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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 5.2 





TRANSCRIPTION 

Other specific 
promoter elements 

e.g. CACCC in β-globin 
“CAP SITE” 
Transcription 

start site 
“CCAAT” Box 

“TATA” 
 Box 

ATG 
Initiation Codon 

GT GT AG AG 

GU GU AG AG 

Tissue 
Specific 

elements Enhancer GENE 

TAA, TGA, or TAG 
stop codon 

AATAAA 
Polyadenylation 
signal 
Site for addition  
of (A)n 

mRNA PECURSOR 

MATURE mRNA 

5’  
untranslated  

region 

3’  
untranslated  

region 

INTRON 1 INTRON 2 

3’ 
AAAAA CAP 

5’ 

AAAAA CAP 

Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 5.1 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.5 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.1 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.3 



NF Olivieri, NEJM 341:99, 1999. (or Principles of Medical Genetics: Figure 6.2) 



Quantitative Abnormalities of 
Hemoglobin 

•   α Thalassemia  
–  deficiency of α globin chains 

•   β Thalassemia  
–  deficiency of β globin chains 

•   HPFH 
–  Hereditary persistence of fetal 

hemoglobin  



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.14 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.16 



DHK Chui & JS Waye, Blood 91:2213, 1998. 
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Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.15 



ASH Teaching Set 

Normal peripheral blood smear 

Hgb H disease 



 
 
 

Image removed. See 
Miller LH. Nature, 
383:480, 1996.  

  
 
  



Gelehrter, Collins and Ginsburg: 
Principles of Medical Genetics 
2E; Figure 6.16 
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Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.13 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.19 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.20 



Principles of Medical Genetics: Figure 6.21 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.22 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.18 
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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 



Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.25 



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 (↑hematocrit and hemoglobin) 
•  Low affinity hemoglobins 

–  mild anemia (↓hematocrit and hemoglobin) 
•  Hemoglobin S 
•  Hemoglobin C 



Gelehrter, Collins and Ginsburg: Principles of 
Medical Genetics 2E; Figure 6.7 
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Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.9 



Steinberg. N.Engl.J.Med.  
340:1021, 1999. Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 6.8 
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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 





NF Olivieri, NEJM 341:99, 1999. (or Principles of Medical Genetics: Figure 6.2) 



Hb S only occurs on 4 haplotypes…only occurred 4 times in history 

http://erasmeinfo.ulb.ac.be/ 



Hb S is a balanced polymorphism 
 * homozygotes (1 in 500) are selected against  
 * heterozygotes (1 in 12) are selected for 

Gelehrter, Collins and Ginsburg: Principles of Medical Genetics 2E; Figure 4.2 



Sickle Cell Anemia: 
Treatment 

•  IV fluids 
•  Analgesia 
•  Infection 

–  penicillin prophylaxis 
–  vaccines 

•  Oxygen 
•  Transfusion 
•  Erythropoietin 
•  Hydroxyurea 
•  Bone Marrow Transplantation 
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