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Learning Objectives

Understand how the basic anatomy of a gene has a direct
bearing on the occurrence of genetic disease.

Know the normal and abnormal expression patterns of the
hemoglobin genes.

Understand the mutations that cause quantitative

abnormalities in globin.
— Unequal crossing over, and every other possible type of mutation

Recognize mutations that cause qualitative
abnormalities in globin.

Understand the molecular basis of sickle cell anemia.
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Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.1
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Quantitative Abnormalities of
Hemoglobin

* o Thalassemia
— deficiency of a globin chains

- B Thalassemia
— deficiency of  globin chains

. HPFH

— Hereditary persistence of fetal
hemoglobin
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Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.16
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Table 1. Point Mutations in a-Thalassemia

Mutant Class Origin Reforance

I, Nonfunctional mRNA
a. Nonsense mutants:
1) codon 116 (G-T) Black

Frameshift mutants
1) codon 30/31
(~4nms) Black

Initiator codon mu-

tants

2) ATG-ACG Maediterranean

3) CCCACCATG-

CCCCATG Mediterranean

4) ATG-GTG Mediterranan, Black

d.Terminator codon mu
tants
5) o of HB Constant
Spring (TAA-CAA) Black
6) o"° of Koya Dora
(TAA-TCA) Indian
7) o of Hb Icaria
(TAA-AAA) Meaditerranean
8) o™ of Hb Seal
Rock (TAA-GAA) Black

Il. RNA Processing mutants
a. Splice junction
changes:
1) IVS-1 donor site
(GGTGAGGCT-
GGCT) M#iterranean

b. RNA cleavage and
polyandenylation site
1) AATAAA-AATAAG
lil. Unstable globins

1) @™ ** (codon

125 Lou-Pro) SE Asian
2) a™*°* (codon

209, Leu-Arg) SE Asian
3) o™ "™ (codon

110, Ala-Asp) Middie East
4) o™ (codon 14,

Trp-Arg) Black

Note. Total number = 15; November, 1989,
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- Image removed. See
Miller LH. Nature,
383:480, 1996.
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Gelehrter, Collins and Ginsburg:
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Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.23



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.24
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Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.25
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Fig 8. Change in birth rate of thalassemic children in four’
countries after the introduction of preventive programs.
Adapted with permission 54



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E, Figure 6.6




Qualitative Abnormalities of
Hemoglobin

Silent Variants

Unstable hemoglobins
— Heinz body hemolytic anemia

Methemoglobinemia
High affinity hemoglobins

— polycythemia (1 hematocrit and hemoglobin)

Low affinity hemoglobins
— mild anemia (| hematocrit and hemoglobin)

Hemoglobin S
Hemoglobin C
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Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E, Figure 6.9
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Hemoglobin SS Disease
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Complications of Sickle Cell

Anemia
autosplenectomy
hyposthenuria
Infections

— encapsulated organisms-- pneumococcus
— salmonella, staph

Painful crises

Bone infarcts, aseptic necrosis
Stroke

Acute chest syndrome
Hand-foot syndrome

Chronic organ damage



Table 10-11. FREQUENCY OF HEMOGLOBIN
GENOTYPES AMONG BLACK AMERICANS

Percentage of Population
Genotype g -

AS 8.6 8.0
SS 0.14 0.16
AC 2.4 3.0
CC 0.02 0.02
SC 0.13 0.12

*Survey of 250,000 black Americans®®
**Review of literature®’
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Distribution of
Hemoglobin S gene
over time
http://erasmeinfo.ulb.ac.be/

SS Benin
SS Bantu

Hb S only occurs on 4 haplotypes...only occurred 4 times in history
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Hb S is a balanced polymorphism
* homozygotes (1 in 500) are selected against
* heterozygotes (1 in 12) are selected for




Sickle Cell Anemia:

Treatment
* |V fluids
* Analgesia
* |Infection
— penicillin prophylaxis
— vaccines
+ Oxygen

* Transfusion

* Erythropoietin

* Hydroxyurea

* Bone Marrow Transplantation



Learning Objectives

Understand how the basic anatomy of a gene has a direct
bearing on the occurrence of genetic disease.

Know the normal and abnormal expression patterns of the
hemoglobin genes.

Understand the mutations that cause quantitative

abnormalities in globin.
— Unequal crossing over, and every other possible type of mutation

Recognize mutations that cause qualitative
abnormalities in globin.

Understand the molecular basis of sickle cell anemia.



