
Section

2 Human Genetic 
Disorders

Objectives
After this lesson, students will be able to 
C.4.2.1 Identify two major causes of genetic 
disorders in humans.
C.4.2.2 Explain how geneticists trace the 
inheritance of traits.
C.4.2.3 Describe how genetic disorders are 
diagnosed and treated.

Target Reading Skill
Comparing and Contrasting Explain that 
comparing and contrasting information 
shows how ideas, facts, and events are similar 
and different. The results of the comparison 
can have importance.

Answers
Possible answers:
Disorder: Cystic fibrosis; Description: Body 
produces abnormally thick mucus; 
Cause: Recessive allele due to removal of 
three DNA bases
Disorder: Sickle-cell disease; Description: Red 
blood cells are sickle-shaped and have 
reduced ability to hold oxygen; Cause: 
Codominant allele
Disorder: Hemophilia; Description: Blood 
clots slowly or not at all; Cause: Recessive 
allele on X chromosome
Disorder: Down Syndrome; 
Description: Mental retardation and heart 
defects; Cause: An extra copy of 
chromosome 21

Teaching Resources

• Transparency C35

Preteach

Build Background 
Knowledge
Discussing Genetic Disorders
Ask: What do you think a genetic disorder 
is? (An abnormal condition that is inherited) 
What are some genetic disorders you have 
heard about? (Accept all student responses 
without comment at this time.)

L1 

Skills Focus Inferring

Materials none

Time 10 minutes

Tips Provide any students who have 
vision impairments with a hand lens for 
examining the photo.

Expected Outcome Students will count 
47 chromosomes in the photo, or one 

L1 more than the 46 chromosomes normally 
found in human cells, because there is an 
extra copy of chromosome 21.

Think It Over Students may correctly say 
that the extra chromosome is due to 
failure of the chromosomes to separate 
during meiosis.
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Human Genetic Disorders

How Many Chromosomes?
The photo at right shows the 
chromosomes from a cell of 
a person with Down syndrome, a 
genetic disorder. The chromosomes 
have been sorted into pairs.

1. Count the number of 
chromosomes in the photo.

2. How does the number of 
chromosomes compare to the 
usual number of chromosomes 
in human cells?

Think It Over
Inferring  How do you think a cell could have ended up with this 
number of chromosomes? (Hint: Think about the events that 
occur during meiosis.)

The air inside the stadium was hot and still. The crowd cheered
loudly as the runners approached the starting blocks. At the
crack of the starter’s gun, the runners leaped into motion and
sprinted down the track. Seconds later, the race was over. The
runners, bursting with pride, hugged each other and their
coaches. These athletes were running in the Special Olympics, a
competition for people with disabilities. Many of the athletes
who compete in the Special Olympics have disabilities that result
from genetic disorders.

Reading Preview
Key Concepts
• What are two major causes of 

genetic disorders in humans?

• How do geneticists trace the 
inheritance of traits?

• How are genetic disorders 
diagnosed and treated?

Key Terms
• genetic disorder   • pedigree   
• karyotype

Target Reading Skill
Comparing and Contrasting  
As you read, compare and contrast 
the types of genetic disorders by 
completing a table like the one 
below.
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Abnormally
thick mucus

Loss of 
three
DNA
bases

Disorder CauseDescription

Cystic
fibrosis

Runners in the 
Special Olympics  

 � 
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Instruct

Help Students Read
KWL Have students make a chart with 
columns titled What I Know, What I Want to 
Know, and What I Learned. In the first 
column, they write what they know about 
the four disorders in the text. They fill out 
the second column with what they want to 
know. After reading the text, they complete 
the third column.

Causes of Genetic 
Disorders

Teach Key Concepts
Common Genetic Disorders
Focus Review with students the different 
ways that mutations can occur.

Teach Explain that the four diseases 
discussed result from a mutation in the DNA 
or a gene, or a change in the structure or 
number of chromosomes. Ask: What causes 
cystic fibrosis? (A mutation in which three 
bases are removed from a DNA molecule) 
What causes sickle-cell disease? (A mutation 
that affects the protein hemoglobin) What 
causes hemophilia? (A recessive allele on the 
X chromosome) Why is it more common in 
males? (The allele that causes it is on the X 
chromosome.) What causes Down 
syndrome? (A person’s cells have an extra 
copy of chromosome 21.)

Apply How could a genetic disorder like 
cystic fibrosis be cured? (By changing or 
replacing the gene that causes the 
disease) learning modality: verbal

Independent Practice
Teaching Resources

• Guided Reading and Study 
Worksheet: Human Genetic Disorders

 

Student Edition on Audio CD

L1 

L2 

L2 

Skills Focus Predicting

Materials none

Time 10 minutes

Expected Outcome The probability 
that their child will have sickle-cell disease 
is 50%.

Extend Ask: If the couple has a son who 
does not have symptoms of sickle-cell 

L2 disease, could he still have abnormal 
hemoglobin? (Yes; he is heterozygous for 
the sickle-cell trait. A person with only one 
sickle-cell allele will produce both normal 
and abnormal hemoglobin but will not have 
symptoms of the disease.) learning 
modality: logical/mathematical

Causes of Genetic Disorders
A genetic disorder is an abnormal condition that a person inher-
its through genes or chromosomes. Some genetic disorders are
caused by mutations in the DNA of genes. Other disorders
are caused by changes in the overall structure or number of
chromosomes. In this section, you will learn about some com-
mon genetic disorders.

Cystic Fibrosis  Cystic fibrosis is a genetic disorder in which
the body produces abnormally thick mucus in the lungs and
intestines. The thick mucus fills the lungs, making it hard for
the affected person to breathe. Cystic fibrosis is caused by a
recessive allele on one chromosome. The recessive allele is the
result of a mutation in which three bases are removed from a
DNA molecule.

Sickle-Cell Disease  Sickle-cell disease affects hemoglobin,
a protein in red blood cells that carries oxygen. When oxygen
concentrations are low, the red blood cells of people with the
disease have an unusual sickle shape. Sickle-shaped red blood
cells clog blood vessels and cannot carry as much oxygen as
normal cells. The allele for the sickle-cell trait is codominant
with the normal allele. A person with two sickle-cell alleles will
have the disease. A person with one sickle-cell allele will pro-
duce both normal hemoglobin and abnormal hemoglobin.
This person usually will not have symptoms of the disease. 

Hemophilia  Hemophilia is a genetic disorder in which a per-
son’s blood clots very slowly or not at all. People with the disorder
do not produce one of the proteins needed for normal blood
clotting. The danger of internal bleeding from small bumps and
bruises is very high. Hemophilia is caused by a recessive allele on
the X chromosome. Because hemophilia is a sex-linked disorder,
it occurs more frequently in males than in females.

Down Syndrome  In Down syndrome, a person’s cells have
an extra copy of chromosome 21. In other words, instead of a
pair of chromosomes, a person with Down syndrome has three
of that chromosome. Down syndrome most often occurs when
chromosomes fail to separate properly during meiosis. People
with Down syndrome have some degree of mental retardation.
Heart defects are also common, but can be treated.

How is the DNA in the sickle-cell allele different 
from the normal allele?

Predicting
A man has sickle-cell disease. 
His wife does not have the 
disease, but is heterozygous 
for the sickle-cell trait. 
Predict the probability that 
their child will have sickle-cell 
disease. (Hint: Construct a 
Punnett square.)

FIGURE 9
Sickle-Cell Disease  
Normally, red blood cells are 
shaped like round disks (top). In a 
person with sickle-cell disease, 
red blood cells can become sickle-
shaped (bottom).  
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Differentiated Instruction

English Learners/Beginning
Comprehension: Link to Visual Draw a 
pedigree showing the trait of widow’s peak, 
and explain each line, square, and circle as 
you draw it. Write the symbols for the 
genotypes beside each figure, and draw 
faces that show the trait in the circles and 
squares. Then have students draw their 
own pedigree for another trait and explain 
it to you. learning modality: visual

L1 English Learners/Intermediate
Comprehension: Link to Visual Have 
students do the Beginning activity, then 
write sentences in their own words 
explaining how to interpret the 
pedigree. learning modality: visual

L2 

Monitor Progress L2

Skills Check Have students draw a pedigree 
that shows the inheritance of cystic 
fibrosis in a family. Students can 
place these pedigrees in their 
portfolio.

Answers
Figure 10 The male in the second genera-
tion on the far left

It codes for a hemoglobin of 
a different shape from the

 normal allele.

Pedigrees

For: Pedigree activity
Visit: www.PHSchool.com
Web Code: cep-3042

Students can interact with the art of a pedigree online.

Teach Key Concepts
How Inheritance Is Traced
Focus Refer students to Figure 10.

Teach Have volunteers read the captions in 
the figure, then identify the genotypes and 
phenotypes for each individual.

Apply Have students make a Punnett 
square to show all possible genotypes of the 
children of the couple in the first generation 
of the pedigree. learning modality: visual

Teaching Resources

• Transparency C36

Interpreting a Pedigree

Materials poster board, marker

Time 15 minutes

Focus Review the meaning of codominance.

Teach Have students construct a 
two-generation pedigree for sickle-cell 
disease, starting with Ss × Ss.

Apply Have students explain why the 
phenotype for having one sickle-cell allele is 
different from the phenotype for having one 
allele for cystic fibrosis. learning modality: 
visual

L2 

L2 

Pedigrees
Imagine that you are a geneticist who is interested in tracing
the occurrence of a genetic disorder through several genera-
tions of a family. What would you do? One important tool
that geneticists use to trace the inheritance of traits in
humans is a pedigree. A pedigree is a chart or “family tree”
that tracks which members of a family have a particular trait.

The trait in a pedigree can be an ordinary trait, such as a
widow’s peak, or a genetic disorder, such as cystic fibrosis.
Figure 10 shows a pedigree for albinism, a condition in which
a person’s skin, hair, and eyes lack normal coloring.

FIGURE 10

A Pedigree
The father in the photograph has albinism. The pedigree 
shows the inheritance of the allele for albinism in three 
generations of a family.  Interpreting Diagrams  Where is 
an albino male shown in the pedigree?

A circle represents 
a female.

A square represents 
a male.

A vertical line and a bracket 
connect the parents to their children.

A horizontal line 
connecting a male and a 
female represents a marriage.

A completely 
shaded square 
or circle 
indicates that 
the person 
has the trait.

A circle or square 
that is not shaded 
indicates that a 
person neither has 
the trait nor is a carrier.

A half-shaded 
circle or square 
indicates that a 
person is a carrier.

For: Pedigree activity
Visit: PHSchool.com
Web Code: cep-3042
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Differentiated Instruction

Managing Genetic 
Disorders

Teach Key Concepts
Diagnosing and Treating 
Genetic Disorders
Focus Tell students that genetic testing is 
now available for hundreds of disorders.

Teach Ask: What is a karyotype? (A 
karyotype is a picture of all of the 
chromosomes in a cell, arranged in pairs.) 
What type of genetic disorders can be 
determined by looking at a karyotype? 
(Disorders resulting from a change in the 
number or structure of chromosomes) How do 
counselors help people who have a family 
history of a genetic disorder? (They help 
couples understand their chances of passing the 
genes or traits on to offspring.) How do 
people who have genetic disorders deal 
with them? (There are treatments for some 
disorders, and education and training helps 
many people live active, productive lives.)

Apply Have students imagine they are 
genetic counselors who must determine the 
chance of a couple having a child with cystic 
fibrosis, when both husband and wife are 
carriers. (Students draw a Punnett square for 
two heterozygotes. The Punnett square should 
show that 25% of the couple’s children would 
be likely to inherit two recessive alleles.) Ask: If 
the couple has two children without cystic 
fibrosis, what is the chance that their third 
child will have it? Their fourth child? (Each 
child has a 25% chance of having cystic 
fibrosis.) learning modality: logical/
mathematical

L2 

Special Needs
Illustrating the Cause of Down’s 
Syndrome Help students use colored 
chalk and the diagrams from a previous 
section to illustrate the chromosomes as 
the cell goes through Meiosis I and Meiosis 
II. Point out that the chromosome pairs 
can fail to separate correctly in either stage. 

L1 Students end up with four circles to 
represent the possible individuals formed 
when sex cells unite. Two individuals 
should be normal, one should contain only 
one chromosome of a certain color, and 
one should contain three chromosomes of 
that color. learning modality: visual

Managing Genetic Disorders
Years ago, doctors had only Punnett squares and pedigrees to
help them predict whether a child might have a genetic
disorder. Today, doctors use tools such as karyotypes to help
diagnose genetic disorders. People with genetic disorders are
helped through medical care, education, job training, and
other methods.

Karyotypes  To detect chromosomal disorders such as Down
syndrome, a doctor examines the chromosomes from a per-
son’s cells. The doctor uses a karyotype to examine the chro-
mosomes. A karyotype (KA ree uh typ) is a picture of all the
chromosomes in a cell. The chromosomes in a karyotype are
arranged in pairs. A karyotype can reveal whether a person has
the correct number of chromosomes in his or her cells. If you
did the Discover activity, you saw a karyotype from a girl with
Down syndrome.

Genetic Counseling  A couple that has a family history of a
genetic disorder may turn to a genetic counselor for advice.
Genetic counselors help couples understand their chances of
having a child with a particular genetic disorder. Genetic coun-
selors use tools such as karyotypes, pedigree charts, and Pun-
nett squares to help them in their work.

What do genetic counselors do?

A Hemophilia Pedigree �
The pedigree shows the inheritance 
of hemophilia, a sex-linked disorder, 
in a family. Notice that some females 
are carriers, and some males have 
the disorder.

Key

       Female carrier

       Male with hemophilia

FIGURE 11

Living With Hemophilia
With proper care, people with 
hemophilia can manage their 
disorder.  Interpreting Diagrams  
In the pedigree, how many  
people have hemophilia? 
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Monitor Progress L2

Answers
Figure 11 Two

They help couples 
understand their chances of

having a child with a particular genetic 
disorder.

Assess

Reviewing Key Concepts
1.  a. Mutations in DNA or changes in the 
overall structure or number of 
chromosomes  b. A change in the overall 
number of chromosomes  c. Each of the cells 
of a person with Down syndrome has three 
copies of chromosome 21; normal cells have 
two.
2.  a. A chart that tracks which members of a 
family have a particular trait  b. A pedigree 
allows scientists and genetic counselors to 
infer how a genetic disorder is passed from 
one generation to the next.  c. The square 
for Sam should be completely shaded, 
indicating that he has the disease. Sam’s 
mother’s circle should be half-shaded, 
indicating that she is a carrier. The squares 
for Sam’s father and brother should be blank.
3.  a. A picture of all the chromosomes in a 
cell, arranged in pairs  b. No; sickle-cell 
disease is not related to the number of 
chromosomes in a cell.

Reteach
Use the pedigrees in Figures 10 and 11 to 
review how inheritance of traits can be 
traced in a family. Have students identify 
characteristics of a pedigree for a recessive 
trait, a pedigree for a dominant trait, and a 
pedigree for a sex-linked trait.

Teaching Resources

• Section Summary: Human Genetic 
Disorders

• Review and Reinforce: Human Genetic 
Disorders

• Enrich: Human Genetic Disorders

L1 

Writing Mode Explanation

Scoring Rubric 
4 Includes complete description of a genetic 
disorder and goes beyond requirements, for 
example, providing information on 
diagnosis and treatment
3 Includes required criteria but does not go 
beyond requirements
2 Includes only brief description
1 Includes inaccurate or incomplete 
description

Keep Students on Track Check that 
students have begun constructing their 
displays and that they correctly identify the 
way their trait is inherited. Suggest that 
students begin to prepare a rough draft of a 
written description of their presentation. 
Help students determine the best way to 
organize the information for their own 
understanding.

Physical Therapy  �
Trained medical 
workers help 
hemophilia patients 
cope with their 
disorder. Here, 
a boy receives 
physical therapy.

Sports  �
A boy with hemophilia learns how to 
play golf. The disorder does not stop 
people from living active lives.

Dealing With Genetic Disorders  People with genetic dis-
orders face serious challenges, but help is available. Medical
treatments help people with some disorders. For example,
physical therapy helps remove mucus from the lungs of people
with cystic fibrosis. People with sickle-cell disease take folic
acid, a vitamin, to help their bodies manufacture red blood
cells. Because of education and job training, adults with Down
syndrome can find work in hotels, banks, restaurants, and other
places of employment. Fortunately, most genetic disorders do
not prevent people from living active, productive lives.

Section 2 Assessment

Target Reading Skill
Comparing and Contrasting  Use the information 
in your table to help you answer Question 1 below.

Reviewing Key Concepts
1. a. Identifying  Identify the two major causes of 

genetic disorders in humans.
b. Explaining  Which of those two major 

causes is responsible for Down syndrome?
c. Describing  How are the cells of a person 

with Down syndrome different from those 
of a person without the disorder?

2. a. Defining  What is a pedigree?
b. Inferring  Why are pedigrees helpful in 

understanding genetic disorders?

c. Applying Concepts  Sam has hemophilia. 
Sam’s brother, mother, and father do not 
have hemophilia. Draw a pedigree showing 
who has the disorder and who is a carrier.

3. a. Reviewing  What is a karyotype?
b. Inferring  Would a karyotype reveal the 

presence of sickle-cell disease? Why or why not?

Creating a Web Site Create an imaginary 
Web site to inform the public about genetic 
disorders. Write a description of one disorder 
for the Web site.

2
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Family Puzzle
Prepare for Inquiry
Skills Objectives
Students will be able to
• interpret data on phenotypes to construct 

a family pedigree
• predict the probability of having cystic 

fibrosis based on the pedigree

Class Time 40 minutes

Teaching Resources

• Lab Worksheet: Family Puzzle

Guide Inquiry 
Invitation
Draw a pedigree on the board showing a wife 
with a genetic disorder and a healthy 
husband who have an affected daughter and 
a healthy son. Ask: Can you tell if the trait is 
controlled by a dominant or recessive 
allele? (No) Extend the pedigree back one 
generation by adding two healthy parents for 
the wife. Then ask the same question. 
(Recessive; otherwise, at least one of the wife’s 
parents would also have the trait.) Point out 
that the more generations a pedigree has, the 
more obvious the pattern of inheritance.

Introduce the Procedure
Check that students know how to construct 
pedigrees. Have students review the part of 
the chapter that discusses how to interpret 
pedigrees.

Troubleshooting the Experiment
• Check that students have drawn and 

labeled the pedigree correctly.
• Tell students they will need to draw 

Punnett squares to answer Question 2.

Analyze and Conclude
1. Joshua’s parents are both heterozygous 
(Nn); the genotypes of Bella’s parents cannot 
be determined for certain, but at least one 
must be heterozygous, and the other could 
be either heterozygous or homozygous for 
the normal allele (NN).
2. Because both parents are heterozygous 
(Nn), there is a 25 percent chance of each 
child inheriting two n alleles and having 
cystic fibrosis.
3. Genetic counselors cannot usually draw 
firm conclusions about a hereditary 
condition with information about just one 

L2 

or two generations; more than one 
inheritance pattern may explain the facts 
when the information is limited. For 
example, both sex-linked traits and recessive 
traits can skip generations.

Extend Inquiry
More to Explore The traits affect males 
and females about equally. If cystic fibrosis 
in the case study were sex-linked, Ian would 
have inherited the disorder from his mother,  
not from both parents, as appears to have 
been the case. Also, Joshua’s sister probably 
would not have the disease.

Family Puzzle
3. Begin by using the cards to represent Ian’s 

alleles. Since he has cystic fibrosis, what 
alleles must he have? Write in this genotype 
next to the pedigree symbol for Ian.

4. Joshua’s sister, Sara, also has cystic fibrosis. 
What alleles does she have? Write in this 
genotype next to the pedigree symbol that 
represents Sara.

5. Now use the cards to figure out what geno-
types Joshua and Bella must have. Write 
their genotypes next to their symbols in the 
pedigree.

6. Work with the cards to figure out the geno-
types of all other family members. Fill in each 
person’s genotype next to his or her symbol 
in the pedigree. If more than one genotype 
is possible, write in both genotypes.

Analyze and Conclude
1. Interpreting Data What were the possible 

genotypes of Joshua’s parents? What were 
the genotypes of Bella’s parents?

2. Predicting  Joshua also has a brother. What is 
the probability that he has cystic fibrosis? 
Explain.

3. Communicating  Imagine that you are a 
genetic counselor. A couple asks why you 
need information about many generations 
of their families to draw conclusions about a 
hereditary condition. Write an explanation 
you can give to them.

More to Explore
Review the pedigree that you just studied. What 
data suggest that the traits are not sex-linked? 
Explain.

Case Study:
Joshua and Bella

• Joshua and Bella have a son named 
Ian. Ian has been diagnosed with 
cystic fibrosis.

• Joshua and Bella are both healthy.
• Bella’s parents are both healthy.
• Joshua’s parents are both healthy.
• Joshua’s sister, Sara, has cystic 

fibrosis.

Problem
A husband and wife want to understand the 
probability that their children might inherit cystic 
fibrosis. How can you use the information in the 
box labeled Case Study to predict the probability?

Skills Focus
interpreting data, predicting

Materials
• 12 index cards   • scissors   • marker   

Procedure
1. Read the Case Study. In your notebook, draw 

a pedigree that shows all the family mem-
bers. Use circles to represent the females, 
and squares to represent the males. Shade in 
the circles or squares representing the indi-
viduals who have cystic fibrosis. 

2. You know that cystic fibrosis is controlled by a 
recessive allele. To help you figure out Joshua 
and Bella’s family pattern, create a set of 
cards to represent the alleles. Cut each of 
six index cards into four smaller cards. On 
12 of the small cards, write N to represent 
the dominant normal allele. On the other 
12 small cards, write n for the recessive allele.
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