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Abstract 

Mutations in the HBB (Haemoglobin subunit beta) 

can cause several diseases. β-Thalassemia is one 

such disease which has no cure. β-Thalassemia can 

cause abnormal Beta chains in the haemoglobin 

molecule or in some cases be absent altogether.  

Numerous polymorphisms have been identified 

which can cause β-Thalassemia but one of the more 

prominent ones is rs33915217. The blood samples 

form the Diabetic and Healthy individual has been 

collected and the genomic DNA was extracted. The 

DNA was further amplified for the SNP region using 

the specific primers developed using primer3 tool. 

The amplified products was sequenced and the 

results are analysed.  Structural analysis of control 

and test samples have been done and compared to 

one another. The differences in the structures have 

been identified and searched for any other 

occurrences or documentation.  
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Introduction 

Beta-thalassemia (β-thalassemia) is characterized by 

reduced synthesis of the haemoglobin subunit beta 

(haemoglobin beta chain) that results in microcytic 

hypochromic anaemia, an abnormal peripheral 

blood smear with nucleated red blood cells, and 

reduced amounts of haemoglobin A (HbA) on 

haemoglobin analysis. Individuals with thalassemia 

major have severe anaemia and 

hepatosplenomegaly; they usually come to medical 

attention within the first two years of life. Without 

treatment, affected children have severe failure to 

thrive and shortened life expectancy. Treatment with 

a regular transfusion program and chelation therapy, 

aimed at reducing transfusion iron overload, allows 

for normal growth and development and may 

improve the overall prognosis. Individuals with 

thalassemia intermedia present later and have milder 

anaemia that only rarely requires transfusion. [1] 

These individuals are at risk for iron overload 

secondary to increased intestinal absorption of iron 

as a result of ineffective erythropoiesis. [2] 

Thalassemia occurs when there’s an abnormality or 

mutation in one of the genes involved in 

haemoglobin production such as “rs33915217” and 

many others. 

There are three levels of severity in thalassemia that 

range from mild to severe in their effect on the body. 

Thalassemia Minor or Thalassemia Trait: A person 

with this condition simply carries the genetic trait for 

thalassemia and will usually experience no health 

problems other than a possible mild anaemia. 

Thalassemia Intermedia: There is a wide range in 

the clinical severity of this condition, and the 

borderline between thalassemia intermedia and the 

most severe form, thalassemia major is confusing. 

The more dependent the patient is on blood 

transfusions the more likely he or she is to be 

classified as thalassemia major. 

Thalassemia Major or Cooley’s Anaemia: This is 

the most severe form of β-Thalassemia in which the 

complete lack of beta protein in the haemoglobin 

causes a life-threatening anaemia that requires 

regular blood transfusions and extensive ongoing 

medical care. [3] 

Signs and symptoms: Iron overload: People with 

thalassemia can get an overload of iron in their 

bodies, either from the disease itself or from 

frequent blood transfusions.  

Enlarged spleen: The spleen aids in fighting 

infection and filters unwanted material, such as old 

or damaged blood cells. Thalassemia is often 

accompanied by the destruction of a large number of 

red blood cells and the task of removing these cells 

causes the spleen to enlarge. Splenomegaly can 

make anaemia worse, and it can reduce the life of 

transfused red blood cells. Severe enlargement of the 

spleen may necessitate its removal.  

Slowed growth rates: Anaemia can cause a child's 

growth to slow. Puberty also may be delayed in 

children with thalassemia.  

Heart problems: Diseases, such as congestive heart 

failure and abnormal heart rhythms, may be 

associated with severe thalassemia. [3] 

 

Materials and Methods 

Sample collection: The blood samples were 

collected from Thalassemia and sickle cell anaemia 

society [4], Hyderabad, Telangana. The blood 

samples were cleanly sealed in heparin tubes and 

stored for the analysis. During the sample collection 

age, blood group and body weight of the patients 

were noted. Age ranged from 2 years to 21 years. 

This included both males and females. 30 samples 
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were collected from patients and 5 more control 

samples were collected from healthy people. 

 

DNA Extraction: Two solutions, Solution A and 

Solution B required for the DNA isolation were 

prepared as follows. 

Solution A contains 1M tris HCL sucrose and 

MgCl2.  

Here 1ml of 1M tris HCL, 10.9mg of sucrose and 

47mg of MgCl2 was added to 20ml of distilled water 

and mixed properly. After dissolving all the 

components, the pH was adjusted to 8 and the 

volume was made up to 100ml. 

Solution B contains 1M tris HCL, 0.5M EDTA and 

NaCl. Here 40ml of 1M tris HCL and 12ml of 0.5M 

EDTA were mixed and to this 0.876g of NaCl was 

added. Once all the components were dissolved the 

pH was adjusted to 8 and the volume was made up 

to 100ml. 

Once the solutions were prepared the DNA isolation 

was carried out using bunce method. 1ml of test 

blood sample and 3ml of Solution A were mixed 

slowly for about 10min and kept into incubation at 

37°Cfor 5 minutes. The sample was taken out and 

centrifuged at 5000 rpm for 5 minutes. Here 

supernatant was discarded and to the pellet, 2ml of 

solution B was added. This was kept for incubation 

at 37°C for 30 minutes. Added 650µl of Sodium 

acetate and incubated at 60°C for 20 minutes. Added 

650µl of ice cold chloroform and mixed it well. 

Centrifuged the solution at 4000rpm for 10 min. 

Then transferred the supernatant to eppendorf tubes 

and equal volumes of isopropanol was added. Then 

the tubes were incubated overnight at 4°C. Next day 

the eppendorf tubes were centrifuged at 12000rpm 

for 5 min. Discarding the supernatant the pellet was 

washed with 70% ethanol by centrifuging at 

12000rpm for 5min. Here again the supernatant was 

discarded and pellet was left to air dry. Later the 

DNA was dissolved in 100µl of TE buffer and 

stored. 

 

The DNA was partially sequenced using PCR. This 

sequence contained the SNP rs33915217.  

The DNA sequence was Translated and submitted to 

ITASSER [5] [6] [7]. The structures were obtained from 

ITASSER 2 days later. 

 

The 3D structures of the test sample obtained from 

ITASSER was compared to the 3D structure of the 

control sample using Deep View a software by 

Swiss institute of Bioinformatics by 

superimposition. [8]  

 

Results and Discussion:  

DNA Sequencing results: 

The Sequencing results show the mutation in 4 

samples. 3 of the samples show mutations in which 

at the position 5226925 of the 11th chromosome ‘G’ 

is replaced with ‘A’. one other sample shows 

mutation in which at the position 5226925 of the 11th 

chromosome ‘G’ is replaced with ‘T’. The 

Concurrent mutation, i.e. ‘A’ instead of ‘G’ was 

analysed further. 

 

Table 1: The mutations occurred in the following 

Subjects [4] 
 

No 

Subject’s 

age / Sex 

Subject’s 

Blood Group 

Subject’s 

Weight 

Nucleotide at 

11:5226925 

22 06/F O+ 16 KG A 

25 08/M O+ 20 KG T 

26 10/F B+ 24 KG A 

29 05/M O+ 13 KG A 

None of the Control samples showed any mutation 

 

TASSER Results 

The Results obtained from ITASSER were in the 

‘.pdb’ format.  

 
Fig 1: Test Sample Structure 

Superimposition 

The Test sample structure obtained from ITASSER 

and the Control sample structure obtained from the 

Research Collaboratory for Structural 

Bioinformatics (RCSB) Protein Data Bank, with 

structure ID ‘5JDO’ were superimposed using 

 

Deep view software. The results show two Protein 

strands exclusive to each one, which is not present 

in the other.  

 

The Control sample structure obtained from PDB 

had additional chains and molecules in complex 

with the Haemoglobin beta chain. They were hidden 

during the superimposition to make the comparison 

clear. The Fig 2 shows the superimposition where 

both the chains which do not fit are seen clearly 
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Fig 2: Superimposition of test (red) and control 

(white) structures 

1) Truncated Beta haemoglobin chain 

(Present in Mutated sample) [9] 

2) Haemoglobin beta globin chain, partial 

(Present only in Control sample.) [10] 

 

Fig 3: Truncated Beta Haemoglobin Chain 

 

Fig 4: Haemoglobin beta Globin chain, Partial 

 

 

 

Discussion 

Both the chains were searched for in BLAST-P. This 

led to NCBI links [9] [10] which showed that both of 

these chains were previously identified by different 

scientists but weren’t know to be linked to the SNP 

rs33915217. The mutant protein chain occurring in 

the test sample was identified in an Iranian subject 

suffering from β-Thalassemia in 2003. The Normal 

chain missing in the Mutant test sample was also 

found to be missing in an African-American Subject 

suffering from β-Thalassemia. 

The Individual function of neither of the proteins 

was discovered yet. 

Conclusion: The current work focusses on the 

molecular attributes imparted on the Haemoglobin 

beta chain of a patient suffering from β-Thalassemia 

by the Single Nucleotide Polymorphism 

rs33915217. One type of SNP mutation can cause 2 

prominent changes, if not more, as shown in our 

work. These changes are very directly effective in 

causing beta thalassemia. One of the changes leads 

to an extra chain and the other change leads to the 

absence of a necessary chain. Both of which have 

been corroborated by other researchers through 

previous research. Which goes on to show that the 

same mutation with the same molecular effects has 

been seen and identified in 3 different parts of the 

world namely in Iran, America and India. 

Although no cure exists at the moment for 

thalassemia, this mutation can be identified before 

birth of an infant and, should the parents choose, 

exempt the offspring from a difficult lifestyle. 
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