide. The sister chromatids are pulled apart by
the shortening of the spindle fibers. This is like reeling in a fish by shortening the fishing line. One sister chromatid
moves to one pole of the cell, and the other sister chromatid moves to the opposite pole. At the end of anaphase,
each pole of the cell has a complete set of chromosomes.

Telophase

During telophase, the chromosomes begin to uncoil and form chromatin. This prepares the genetic material for
directing the metabolic activities of the new cells. The spindle also breaks down, and new nuclear membranes form.

Cytokinesis

Cytokinesis is the final stage of cell division in eukaryotes as well as prokaryotes. During cytokinesis, the cytoplasm
splits in two and the cell divides. Cytokinesis occurs somewhat differently in plant and animal cells, as shown in
Figure 1.6. In animal cells, the plasma membrane of the parent cell pinches inward along the cell’s equator until
two daughter cells form. In plant cells, a cell plate forms along the equator of the parent cell. Then, a new plasma
membrane and cell wall form along each side of the cell plate.
4
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FIGURE 1.3
Mitosis in the Eukaryotic Cell Cycle. Mitosis is the multi-phase process in which the nucleus of a eukaryotic cell
divides.

The phases of mitosis are discussed in the video: http://www.youtube.com/watch?v=LLKX_4DHE3I .
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FIGURE 1.4
Spindle. The spindle starts to form during
prophase of mitosis. Kinetochores on the
spindle attach to the centromeres of sister
chromatids.

FIGURE 1.5
Chromosomes, consisting of sister chromatids, line up at the equator or middle of
the cell during metaphase.
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FIGURE 1.6
Cytokinesis is the final stage of eukaryotic
cell division. It occurs differently in animal
(left) and plant (right) cells.
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1.2 Reproduction and Meiosis
Meiosis Lesson Summary

• Egg and sperm cells are formed by a process called meiosis in which each resulting cell contains only one
representative chromosome (referred to as haploid) from each pair found in the original cell (referred to as
diploid).
• Recombination of genetic information during meiosis scrambles the genetic information, allowing of new
genetic combinations and characteristics in offspring.
• Fertilization restores the original number of chromosome pairs and reshuffles the genetic information, allowing for variation among offspring.
Introduction

Cell division is how organisms grow and repair themselves. It is also how they produce offspring.
Sexual Reproduction
Meiosis

Sexual reproduction involves two parents. As you can see from Figure below, in sexual reproduction, parents
produce sperm or egg cells—called gametes—that unite to form an offspring. Gametes are haploid cells. This
means they contain only half the number of chromosomes found in other cells of the organism. Gametes are produced
by a type of cell division called meiosis, which is described in detail below. The process in which two gametes unite
is called fertilization. The fertilized cell that results is referred to as a zygote. A zygote is diploid cell, which means
that it has twice the number of chromosomes as a gamete.
Mitosis, Meiosis, and Sexual Reproduction is discussed at http://www.youtube.com/watch?v=kaSIjIzAtYA .

MEDIA
Click image to the left for use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/275

Meiosis
The process that produces haploid gametes (sperm or eggs) is meiosis (see Figure above). Meiosis
Figure 1.7. It is also described in detail below. You can watch an animation of meiosis at this link:
http://www.youtube.com/watch?v=D1_-mQS_FZ0 .
Phases of Meiosis

Meiosis I begins after DNA replicates (copies) during interphase. In both meiosis I and meiosis II, cells go through
the same four phases as mitosis. However, there are important differences between meiosis I and mitosis. The
8
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FIGURE 1.7
Overview of Meiosis.

During meiosis,

homologous chromosomes separate and
go to different daughter cells. This diagram shows just the nuclei of the cells.
Notice the exchange of genetic material
that occurs prior to the first cell division.

flowchart in Figure below shows what happens in both meiosis I and II. You can follow the changes in the flowchart
as you read about them below.
The phases of meiosis are discussed at http://www.youtube.com/watch?v=ijLc52LmFQg (27:23).
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Meiosis I

1. Prophase I: The nuclear envelope begins to break down, and the chromosomes condense. Centrioles start
moving to opposite poles of the cell, and a spindle begins to form. Importantly, homologous chromosomes
pair up, which is unique to prophase I. In prophase of mitosis and meiosis II, homologous chromosomes do
not form pairs in this way. During prophase I, crossing-over occurs (see below).
2. Metaphase I: Spindle fibers attach to the paired homologous chromosomes. The paired chromosomes line up
along the equator of the cell. This occurs only in metaphase I. In metaphase of mitosis and meiosis II, it is
sister chromatids that line up along the equator of the cell.
3. Anaphase I: Spindle fibers shorten, and the chromosomes of each homologous pair start to separate from each
other. One chromosome of each pair moves toward one pole of the cell, and the other chromosome moves
toward the opposite pole.
4. Telophase I and Cytokinesis: The spindle breaks down, and new nuclear membranes form. The cytoplasm of
the cell divides, and two haploid daughter cells result. The daughter cells each have a random assortment of
chromosomes, with one from each homologous pair. Both daughter cells go on to meiosis II.
9
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Meiosis II

1. Prophase II: The nuclear envelope breaks down and the spindle begins to form in each haploid daughter cell
from meiosis I. The centrioles also start to separate.
2. Metaphase II: Spindle fibers line up the sister chromatids of each chromosome along the equator of the cell.
3. Anaphase II: Sister chromatids separate and move to opposite poles.
4. Telophase II and Cytokinesis: The spindle breaks down, and new nuclear membranes form. The cytoplasm of
each cell divides, and four haploid cells result. Each cell has a unique combination of chromosomes.
Mitosis, Meiosis, and Sexual Reproduction is discussed at http://www.youtube.com/watch?v=kaSIj
IzAtYA (18:23).

MEDIA
Click image to the left for use the URL below.
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Sexual Reproduction and Genetic Variation

Sexual reproduction results in offspring that are genetically unique. They differ from both parents and also from
each other. This occurs for a number of reasons.
• When homologous chromosomes pair up during meiosis I, crossing-over can occur. Crossing-over is the
exchange of genetic material between non-sister chromatids of homologous chromosomes. It results in new
combinations of genes on each chromosome.
• When cells divide during meiosis, homologous chromosomes are randomly distributed to daughter cells, and
different chromosomes segregate independently of each other. This called is called independent assortment.
It results in gametes that have unique combinations of chromosomes.
• In sexual reproduction, two gametes unite to produce an offspring. But which two of the millions of possible
gametes will it be? This is likely to be a matter of chance. It is obviously another source of genetic variation
in offspring.
All of these mechanisms working together result in an amazing amount of potential variation. Each human couple,
for example, has the potential to produce more than 64 trillion genetically unique children. No wonder we are all
different!

10
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C ONCEPT

2

Mitosis vs. Meiosis

• Distinguish between mitosis and meiosis.
• Summarize the necessity for mitosis and meiosis.

Mitosis or Meiosis?
This represents a tiny embryo just beginning to form. Once an egg is fertilized, the resulting single cell must divide
many, many times to develop a fetus. Both mitosis and meiosis involve cell division; is this type of cell division an
example of mitosis or meiosis? The answer is mitosis. With each division you are making a genetically exact copy
of the parent cell, which only happens through mitosis.
Mitosis vs. Meiosis

Mitosis, meiosis, and sexual reproduction are discussed at http://www.youtube.com/watch?v=kaSIjIzAtYA (18:23).
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Click image to the left for use the URL below.
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Both mitosis and meiosis result in eukaryotic cells dividing. So what is the difference between mitosis and meiosis?
The primary difference is the differing goals of each process. The goal of mitosis is to produce two daughter cells
that are genetically identical to the parent cell, meaning the new cells have exactly the same DNA as the parent cell.
Mitosis happens when you want to grow, for example. You want all your new cells to have the same DNA as the
previous cells. The goal of meiosis, however, is to produce sperm or eggs, also known as gametes. The resulting
12
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gametes are not genetically identical to the parent cell. Gametes are haploid cells, with only half the DNA present
in the diploid parent cell. This is necessary so that when a sperm and an egg combine at fertilization, the resulting
zygote has the correct amount of DNA—not twice as much as the parents. The zygote then begins to divide through
mitosis.
Pictured below is a comparison between binary fission ( Figure 2.1), which is cell division of prokaryotic organisms,
mitosis, and meiosis. Mitosis and meiosis are also compared in the table that follows ( Table 2.1).

FIGURE 2.1
A comparison between binary fission, mitosis, and meiosis.

TABLE 2.1: Mitosis vs. Meiosis: A Comparison
Purpose
Number of Cells Produced
Rounds of Cell Division
Haploid or Diploid
Daughter cells identical to parent
cells?
Daughter cells identical to each
other?

Mitosis
To produce new cells
2
1
Diploid
Yes

Meiosis
To produce gametes
4
2
Haploid
No

Yes

No

Vocabulary

•
•
•
•
•

binary fission: Reproduction through growth and division of the cell, as in bacteria.
daughter cells: Cells that result from division of the parent cell during mitosis or meiosis.
diploid: Having two sets of chromosomes; 2n.
fertilization: Union of a sperm and egg.
gamete: Sex cell, such as sperm or egg.
13
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• haploid: Having one set of chromosomes, as in sperm and egg; n.
• meiosis: Process in cell division that reduces the chromosome number in order to make gametes.
• mitosis: Process in cell division during which the nucleus divides so that a new cell is produced that is identical
to the parent cell.
• zygote: Cell that forms when a sperm and egg unite; the first cell of a new organism.
Summary

• The goal of mitosis is to produce a new cell that is identical to the parent cell.
• The goal of meiosis is to produce gametes that have half the DNA of the parent cell.
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