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The baby in Figure 7.2.1 has a lot of growing to do before they are 

as big as their mom. Most of their growth will be the result of cell 

division. By the time the baby is an adult, their body will consist of 

trillions of cells. 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 concept, 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. 

Figure 7.2.1: Baby and mother 

 SO MANY CELLS! 

 

7.2: CELL CYCLE AND CELL DIVISION 
 

THE CELL CYCLE 

Cell division is the process in which one cell, called the parent cell, 

divides to form two new cells, referred to as daughter cells. How this 

happens depends on whether the cell is prokaryotic or eukaryotic. Cell 

division is simpler in prokaryotes than eukaryotes because prokaryotic 

cells themselves are simpler. Prokaryotic cells have a single circular 

chromosome, no nucleus, and few other organelles. Eukaryotic cells, in 

contrast, have multiple chromosomes contained within a nucleus and 

many other organelles. All of these cell parts must be duplicated and then 

separated when the cell divides. Cell division is just one of several stages 

that a cell goes through during its lifetime. The cell cycle is a repeating 

series of events that include growth, DNA synthesis, and cell division. 

The cell cycle in prokaryotes is quite simple: the cell grows, its DNA 

replicates, and the cell divides. This form of division in prokaryotes is 

called asexual reproduction. In eukaryotes, the cell cycle is more 

complicated. 

EUKARYOTIC CELL CYCLE 

Figure 7.2.2 represents the cell cycle of a eukaryotic cell. As you can see, 

the eukaryotic cell cycle has several phases. The mitotic phase (M) 

includes both mitosis and cytokinesis. This is when the nucleus and then 

the cytoplasm divide. The other three phases (G1, S, and G2) are generally 

grouped together as interphase. During interphase, the cell grows, 

performs routine life processes, and prepares to divide. These phases are 

discussed below. 

INTERPHASE 

The Interphase of the eukaryotic cell cycle can be subdivided into the 

following phases (Figure 7.2.2). 

 

 
Growth Phase 1 (G1): The cell spends most of its life in the first gap 

(sometimes referred to as growth) phase, G1. During this phase, a cell 

undergoes rapid growth and performs its routine functions. During this 

phase, the biosynthetic and metabolic activities of the cell occur at a 

high rate. The synthesis of amino acids and hundreds of thousands or 

millions of proteins that are required by the cell occurs during this 

phase. Proteins produced include those needed for DNA replication. If 

a cell is not dividing, the cell enters the G0 phase from this phase. 

G0 phase: The G0 phase is a resting phase where the cell has left the 

cycle and has stopped dividing. Non-dividing cells in multicellular 

eukaryotic organisms enter G0 from G1. These cells may remain in G0 

for long periods of time, even indefinitely, such as with neurons. Cells 

that are completely differentiated may also enter G0. Some cells stop 

dividing when issues of sustainability or viability of their daughter 

cells arise, such as with DNA damage or degradation, a process called 

cellular senescence. Cellular senescence occurs when normal diploid 

cells lose the ability to divide, normally after about 50 cell divisions. 

Synthesis Phase (S): Dividing cells enter the Synthesis (S) phase 

from G1. For two genetically identical daughter cells to be formed, the 

cell’s DNA must be copied through DNA replication. When the DNA 

is replicated, both strands of the double helix are used as templates to 

produce two new complementary strands. These new strands then 

hydrogen bond to the template strands and two double helices form. 

During this phase, the amount of DNA in the cell has effectively 

doubled, though the cell remains in a diploid state. 

Growth Phase 2 (G2): The second gap (growth) (G2) phase is a 

shortened growth period in which many organelles are reproduced or 

manufactured. Parts necessary for mitosis and cell division are made 

during G2, including microtubules used in the mitotic spindle. 

 

Figure 7.2.2: Eukaryotic Cell Cycle. The First Gap (G1), Synthesis (S), 

and Second Gap (G2) phases make up interphase (I). The mitotic phase 

(yellow M) includes mitosis (purple M) and cytokinesis. During 

cytokinesis two cells result. Some cells do not divide and they enter into 

G0 phage. 

MITOTIC PHASE 

Before a eukaryotic cell divides, all the DNA in the cell’s multiple 

chromosomes is replicated. Its organelles are also duplicated. This 

happens in the interphase. Then, when the cell divides (mitotic phase), it 

occurs in two major steps, called mitosis and cytokinesis, both of which 
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are described in greater detail in the concept Mitotic Phase: Mitosis and 

Cytokinesis. 

The first step in the mitotic phase of a eukaryotic cell is mitosis, a 

multi-phase process in which the nucleus of the cell divides. During 

mitosis, the nuclear envelope (membrane) breaks down and later 

reforms. The chromosomes are also sorted and separated to ensure that 

each daughter cell receives a complete set of chromosomes. 

The second major step is cytokinesis. This step, which occurs in 

prokaryotic cells as well, is when the cytoplasm divides and two 

daughter cells form. 

Table 7.2.2: Cell Cycle Summary 

State Name Description 

Quiescent 

Senescent 

Resting 

phase 

(G0) 

A resting phase where the cell has left the cycle and has stopped 

dividing. 

 

 
 

Interphase 

1st growth 

phase (G1) Cells increase in size in G1. Cells perform their normal activities. 

Synthesis DNA replication occurs during this phase. 

phase (S) The cell will continue to grow and many organelles will divide 

2ndgrowth  during their phase. 

phase (G2) 

Cell 

division 

Mitosis 
Cell growth stops at this stage. Mitosis divides the nucleus into two 

(M) 
nuclei, followed by cytokinesis which divides the cytoplasm. Two 

genetically identical daughter cells result. 

 

CONTROL OF THE CELL CYCLE 

If the cell cycle occurred without regulation, cells might go from one 

phase to the next before they were ready. What controls the cell cycle? 

How does the cell know when to grow, synthesize DNA, and divide? The 

cell cycle is controlled mainly by regulatory proteins. These proteins 

control the cycle by signaling the cell to either start or delay the next 

phase of the cycle. They ensure that the cell completes the previous phase 

before moving on. Regulatory proteins control the cell cycle at key 

checkpoints, which are shown in Figure 7.2.3. There are a number of 

main checkpoints: 

1. The G1 checkpoint: just before entry into the S phase, makes the key 

decision of whether the cell big enough to divide. If the cell is not big 

enough, it goes into the resting period (G0) 

2. DNA synthesis Checkpoint: The S checkpoint determines if the DNA 

has been replicated properly. 

3. The mitosis checkpoint: This checkpoint ensures that all the 

chromosomes are properly aligned before the cell is allowed to divide. 
 

 
Figure 7.2.3: Checkpoints in the eukaryotic cell cycle ensure that the cell 

is ready to proceed before it moves on to the next phase of the cycle. 

CANCER AND THE CELL CYCLE 

Cancer is a disease that occurs when the cell cycle is no longer regulated. 

This happens because a cell’s DNA becomes damaged. This results in 

mutations in the genes that regulate the cell cycle. Damage can occur due 

to exposure to hazards such as radiation or toxic chemicals. Cancerous 

cells generally divide much faster than normal cells. They may form a 

mass of abnormal cells called a tumor (see Figure 7.2.4). The rapidly 

dividing cells take up nutrients and space that normal cells need. This can 

damage tissues and organs and eventually lead to death. When 

uncontrolled cell division happens in the bone marrow, abnormal and 

nonfunctional blood cells are produced because the division is happening 

before the cell is ready for division. In these types of cancer, there is not 

any evident tumor. 
 

 
Figure 7.2.4: Gross appearance of an opened large intestine specimen 

containing an invasive colorectal carcinoma and two adenomatous 

polyps. The cancer cells have grown out of control and forming a tumor. 
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7.3: MITOTIC PHASE - MITOSIS AND CYTOKINESIS 

DNA has replicated does DNA condense and coil into the familiar X- 

shaped form of a chromosome, like the one shown in Figure 7.3.2. 

Because DNA has already replicated, each chromosome actually consists 

of two identical copies. The two copies of a chromosome are called sister 

chromatids. Sister chromatids are joined together at a region called a 

centromere. 

 
 

 

 

 

 

 

 

THE FORMS OF DNA 

Except when a eukaryotic cell divides, its nuclear DNA exists as a grainy 

material called chromatin. Only when a cell is about to divide and its 

Figure 7.3.2: Chromosome. After DNA replicates, it forms X-shaped 

chromosomes like the one shown here. 1. Chromatid, 2. Centromere, 3. 

short arm, 4. long arm. Centromere contains proteins called kinetochores 

(not shown) where spindles attach during mitosis. 

The process in which the nucleus of a eukaryotic cell divides is called 

mitosis. During mitosis, the two sister chromatids that make up each 

chromosome separate from each other and move to opposite poles of the 

cell. Mitosis occurs in four phases. The phases are called prophase, 

metaphase, anaphase, and telophase. They are shown in Figure 7.3.3 and 

described in detail below. 

Can you guess what this colorful image represents? It shows a 

eukaryotic cell during the process of cell division. In particular, the 

image shows the nucleus of the cell dividing. In eukaryotic cells, the 

nucleus divides before the cell itself splits in two; and before the 

nucleus divides, the cell’s DNA is replicated, or copied. There must 

be two copies of the DNA 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 genetic material? To answer that question, you 

first need to know more about DNA and the forms it takes. 

Figure 7.3.1: Dividing cell stained with fluorescent dyes. You can 

see chromosomes in blue and spindles in green. 

 DIVIDE AND SPLIT 
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Figure 7.3.3: Mitosis is the phase of the eukaryotic cell cycle that occurs between DNA replication and the formation of two daughter cells. Mitosis 

has four substages, prophase, metaphase, anaphase, and telophase. 

 

PROPHASE 
protein of the centromeres. These spindles are called non-kinetochore 

spindles that help in the elongation of the cell. This is visible in Figure 

7.3.5. 

 

 

 

 

 

 

 

 

 
Figure 7.3.4: Prophase in later stage is called prometaphase. The spindle 

starts to form during the prophase of mitosis. The spindles start to attach 

to the Kinetochores of centromeres of sister chromatids during 

Prometaphase. 

The first and longest phase of mitosis is prophase. During prophase, 

chromatin condenses into chromosomes, and the nuclear envelope (the 

membrane surrounding the nucleus) breaks down. In animal cells, the 

centrioles near the nucleus begin to separate and move to opposite poles 

of the cell. Centrioles are small organelles found only in eukaryotic cells 

that help ensure the new cells that form after cell division each contain a 

complete set of chromosomes. As the centrioles move apart, a spindle 

starts to form between them. The blue spindle, shown in Figure 7.3.4, 

consists of fibers made of microtubules. 

METAPHASE 

During metaphase, spindle fibers fully attach to the centromere of each 

pair of sister chromatids. As you can see in Figure 7.3.5, 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. Some spindles do not attach to the kinetochore 

 
 

 
Figure 7.3.5: Chromosomes, consisting of sister chromatids, line up at the 

equator or middle of the cell during metaphase. The blue lines are 

spindles, and the orange rectangles at the cell poles are centrioles. Some 

spindles from the opposing centrioles attach with each other, and some 

spindles attach to the kinetochores of the sister chromosomes from their 

respective sides. Each chromosome is attached to two spindles. 

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 a little 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 (see Figure 7.3.6). At the end of 

anaphase, each pole of the cell has a complete set of chromosomes  
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Figure 7.3.6: Anaphase: Sister chromatids break apart and move to the 

opposite pole with the help of spindles. The newly separated sister 

chromatids are called chromosomes now. 

TELOPHASE 

The chromosomes reach the opposite poles and begin to decondense 

(unravel), relaxing once again into a stretched-out chromatin 

configuration. The mitotic spindles are depolymerized into tubulin 

monomers that will be used to assemble cytoskeletal components for each 

daughter cell. Nuclear envelopes form around the chromosomes, and 

nucleosomes appear within the nuclear area (see Figure 7.3.7. 
 

 
Figure 7.3.7: Telophase: The chromosomes decondense, spindles start to 

disappear, two nuclei form in a cell. 

 

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. The process is different in plant and animal cells, as you can see 

in Figure 7.3.8. In animal cells, the plasma membrane of the parent cell 

pinches inward along the cell’s equator until two daughter cells form. In 

the 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. 

 

 

 

 
 

 

 

 

 
 

Figure 7.3.8: Cytokinesis is the final stage of eukaryotic cell division. It 

occurs differently in animal (left) and plant (right) cells. You can see a 

microfilament ring forming at the center of the elongated animal cell. This 

creates a depression called cleavage furrow. This invagination ultimately 

separates the cell cytoplasm into two cells. A cell plate forms at the center 

of the elongated plant cell. Then a new plasma membrane and cell wall 

form along each side of the cell plate. 
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Your cells may grow and divide without performing their necessary 

functions, or without fully replicating their DNA, or without copying 

their organelles. Probably not much good could come of that. So the 

cell cycle needs to be highly regulated and tightly controlled. And it 

is. 

Figure 7.4.1: Cell Cycle 

 WHAT WOULD HAPPEN IF THIS CYCLE 
PROCEEDS AT WILL? 

 

7.4: MUTATIONS AND CANCER 
 

CONTROL OF THE CELL CYCLE 

How does the cell know when to divide? How does the cell know when to 

replicate its DNA? How does the cell know when to proceed into mitosis 

or cytokinesis? The answers to these questions have to do with the control 

of the cell cycle. But how is the cell cycle controlled or regulated? 

Regulation of the cell cycle involves processes crucial to the survival of a 

cell. These include the detection and repair of damage to DNA, as well as 

the prevention of uncontrolled cell division. Uncontrolled cell division 

can be deadly to an organism; its prevention is critical for survival.  

CYCLINS AND KINASES 

The cell cycle is controlled by a number of protein-controlled feedback 

processes. Two types of proteins involved in the control of the cell cycle 

are kinases and cyclins. Cyclins activate kinases by binding to them, 

specifically they activate cyclin-dependent kinases (CDK). Kinases are 

enzymes that catalyze the transfer of a phosphate group from ATP to 

another molecule in a cell. They function as a control switch in many 

cellular functions, turning a function on or off, and regulating other 

cellular processes. Many times they are involved in activating a cascade 

of reactions. Cyclins comprise a group of proteins that are rapidly 

produced at key stages in the cell cycle. Once activated by a cyclin, CDK 

enzymes activate or inactivate other target molecules through 

phosphorylation. It is this precise regulation of proteins that triggers 

advancement through the cell cycle. Leland H. Hartwell, R. Timothy 

Hunt, and Paul M. Nurse won the 2001 Nobel Prize in Physiology or 

Medicine for their discovery of these critical proteins. 

WHAT MAKES A CELL CANCEROUS? 

Cancer is a disease characterized by a population of cells that grow and 

divide without respect to normal limits. These cancerous cells invade and 

destroy adjacent tissues, and they may spread throughout the body. The 

process by which normal cells are transformed into cancer cells is known 

 

 

as carcinogenesis. This process is also known as oncogenesis or 

tumorigenesis. 

Nearly all cancers are caused by mutations in the DNA of abnormal cells. 

These mutations may be due to the effects of carcinogens, cancer-causing 

agents such as tobacco smoke, radiation, chemicals, or infectious agents. 

These carcinogens may act as an environmental “trigger,” stimulating the 

onset of cancer in certain individuals and not others. Do all people who 

smoke get cancer? No. Can secondhand smoke increase a nonsmoking 

person's chance of developing lung cancer? Yes. It also increases a 

nonsmoking person's chance of developing heart disease. 

Complex interactions between carcinogens and an individual’s genome 

may explain why only some people develop cancer after exposure to an 

environmental trigger and others do not. Do all cancers need an 

environmental trigger to develop? No. Cancer-causing mutations may 

also result from errors incorporated into the DNA during replication, or 

they may be inherited. Inherited mutations are present in all cells of the 

organism. 

ONCOGENES AND TUMOR SUPPRESSOR GENES 

Some types of cancer occur because of mutations in genes that control the 

cell cycle. Cancer-causing mutations most often occur in two types of 

regulatory genes, called proto-oncogenes and tumor-suppressor genes. 

Proto-oncogenes are genes that normally help cells divide. When a 

proto-oncogene mutates to become an oncogene, it is continuously 

active, even when it is not supposed to be. This is like a car's 

accelerator pedal being stuck at full throttle. The car keeps racing at 

top speed. In the case of a cell, the cell keeps dividing out of control, 

which can lead to cancer. 

Tumor suppressor genes are genes that normally slow down or stop 

cell division. When a mutation occurs in a tumor suppressor gene, it 

can no longer control cell division. This is like a car without brakes. 

The car can't be slowed or stopped. In the case of a cell, the cell keeps 

dividing out of control, which can lead to cancer. 

Several Mutations to Cause Cancer 
Oncogenes may be growth factors, protein kinases, GTPases or 

transcription factors. Growth factors are naturally occurring substances, 

usually a protein or steroid hormone, capable of stimulating cellular 

growth, proliferation, and differentiation. They are important for 

regulating a variety of cellular processes. Usually, they must bind to an 

extracellular or intracellular receptor to initiate a cellular reaction.  

Typically, a series of several mutations that constitutively activate 

oncogenes and inactivate tumor suppressor genes is required to transform 

a normal cell into a cancer cell (Figure 7.4.2). Cells have developed a 

number of control mechanisms to overcome mutations in proto- 

oncogenes. Therefore, a cell needs multiple mutations to transform into a 

cancerous cell. A mutation in one proto-oncogene would not cause 

cancer, as the effects of the mutation would be masked by the normal 

control of the cell cycle and the actions of tumor suppressor genes. 

Similarly, a mutation in one tumor suppressor gene would not cause 

cancer either, due to the presence of many "backup" genes that duplicate 

its functions. It is only when enough proto-oncogenes have mutated into 

oncogenes and enough tumor suppressor genes have been deactivated that 

the cancerous transformation can begin. Signals for cell growth 

overwhelm the signals for growth regulation, and the cell quickly spirals 

out of control. Often, because many of these genes regulate the processes 
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that prevent most damage to the genes themselves, DNA damage 

accumulates as one ages. 
 

 

Figure 7.4.2: How Cancer Develops. Mutations in a tumor suppressor 

gene allow the proliferation of cells. As many times the cells divide, they 

acquire more mutation. Some mutations may lead to the inactivation of 

the DNA repair genes. Also, proto-oncogenes may convert into 

oncogenes due to mutations. Several other mutations inactivate many 

tumor suppressor genes. Eventually, a series of mutations in tumor- 

suppressor genes and proto-oncogenes leads to cancer 

 
Usually, oncogenes are dominant alleles, as they contain gain-of-function 

mutations. The actions of the mutant allele gene product, many times 

resulting in a constitutively activated protein, are dominant to the gene 

product produced by the "normal" allele. Meanwhile, mutated tumor 

suppressors are generally recessive alleles, as they contain loss-of- 

function mutations. A proto-oncogene needs only a mutation in one copy 

of the gene to generate an oncogene; a tumor suppressor gene needs a 

mutation in both copies of the gene to render both products defective. 

There are instances when, however, one mutated allele of a tumor 

suppressor gene can render the other copy non-functional. These 

instances result in what is known as a dominant negative effect. 
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5.2 Chromosomes and Mitosis

Lesson Objectives

• Describe chromosomes and their role in mitosis.
• Outline the phases of mitosis.

Vocabulary

• anaphase
• centromere
• chromatid
• chromatin
• chromosome
• gene
• homologous chromosomes
• metaphase
• prophase
• 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 dis-
cussed at http://www.youtube.com/watch?v=s9HPNwXd9fk (18:23).
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MEDIA
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URL: https://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 5.6, 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 .

FIGURE 5.6
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.
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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 5.7. You can watch an animation of the process
at the following link: http://www.biology.arizona.edu/Cell_bio/tutorials/cell_cycle/MitosisFlash.html .

FIGURE 5.7
Mitosis is the phase of the eukaryotic cell
cycle that occurs between DNA replica-
tion and the formation of two daughter
cells. What happens during mitosis?

Mitosis actually occurs in four phases. The phases are called prophase, metaphase, anaphase, and telophase. They
are shown in Figure 5.8 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 5.9, consists of fibers made of microtubules.

Metaphase

During metaphase, spindle fibers attach to the centromere of each pair of sister chromatids (see Figure 5.10). 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
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FIGURE 5.8
Mitosis in the Eukaryotic Cell Cycle. Mitosis is the multi-phase process in which the nucleus of a eukaryotic cell
divides.

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 5.11. 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.

121



5.2. Chromosomes and Mitosis www.ck12.org

FIGURE 5.9
Spindle. The spindle starts to form during
prophase of mitosis. Kinetochores on the
spindle attach to the centromeres of sister
chromatids.

FIGURE 5.10
Chromosomes, consisting of sister chro-
matids, line up at the equator or middle of
the cell during metaphase.

The phases of mitosis are discussed in the video: http://www.youtube.com/watch?v=LLKX_4DHE3I .

MEDIA
Click image to the left or use the URL below.
URL: https://www.ck12.org/flx/render/embeddedobject/271
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FIGURE 5.11
Cytokinesis is the final stage of eukaryotic
cell division. It occurs differently in animal
(left) and plant (right) cells.

Lesson Summary

• Chromosomes are coiled structures made of DNA and proteins. They form after DNA replicates and are the
form in which the genetic material goes through cell division. Chromosomes contain genes, which code for
proteins.

• Cell division in eukaryotic cells includes mitosis, in which 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.

Lesson Review Questions

Recall

1. What are chromosomes? When do they form?

2. Identify the chromatids and the centromere of a chromosome.

3. List the phases of mitosis.

4. What happens during prophase of mitosis?

5. During which phase of mitosis do sister chromatids separate?

6. Describe what happens during cytokinesis in animal cells.

Apply Concepts

7. If a cell skipped metaphase during mitosis, how might this affect the two daughter cells?
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Think Critically

8. Explain how chromosomes are related to chromatin. Why are chromosomes important for mitosis?

9. Explain the significance of the spindle in mitosis.

Points to Consider

Cell division occurs not only as organisms grow. It also occurs when they reproduce.

• What role do you think cell division plays when prokaryotes such as bacteria reproduce?
• How do you think cell division is involved in the reproduction of eukaryotes such as humans?
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