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Section

1

Human
Inheritance

Human Inheritance

Reading Preview

Objectives

Key Concepts

After this lesson, students will be able to
C.4.1.1 Identify some patterns of
inheritance in humans.
C.4.1.2 Describe the functions of the sex
chromosomes.
C.4.1.3 Explain the relationship between
genes and the environment.

• What are some patterns of
inheritance in humans?

• What are the functions of the sex
chromosomes?

• What is the relationship between
genes and the environment?

Key Terms

Target Reading Skill
Identifying Main Ideas Explain that
identifying main ideas and details helps
students sort information into groups. Each
group can have a main topic, subtopics, and
details.
Answers
Possible answers:
Main Idea: Human traits are controlled by
single genes with two alleles, single genes
with multiple alleles, and multiple genes.
Details: Human traits controlled by single
genes with two alleles have two distinctly
different phenotypes; though a single gene
can have multiple alleles, a person can carry
only two of these alleles; multiple genes that
control a trait act together to produce a
single trait with a large number of
phenotypes.

• multiple alleles
• sex chromosomes
• sex-linked gene
• carrier

Target Reading Skill
Identifying Main Ideas
As you read the Patterns of Human
Inheritance section, write the main
idea—the biggest or most important idea—in a graphic organizer
like the one below. Then write
three supporting details that
further explain the main idea.
Main Idea
Human traits are controlled by
single genes with two alleles, single
genes with . . .
Detail

Detail

How Tall Is Tall?
1. Choose a partner. Measure each other’s
height to the nearest 5 centimeters.
Record your measurements on the
chalkboard.
2. Create a bar graph showing the number
of students at each height. Plot the
heights on the horizontal axis and the
number of students on the vertical axis.
Think It Over
Inferring Do you think height in humans is
controlled by a single gene, as it is in peas?
Explain your answer.

The arrival of a baby is a happy event.
Eagerly, the parents and grandparents gather around to admire
the newborn baby. “Don’t you think she looks like her father?”
“Yes, but she has her mother’s eyes.”
When a baby is born, the parents, their families, and their
friends try to determine whom the baby resembles. Chances
are good that the baby will look a little bit like both parents.
That is because both parents pass alleles for traits on to their
offspring.

Detail

Teaching Resources

• Transparency C33

FIGURE 1
Family Resemblance
Because children inherit alleles
for traits from their mother and
father, children often look like
their parents.

Preteach
Build Background
Knowledge

L1

Recognizing Inherited Traits
Help students think of examples of inherited
traits by asking: What are some traits that
children may share with one or both of
their parents? (Students are likely to identify
traits such as hair color, nose shape, or eye
color.)

L1
Skills Focus Inferring
Materials metric ruler, graph paper
Time 15 minutes
Tips If any students are in wheelchairs,
you might want to have the class measure
sitting height, which is the height from the
base of the spine to the top of the head.
Expected Outcome The graph of
students’ heights is likely to include

several bars, but not as many as there are
students in the class.
Think It Over Students may infer that
height in humans is controlled by more
than one gene because the graph of
students’ heights has more bars than the
two-bar graph Mendel would have drawn
for the traits he studied.
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Patterns of Human Inheritance

Instruct

Take a few seconds to look at the other students in your classroom. Some people have curly hair; others have straight hair.
Some people are tall, some are short, and many others are in
between. You’ll probably see eyes of many different colors,
ranging from pale blue to dark brown. The different traits you
see are determined by a variety of inheritance patterns. Some
human traits are controlled by single genes with two alleles,
and others by single genes with multiple alleles. Still other
traits are controlled by many genes that act together.

Patterns of Human
Inheritance
Teach Key Concepts

Single Genes With Two Alleles A number of human
traits are controlled by a single gene with one dominant allele
and one recessive allele. These human traits have two distinctly
different phenotypes, or physical appearances.
For example, a widow’s peak is a hairline that comes to
a point in the middle of the forehead. The allele for a widow’s
peak is dominant over the allele for a straight hairline. The Punnett square in Figure 2 illustrates a cross between two parents
who are heterozygous for a widow’s peak. Trace the possible
combinations of alleles that a child may inherit. Notice that each
child has a 3 in 4, or 75 percent, probability of having a widow’s
peak. There is only a 1 in 4, or 25 percent, probability that a child
will have a straight hairline. When Mendel crossed peas that
were heterozygous for a trait, he obtained similar percentages in
the offspring.

Ww
FIGURE 2
Widow’s Peak Punnett Square
This Punnett square shows a cross
between two parents with
widow’s peaks.
Interpreting Diagrams What are
the possible genotypes of the
offspring? What percentage of the
offspring will have each
genotype?

W

w

WW

Ww

W
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The Different Patterns of Inheritance
Focus Review the meanings of genotype
and phenotype.
Teach Refer students to Figure 2. Ask: What
are the two alleles that parents could pass
to their offspring? (Ww) How many genes
control the inheritance of a widow’s peak?
(One) How many different alleles are
involved? (Two) Explain that one gene with
two alleles is one pattern of inheritance.
Another pattern is traits that are controlled
by one gene with more than two alleles.
Ask: How many genes control the
inheritance of blood type? (One) How
many different alleles are involved? (Three)
What is a third pattern of inheritance?
(Traits controlled by many genes) How might
you know that a trait is controlled by many
genes? (It has a large number of phenotypes.)
Apply Explain that human genes are
inherited according to the same principles
that Mendel discovered. Traits are
determined by dominance or codominance
regardless of the number of genes
involved. learning modality: verbal

Independent Practice

L2

Teaching Resources

• Guided Reading and Study
Worksheet: Human Inheritance

Ww
w

Student Edition on Audio CD
Ww

ww

Differentiated Instruction
L1
Less Proficient Readers
Making a Picture Dictionary Before
students read this section, have them
review the meanings of the terms
chromosome, gene, allele, trait, dominant,
recessive, phenotype, genotype, and
codominance. Have students work in pairs
to come up with simple definitions of each
term using words they are familiar with.
Then have them illustrate each term and

use their terms and illustrations to create a
picture dictionary. Encourage students to
share their pictures with one another to
reinforce their understanding. learning
modality: visual

Monitor Progress
Drawing Have students draw a Punnett
square that shows a cross between two
heterozygotes for smile dimples (a trait
controlled by a dominant allele).
Answer
Figure 2 WW, Ww, and ww; 25% will
possibly have the WW genotype, 50% the
Ww genotype, and 25% the ww genotype.

L2
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Help Students Read

L2

Directed Reading/Thinking Activity
(DRTA) Refer to the Content Refresher for
guidelines on DRTA. Have students read the
main headings and subheadings for the rest
of this section. Then, have them make
predictions about the main ideas that will be
presented. For example, they may predict
that some genes are found in males only or
in females only. They may also form
questions about the text, such as “How is
colorblindness inherited?” Record all ideas
on the board. After students have finished
reading the section, have students confirm
which of their predictions were correct, and
provide answers to questions that were
addressed in the passage.

Use Visuals: Figure 3

FIGURE 3
Inheritance of Blood Type
Blood type is determined by a
single gene with three alleles. This
chart shows which combinations of
alleles result in each blood type.

Alleles of Blood Types
Blood Type

Combination
of Alleles

A

I AI A or I Ai

B

I BI B or I Bi

AB

I AI B

O

ii
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Understanding Blood Types
Focus Remind students that some genes
have more than two alleles.
Teach Make sure that students understand
that the superscripts in Figure 3 are not
exponents but labels that distinguish the two
codominant alleles, IA and IB. Ask: Which
column in the table lists the genotypes?
Which lists the phenotypes for blood types?
(The right column lists the genotypes; the left
column the phenotypes.) Which alleles are
codominant? (IA and IB) What kind of allele
is the i? (Recessive)
Apply Ask: Why are there more genotypes
than phenotypes for blood types? (Two
different genotypes—IAIA and IAi—result in
the A phenotype, and two other genotypes—
IBIB and IBi—result in the B
phenotype.) learning modality: visual

FIGURE 4
Many Phenotypes
Skin color in humans is determined
by three or more genes. Different
combinations of alleles for each of
the genes result in a wide range of
possible skin colors.

Single Genes With Multiple Alleles Some human traits
are controlled by a single gene that has more than two alleles.
Such a gene is said to have multiple alleles—three or more
forms of a gene that code for a single trait. Even though a gene
may have multiple alleles, a person can carry only two of those
alleles. This is because chromosomes exist in pairs. Each chromosome in a pair carries only one allele for each gene.
Human blood type is controlled by a gene with multiple
alleles. There are four main blood types—A, B, AB, and O.
Three alleles control the inheritance of blood types. The allele
for blood type A and the allele for blood type B are codominant. The allele for blood type A is written as IA. The allele for
blood type B is written IB. The allele for blood type O—written
i—is recessive. Recall that when two codominant alleles are
inherited, neither allele is masked. A person who inherits an IA
allele from one parent and an IB allele from the other parent
will have type AB blood. Figure 3 shows the allele combinations that result in each blood type. Notice that only people
who inherit two i alleles have type O blood.
Traits Controlled by Many Genes If you completed the
Discover activity, you saw that height in humans has more
than two distinct phenotypes. In fact, there is an enormous
variety of phenotypes for height. Some human traits show a
large number of phenotypes because the traits are controlled
by many genes. The genes act together as a group to produce a
single trait. At least four genes control height in humans, so
there are many possible combinations of genes and alleles. Skin
color is another human trait that is controlled by many genes.
Why do some traits exhibit a large number of
phenotypes?
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The Sex Chromosomes

XY

X

Father

XX

FIGURE 5
Male or Female?
As this Punnett square shows,
there is a 50 percent probability
that a child will be a girl and a
50 percent probability that a child
will be a boy.
Interpreting Diagrams What sex
will the child be if a sperm with a
Y chromosome fertilizes an egg?

Y

XY

X
XX
Daughter
XX

Son
XY

Mother
X
Daughter

Son

The Eyes Have It

The Sex Chromosomes
The sex chromosomes are one of the 23 pairs of chromosomes
in each body cell. The sex chromosomes carry genes that
determine whether a person is male or female. They also
carry genes that determine other traits.
Girl or Boy? The sex chromosomes are the only chromosome
pair that do not always match. If you are a girl, your two sex
chromosomes match. The two chromosomes are called
X chromosomes. If you are a boy, your sex chromosomes do not
match. One of them is an X chromosome, and the other is a
Y chromosome. The Y chromosome is much smaller than the
X chromosome.
Sex Chromosomes and Fertilization What happens to

the sex chromosomes when egg and sperm cells form? Since
both of a female’s sex chromosomes are X chromosomes, all
eggs carry one X chromosome. Males, however, have two different sex chromosomes. Therefore, half of a male’s sperm cells
carry an X chromosome, while half carry a Y chromosome.
When a sperm cell with an X chromosome fertilizes an egg,
the egg has two X chromosomes. The fertilized egg will develop
into a girl. When a sperm with a Y chromosome fertilizes an
egg, the egg has one X chromosome and one Y chromosome.
The fertilized egg will develop into a boy.

One inherited trait is eye
dominance—the tendency to
use one eye more than the
other. Here’s how you can test
yourself for this trait.
1. Hold your hand out in front
of you at arm’s length.
Point your ﬁnger at an
object across the room.
2. Close your right eye. With
only your left eye open,
observe how far your
ﬁnger appears to move.
3. Repeat Step 2 with the
right eye open. With which
eye did your ﬁnger seem to
remain closer to the object?
That eye is dominant.
Designing Experiments
Is eye dominance related to
hand dominance—whether a
person is right-handed or
left-handed? Design an
experiment to ﬁnd out.
Obtain your teacher’s
permission before carrying
out your experiment.

Teach Key Concepts

L2

Functions of Sex Chromosomes
Focus Refer students to Figure 5.
Teach Ask: What determines whether a
person is male or female? (Sex
chromosomes) What combinations result in
a male and in a female? (XY and XX) Ask:
What other role do the sex chromosomes
play? (They carry genes that determine other
traits.) How is inheritance different
between recessive genes on sex
chromosomes and on other chromosomes?
(It is rarer for a female to have the trait than a
male.)
Apply Ask: If the man in Figure 5 had an
allele A on his X chromosome, who would
inherit it? (Only the daughters; the man’s sons
inherit only the Y chromosome from their
father.) learning modality: logical/
mathematical

Teaching Resources

• Transparency C34

L2

Applying Concepts of Inheritance
Materials colored pencils
Time 15 minutes
Focus Review the steps in meiosis.
Teach Challenge students to draw two
simple diagrams of meiosis, contrasting the
formation of sex cells in males and in
females.
Apply Ask: How do your diagrams show
that the sperm determines the sex of a
child? (Male sex cells contain an X or a Y
chromosome, whereas female sex cells contain
only an X chromosome.) learning modality:
visual

Monitor Progress
Skills Focus Designing experiments
Materials none
Time 10 minutes
Tips Make sure students focus on an
object that is at least a few meters away
from them.
Expected Outcome When students
close one eye, their finger appears to be

L2

stationary; when they close the other eye,
their finger appears to move. The right eye
is dominant if the finger appears
stationary when looking at it with the
right eye, the left eye if looking at it with
the left eye. One possible design for an
experiment is to determine eye and hand
dominance for a large sample of people,
and look for patterns.

L2

Writing Have students explain in their own
words why about half of all babies
born are boys and about half are
girls. Students can place their
paragraphs in their portfolios.
Answers
Figure 5 Male

The traits are controlled by
many genes.
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Use Visuals: Figure 7

Sex-Linked Genes The genes for some human traits are
carried on the sex chromosomes. Genes on the X and
Y chromosomes are often called sex-linked genes because their
alleles are passed from parent to child on a sex chromosome.
Traits controlled by sex-linked genes are called sex-linked traits.
One sex-linked trait is red-green colorblindness. A person with
this trait cannot distinguish between red and green.
Recall that females have two X chromosomes, whereas males
have one X chromosome and one Y chromosome. Unlike most
chromosome pairs, the X and Y chromosomes have different
genes. Most of the genes on the X chromosome are not on the
Y chromosome. Therefore, an allele on an X chromosome may
have no corresponding allele on a Y chromosome.
Like other genes, sex-linked genes can have dominant and
recessive alleles. In females, a dominant allele on one X chromosome will mask a recessive allele on the other X chromosome.
But in males, there is usually no matching allele on the
Y chromosome to mask the allele on the X chromosome. As a
result, any allele on the X chromosome—even a recessive
allele—will produce the trait in a male who inherits it. Because
males have only one X chromosome, males are more likely than
females to have a sex-linked trait that is controlled by a recessive
allele.

L2

Determining Colorblindness
Focus Remind students that for a recessive
allele to show up in females, there must be
one on each of the two X chromosomes that
she inherits.
Teach Discuss the symbols used in the
Punnett square. Then ask: Why is the box
for one son shaded? (He is colorblind.)
Would you expect the son who is colorblind
to have sons who are colorblind? (No; he
can pass only the Y chromosome to his sons.)
Apply Ask students to determine the alleles
of both parents if there is a 50% chance that
either a son or a daughter will be colorblind.
(The father would be colorblind and have
alleles XcY. The mother would be a carrier and
have the alleles XCXc.) learning modality:
visual

L2

Modeling Sex-Linked Inheritance
Materials white, red, and green pipe
cleaners
Time 15 minutes
Focus Remind students that all X-linked
alleles are expressed in males, even if they are
recessive, because males have just one X
chromosome.
Teach Have students twist together two
white pipe cleaners to represent a normal X
chromosome, a red pipe cleaner and a green
pipe cleaner to represent an X chromosome
with the allele for red-green colorblindness,
and a single white pipe cleaner to represent a
Y chromosome. Encourage students to use
their models to represent several different
crosses and their expected outcomes.
Apply Have students use their models to
answer these questions: If the mother is
colorblind and the father has normal
vision, what is the probability that their
sons will be colorblind? (100%) If the
father is colorblind and the mother has
normal vision, what is the probability that
their daughters will be colorblind?
(0%) learning modality: kinesthetic

Normal vision

FIGURE 6
Colorblindness
The lower photo shows how a red barn and
green fields look to a person with red-green
colorblindness.



Red-green colorblind vision
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Inheritance of Colorblindness Colorblindness is a trait
controlled by a recessive allele on the X chromosome. Many
more males than females have red-green colorblindness. You can
understand why this is the case by examining the Punnett square
in Figure 7. Both parents in this example have normal color
vision. Notice, however, that the mother is a carrier of colorblindness. A carrier is a person who has one recessive allele for a
trait and one dominant allele. A carrier of a trait controlled by a
recessive allele does not have the trait. However, the carrier can
pass the recessive allele on to his or her offspring. In the case of
sex-linked traits, only females can be carriers.
As you can see in Figure 7, there is a 25 percent probability
that this couple will have a colorblind child. Notice that none
of the couple’s daughters will be colorblind. On the other
hand, the sons have a 50 percent probability of being colorblind. For a female to be colorblind, she must inherit two
recessive alleles for colorblindness, one from each parent. A
male needs to inherit only one recessive allele. This is because
there is no gene for color vision on the Y chromosome. Thus,
there is no allele that could mask the recessive allele on the
X chromosome.

For: Links on genetics
Visit: www.SciLinks.org
Web Code: scn-0341

Father
(normal vision)
XC

Y

XCXC

XCY

Daughter
(normal vision)

Son
(normal vision)

XCXc

XcY

XC
XCXc

Download a worksheet to guide students’ review of
genetics.

The Effect of
Environment
Teach Key Concepts

What is the sex of a person who is a carrier for
colorblindness?

XCY

For: Links on genetics
Visit: www.SciLinks.org
Web Code: scn-0341

FIGURE 7
Colorblindness Punnett Square
Red-green colorblindness is a sexlinked trait. A girl who receives only
one recessive allele (written Xc) for
red-green colorblindness will not
have the trait. However, a boy who
receives one recessive allele will
be colorblind.
Applying Concepts What allele
combination would a daughter
need to inherit to be colorblind?

Mother
(carrier)

L2

Genes and the Environment
Focus Provide this example for
students: Tell them to imagine two plants.
One receives more sunlight than the other
and grows taller and fuller. Ask: If the two
plants have the same genes, what is the
difference in how they grow? (They are
exposed to different environments.)
Teach Ask: What does this example
demonstrate about the relationship
between genes and environment? (Genes
and the environment interact to determine
characteristics.) What are some human
traits that are influenced by the
environment? (Height and skills such as
playing a musical instrument)
Apply Ask students how their speech
represents the interaction of genetics and
environment. (The way their voice sounds
is a combination of the structure of their
vocal cords and mouth, which is genetic, and
the way their family speaks [slowly or quickly,
soft or loud], which is environmental.
Language, accent, and dialect are determined
by environment.) learning modality:
logical/mathematical

Xc
Daughter
(carrier)

Son
(colorblind)

Monitor Progress
Differentiated Instruction
Gifted and Talented

L3

Inferring Inheritance Patterns
Challenge students to infer how the
inheritance of a sex-linked trait controlled
by a dominant allele would differ from the
inheritance of a sex-linked trait controlled
by a recessive allele. (A sex-linked trait
controlled by a recessive allele is more
common in males because males need to
inherit just one recessive allele to have the

trait. A trait controlled by a dominant allele
is not more common in males because
females, like males, would need to inherit
just one dominant allele to have the trait.)
Have students make a Punnett Square to
show how a sex-linked dominant allele
would be passed to offspring. learning
modality: logical/mathematical

L2

Skills Check Have students solve the
following problem: Mary and her mother
are both colorblind. Is Mary’s father
colorblind, too? How do you know? (Because
Mary is colorblind, she must have inherited an
Xc allele from each parent. Therefore, Mary’s
father’s genotype must be XcY, so he is
colorblind, too.)
Answers
Figure 7 XcXc

Female
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Monitor Progress

The Effect of Environment

L2

Answer

A poor diet could prevent a
person from growing as tall
as possible, as genetically determined.

Assess
Reviewing Key Concepts
1. a. Single genes with two alleles: widow’s
peak; single genes with multiple alleles:
blood type; and multiple genes: skin color
b. Four: A, B, AB, and O; the alleles for
blood types A and B are codominant, and
the allele for blood type O is recessive. Type
A blood results from two A alleles or one A
and one i, type B blood results from two B
alleles or one B and one i, type AB blood
results from one A allele and one B allele,
and type O results from two i alleles. c. No;
blood type AB has the genotype IAIB, while
blood type O has the genotype ii. Each of his
parents passed on an i allele, so neither could
have blood type AB.
2. a. To carry genes that determine whether
a person is male or female, and to carry other
traits b. The Y chromosome is much smaller
than the X chromosome. Females have two X
chromosomes, and males have an X and a Y
chromosome. c. Red-green colorblindness
is determined by a recessive allele on the X
chromosome. The condition is more
common among males because males must
inherit only one recessive allele to express the
trait, while females need two.
3. a. No; genes and the environment
interact to determine many of a person’s
characteristics. b. Athletic build and
coordination may be inherited abilities that
work together with environmental factors of
practice, instruction, and exercises that
strengthen muscles.

Reteach
Use Figures 5 and 7 to review how sex is
determined and how a sex-linked trait is
inherited.

FIGURE 8
Heredity and Environment
When a person plays a violin,
genetically determined traits such
as muscle coordination interact
with environmental factors such
as time spent in practice.

In humans and other organisms, the effects of genes are
often influenced by the environment—an organism’s
surroundings. Many of a person’s characteristics are
determined by an interaction between genes and the
environment.
You have learned that several genes work together to
help determine human height. However, people’s heights
are also influenced by their environments. People’s diets
can affect their height. A diet lacking in protein, certain
minerals, or certain vitamins can prevent a person from
growing as tall as might be possible.
Environmental factors can also affect human skills,
such as playing a musical instrument. For example, physical traits such as muscle coordination and a good sense of
hearing will help a musician play well. But the musician
also needs instruction on how to play the instrument.
Musical instruction is an environmental factor.
How can environmental factors affect a
person’s height?

1

Section 1 Assessment

Target Reading Skill Identifying Main Ideas
Use your graphic organizer to help you answer
Question 1 below.
Reviewing Key Concepts
1. a. Identifying Identify three patterns of

inheritance in humans. Give an example of
a trait that follows each pattern.
b. Summarizing How many human blood
types are there? Summarize how blood
type is inherited.
c. Drawing Conclusions Aaron has blood
type O. Can either of his parents have
blood type AB? Explain your answer.
2. a. Reviewing What are the functions of the
sex chromosomes?
b. Comparing and Contrasting Contrast the
sex chromosomes found in human females
and human males.

c. Relating Cause and Effect Explain how

red-green colorblindness is inherited. Why
is the condition more common in males
than in females?
3. a. Reviewing Are a person’s characteristics
determined only by genes? Explain.
b. Applying Concepts Explain what factors
might work together to enable a great
soccer player to kick a ball a long distance.

Heredity and Environment Think of an
ability you admire, such as painting, dancing,
snowboarding, or playing games skillfully.
Write a paragraph explaining how genes and
the environment might work together to
enable a person to develop this ability.

L1

Teaching Resources

• Section Summary: Human Inheritance
• Review and Reinforce: Human Inheritance
• Enrich: Human Inheritance

Keep Students on Track Check that
students have sketched a plan for displaying
their information and that the plan is
realistic. Advise students to keep a running
list of materials or equipment they will need.
Remind them that displays should include
an interactive portion that helps the viewer
predict the probability that a person will
inherit the trait.

Writing Mode Explanation
Scoring Rubric
4 Includes complete explanation and goes
beyond requirements, for example, by
including many environmental factors
3 Includes all criteria but does not go
beyond requirements
2 Only brief explanation
1 Incomplete or inaccurate explanation

