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THIS AT HOME
What are some human traits? Some obvious traits are
hair color, height, and eye color. Brainstorm a list of
human traits including the ones mentioned above.
Compare your traits with another person in your
home or neighborhood.

Which traits do you share? Which traits are
different? Write a paragraph explaining the
differences and similarities in your traits. Where
did your traits come from? Write down your
thoughts about this question.

Chapter 8

Reproduction
Your school probably has at least one copy machine. When
a teacher has a quiz or a letter that she wants each student
to have, she runs the pages through the copier. The copier
reproduces the pages, making exact copies so each student
can have one. Your cells undergo a process that makes exact
copies of themselves too, but of course, they don’t use a copy
machine! You grow because your cells multiply. How did you
end up with billions of cells when you started as the union of
only two cells? Cells have fascinating ways of making copies of
themselves. Take a trip into the world of the cell to learn how
organisms can reproduce and grow—the processes are
amazing!

1. How do cells make exact copies of themselves?
2. How do organisms reproduce to make similar
organisms?

8.1 Growth and Cell Reproduction
Growth is a characteristic of all living things. You started out as a single cell. That
cell quickly divided into two cells. Two cells became four and four became eight.
Eventually, you grew into an organism made of billions of cells. As you continue to
grow, your cells will divide to make more and more cells. Also, your cells divide to
replace cells that have died, or to repair damaged tissues. Each new cell contains an
exact copy of the DNA that’s found in all of your body cells. How do cells divide to
make exact copies of themselves?

cell division - the process of one
cell dividing into two daughter
cells.

What is cell division?
Cells reproduce Most of the cells in your body reproduce by dividing into two cells
by dividing called daughter cells. Each daughter cell contains an exact copy of
the DNA found in the original (parent) cell (Figure 8.1). The
process of one cell dividing into two daughter cells is called cell
division. Most cells reproduce by cell division.

The process of one cell dividing into two
daughter cells is called cell division. Each
daughter cell contains an exact copy of the
DNA found in the parent cell.
Cell division in As you learned earlier, prokaryotic cells like bacteria do not have a
prokaryotic cells nucleus. Their DNA is found bunched up in the cytoplasm.
Because of this, their cell division is simpler than the division
of eukaryotic cells. Bacteria reproduce by splitting in two. Each
daughter cell contains one copy of the DNA from the original cell.
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Figure 8.1: Most of the cells in your
body reproduce by dividing into two
daughter cells.

Most organisms grow by
producing more cells. Why
couldn’t an organism grow simply
by allowing its cells to get larger
and larger? Write your thoughts on
this question in your notebook.
You may wish to review Chapter 6
before you answer.

CHAPTER 8: REPRODUCTION

Chromosomes
What are Eukaryotic cells are usually larger and more complex than
chromosomes? prokaryotic cells. The DNA of a eukaryotic cell is found in the

nucleus. That DNA is organized into structures called
chromosomes. A chromosome is a structure made of DNA and
protein in the nucleus of a eukaryotic cell. Chromosomes organize
DNA into distinct units. Different organisms have different
numbers of chromosomes (Figure 8.2). Humans for example, have
46 chromosomes. The proteins in a chromosome help support its
structure and function. But the genetic information of the cell is
stored in the DNA.

chromosome - a structure made
of DNA and protein in the nucleus
of a eukaryotic cell.

Chromosome Individual chromosomes are not clearly visible under a microscope
doubling until just before a cell begins to divide. Before cell division,
chromosomes exist as long strands of DNA loosely coiled in the
nucleus. Just before cell division begins, the amount of DNA
doubles and so do the chromosomes. The DNA and protein in the
doubled chromosomes coil up tightly. Each doubled chromosome
consists of two copies of the original chromosome joined at the
center.

Figure 8.2: Different organisms

have different numbers of chromosomes.
Does the number of chromosomes have
anything to do with the complexity of the
organism?

8.1 GROWTH AND CELL REPRODUCTION
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The cell cycle
The life cycle of a As you grow from an infant to an adult, you pass through different
cell stages of your life cycle. Similarly, a cell passes through different
stages of its life. The life cycle of a cell is called the cell cycle. The
cell cycle is the period of time from the beginning of one cell
division to the beginning of the next. It consists of three stages:
interphase, mitosis, and cytokinesis (Figure 8.3).

Interphase The longest stage of the cell cycle is called interphase.
Interphase is the stage that occurs in between cell divisions.
During interphase the cell grows and develops and performs
its functions. Toward the end of interphase (just before the cell
begins to divide), the amount of DNA doubles. Organelles of the
cytoplasm (like mitochondria) also double in number.

Mitosis The second stage of the cell cycle is called mitosis. Mitosis is the
process in cell division where the nucleus divides into two nuclei,
each with an identical set of chromosomes. Mitosis is divided into
four phases: prophase, metaphase, anaphase, and telophase. The
illustration on the facing page shows what happens during each
phase.

Cytokinesis The shortest stage of the cell cycle is called cytokinesis. In
cytokinesis, the cytoplasm and its organelles divide into two
daughter cells. Each daughter cell contains a nucleus with an
identical set of chromosomes. The two daughter cells then start
their own cycles, beginning again with the interphase stage.

The cell cycle results in two daughter cells
with identical sets of chromosomes.

Figure 8.3: The cell cycle consists of
three phases.

cell cycle - the period of time
from the beginning of one cell
division to the beginning of the
next.

interphase - the stage of the cell
cycle that occurs between cell
divisions.
mitosis - the process of cell
division where the nucleus divides
into two nuclei.

cytokinesis - the process where
the cytoplasm and its organelles
divide into two daughter cells.
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You have 46 chromosomes in your body cells. The diagram below shows the cell cycle
in an organism with only 4 chromosomes.

Cytokinesis in plant cells
In plant cells, a cell plate forms
between the two nuclei. The cell
plate grows outward until a new
cell wall separates the two cells
as shown below.

8.1 GROWTH AND CELL REPRODUCTION
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Observing the cell cycle with a microscope
With a microscope and specially prepared slides, you can observe
the cell cycle and identify each part. Figure 8.4 shows pictures of
plant cells in each stage of the cell cycle.

B

A

Interphase During most of interphase, the chromosomes are not visible.
They appear as a grainy substance inside of the nucleus. Another
way to identify interphase is to look for the nucleolus inside of the
nucleus. The nucleolus disappears before mitosis begins.

Interphase (A) and prophase (B)

Prophase The first clue that mitosis has begun is the appearance of
chromosomes. Because the amount of DNA has doubled, each
chromosome appears as two identical strands joined at the center.
Also, the nuclear membrane breaks down during this phase. You
may also be able to see threads of protein called spindle fibers.

Metaphase

Metaphase In metaphase, you can see the chromosomes lined up across the
center of the cell. Each half is pointing in the opposite direction.
The spindle fibers are attached to the center of each chromosome.

Anaphase In anaphase, the chromosomes split. Each half is pulled toward
the point where the spindle fibers come together. Anaphase is the
phase of mitosis where the doubled chromosomes separate from
each other.

Anaphase

Telophase You can identify telophase by finding cells where the chromosomes
are clustered at separate ends of the cell. The forming daughter
cells begin to separate. A nuclear membrane forms around each
cluster of chromosomes.

Cytokinesis In cytokinesis, you can see that the cytoplasm is divided. Two
separate daughter cells have formed, each with a complete set of
chromosomes. Because it is so quick, this stage is hard to catch
under a microscope.
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Telophase

Figure 8.4: Photographs of plant

cells in different stages of the cell cycle.

CHAPTER 8: REPRODUCTION

8.1 Section Review
1.
2.
3.
4.
5.

6.
7.
8.
9.
10.

What is a daughter cell?
Why is cell division simpler in prokaryotes than in eukaryotes?
What is the major function of cell division and mitosis?
What is a chromosome? What are chromosomes made from?
Match each term below with the appropriate number on the
diagram in Figure 8.5.
a. cytokinesis
b. metaphase
c. interphase
d. prophase
e. telophase
f. anaphase
What is the longest stage of the cell cycle? What is the shortest
stage of the cell cycle?
What is the end result of mitosis and cytokinesis?
What is the first clue that mitosis has begun?
What happens to the amount of DNA in the nucleus just before
the beginning of mitosis?
Why are chromosomes called “doubled chromosomes” just
before mitosis begins?

Figure 8.5: Use this diagram to
answer question 5.

8.1 GROWTH AND CELL REPRODUCTION
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8.2 Sexual Reproduction and Meiosis
There are thousands of different species of organisms. Each species produces more of
its own. A species of bacteria splits to make two identical bacteria. A eucalyptus tree
produces more eucalyptus trees. Humans produce more humans. The formation of
new organisms of the same species is called reproduction. Reproduction is an
important life function. In this section, you will learn about the process of
reproduction.

Two types of reproduction
Asexual There are two types of reproduction: asexual and sexual.
reproduction Asexual reproduction is reproduction that requires only one

parent. Most single-celled organisms like bacteria and protozoans
reproduce this way. Cell division is a type of asexual reproduction.
Your body cells reproduce this way. In asexual reproduction, the
DNA and internal structures are copied. Then the parent cell
divides, forming two cells that are exact copies of the original.

reproduction - the formation of
new organisms of the same
species.

asexual reproduction - a type
of reproduction that requires only
one parent.
sexual reproduction - a type of
reproduction that involves special
cells called sex cells.

sex cells - special cells that
contain half the number of
chromosomes as body cells.

Sexual Sexual reproduction is a type of reproduction that involves special
reproduction types of cells called sex cells. Sex cells contain half the number of
chromosomes as body cells (all of the other cells in a multicellular
organism). Human body cells have 46 chromosomes. Human sex
cells have 23 chromosomes. The male sex cells are called sperm.
The female sex cells are called eggs.

Homologous In body cells, the chromosomes occur in pairs. The
chromosomes chromosomes in each pair are called homologous (equivalent)
pairs. Figure 8.6 shows a complete set of chromosomes found
in a human body cell. Each sex cell has only one of the
chromosomes from each homologous pair.

Figure 8.6: A complete set of human
chromosomes found in a body cell.
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Meiosis
What is meiosis? A body cell has the same number of chromosomes as its parent
cell. How do sex cells end up with only half the number of
chromosomes? Meiosis is cell division that produces sex cells
with half the number of chromosomes. During meiosis, a cell
undergoes two divisions to produce four sex cells, each with half the
number of chromosomes of the parent cell. Figure 8.7 shows slides
of meiosis in the part of a plant that produces the male sex cells.

meiosis - cell division that
produces sex cells with half the
number of chromosomes.

The first division In the first division of meiosis, the homologous pairs of
of meiosis chromosomes separate. Remember, just before a cell divides, the
chromosomes double. The doubled chromosome pairs line up along
the center of the cell. Spindle fibers attach and pull the pairs apart.
Two cells form. Each cell contains one doubled chromosome from
each homologous pair.

The second In the second division of meiosis, the doubled chromosomes
division of are split apart. The doubled chromosomes line up in the center of
meiosis the cell. Spindle fibers pull the chromosomes apart at the center.
The two halves move to opposite ends of the cell.

The final result of The final result of meiosis is four sex cells, each with half
meiosis the number of chromosomes of the original parent cell. Each

cell has only one chromosome from each original homologous pair.
When male and female sex cells combine to form offspring, each sex
cell contributes half the normal number of chromosomes. The
offspring has the normal number of chromosomes, half from the
male parent and half from the female parent.

Figure 8.7: Prepared slides showing
meiosis in plant tissues.

8.2 SEXUAL REPRODUCTION AND MEIOSIS
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What happens during meiosis?
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Diploid, haploid, and fertilization
Diploid and A complete set of chromosomes is called a diploid set. Most animal
haploid sets cells except the sex cells have a diploid set of chromosomes. The

diploid human set has 23 pairs of chromosomes (a total of 46). Sex
cells have half of a complete set of chromosomes, or only one
chromosome from each homologous pair. A half set of chromosomes
is called a haploid set. Humans have 23 chromosomes in their sex
cells—a haploid set. Figure 8.8 shows the diploid and haploid
number of chromosomes for various organisms.

diploid - a double set of
chromosomes.

haploid - a half set of
chromosomes.

fertilization - the union of egg
and sperm.

zygote - a fertilized egg.

What is Fertilization is the union of egg and sperm to form a new organism.
fertilization? When an egg is fertilized by a sperm, the haploid set of

chromosomes from the father unites with the haploid set of
chromosomes from the mother. A fertilized egg, called a zygote, has
a diploid set of chromosomes. For each homologous pair, one
chromosome comes from the mother, and one from the father.

In a diploid set, chromosomes are found in
homologous pairs. For each pair, one
chromosome comes from each parent.

Figure 8.8: The diploid and haploid
number of chromosomes for various
organisms.

8.2 SEXUAL REPRODUCTION AND MEIOSIS

161

Cell differentiation
Specialized cells After fertilization, the zygote rapidly divides by mitosis and
becomes an embryo. An embryo is an organism in its earliest
stages of development. Figure 8.9 shows embryo development of a
fish, calf, and rabbit. The final outcome is a multicellular organism
with many different types of specialized cells. You have brain cells,
stomach cells, skin cells, and muscle cells to name just a few. All of
those cells can be traced
back to the zygote.

embryo - an organism in its
earliest stage of development.

cell differentiation - the process
of cell specialization.

Differentiation Where do all of the
different types of cells
come from? An organism
that is not fully developed
is called an embryo. In the
developing embryo, cells
begin to differentiate. Cell
differentiation is the
process of cell
specialization. For
example, cells that
eventually divide to
become part of the
stomach are different from those that will become part of the
nervous system. As cells differentiate, they give rise to different
tissues. These tissues eventually form the organs.

Further As the embryo continues to develop, some cells become even more
specialization specialized. For example, some cells in the retina of your eye
become rod cells (for vision in dim light) and others become cone
cells (for color vision). After differentiation is complete, most cells
lose the ability to become other types of cells.
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Figure 8.9: An embryo is an

organism in its earliest stages of
development. The embryos of a fish, calf
and rabbit, over time, develop into
young organisms.

CHAPTER 8: REPRODUCTION

8.2 Section Review
1. Fill in the table below for a human cell.
Mitosis

Meiosis

Type of cell
produced
Number of cell
divisions
Number of cells
produced
Number of
chromosomes in
each cell (diploid or
haploid)

2. Look at Figure 8.10. Match each number on the diagram to the
statements below.
a. Cells contain half the number of chromosomes.
b. Homologous pairs of chromosomes are pulled to opposite
sides of the cell.
c. The total amount of DNA is doubled.
d. Doubled chromosomes are split apart.
3. A chicken has 78 chromosomes in its body cells. How many
chromosomes are in its sex cells?
4. What is fertilization?
5. How does the process of fertilization explain the need to have
half the number of chromosomes in sex cells?
6. You started out as a single cell and are now made of over
200,000 different types of cells. Explain how this happens.

Figure 8.10: Use this diagram to
answer question 2.

8.2 SEXUAL REPRODUCTION AND MEIOSIS
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Chapter 8 Connection

Differences Between Twins Start With Cells
You are a completely unique individual. No one is just like
you. Yet what if there was an exact duplicate of you? Same
hair, nose and size. You look exactly the
same. No one can tell the two of you apart.
You even have the same genes. There is
only one way that can happen. If you
and another person have the same
genes, you are identical twins.
Out of every thousand births in the
United States, about 25 will be twins.
Of these, some are identical twins.
The rest are fraternal twins. The
difference comes from how the twins
formed.

Fraternal twins start as two
The word fraternal comes from a word meaning
“brother.” Fraternal twins are like any brothers
and sisters, except that they are born on the
same day. They each have some the same genes
as their parents. But they do not share an
identical genetic makeup. Fraternal twins
may resemble each other, but they usually
will not be mistaken for each other.
Fraternal twins might both be girls.
They could both be boys, or one girl and
one boy.
How do fraternal twins happen? It's
simple. Two different sperm cells fertilize
two different eggs. Each fertilized egg develops into an
embryo. Each embryo becomes a fetus. The mother gives
birth to both babies on the same day.
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Fraternal twins are also called dizygotic twins. When an egg
cell and a sperm cell join, the resulting cell is called a zygote.
It is a fertilized egg. The prefix di
means “two.” Dizygotic twins
develop from two zygotes, or two
fertilized eggs. In other words,
the mother has produced two
eggs. Each joins with a sperm
cell. Each becomes a fetus.
The two babies are born
one right after the other.

Identical twins start as
one
Identical twins are not like
other brothers and sisters.
Other brothers and sisters
share half of their genes.
Identical twins have the same
genetic makeup. Like fraternal
twins, they are born on the
same day. But that's where the
similarity to fraternal twins
ends. Identical twins are
always the same sex. They
will always be either two
boys or two girls. The twins
usually look very much the
same. Many people cannot tell
them apart at first.
Fraternal twins come from two eggs.
Identical twins develop from a single fertilized egg. Shortly
after the egg cell and sperm cell join, the zygote splits into
two parts. Each new part is an identical copy of the original.
Each has identical genetic material. After the split, each new

part develops into an embryo. From that point on, each fetus
grows just like fraternal twins. Finally, two babies are born.
With identical twins, the births are usually just minutes
apart. The two babies have the same genes. As they grow,
they usually appear to be identical to each other. People who
know identical twins well can tell who is who, but a stranger
may not be able to tell identical twins apart.

The same genes
What does it mean to have the same genes? It means that
identical twins have the same genetic potential. Other
factors affect how individuals develop. The environment
plays a part. For example, identical twins may have different
weights at birth. This is because each fetus may develop in
slightly different conditions inside the mother. Identical
twins that grow up in different homes often develop
differently. Their diets may be different and they might not
get the same exercise. If these twins come together later in
their lives, they may not look alike. They may not seem to be
identical twins at all.
Scientists want to know more about how our environment
affects the way we develop. For this reason, identical twins
are often studied. They start out with the same genes.
However, differences that occur may be caused by
environmental factors.

Transplants and tissue matching
Organ transplants save many lives. The science of
transplants has benefited by the study of identical twins. In
the early 1950s, scientists observed that most donated
organs were rejected. Then in 1954, a kidney transplant was
done between identical twins.
Richard Herrick was dying of kidney disease. Ronald, his
identical twin brother gave one of his kidneys to him. Both

Chapter 8 Connection

Identical twins are also called monozygotic twins. The prefix
mono means “one.” These twins develop from one zygote.

twins had the
same genetic
makeup.
Richard's body
recognized
Ronald's
kidney as
being the same
tissue as itself.
It did not
reject the
kidney and the
transplant was
a success.
This case was
very important
in the
understanding
of organ
transplants. It
helped
scientists
know more
about matching
tissue. Since
then, many of the problems of organ rejection have been
overcome with the use of tissue matching.

Questions:
1. What is a zygote?
2. In terms of zygotes, how are fraternal twins and identical
twins different?
3. How does the genetic makeup of fraternal and identical twins
differ?
4. What could explain differences in appearance between 50year old identical twins?

UNIT 3 GENETICS
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Chromosome Square Dance

Chapter 8 Activity

It’s sometimes easier to visualize a process like meiosis using
people to act out the parts. In this activity, you will imagine
you and your classmates are chromosomes at a square
dance. In a square dance, a “caller” calls out orders. The
dancers follow the caller’s orders.
The diagram below shows students playing homologous
pairs of chromosomes just before the first division of meiosis.
The amount of DNA has doubled so each chromosome is
doubled. Therefore, for each homologous pair, you will need
four students. Look at the diagram then answer the
questions below it.

Meiosis event
Before meiosis begins, the
chromosomes double. But they are
randomly arranged in the nucleus.

Caller orders
“Two people with the same letter
and sign color link arms and move
around at random. You are now
doubled chromosomes. Dance!”

“Each doubled chromosome find
Just before the first division,
another doubled chromosome with
homologous pairs find each other and the same color sign. You are now
pair up.
homologous pairs. Group together!”
Homologous pairs of chromosomes
line up along the center of the cell.

“Now find your way to the center
line. Homologous pairs line up
along the center!”

Spindle fibers attach and pull the
pairs apart. Two cells form. Each cell
has one double chromosome from
each homologous pair. The first
division is complete.

“Homologous pairs—you are being
pulled apart. Move to opposite sides
of the center line. Doubled
chromosomes should stay together!”

The second division starts. The
doubled chromosomes line up in the
center of each new cell.

“Doubled chromosomes—line up
along the center line of the cell.”

“Doubled chromosomes—you are
Spindle fibers pull the doubled
being pulled apart. Release arms
chromosomes apart. Each half moves and move to opposite ends of the
to opposite ends of the cell.
cell. Drift apart!”

a. How many homologous pairs are in the diagram?
b. What is the diploid number of the organism?
c. What is the haploid number of the organism?

What you will do
1. Your class will choose one person to be the caller. He or
she will read from the orders (right).
2. Your teacher will assign students as chromosomes. You
will be given a colored sign to wear around your neck. The
letter and color on the sign indicates the chromosome to
which you belong. Place your sign around your neck and
wait for instructions from your teacher to begin.
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Four cells form. Each cell has a
haploid set of chromosomes—one
chromosome from each homologous
pair. The second and final division is
complete.

“You are now single chromosomes.
Get together with the other single
chromosomes in your cell.
Congratulations—you are now
haploid! The dance is over.”

Applying your knowledge
a. Why were there two students for each chromosome in the
beginning?
b. Why were there four students per homologous pair?
c. Which letters and sign colors ended up in each cell after
the second division?
d. How many chromosomes ended up in each cell after the
second division?

Chapter 8 Assessment
Vocabulary

Concepts

Select the correct term to complete the sentences.

Section 8.1

cell cycle

cytokinesis

sexual reproduction

1.

Distinguish between mitosis and cell division.

sex cells

fertilization

meiosis

differentiation

chromosomes

interphase

2.

Chromosomes

mitosis

reproduction

asexual reproduction

a.

cell division

b.
c.
d.

Section 8.1

1.

_____ is the process of cell reproduction.

2.

Made up of protein and DNA, _____ contain genetic
information within a eukaryotic cell.

3.

The continuous sequence of events from the beginning of one
cell division to the next is the _____.

4.

During _____, the cell grows and develops.

5.

_____ is the process of eukaryotic nuclear division in which
two nuclei with identical sets of chromosomes are formed.

6.

3.

A researcher has discovered a way to disrupt the cell cycle
by allowing cytokinesis to take place before mitosis. What
would be the result if a cell with four chromosomes
underwent this cycle?

4.

Which does not occur during prophase.
a.
b.
c.
d.

A cell whose cytoplasm and organelles divide in two is in the
stage of _____.

Section 8.2

7.
8.

_____ is the process of producing offspring.
_____ involves a single parent producing identical offspring
without the aid of sex cells.
9. In _____, sperm and eggs unite to form new offspring.
10. _____ contain half the number of parental chromosomes.
11. Sex cells are formed during _____, when the nucleus divides
twice, forming cells with half the original chromosome
number.
12. In the process of _____, egg and sperm cells unite.
13. As cells develop they specialize in different functions, this is
the result of _____.

are structures made of DNA and protein in the nucleus
of prokaryotic cells.
are only visible during mitosis.
are doubled along with their DNA prior to cell division.
within two daughter cells contain half the original DNA
after mitosis.

5.

Mitosis
a.
b.
c.
d.

6.

The nuclear membrane breaks down.
Chromosomes can be seen for the first time.
Threads of spindle fibers are visible.
Doubled chromosomes separate to opposite ends of the
cell.
increases the number of cells without changing genetic
information.
alters the information passed down to daughter cells.
creates four daughter cells containing half the number
of original chromosomes.
is the stage where cells grow and develop.

Create a diagram illustrating the stages during mitosis.
Include a short explanation of each step in your own words.
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2.

Section 8.2

7.

There are 38 chromosomes in the liver cells of a cat. The
sperm of male cat would contain ___ chromosomes.
a. 38 b. 19 c. 24 d. 56

8.

Explain two major differences between mitosis and meiosis.

9.

Describe what happens to homologous chromosomes during
each division of meiosis.

10. What are homologous pairs of chromosomes? How are these
different than the doubled chromosomes in the second
division of meiosis?
11. A fertilized egg
a.
b.
c.
d.

contains only half the number of parental chromosomes.
divides into new cells by mitosis.
divides into new cells by meiosis.
cannot undergo cell divisions.

Chapter Project
Cell Division Flip Book
A flip book is a stack of at least twenty pages with individual
drawings that change position slightly on each page. When you
flip through the pages quickly, the individual drawings look like
they are moving!. Here's how to create your own flip book of cell
division.
1.

Plan a sequence of at least twenty drawings on scrap paper
before starting to draw the flip book. The drawings should
take one cell completely through the stages of cell division,
with slight changes from one drawing to the next. Start with
Interphase and draw the stages all the way to cytokinesis.
It's easiest to limit your chromosome count to 4 pairs. Color
coding works nicely.

2.

Begin your flip book by drawing the first picture on the
LAST page of the book. Draw the next picture on the secondto-the last page and so on. When the next page is placed on
top of the previous, you will be able to see the drawing on
the previous page as it shows through the post-it paper.
Trace or redraw most of that image, changing a small part of
it only slightly.

3.

Continue to flip, cover, trace, and change slightly until the
action sequence is complete. Keep the figure as close as
possible to the edge of the page.

4.

Flip through the booklet and watch the animation. Hold the
flip book in your right hand and flip the pages from back to
front (start to finish) with your left thumb.

Math and Writing Skills
1.

Specialized cells in within the body divide at different rates.
A researcher studying the rate of two different cells has
determined cell A divides once every 1.5 minutes while cell
B divides every 30 seconds. The researcher places one of
each dividing cell in culture, how many cells should he
expect in each dish after 4.5 minutes? Create a table like the
one below that goes up to 270 seconds and fill in your
answers.
Time
(seconds)
30
60
up to 270
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Cell A
(# of divisions)
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Cell B
(# of divisions)

Explain how chemicals that disrupt mitosis could be
potentially used as an herbicide (weed killer). How would
the mechanism of these chemicals differ if they disrupted
meiosis instead?

Chapter 9

Heredity
The fruits, vegetables, and grains you eat are grown on farms
all over the world. Tomato seeds produce tomatoes, which in
turn produce more seeds to grow more tomatoes. Each new
crop of tomatoes carries genes for characteristics that were
inherited from the previous crop’s seeds. Some scientists are
trying to manipulate the information contained in the seeds to
produce different tomatoes. They have even tried inserting a
gene from a winter flounder (a type of fish) into a tomato so
that the tomato is cold-resistant! Why would this be
beneficial? This chapter will help you understand how traits
in plants and animals are inherited from one generation to
the next.

1. What is “genetics” and who was Gregor
Mendel?
2. How are traits passed from one generation to
the next?
3. How can you predict the traits of the next
generation?

9.1 Traits
Tyler has free earlobes like his father. His mother has attached earlobes. Why does
Tyler have earlobes like his father? In this section you will learn about traits and
how they are passed on to offspring. Look at your earlobes. Are they free or attached?
(Figure 9.1). The type of earlobes you have is a trait that you inherited from your
parents. A trait is a characteristic that an organism can pass on to its offspring.

Studying traits
Breeds and traits Did you know there are over 150 dog breeds, but they are all the
same species (Canis familiaris)? A pug looks completely different
than a black lab, yet they both came from the same ancestors. For
thousands of years, dog breeders have selected certain traits to
produce dog breeds for different purposes. People knew how to
breed in order to obtain certain traits long before scientists knew
about DNA, chromosomes, or meiosis.
Figure 9.1: The type of earlobes you
have is a trait you inherited from your
parents.

trait - a characteristic that an

Genetics is the An organism’s heredity is the set of traits it receives from its
study of heredity parents. Genetics is the study of heredity. Ancient dog breeders

thought that the traits inherited by a dog were a blend of those
from the mother and father. For example, a large dog crossed with
a small dog in many cases would produce a medium-sized dog—a
blend of both parents. It turns out that heredity is not that simple.
A monk named Gregor Mendel was one of the first to find that out.
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organism can pass on to its
offspring.

heredity - a set of traits an
organism receives from its
parents.

genetics - the study of heredity.
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The priest and the pea
Who was Gregor Gregor Mendel (1822 to 1884) was an
Mendel? Austrian monk. He is often called the

“father of genetics.” Through many years
of experiments in breeding pea plants,
Mendel arrived at some important
conclusions about inheritance. However,
nobody in his lifetime (including Mendel)
realized the importance of his work. It was
ignored by scientists until the early 1900s.
Eventually Mendel’s ideas led to the science
of genetics.

Disappearing Mendel worked in a garden at the monastery where he lived.
traits Through his work, he became interested in the traits of plants

Parents

x
Purple flower

White flower

First
Generation
Three purple flowers

What happened to the white?

Second
Generation
Three purple flowers and one white flower

Figure 9.2: Why do traits disappear
and then reappear?

and how those traits were passed on to offspring. For example,
he noticed that a trait that appeared in the parent generation of
plants did not show up in their offspring (the first generation), but
in the second generation, the trait showed up again (Figure 9.2)!
Mendel wanted to find out why. So, he decided to study inheritance
in peas. Peas were a good choice because they grow quickly and are
easy to breed.

Peas and Peas are flowering plants. They have male and female parts on
pollination the same plant. Flowering plants reproduce by pollination. During

pollination, pollen containing sperm from the male part of the plant
is carried to the female part of the plant called the ovule.
Fertilization occurs when a sperm from the pollen travels to an
egg in the ovule. In a pea plant, pollen can fertilize eggs on the
same plant (self-pollination). Or, the pollen can be carried by the
wind or an animal to another plant. Figure 9.3 shows how
pollination can occur.

Figure 9.3: Flowering plants
reproduce by pollination.
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Mendel’s experiment
Pea plant traits Mendel studied pea plants and identified several traits that had
only two forms. For example, he observed that peas produced
plants with either purple flowers or white flowers. Figure 9.4
shows four of the traits Mendel studied and their two forms.

True-breeding For his experiments, Mendel was careful to start out with trueplants breeding plants. When a true-breeding plant self-pollinates, it will
always produce offspring with the same form of the trait as the
parent plant. For example, a true-breeding plant with purple
flowers will only produce plants with purple flowers.

Mendel’s Mendel wanted to find out what would happen if he crossed two
procedure for his plants with different forms of a trait. He used a method called
experiments cross-pollination. In cross-pollination, the parts that contain

pollen (anthers) are removed from one plant so it cannot selfpollinate. Next, the pollen from the other plant is used to fertilize
the plant without pollen. The example below shows how Mendel
crossed a purple-flowered plant with a white-flowered plant.

Four Pea Traits
TRAIT

FORM 1

FORM 2

Purple

White

Flower color

Seed shape
Smooth Wrinkled

Seed color
Yellow
Green

Green
Yellow

Pod color

Figure 9.4: Four of the traits Mendel
studied in pea plants.

true-breeding plant - a plant
that will always produce offspring
with the same form of a trait when
it self-pollinates.

cross-pollination - when the
pollen from one plant is used to
fertilize another plant.
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The first When Mendel crossed true-breeding, purple-flowered plants with
generation true-breeding, white-flowered plants, the first generation produced
all purple-flowered plants. Mendel got similar results for the other
traits he studied. In each case, one form of the trait always showed
up in the first generation and the other form of the trait always
seemed to disappear.
Parents

First Generation

White
flowers

All purple
flowers

x
Smooth
seeds

Wrinkled
seeds

Yellow
seeds
Green
pods

Green
seeds

x

pollinati
osson
r
C

First Generation

x

x
Purple
flowers

Parents

Parent generation

Yellow
pods

All yellow
seeds

Purple flowers

White flowers

All green
pods

All smooth
seeds

First generation

The second Next, Mendel allowed the first generation of plants to selfgeneration pollinate. When the purple-flowered plants of the first generation
self-pollinated, white flowers showed up again in the second
generation! Figure 9.5 shows Mendel’s crosses with peas for the
flower-color trait.

All purple flowers

Self

pollinatio

n

Calculating ratios Mendel counted the plants in the second generation. He found 705
plants with purple flowers and 224 plants with white flowers. He
calculated the ratio of purple-flowered plants to white-flowered
plants. A ratio is a way to compare two numbers. Here’s how to
calculate the ratio of purple flowers to white flowers:

Second generation

3 purple flowers for every 1 white flower

(3:1 ratio)
Figure 9.5: Mendel’s experiment.
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Mendel’s conclusions
Second Mendel got similar results for the second generation of all the
generation traits he studied. The data from four of the traits he studied is
results shown in Table 9.1. For practice, calculate the ratio for the last

traits.

three traits.

alleles - different forms of a gene.

Table 9.1: The second generation from Mendel’s peas

dominant allele - the form of a

Trait

Form 1

Form 2

Ratio

Flower color

purple 705

white 224

3:1

Seed shape

round 5,474

wrinkled 1,850

?

Seed color

yellow 6,002

green 2,001

?

Pod color

green 428

yellow 152

?

Genes From the results, Mendel proved that all traits do not blend. For
instance, purple flowers mixed with white flowers did not produce
pink flowers. Mendel concluded that traits like flower color must
be determined by individual units. Today, we call those units
genes. A gene is a unit that determines traits.

Dominant and Mendel concluded that for each trait he studied, a pea plant must
recessive alleles contain two forms of the same gene. Different forms of the same
gene are called alleles. The dominant allele is the form of a gene
that, when present, covers up the appearance of the recessive
allele. The recessive allele is the form of a gene that is hidden
when the dominant allele is present. The gene for flower color in
peas has a dominant allele that causes purple flowers and a
recessive allele that causes white flowers (Figure 9.6).

Alleles are different forms of the same gene.
Organisms have at least two alleles for each
gene—one from each parent.
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gene that, when present, covers
up the appearance of the
recessive allele.

recessive allele - the form of a
gene that is hidden when the
dominant allele is present.
Purple flowers

Dominant
allele
(purple flowers)

White flowers

Recessive
allele
(white flowers)

Purple flowers
Dominant allele hides recessive allele

Figure 9.6: Flower color in peas is

determined by two alleles of the gene—
one from each parent.
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Phenotype and genotype
An organism’s phenotype is the form of a trait that it displays. For
flower color, a pea plant can display a phenotype of purple or white
flowers. An organism’s genotype is the alleles of a gene it contains.
Based on his data, Mendel concluded that a phenotype can be
determined by more than one genotype.

phenotype - the form of a trait
that an organism displays.

genotype - the alleles of a gene
an organism contains.

Symbols for Mendel used upper and lower case letters to symbolize the alleles of
genes a gene. For flower color, he used upper case P for purple (the
dominant allele) and lower case p for white (the recessive allele). A
pea plant with purple flowers could have a genotype of either PP or
Pp. A pea plant with white flowers could only have a genotype of
pp. As long as at least one dominant allele is present, the plant will
always have a phenotype of purple flowers. Figure 9.7 shows the
genotypes and phenotypes of four pea plant traits. The graphic
below shows the alleles present in each generation of pea plants
from Mendel’s experiment.

Parent generation

First generation

x
Genotype: PP
Phenotype: purple

Genotype: pp
Phenotype: white

Genotype: Pp
Phenotype: purple

Second generation
Figure 9.7: The genotypes and
Genotype: PP
Phenotype: purple

Genotype: Pp
Phenotype: purple

Genotype: pp
Phenotype: white

phenotypes of four of the traits Mendel
studied in pea plants.
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9.1 Section Review
1. Give two reasons why Mendel chose pea plants for his
experiments with traits.
2. Name two ways pollination can occur.
3. What is a true-breeding plant? Why did Mendel start out his
experiments with true-breeding plants?
4. What happened when Mendel crossed a true-breeding, greenseeded plant with a true-breeding, yellow-seeded plant?
5. What is the best way to determine the phenotype of a bird’s
feathers?
a. analyze the bird’s genes
b. look at the bird’s feathers
c. look at the bird’s offspring
d. look at the bird’s parents
6. Which statement best describes how to write the genotype for
a trait?
a. A capital letter represents the dominant allele and a
different capital letter represents the recessive allele.
b. A capital letter represents the dominant allele and a
different lowercase letter represents the recessive allele.
c. A capital letter represents the dominant allele and the
lower case of that letter represents the recessive allele.
7. Write all of the possible genotypes for each pea plant:
a. A plant with purple flowers.
b. A plant with round seeds.
c. A plant with green seeds.
d. A plant with yellow pods.
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Calculating ratios
Calculate the ratio of the following
pairs of numbers. Give your
answers as whole-number ratios.
1.
2.
3.
4.
5.

500:250
2020:1599
675:1280
25:499
1327:1327

Free earlobes are determined by a
dominant allele. Attached earlobes
are determined by a recessive
allele. Tyler has free earlobes. His
father has free earlobes but his
mother has attached earlobes.
What is Tyler’s genotype?

CHAPTER 9: HEREDITY

9.2 Predicting Heredity
When Mendel published his work in the 1800s, he did not use the word “gene” to
describe his units of heredity. He also wasn’t sure where his units might be found or
how to identify them. His work went unnoticed for almost thirty years. In 1902,
American scientist Walter Sutton (1877 to 1916) examined the nuclei of grasshopper
cells under a microscope. He observed that chromosomes occurred in homologous
pairs that separated during meiosis. A year later, Sutton found that chromosomes
contained genes. He had discovered Mendel’s units of heredity! In this section you will
learn how Mendel’s work is used to predict the heredity of offspring.

How traits are passed on to offspring
Genes and alleles Mendel developed the basic laws of how traits are passed on to
offspring (Figure 9.8). He did not know about genes, chromosomes,
DNA, or meiosis. The laws stated below combine the work of
Mendel and Sutton.
1. Individual units called genes determine an organism’s
traits.
2. A gene is a segment of DNA, located on the
chromosomes, that carries hereditary instructions
from parent to offspring.
3. For each gene, an organism typically receives one allele
from each parent.
4. If an organism inherits different alleles for a trait, one
allele may be dominant over the other.
5. The alleles of a gene separate from each other when sex
cells are formed during meiosis.
Figure 9.8: The principles of how
traits are passed on to offspring.
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Alleles and meiosis
Alleles of a gene In the last chapter, you read that homologous pairs of
separate during chromosomes separate during meiosis. Since alleles of a
meiosis gene are found in corresponding locations on homologous
pairs of chromosomes, they also separate during meiosis.

How do alleles To illustrate how alleles separate, let’s follow the alleles for the
separate? flower color trait in a pea plant with the genotype Pp. The plant in
our example has a dominant allele (P) and a recessive allele (p).
What is the phenotype of the plant? You are correct if you said
purple! Figure 9.9 shows what happens to the alleles during
meiosis. To keep it simple, only one pair of chromosomes is shown.
A real pea plant has 14 chromosomes (7 pairs).

Fertilization When fertilization occurs, offspring inherit one homologous
chromosome in a pair from each parent. As a result, one allele for a
gene also comes from each parent. When Mendel crossed purebreeding, purple-flowered plants with pure-breeding, whiteflowered plants, the first generation offspring were purple with
the genotype Pp. The diagram below traces the alleles from parent
to offspring.

Figure 9.9: Alleles of a gene are

found in corresponding locations on
homologous pairs of chromosomes.
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Predicting genotype and phenotype
Punnett squares You can predict the genotypes and phenotypes of offspring if you
know the genotypes of the parents. A punnett square shows all of
the possible combinations of alleles from the parents. Figure 9.10
shows how a punnett square is made.

punnett square - shows all of
the possible combinations of
alleles from the parents.

You can predict the possible genotypes and
phenotypes of offspring if you know the
genotypes of the parents.
A punnett square You can use a punnett square
of Mendel’s first to show Mendel’s first cross.
cross He crossed a true-breeding,

purple-flowered plant with a
true-breeding, white-flowered
plant. Since the purpleflowered plant is truebreeding, it has two
dominant alleles. The
genotype of the purpleflowered plant is PP. Since
white flowers are recessive,
the only possible genotype for
a white-flowered plant is pp.

Analyzing the As you can see, all of the offspring in Mendel’s first cross had a
punnett square genotype of Pp. That’s why all of the plants in the first generation

had purple flowers. Using a punnett square, you can predict the
possible genotypes and phenotypes of the offspring. In the example
above, the only possible genotype is Pp and the only possible
phenotype is purple flowers.

Figure 9.10: The parts of a punnett
square.

In the punnett square shown in
Figure 9.10, F = free earlobes and
f = attached earlobes. What is the
genotype and phenotype of each
parent? What are the possible
genotypes and phenotypes of their
children?
9.2 PREDICTING HEREDITY
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Punnett squares and probability
A punnett square When Mendel let the Pp plants self-pollinate, white flowers
of Mendel’s showed up in the second generation. Figure 9.11 shows a punnett
second cross square of the cross. Recall that when Mendel counted the plants,
he found a 3:1 ratio of purple to white flowers. There are three
possible genotypes from the cross. Of the three, PP, and Pp are
purple because they have the dominant allele. Only one of the
three (pp) is white. From looking at Figure 9.11, can you see why
there is a 3:1 ratio of purple-flowered to white-flowered plants?

Probability When you flip a coin, there is a 50 percent chance you’ll get heads
and a 50 percent chance you’ll get tails. The way the coin lands is
completely random. Like flipping a coin, the chance of inheriting a
certain genotype and phenotype is random. Probability is the
mathematical chance that an event will occur.

Punnett squares Probability can be expressed as a fraction or a percentage. A
and probability punnett square represents all of the possible genotypes of

offspring. In Figure 9.11, 1 out of the 4 squares is pp. The
probability of offspring having pp is therefore 1/4. To convert this
to a percentage, take the numerator of the fraction divided by the
denominator and multiply by 100:
1
× 100 = 25%
4

There is a 25 percent chance of offspring having the pp genotype.
What is the probability of offspring having purple flowers? PP,
and Pp have purple flowers. That’s 3 out of the 4 squares. The
probability is:

3
× 100 = 75%
4
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Figure 9.11: A cross between pea

plants of the first generation. The plants
have a dominant and recessive allele.
Can you see why white flowers showed
up in the second generation?

probability - the mathematical
chance that an event will occur.
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9.2 Section Review
1. Explain the relationship between each pair of terms:
a. gene and chromosome
b. gene and DNA
c. gene and allele
d. allele and meiosis
2. The table below summarizes four traits in humans. Use the
information to answer questions a through d.
Trait

Dominant allele

Recessive allele

earlobes

free (F)

attached (f)

chin

cleft (C)

no cleft (c)

thumb

straight (S)

hitch hiker’s (s)

Use Figure 9.11 on the previous
page to calculate the probability
that an offspring will have one
dominant allele and one recessive
allele.

a. What is the phenotype of a person with a genotype of Cc?
b. What are the possible genotypes of a person with a straight
thumb?
c. A man with a genotype of FF marries a woman with a
genotype of ff. What are the possible genotypes and
phenotypes of their offspring?
d. A woman with a genotype of Cc marries a man with a
genotype of Cc. What is the probability that their offspring
will have a chin with no cleft?
3. Use the punnett square in Figure 9.12 to answer the following
questions:
a. What are the genotypes and phenotypes of the parents?
b. What is the probability that their offspring will have free
earlobes? Attached earlobes?

Figure 9.12: Use this punnett square
to answer question 3.
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9.3 Other Patterns of Inheritance
Perhaps it was luck for Mendel (and science) that he happened to use pea plants to
discover the principles of heredity. Peas happen to have a number of traits that are
determined by just two alleles. Also, for the traits he studied, one allele happened to
be dominant and the other recessive. Mendel discovered an important pattern of
inheritance and his laws are the foundation of genetics. Since plant and animals
have thousands of genes, some have patterns of inheritance that are different from
the ones Mendel discovered. In this section, you will learn about some of those
patterns.

Male or female?
Sex Mendel worked with peas that had female and male parts on the
chromosomes same plant. Many organisms, like humans, have separate female
and male individuals. In humans, sex is determined by the last
pair of chromosomes, called sex chromosomes (Figure 9.13).
Sex chromosomes carry genes that determine whether an
individual is female or male.

Figure 9.13: In humans, sex is

determined by the last pair of
chromosomes. What is the sex of this
person?

Male

genotype is XX. A male has an X and a Y chromosome in his body
cells. His genotype is XY. During meiosis, the sex chromosome
pairs separate. Females produce eggs with an X chromosome.
Males produce sperm with an X or a Y chromosome. Figure 9.14
shows a punnett square that crosses a male and a female. What
are the chances of having a boy or a girl?

Female

Male and female The female chromosome is symbolized with an X and the male
genotypes with a Y. A female has two X chromosomes in her body cells. Her

Figure 9.14: A cross between a male
and a female.
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Incomplete dominance and codominance
Pink flowers from Sometimes one allele isn’t completely dominant over the other.
red and white! If you cross a true-breeding, red-flowered snapdragon (RR) with a
true-breeding, white-flowered snapdragon (WW), you may expect
the first generation to have all red flowers. In snapdragons,
this does not happen. The first generation has pink flowers
(Figure 9.15)! When you cross two pink-flowered snapdragons
(RW), the second generation of plants will have 25% red flowers,
50% pink flowers, and 25% white flowers.

Incomplete Flower color in snapdragons is an example of incomplete
dominance dominance. In incomplete dominance, the phenotypes of the

two alleles blend—just like mixing paints. Notice that in
Figure 9.15, we use R for the red allele and W for white allele
instead of upper and lower cases of the same letter.

Codominance In codominance, an organism that has both alleles of a gene
displays both phenotypes at the same time. For example, a cross
between a black cat (BB) and a tan cat (TT) results in a tabby cat
(black and tan mixed together). Suppose a tabby cat (BT) crossed
with a black cat (BB). What is the probability that one of their
kittens would have tabby fur?

Figure 9.15: A cross between red-

flowered snapdragons and whiteflowered snapdragons produces pinkflowered snapdragons. The second
generation has red, pink, and white
flowers.

incomplete dominance - when
the phenotype of the two alleles
blend.

codominance - when an
organism that has both alleles of a
gene displays both phenotypes at
the same time.
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Other patterns of inheritance and environmental factors
Multiple alleles So far you have learned about
genes that have just two alleles.
Multiple alleles are also common
in organisms. In humans for
example, three alleles determine
blood type (A, B, and O). Each
person can have only two of the
alleles at one time, but there are
three alleles in the human
population. If a person inherits a
B allele from one parent and a O
allele from the other parent, she
will have type B blood. The
diagram (right) shows the possible genotypes and phenotypes for
human blood type.

polygenic traits - traits that are
determined by more than one
gene.

Polygenic traits Inherited traits that are determined by more than one gene are
called polygenic traits. Have you ever seen parakeets in a pet
store? Feather color in parakeets is determined by two genes. One
gene controls yellow color and the other controls blue color.
Figure 9.16 shows the possible genotypes and phenotypes. In
humans, eye color and skin color are polygenic traits. The range in
skin colors of humans is determined by no less than four genes!

Environmental Genes aren’t the only influence on the traits of an organism.
factors Environmental factors may also influence traits. For instance,

in some turtle species, sex is determined by temperature. During
the development of the embryo, higher temperature favors the
production of males. Human height is determined by genes. But
if a person does not get the proper nutrients, he or she may not
reach his or her potential height.
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Figure 9.16: Feather color in

parakeets is determined by two genes.

Can you think of other
environmental influences on your
traits? Make a list of as many
influences as you can think of.
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9.3 Section Review
1. True or false: A single gene determines the sex (male or female)
of a human.
2. Explain why the probability of a human giving birth to a male
baby is always 50%.
3. What is incomplete dominance? Give one example.
4. How is codominance different than incomplete dominance? Give
one example of codominance.
5. Figure 9.17 shows a cross between a tabby cat and a tan cat.
What is the probability of offspring with black fur? Tabby fur?
Tan fur?
6. Blood type is determined by three alleles, A, B, and O. Use the
punnett square below to answer questions a through c.

A

O

T

T

B

BT

BT

T

TT

TT

Figure 9.17: Use the diagram above
to answer question 5.

B

O

AB

AO

BO

OO

a. What is the probability of an offspring with type A blood?
b. What is the probability of an offspring with type O blood?
c. What are the genotypes and phenotypes of the parents?

1. A red snapdragon is crossed
with a pink snapdragon. Make
a punnett square of the cross.
List the possible genotypes
and phenotypes of the
offspring.
2. A person with type AB blood
marries a person with type O
blood. Make a punnett square
of the cross. List the possible
genotypes and phenotypes of
their offspring.
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An Inherited Blood Disease

Chapter 9 Connection

Genes: the good and the bad
Sickle cell anemia is an inherited blood disease that affects
more than 70,000 Americans. The disease causes severe joint
pain and weakness and often leads to an early death. The
disease has been present in Africa for hundreds of years.
Would you believe that some members of families that carry
the sickle cell trait can actually benefit? Read on to find out
how.

Comparing red blood cells
Sickle cell describes the shape of red blood
cells in people who have the disease. The
other part of the name, anemia, means
there are too few red blood cells. In turn,
this can mean that too little oxygen is being
carried through the body. Red blood cells
carry oxygen from the lungs to the tissues
in our bodies.
Normally, red blood cells are round. They
look like disks (top, right). With sickle cell
anemia the red blood cells are sickleshaped (bottom, right). A sickle is a tool
shaped like the letter C.
Normal red blood cells flow easily through
small blood vessels. Sickle-shaped red
blood cells clog small blood vessels.
Normal red blood cells live about 120 days.
Sickle-shaped red blood cells live only 10 to
20 days. This causes a constant shortage of
red blood cells, a condition known as
anemia.
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Sickle cell anemia affects populations in Africa, India, the
Mediterranean area, and South America. It is most common
in Africa and in people with African ancestors. About 1 in
every 500 African Americans has the disease.
Some diseases are inherited just like your physical traits.
Sickle cell anemia is one such inherited disease.
Everyone carries a gene that is responsible making
hemoglobin. Hemoglobin is a protein in red blood cells that
carries oxygen. People with sickle cell
anemia have two mutated alleles of that
gene. They produce abnormal hemoglobin.
This causes the sickle-shaped cells and
lowers their ability to carry oxygen to other
cells. You’ll learn about mutations in
Chapter 10.
The dominant allele of the hemoglobin gene
causes normal hemoglobin. The recessive
allele of the gene causes sickle cell anemia.
People who have sickle cell anemia have
two recessive alleles for the disease. This
means that one recessive allele came from
each parent.
Some people have both the dominant allele
and the recessive allele. These people are
called carriers. About 8 in every 100 have
the recessive allele for sickle cell anemia.
Carriers may have normal lives. But the
child of two carriers may have the disease.

The genetic chances
If both parents are carriers of the sickle cell trait, they each
have one normal allele and one sickle cell allele. Each parent
contributes one gene to the child. What are the chances of a
child getting sickle cell anemia?

N = Normal gene

S = Sickle cell gene

Mother

Father

Mother

Father

NS

NS

NS

NS

N S

S N

Child
25% CARRIER

Child
25% CARRIER

Mother

Father

Mother

Father

NS

NS

NS

NS

N N

S S

Child
25% NON-CARRIER

Child
25% DISEASE

While non-existent in the United States, malaria is a risk in
other places. The disease is still common in Africa. Sickle cell
anemia carriers are more common there also. In some parts
of Africa as much as 40 percent of the population has the
sickle cell trait.
Why do carriers of the sickle cell trait resist malaria? The
parasite causes normal red blood cells to become sickle
shaped. Somehow the sickle cell carrier's body produces a
resistance to the disease. Carriers of the sickle cell trait are
partially protected from malaria. The trait does not provide
an absolute protection, but these individuals are more likely
to survive the malaria illness. The exact reason why sickle
cell traits act as a resistance to malaria is still unknown.
Even though sickle cell anemia is harmful to people with the
disease, the trait persists in places where malaria is
common. This is an example of natural selection. People with
the sickle cell trait have an advantage where malaria
thrives.

Chapter 9 Connection

• There is a 50 percent chance that the child will end up
with one sickle cell allele. In this case, the child has the
sickle cell trait and is a carrier.
• There is a 25 percent chance that the child will get one
sickle cell allele from each parent. This child will have
sickle cell anemia.
• There is a 25 percent chance that the child will get no
sickle cell alleles.

Malaria is caused by a singlecelled parasite. Mosquitoes
carry the parasite from person
to person, spreading the deadly
disease. Malaria has killed
millions of people throughout
the world. The majority of the
victims are children.

Questions:
1. How can you get sickle cell anemia?

The malaria connection
The sickle cell allele has not disappeared because it helps
some people. People with the trait are much more resistant
to malaria than people without the trait.

2. If you mother and father are both sickle cell carriers, what
are the chances that you will not have the trait?
3. How does sickle cell anemia affect the red blood cells?
4. Why are people with the sickle cell trait able to resist
malaria?
UNIT 3 GENETICS

187

Chapter 9 Activity

Making a Pedigree
A pedigree, or family tree, is a diagram that shows the
generations of a family. A pedigree is often used to trace one
or more traits from generation to generation. Pedigrees are
often used to predict the chances of offspring having a
genetic disorder like sickle cell anemia. The diagram below
shows a pedigree of a family that carries the sickle cell trait.
The mother is a carrier and the father does not carry the
allele. In the first generation, one of their sons is a carrier
who marries another carrier. One of their daughters has
sickle cell anemia, one son is a carrier, and another daughter
does not carry the allele. Use the pedigree below as a model
for this activity.
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What you will do
For the activity, you will need pencils and a ruler. Make a
pedigree for the family described below.
1. A woman who is a carrier of sickle cell marries a man who
does not carry sickle cell. Start by drawing the parents.
2. The parents have two girls and two boys. One of the boys
and one of the girls each carries the sickle cell allele. The
other two children are not carriers. Add the firstgeneration children to your chart.
3. One of the first-generation boys who carries the sickle cell
allele marries a woman who also carries the allele. They
have two children, one boy with sickle cell, and a girl who
is not a carrier. Add their children (the second
generation) to your chart.
4. A first generation girl who does not carry the sickle cell
allele marries a man who also is not a carrier. They have
two girls and a boy. Add their children to your chart.

Applying your knowledge
a. What are the genotypes of the original parents (the
parent generation)? Use S for the normal allele and s for
the sickle cell allele. Add their genotypes to your chart.
b. Add the genotypes of the first and second generation
children to your chart.
c. In step four, you were not give the phenotypes of the
children. Why wasn’t it necessary for you to be given the
phenotypes?
d. Cystic fibrosis is a genetic disorder in which the body
produces abnormally thick mucus in the lungs and
intestines. It is carried on a recessive allele. Make up a
fictional family that has the cystic fibrosis allele. Start
with the parent generation and trace the family through
two generations. Create names for the family members.
Make your chart on a poster board. Be creative!

Chapter 9 Assessment
Vocabulary

Section 9.2

Select the correct term to complete t

12. The mathematical chance that an event will occur is called
_____.

alleles

cross-pollination

dominant allele

heredity

incomplete dominance

polygenic traits

recessive allele

sex chromosomes

true-breeding

codominance

phenotype

trait

genotype

punnett square

genetics

Section 9.3

probability

14. Eye color and skin color in humans are examples of _____.

gene

13. If the genotypes of the parents are known, a(n) _____ can be
used to show the possible genotypes and phenotypes of the
offspring.

Section 9.1

15. _____ is when the phenotypes of two alleles blend together.

1.

A(n) _____ is always expressed if it is present in an
organism.

2.

A unit that determines traits is a(n) _____.

16. The human blood type AB is an example of _____ - when an
organism shows the phenotypes of two different alleles at
the same time.

3.

Gregor Mendel is often called the “father of _____.”

4.

The organism’s _____ can’t be seen because it is the actual
alleles of a gene that the organism contains.

5.

A(n) _____ is only expressed in an organism if no dominant
allele is present.

6.

Flower color is an example of a _____ in pea plants.

7.

Mendel used all _____ in his experiments.

8.

A set of traits that an organism receives from its parents is
called _____.

9.

The organism’s _____ for a given trait can be seen because it
is the form that the organism displays.

10. _____ occurs when animals or the wind carry pollen from
one flowering plant to another.

Concepts
Section 9.1

1.

List three examples of traits from the chapter.

2.

Explain the process of pollination in flowering plants.

3.

Why did Mendel remove the anthers from the pea plants
when performing cross pollination in his experiments?

4.

Which of these traits did not show up in Mendel’s first
generation at all?
a.
b.
c.
d.

purple flowers
yellow seeds
wrinkled seeds
green pods

11. Organisms have at least two _____ for each gene - one from
each parent.
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5.

6.
7.

From Mendel’s work, choose which of each pair is the
dominant form of the gene.

11. How does meiosis ensure that an organism receives only one
allele from each parent for each trait?

a.
b.
c.
d.

12. What is the tool that scientists use to predict the possible
genotypes and phenotypes of offspring?

Summarize what Mendel concluded from his pea plant
experiments.
Label these examples as one of the following heredity terms:
trait, dominant allele, recessive allele, genotypes, or
phenotypes.
a.
b.
c.
d.
e.

8.

white flowers or purple flowers
smooth seeds or wrinkled seeds
green seeds or yellow seeds
yellow pods or green pods

R for smooth
seed shape
either smooth or wrinkled
r for wrinkled
RR, Rr, or rr

Explain how you can have the same phenotype, but a
different genotype for a given trait. Given an example to
support your answer.

Section 9.2

9.

Explain how Walter Sutton’s work built on Gregor Mendel’s
work.

10. Which of these is part of the basic laws of how traits are
passed onto offspring?
a.
b.
c.
d.
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an organism usually receives one allele for each gene
from each parent
a gene is a piece of DNA found on a chromosome that
carries information from parent to offspring
when organisms receive different alleles for one trait,
one form may be dominant to the other
all of the above
CHAPTER 9 HEREDITY

13. If black fur color is dominant to white fur color in guinea
pigs, explain how two parents with black fur could possibly
have a white offspring.
14. From your understanding of probability, explain why it was
important that Gregor Mendel used thousands of pea plants
in his experiments? Would Mendel have found the same
results if he had used only twenty plants? Explain.
Section 9.3

15. Who determines the sex of the baby in humans, the mother
or the father? Explain.
16. What is the difference between incomplete dominance and
codominance? Give an example of each in your explanation.
17. If a black chicken is crossed with a white chicken in a
certain species, the offspring are black and white chickens.
These chickens are an example of which pattern of
inheritance?
a.
b.
c.
d.

polygenic inheritance
multiple alleles
codominance
incomplete dominance

18. In another species of chickens, a cross between a black
chicken and a white chicken produces blue chickens. These
chickens are an example of which pattern of inheritance?
a.
b.
c.
d.

polygenic inheritance
multiple alleles
codominance
incomplete dominance
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19. Describe how Mendel’s pea plant experiments are not an
example of multiple alleles.
20. Explain why it makes sense that there are no less than four
genes that control human skin color.

Section 9.2

5.

Write a dialogue that might have happened if Gregor
Mendel and Walter Sutton had met one another.

6.

What advancements in science and technology do you think
allowed Walter Sutton to add onto the work of Gregor
Mendel?

7.

In the punnett square below, F = free earlobes and
f = attached earlobes. Use the punnett square to answer the
questions below.

21. Give one example of how environmental factors can
influence traits.

Math and Writing Skills
Section 9.1

1.

Write a letter as if you were Gregor Mendel explaining your
work with pea plants to a friend. Be sure to include how you
actually carry out your experiments as well as what you
have discovered through your work.

2.

Write an obituary for Gregor Mendel. Include the important
facts of Mendel’s life including the years he was alive, where
he lived, what his job was, and why his work was important.

3.

Dr. X is a geneticist that studies fruit flies. She crossed long
winged fruit flies with a short winged fruit flies. She found
that 776 fruit flies had long wings and 260 had short wings.
a.
b.

4.

What was the ratio of long winged fruit flies to short
winged fruit flies?
Which is the dominant allele - long or short wings?

Farmer Davidson sells rabbits in the springtime. For the
last few years, the solid colored rabbits have been way more
popular than spotted rabbits. Unfortunately for Farmer
Davidson, spotted fur color is dominant to solid fur color in
rabbits. Suppose Farmer Davidson’s rabbits have 200
offspring. 50 of the offspring are solid color. About how
many offspring with spotted fur will Farmer Davidson have
to sell?

a.
b.

c.
d.

What are the genotypes of the parents?
Suppose the parents had 12 children. What are the
chances that one of their children will have free
earlobes?
Predict how many of their children have attached
earlobes.
7 out of their 12 children have attached earlobes. Does
this agree with your prediction? Explain how the
numbers could be different.

UNIT 3 GENETICS
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8.

Dark fur (D) is dominant to light fur (d) in dogs. Use the
punnett square to answer these questions:

Chapter Project
Punnett squares on the Internet
You can construct a punnett square to predict the possible
genotypes and phenotypes of offspring when you know the
parents' genotypes. There are many excellent websites with
interactive tutorials on how punnett squares work. Simply go to
a search engine and type in the key words “punnett square.”

a.
b.

What are the genotypes and phenotypes of the parents?
What is the most likely ratio of dark fur to light fur dogs
in the offspring?
What is the probability that the offspring will have dark
fur? light fur?
Explain why this cross could never produce a DD
offspring.

For this project, search for a website that contains a helpful
punnett square tutorial and practice using the punnett square.
When you have found the website and practiced with it, write a
one-page paper about your experience. Write about your
experience in your own words, and include the following
information in your paper:
1.

Full address of website

2.

What person or group is the author of the punnett square
tutorial?

3.

When was this website last updated?

4.

What did you like about this tutorial?

Section 9.3

5.

Copy down at least three punnett squares you constructed.

9.

6.

What unique features did this tutorial have?

7.

What would you change about the tutorial to improve it?

c.
d.

Mrs. Allen is about to have another baby. She already has
three daughters. What is the probability that her fourth
child will also be a girl?

10. If you flipped a coin and it landed on heads five times in a
row, what is the probability that the sixth coin toss to land
on heads?
11. Use masking tape to mark both sides of a coin - one side G
for the dominant allele and the other side g for the recessive
allele. Toss the coin twenty times and record the tosses.
Create a table to display your results.
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Chapter 10

The Code of Life
Police detectives, crime labs, and private investigators
need to collect evidence to link a suspect to a crime scene.
Fingerprints have been used as evidence for years, since
everyone’s fingerprints are unique. Now forensic scientists,
like the ones depicted on popular television programs, use
DNA sequencing techniques to identify individuals. What
exactly is DNA, and why is yours unique? Study this chapter
to learn all about DNA, which is sometimes called the
“code of life.”

1. What is DNA and what does it do?
2. What is a genetic disorder?
3. How is DNA used in the latest technologies?

10.1 The Role of DNA in Heredity
Only in the last 50 years have scientists understood the role of DNA in heredity.
That understanding began with the discovery of DNA’s structure. In 1952, Rosalind
Franklin (1920–1958) used a technique called x-ray crystallography, to capture the
first image of a DNA molecule. With the help of Franklin’s photo, James Watson
(1928–present) and Francis Crick (1916–2004) were able to piece together the first
accurate model of DNA. In this section, you will learn how the structure of DNA is
related to its function as the hereditary molecule.

DNA is in the news almost every
day. Find an article in a
newspaper, magazine or on the
Internet that mentions DNA. Write
a reflection about the article. How
does the article make you feel
about studying DNA?

DNA structure
The DNA A DNA molecule looks like a twisted ladder (Figure 10.1). Its
molecule shape is called a double helix. A helix is a shape that twists. The
two sides of the DNA ladder are made of sugar molecules
alternating with phosphate molecules. The rungs of the DNA
molecule are made of chemical building blocks called bases. The
four bases found in DNA are adenine (A), thymine (T), cytosine
(C), and guanine (G).

Figure 10.1: A DNA molecule looks

Base pairs Each rung of the DNA ladder consists of a base pair. The base on
one side of the molecule always matches up with a certain base on
the other side. The base A only pairs with T and C only pairs with
G. This base pairing is very important to the function of DNA.
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like a twisted ladder.
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DNA replication
What is DNA We learned in Chapter 8 that before mitosis, the amount of DNA
replication? doubles. DNA replication is the process of a DNA molecule making
a copy of itself. DNA replication occurs before mitosis begins and
before the first division of meiosis. It ensures that each daughter
cell has an exact copy of the genetic material from the parent cell.

DNA replication - the process of
a DNA molecule making a copy of
itself.

DNA replication ensures that each
daughter cell has an exact copy of
the DNA from the parent cell.
The process of DNA replication results in one DNA molecule
DNA replication becoming two daughter molecules—each an exact

copy of the original molecule. The steps of the process
are outlined below.
1. DNA replication begins with the partial unwinding
of the double helix. The base pairs separate.

2. A special molecule moves along each original
strand of DNA and “reads” the bases.
3. A new strand is assembled along each original
strand. The pieces are assembled from molecules
in the cytoplasm.
4. When the process is complete, two daughter
molecules will have been produced. Each daughter
molecule is identical to the original molecule.
5. Both strands of the original DNA molecule have
remained intact. Each daughter molecule is made
of one original strand and one new strand.

10.1 THE ROLE OF DNA IN HEREDITY
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Protein synthesis
Chromosomes, With the exception of red blood cells, which have no nucleus or
genes, and DNA nuclear DNA, each one of your body cells contains a complete

(diploid) set of chromosomes. Each chromosome is made up of
thousands of genes. Each gene consists of a sequence of DNA base
pairs (Figure 10.2). In total, the DNA in one of your cells contains
about 3 billion base pairs! The order of base pairs along a gene is
called its base sequence.

Genes and Genes control the production of proteins. Your body
proteins structures are made of proteins. As a result, those proteins

help determine your traits. For example, the color of your eyes
is determined by a protein. Proteins are made of long chains of
smaller molecules called amino acids. The production of proteins
in the cell is called protein synthesis.

Amino acids The order of base pairs along a gene forms a code that
make up proteins tells a cell which protein to make. Sets of three bases along

a strand of DNA form three-letter codes that tell the cell which
amino acids make up the protein. There are 20 different amino
acids. Those amino acids can be put together in many ways to
make millions of different proteins. During protein synthesis, the
cell reads the three-letter codes along the DNA molecule and uses
that information to build a protein from different amino acids.

Figure 10.2: The relationship

between chromosomes, genes, and DNA.

The role of RNA Protein synthesis takes place in the ribosomes which are found in
the nucleus. It involves another nucleic acid called RNA. RNA is
different from DNA because it consists of a single strand. Also,
instead of the base thymine (T), RNA has the base uracil (U). In
RNA, A pairs with U instead of with T. Messenger RNA carries the
three-letter codes from the DNA in the nucleus to the ribosome.
Transfer RNA decodes the base sequence and carries the correct
amino acids to the ribosome.
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base sequence - the order of
base pairs along a gene.

protein synthesis - the
production of proteins in the cell.

CHAPTER 10: THE CODE OF LIFE

How protein synthesis works

10.1 THE ROLE OF DNA IN HEREDITY
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Mutations
What are Usually, the processes of DNA replication and meiosis happen
mutations? without mistakes. However, mistakes do happen. Those mistakes

are called mutations. A mutation is a change in the hereditary
material of an organism. Mutations can happen in any cell and in
any gene. They are sometimes caused by exposure to chemicals or
other environmental conditions.

mutation - a change in the
hereditary material of an organism.

Gene mutations A gene mutation involves a change in one of the bases in the
sequence along a gene. A change in the base sequence changes one
of the three-letter codes for an amino acid. This may cause the
cell to produce the wrong protein. In the example below, one of
the bases in the sequence is substituted for another. The mutation
causes sickle cell anemia, a blood disorder.

Chromosome Other mutations involve a change in the structure or number
mutations of chromosomes. For instance, during meiosis one or more pairs
of chromosomes may fail to separate. Sex cells with extra sets
of chromosomes may be produced (Figure 10.3). In plants, a
complete extra set of chromosomes can cause desirable traits.
Some varieties of strawberries are bred with extra sets of
chromosomes. This causes the berries to grow extra large.
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Figure 10.3: A mutation in the
number of chromosomes.
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Genetic disorders
What are genetic Some mutations are helpful while others are harmful. You’ll learn
disorders? how mutations can help a population of organisms in Chapter 11.
Genetic disorders are a harmful effect of mutations. A genetic
disorder is an abnormal condition that an organism inherits from
its parents. Genetic disorders can result from mutation of a single
gene or mutation of the chromosomes. In order to be passed on to
offspring, the mutation must be present in the sex cells.

genetic disorder - an abnormal
condition that an organism
inherits.

Mutations of a Some genetic disorders result when a mutation causes the
single gene product of a single gene to be altered or missing. An example

of this kind of disorder is cystic fibrosis. Cystic fibrosis affects about
30,000 children and adults in the United States. A recessive allele
causes the body to produce an abnormally thick, sticky mucus that
clogs the lungs and leads to life-threatening lung infections. Thick
mucus also clogs the organs of the digestive system and often leads
to digestive problems and liver damage. Other examples of this
type of genetic disorder include hemophilia and sickle cell anemia—
both diseases of the blood.

Figure 10.4: Down’s syndrome is

caused by an extra copy of chromosome
number 21.

Too many or too Some genetic disorders result from too many or too few
few chromosomes. Down’s syndrome is a genetic disorder in which a
chromosomes person’s cells have an extra copy of chromosome 21 (Figure 10.4).
People with Down’s syndrome have some mental and physical
limitations. However, they can lead normal, productive lives.

Determining Doctors use a procedure called amniocentesis to find out if a baby
genetic disorders will have a genetic disorder. In amniocentesis, the doctor removes a
small amount of the fluid that surrounds the developing baby. That
fluid contains cells from the baby. Next, the chromosomes from the
cells are analyzed to look for abnormal genes or chromosome
numbers (Figure 10.5).

Figure 10.5: Amniotic fluid.

10.1 THE ROLE OF DNA IN HEREDITY
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10.1 Section Review
1. Below is a sequence of bases along one side of a DNA molecule.
Write out the sequence of DNA bases that would pair with the
ones shown.

2. What is DNA replication and why is it important?
3. Name the function of each in protein synthesis: messenger
RNA, transfer RNA, DNA, and ribosome.
4. Write out the messenger RNA bases that would pair with the
DNA strand shown in question 1.
5. A certain species of squirrel is usually gray. Occasionally a
white squirrel, called an albino, is born. An albino squirrel
happens because:
a. DNA replication does not occur
b. mitosis produces too many white fur cells
c. a mutation in the gene for fur color occurs
d. both of the parents have white fur
6. Name two genetic disorders and explain the type of mutation
that causes each.
7. Which process could result in the type of mutation that causes
Down’s syndrome?
a. cellular respiration
b. meiosis
c. mitosis
d. amniocentesis
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How many amino acids are
present in a protein that requires
1,500 bases in its code?

A haploid cell has one
chromosome from each
homologous pair and is
symbolized by N. A diploid cell
has chromosomes in homologous
pairs and is symbolized by 2N.
Polyploidy is a mutation where
the cells of an organism have
chromosomes that occur in groups
of three (3N), four (4N), or more
(xN). Use this information to
answer the following questions:
1. A corn plant has 80
chromosomes and is 4N.
What is the normal number
of chromosomes in a corn
plant’s body cells?
2. In peas, 2N = 14. How many
chromosomes are in a pea egg
cell?

CHAPTER 10: THE CODE OF LIFE

10.2 DNA and Technology
Over a period of thousands of years, Native Americans transformed a type of wild
grass into maize—better known as corn. Maize was developed from a wild grass
originally growing in Central America 7,000 years ago. The seeds of that grass looked
very different from today’s kernels of corn. By collecting and growing the plants best
suited for eating, Native Americans encouraged the formation of larger kernels on
cobs (Figure 10.6).

Selective breeding
Selecting Native Americans used selective breeding to produce maize.
desirable traits Selective breeding is the process of selecting organisms with

desired traits to serve as parents for the next generation. Native
Americans began by selecting seeds of wild grass that were the best
for eating. They grew those seeds and then selected the best seeds
from that generation. By repeating this process over many
generations of plants, they developed a variety of maize that
produced the most food per plant. Today we have many varieties
of corn. All are descendents of those early plants.

Figure 10.6: Native Americans

transformed a wild grass into maize.

selective breeding - the
process of selecting organisms
with desired traits to serve as
parents for the next generation.

10.2 DNA AND TECHNOLOGY
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Genetic engineering
What is genetic Since the discovery of DNA, scientists have found new methods of
engineering? producing organisms with desired traits. One of those methods is
called genetic engineering. Genetic engineering is the process of
transferring genes from one organism into the DNA of another
organism. Walk down the produce aisle at your grocery store and
you’ll find some products of genetic engineering. Supersweet corn
and cold-resistant tomatoes are examples.

genetic engineering - the
process of transferring genes from
one organism into the DNA of
another organism.

Genetically Another example of genetic engineering is the production of
engineered insulin to treat people with diabetes. Insulin is a protein that
bacteria regulates carbohydrates in the blood. People with diabetes can’t

produce enough insulin. Scientists insert a human gene for insulin
into the circular DNA of bacteria (called a plasmid). The
transformed bacteria are tricked into producing insulin. When the
transformed bacterial cells divide, their offspring carry the gene
for insulin (Figure 10.7). Because bacteria reproduce rapidly, large
amounts of insulin can be produced in a short amount of time.

Treatments for Scientists routinely insert genes into the plasmids of bacteria,
genetic disorders which are prokaryotes. Eukaryotic cells are more complex and

usually do not contain plasmids. Therefore it is more difficult to
use genetic engineering in eukaryotic cells. One method is to inject
new DNA into a cell with a tiny needle. Sometimes the cell accepts
the DNA. Other times it destroys the DNA. In one case, scientists
were able to insert a cold-water fish gene into a tomato plant,
making the plant more cold-resistant.

Important Genetic engineering raises many ethical questions. For example,
questions should we genetically engineer humans to be taller and stronger?
Are genetically engineered foods bad for you? Learning genetics
can help you make informed decisions about genetic engineering.
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Figure 10.7: How genetic

engineering is used to make insulin.
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DNA fingerprinting
DNA is unique The DNA of all organisms contains the same four bases: A, G, T,
from person to and C. However, the base sequence varies for all organisms. There
person are also variations in the base sequence within the same species of

organisms. The base sequence in your DNA is different from that of
every other person on Earth—unless you have an identical twin.
Human DNA is unique from person to person, but the same
from cell to cell.

DNA fingerprinting - the
process of producing an image of
patterns from someone’s DNA.

What is DNA As scientists have learned more about DNA, they have found a
fingerprinting? way to use it to identify individuals. A technique called DNA

fingerprinting produces an image of patterns made by a person’s
DNA. Using an enzyme, scientists “cut” DNA strands in specific
places. The DNA fragments are injected into a gel and an electric
current is applied. As the fragments migrate across the gel, they
create patterns. Those patterns (DNA fingerprints) are related to
the base sequences along the DNA strand.

Each person has Like normal fingerprints, the patterns produced by DNA are
a unique unique to each individual person. Therefore, DNA fingerprints
fingerprint can be used to identify suspects in a crime. They can also be used to
identify relationships among children and their parents, or among
siblings (brothers and sisters). The DNA fingerprints of parents
and their offspring show similarities but are not identical.

Using DNA Suppose a serious crime has been committed. There are seven
fingerprints to suspects. How can police prove which suspect actually committed
solve a crime the crime? Since blood was found at the crime scene, DNA

fingerprints can be produced. Blood is drawn from the seven
suspects and DNA fingerprints are produced. By comparing the
DNA fingerprints of the suspects to the blood from the crime scene,
police quickly determine who committed the crime (Figure 10.8).

Figure 10.8: The DNA fingerprints

in the middle are from the crime scene.
Which one of the suspects committed the
crime?

10.2 DNA AND TECHNOLOGY
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The human genome
What is a Scientists use DNA technology to study the human genome. A
genome? genome is the total amount of hereditary material in a single

cell of an organism. If you think of a genome as a set of books,
each chromosome is a book from the set. Each gene is a paragraph
from the book and each base is a letter from the paragraph
(Figure 10.9). The Human Genome Project is a study of the human
genome. One of the goals of the project is to map the base sequence
of the entire human genome.

Using DNA
technology to
trace human
origins

Scientists also use DNA technology to trace the origins of humans.
In the past, scientists could only analyze the bones and skulls of
our human ancestors. Now they have tools to determine the base
sequences of their DNA. Most of the ancient DNA scientists can
recover is broken into fragments. Recently though, scientists have
developed a way to make copies of those fragments, making them
easier to analyze. They have also found a way to recover DNA from
preserved bones and teeth.

Mitochondrial Not all of your genome is found in the nuclei of your cells.
DNA Mitochondrial DNA is DNA that is found in the mitochondria of

a cell. Human mitochondrial DNA consists of about 16,000 base
pairs contained in 5–10 rings. Unlike nuclear DNA, which is
equally inherited from both the father and mother, mitochondrial
DNA is inherited only from the mother. That’s because all of our
mitochondria are descended from those in our mother’s egg cell.
Mitochondria in the sperm cell are destroyed during fertilization.

The origin of Mitochondrial DNA is often used to study human origins. Since
humans it is inherited only from the mother, mitochondrial DNA allows
scientists to trace human origins along a direct ancestral line.
Recent evidence suggests that modern humans descended from
Africa about 100,000 years ago.
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Figure 10.9: One of the goals of the
human genome is to map the base
sequence of the entire human genome.

genome - the total amount of
hereditary material in a single cell
of an organism.
mitochondrial DNA - DNA that
is found in the mitochondria of a
cell.
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10.2 Section Review
1. What is selective breeding? Name three instances where people
use selective breeding.
2. What is genetic engineering? How is it similar to selective
breeding? How is it different?
3. List the steps to genetic engineering and explain what happens
in each step.

There is much debate on the topic
of genetic engineering. What are
the potential advantages and
disadvantages of genetic
engineering?

4. Figure 10.10 shows DNA fingerprints of four suspects. DNA
fingerprints from blood collected at the crime scene are shown
in the middle column. Which
suspect committed the crime?
Explain your reasoning.
5. What is a genome? Where is
an organism’s genome found?
6. STUDY SKILLS: The graphic
to the right is an analogy. An
analogy shows the similarities
between two things that are
otherwise different. Think of
another analogy for DNA that
compares it to something else.
7. What is mitochondrial DNA?
Why is mitochondrial DNA
used to study human origins?
Figure 10.10: Use the image above
to answer question 4.

10.2 DNA AND TECHNOLOGY
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Cracking the Code

Chapter 10 Connection

The human genome
Have you ever tried to break a code? Suppose that 2-21-19 is
code for a common word. The coded word is used in a
sentence. "We took the 2-21-19 to school this morning."
Using the clue in the sentence, the code is easy to crack. The
word is bus. Each letter equals the number of its order in the
alphabet.
Sometimes breaking a code can add to human knowledge.
One example is
Egyptian
hieroglyphics.
This ancient
Egyptian writing
is very complex.
For a long time,
its meaning was
unknown. The
system of writing
was a key to
understanding
the people of
ancient Egypt.
Yet no one could
translate the
system for
hundreds of
years.
Then in 1799, the
Rosetta Stone
was discovered. It
was a stone tablet. It had the same words written in three
languages. One of the languages was Greek. Another was
the system of writing used by the ancient Egyptians and
helped to break the code.
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Scientists are now breaking the most important code in
human history. This code is the human genome. The human
genome is the complete set of DNA in a human being. DNA
is a chemical compound. It carries all of the instructions an
organism needs to develop and function.
The DNA molecule is made of two connected, twisted
strands. The shape of the molecule is called a double helix.
The two strands connect at many points. Each point is a pair
of connected base chemicals. DNA can be described as two
spiral ladders running together. The pairs of base chemicals
make the "rungs" in the ladders.

The human genome contains more than 3 billion of these
base pairs. DNA is "packaged" in compact units called
chromosomes. Every human has a total of 46 chromosomes.
We get 23 from each parent. Each chromosome has between
50 million and 300 million base pairs.
Chromosomes contain genes. Some contain many more genes
than others. Genes are specific sequences of base pairs.
These sequences are coded instructions. The instructions tell
cells to make proteins. Organisms make proteins in order to
develop and function. Scientists estimate that the human
genome contains between 20,000 and 25,000 genes.

The Human Genome Project

• Find the sequences of the 3 billion base pairs in the
human genome.
• Identify all the genes of the human genome.
• Make the information available to other scientists.
• Address ethical and social
surrounded the project.

issues

questions

that

Scientists all around the world added their efforts to the
task. In 2003, the Human Genome Project announced that
the sequencing of the human genome was completed. This
was a major step in cracking the code of human DNA. But
the code is still not broken.
Scientists had long known that DNA was a code. In 1953,
Watson and Crick identified the structure of DNA. They
recognized a pattern in the double helix and new it was a
code. This is like recognizing that the letters in a code are
grouped in words. But the meanings of the words are still
unknown.

The final step will be to find out which genes have
instructions for building which proteins. This is knowing
what genes do. This is like understanding the meanings of
sentences and paragraphs in the code. The process is
underway. However, the function of most human genes is
still unknown.

The future
Eventually, scientists will understand the meanings of
human genes. They will understand what all the individual
genes do. Why is this so important? It will lead to a better
understanding of genetic diseases, and treatments for these
diseases. It should also lead to ways to prevent diseases in
humans.
Understanding our genes will help science better understand
human development. Dangers in the environment may be
better understood by studying damaged genes. Breaking the
code of human genes may even help us understand some of
the basic mysteries of life.

Questions:
1. How did the Rosetta stone help to crack a code?

Chapter 10 Connection

To find the
genes and
break the code,
we need to
know the exact
order of their
base pairs. This
is called
"sequencing."
In 1990,
scientists
began a project
to sequence the human genome. It was called the Human
Genome Project. The goals of the project were to:

Likewise, sequencing the human genome does not crack the
code of DNA. Finding the sequence is like recognizing that
the words in the code are grouped in sentences and
paragraphs. But the meanings of the sentences and
paragraphs are still not completely known.

2. What is the human genome?
3. How many base pairs are there in the human genome?
How many chromosomes are there is the human
genome? How many genes are there in the human
genome?
4. What is the final step in cracking the code of the human
genome?
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Gene Drama
In this activity, your class will perform a skit to show how genes
work.

Chapter 10 Activity

What you will do
1. Each person will wear a sign that identifies his or her role in
the skit. The blocks in the table below show what to write on
each of 24 different signs. Colors refer to suggested choices of
colored paper.
Original
DNA
segment

Complementary
DNA
Segment

Messenger
molecule
Segment

Transfer
Molecule
Segment

Amino
Acid

Misc.

Red

Blue

Orange

Green

Purple

Yellow

C
C
A
C
G
A

G
G
T
G
C
T

C
C
A
C
G
A

GGU
GCU

glycine
alanine

ribosome
narrator

2. Make signs as directed by your teacher.
3. Divide your classroom into two areas. Identify one area as the
"nucleus" and the other as the "cytoplasm.”
4. Act out the skit! The narrator reads the steps while members of
the class act it out. Perform the skit several times, switching
roles each time.
.

Narrator
1. Our story begins with a
segment of a DNA strand.
Ours has 6 bases, but actual
DNA can be made up of
millions of bases!
2. DNA is double-stranded. The
DNA bases pair up in specific
combinations.

Action

Original DNA strand
bases stand in order,
shoulder-to-shoulder,
from Left to Right
CCACGA
Complementary DNA
bases join hands with
original DNA bases to
create correct pairings:
GGTGCT
3. A copy of the DNA code has to DNA base pairs drop
be made before it can be used hands and move apart,
to build a protein. First, the
but strands remain
double DNA strand "unzips". shoulder-to-shoulder
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Location

Nucleus

Nucleus

nucleus

Narrator
4. Next, messenger RNA bases
pair up with the original DNA
strand segment and then
detach from the DNA strand.
The DNA base pairs re-join to
form the double strand of
DNA.
5. The messenger RNA leaves
the nucleus and meets up with
the ribosome in the cytoplasm.
6. The messenger RNA base
sequence is a code that tells
the cell which protein to
make. Amino acids are the
building blocks of proteins.
Each amino acid is paired
with a transfer RNA.
7. The ribosome binds the
correct transfer molecule code
to the messenger strand.
8. The amino acids bond
together in the start of a long
chain that will become a
protein. The transfer molecule
leaves the amino acids.
9. Our story ends with the
amino acid chain. We have
started a protein with two
amino acids. In an actual cell,
the amino acid chain that
becomes the protein can
contain 100 to 10,000 amino
acids or more!

Action

Location

Perform the action.

Nucleus

Perform the action.

Cytoplasm

GGU should have both
hands placed on
shoulders of glycine.
GCU should have both
hands placed on
shoulders of alanine.
They move around in
the cytoplasm, not far
from the ribosome.

Cytoplasm

Perform the action.

Cytoplasm

Amino acids link arms
at the elbows and the
transfer molecules
leave.

Cytoplasm

Take a bow!

Cytoplasm

Applying your knowledge
a. Blueprints are directions that a builder needs to construct a
house. What part of the protein synthesis process could be
referred to as a blueprint? Explain your answer.
b. Create a table that compares the process of making proteins to
the process of making cookies.

Chapter 10 Assessment
Vocabulary

Concepts

Select the correct term to complete the sentences.

Section 10.1

base sequence

DNA replication

genetic engineering

genome

mutation

selective breeding

DNA fingerprinting

genetic disorder

protein synthesis

1.

Of the four nitrogen base pairs, cytosine always pairs with:
a.
b.
c.
d.

mitochondrial DNA
Section 10.1

adenine
guanine
thymine
cytosine

1.

Sickle cell anemia, a blood disorder, is caused by a _____.

2.

2.

During _____, the cell reads the three letter codes of the
DNA to build proteins from amino acids.

Draw and label a DNA molecule with these terms: sugar,
phosphate, A, T, C, and G.

3.

3.

_____ ensures that each daughter cell has an exact copy of
the genetic information of the parent cell.

Write out the bases that pair with the base sequence shown
below.

4.

Cystic fibrosis is an example of a _____.

5.

The _____ provides the code that directs the cell to make
specific proteins.

Section 10.2

4.

When does DNA replication occur?

6.

_____ can be used to identify suspects in a crime.

5.

7.

Cold-resistant tomatoes, super sweetcorn, and maize are all
the results of _____.

Put these steps of DNA replication in the correct order from
beginning to end.

8.

Scientists use _____ to study human origins because it is
only inherited from the mother.

9.

Insulin for people with diabetes is produced by _____.

10. There is a major project underway to map the entire human
_____.

a.
b.
c.
d.

Two daughter molecules have been produced - each of
one original strand and one new strand.
The double helix partially unwinds.
A new strand is put together along each original strand
using pieces made from molecules in the cytoplasm.
The base pairs separate.

6.

Which body cells have no nuclear DNA?

7.

Proteins are made of smaller molecules called _____.
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8.

16. How is DNA like a fingerprint?

Fill in this chart to compare DNA and RNA.
DNA

RNA

# of strands
Letter names of bases
Where found?

9.

If the base sequence of the DNA is GTCAGGATC, what
would be the corresponding base sequence of the messenger
RNA?

10. Predict what might happen if the three letter “stop code”
was missing from a DNA sequence.

17. Who has DNA fingerprints that are similar to your DNA
fingerprints?
18. What is one possible benefit of the Human Genome Project?
19. What is mitochondrial DNA? Why do you inherit your
mitochondrial DNA only from your mother?

Math and Writing Skills
Section 10.1

1.

Describe the accomplishments of Franklin, Watson, and
Crick that added to the understanding of DNA structure.

2.

Suppose adenine makes up 23% of an organism's nitrogen
bases. What percent of that organism's nitrogen bases would
be guanine? Explain your answer.

3.

The four nitrogen base pairs combine in sets to create threeletter codes used in the creation of proteins. How many
possible three-letter codes are there? (HINT: bases can be
repeated in a three letter code and the order of the bases is
important.)

4.

Imagine that you are DNA writing a thank you letter to
RNA. Explain how critical RNA is to your work in a cell.

Section 10.2

5.

14. Explain how selective breeding and/or genetic engineering
might be used to solve these problems:

Write a dialogue that might occur between messenger RNA
and transfer RNA working together in a cell.

6.

Why is more known about harmful mutations than
beneficial ones?

11. The type of protein made in the ribosomes depends on which
of the following? You may choose more than one answer.
a.
b.
c.
d.

The base sequence of the gene
The sequence of the amino acids
The number of codons in the gene
The number of messenger RNA molecules present

12. If a mutation takes place in a human skin cell, will that
mutation be passed on to the person's offspring? Explain
your answer.
13. What is an amniocentesis? Explain how it works.

a.
b.
c.
d.

low apple production from trees
lack of human hormone
poor fur quality of alpacas
corn crops destroyed by disease

15. What kind of cells are most commonly used in genetic
engineering? Why?
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CHAPTER 10 ASSESSMENT
Section 10.2

3.

symptoms of disorder

7.

4.

complications associated with disorder

5.

how the disorder is detected

6.

treatment

7.

two other interesting, unique facts about this disease

8.

places to go for more information (4 sources; only 2 websites)

8.

9.

Pretend that you are a farmer explaining to your daughter
how you use selective breeding to get the best quality
animals and crops that you possibly can.
Cloning technology is one result of DNA research. Think
about whether you believe human cloning should be
allowed. Write a paragraph supporting your opinion.
Create an analogy to explain how bases, genes,
chromosomes, and genomes fit together. Explain your
analogy.

10. If 16,000 base pairs of human mitochondrial DNA are
contained in 5 - 10 rings, what is the maximum number of
base pairs that each ring could be? What is the minimum
number of base pairs that each ring must be?

Chapter Project

Choose one of these genetic disorders (if you are interested in
one that isn't on the list, check first with your teacher).
Alzheimer disease
Cystic Fibrosis
Down's Syndrome
Hemophilia
Marfan Syndrome
Muscular Dystrophy

Genetic Disorder Brochure

Sickle Cell Anemia

A genetic disorder is an abnormal condition that an organism
inherits from its parents. Genetic disorders are not contagious,
and a parent with a genetic disorder does not always pass it to
offspring. Some genetic disorders appear at birth, and others do
not show up until later in life.

Huntington Disease
Phenylketonuria (PKU)
Diabetes
Familial hypercholesterolemia

For this project you will choose a particular genetic disorder and
create a tri-fold brochure that could be displayed in the waiting
room of a doctor's office. Make your brochure creative and
informative so people will want to read it. You need to list four
sources of information on the very back of your brochure. Only
two of the sources can be websites. Things to include in your
brochure:
1.

Name of disorder

2.

sketch of chromosome with location of disorder gene clearly
marked and labeled
UNIT 3 GENETICS
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