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- Hemoglobin consists of 4 subunits (2 α + 2 β in adults).  

- Each subunit contains a protein (globin)  and a non-protein (heme) group.  

- The  heme group includes iron (Fe²⁺) bound to a protoporphyrin ring.  

Types of Hemoglobin: 

- HbA(α₂β₂) makes up 95% of adult hemoglobin.  

- Fetal Hb (HbF, α₂γ₂)is 1% in adults but dominant in fetuses.  

- HbA2 (α₂δ₂) accounts for 1.5–3%in adults.

Hemoglobin Structure





Types of Hemoglobin in Adults:

1. HbA (Hemoglobin A) – 98%

Composition: α2β2 (two alpha and two beta chains).
This is the most abundant hemoglobin in adults.
Responsible for oxygen transport in red blood cells.

2. HbF (Fetal Hemoglobin) – ~1%

Composition: α2γ2 (two alpha and two gamma chains).
This is the dominant hemoglobin in fetal life, allowing higher oxygen affinity.
Normally, its level decreases after birth, but it remains ~1% in adults.
Increased levels may be seen in conditions like beta-thalassemia or hereditary persistence of fetal hemoglobin 
(HPFH).

3. HbA₂ (Hemoglobin A2) – <3.5%

Composition: α2δ2 (two alpha and two delta chains).
It is a minor component in adults.
Elevated HbA₂ levels are associated with beta-thalassemia trait.

THE  DISTRIBUTION OF DIFFERENT TYPES OF HEMOGLOBIN IN NORMAL ADULTS 





Hemoglobin Formation:

Hemoglobin is composed of two α-globin chains (from chromosome 16) and two non-α chains (from chromosome 11).

HbA (Adult Hemoglobin): α2β2 (major form)
HbA2: α2δ2 (minor form)
HbF (Fetal Hemoglobin): α2γ2 (dominant in fetal life, declines after birth)

1. Chromosome 16:

Contains α-globin genes (α).
Each α-globin gene contributes 25% to overall hemoglobin synthesis.

Since there are two α-globin genes on each chromosome (two from each parent), they make up 50% of the hemoglobin structure.

2. Chromosome 11:

Contains γ (gamma), δ (delta), and β (beta) globin genes.
The contribution to hemoglobin synthesis varies:
γ (gamma): 0.5% (fetal hemoglobin)
δ (delta): 1.5% (minor component in adults, forms HbA2)
β (beta): 48% (major component in adults, forms HbA)



Thalassemia alpha and beta
• Autosomal recessive
• Globin
• alpha chromosome 16  2 copies at 2 loci
• 1 locus  asymptomatic
• 2 locus   asymptomatic minor  microcytic hypochromic anemia 

misdiagnosed with iron deficiency 
• 3 loci  B4 tetramers  HbH hemolytic anemia
• or Hb Barts gamma tetramers in fetals
• 4 loci not effective oxygenation hydrops fetalis
B minor is asymptomatic microcytic anemia  
B major blood transfusion live max to 15 -25yrs 



Thalassemia is an autosomal recessive blood disorder caused by mutations affecting the 
production of globin chains in hemoglobin. It is classified into alpha-thalassemia and beta-
thalassemia, depending on which globin chain is affected.

Alpha-Thalassemia
▫

The alpha-globin gene is located on chromosome 16, with two copies at two loci per 
chromosome (total of four copies).

▫

The severity of alpha-thalassemia depends on how many gene copies are affected:

▪

One deleted locus (Carrier State): Asymptomatic, no clinical impact.

▪

Two deleted loci (Alpha-Thalassemia Minor): Usually asymptomatic or presents with mild 
microcytic hypochromic anemia, often misdiagnosed as iron deficiency anemia.

▪

Three deleted loci (Hemoglobin H Disease): Formation of beta-globin tetramers (HbH) 
leads to hemolytic anemia with varying severity. In fetuses, this can also result in Hb Barts 
(gamma-globin tetramers), which has a high oxygen affinity but is ineffective in oxygen 
delivery.

▪

Four deleted loci (Hydrops Fetalis): Complete absence of alpha-globin chains, leading to 
severe oxygenation failure and intrauterine death.

Thalassemia (Alpha and Beta)



Beta-Thalassemia
▫

The beta-globin gene is located on chromosome 11, with two copies (one per 
chromosome).

▫

Severity depends on whether one or both beta-globin genes are affected:

▪

Beta-Thalassemia Minor (Heterozygous Beta-Thalassemia): Usually asymptomatic but 
may present with mild microcytic anemia.

▪

Beta-Thalassemia Major (Cooley's Anemia, Homozygous Beta-Thalassemia): Severe 
anemia requiring lifelong blood transfusions. Without treatment, affected individuals 
typically survive only 15 to 25 years due to iron overload and complications.



• The Hb molecules in their 
deoxygenated state begin to 
aggregate with one anther to 
form long sickle shaped fiberNon polar !hydrophobic

Sickle Cell Anemia 

Sickle-cell anaemia 
Is caused by a point mutation in the 
β-globin chain of haemoglobin, 
causing the hydrophilic amino acid 
glutamic acid to be replaced with the 
hydrophobic amino acid valine at the 
sixth position.

Red blood cells typically live 90–120 
days, but sickle cells only survive 
10–20 days.

Deoxygenation of SS erythrocytes 
leads to intracellular hemoglobin 
polymerization, loss of deformability 
and changes in cell morphology



Sickle cell anemia 
• Malaria
• Autosomal recessive both parents' carrier
• B globulin , HBB gene , chromosome 11
• GLU    VAL  number 6 
• Deoxygenated polymerization ( long fibers) 
• Right shift dissociation curve 
• Ca influx , K and H2O outflux dehydration 
• HbA sickle HbF not sickle   up to 6 months 
• Hydroxyurea increase HbF and not sickle
• HbS > 60%
• deoxy HbS in vein and oxy in artery
• Extravascular anemia
• Vaso – occlusive crisis

Sickle cell anemia is a genetic blood disorder caused by a tiny change (point mutation)in the β-
globin gene, which is part of hemoglobin (the protein in red blood cells that carries oxygen).  

What Goes Wrong?
- Normally, hemoglobin has glutamic acid(a water-soluble amino acid) at a key position.  
- In sickle cell anemia, this is replaced by valine (a water-insoluble amino acid).  
- This small change makes hemoglobin stick together when oxygen levels are low. 

What Happens to Red Blood Cells?  
- Healthy RBCs: Round, flexible, and last 90–120 days.  
- Sickle RBCs:  
  - When they lose oxygen, the abnormal hemoglobin forms long, stiff fibers.  
  - This turns the cells into a sickle (C) shape.  
  - These sickle cells are fragile and die after just 10–20 days, causing anemia.  
  - They also block blood flow, leading to pain and organ damage.



Sickle cell anemia 
• Malaria
• Autosomal recessive both parents' carrier
• B globulin , HBB gene , chromosome 11
• GLU    VAL  number 6 
• Deoxygenated polymerization ( long fibers) 
• Right shift dissociation curve 
• Ca influx , K and H2O outflux dehydration 
• HbA sickle HbF not sickle   up to 6 months 
• Hydroxyurea increase HbF and not sickle
• HbS > 60%
• deoxy HbS in vein and oxy in artery
• Extravascular anemia
• Vaso – occlusive crisis

Sickle Cell and Malaria:

Sickle cell trait (HbAS) provides 
resistance to malaria caused by 
Plasmodium falciparum.



Sickle cell anemia 
• Malaria
• Autosomal recessive both parents' carrier
• B globulin , HBB gene , chromosome 11
• GLU    VAL  number 6 
• Deoxygenated polymerization ( long fibers) 
• Right shift dissociation curve 
• Ca influx , K and H2O outflux dehydration 
• HbA sickle HbF not sickle   up to 6 months 
• Hydroxyurea increase HbF and not sickle
• HbS > 60%
• deoxy HbS in vein and oxy in artery
• Extravascular anemia
• Vaso – occlusive crisis

Sickle cell anemia is an autosomal recessive disorder. Both parents must be carriers for a child to 
inherit the disease.

Genetic Cause:

◼

Caused by a mutation in the HBB gene on chromosome 11, affecting beta-globin.

◼

Glutamic acid (Glu) is replaced by valine (Val) at position 6 of the beta-globin chain.

Pathophysiology:
▪

Deoxygenation causes polymerization of HbS, forming long fibers inside red blood cells.

▪

This leads to sickling of erythrocytes, making them rigid and fragile.

▪

Right shift in the oxygen dissociation curve occurs, reducing oxygen affinity.

▪

Calcium influx and potassium and water efflux lead to dehydration of red blood cells.

▪

HbS polymerizes in veins (deoxygenated state) but remains soluble in arteries (oxygenated 
state).

Clinical Features:
◾

Vaso-occlusive crises occur due to blocked blood vessels.

◾

Extravascular hemolysis leads to anemia and jaundice.

◼

Fetal Hemoglobin (HbF) and Treatment:

◾

HbF does not sickle, providing protection for up to 6 months after birth.

◾

Hydroxyurea increases HbF levels, reducing sickling.

◾

HbS is usually >60% in affected individuals.

 Hb عم طبترت ىتح Hb sickle لل رفوتت مزلا يللا فورظلا
 لا عضو نوكي مزلا هنا يناث

RBCs in the deoxygenated state 
 اهرشاح نوكب oxygenated Hgb  ةلاح يف Valine لا هنلإ
بكرلما لخاد ةنيبم شمو
 لهسبو هنيبم نوكتب  deoxygenated لا ةلاحب امنيب
 يناث  valine  عم اهطابترا
  Arteries لاب ريصتب ام  the sickle cell anemia كيهل
!Veins لاب ريصتب امنيب





Under production 

Macrocytic Normocytic Microcytic

Increased destruction, loss

Hemolysis Blood loss 



Hgb electrophoresis 


