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Sickle Cell: The good, the bad, and the deadly

Introduction

Sickle cell anemia (SCA) is a genetic disease caused by a mutation that alters the

instructions for making hemoglobin, the molecule in red blood cells that binds

oxygen and transports the oxygen to cells throughout the body. In SCA, the red blood

cell is shaped like a sickle, rather than being round and flat, making the red blood

cell less effective at binding oxygen and making it more difficult for the cell to pass

through capillaries. Sickle-shaped red blood cells can damage capillaries and organs

if not treated by a medical professional. Sickle cell (SC) trait results when a person

has one copy of the allele for the altered hemoglobin and one copy of the allele for normal hemoglobin. SC
trait normally does not cause disease; therefore, it has not generated as much attention as has SCA.

In this module, students will use the example of SCA and SC trait to explore how a mutation in DNA, such as
the sickle cell mutation, can affect an organism, and why that mutation may persist in a population. Punnett
Squares will be used to help illustrate the inheritance patterns of the
sickle cell allele.

Learning

Objectives Relevant Standards of Learning
N National Science Education Standards

v/ Recognize that SCA is a Life Science, Content Standard C

genetic disease S
Structure and function in living systems

v Identify differences between

SCA and SC trait ¢ All organisms are composed of cells-the fundamental unit
of life. Most organisms are single cells; other organisms,
v~ Understand that the sickle including humans, are multicellular.
cell mutation is an advantage
for survival in certain Reproduction and heredity

environmental conditions

e Every organism requires a set of instructions for specifying its
\/ Recognize the importance of traits. Heredity is the passage of these instructions from one
educating and testing for SCA generation to another.

and SC trait ] ] o ) ]
e Hereditary information is contained in genes that are located

in the chromosomes of each cell. Each gene carries a single
unit of information. An inherited trait of an individual can be

Prlor Kn OW'-Ed g e determined by one gene, or by many genes. A single gene can
influence more than one trait. A human cell contains many
To complete this module, students thousands of different genes.

should already be able to:
New York State Intermediate Science Standards (Grades 5 - 8)
v’ Understand that genes control Standard 4: The Living Environment
traits.
Major Understandings

v/ Recognize that each person
carries at least two alleles for a e 2.1a: Hereditary information is contained in genes. Genes are
single trait, except males; they composed of DNA that makes up the chromosomes of cells.
will have only one allele for

X-linked genes e 2.1b: Each gene carries a single unit of information. A single

inherited trait of an individual can be determined by one pair
v/ Understand how to complete a or by many pairs of genes. One human cell contains thousands
Punnett Square. of different genes.

Genetics for Kids: Module 6 1
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e 2.1e: In sexual reproduction, half of the genes typically come from each parent. Sexually produced
offspring are not identical to either parent.

e 2.2c: The probability of traits being expressed can be determined by using models of genetic
inheritance. Some models of prediction are pedigree charts and Punnett Squares.

Background

Sickle cell anemia (SCA) is a genetic disease that is caused by a single mutation in the
DNA instructions for making hemoglobin, which is the molecule in red blood cells
that binds oxygen and transports the oxygen to cells throughout the body. In SCA, the
red blood cell is abnormally shaped, often resembling a sickle. It is difficult for the
sickle-shaped red blood cells to bind and transport oxygen throughout the body.

In addition, the sickled shape of the red blood cells makes it difficult for the cells

to pass through capillaries, which may cause health problems, including organ

damage and failure. RE&
;f%vdg‘
SCA occurs when a person has two copies of the allele for sickle-shaped red :J;?

blood cells (hemoglobin S). SC trait results when a person has one copy of the

allele for sickle-shaped red blood cells (hemoglobin S) and one copy of the allele

for normal red blood cells (hemoglobin A). SC trait normally does not cause disease and, e 0;%:.
therefore, has not generated as much health concern as SCA. All newborns are screened s é;;C:%
for the sickle cell allele, and families receive counseling when a child tests positive for »’é‘x' ‘j"%.-
SCA or SC trait. Recent deaths of athletes with the SC trait have generated interest in '%: ;Z:’
performing more complete testing of newborns for the SC trait and educating families Y ;f:*
about the risks of SC trait. 5{3{ ('gﬁ
s ‘;1

It has long been understood that malarial resistance and the SC trait are related. Although

malaria is not a concern in the United States, it is a global health problem. Areas that

experience heavy malarial outbreaks tend to have larger populations with SC trait than areas with little

or no exposure to malaria, because people with a copy of the sickle cell allele (SC trait) are more resistant
to malaria. When the red blood cell of a person with SC trait is infected with the malaria parasite, the
normally round red blood cell becomes sickle-shaped and the body attacks and destroys the sickle-shaped
red blood cell before the malaria parasite can reproduce. Persons with SC trait are more likely to have less
severe malarial infections, surviving to reproduce and pass on the sickle cell allele. Having SC trait is only an
advantage in environments with a high prevalence of malaria. Therefore, having a copy of the SC trait can
be an advantage or a disadvantage, depending on the environment in which a person lives. In environments
with a high prevalence of malaria, the risk of having SCA is outweighed by the benefit of having SC trait
to have some resistance to malaria, which is why SC trait can be an advantage in environments with many
malarial outbreaks, and a disadvantage in areas with little or no malarial outbreaks.

There are other examples of mutations that are advantageous when a person has one copy of the mutated
allele and lives in a particular environment. For example, a mutation in the Cystic Fibrosis Transmembrane
Conductance Regulator protein (CFTR) causes cystic fibrosis when a person has two copies of the allele.
However, a person carrying one copy of the mutated CFTR allele may have some level of resistance to
cholera and typhoid fever. This CFTR mutation is, therefore, only beneficial in environments with a high risk
of cholera and typhoid fever.

Genetics for Kids: Module 6
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Vocabulary

1. Allele: One of the multiple forms of a gene (humans usually have two copies of every gene). One allele or
copy comes from your mother and one allele or copy comes from your father.

2. DNA: An acronym for deoxyribonucleic acid, which is a double-stranded nucleic acid that contains the
genetic information for cell growth, division, and function.

3. Hemoglobin: A protein found in red blood cells that is responsible for carrying oxygen throughout
the body.

4. Mutation: A change in the DNA sequence of an organism.
5. Protein: Fundamental molecules in living cells necessary for the functioning of an organism.

6. Sickle cell anemia (SCA): A disease involving abnormally-shaped red blood cells that have difficulty
circulating through the body.

7. Sickle cell (SC) trait: When a person carries one copy of an abnormal gene for hemoglobin and one
normal gene for hemoglobin. Usually, such a person is healthy.

Materials List Procedure

Day of the Lesson
v/ Before you begin, ensure
that you have all of the items 1. Seat students in pairs.
necessary to complete the Inform students that in today’s module, they will be learning
module. about SCA, a genetic disease caused by a mutation in a person’s
7 S e DNA. Eprain.that the mutation for SCA can be an advantage
for a person if they have only one
v/ Blank paper for notes allele with the mutation and live in
a certain environment.

Encourage students to think about how a mutation can be an advantage in
some environments and a disadvantage in other environments.

2. Distribute a Student Handout to each student.

3. Instruct students to read Part I: Introduction.

Students will use a reflective reading strategy to go through Part | of the

Student Handout.

Explain reflective reading to the students. In one form of reflective

reading, one partner reads aloud a section of text while the second partner

listens. The listening partner will then ask the reading partner at least two questions based on the text the
reading partner just read. The students will then switch roles for the next section of text.

Circulate around the room as students read. Redirect students with questions, and check for
comprehension, as needed.

4. Emphasize key points from Part I: Introduction.
When all students are finished reading, address any questions students may have about SCA and malaria.

Genetics for Kids: Module 6
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Emphasize the following key points:

= SCA is a genetic disease caused by a mutation in a person’s DNA. To have SCA, a person must have
two copies of the sickle cell allele.

= A person has SC trait when they have one copy of the sickle cell allele and one copy of a normal
hemoglobin allele. A person with SC trait may have an advantage in certain environments because
they may be resistant to malaria.

5. Check students’ understanding of Part I: Introduction.
After you have emphasized the key points of the Introduction, ask students the following questions:

= \What causes malaria?

= Where is malaria most common?
= What causes SCA and SC trait?
= What is one complication that a person with SCA or SC trait may experience?

= Why might a person with SCA or SC trait experience health complications?

= Name one place where it would be an advantage to have SC trait.

6. Instruct students that they will be completing Part lll: Activity 1: Punnett Squares.

Ask students to turn to Part lll: Activities, read the instructions for Activity 1, and complete the Punnett
Squares to learn about the inheritance of the sickle cell allele.

If necessary, conduct a brief review of genotype, phenotype, and Punnett Squares. Circulate around the
room as students read. Redirect students with questions, and check for comprehension, as needed.

7. Review the results of the Punnett Squares.

Once your students have completed Activity 1, review the Punnett Squares to ensure that the students
have the correct crosses. Discuss the answers to the questions following each Punnett Square.

Remind students that many disorders do not have such straightforward genetic inheritance as the single
gene disorders demonstrated with the Punnett Squares. Many disorders are the result of the interaction
of many genes and environmental factors.

8. Introduce Part lll: Activity 2: Construct your understanding of sickle cell.

Explain that students will construct notes from the information on the Student Handout. Notes may
include written information, drawings, and relationship arrows.

Instruct students to reflect on the reading they just completed, and to identify the most important
concepts and pieces of information. Have students write down what they remember from the reading
without looking back at the reading.

Once students have recorded their initial thoughts, have students check their accuracy by referring to the
reading. Students may choose to add information to their notes at this time.

Instruct students to brainstorm with their partner about the ways in which the concepts in their notes
are linked. Students should try to include arrows between the ideas. Once students have a rough draft of
what they perceive to be important content, and how it is linked, they should create a clean copy of their
reformatted notes in the Student Handout.

Finally, encourage your students to add illustrations or other drawings to help them remember the
concepts they have put into their notes. Once completed, display the notes so that students can explain
their thinking in the particular organization scheme they illustrated.

Genetics for Kids: Module 6
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Sample Notes Page:

9. Lead a closing discussion about the module’s activities.

Conduct a brief wrap-up discussion after students have had a chance to complete their notes. Ask
students what conclusions they can make from their notes.

As a class, discuss the answers to Part IV: Conclusions Questions. After discussing each question, allow
students time to record their answers.

Genetics for Kids: Module 6
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Extension Lesson

Health Scenarios

The Extension Lesson Handout for Health Scenarios is located at the end of this module (see Teacher Note
1). Separate the class into three groups and give each group one scenario (A, B, or C) to read. Once each
group has read the assigned scenario, give the students adequate time to prepare answers to the questions
for each scenario. Each group should discuss the assigned scenario and their answers to the questions with
the rest of the class. The students should include the dilemmas faced by the characters in the discussion.
Discuss each group’s answers to a particular scenario before moving to the next.

1. After the presentation and discussion of all scenarios, conduct a discussion with the class using the
following questions:
= What are some of the benefits of genetic testing?
= What are some of the drawbacks of genetic testing?
= How will people decide whether to undergo testing for genetic disorders?
= Who will have access to the results of genetic tests?
= Will everyone be able to undergo genetic testing?
= Who should be allowed to see the results of genetic tests? Schools? Employers?

= Should children be tested for genetic disorders that are not present until adulthood?

Independent Research

Students may use questions (see Teacher Note 2) that were generated during the lesson and complete more
in-depth research on a particular question. Students may then present the research in the form of a poster
or PowerPoint to the rest of the class. Posters may be assembled into a large concept map on wall space in
or near the classroom. Consider adding other related news items, as well.

Teacher Notes

1. In scenario B of the extension activity, explain to the students that current protocols developed by
regulatory groups in the United States actively discourage the testing of individuals under the age of
18 for adult-onset diseases. Consequently, the question of whether a person should get tested has some
important caveats.

2. How does a person know if he or she has SCA or SC trait?

A hemoglobin electrophoresis can be conducted to determine the existence of the SC trait. The
electrophoresis presents a picture of the type of protein in the blood, such as hemoglobin A (normal
hemoglobin) and hemoglobin S (sickle cell hemoglobin). A genetic test also can be used to check for
the mutation in a person’s DNA.

When can a person with SC trait experience health complications?

Under low oxygen conditions—when the body is using oxygen faster than oxygen is able to be
circulated, such as during strenuous exercise.

Genetics for Kids: Module 6
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Additional Resources

1. Centers for Disease Control and Prevention, Malaria. The CDC's website provides information about
malaria, including its history, FAQs, diagnosis and treatment, and information for traveling to malarial

countries. http://www.cdc.gov/malaria/

2. lllinois Department of Public Health, Sickle cell disease and sickle cell trait. This website includes a brief
description of sickle cell, healthy guidelines, and why it is important to be screened for the hemoglobin

trait. http://www.idph.state.il.us/healthwellness/sicklecell.htm

3. PBS, A Mutation Story. This link provides a short video on the relationship between sickle cell and
malaria. http://www.pbs.org/wgbh/evolution/library/01/2/1 012 02.html

4. The Sickle Cell Information Center. This website includes resources for patients and families, as well as
information for teachers, students, and employers. http://www.scinfo.org/

5. University of Utah, Learn. Genetics. Sickle cell disease. This website includes basic information on sickle
cell disease, and includes various diagrams that may be helpful for students, such as how it is inherited
and how sickle-shaped red blood cells differ from normal red blood cells.

http://learn.genetics.utah.edu/content/disorders/whataregd/sicklecell/

Genetics for Kids: Module 6






Genetics for Kids: Module 6 Sickle Cell:
STUDENT HANDOUT The good, the bad, and the deadly

Part |: Introduction

How can something be bad in some situations and be an advantage in other situations? To answer this
question, you and a partner will read about sickle cell anemia (SCA) and sickle cell (SC) trait. Both SCA
and SC trait may cause serious health problems, however, in certain environments, having SC trait may
be an advantage.

Sickle cell basics

Blood is made up of red and white blood cells. Red blood cells are important because they travel
throughout the body and bind oxygen in the lungs when a person inhales. Oxygen binds, or sticks,
to part of the red blood cell called hemoglobin. The red blood cells then circulate through the body,
bringing oxygen to every cell. All cells need oxygen to survive, therefore, hemoglobin is vital to a
healthy body.

Humans can have mutations, or changes, in the DNA that contain the instructions for producing
hemoglobin. One of these mutations instructs the body to make an abnormal form of hemoglobin
called hemoglobin S. Red blood cells with hemoglobin S may be oddly shaped like an old-fashioned
tool called a sickle. Normal hemoglobin is called hemoglobin A. Red blood cells with hemoglobin A
are round.

Normal red
Sickle: A tool used to cut plant blood cell

material by hand.

Sickle-shaped
red blood cell

Image 1: A sickle-shaped blood cell looks like a sickle because it has abnormal hemoglobin
(hemoglobin S). Do you see the resemblance?
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Sickle cell’s effect on humans

Humans have two copies or alleles of the hemoglobin gene. In the normal form of the hemoglobin
allele, hemoglobin A, the red blood cells are round in shape. In the abnormal form of the allele,
hemoglobin S, the red blood cells are sickle-shaped. Thus, a person can have the following genetic
combinations (genotypes):

|
10|

¢ Two normal hemoglobin alleles (AA)

e One normal and one mutated (abnormal) hemoglobin alleles (AS)

¢ Two mutated (abnormal) hemoglobin alleles (SS)

Condition 1

Two sickle cell alleles

Condition 2

One sickle cell allele

The table below shows the effects of having these different combinations of hemoglobin cells.

Condition 3

No sickle cell alleles

SS

(two sickle cell alleles)
Genotype

AS

(one sickle cell allele,
one normal hemoglobin
allele)

AA
(two normal hemoglobin
alleles)

Cell Shape

Abnormal, sickle-shaped
red blood cells

Mostly normal, round red
blood cells. Some sickle-
shaped red blood cells
during stressful conditions.

All normal, round red
blood cells

Medical attention is
necessary. Most red blood
cells will be sickle-shaped.
A person with SCA will
need to be in the care of a

Medical doctor.

Attention
Necessary?

Medical attention is
necessary. Most red blood
cells will be healthy,

but red blood cells may
become sickle-shaped
during low oxygen and
other stressful conditions.
If a person with SC trait

is not treated when red
blood cells become sickle-
shaped, organ damage
can occur.

Medical attention for the
treatment of sickle-shaped
red blood cells is not
necessary
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Condition 1: People with two copies of hemoglobin S (genotype SS) have SCA. People with SCA have
abnormal sickle-shaped red blood cells that cause problems in the body. The sickle-shaped cells can get
stuck in a person’s blood vessels and cause reduced blood flow, which means that some organs do not
get enough oxygen and become damaged. For example, the kidney filters the blood and is particularly
susceptible to damage from sickle-shaped red blood cells. People with SCA are also less resistant to
infections.

Condition 2: People with one copy of hemoglobin A and one copy of hemoglobin S (genotype
AS) have SC trait. People with SC trait usually have normally-shaped red blood cells, but stressful
conditions may cause the red blood cells to become sickle-shaped. The SC trait can be beneficial in
certain environments, such as locations where malaria is common.

Condition 3: People with two copies of hemoglobin A (genotype AA) do not have any sickle-shaped
red blood cells.

Malaria

In tropical environments, malaria is common. Malaria is a disease caused by a parasite called
Plasmodium, and is transmitted by the bite of an Anopheles mosquito.

The symptoms of malaria include fever, chills, sweats, headaches, nausea and vomiting, and body
aches.

In the United States and western European countries, malaria is no longer naturally in the
environment. Consequently, it would be rare for a person to have malaria unless they had traveled to
an area where malaria was more common, such as Africa or other tropical regions.

In many developing countries, malaria is a leading cause of death. According to the World Health
Organization, approximately 90 percent of the estimated 350 to 500 million new cases of malaria
every year occur in Africa. Each year, one million patients, primarily young children, die of the disease.
Efforts to develop a vaccine have so far been unsuccessful, but a daily anti-malarial drug regimen,
protective clothing, and
bed nets may prevent
infection.

Sickle Cell and Malaria

Tropical regions are more
likely to have high levels
of malaria, and people
from these areas are also
more likely to have SC
trait. In areas with high
levels of malaria, SC trait
is an advantage.

When a person with SC
trait is infected with
malaria, the red blood
cells will change from
round to sickle-shaped.
The sickle-shaped

red blood cell is then

|
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destroyed by the body’s immune system, and the malaria parasite infecting the red blood cell is,
therefore, removed before it can complete its life cycle. As a result, a person who has SC trait who
becomes infected with malaria does not get as sick as a person who has normal red blood cells and is
considered to be resistant to malaria.

In areas where there is a high level of malaria, it is beneficial for a person to have SC trait because of
the resistance to malarial infection. However, there is the possibility that a person with SC trait may
pass the sickle cell allele on to his or her offspring. It is beneficial if only one parent passes on a copy
of the sickle cell allele; however, it is dangerous if both parents pass on a copy of the sickle cell allele.
In areas with high levels of malaria, there are also large populations of people with SC trait; therefore,
the risk of both the mother and the father having SC trait is greater.

If a child gets two copies of the sickle cell allele, he or she will have SCA, which does not increase
resistance to malaria and is a major health concern. Despite the risk of having a child with SCA, the
benefits of a child with SC trait are great in areas with high levels of malaria because of resistance to
malarial infection. In areas with low levels of malaria, the benefits of having SC trait do not outweigh
the risk of having SCA and having an offspring with SCA. Therefore, the sickle cell mutation can be an
advantage in environments with high levels of malaria and a disadvantage in environments with low
levels of malaria.

In this module, you will use the example of SCA and SC trait to explore how a mutation in DNA, such
as the sickle cell mutation, can affect an organism, and why that mutation may persist in a population.
You will use Punnett Squares to help illustrate the inheritance patterns of the sickle cell allele.

Part Il: Vocabulary

1. Allele: One of multiple forms of a gene (humans usually have two copies of every gene). One allele
or copy come from your mother and one allele or copy comes from your father.

2. DNA (deoxyribonucleic acid): A double-stranded nucleic acid that contains the genetic information
for cell growth, division, and function.

3. Gene: A DNA sequence that is transcribed to produce a functional product.

4. Genotype: Specific genes, or instructions, that make up the DNA of an organism.

5. Hemoglobin: A protein found in red blood cells that is responsible for carrying oxygen.
6. Mutation: A change in DNA sequence of an organism.

7. Phenotype: The physical, observable traits of an organism, determined by the genes.

8. Protein: Fundamental molecules in living cells that are necessary for the functioning of an
organism.

9. Sickle cell anemia: A disease involving abnormally shaped red blood cells that have difficulty
circulating through the body.

10.Sickle cell trait: When a person carries one copy of an abnormal gene for hemoglobin and one
normal gene for hemoglobin. This person is usually healthy.

|
12|
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Part lll: Activities

Activity 1: Inheritance of sickle cell

Using Punnett Squares, you will examine some inheritance possibilities of hemoglobin alleles (A and S)
to illustrate the possible gene combinations that could occur between two parents. Remember Punnett
Squares only tell us the possibility of any one child of a couple having the specific gene combination

(genotype).

Example: Both parents have two normal alleles for hemoglobin. Normal hemoglobin is called
hemoglobin A, so the genotype of each parent is represented as “AA."

Father
A A

A AA AA

Mother

A AA AA

a. Show a cross in the above Punnett Square between two parents with the “AA" genotype.

b. What is the possibility that this couple will have a child with abnormal hemoglobin S in his or her
cells? Explain your answer.

There is a zero percent chance that a child from this couple would have abnormal hemoglobin.
Of the possible genotypes from this couple, none contains a copy of the abnormal hemoglobin S.

c. Isthere any possibility that a child from this couple could be resistant to malaria?
Explain your answer.

There is no possibility that a child from this couple would be resistant to malaria. To be resistant
to malaria, a person needs to carry one allele for sickle cell (genotype AS). None of the possible
genotypes from this couple contains a copy of the abnormal hemoglobin S.

|
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Punnett Square #1: One parent has normal hemoglobin, and one parent has the SC trait (called a
carrier for sickle cell). The letter “S” represents the sickle cell allele. A person who is a carrier will have
one “S” allele and one normal hemoglobin allele (*A").

Father

Mother

a. Show a cross in the above Punnett Square between a parent with normal hemoglobin and a parent
who carries one allele for SC trait.

b. What is the possibility that the couple could have a child with abnormal hemoglobin S in his or her
red blood cells? Explain your answer.

c. Isthere any possibility that a child from this couple could be resistant to malaria?
Explain your answer.

|
14|
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Punnett Square #2: Both parents have the SC trait (called a carrier for sickle cell). The sickle cell allele
is represented by the letter “S.” A person who is a carrier will have one “S” allele and one normal
hemoglobin allele (“A").

Father

Mother

a. Show a cross in the above Punnett Square between two parents who each carry one allele for
SC trait.

b. What is the possibility that this couple could have a child with SCA?
Explain your answer.

c. Isthere any possibility that a child from this couple could be resistant to malaria? Explain your
answer.

|
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Activity 2: Construct your understanding of sickle cell

Reflect on what you have read, and discuss with your partner what you think is important to
remember about sickle cell. For now, do not look back at your paper, rely on your memory and see
what comes to mind.

Jot down your ideas here:

Check yourself. One way to do this is to look in your reading. Did you forget anything? Go ahead and
add to your notes.

How are these ideas linked together? See if you can come up with connections between some of the
important concepts that are linked together—for example, by drawing arrows between linked ideas.
Once you have decided what is important to remember, and how the important concepts and ideas are
linked, use a blank sheet of paper to make a clean, neat copy.

Create drawings to help you remember details. Using colored pencils, create some drawings to
illustrate your notes. Doing this will help you to remember key details and will make your notes more
interesting.

How do you organize your notes? Be creative; do not simply rewrite the information on this Handout.
Find ways to represent the ideas that have meaning to you.

|
16|
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Part IV: Conclusion questions

In the United States, would it be more advantageous to have completely normal hemoglobin

1.
(genotype AA), to have SC trait (genotype AS), or to have SCA (genotype SS)?

Explain your answer.

If a person lived in an area of Africa, Asia, Central America, or South America that had many
malarial cases, would it be more advantageous to have completely normal hemoglobin (genotype
AA), to be asickle cell carrier (genotype AS), or to have sickle cell disease (genotype SS)?

2.

Explain your answer.

Part V: Notes

|
|17
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Part |: Introduction

How can something be bad in some situations and be an advantage in other situations? To answer this
question, you and a partner will read about sickle cell anemia (SCA) and sickle cell (SC) trait. Both SCA
and SC trait may cause serious health problems, however, in certain environments, having SC trait may
be an advantage.

Sickle cell basics

Blood is made up of red and white blood cells. Red blood cells are important because they travel
throughout the body and bind oxygen in the lungs when a person inhales. Oxygen binds, or sticks,
to part of the red blood cell called hemoglobin. The red blood cells then circulate through the body,
bringing oxygen to every cell. All cells need oxygen to survive, therefore, hemoglobin is vital to a
healthy body.

Humans can have mutations, or changes, in the DNA that contain the instructions for producing
hemoglobin. One of these mutations instructs the body to make an abnormal form of hemoglobin
called hemoglobin S. Red blood cells with hemoglobin S may be oddly shaped like an old-fashioned
tool called a sickle. Normal hemoglobin is called hemoglobin A. Red blood cells with hemoglobin A
are round.

Normal red
Sickle: A tool used to cut plant blood cell

material by hand.

Sickle-shaped
red blood cell

Image 1: A sickle-shaped blood cell looks like a sickle because it has abnormal hemoglobin
(hemoglobin S). Do you see the resemblance?
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Sickle cell’s effect on humans

Humans have two copies or alleles of the hemoglobin gene. In the normal form of the hemoglobin
allele, hemoglobin A, the red blood cells are round in shape. In the abnormal form of the allele,
hemoglobin S, the red blood cells are sickle-shaped. Thus, a person can have the following genetic
combinations (genotypes):

e Two normal hemoglobin alleles (AA)

e One normal and one mutated (abnormal) hemoglobin alleles (AS)

¢ Two mutated (abnormal) hemoglobin alleles (SS)

Condition 1

Two sickle cell alleles

Condition 2

One sickle cell allele

The table below shows the effects of having these different combinations of hemoglobin cells.

Condition 3

No sickle cell alleles

SS

(two sickle cell alleles)
Genotype

AS

(one sickle cell allele,
one normal hemoglobin
allele)

AA
(two normal hemoglobin
alleles)

Cell Shape

Abnormal, sickle-shaped
red blood cells

Mostly normal, round red
blood cells. Some sickle-
shaped red blood cells
during stressful conditions.

All normal, round red
blood cells

Medical attention is
necessary. Most red blood
cells will be sickle-shaped.
A person with SCA will
need to be in the care of a

Medical doctor.

Attention
Necessary?

Medical attention is
necessary. Most red blood
cells will be healthy,

but red blood cells may
become sickle-shaped
during low oxygen and
other stressful conditions.
If a person with SC trait

is not treated when red
blood cells become sickle-
shaped, organ damage
can occur.

Medical attention for the
treatment of sickle-shaped
red blood cells is not
necessary
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Condition 1: People with two copies of hemoglobin S (genotype SS) have SCA. People with SCA have
abnormal sickle-shaped red blood cells that cause problems in the body. The sickle-shaped cells can get
stuck in a person’s blood vessels and cause reduced blood flow, which means that some organs do not
get enough oxygen and become damaged. For example, the kidney filters the blood and is particularly
susceptible to damage from sickle-shaped red blood cells. People with SCA are also less resistant to
infections.

Condition 2: People with one copy of hemoglobin A and one copy of hemoglobin S (genotype
AS) have SC trait. People with SC trait usually have normally-shaped red blood cells, but stressful
conditions may cause the red blood cells to become sickle-shaped. The SC trait can be beneficial in
certain environments, such as locations where malaria is common.

Condition 3: People with two copies of hemoglobin A (genotype AA) do not have any sickle-shaped
red blood cells.

Malaria

In tropical environments, malaria is common. Malaria is a disease caused by a parasite called
Plasmodium, and is transmitted by the bite of an Anopheles mosquito.

The symptoms of malaria include fever, chills, sweats, headaches, nausea and vomiting, and body
aches.

In the United States and western European countries, malaria is no longer naturally in the
environment. Consequently, it would be rare for a person to have malaria unless they had traveled to
an area where malaria was more common, such as Africa or other tropical regions.

In many developing countries, malaria is a leading cause of death. According to the World Health
Organization, approximately 90 percent of the estimated 350 to 500 million new cases of malaria
every year occur in Africa. Each year, one million patients, primarily young children, die of the disease.
Efforts to develop a vaccine have so far been unsuccessful, but a daily anti-malarial drug regimen,
protective clothing, and
bed nets may prevent
infection.

Sickle Cell and Malaria

Tropical regions are more
likely to have high levels
of malaria, and people
from these areas are also
more likely to have SC
trait. In areas with high
levels of malaria, SC trait
is an advantage.

When a person with SC
trait is infected with
malaria, the red blood
cells will change from
round to sickle-shaped.
The sickle-shaped

red blood cell is then

|
|21




S I DTN DN ANSWERS GENETICS FOR KIDS: | Module 6

destroyed by the body’s immune system, and the malaria parasite infecting the red blood cell is,
therefore, removed before it can complete its life cycle. As a result, a person who has SC trait who
becomes infected with malaria does not get as sick as a person who has normal red blood cells and is
considered to be resistant to malaria.

In areas where there is a high level of malaria, it is beneficial for a person to have SC trait because of
the resistance to malarial infection. However, there is the possibility that a person with SC trait may
pass the sickle cell allele on to his or her offspring. It is beneficial if only one parent passes on a copy
of the sickle cell allele; however, it is dangerous if both parents pass on a copy of the sickle cell allele.
In areas with high levels of malaria, there are also large populations of people with SC trait; therefore,
the risk of both the mother and the father having SC trait is greater.

If a child gets two copies of the sickle cell allele, he or she will have SCA, which does not increase
resistance to malaria and is a major health concern. Despite the risk of having a child with SCA, the
benefits of a child with SC trait are great in areas with high levels of malaria because of resistance to
malarial infection. In areas with low levels of malaria, the benefits of having SC trait do not outweigh
the risk of having SCA and having an offspring with SCA. Therefore, the sickle cell mutation can be an
advantage in environments with high levels of malaria and a disadvantage in environments with low
levels of malaria.

In this module, you will use the example of SCA and SC trait to explore how a mutation in DNA, such
as the sickle cell mutation, can affect an organism, and why that mutation may persist in a population.
You will use Punnett Squares to help illustrate the inheritance patterns of the sickle cell allele.

Part Il: Vocabulary

1. Allele: One of multiple forms of a gene (humans usually have two copies of every gene). One allele
or copy come from your mother and one allele or copy comes from your father.

2. DNA (deoxyribonucleic acid): A double-stranded nucleic acid that contains the genetic information
for cell growth, division, and function.

3. Gene: A DNA sequence that is transcribed to produce a functional product.

4. Genotype: Specific genes, or instructions, that make up the DNA of an organism.

5. Hemoglobin: A protein found in red blood cells that is responsible for carrying oxygen.
6. Mutation: A change in DNA sequence of an organism.

7. Phenotype: The physical, observable traits of an organism, determined by the genes.

8. Protein: Fundamental molecules in living cells that are necessary for the functioning of an
organism.

9. Sickle cell anemia: A disease involving abnormally shaped red blood cells that have difficulty
circulating through the body.

10.Sickle cell trait: When a person carries one copy of an abnormal gene for hemoglobin and one
normal gene for hemoglobin. This person is usually healthy.

|
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Part lll: Activities

Activity 1: Inheritance of sickle cell

Using Punnett Squares, you will examine some inheritance possibilities of hemoglobin alleles (A and S)
to illustrate the possible gene combinations that could occur between two parents. Remember Punnett
Squares only tell us the possibility of any one child of a couple having the specific gene combination

(genotype).

Example: Both parents have two normal alleles for hemoglobin. Normal hemoglobin is called
hemoglobin A, so the genotype of each parent is represented as “AA.”

Father
A A

A AA AA

Mother

A AA AA

a. Show a cross in the above Punnett Square between two parents with the “AA" genotype.

b. What is the possibility that this couple will have a child with abnormal hemoglobin S in his or her
cells? Explain your answer.

There is a zero percent chance that a child from this couple would have abnormal hemoglobin.
Of the possible genotypes from this couple, none contains a copy of the abnormal hemoglobin S.

c. Is there any possibility that a child from this couple could be resistant to malaria?
Explain your answer.

There is no possibility that a child from this couple would be resistant to malaria. To be resistant
to malaria, a person needs to carry one allele for sickle cell (genotype AS). None of the possible
genotypes from this couple contains a copy of the abnormal hemoglobin S.

|
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Punnett Square #1: One parent has normal hemoglobin, and one parent has the SC trait (called a
carrier for sickle cell). The letter “S” represents the sickle cell allele. A person who is a carrier will have
one “S” allele and one normal hemoglobin allele (*A").

Father
A A

A AA AA

Mother

S AS AS

a. Show a cross in the above Punnett Square between a parent with normal hemoglobin and a parent
who carries one allele for SC trait.

b. What is the possibility that this couple could have a child with abnormal hemoglobin S in their red
blood cells? Explain your answer.

There is a 50 percent chance that a child from this couple would have abnormal hemoglobin S
in the red blood cells. Two of the four possible crosses (50 percent) have a copy of the hemoglobin
S allele.

c. Isthere any possibility that a child from this couple could be resistant to malaria?
Explain your answer.

There is a 50 percent chance that a child from this couple could be resistant to malaria. The
Punnett Square shows that two of the four possible genotypes (50 percent) from this couple are
“AS."” A person with the genotype “AS” has SC trait and is resistant to malaria.
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Punnett Square #2: Both parents have the SC trait (called a carrier for sickle cell). The sickle cell allele
is represented by the letter “S.” A person who is a carrier will have one “S” allele and one normal
hemoglobin allele (“A").

Father
A A

A AA AA

Mother

S AS AS

a. Show a cross in the above Punnett Square between two parents who each carry one allele for
SC trait.

b. What is the possibility that this couple could have a child with SCA?
Explain your answer.

There is a 25 percent chance that a child from this couple will have SCA. One possible genotype
out of four (25 percent) is “SS.” A person with the genotype “SS” will have SCA.

c. Is there any possibility that a child from this couple could be resistant to malaria?
Explain your answer.

There is a 50 percent chance that a child from this couple could be resistant to malaria. Two of the
four possible genotypes are “AS.” A person with the genotype “AS” has SC trait and is resistant
to malaria.

|
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Activity 2: Construct your understanding of sickle cell

Reflect on what you have read, and discuss with your partner what you think is important to
remember about sickle cell. For now, do not look back at your paper, rely on your memory and see
what comes to mind.

Jot down your ideas here:

The answer to this question will vary for each student.

Check yourself. One way to do this is to look in your reading. Did you forget anything? Go ahead and
add to your notes.

How are these ideas linked together? See if you can come up with connections between some of the
important concepts that are linked together—for example, by drawing arrows between linked ideas.
Once you have decided what is important to remember, and how the important concepts and ideas are
linked, use a blank sheet of paper to make a clean, neat copy.

Create drawings to help you remember details. Using colored pencils, create some drawings to
illustrate your notes. Doing this will help you to remember key details and will make your notes more
interesting.

How do you organize your notes? Be creative; do not simply rewrite the information on this Handout.
Find ways to represent the ideas that have meaning to you.
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Part IV: Conclusion questions

1. In the United States, would it be more advantageous to have completely normal hemoglobin
(genotype AA), to have SC trait (genotype AS), or to have SCA (genotype SS)?
Explain your answer.

In the United States, it would be more advantageous to have genotype AA (normal hemoglobin)
because there is very little risk of contracting malaria. Due to the low risk of malarial infection,
carrying the SC allele (SC trait) would not be advantageous.

2. If a person lived in an area of Africa, Asia, Central America, or South America that had many
malarial cases, would it be more advantageous to have completely normal hemoglobin (genotype
AA), to be asickle cell carrier (genotype AS), or to have sickle cell disease (genotype SS)?

Explain your answer.

If a person lived in an area of Africa, Asia, Central America, or South America, it would be
advantageous to be a sickle cell carrier (genotype AS) due to the increased risk of contracting
malaria. People who have SC trait are more resistant to malaria infection and therefore have an
advantage in areas with high levels of malaria.

Part V: Notes

|
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EXTENSION LESSON HANDOUT

Sickle Cell:

The good, the bad, and the deadly

Health Scenarios

Categories of Genetic Disorders

Type of

Disorder

Chromosome
Abnormality

Mutation

Number of
chromosomes is
abnormal due to
extra or missing

Examples

Down'’s syndrome — extra
chromosome 21.

Turner syndrome—females are

Common Characteristics of
Resulting Disorder

Intellectual disability.

Females have impaired

mutates, so that
the resulting
protein is altered.

chromosome 7, resulting in
problems moving salt in and out
of cells.

chromosomes. missing an X chromosome (have | development and growth.
one instead of two).
Single-Gene One gene Cystic fibrosis—caused by a Affects respiratory and
Disorders changes, or mutation in a single gene on digestive systems.

Multifactorial

Many genes are

Diabetes (Type I)

Body is unable to produce

disease allele
without actually
having the
disease.

Sachs disease.

Disorders altered and the insulin and break down
environment Cancer sugar.
plays a key role;
many factors Abnormal cells in a person’s
contribute to the body grow and spread
disorder. uncontrollably.
Carriers of A person Any disorder caused by a Person shows no symptoms.
Mutant Genes | “carries” a recessive mutation, such as Tay- | They have one copy of the

disease allele and one copy
of the normal allele.

Carriers of the mutated
allele shown to cause Tay-
Sachs disease (a severe
degenerative disorder) have
no symptoms.

Sex-linked
Disorders

Disorder is more
apparent in males
(XY) than females
(XX), but females
can be carriers.

Hemophilia—caused by a
mutation in a gene on the X
chromosome. Males with a
mutant gene on their single

X chromosome will have the
disorder. Females with a normal
gene on one X chromosome
and a mutation on one X
chromosome will be carriers.

Results in inefficient
formation of blood clots.
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Scenario A:

Background: Phenylketonuria (PKU), is an example of a single-gene disorder, and is caused

by a mutation in a gene on chromosome 12. PKU is a recessive disorder; a person must inherit
both copies of the gene from his or her parents in order to be affected. Babies are tested at
birth for this disorder. A mutation in this gene leads to a defect in the liver enzyme that breaks
down the amino acid, phenylalanine (Phe). Therefore, older children with PKU must limit their
intake of foods containing Phe, which is found in most foods high in protein, and include
meat, eggs, nuts, beans, and cheese. People with PKU also supplement their diets with formula
so that their bodies can manufacture other amino acids that are lacking in their low-protein
diets. People with PKU can lead normal, healthy lives as long as they monitor their diets and
limit protein intake, often with the help of a dietician.

Genetic disorder in middle school students

Discussion Topics: Psychological impact of genetic differences; privacy and confidentiality.

A new kid starts the 8th grade at your school. He is in three of your classes and, eventually, you start
to become friends. You notice that he often brings his lunch to the cafeteria. You offer him some of
your extra food from the cafeteria line, but he always declines. One day you ask him to come to your
house after school. He will not eat the dish of ice cream that you offer him. Finally you ask him, “Why
are you such a picky eater?” He explains, “I have a condition where if | eat too much protein, like from
the milk in ice cream, my brain might not stay healthy.” He goes on to explain that he has a genetic
disorder called phenylketonuria (PKU). He asks you to promise not to tell anyone because he is afraid
other kids will tease him.

uestions:

1. What responsibility do you have towards your friend about his genetic disorder? Should you tell
other kids?

2. Check soda cans, snack packages, and gum. Do any have the warning “Not for phenylketonurics,”
or something similar? Research how and why this label was added to certain foods. Do all
manufacturers have to include this warning?

3. Discuss how having this genetic condition is an example of genetics and environment acting
together. How can individuals with PKU adjust the outcome of their situation?

|
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Scenario B:

Background: Huntington'’s disease (HD) is a dominant disorder
that affects the part of the brain that controls thinking,
emotion, and movement. This disease leads to a loss of H = Huntington’s disease
nerve cells, and is caused by a mutation in a single gene on (dominant)
chromosome 4. Most people who have the disease begin
to see symptoms between the ages of 30 and 50, although
symptoms can appear earlier or later in life. The disease
progressively worsens and can lead to dementia.

Huntington’s disease alleles

h = No disease
(recessive)

Child with genetic disorder in biological parent
Discussion Topics: Reproductive issues; access to new genetic technology.

A child just found out that his mother has been diagnosed with HD. It dawns on him that he might get
the same disease. His parents ask if he would like to be tested for the disease.

uestions:

1. What are the two possible genotypes of the mother for the HD gene?

2. Why does the mother have the disease if she only has one copy of the disease allele?

3. What are the child’s possible genotypes for the HD gene?

4. What is the probability that the child will have HD?

5. Should the child get tested for the disease allele?

6. If the disease only strikes people after they are in their 50s, why would a person want to learn such
news now?

|
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Scenario C:

Background: Hemophilia is a sex-linked disorder that is caused by a mutation in one of the
clotting factor genes, all of which are found on the X chromosome. Remember, females have
two X chromosomes and males have one X chromosome and one Y chromosome. A female can
carry a sex-linked disorder and not have the disease. To have the disease a female would have
to inherit two X chromosomes with the mutation. A male inherits one X chromosome, so if
that X chromosome has the mutation, the man will have the disease.

Hemophilia can be either mild or severe, depending on the gene that is mutated. Symptoms of
hemophilia include bruising easily and difficulties with blood clotting. People with the disease
can inject themselves with clotting factor to aid the formation of blood clots to either stop or
prevent bleeding.

Sex linked disorder in sibling
Discussion Topics: Privacy and confidentiality; psychological impact of genetic testing.

A child’s biological parents just had a baby boy. The parents quickly realize that the baby boy’s skin
swells and bruises easily. A doctor diagnoses the baby with hemophilia after testing his blood for
clotting factors. The child, the mother, and the father do not have hemophilia.

Questions:

1. Does the father have a normal or diseased allele (for the particular clotting gene)?

2. Does the mother have a normal or diseased allele?

3. What would it be like to have a brother with hemophilia? What special considerations will the
family have to think about?

4. How can the child help the brother?
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Health Scenarios

Categories of Genetic Disorders

Type of Mutation
Disorder

Chromosome Number of
Abnormality chromosomes is

extra or missing

abnormal due to

Examples

Down'’s syndrome — extra
chromosome 21.

Turner syndrome—females are

Common Characteristics of
Resulting Disorder

Intellectual disability.

Females have impaired

the resulting

mutates, so that

protein is altered.

chromosome 7, resulting in
problems moving salt in and out
of cells.

chromosomes. missing an X chromosome (have | development and growth.
one instead of two).
Single-Gene One gene Cystic fibrosis—caused by a Affects respiratory and
Disorders changes, or mutation in a single gene on digestive systems.

Multifactorial | Many genes are

Diabetes (Type I)

Body is unable to produce

disease allele

having the
disease.

without actually

Sachs disease.

Disorders altered and the insulin and break down
environment Cancer sugar.
plays a key role;
many factors Abnormal cells in a person’s
contribute to the body grow and spread
disorder. uncontrollably.
Carriers of A person Any disorder caused by a Person shows no symptoms.
Mutant Genes | “carries” a recessive mutation, such as Tay- | They have one copy of the

disease allele and one copy
of the normal allele.

Carriers of the mutated
allele shown to cause Tay-
Sachs disease (a severe
degenerative disorder) have
no symptoms.

Sex-linked
Disorders

can be carriers.

Disorder is more

apparent in males
(XY) than females
(XX), but females

Hemophilia—caused by a
mutation in a gene on the X
chromosome. Males with a
mutant gene on their single

X chromosome will have the
disorder. Females with a normal
gene on one X chromosome
and a mutation on one X
chromosome will be carriers.

Results in inefficient
formation of blood clots.
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Scenario A:

Background: Phenylketonuria (PKU), is an example of a single-gene disorder, and is caused

by a mutation in a gene on chromosome 12. PKU is a recessive disorder; a person must inherit
both copies of the gene from his or her parents in order to be affected. Babies are tested at
birth for this disorder. A mutation in this gene leads to a defect in the liver enzyme that breaks
down the amino acid, phenylalanine (Phe). Therefore, older children with PKU must limit their
intake of foods containing Phe, which is found in most foods high in protein, and include
meat, eggs, nuts, beans, and cheese. People with PKU also supplement their diets with formula
so that their bodies can manufacture other amino acids that are lacking in their low-protein
diets. People with PKU can lead normal, healthy lives as long as they monitor their diets and
limit protein intake, often with the help of a dietician.

Genetic disorder in middle school students

Discussion Topics: Psychological impact of genetic differences; privacy and confidentiality.

A new kid starts the 8th grade at your school. He is in three of your classes and, eventually, you start
to become friends. You notice that he often brings his lunch to the cafeteria. You offer him some of
your extra food from the cafeteria line, but he always declines. One day you ask him to come to your
house after school. He will not eat the dish of ice cream that you offer him. Finally you ask him, “Why
are you such a picky eater?” He explains, “I have a condition where if | eat too much protein, like from
the milk in ice cream, my brain might not stay healthy.” He goes on to explain that he has a genetic
disorder called phenylketonuria (PKU). He asks you to promise not to tell anyone because he is afraid
other kids will tease him.

uestions:

1. What responsibility do you have towards your friend about his genetic disorder? Should you tell
other kids?

The answer to this question will vary for each student.

2. Check soda cans, snack packages, and gum. Do any have the warning “Not for phenylketonurics,”
or something similar? Research how and why this label was added to certain foods. Do all
manufacturers have to include this warning?

Many sodas, snacks, and gum contain aspartame, which is broken down into phenylalanine (Phe),
aspartic acid, and methanol. Because aspartame is a source of phenylalanine, manufacturers in the
United States are required to include the warning, “Phenylketonurics: Contains Phenylalanine” on
their product labels if the product contains aspartame.

3. Discuss how having this genetic condition is an example of genetics and environment acting
together. How can individuals with PKU adjust the outcome of their situation?

The effects of genetic disease PKU will only be seen in persons who have the disease AND
who are exposed to phenylalanine or products that are sources of phenylalanine. Therefore,
persons with PKU can adjust the outcome of their situation by avoiding a diet that contains
phenylalanine.
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Scenario B:

Background: Huntington'’s disease (HD) is a dominant disorder
that affects the part of the brain that controls thinking,
emotion, and movement. This disease leads to a loss of H = Huntington’s disease
nerve cells, and is caused by a mutation in a single gene on (dominant)
chromosome 4. Most people who have the disease begin
to see symptoms between the ages of 30 and 50, although
symptoms can appear earlier or later in life. The disease
progressively worsens and can lead to dementia.

Huntington’s disease alleles

h = No disease
(recessive)

Child with genetic disorder in biological parent
Discussion Topics: Reproductive issues; access to new genetic technology.

A child just found out that his mother has been diagnosed with HD. It dawns on him that he might get
the same disease. His parents ask if he would like to be tested for the disease.

uestions:

1. What are the two possible genotypes of the mother for the HD gene?

Hh or HH

N

. Why does the mother have the disease if she only has one copy of the disease allele?

Hungtington’s disease is a dominant disorder, which means a person only needs one copy of the
allele to have the disease.

3. What are the child’s possible genotypes for the HD gene?
If the father does not have the disease, his genotype is “hh.” If the mother’s genotype is “Hh,” the

child’s genotype could be “hh” or “Hh.” If the mother’s genotype is “HH,” the child’s genotype will
be “Hh.”

4. What is the probability that the child will have HD?
The probability depends on whether the mother’s genotype is “Hh"” or “HH.” If the mother’s

genotype is “Hh,” the probability that the child will have HD is 50 percent. If the mother’s
genotype is “HH,” the probability that the child has HD is 100 percent.

5. Should the child get tested for the disease allele?

The answer to this question will vary for each student.

6. If the disease only strikes people after they are in their 50s, why would a person want to learn such
news now?

The answer to this question will vary for each student.

|
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Scenario C:

Background: Hemophilia is a sex-linked disorder that is caused by a mutation in one of the
clotting factor genes, all of which are found on the X chromosome. Remember, females have
two X chromosomes and males have one X chromosome and one Y chromosome. A female can
carry a sex-linked disorder and not have the disease. To have the disease a female would have
to inherit two X chromosomes with the mutation. A male inherits one X chromosome, so if
that X chromosome has the mutation, the man will have the disease.

Hemophilia can be either mild or severe, depending on the gene that is mutated. Symptoms of
hemophilia include bruising easily and difficulties with blood clotting. People with the disease
can inject themselves with clotting factor to aid the formation of blood clots to either stop or
prevent bleeding.

Sex linked disorder in sibling
Discussion Topics: Privacy and confidentiality; psychological impact of genetic testing.

A child’s biological parents just had a baby boy. The parents quickly realize that the baby boy’s skin
swells and bruises easily. A doctor diagnoses the baby with hemophilia after testing his blood for
clotting factors. The child, the mother, and the father do not have hemophilia.

Questions:

1. Does the father have a normal or diseased allele (for the particular clotting gene)?

The father has a normal allele for the blood clotting gene.

2. Does the mother have a normal or diseased allele?

The mother has a diseased allele for the blood clotting gene.

3. What would it be like to have a brother with hemophilia? What special considerations will the
family have to think about?

The answer to this question will vary for each student.

4. How can the child help the brother?

The answer to this question will vary for each student.

|
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