What You Will Learn
@ Fxplain how cdlls produce more
cells

@ Descrbe the process of mitosis.

@ Explain how el division differs in
arkmals and plants.

Vocabulary

cell cycle

chromosome

homologous chromosomes
mitosis

cytokinesis

READING STRATEGY

Pawed Summarizing Read 1his sec
Uon sikntly, In pairs, take lums sum-
marizing the materal. Stop 1o discuss
fdeas that seem confusing

cell cycle the life cycle of o cell

chromosome in a eukaryotic cell,
one of the structures in the nudeus
that are made up of DNA and pro-
tein; in a prokaryotic cell, the main
ring of DNA

Figure 1 Bacteria reproduce
by binary fission.
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The Cell Cycle

In the time that it takes you to read this sentence, your body
will have made millions of new cells! Making new cells allows
you to grow and replace cells that have died.

The environment in your stomach is so acidic that the cells
lining vour stomach must be replaced every few days. Other
cells are replaced less often, but your body is constantly
making new cells.

The Life of a Cell

As you grow, you pass through different stages in life. Your
cells also pass through different stages in their life cycle. The
life cvcle of a cell is called the cell cycle,

The cell cycle begins when the cell is tormed and ends when
the cell divides and forms new cells. Before a cell divides, it
must make a copy of its deoxyribonucleic acid (DNA). DNA is
the hereditary material that controls all cell activities, including
the making of new cells. The DNA of a cell is organized into
structures called chromosomes, Copyling chromosomes ensures
that cach new cell will be an exact copy of its parent cell. How
does a cell make more cells? It depends on whether the cell is
prokaryotic (with no nucleus) or eukaryotic (with a nucleus).

Making More Prokaryotic Cells

'rokaryotic cells are less complex than eukarvotic cells are.
Bacteria, which are prokaryotes, have ribosomes and a single,
circular DNA molecule but don't have membrane-enclosed
organelles. Cell division in bacteria is called binary fission,
which means “splitting into two parts.” Binary fission results
in two cells that each contain one copy of the circle of DNALA
few of the bacteria in Figure 1 are undergoing binary fission.




Eukaryotic Cells and Their DNA

Eukaryotic cells are more complex than prokaryotic
cells are. The chromosomes of eukarvotic cells con-
tain more DNA than those of prokaryotic cells do.
Different Kinds of eukarvotes have different numbers
of chromosomes, More-complex eukaryotes do not
necessarily have more chromosomes than simpler
cukaryotes do, lor example, fruit tlies have 8 chro-
mosomes, potatoes have 48, and humans have 46,
Figure 2 shows the 46 chromosomes of a human body
cell lined up in pairs. These pairs are made up of simi
lar chromosomes known as homologous chromosomes
(hoh MAHL uh guhs KROH muh soxwmz)

F L LU PR R Do more complex organisms always
have more chromosomes than simpler organisms do?
(See the Appeniix for arswers o Reading Checks,)

Figure 2 Human body cells hove 46

chromosomes, or 23 pairs of chromosomes.

Making More Eukaryotic Cells
Fhe cukaryotic cell cvele includes three stages, In the first stage,
called interphase, the cell grows and copies its organelles and
chromosomes, After each chromosome is duplicated, the two
coples are called chromatlds, Chromatids are held together at a
region called the centromere. The joined chromatids twist and
coll and condense into an X shape, as shown in Flgere 3. After
this step, the cell enters the second stage of the cell cycle,

In the second stage, the chromatids separate. The com
plicated process of chromosome separation is called mitosis.
Mitosis ensures that each new cell receives a copy of each
chromosome. Mitosis is divided into four phases, as shown
on the following pages.

In the third stage, the cell splits into two cells. These cells
are Identical to each other and to the original cell.

Figure 3 This duplicated

chromosome consists of two
chromatids. The chromatids < !
are joined at the centromere,

Chromatids
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Section 3

homologous chromosomes
chromosomes that have the same
sequence of genes and the samwe
stiucture

mitosis in eukaryotic cells, a pro
cess of cell division that forms two
new nudel, each of whieh has the
same number of chromaosomes

CONNECTION TO )
Language,Arts

Picking Apart Vocabulary

Brainstorm what words are
similar to the parts of the term
homologous chromosome.
What can you guess about the
meaning of the term’s root
words? Look up the roots of
the words, and explain how
they help describe

the concepl.
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XD The cell Cycle

Copying DNA (Interphase)

Before mitosis begins, chromo-
somes are copied. Each chromo-
some is then two chromatids.

cytokinesis the division of the
cytoplasm of a cell

Mitosis Phase 1 (Prophase) Mitosis Phase 2 (Metaphase)

Mitosis begins. The nuclear mem-  The chromosomes line up along
brane dissolves. Chromesomes the equator of the cell. Homolo-
condense into rodlike structures. gous chromosomes pair up.

Mitosis and the Cell Cycle

Figure 4 shows the cell cycle and the phases of mitosis in
an animal cell, Mitosls has four phases that are shown and
described above. This diagram shows only four chromosomes
to make it casy to sce what's happening inside the cell,

Cytokinesis

In animal cells and other eukaryotes that do not have cell
walls, division of the cytoplasm begins at the cell membrane.
The cell membrane begins to pinch inward to form a groove,
which eventually pinches all the way through the cell, and
two daughter cells form. The division of cytoplasm is called
cytokinesis and is shown at the last step of Figure 4.

Eukaryotic cells that have a cell wall, such as the cells of
plants, algae, and fungi, reproduce differently. In these cells,
a cell plate forms in the middle of the cell. The cell plate con-
tains the materials for the new cell membranes and the new
cell walls that will separate the new cells. After the cell splits
into two, a new cell wall forms where the cell plate was. The
cell plate and a late stage of cytokinesis in a plant cell are
shown in Figure 5.

WADTITEEIEA what is the difference between cytokinesis in
an animal cell and cytokinesis in a plant cell?
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SECTION
Review

® A cell produces more
cells by first copying its
DNA

@ Eukaryotic cells produce
more cells through the
four phases of matosis.

® Mitosis produces two
cells that have the same
number of chromo-
somes as the parent call.

® At the end of mitosis,
a cell divides the oyto-
plasm by cytokiness.
® In plont cells, a cell
plate forms between the
two new cells during
cytokness.

Mitosis Phase 4 (Telophase)

A nuclear membrane forms
around each set of chromosomes,
and the chromosomes unwind.
Mitosis 1s complete.

Using Key Terms

1. In your own words, write a defi-
nition for each of the following
terms: cell oncle and oytokinesis.

Understanding Key Ideas

2. Fukaryotic cells
a. do not divide,

b. undergo binary fission.

¢. undergo mitosis.
d. have cell walls.

3. Why is it important for chromo-
somes to be copicd before cell
division?

4. Describe mitosis,

Math Skills

5. Cell A takes 6 h to complete
division, Cell B takes 8 h to
complete division, After 24 h,
how many more coples of cell A
would there be than cell B?
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6. Predicting

Critical Thinking

Consequences
What would happen If cytoki-
nesis occurred without mitosis?

. Applying Concepts How does

mitosis ensure that a new cell is
just like its parent ccll?

. Making Comparisons Comparc
the processes that animal cells
and plant cells use 10 make new

Cectloped snd maivtsencg by Do
Natens Sownir Taachers Auacaioe

For a variety of links related 10 ths
chapter. go to w0l nks org&

w(d(\(n
Solmiks code: » 00000




What You Will Learn

@ Fxplain te differsnce between
mitosts and meoss,

@ Descrbe how chromosomes deter-
mine sex.

@ Explain why sex-inked disorders
OCCUr In one sex more often than
in the othar,

@ Inlerpret a pedigree.

Vocabulary

homologous chromosomes
meiosis

sex chromosome

pedigree

READING STRATEGY

Reading Organizer  As you rend iy
section, make a flowchart of the steps
of mefoss,

homologous chromosomes
chromosomes that have the same
sequence of genes and the same
structure

meiosis a process in cell division
during which the number of chromo.
somes decreases 1o half the original
number by two divisions of the
nudeus, which results in the produc-
tion of sex cells

68 Chapter 3 Heredity

Meiosis

Where are genes located, and how do they pass information?
Understanding reproduction is the first step to finding the
answers.

There are two kinds of reproduction: asexval and sexual.
Asexual reproduction results in offspring with genotypes that
are exact copies of their parent's genotype. Sexual reproduction
produces offspring that share traits with their parents but are
not exactly like either parent.

Asexual Reproduction

In asexwal reproduction, only one parent cell is needed. The
structures inside the cell are copied, and then the parent cell
divides, making two exact copies. This type of cell reproduc-
tion is known as mitosis. Most of the cells in your body and
most single-celled organisms reproduce in this way.

Sexual Reproduction

I sexual reproduction, two parent cells join together to form
offspring that are different from both parents. The parent cells
nre called sex cells, Sex cells are ditferent from ordinary body
cells. Human body cells have 46, or 23 pairs of, chromosomes.
One set of human chromosomes s shown in Figure 1. Chromo-
somes that carey the same sets of genes are called homologous
(hoh MAHL uh guhs) chromosomes. Imagine a pair of shoes.
Fach shoe is like a homologous chromosome. The pair rep-
resents a homologous pair of chromosomes. But human sex
cells are ditterent. They have 22 chromosomes—half the usual
number. Each sex cell has only one of the chromosomes from
each homologous pair Sex cells have only one “shoe.”

Figure 1 Human body
cefls have 23 pairs of
chromosomes. One
member of a pair of
homologous chromosomes
Is shown below.
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Sex cells are made during meiosis (mie OH  sis).
Meiosis 1s a copving process that produces cells with
half the usual number of chromosomes. Each sex
cell receives one-half of each homologous pair. For
example, a human egg cell has 23 chromosomes,
and a sperm cell has 23 chromosomes, The new
cell that forms when an egg cell and a sperm cell
join has 46 chromosomes.

FALETITIEED How many chromosomes does a

human egg cell have? (See the Appendiy for ansawrs o
Reading Clrecks.)

Genes and Chromosomes

What does all of this have to do with the location
of genes? Not long alter Mendel's work was redis-
covered, a graduate student named Walter Sutton
made an important observation, Sutton was study-
ing sperm cells in grasshoppers, Sutton knew of
Mendel's studies, which showed that the ege and
sperm o must each contribute the same amount of
Information to the offspring. That was the only
way the J:1 ratio found in the second generation
could be explained. Sutton also knew from his own
studies that although egus and sperm were differ-
ent, they did have something in common: Their
chromosomes were located inside a nucleus. Using
his observations of meiosis, his understanding of
Mendel's work, and some creative thinking, Sutton
proposed something very important:

Genes are located on chromosomes!

Understanding meiosis was critical to linding
the location of genes. Before you learn about meio-
sis, review mitosis, shown in Figure 2. Meiosis is
outlined in Figure 3 on the next Lwo pages.

CONNECTION TO .
Language Arnts .

Greek Roots The word mutosis is related to a Greek
word that means “threads” Threadlike spindies are

wsible during mitosis, The word meifosis comes from
a Greek word that means “to make smaller” How do
you think meiosis got its name?

Copyrgte © Oy ok, Meanant and Wistcn Al iights saemed

m Mitosls Revisited

© Each dwomosome
is copied.

€) The chromosomes
thicken and shorten.
Fach chromosome
consists of two
identical copies,
called chromatids,

€) the nudear mem-
brane dissolves. The
chromatids kne up
along the equator
(center) of the cell.

O The chromatids
pull apan.

© the nudear mem-
brane forms around
the separated chro-
matids. The chromo-
somes unwind, and
the cell divides.

O The result is two
identical copies of
the original cell.

Section 3  Meiosis 69



The Steps of Meiosis

During mitosis, chromosomes are copied once. and then the
nucleus divides once. During meiosis, chromosomes are copied
once, and then the nucleus divides twice. The resulting sperm
and egzs have half the number of chromosomes of a normal
body cell. Figure 3 shows all cight steps of meiwosis. Read about
each step as you look at the figure, Different types of living
things have different numbers of chromosomes, In this illus
tration, only four chromosomes are shown.

WALETETEIEY How many cells are made from one parent cell
during meaiosis?

E."TE) steps of melosis

Read about each step as you look at the diagram. Different types
of limng things have ditterent numbers of chromosomes. In this

diagram, only four chromosomes are shown.

One pair of Two
homologous chromatids
chromosomes

70

Before meiosis begins, the
chromosomes are in

a threadlike form. Fach
chromosome makes an
exact copy of itsell forming
two halves called chroma-
tids. The chromosomes then
thicken and shorten into a
form that is visible under

a microscope. The nuclear
membrane disappears.

Chapter 3 Heredity

The chromosomes sepa-
rate from their homaolo-

gous partners and then
Each dwomosome is maove to oppaosite ends
now made up of wo of the cell.
dentical chromatids.
Smilar chromosomes pawr
with one another, and

the paired homologous
chromosomes line up at
the equator of the cell

Ccomgm © e (ot Mirerar we Winston . A 40Ts feeerved



of =ach chrome-

some par. The mosomes

are not copied again between

the two el divisons, The chromosomes
then line up at
the equator of
each cell,

s Each cell contains one member

The nudear mambirans
re-forms, and the ol
dmdes. The paired

chromatids are still
joined.

The chromatids pul apart and move The result is that four new cells

1o opposite ends of the cell. The have formed from the cngnal single
nuclear membrane forms around cell. Each new cell has half the

the separated chromosomes, and number of chromosomes present n
the cells divide. the onginal ol

Section 3 Meiosis 71
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" - : Meiosis and Mendel
‘.!‘!Mm.’/ As Walter Sutton figured out, the steps in meiosis explained

For another activity related Mendel’s results, Figure 4 shows what happens to a pair of
to this chapter, go to homologous chromosomes during meiosis and fertilization. The
""""m in the cross shown is between a plant that is true breeding for round
S seeds and a plant that is true breeding for wrinkled seeds.

Each fertilized egg In the first generation had one domi-
nant allele and one recessive alicle for seed shape. Only one
genotype was possible because all sperm formed by the male
parent during meiosis had the wrinkled-seed allele, and all of
the female parent's eggs had the round-seed allele. Melosis also
helped explain other inherited characteristics.

m Meilosis and Dominance

Male Parent In the plant-cell Female Parent In the plant-cell
nucleus below, each homologous nucleus below, each

chromosome has an aliele for seed chromosome has an allele for seed
shape, and each allele carnes the shape, and each allele carries the
same instructions: 10 make wrinkled :::lmlom:lomhmd
seeds. s.

Wrinkled-seed Round-seed

alleles (rr) alleles (RR)
O Following meiosis, Meiosis Meiosis
each sperm cell has
a recessive alele for
wrinkled seeds, and lSpermcellwdem Egg cell nucleus ‘
s a

each egg cell ha

dominent aliale for

= 9000
Wrinkled-seed \

O Fertilization of any ~ Wlele ()

0\30 o

2 Chapter 3 Heredity
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Sex Chromosomes

Information contained on chromosomes deter-
mines many of our trails. Sex chromosomes carry
genes that determine sex. In humans, females have
two X chromosomes, But human males have one ﬂ
X chromosome and one Y chromosome,
During meiosis, one of ¢ach of the chromo- -

some pairs ends up in a sex cell. Females have

and a Y chromosome in each body cell. Meiosis

XYy
(TG

two X chromosomes in each bodyv cell, When X X
meiosis produces the egg cells, each egg gets one X
: DU
chromosome. Males have both an X chromosome :
L
(x XX | XY

produces sperm with either an X or a Y chromo
some, An egg fertilized by a sperm with an X
Chromosome will produce a female. IF the sperm
contains a Y chromosome, the offspring will be
male, as shown in Figure 5.

Sex-Linked Disorders

he Y chromosome does not carry all of the genes of an X
chromosome, Females have two X chromosomes, so they carry
two copies of each gene found on the X chromosome. This
makes a backup gene avallable if one becomws damaged, Males
have only one copy of cach gene on thelr one X chromosome,
I'he genes tor certaim disorders, such as colorblindness, are car
tied on the X chromosome. These disorders are called sex<linked
disorders. Because the gene 1or such disorders 1S recessive, men
are more hkely to have sex-linked disorders.

People who are colorblind can have trouble distinguish-
ing between shades of red and green. To help the colorblind,
some cities have added shapes to their street lights, as shown
in Figure 6. Hemophilia (v moh TIL ee uh) is another sex-
linked disorder. Hemophilia prevents blood from clotting, and
people with hemophilia bleed for a long time after small cuts,
Hemophilia can be fatal,

O

b3

Flgure 5 Fgg and sperm

combine to form either the XX or

XY combination

sex chromosome one of the palr
of womosomes that determine e

sex of an indmd ual

Figure 6 This stoplight in Canadua is designed to help the
colorblind see signals easily. This photograph was taken
over o few minutes to show all three shapes.

Section 3 Meiosis
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B0 Pedigree for a Recessive Disease

Males Females Generation
@ Venical lines connect |
»  children to their parents, *T}
Mor @ A solid square or circle [ T T 1
indicates that the person " k ‘
has a certain trait.
1 2 3 4 5 6
A O'% A hali-filled square or
circle indicates that the
person is a carrier of m »
the trait. 1 2 3 Kl
v
1 2 3

Genetic Counseling

Hemophilia and other genetic disorders can be traced through
a family tree. If people are worried that they might pass a
discase to their children, they may consult a genctic coun-
selor. These counselors often make use of a diagram known
pedigree a dagram that shows the as a pedigree, which Is a tool for tracing a trait through gen-

occurrence of a gemetic trait in sev- erations of a tamily. By making a pedigree, a counselor can
cral generations of 3 family

often predict whether a person is a carrier of a hereditary
disease. The pedigree shown in Figure 7 traces a disease called
cystic fibrosis (SIS tik FIE broh sis). Cystic fibrosis causes serious
lung problems. People with this disease have inherited two
recessive alleles. Both parents need to be carrlers of the gene
for the disease to show up in their children.

Pedigrees can be drawn up to trace any trait through a
family tree. You could even draw a pedigree that would show
how you Inherited your hair color. Many different pedigrees
could be drawn for a typical family.

Selective Breeding

For thousands of years, humans have seen the benefits of the
careful breeding of plants and animals. In selective breeding,

Figure 8 Roses have been organisms with desirable characteristics are mated. You have
selectively bred to create large, probably enjoyed the benefits of selective breeding, although
bright flowers. you may not have realized it. For example, you have probably

caten an egg from a chicken that was bred to produce more
eggs. Your pet dog may be a result of selective breeding. Roses,
like the one shown in Figure 8, have been selectively bred to
produce large flowers. Wild roses are much smaller and have
fewer petals than roses that you could buy at a nursery.

74 Chapter 3 Heredity
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SECTION

Review

® In mitosis, chromosomes are copied once, @ In humans, females have two X chromo-

and then the nudeus divides once. In
meiosis. chromosomes are copied once,
and then the nudeus divides twice,

@ The process of meiosis produces sex cells,
which have half the number of chromo
somes. These o halves combine during
reproduction.

somes. So, each egg contains one X
chromosome, Males have both an X and
a Y chromosome. So, each sperm cell con
tains ether an X or a Y chromosome.

® Sex linked disorders occur in males more
often than in females. Colorblindness and
hemophilia are examples of sex-linked

disorders,

® A pedigree is a diagram used 1o trace a
trait through many generations of a family,

Using Key Terms

1. Use each of the following terms In the same
SCOTENCe: MeJosis and sex chromosonmns

In each of the following sentences, replace the
Incorrect term with the correct term from the word
bank

pedigree homologous chiromosomes
mitosds

2. During festilization, chromosomes are copled
and then the nucleus divides twice

mebosiy

3. A Punnett square is used to show how inherited
traits move through a family,

4. During mebosis, sex cells line up in the middle
of the cell

Understanding Key Ideas

5. Genes are found on
a. chromosomes.
b. proteins.
c. alleles.
d. sex cells,
6. If there are 14 chromosomes in pea plant cells,

how many chromosomes are present in a sex
cell of a pea plant?

7. Draw the eight steps of meiosis. Label one
chromosome, and show its position in
cach step

Copy gt © oy HOL Pissar ord Winstor AL g resse el

Interpreting Graphics

Use this pedigree to answer the question below,

(o

8. Is this disorder sex Hnked? Explain your
easoning

Critical Thinking

9. Tdentifying Relationships Pat the following
in order of smallest to largest: chromosome,
pene, and cell

10, Applving Concepts A pea plant has purple
flowers. What alleles for flower color could the
sex cells canry?

For a variety of links related to this

chapter, g0 to Wwwww SCili
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