
 

                                                            International Journal of Research in Medical Sciences | May 2016 | Vol 4 | Issue 5    Page 1673 

International Journal of Research in Medical Sciences 

Mubeen H et al. Int J Res Med Sci. 2016 May;4(5):1673-1677 

www.msjonline.org pISSN 2320-6071 | eISSN 2320-6012 

Research Article 

In silico mutation analysis of human beta globin gene in                                 

sickle cell disease patients 

 Hira Mubeen
1,3

*, Rubab Zahra Naqvi
3
, Ammara Masood

3
, Muhammad Waseem Shoaib

2
, 

Shahid Raza
1
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Sickle Cell Anemia is a severe illness that affects 

millions of people all across the globe. Approximately 2 

million Americans carry the sickle cell trait. The overall 

incidence of SCD is eight out of 100,000 people. 

However, it is much more widespread in some people. 

The genetic defect that causes sickle cell anemia affects 

hemoglobin. Hemoglobin is a constituent of red blood 

cells that carries oxygen to all the cells and tissues in the 
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Background: Sickle cell disease is an inherited blood disorder that affects red blood cells. People with sickle cell 

conditions make a different form of hemoglobin a called hemoglobin S. Sickle cell conditions are inherited from 
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disease occurs due to a single mutation on the b-globin gene, namely, a substitution of glutamic acid for valine at 

position 6 of the b chain. Several mutations in HBB gene can cause sickle cell disease. Abnormal versions of beta-

globin can distort red blood cells into a sickle shape. The sickle-shaped red blood cells die prematurely, which can 

lead to anemia. The study is focused on analysis of HBB gene with its different variants, Evolutionary pathways and 

protein domains by using various bioinformatics tools. 

Methods: The study is focused on analysis of HBB gene with its different variants, Evolutionary pathways and 

protein domains by using various bioinformatics tools. 

Results: Sickle cell disease occurs due to a single mutation on the b-globin gene, namely, a substitution of glutamic 

acid for valine at position 6 of the b chain. Several mutations in HBB gene can cause sickle cell disease. Abnormal 

versions of beta-globin can distort red blood cells into a sickle shape. Comparative study shown 38 different genes 

with little genetic variation among different species. 

Conclusion: Studies suggested that there is need to maintain a primary prevention program to detect sickle cell 

disease at earlier stages despite having a large high risk. Preventive diagnosis and follow-up would reduce infant 

mortality by preventing the development of severe anemia as well as dangerous complications. In short, sickle cell 

disease surveillance would avert loss of life, measured as the number of years lost due to ill-health, disability or early 

death. 
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body. ‘Red blood cells that contain normal hemoglobin 

are soft and round. People with SCD, however, have a 

type of irregular hemoglobin. ‘A genetic error makes the 

hemoglobin molecules stick together in a long, rigid rods 

after they release oxygen. These rods cause the red blood 

cells to become hard and sickle-shaped, unable to 

squeeze through tiny blood vessels. Various studies 

suggested that 250,000 children are born annually with 

sickle cell anemia worldwide and thus it is among the 

most important epidemiological genetic diseases in Brazil 

and the world.
1-2

 The disease occurs due to a mutation of 

the beta globin gene of hemoglobin, causing a 

substitution of the glutamic amino acid for valine at 

position 6 of the beta chain, resulting in production of an 

abnormal hemoglobin, called hemoglobin S (Hb S), 

instead of normal hemoglobin, hemoglobin A (Hb 

A).With modified physicochemical characteristics, the 

molecules of hemoglobin S suffer polymerization and 

precipitation, leading to a change in form, a deformity of 

red blood cells which become sickle-shaped.
3
 The 

inheritance of sickle cell anemia occurs via an autosomal 

recessive gene with both parents, working as an 

asymptomatic carriers of a single affected gene 

(heterozygous), transmitting the defective gene to their 

homozygous child (Hb SS).
4
 In the beginning, it was 

reported by some scientist that the sickle gene spreads by 

migration of a single mutation.
5
 Later on, results of 

restriction fragment length polymorphism analysis on the 

beta-globin gene cluster indicates the sickle gene 

mutation may have developed independently and 

spontaneously at least five times.
6-7

 Although the 

molecular abnormality leading to the sickle gene is the 

same in all haplotypes. Hence, a wide variation in the 

clinical manifestations and severity of the associated 

disease was observed. Due to the fact, the clinical 

phenotype of SCD is said to be multigenic.
8
 

Genetic Modification 

Some previous studies showed the diverse effects with 

use of some vectors. It was observed that the 

development of some integrating vectors for β-globin 

gene transfer has been challenging due to the complex 

regulatory elements needed for high-level, erythroid-

specific expression.
9
 γ-Retroviral vectors were unable to 

transfer these β-globin expression cassettes intact.
10-11

 

Whereas the lentiviral vectors (LV) can transfer β-globin 

cassettes intact with relatively high efficiency.
12-13

 In the 

last decade, many groups have developed different β-

globin LV for targeting β-hemoglobinopathies, with 

successful therapeutic results following transplantation of 

ex vivo–modified HSC in mouse models.
14-15

 Another 

useful approach is to modify β-globin genes to confer 

anti-sickling activity by substituting key amino acids 

from γ-globin. The modified β-globin cassette should 

yield the necessary high-level, erythroid-specific 

expression in adult erythroid cells. An LV carrying a 

human β-globin gene with the amino acid modification 

T87Q was designed by Pawliuk et al.
16

 The glutamine at 

position 87 of γ-globin has been implicated in the anti-

sickling activity of HbF.
17

 This anti-sickling construct 

corrected SCD in 2 murine models of the disease, and a 

similar LV has been used in a clinical trial for β-

thalassemia and SCD in France.
18

 

Prevalence 

According to World Health Organization report, the most 

valid measure to study the impact of SCD on public 

health is under-5 years old mortality. SCD contributes the 

equivalent of 5% of under-5 deaths in the African 

continent, more than 9% of such deaths in West Africa, 

and up to 16% of under-5 deaths in individual West 

African countries. An increasing number of affected 

children currently survive five years of age but remain at 

risk of premature death, and 48% of patients surviving 

into adulthood have chronic organ dysfunction. 

METHODS 

Bioinformatics approach for Sequence Analysis 

Sequence analysis detects mutations in the HBB coding 

region and associated flanking regions. The HBB gene 

provides instructions for making beta-globin. Different 

mutations are caused due to various forms of beta globin 

in the HBB gene. One particular HBB gene mutation 

produces an abnormal version of beta-globin known as 

hemoglobin S (HbS). Different bioinformatics software’s 

were used to analyze and compare the selected Beta 

globin gene sequence. Gene sequences were analyzed 

using NCBI web server. 

Phylogenetic Analysis 

Phylogenetic analysis was done using CLUSTALW 

software.http://www.ebi.ac.uk/Tools/services/web_clustal

w2_phylogeny/toolform.ebi 

Protein domain analysis 

Protein domain for beta globin gene was analyzed using 

CDD tool from NCBI. 

Pfam structure analysis 

Protein domains were analyzed using EMBL-EBI Pfam 

database. http://pfam.xfam.org/family/Globin. 

RESULTS 

Sequence analysis detects various genetic variations 

including polymorphisms in the coding region of HBB 

gene and associated flanking regions. Different 

bioinformatics software’s were used to analyze the 

selected HBB gene sequence. Comparative study shown 

38 different genes with little genetic variation among 

different species. 

 



Mubeen H et al. Int J Res Med Sci. 2016 May;4(5):1673-1677 

                                                            International Journal of Research in Medical Sciences | May 2016 | Vol 4 | Issue 5    Page 1675 

Sequence Analysis 

Sequence analysis detects various genetic variations 

including polymorphisms in the coding region of HBB 

gene and associated flanking regions. Results are shown 

below for HBB gene with comparison in other species. 

 

 

 

Figure 1: Sequence alignments of beta globin gene 

across different species using clustalw. 

 

Phylogenetic Analysis 

Phylogenetic analysis is used to estimate the evolutionary 

relationships. The evolutionary history inferred from 

phylogenetic analysis is usually depicted as branching, 

treelike diagrams that represent an estimated pedigree of 

the inherited relationships among species. Below is the 

diagrammatic tree representation for globin gene with 

other species. 

 

Figure 2: Phylogenetic tree of beta globin gene across 

different species using clustalw. 

pfam structure of globin domain 

The globins are a family of globular proteins which are 

thought to share a common ancestor. These proteins all 

incorporate the globin fold, a series of eight alpha helical 

segments. Two prominent members of this family include 

myoglobin and hemoglobin, which both bind the heme 

prosthetic group. Both of these proteins are reversible 

oxygen binders. Structural domain was obtained using 

pfam database. Below is the visual representation of 

globin domain. 

 

Figure 3: pfam structure of globin domain. 
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Domain pf beta globin protein 

Protein domains were analyzed using conserved domain 

software. Results shown that the heme binding site starts 

at position 32 and ends at 142. Similarly, the tetramer 

interface starts at position 31 and ends at 132. Below is 

the clear representation of HBB globin superfamily 

domain. 

 

Figure 4: CDD predicted domain PF beta globin 

protein. 

DISCUSSION 

Sickle cell disease occurs due to a single mutation on the 

b-globin gene due to a substitution of glutamic acid for 

valine at position 6 of the b chain. Persons with sickle 

cell trait (SCT) are heterozygous carriers of an abnormal 

ß-globin gene that results in the production of abnormal 

hemoglobin, Hb S, which can distort red blood cells. In 

homozygous (bS/bS) individuals, altered hemoglobin 

(Hb) molecules precipitate inside the erythrocyte, 

changing its normal form into a sickle-shaped less 

functional cell. Homozygous individuals have a 

particularly increased risk of low-birth weight, 

thromboembolism and premature death due to early loss 

of splenic function or septic infection by encapsulated 

bacteria.
19-20

 Although the occurrence of SCT varies 

greatly from state-to-state and among different races and 

ethnicities, every state and racial/ethnic population 

includes persons living with the condition. Definitive 

hemoglobin identification can be performed by protein 

sequencing, DNA analysis and HPLC combined with 

electrospray mass spectrometry in a specialized reference 

laboratory.
21

 Such testing is indicated for infants with 

clinical or laboratory evidence of hemolysis or abnormal 

oxygen affinity and for infants without Hb A, especially 

if the unidentified variant is inherited with Hb S.
22-23

 

Identification of the hemoglobin variant to clarify genetic 

risks should also be considered in families where another 

hemoglobin abnormality (e.g. Hb S) is present. 

CONCLUSION 

Studies suggested that there is need to maintain a primary 

prevention program to detect sickle cell disease at earlier 

stages despite having a large high risk. Preventive 

diagnosis and follow-up would reduce infant mortality by 

preventing the development of severe anemia as well as 

dangerous complications. In short, sickle cell disease 

surveillance would avert loss of life, measured as the 

number of years lost due to ill-health, disability or early 

death. Sequence analysis through Bioinformatics 

approaches shows the mutations in HBB gene. Protein 

sequence analysis shows various domains in selected 

sequence. To study, sequence variations and to analyse 

these at molecular level can help to overcome many 

genetic disorders. We hope with some preliminary 

important actions and measures the early identification of 

sickle cell disease is possible in order to reduce health 

disparities in an already vulnerable population. 
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