From Gene to Disease:
Sickle Cell Anemia
Why Does a Deadly Disease Still Exist?

From Gene to Disease: Sickle Cell Anemia
Introduction
In 1904, a very sick man stumbled into Chicago Presbyterian Hospital complaining of weakness
and fever. Struggling to diagnose him, his doctor looked at the patient’s red blood cells under a
microscope. To his surprise, the doctor observed that instead of looking like small red donuts,
the patient’s red blood cells were elongated and sickle-shaped. This was the first documented
diagnosis of sickle cell anemia, a disease named for the strangely shaped red blood cells
observed on that day in Chicago. Look at Figure 1. On the left are healthy, donut-shaped red
blood cells. They are spongy and elastic and can squeeze through tight spaces, such as narrow
blood vessels. On the right are sickled red blood cells. They are no longer spongy and elastic;
instead, they are sticky and tend to clump together, clogging up blood vessels and depriving the
body of oxygen and nutrients.

a.

b.

Figure 1. Sickled Red Blood Cells. a. Healthy (panel 1) and sickle cell (panel 2) red blood
cells. Healthy cells are shaped like donuts or inner tubes. Sickled cells are shriveled and
sticky. b. Sickle cell anemia takes its name from an old fashioned farming tool called a
sickle. Source: WIkimedia Commons.
Sickle cell anemia is a painful and often lethal (deadly) disease. Individuals with sickle cell
anemia have shorter than average lifespans and have fewer than average children. And yet,
despite these obvious and severe disadvantages, about four million people worldwide have it.
How can a trait that directly limits an individual’s evolutionary fitness (reproductive success in a
particular environment) still be so common? In this lesson, you will discover the answer using
your knowledge of genetics, data analysis, and evolution.

What To Do
Read “Sarah’s Story. Then, answer the analysis questions, reading the Bite when instructed.
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Sarah’s Story
Sarah, her brother Joseph, and their parents live in Providence, Rhode Island. Their mother’s
family has been in America for generations, but their father was born in Republic of Gabon, in
central Africa. Sarah and her brother spend every summer with their paternal grandfather in
Gabon. Before Sarah left for her summer trip last year, she wasn’t feeling great—she had a
couple of days of feeling weak and tired. She decided to ignore her symptoms and try to enjoy
her summer. She and Joseph had a great time and returned from their vacation excited to start
school again.
Then, in October, Sarah’s symptoms came back and Joseph felt sick, too. Sarah was feeling
weak and tired again, and had some pain in her joints. Joseph had frequent fevers, chills,
nausea, and other flu-like symptoms.
They both went to the doctor with their parents. The doctor took blood for genetic testing. A few
weeks after their visit, the doctor called with the results: Sarah and Joseph were both sick, but
with different diagnoses. Sarah had the sickle cell trait, meaning that she had one copy of the
allele for sickle cell anemia. Joseph did not have sickle cell trait, but he did have malaria, which
is a serious illness transferred to humans by mosquitoes.
Sickle cell anemia, Sarah learned, is common among people of African descent. In the United
States, about 1 in 500 African Americans has the disease. It is an autosomal genetic disorder,
meaning that the alleles that cause the disease are not found on the X or Y sex chromosomes.
Sickle cell anemia follows a recessive inheritance pattern, so to have the disease, children
must inherit a copy of the sickle cell allele from each of their parents (homozygous for the
sickle cell allele). Sarah was a carrier for the disease, which means she was heterozygous for
the allele. Sarah inherited a sickle cell allele from one of her parents and one normal allele from
the other. Sarah’s doctor explained that the alleles a person has for a certain trait are a
genotype. The trait, in this case whether the person is has sickle cell trait, sickle cell anemia, or
neither, is the phenotype. Sickle cell genotypes and phenotypes are shown in Table 1.

Phenotype

Has sickle cell
anemia

Has sickle cell trait

Does not have sickle
cell trait or anemia

Genotype

HbSS

HbAS

HbAA

Table 1. Sickle Cell Phenotypes and Genotypes. A person with sickle cell anemia is
homozygous for the sickle cell allele. A person with sickle cell trait is heterozygous. A person
without sickle cell anemia or sickle cell trait is homozygous for the normal allele.
The Hb in the genotype stands for hemoglobin, the protein in their blood that carries oxygen
throughout the body. The sickle cell allele causes hemoglobin to fold improperly, making it
ineffective at carrying oxygen. The misfolded hemoglobin causes the red blood cell itself to get
elongated and prone to clumping, which can make it even more difficult for blood to deliver
oxygen to the cells. A lack of oxygen can cause organ failure, paralysis, and pain. Most of the
time, people with sickle cell trait don’t have any symptoms. Carriers have some sickled red
blood cells with the misfolded hemoglobin, but they also have plenty of normal red blood cells
with normal hemoglobin. Sarah’s doctor thinks that her symptoms were brought on because of
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dehydration—Sarah wasn’t drinking enough water, and in rare cases, that can cause people
with sickle cell trait to feel ill.
Joseph’s symptoms were not because he has sickle cell trait or disease, his genotype is HbAA,
they were caused by malaria. Malaria is a mosquito-borne illness caused by a parasite. A
parasite is an organism that requires harming or even killing a second organism to survive.
Malaria parasites infect red blood cells, causing severe fever and flu-like symptoms that affect
nearly 300 million people worldwide. The good news is that unlike sickle cell trait or anemia, if
you get malaria, you can take medicine to make you better.
Sarah’s parents were not completely surprised by the doctor’s diagnosis. Sarah’s father has
sickle cell trait as well. In addition, Sarah’s paternal grandmother had sickle cell anemia, and
died at a young age from it. No one in Sarah’s mother’s family carries or has the alleles for
sickle cell anemia.

Analysis Questions
1. Using the key provided, draw a pedigree model of sickle cell in Sarah’s family. Include three
generations: Sarah and Joseph, their parents, and both sets of grandparents.
Pedigree Key
Male

Pedigree Model

Female

HbSS

HbSA

HbAA

A very small portion of the DNA sequences of Sarah and Joseph’s hemoglobin alleles are
shown below. The sequences have been broken into codons for you.
Sarah TAC

CAC

GTG

GAC

TGA

GGA

CTC

CTC

Joseph TAC

CAC

GTG

GAC

TGA

GGA

CAC

CTC

2. Circle the difference(s) you notice between the two sequences.
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3. Use your knowledge of transcription and translation to answer the following questions.
a. Complete Table 2. A codon table is provided ( Source: Wikimedia Commons).
Sarah
DNA

TAC

CAC

GTG

GAC

TGA

Joseph
GGA

CTC

CTC

TAC

CAC

GTG

GAC

TGA

GGA

RNA
Amino
acids
Hemoglobin
phenotype

Abnormally folded

Normally folded

Table 2. From DNA to Phenotype.
b. Based on your completed Table 2, explain
why Joseph and Sarah have different
hemoglobin phenotypes.

c. Why do you think abnormally folded
hemoglobin would make it harder for the
protein to carry oxygen?
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CAC

CTC

The maps below show the prevalence of sickle cell anemia and malaria in Africa. Different
shades of grey and black indicate the percent of people native to that area that have either
malaria (left) or sickle cell anemia (right).

Figure 2. Geography of Malaria and Sickle Cell Anemia. Maps show malaria prevalence (left)
and sickle cell anemia prevalence (right) in Africa. Source: Wikimedia Commons.
4. What do you notice about the maps in Figure 2? How are they similar? How are they
different?

5. If Sarah has a child with a man who also has sickle cell trait, what are the chances that the
child will have sickle cell anemia? Sickle cell trait? Draw a Punnett square to support your
answer. Use the allele symbols given in Table 1.
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The table below compares the malaria infection rate in two African countries by genotype. Both
countries have a relatively high incidence of malaria.

Percent of individuals
infected with malaria
Genotype I

Genotype 2

Kenya

31.6

19.3

Tanzania

2.96

0.64

Table 3. Genotype vs. Malaria Infection Rate. Comparison of malaria infection rates in
three countries by genotype. Sources: [Kenya] Williams et. al. 2005; [Tanzania] Makani et.
al. 2010.
6. Make a claim about which Genotype (1 or 2) is HbAA and which Genotype (1 or 2) is HbAS.
Support your claim with data from Table 3.

7. Based on the data in Figure 2, your Punnett square, and Table 3, construct an argument,
based in evolution, explaining why there is a high rate of sickle cell anemia among people of
central African descent. In your answer, be sure to mention both positive and negative
selection pressures associated with the genotypes HbAS and HbSS.

Malaria and Sickle Cell Anemia: Putting an Old Hypothesis to the Test
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8. Connect to the Big Question Evolution is defined as a change in allele frequencies in a
population over time. How is the relationship between malaria (an infectious disease) and
sickle cell an example of human evolution? Cite specific evidence from the Bite in your
answer.

9. Use what you have learned about malaria and sickle cell anemia to explain which of the
following claims about evolution is more accurate:
Claim 1: Evolution ensures that individuals in a population obtain perfect solutions to
environmental challenges.
Claim 2: Evolution results in existing variations that provide advantages to environmental
challenges becoming more common in a population.

_v2: formatting changes June 2018
_v3: edited Table 3 and Question 6 April 2021
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