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V 

 

ABSTRACT 

 

β- thalassaemia is a group of hereditary hematological disorders which are 

heterogeneous in nature with a number of reported mutations. These disorders have 

same clinical symptomatology that is loss of β- chain of haemoglobin leading to its poor 

or no synthesis which results in an inadequate oxygen supply causing anaemia and 

hypoxia. Population of KPK region shows favourable signs for β- thalassaemia 

prevalence. Its socio-economic system and strong cultural norms favour under-

reporting of patients to healthcare units and also favour consanguineous marriages 

which increase the chance of β- thalassaemia prevalence. In the current study, KPK 

population was screened for 16 known mutations in Pakistani population. Samples were 

taken from Mansehra, Abbottabad and Peshawar followed by characterization by 

ARMS PCR. IVS-1-5 mutation was found to be the most prevalent in the sample 

population (53.14%) followed by FSC-8/9 (G+) and Cd 41-42         (-CTTT) which 

were prevalent in (17.71%) and (14.57%) of the sample population, respectively. The 

high percentage of β-thalassaemia was seen in Swati family (40.57%) followed by Syed 

(13.71%) and Tanoli (12%). High trend of consanguineous marriages were also found 

in the population. Complications of DFO were very common in older patients as 

compared to younger ones which concluded that with an increase in age risk to 

complications also increases. 
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CHAPTER 1 

INTRODUCTION  

β-thalassaemia is an autosomal recessive genetic disorder that results mainly from 

mutations, decreasing (b+) or eliminating (b0) the expression of β-globin gene 

(Weatherall et al., 1981). The disease is heterogeneous at the molecular level, with 

about 200 different molecular defects and is associated with variable degrees of 

anaemia, bone marrow hyperplasia, splenomegaly, and other related complications. 

The most severe form of this disease is β-thalassemia major, which becomes manifest 

several months after birth, when the foetal to adult haemoglobin (Hb) switching is 

completed (Weatherall, 1998). 

 

In 1925, β-thalassaemia was first characterized by Thomas Cooley as a disease 

characterized by severe anaemia, peculiar bone deformities and splenomegaly among 

the children of Italian and Greek decent currently known as β-thalassaemia major which 

was named as Cooley’s anaemia. From year 1925 to 1935, several other researchers 

also explained the condition of mild anaemia and augmented osmotic resistance of 

erythrocytes. Symptoms of mild anaemia were found to be less dangerous to Cooley’s 

anaemia and the condition was named as ‘La Malattia di Rietti-Greppi-Micheli and 

nowadays is known by the name thalassemia intermedia (Pignatti et al., 2011). 

 

The thalassemias (named from the Greek word for sea, thalassa) (Whipple, 1936) are a 

group of inherited autosomal recessive hematologic disorders that cause haemolytic 

anaemia because of the decreased or absent synthesis of a globin chain and this makes 
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thalassaemia different from haemoglobinopathies. Imbalances of globin chains cause 

haemolysis and impair erythropoiesis as well (Muncie et al., 2009). 

 

Thalassaemias are commonly found in the populations of Asia, Africa, Mediterranean 

and spread worldwide mainly because of migrating populations (Model, 2003). There 

are different types of this disease including α-thalassaemia, β-thalassemia and HbE-

thalassemia. The rate of their occurrence depends on ethnicity as α-thalassaemia and 

HbE- thalassaemia occur more frequently in South East Asia while β-thalassaemia 

occurs most frequently in Africa, Mediterranean region, Indian Subcontinent and South 

East Asia (Cao et al., 1997). Prevalence of thalassaemia is more in Mediterranean 

Countries, Central Asia, the Middle East, India, Southern China and Far East, also in 

the countries along the North coast of Africa and in South America (Flint et al., 1998). 

Reasons behind its wide spread in almost every country of the world are population 

migration and intermarriages between different ethnic groups, including Northern 

Europe where thalassaemia was previously not found (Vichinsky, 2005).  

 

In Pakistan, β-thalassemia is the most common disease among genetic disorders related 

to Hb (Rafique, 1990). The population in Pakistan is divided into four regions, with 

Pakhtuns and Punjabis in the north whereas Balochs and Sindhis in the south of the 

country. Besides this, there are other divisions which are based on ethnicity such as 

Urdu speaking, Gujratis and Memons who migrated to Pakistan at the time of partition 

in 1947.  Due to cultural and ethnic set-up, consanguineous marriages are quite common 

in Pakistan. Consanguineous marriages, high gene frequency, high birth rate, lack of 

awareness about premarital screening and counselling of those people with family 

history are common reasons that nurture this fatal disease among population of Pakistan 
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(Arif et al., 2008). The disease can only be prevented by proper genetic counselling, 

genetic screening and prenatal diagnosis (Cao et al., 1991). The life expectancy and 

quality of life of patients is low  due to lack of availability of fresh and screened blood 

at low cost. Moreover, bone marrow transplant is not in practice in Pakistan due to high 

cost. The average cost of transplant for thalassemia is 2 Million Pakistani Rupees 

approximately (Shamsi et al., 2008).  

 

β-thalassaemia may be classified as thalassaemia major, intermedia and minor. Clinical 

manifestations of thalassemia major start to occur between the age of 6 and 24 months. 

Infants affected with this disease succumb to grow normally and become progressively 

pale. Individuals with thalassemia intermedia develop symptoms later than thalassemia 

major, such patients have milder anaemia and by definition do not require transfusion. 

The clinical symptoms of severe form of β-thalassemia intermedia occur between the 

ages of 2 to 6 years. On the other hand, individuals with thalassemia minor remain 

completely asymptomatic with little or no anaemia (Danjou et al., 2011).  

 

Different populations and ethnic groups in Pakistan have specific set of mutations in β-

globin genes. The study of β-thalassaemia at its molecular level in different ethnic 

groups is very important. A handful of studies have been conducted in the past but sill 

it is an uncluttered field for molecular researchers (Ansari et al., 2011). Considering the 

literature, the KP population is not studied as a whole KP province population rather 

all the data available about this population is studied by taking samples of Pakhtuns 

living in provinces other than KP. So, in this study, samples are gathered from the KP 

and β-thalassemia molecular epidemiological study is done highlighting the pattern of 

common mutations for β-thalassemia major in KP province in comparison to common 
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mutations residing in rest of the Pakistan. The major aim of this study was to study the 

prevalence of this fatal disease, its pattern and detection of mutations in different ethnic 

groups of KP. This is the most untouched and unstudied area so far in Pakistan 

regarding genetic diseases and specially β-thalassemia.  
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CHAPTER 2 

LITERATURE REVIEW 

2.1 History:  

In 1925, Cooley and Lee first identified anaemia characterized by splenomegaly and 

bone deformities among children of Italian and Greek descents. The disease was 

named as Cooley’s anaemia which is now known by the name thalassaemia major 

(Whipple and Bradford 1933). Later on another group of researchers found that this 

disease is homozygous for a recessive autosomal gene (Pauling et al., 1949). 

In early 1950’s, several studies were executed on haemoglobin of patients with 

diverse clinical forms of thalassaemia which led to a conclusion that it is a hereditary 

heterogeneous blood disorder which is passed from parents to off-springs through 

defective genes (Pauling et al., 1949). The study of haemoglobin patterns of patients 

with different forms of thalassaemia and structural haemoglobin variations led 

scientists to the point that there might be different types of thalassaemia (Ingram and 

Stretton, 1959). 

In 1970s, the existence of thalassaemia in many forms and significant heterogeneity 

was proved. Hence, thalassaemia was defined as heterogeneous group of inherited 

haemoglobin disorders which affect the synthesis of haemoglobin, characterized by 

deficiency or reduced output of one or more of the globin chains of the haemoglobin 

(Weatherall and Clegg, 2001).  

2.2. Classification: 

Genetically, thalassaemia is described on the basis of the presence or absence of 

globin chains which in turn show the structure of globin genes that are involved in 
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their synthesis. On this basis, they are classified into two major types: α-thalassaemia 

and β-thalassaemia (Flint et al., 1993). 

2.2.1. α-Thalassaemia: 

α-thalassaemia is caused by less production of the alpha globin chain of haemoglobin 

molecule. Haemoglobin is a tetrameric molecule, comprised of two α like and two β 

like globin chains. Excess in β like globin chains occurs due to under production of α 

globin chains. Patients with mutations on one of the chromosomes affecting the α 

globin genes, linked with less anaemia have α-thalassaemic traits(Chui et al., 1998; 

Liang et al., 1985; Nakayama et al., 1986). 

2.2.2. β-Thalassaemia: 

β-thalassaemia is a group of hereditary blood disorders characterized by anomalies in 

the synthesis of the β chains of haemoglobin resulting in variable phenotypes ranging 

from severe anaemia to clinically asymptomatic individuals (Galanello and Origa, 

2010). Besides classical recessive forms of β-thalassaemia, there are some very rare 

mutations which lead to synthesis of highly unstable variants of β globin chains which 

during the process of erythropoiesis precipitate in erythroid precursors resulting in an 

inadequate erythrocytes formation. These mutations are associated with a clinically 

detectable thalassaemia phenotype in the heterozygote and are therefore referred to as 

dominant β-thalassaemia (Croteau et al., 2013). β-thalassaemia has been shown to be 

very heterogeneous in clinical as well as molecular levels. About 217 causative 

molecular mutations have been reported in the β-globin gene resulting in β-

thalassaemia, most of them are point mutations in functionally active regions of the β 

globin gene (Hardison et al., 2002). There are different molecular mechanisms by 

which point mutations in β-globin gene occur. Most of them are base substitutions or 
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small deletions or insertions of one or two nucleotides in the β-globin gene (Clark et 

al., 2004). Moreover, it has also been observed that these mutations are relatively 

specific to particular population or ethnic group, i.e. certain population or ethnic 

group has its own unique set of common mutations in β-globin gene (Xu et al., 2004). 

For example, haemoglobin E occurs as a result of a point mutation at position 26 of 

the β-globin chain (glu->Iys). As a consequence of this mutation, the abnormal gene 

leads to the production of decreased levels of β-mRNA as well as β-globin chains 

(Thein, 2005). Clinically, it exist in 3 main forms on the basis of the severity and 

worsening of the disease namely thalassaemia minor, thalassaemia intermedia and 

thalassaemia major (Flint et al., 1993). 

2.2.2.1. Thalassaemia Minor: 

Individuals with β-thalassaemia minor are the carriers of the disease. They usually do 

not show clinical symptoms but they may have mild anaemia during their life span. If 

both parents are thalassaemia minor carriers, they have 25% chance of having 

children with homozygous β-thalassaemia at each pregnancy (Weatherall, 2004). As 

far as thalassaemia minor is concerned, it is clinically asymptomatic, however, in 

some individuals moderate anaemia has been reported. Individuals having a 

thalassemic trait in one gene are known as carriers or have thalassaemia minor. 

2.2.2.2. Thalassaemia Intermedia:  

Moderate anaemia have been reported in patients with thalassaemia intermedia and 

required no habitual or regular blood transfusions. In the patients of thalassaemia 

intermedia, several clinical features have been reported such as hypertrophy of 

erythroid marrow with medullary and extramedullary haematopoiesis (Galanello et 
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al., 2001; Taher et al., 2008; Sanctis et al., 1998; Nassar et al., 2008; Farmakis et al., 

2005, 2002).  

2.2.2.3. Thalassaemia Major: 

Severe anaemia and need of red blood cells transfusions have been reported to be 

presented in patients in the first two years of life in case of thalassaemia major. 

Jaundice, growth retardation, poor musculature, enlargement of spleen and liver and 

some bone marrow abnormalities which may lead to modifications in skeleton and 

development of masses from extrame dullary haematopoiesis have been seen in 

patients which are untreated and not transfused properly in many developing 

countries. Transfusion therapy, if given regularly may cause iron overload related 

problems like endocrine complication (Borgna et al., 2004, 2005). 

2.3. Expression of α and β-Globin Genes: 

The expression of α and β-globin genes start to activate by the end of third week of 

gestation. During foetal development, an alteration in the expressions of globin genes 

have been reported (Stamatoyannopoulos, 2005; Weatherall, 1986). Initially, there is 

production of embryonic haemoglobin, then foetal haemoglobin is formed leading to 

the production of adult haemoglobin. The expressions of α -globin genes stay even 

throughout all life. The final protein product of both α l and α 2 genes are almost 

same, however α 2 mRNA levels are seemed to be in majority as compare to α 1- 

mRNA. While on the other hand, expressions of more related genes such as έ-, and γ-

globin gene are down regulated alongside the increased expression of β-globin gene 

with the transition from foetal to adult haematopoiesis (McGrath et al., 2011). By the 

six month of time after birth, the process of switching γ to β-globin usually reaches to 

an end (Kingsley et al., 2006).  
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For controlled expressions of έ, γ and β-globin, trans-acting factors like GATA 

binding proteins play an important role. These GATA binding proteins are 

synthesized in yolk sac, foetal liver and bone marrow and bind to DNA sequence 

motif (T/A)GATA(A/G) present in the έ, γ and β-globin promoters. The two 

important promoter binding proteins GATA- 1 and GATA-2 have been shown to be 

very crucial for the controlled expression of erythroid specific genes (Moritz et al., 

1997).  

The process of transcription for globin genes begins at the transcription initiation site 

corresponding to the Cap site which is located 50 bp upstream from the starting codon 

(AUG) and it also labels the 5' end of the mature cytoplasmic mRNA. The 

transcription starts on reading all the exons introns and all the sequences beyond the 

highly conserved 3' "AATAAA" polyadenylation site (Barber, 2011).  

2.4. Molecular basis of β-thalassaemia: 

The β-globin gene is present on short arm of chromosome 11p15.4-11p15.5 almost of 

45 Kb and consists of 5 genes (Das & Talukder, 2002). Mutations in different regions 

of β-globin gene either result in the reduction or the absence of the globin chain 

synthesis while in some cases highly unstable β-globin product is formed is known as 

β-thalassaemia major while the type in which complete absence of β-globin chain 

occurs is known as β-thalassaemia (Higgs et al., 2001). The common cause of β-

thalassaemia is mainly of point due to point mutations, small deletions and insertions 

in the β-globin gene. Point mutations in the β-thalassaemia cause defective synthesis 

of the β chain. Mutations arising in promotor regions affect transcription process. 

Mutations in the coding regions or splicing sites or termination codons affect RNA 
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functioning, processing and translation where a few small deletions or insertions 

leading to frameshifts (Mansoor et al., 1998).  

2.5. Mechanisms Altering the Expression of β-Globin Gene: 

Expression of β-globin gene is kept in harmony by locus control region. On 

chromosome 11, there is a cluster of gene present out there and β globin gene is a part 

of that cluster (FU et al., 2002). Due to the presence of different types of mutations, 

several defects arise in the process of transcription (termination and initiation), often 

causes unusual RNA splicing and substitutions. As a result of these abnormalities, 

either there will be less production of β-globin or total absence of it which leads to the 

development of β- thalassaemia. There are different kinds of mutations including β 

zero mutations characterized by the complete non-existence of β globin chain 

production. These type of mutations are usually nonsense, splicing mutations or 

frameshifts. On the other hand, β-plus mutations are the ones having β-globin 

production in splicing defects and promoter regions unlike β zero mutations 

(Weatherall, 1994).  

A number of mechanisms have been reported by which following mutations alter the 

expression of β-globin genes. Few are explained below. 

2.5.1. Transcriptional Promoter Mutations: 

One of the most significant mutations that cause β-thalassaemia are the mutations in 

the promoter sequences of the β-globin genes. The mutations lead to diminished 

promoter function. Most of the mutations are found to be concerted in the "TATA" 

box and in the proximal and distal "CACACCC" sequences at -90 and -105 

nucleotides upstream of the gene (Rahimi, 2010). Such promoter mutations have the 

tendency to lower the rate of transcription by 20-30% as compare to normal one by 
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reducing the binding of RNA polymerase to β-globin gene sequences. For example, 

one of common mutations in the promoter site of β-globin gene i.e. C-T substitution 

at position -88 relative to Cap site results into a mild phenotype. Another mutation at 

the Cap site of the β-globin gene also influences the transcription as well as generates 

secondary effects on the process of translation. There are several other mutations in 

the promoter region of β-globingene which are known to cause β-thalassaemia 

(Patrinoset al., 2005). 

2.5.2. Chain Termination Mutations: 

Nonsense mutations may lead to the premature termination of transcription. A single 

nucleotide substitution in a certain codon which actually codes for a functional amino 

acid could turn into a stop codon. One of the common examples of nonsense codon is 

CAG-TAG substitution at codon 39. Apart from nonsense mutations, frame shift 

mutation either by an insertion or deletion of nucleotide(s) may also lead to premature 

chain termination. For example, four nucleotide deletion (-TTCT) in codons 41 and 

42 results in introduction of a stop codon in another codon 59. All of the chain 

termination mutants have been shown to produce β°-thalassaemia phenotype. A 

number of nonsense as well as frame-shift mutations have been reported to cause of 

β°-thalassaemia (Weatherall, 2001). 

2.5.3. Deletions as a Cause of β-Thalassaemia: 

Deletions that cause β-thalassaemia are very common. 13 different deletions of 

variable lengths and sizes have been documented so far (Harteveld and Higgs, 2010). 

One of the most common deletions is the removal of 619 bp of IVS-H, exon-3 and 

sequences 3' of the gene. Some deletions also engross a large portion of the 5' 

untranslated region of β-globin gene and seemed to be linked with an abnormally high 
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level of Haemoglobin-A2 (Pagon et al., 2013). In a previous study, a 10.3kb deletion 

comprising the 5' untranslated region of β-globin gene in an Asian Indian is found to 

be linked with high Haemoglobin-A2 level has been reported. Such mutations 

presumably reduce the chances of competition among β-globin gene promoters 

(Weatherall, 2004). 

2.5.4. Dominant β-Thalassaemia Mutations: 

These mutations are responsible for dominant form of β-thalassaemia, in which 

heterozygote shows severe anaemia, have been identified (Galanello et al., 2011).A 

total of 27 different mutations, generally in the 3rd exon, are shown to be associated 

with this unusual phenotype. These mutations result in altering different and 

extremely significant mechanisms at molecular level which lead to production of 

highly unstable β-variant. These mechanisms are single base substitution or deletion 

of functionally intact codons, premature termination or truncation of β-globin chain, 

and an elongated β-globin chain with an modified carboxyl terminal end due to the of 

frame-shift mutation . Moreover, these dominant thalassaemia mutations in a 

heterozygous state also form highly unstable haemoglobin variant that has a tendency 

to precipitate in erythrocytes and leads to clinical manifestations of thalassaemia 

intermedia (Galanello et al., 2011). 

2.5.5. β-Thalassaemia Due To Unknown Mutations: 

In some cases of classic β-thalassaemia, not even a single detectable mutation has 

been identified in the β-globin gene or its immediate flanking regions. It is thought 

that in such cases β-thalassaemia occurs due to the mutations in some other genes 

located elsewhere in the genome or in the vicinity of β-globin genes and have a 

central role in β-globin gene expression (Serjeant et al., 2011). 
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2.6. Pathophysiology of β-thalassaemia: 

In β-thalassaemia, unproductive erythropoiesis is the fundamental pathophysiology. 

After regular conversion of haemoglobin of the foetus which is a tetramer with 2 α 

and 2 γ globin chains to haemoglobin of adult which has 2 α and two β-globin chains, 

usually then clinical manifestations are seen owing to imperfection in β globin gene. 

Due to the deficiency or absence in the formation of β-globin chains, disproportion 

among α and β-chain occurs which causes excess α chains to precipitate off in red 

cells which are getting mature and erythroid precursors which leads to damage of 

membrane and destruction of cells. These destructed cells cannot survive leading to 

unproductive erythropoiesis which in turn causes anaemia as well as erythroid 

hyperplasia. Erythroid hyperplasia causes change in the bones of skull. Enlargement 

of liver and spleen also occurs due to later one because of extramedullary 

haematopoiesis in these organs. Severe anaemia occurs which is usually transfusion 

dependent in case of β thalassaemia major as in this there is either low production of β 

globin chain or either incomplete production. In case of moderate reduction, less 

anaemia has been reported in some individuals (β-thalassaemia intermedia) and in 

case of β thalassemic trait the heterozygous individual have mild anaemia. 

Intermediate phenotypes may develop due to mutations in different globin genes 

which can change the severity. From the intestine, increased absorption of iron as well 

as hepcidin’s downregulated expression has been reported which may be due to 

inappropriate erythropoiesis and to some extent anaemia as well (Gardenghi, 2010). 

In case of β thalassaemia intermedia this is more distinct (Galanello, 2012). 
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2.7. Epidemiology of β-Thalassaemia: 

Population of Mediterranean countries, North Africa, Middle East region and many 

areas of SouthAsia have been reported with mutations in β-globin chain with a very 

high frequency of greater than 1 percent (Livingstone, 1985). Immigration in areas of 

northern Europe and North America has led to the worldwide distribution of this 

disease, though mutations in β cluster gene is low in these region’s natives. One of the 

other reason is intermarriages within different ethnic group of immigrants in the 

countries of Northern Europe where thalassaemia was totally absent. Approximately, 

1.5% of global population is a carrier of β-thalassaemia, along with 60,000 

symptomatic individuals born annually. However, the correct data about thalassemic 

carriers is unknown in the populations, especially in the areas of the world known or 

expected to be heavily affected (Vichinsky,2005). β-thalassaemia intermedia and 

βthalassaemia major have phenotypic similarity to complex heterozygosity in the 

company of E mutations and frequency has been reported to be higher in some parts 

of Southern China, Cambodia and Thailand too. According to an estimate made in 

1998, 2001 and 2010, among the total children born with thalassaemia, 95% were 

from Middle East and Asia with mostly haemoglobin E mutations (Weatherall et al., 

2001; Angastiniotis et al., 1998; Colah et al., 2010). In Pakistan, it has been reported 

that an estimated 5000-9000 children with β-thalassaemia are born per year, although 

no documentary registry is available at government level. The estimated carrier rate is 

5-7%, with approximately 9.8 million carriers in total population (Lodhi, 2003). 

2.8. Epidemiology of β-Thalassaemia in Pakistan: 

In Pakistan, several molecular and epidemiological studies have been conducted 

mostly for larger cities and 20 different mutations have been identified (Ahmed et al., 
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1996; Khateeb et al., 2000; El- Kalla and Mathews, 1997; Baig et al., 2005, 2006 a, 

b). Out of them, three most commonlyfound mutations are IVS-1-5 (G>C), FSC 8/9 

(+G) and CD 41/42 (-CTTT). FSC 8-9 (+G) is the most prevalent mutation with a 

percentage of 38.59%, IVS-1-5 (G->C) being the second most prevalent with a 

percentage of 37.89% and third most common mutation is counted as Cd41/42 (-

CTTT) with a percentage of 9.12 % (Baig et al., 2005). In Sindh and Baluchistan, IVS 

1-5 (G->C) mutation was found prevalent while in Punjab and Khyber Pakhtunkhwa 

FSC8/9 (+G) is found more prevalent (Baig et al., 2005). IVS-1-5 (G-C) mutation 

was considered the most common mutation identified in Pakistani population and was 

found in 53% of the test subjects and was represented almost equally in all the ethnic 

groups except Pathans (Khateeb et al., 2000). FSC 8-9 is found to be the most 

common mutation followed by IVS-1-5 then followed by Cd 41-42 but still this study 

stated that FSC-8/9 was prevalent in Punjabis and Pathans (Khattak et al., 2012).  

2.9. Diagnosis: 

2.9.1. Clinical diagnosis: 

Thalassaemia major is severe form of thalassaemia and usually seen in infants less 

than 2 years characterized by microcytic anaemia, mild jaundice and 

hepatosplenomegaly. Thalassaemia intermedia expresses itself in a later age with 

milder and less aggressive clinical findings as compared to major one. Individuals 

with thalassaemia minor are mostly asymptomatic but in some cases show signs of 

mild anaemia(Galanello et al., 1979). 

2.9.2. Haematological diagnosis: 

Thalassaemia can be diagnosed by Complete Blood Count (CBC) and Peripheral 

Blood Smear in which different morphological changes are examined which shows 
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signs of anaemiai.e. either hypochromic or hypocytic cells etc. Other quantitative and 

qualitative techniques are available for example HPLC and electrophoresis to identify 

the type of haemoglobin (Galanello et al., 1979). 

2.9.3. Molecular diagnosis: 

Commonly occurring mutations of the β-globin gene are normally detected by a 

number of polymerase chain reaction (PCR)-based procedures. The most frequently 

used methods are reverse dot blot analysis or primer-specific amplification by means 

of a set of probes or primers complementary to the most common mutations in the 

population from which the affected individual originated (Old et al., 2005). 

Additional methods based on real-time PCR or microarray technology due to their 

reproducibility, speediness, and easy handling are potentially suitable for the routine 

clinical laboratory (Vrettou et al., 2003;Ye B et al., 2007). If targeted mutation 

analysis fails to detect the mutation, scanning or sequence analysis can be used. 

Sensitivity of both mutation scanning and sequence analysis is 99%. In the meantime, 

the presence of an extended deletion should be investigated by using multiplex 

ligation-dependent probe amplification (MPLA) (Vrettou et al., 2003)  

2.9.4. Prenatal diagnosis: 

Prenatal diagnosis of β- thalassaemia was performed for the first time in the 1970s by 

using globin chain synthesis analysis of foetal blood attained by foetoscopy or 

placental aspiration (Kan et al., 1975). The molecular characterization of the 

thalassaemias, the improvement of methods for their detection by DNA analysis and 

the introduction of chorionic villus sampling in the last span have led to a dramatic 

development in the practices to be used in the prenatal detection of these disorders. 

For a brief period, the diagnosis of thalassaemia was achievedeither by indirect 
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method i.e. polymorphism analysis (Kan et al., 1980) or via direct method 

i.e.oligonucleotide hybridization on electrophoretically separated DNA fragments 

(Pirastu et al., 1983). Prenatal diagnosis is by getting DNA from foetal cells of 

amniocentesis, which is usually performed at 15-18 weeks of gestation period or 

chorionic villi sampling at 11 weeks gestation.  Preimplantation genetic diagnosis 

may be available for families in which the disease causing mutation have been 

identified (Mavrou et al., 2007). 

2.10. Genetic counseling: 

Preconception genetic counseling is strongly recommended forall thalassemic patients 

(Sanctis, 2001).Thalassaemia can only be prevented by the identification of carriers 

and genetic counselling (Cao et al., 1998).If two parents have βthalassaemia trait, they 

will have one in four chance of having a child with βthalassaemia major and 

remaining three will be either normal or will have thalassaemia trait. On the other 

hand, individuals with αthalassaemia trait usually have a very complex pattern of 

inheritance. Chorionic villus sampling using polymerase chain reaction technology to 

detect point mutations or deletions can identify infants affected with βthalassaemia 

(Rappaport et al., 2004).  

2.11. Prognosis: 

Life expectancy of α-thalassemic patients is normal. Individuals with thalassemic 

major live an average of 17 years. Most of the patients die early and deaths are mostly 

due to iron overload that cause cardiac complications and liver cirrhosis (Modell et 

al., 2000).Severe β thalassaemia major (also called Cooley's anaemia) has 

traditionally had a poor prognosis with 80% dying from complications of the disease 

in the first five years of life (Peters et al., 2012). 
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2.12. Clinical management for βThalassaemia: 

Since there is not any standard cure for this appalling disease, so one of the best ways 

to deal with this genetic disorder is to take preventive measures as well as accentuates 

the already existing thalassaemia management. Regular blood transfusions, iron 

chelation therapy and prerequisite for other facilities to support patient’s life (Origa, 

& Galanello, 2010). 

2.12.1. Transfusions: 

The main goal in case of long term transfusion is to keep haemoglobin of patient at 9-

10 g/dL, therefore improving patient’s condition whereas at the same time 

suppressing increasing erythropoiesis which helps not only in treating 

anaemia.Hepatitis B vaccination shots is required before starting transfusion therapy 

as treatment. The transfusion is planned in such a manner that the pre-

transfusionHaemoglobin concentration remains 95-100g/L and is normally planned 

after 2-3 weeks. There is increased possibility of developing increased iron amounts 

from gastrointestinal absorption of iron due to low hepcidin production in such 

patients. If serum ferritin concentration is increased more than 300µg/L, in this case 

chelation therapy is started (Origa et al., 2007, Borgna- Pignatti., 2007). The process 

of transfusion helps the patient to have normal development of body and allows 

performing physical activities like a healthy individual. It also decreases the chances 

of marrow hyperplasia and related bone deformities and prevents splenomegaly and 

hyperspienism (Birgens & Ljung., 2007).Though, there is a drawback of hyper-

transfusion which is accumulation of excess iron present in the body which has huge 

tendency to harm many vital organs in the body such as liver and endocrine glands. 

Human body has not any definite mechanism to remove the excessive iron which gets 
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accumulated due to frequent blood transfusions over a period of time. To eliminate 

the iron overloads due to increased intestinal absorption, iron chelation therapy is 

given to the patient (Musallam et al., 2012). 

2.12.2. Iron chelation therapy: 

Chelation therapy is usually initiated after 10-12 transfusions have been given. 

Desferoxamine (DFO) is the most commonly used iron chelator which is administered 

generally 5-7 days a week for 12 hours of subcutaneous infusion. Dosage must be 

calculated on the basis of patient’s age and concentration of serum ferritin. It may be 

started with 20-30mg/kg/day increasing to 40mg/kg/day (5-6 years of age) and 

reaching maximum of 50mg/kg/day after the growth is completed. Dosage can be 

reduced depending on the low serum ferritin concentration. This DFO therapy lessens 

the secondary effects of iron overload and hence, causes a fall in morbidity and 

mortality (Borga-Pignatti et al., 2004). 

DFO chelation therapy has its own side effects which are more obvious in less iron 

burden conditions and can cause growth retardations in some individuals, ocular and 

auditory toxicity or rarely renal impairment and interstitial pneumonitis. Its 

administration also makes the patient vulnerable to Yersinia infections (bacteria 

which causes intestinal infections in human). Low compliance has been seen in this 

therapy because of several complications in its administration process which is found 

to be the major drawback in its administration. Effective response of this therapy can 

only be monitored by regular determination of serum ferritin concentration. Though, 

it is not a single parameter, other factors are there too which can influence that is liver 

damage, so MRI are used in recent years to detect iron load in liver and heart (Clark et 

al., 2003).  
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Response of Deferiprone and Defersirox is also seen recently. Deferiprone is 

considered aprogressing useful iron chelator substituteto DFO because of fewer 

myocardial side effects (Maggio, 2007). 

Alternatively, Deferasirox has shown good results in patients with a particular safety 

profile that is clinically manageable along with appropriate check. This therapy also 

comes up with certain side effects like any other therapy are gastrointestinal 

problems, skin rashes and increase in non-progressive serum creatinine concentration 

(Neufeld, 2006). 

When iron levels are very high in patients then combination therapy of DFO and 

Deferiprone can give promising results and iron toxicity can also be decreased. The 

decrease in frequency needed for subcutaneous infusions of DFX, when it is 

combined with deferiprone therapy, may significantly improve patient compliance 

with DFX as well as potentially reducing the costs of DFX therapy (Wonke et al., 

1998).   

2.12.3. Bone marrow transplantation: 

As thalassaemia major is an inherited disease requiring chronic long-life transfusions 

to treat the anaemia triggered by enhanced red blood cell destruction. Still this 

regimen cause iron overload and following organ deterioration. Iron chelation 

regularly by deferoxamine slows down this process however the iron overload 

gradually increases leading to portal fibrosis which may be enhanced by the 

concomitant presence of blood-borne infections such as Hepatitis C Virus (HCV) 

infection. The only fundamental cure for thalassaemia today, is to correct the genetic 

defect by haemopoietic stem cell transplantation (Lucarelli et al., 2002). Stem cell 

transplant if taken from a matched related donor is emerging therapy for 
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βthalassaemia major and it can produce promising results (Perumbeti et al., 2010; 

Bank, 2010). 

The success of this treatment strategy is mostly dependent on pre-transplantation 

clinical condition of patient that is the presence of hepatomegaly, amount of iron 

accumulation in the liver and chance of liver fibrosis. If these risk factors are not 

present in a patient then the percentage disease free survival becomes 90 % in case of 

children. But in the presence of these risk factors, survival rate becomes 60 % in all 

age groups (Gaziev & Lucarelli, 2003).But unfortunately it difficult to find related 

donor for at least 70 % of the needy. Animal models have been experimented using 

vectors like lenti viruses which have shown the effectiveness of transfer of globin 

gene in mice with β globin mutations (May et al., 2000. 2002; Malik et al., 2005). 

These experiments showed good results like their expression was stable still when low 

dose of vector was used. On the other hand they also came up with some problems 

like instability of vector, probability for insertional mutagenesis as well as variable 

expression (Persons. 2010; Yannaki et al., 2010). 

2.12.4. Lifestyle and Diet in β-Thalassaemia: 

If the disease is completely compensated by treatment, a patient of thalassaemia major 

can delight in a near-normal way of life and experience normal physical and 

emotional development since childhood to adulthood, including parenthood. 

Thalassaemic patients do not have specific dietary requirements, except they have 

been advised by the physician. Patients already take a heavy treatment besides it is 

counterproductive to supplement further restrictions without the likelihood of flawless 

benefit. For the duration of growth, a normal energy intake including normal fat and 

sugar content is highly recommended. In adolescence and adult life, a diet having low 

highly refined carbohydrates is useful in inhibiting or delaying the commencement of 
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impaired glucose tolerance or diabetes. No clear evidence is there that specific diet is 

advantageous in preventing or managing liver disease, except at late stages. The major 

characteristic of thalassaemia is increased iron absorption. The amount is influenced 

by degree of erythropoiesis, the Haemoglobin level and several potential independent 

factors. Iron absorption from food can be reduced by having black tea with food 

particularly in patient suffering from thalassaemia intermedia (Borgna‐Pignatti, 2007). 

There is no proof that iron-poor diets are beneficial in thalassaemia major (Galanello 

and Origa, 2010). The foods very rich in iron (such as liver and multivitamin 

preparations contain added iron, along with other vitamin supplements) should not be 

used. Since many factors in thalassaemia stimulate calcium depletion, a diet having 

adequate calcium (e.g. milk, cheese, dairy products) is recommended at all times. 

However, nephrolithiasis is seen in some patients with thalassaemia major, in those 

individuals calcium supplements must not be given lest there is a clear indication; as 

an alternative a low oxalate diet should be considered. Thalassaemia patients who 

remain untransfused or the ones on low transfusion regimens have greater folate 

consumption and might develop folate deficiency. Supplements (1 mg/day) may be 

given to these type of patients. Patients who are transfused very frequently rarely 

develop this condition, and generally have no requirement of supplements. Vitamin C 

deficiency also occurs in some patients as iron overload causes vitamin C to be 

oxidized at an amplified rate. About 50 mg of vitamin C in children 10 years along 

with DFO infusion may increase the 'chelatable iron' present in the body, therefore 

increasing the efficacy of chelation therapy. Still, yet there is no confirmation 

supporting the consumption of vitamin C supplements in patients on DFP, DFX or 

combination treatment. Iron absorption is increased from the gut with vitamin C, 

labile iron and hence iron toxicity and may consequently be particularly harmful to 
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patients who are not receiving DFO, as iron mobilized by the vitamin C will stay 

unbound, triggering tissue damage. The efficacy and safety of vitamin E 

supplementation in thalassaemia major has not been formally assessed and it is not 

possible to give recommendations about its use at this time. Patients with 

thalassaemia should be not use alcohol, as it can facilitate the oxidative destruction of 

iron and worsens the influence of HBV and HCV on liver tissue. Physical activity 

should always be encouraged lest there is a precise secondary medical condition. 

Some conditions that demand special attention include splenomegaly, osteoporosis 

and severe heart disease.  

Standard recommended vaccinations should not be skipped or delayed. Proper 

immunization with Haemophilus Influenza and meningococcal vaccines should be 

done before two weeks of splenectomy and after surgery to prevent and decrease the 

risk of infection. Like other chronic diseases, certain psychological complications are 

also seen in this disease.  

The strategy using which the family and the patient cope up with the disease and its 

treatment will have a life-threatening effect on the patient's survival and quality of 

life, and an overall acceptance by the patient of his/her own condition creates the key 

to normal development from childhood to adulthood. A significant role of physicians 

and other health care professionals in treatment is to support patients and families to 

face up to the challenging demands of treatment, whereas preserving a positive role 

(Galanello and Origa, 2010). 
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 Research Objectives: 

This is the first such pilot study in Khyber Pakhtunkhwa, no such study has been 

reported yet in this region of Pakistan. In this study, it is hypothesized that the 

mutations present in the β- thalassemic patients of the KPK population are the same as 

in the rest of the country. The major objectives of the study are:  

 To investigate the prevalence of β-thalassaemia in the province of KPK.  

 To conduct a preliminary study to correlate clinical pathological profile and 

taxonomy of molecular subtypes of thalassaemia.  

 To investigate age related gender specific prevalence of βthalassaemia. 

 To investigate population wise distribution of the disease.  

 To conduct a pedigree analysis of a family affected with this disorder.  
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CHAPTER 3 

MATERIALS AND METHODS  

3.1. Study Subjects:  

The designed study was a case study. The sample size for the study was 350 

thalassaemic patients which were taken from various thalassemia centers of Mansehra, 

Abbottabad and Peshawar and 30 control samples. All the patients considered under the 

study were clinically diagnosed patients of β-thalassaemia major. The patient’s data 

including age, gender, current treatment and family history was recorded.  

Thirty normal individuals from the same region were taken as healthy control, falling 

in the corresponding age and sex group as made for the case group. Before conducting 

this study, written consent was taken from the patients after inferring them about the 

study. 

3.2. Blood Sample Collection: 

Sterilized syringes of 5ml (BD 0.6mm X 25 mm, 23 G X 1 TW) and 10 ml (BD 0.6 mm 

X 38 mm, 21 G X 1 TW) were used to draw, venous blood from the subjects under 

study. All the samples were collected in 2.5 ml (BD vacutainer TM, Frankin Lakes, 

New Jersey, USA) and 3 ml ethylenediaminetetraacetic acid (EDTA) tubes (BD 

vacutainer TM, Frankin Lakes, New Jersey, USA). EDTA tubes were labelled properly 

by giving identification number (ID num.) to each sample, date and time on which the 

sample was collected along with name and age of the individuals.  

3.3. Sample Storage and Transport: 

The blood samples were then dispatched to Thalassemia Laboratory Atta-ur-Rehman 

School of Applied Biosciences (ASAB), National University of Sciences and 
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Technology (NUST), Islamabad, Pakistan. Samples were stored at 4 o C for further 

processing.  

3.4. Solutions Used In DNA Extraction:  

For DNA extraction, four different types of solutions were made i.e. RBC lysis buffer 

solution, Proteinase K buffer solution, 20% SDS solution and 6 M NaCl solution.  

3.4.1. RBC Lysis Buffer:  

For the lysis of red blood cells, lysis buffer was made by adding 10mM Tris (PH 7.5), 

5mM magnesium chloride (MgCl2) (Tris Merck, Gemany) and 0.32 M sucrose. 

Distilled water was then added to make up the volume and solution was autoclaved at 

121o C temperature and pressure 100 kPa. After that Triton X-100 (1% Vol/vol) was 

added to the autoclaved solution.  

3.4.2. Proteinase K: 

Proteinase K is an enzyme that digests proteins. In order to ensure better performance 

of this enzyme, Proteinase K buffer was made by adding 10 mM Tris (Tris Merck, 

Gemany) (PH7.5), 2 mM EDTA (Affymetrix, USA) (pH 8.0) and 400 mM sodium 

chloride (Tris Merck, Gemany) to distilled water.  

3.4.3. 20% SDS solution:  

20% SDS solution was made for the degradation of cell membrane and lysis of WBCs 

(White Blood Cells). 

3.4.4. 6 M NaCl Solution: 

6 M NaCl solution was used to salt out all the proteins from the mixture.  
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3.4.5. Tris-EDTA Buffer solution (TE Buffer): 

TE Buffer was prepared by adding 10mM Tris HCL in 1 mM EDTA (pH 8.0) 

(Affymetrix, USA). 10 ml of TE buffer was dissolved to get 1X buffer in 990 ml 

distilled water. pH of the buffer was maintained at 8.0 and it was stored in room 

temperature.  

3.4.6. 1X Tris Acetate Ethylenediamine tetraacetic acid (TAE): 

50X stock solution of Tris Acetate (EDTA) was prepared. By adding 890 mM of Tris 

base (Tris Merck, Gemany), 20 mM of EDTA (Affymetrix, USA) (pH 8.0) and 890 mM 

of acetic acid in distilled water. In order to make up the desired volume, distilled water 

was added. 1X TAE was prepared from 50X stock solution. As final concentration, 1X 

TAE had 89 mM Tris base (Tris Merck, Gemany), 89 mM Acetic acid and 2 mM of 

EDTA (Affymetrix, USA). 

3.5. Genomic DNA extraction by salt extraction method:  

Genomic DNA was extracted by proteinase K/ Sodium dodecyl-sulphate (SDS) 

digestion and proteins were separated from the blood (Miller M et al, 1988). Salt 

extraction method is cost effective and reliable method for DNA extraction. This 

method is less time consuming and DNA obtained at the end is of high yield. The blood 

samples stored in EDTA tubes were stored in incubator at room temperature half an 

hour before processing. Approximately 750 µl of blood was taken in 1.5ml eppendorf 

tube. 750 µl of RBC Lysis Buffer was then added in it. The tube was tightly closed and 

placed at room temperature till it became clear red. This mixture was then centrifuged 

at 13,000 rpm (revolution per minute) for 1 minute in the centrifuge machine 

(spectrafuge 24D Labnet, Edison, New Jersey, USA). After centrifugation, supernatant 

was discarded carefully and nuclear pallet was left in it for further processing. Pallet 
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was re-suspended in 400 µl of RBC Lysis Buffer, centrifuged again at 13,000 rpm for 

1 min and supernatant was again discarded. Nuclear pallet obtained after this step was 

re-suspended in 400 µl of Proteinase K Buffer, 14 µl of 20% sodium dodecyl sulphate 

(SDS) and 5µl of proteinase K (PK). After this step, overnight shaking incubation was 

done at 37o C. The next day 500µl of 6M NaCl solution was added in the tube and 

mixed properly using vortex. The tube was then centrifuged for 20 minutes at 4,500 

rpm. After centrifugation, the upper aqueous phase was collected in a clean and 

appropriately labeled tube. Then, 500µl of isopropyl alcohol was added to precipitate 

the DNA by inverting it several times. Then again centrifugation was done at 13,000 

rpm for 10 minutes and the supernatant was discarded to get the DNA pellet. In DNA 

pallet, 200 µl of 70% ethanol was added in order to wash the DNA and for about 7 

minutes it was centrifuged again at 13,000 rpm. Then upper layer having ethanol was 

discarded leaving DNA at the bottom. DNA pallet was then dried by keeping tubes in 

incubator at 37o C to evaporate all the excess ethanol. To the DNA pallet, 100µl of TE 

buffer was added and left for 4-5 hours for the DNA to dissolve.  

3.6. DNA Dilution: 

For checking the purity and quantification of DNA, nanodrop (Eppendorf, USA) was 

used. Stock DNA with high concentration and purity was diluted to get the 

concentration of 40-50 ng/µl for PCR amplification. All the dilutions were stored at -

200 C for further use in PCR amplification. In PCR optimization different 

concentrations of DNA was used to get an optimum and specific band of amplicon.  

3.7. Primer Designing 

Primer sequences were adopted from literature that amplified a specific region in both 

diseased and healthy controls (Baig et al., 2005; Baig et al., 2006). Primers were 
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checked for complementarity with the desired region of interest using NCBI primer 

BLAST 

(http://www.ncbi.nlm.nih.gov/tools/primerblast/index.cgi?LINK_LOC=BlastHome).  

Other properties were evaluated using Oligocalc, an online oligonuceotide properties 

calculator (http://www.basic.northwestern.edu/biotools/oligocalc.html). The primer 

sequences and product sizes of their amplicons are given in Table 3.1. All the primers 

were amplified against a single common reverse primer, the sequence on which was  

5’ CGG CAG ACT TCT CCT CAG GAG TCA GGC GCA 3’ 

3.8. Detection of Mutations: 

The DNA stocks were screened for 16 known β-Thalassaemia mutations in Pakistani 

population.  

3.8.1. Amplification Refractory Mutations System – Polymerase Chain Reaction 

(ARMS-PCR) 

ARMS PCR is a very simple and economical technique for the detection of point 

mutations or small insertions or deletions. It works on the principle of sequence specific 

priming (SSP). For screening of a specific mutations, PCR reaction encompasses four 

primers in one reaction mixture. 

3.8.2. PCR Process: 

The PCR was performed in 0.2 ml PCR tubes (Axygen, California, USA). A 20µl of 

reaction mixture having 10µl of PCR water (Invitrogen, USA) , 2 µl of MgCl2 

(Invitrogen, USA) , 2.5 µl of dNTP’s (Invitrogen, USA) , 1 µl of forward primer 

(Eurofins, Germany), 1 µl of reverse primers (Eurofins, Germany), 2 µl of Taq Buffer 

(Invitrogen,USA) and 1 µl of extracted genomic DNA. PCR tubes were swirled and 0.5 

µl of Taq polymerase (Invitrogen, USA) was added to PCR tubes which are sited on 

http://www.ncbi.nlm.nih.gov/tools/primerblast/index.cgi?LINK_LOC=BlastHome
http://www.basic.northwestern.edu/biotools/oligocalc.html
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ice. They were gently mixed in order to avoid bubble formation. In case, bubbles were 

found, they were removed by tapping gently. Then, tubes were taken for amplification 

process to PCR. 

Table 3.1:  Primer Sequences and Amplicon Sizes for Detection of Mutations 

Mutation Primer Sequences (5’ – 3”) 
Amplicon 

Size (bp) 

IVS-I-5 Mutant: 

CTCCTTAAACCTGTCTTGTAACCTTGATAG 

Normal: 

CTCCTTAAACCTGTCTTGTAACCTTGATAC 

293 

FSC 8-9 Mutant: 

CCTTGCCCCACAGGGCAGTAACGGCACACC 

Normal: 

CCTTGCCCCACAGGGCAGTAACGGCACACT 

222 

 

CD 41/42 Mutant: 

GAGTGGACAGATCCCCAAAGGACCAACCT 

Normal: 

GAGTGGACAGATCCCCAAAGGACTCAAAG 

451 

IVS-II-I Mutant: 

AAGAAAACATCAAGGGTCCCATAGACACAT 

Normal: 

AAGAAAACATCAAGGGTCCCATAGACACAC 

642 

 

 

IVS-II-848 Mutant: 

CACACAGACCAGCACGTTGCCCAGGAGCTT  

Normal: 

CACACAGACCAGCACGTTGCCCAGGAGCTG 

 

1489 

IVS-I-I (G to T) Mutant: 

TTAAACCTGTCTTGTAACCTTGATACGAAA 

Normal: 

TTAAACCTGTCTTGTAACCTTGATACGAAC 

289 
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Mutation Primer Sequences (5’ – 3”) 
Amplicon 

Size (bp) 

IVS-I-I (G to A) Mutant: 

TTAAACCTGTCTTGTAACCTTGATACCAAT 

Normal: 

TTAAACCTGTCTTGTAACCTTGATACGAAC 

289 

Cd 15 Mutant: 

CACCAACTTCATCCACGTTCACCTTGGCCT 

Normal: 

CACCAACTTCATCCACGTTCACCTTGGCCC 

243 

Cd 16 Mutant: 

TCACCACCAACTTCATCCACGTTCAGCTTC 

Normal: 

TCACCACCAACTTCATCCACGTTCAGCTTG 

247 

Cd 26 (G-A) Mutant: 

TAACCTTGATACCAACCTGCCCAGGGGCTT  

Normal: 

TAACCTTGATACCAACCTGCCCAGGGGCTC 

275 

Cd 30 (G-C) Mutant: 

TAAACCTGTCTTGTAACCTTGATACCTACG 

Normal: 

TAAACCTGTCTTGTAACCTTGATACCTACC 

288 

Cd 30 (G-A) Mutant: 

TAAACCTGTCTTGTAACCTTGATACCTACT 

Normal: 

TAAACCTGTCTTGTAACCTTGATACCTACC 

 

288 

Cd 39 (C-T) Mutant: 

CAGATCCCCAAAGGACTCAAAGAACCACTA  

Normal: 

CAGATCCCCAAAGGACTCAAAGAACCACTG 

 

 

444 
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Mutation Primer Sequences (5’ – 3”) 
Amplicon 

Size (bp) 

-88 Mutant: 

TCACTTAGACCTCACCCTGTGGAGCCTCAT 

Normal: 

TCACTTAGACCTCACCCTGTGGAGCCTCAC 

288 

Cap +1 (A-C) Mutant: 

AAAAGTCAGGGCAGAGCCATCTATTGGTTC  

Normal: 

AAAAGTCAGGGCAGAGCCATCTATTGGTTT 

350 

Initiation Cd (T-C) Mutant: 

CGGCAGACTTCTCCTCAGGAGTCAGGCGCG  

Normal: 

CGGCAGACTTCTCCTCAGGAGTCAGGCGCA 

320 

Internal Control Forward: 

CAATGTATCATGCCTCTTTGCACC  

Reverse: 

GAGTCAAGGCTGAGAAGATGCAGGATA 

862 

 

A Thermo-cycler (Applied Biosystem, Foster City, USA) was used in order to perform 

cycling process. It was first optimized following this protocol : 5 minutes for initial 

denaturation at 95O C, trailed by 35 cycles at 95O C for 45 seconds (denaturation), 60 O 

for 45 seconds (annealing) and 72 O C for 45 seconds (elongation) and final allowance 

at 72 O C for 10 minutes for elongation of any incomplete PCR products. PCR products 

were then kept at 4 O C.  

3.8.3. Validation of ARMS PCR:  

For analysis of PCR products, agarose gel (2% w/w) was made using 100ml 1 X Tris 

acetate EDTA (TAE) buffer and 1.6g agarose and then simply heating it for 120 seconds 

in microwave oven. It was then allowed to cool till that point when no fumes were 
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coming out from the container. After that, 8 µl of Ethidium Bromide (EtBr) was also 

added to the conical flask to stain the gel. That aqueous solution was poured in gel 

casting tray and allowed to solidify at room temperature. The gel was placed in buffer 

tank of electrophoresis apparatus (Cleaver Scientific Ltd.). For loading the samples, 15 

µl of PCR product was mixed with 3 µl of loading dye (bromophenol blue). All that 

mixture was loaded into wells carefully. Electrophoresis was done at 100 volts for 25 

minutes in 1X TAE. Gel was visualized in UV Trans-illuminator (Biometra, 

Goettingen, Germany). At last, it was photographed by using Gel Documentation 

System (Wealtec Dolphin Doc, Sparks, USA).  

3.9. Pedigree Analysis: 

A family was selected from Mansehra, KPK, Pakistan for pedigree analysis. Pedigree 

was constructed by using a standard method (Bennett et al., 1995). The exact genetic 

relationships of different individuals were obtained through interview of index patient. 

All the information taken from the proband was used for the pedigree analysis. Males 

were symbolized by squares while females were symbolized by circles. Unfilled circles 

and squares were used for the representation of normal individuals while filled circles 

and squares were used to represent abnormal / affected individuals. Carrier individuals 

were represented by using squares and circles having a dot in the centre. Half-filled 

circles and squares were used to represent thalassaemia minor.  For the deceased ones, 

a line was drawn across circles and squares. Proband was represented by an arrow 

indicating towards it. Each generation was indicated by Roman numbers while each 

individual in a generation was named using Arabic numbers. 
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CHAPTER 4 

RESULTS 

4.1. Genotyping of β-Globin Gene Mutations in β-Thalassaemia 

Patients: 

The present study was carried out on β-thalassaemia major patients (350 patients) from 

different cities of Khyber Pakhtunkhuwa (KPK). Mutations were detected through 

amplification refractory mutation system-polymerase chain (ARMS-PCR). The sample 

DNA was screened for 16 different mutations that has been reported in Sub-Continent. 

Internal control primers were used to confirm amplification and in order to avoid mis-

priming, a negative control of a normal subject was added that produced no band other 

than the control band.  

From overall 350 diseased subjects, 299 showed three most prevalent mutations; IVS 

1-5, FSC 8/9 and CD 41 /42, which are reported in Sub-continent while the remaining 

51 subjects showed other uncommon mutations. Our study showed high prevalence of 

these three mutations in KP population which is almost similar to rest of the Pakistani 

population. Out of these three, IVS-1-5 was found to be the most prevalent which was 

found in 186 patients that is almost 53 percent of the subjects under observation, 

followed by FSC 8/9 present in 62 patients (17.71 %) while CD 41/42 was reported in 

51 subjects (14.57 %). The representative gel image can be seen in Figure 4.1. IVS-1-

5 normal and mutated can be seen in well labelled as 2A and 1B, respectively, i.e. 

amplicon of 293 bp. Similarly CD 41/42 normal and mutated amplicons can be 

observed in well labelled as 3A and 4B respectively giving an amplification product of 

451 bp. FSC 8/9 normal amplicon can be seen in well labelled as 5A while mutated 

amplicons in well 6B and 7B. Negative and positive controls were also run and can be 
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seen in the gel image. Amplicon sizes were calculated by comparing the band sizes with 

the respective bands on the DNA ladder. 

 

Figure 4.1: Representative gel image of IVS 1-5, FSC 8/9 and CD 41/42 

(NC = Negative control; IV (N) = IVS 1-5 Normal Primer in Lane 1A and 2A; IV (M) 

= IVS 1-5 Mutant Primer in Lane 1B and 2B; F (N) = FSC 8/9 Normal Primer in 5A, 

6A and 7A; F (M) = FSC 8/9 Mutant Primer in 5B, 6B and 7B; C (N) = CD 41/42 

Normal Primer in 3A and 3B; C (M) = CD 41/42 Mutant Primer in 3A and 4A; PC = 

Positive controls; L = 50 bp Ladder; CD = Codon  IVS= Intervening region FSC= 

Frame Shift Codon) 
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Other Mutations present in the population were: IVS-I-I (G>T), CD 15, IVS-I-I (G>A), 

CD 30 (G>C), CD 26, CD 39, CD 16 and IVS-II-I.  Random samples were screened 

for other mutations including IVS-II-848, CD 30 (G>A), Cap +1 (A-C) and Initiation 

Cd (T-C) but no mutation was detected in the population under study.  The incidence 

of mutation along with their percentage distribution is shown in Table 4.1. 

Table 4.1: Distribution of β – Globin Gene Mutations across β – Thalassaemia 

Major Patients 
 

S. No. Mutation No. of Patients (Percentage) 

(n=350) 

1 IVS 1-5 186 (53.14) 

2 FSC 8/9 62 (17.71) 

3 CD 41 / 42 51 (14.57) 

4 IVS-I-I (G>T) 13 (3.71) 

5 CD 15 10 (2.86) 

6 IVS-I-I (G>A) 9 (2.57) 

7 CD 30 (G>C) 6 (1.71) 

8 CD 26 6 (1.71) 

9 CD 39 3 (0.86) 

10 CD 16 2 (0.57) 

11 IVS-II-I 2 (0.57) 

  CD= codon     IVS=intervening sequence FSC= Frame Shift Codon 
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4.2. Age-wise Distribution of Study Samples: 

The age wise distribution of sample was also checked. For this purpose sample was 

divided into six groups i.e. 0-5 years, 6-10 years, 11-15 years, 16-20 years, 20-24 years 

and 25 and above. The data is represented graphically in Figure 4.2. Less than 5% of 

the patients were above the age of 21 years. 

Figure 4.2: Age wise Distribution of Study Samples 
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4.3. Gender-wise Distribution of Study Samples: 

The prevalence of β-thalassaemia is not dependent on the gender of the individual 

because it is an autosomal recessive disorder, even though, the sample population was 

found to be biased where male subjects were dominated statistically. The results are 

depicted in the Figure 4.3. Among all patients, 228 were male while 122 were female, 

presenting imbalance of gender in the sample population.  

Figure 4.3: Gender Wise Distribution of Study Subjects 
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4.4. Parental Relationship of Study Samples: 

The trend of consanguineous marriages was also checked because it is a genetic 

disorder and was found to be very high. The parental distribution of β-thalassaemia 

patients according to parental genetic relationships is given in Figure 4.4. It was found 

that parents of about 55% of the sample population are related as 1st cousins whereas 

30% were related as 2nd cousins and remaining 15% were found to be unrelated.  

Figure 4.4: Parental Relationship of β- Thalassaemia Patients 
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4.5. Economic Status-wise Distribution of Study Samples: 

The Economic status of the subjects was also checked in this study because this disease 

needs a lot of resources to manage the treatment and to decrease the rate of morbidity 

and mortality at early age. The results are shown in Figure 4.5. It was found that out of 

all patients, 51.9 % of subjects were from low income family and 49.1 % had high 

economic status.  

Figure 4.5: Economic Status-wise Distribution of Study Samples 
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4.6. Caste-wise Distribution of Study Samples: 

The caste wise distribution of this disease was also checked. The high percentage of β-

thalassaemia was seen in Swati family (40.57%) followed by Syed (13.71%) and Tanoli 

(12%). The distribution of β-thalassemic patients in different caste groups is shown in 

Figure 4.. The high percentage of this fatal disease in patients was associated to first 

cousin relations compared to unrelated ones. 

Figure 4.6. Caste-wise Distribution of β-thalassaemia in Study Subjects 
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4.7. Other complications in β-Thalassaemia Major Patients: 

β-thalassaemic patients getting more than 8 transfusions annually were taken into consideration. 

Patients requiring fewer than 8 transfusions per year are considered to have thalassaemia 

intermedia and were excluded from this study. Out of the 250 patients examined for this study, 

none of them reported to be Hepatitis (HCV) or HIV positive. Almost 89% of the patients that 

were in the age group 11 – 24 years have reported heart complications while in overall sample 

pool 52% showed heart complications. 24% of patients have diabetes mellitus in overall sample 

pool. These complications are summarized in Table 4.2.  

Table 4.2. Other Complications in β-Thalassaemia Major Patients 

Complications 0 – 10 Y, % 

(No. Positive / 

No. Tested) 

11 – 20 Y, % 

(No. Positive / 

No. Tested) 

21 Y and 

above, % 

(No. Positive 

/ No. Tested) 

Overall, % 

(No. Positive / 

No. Tested) 

Infectious 

   Hepatitis 

   HIV 

 

0 (0 / 60) 

0 (0 / 60) 

 

0 (0 / 90) 

0 (0 / 90) 

 

0 (0 / 100) 

0 (0 / 100) 

 

0 (0 / 250) 

0 (0 / 250) 

Heart Disease 0 (0 / 60) 89 (80 / 90) 50 (50 /100) 52 (130 / 250) 

Liver Failure 0 (0 / 60) 0 (0 / 90) 20 (20 / 100) 8 (20 / 250) 

Endocrine disorders 

   Thyroid Disease 

   Diabetes Mellitus 

   Osteoporosis 

   Splenomegaly 

   Endocrinopathies 

 

0 (0 / 60) 

0 (0 / 60) 

50 (30 / 60) 

12.5 (10 / 60) 

0 (0 / 60) 

 

33 (30 / 90) 

33 (30 / 90) 

56 (50 / 90) 

44 (40 / 90) 

33 (30 / 90) 

 

40 (40 / 100) 

30 (30 / 100) 

40 (40 / 100) 

30 (30 / 100) 

20 (20 / 100) 

 

28 (70 / 250) 

24 (60 / 250) 

48 (120 / 250) 

32 (80 / 250) 

20 (50 / 250) 
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4.8. Complications of DFO Therapy in β-Thalassaemia Major 

Patients: 

Among 250 patients who had taken chelation therapy with Deferroximine (DFO), 

majority of patients have shown complications which required the adjustment of the 

dose and modification of the dose of the patient. Complications of DFO were very 

common in older patients as compared to younger ones which included hearing loss, 

vision problems and different types of allergic reactions. Table 4.3 shows specific 

complications related with DFO therapy and their frequencies in patients. 

Table 4.3.  Complications associated with DFO Therapy 

Complications 0 – 10 Y, % 

(No. Positive 

/ No. Tested) 

11 – 20 Y, % 

(No. Positive 

/ No. Tested) 

21 Y and 

above, % 

(No. Positive / 

No. Tested) 

Overall, % 

(No. Positive 

/ No. Tested) 

Hearing Loss 0 (0 / 60) 33 (30 / 90) 60 (60/100)  36 (90 / 250) 

Vision Disturbances 0 (0 / 60) 44 (40 / 90) 20 (20/100) 24 (60 / 250) 

Allergy 50 (30 / 60) 22 (20 / 90) 40 (40/100) 36 (90 / 250) 
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4.9. Pedigree Analysis: 

A family was selected for pedigree analysis having one β-thalassaemia major patient. 

All the information gathered through an interview with the proband was used to create 

this pedigree. The proband belong to 3rd generation in the pedigree named as III-6. 

Proband was suffering from β-thalassaemia major. She had two brothers, one normal 

while other had β-thalassaemia. She had a sister suffering from β-thalassaemia major 

who died almost 29 years ago. The pedigree is graphically represented in Figure 4.7. 

The parents of the proband (II-5 and II-6) were not related to each other. No member 

of parental and maternal family was diagnosed with thalassaemia minor or major but 

pedigree analysis revealed them to be carrier of the disease. The pedigree is graphically 

represented in Figure 4.7.  



Chapter 4 Results 
 

 

45 Investigation of mutations in β-thalassaemic patients in the province of Khyber Pakhtunkhwa 

I 

  

 

II 

 

 

 

III 

 

 

 

              Male Dead; Affected 

Female Proband 

 Affected; Thalassaemia Minor Carrier 

Affected; Thalassaemia Major Uncharacterized 

Figure 4.7: Pedigree of a Family having β-thalassaemia major Patient 
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CHAPTER 5 

DISCUSSION 

Pakistan has a significant genetic diversity and racial variety due to its long history 

beginning from Indus civilization which was further richened culturally by the invasion 

of Persian and Arab invaders. Pakistani ethnic culture depicts a blend of Greek, Persian, 

Indian and Middle Eastern descendants. Secondly, Arabic and Persian cultural norms 

strongly support consanguineous marriages which has made Pakistan a home of 

different genetic diseases including β-thalassaemia.  

β-thalassaemia has no permanent therapy, so the patient is sentenced to life of misery 

with repeated blood transfusions for the rest of the life. Pakistan shows all the 

physiognomies of the developing countries including uncontrollable growth rates, poor 

education standards, inadequate health care system and escalating poverty levels. All 

these factors not only contribute to prevalence of genetic disorders like β-thalassaemia 

but also increase its complexities and hinder its proper treatment. In such environment 

where treatment is very expensive, the prevention is the only cure of thalassaemia.  

For its prevention, many effective measures should be taken into consideration like 

phylogenetic analysis and characterization of carrier families, genetic counseling of 

prospective parents and prenatal diagnosis if the child has been conceived. These 

preventive measures can reduce the number of β-thalassaemia patients thus reducing its 

economic burden and hence improving health care system for the existing patients. But 

in this poverty stricken country, even prevention is not economical as it includes 

prenatal diagnosis which utilizes the process of ARMS- PCR.  

Without prior knowledge of the most prevalent mutations, characterization of these 

mutations can only be done by using the primers of all existing mutations. This results 
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in an increased cost of diagnostic procedure. On the other hand, if the prevalent 

mutation of a particular ethnic group residing in a specific location is known, then it 

might cut this resource wastage which can prove valuable for a limited resource health 

care unit, which majorly constitute the health care systems of Pakistan. Our research 

aims to bridge this gap of knowledge.  

Many researchers have done work in this area (Qurat-ul-ain et al., 2011; Ahmed et al., 

1996; Khateeb et al., 2000; El- Kalla and Mathews, 1997; Baig et al., 2005; 2006 a,b ; 

Khattak et al., 2012) but while reviewing the literature it was revealed that none of them 

have work specifically on the population residing in Khyber Pakhtunkhuwa. Previous 

work was done on Pakhtuns living in other parts of the country. This province has been 

neglected as a territory and due to its Afghan origin; consanguinity is very common, 

hence increasing the chances of β-thalassaemia. Due to its tribal socio-economic 

system, many of such cases go unreported which makes this area more considerable for 

this research. 

 By molecular characterization of β-thalassaemia mutations, we aimed to find the most 

prevalent mutation occurring in this region which will help in its prenatal diagnosis and 

will make people more aware and psychologically equipped for prevention of β-

thalassaemia. We have found that the most prevalent mutation according to our data is 

IVS-1-5 (GC) which matches results obtained from the study on population of other 

provinces of Pakistan (Khateb et al., 2000). FSC-8/9 (+G) was found to be the second 

most prevalent mutation in our study followed by Cd 41/42 (-CTTT). FSC-8/9 (+G) 

was in the highest percentage according to other studies (Baig et al., 2005; Khattak et 

al., 2012). The knowledge of this trend may prove useful for optimizing the prenatal 

diagnosis and PCR based screening methods to increase their efficiency at the lower 
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cost. Furthermore, genetic counseling of the subjects was also done so that public 

awareness about this disease would increase thus helping in its prevention. 

Age wise distribution of β-thalassaemia was also checked that revealed that death rate 

of patients was increasing as the age increases and after 20 years of age life expectancy 

decreases drastically. Male patients were found to outnumber female ones in this study 

which were somehow similar to the results of Qurat-ul-ain et al., 2011 and this 

difference in patients (more males and less females) is noteworthy and deserves further 

investigation. However, as observed during sample collection, the regional and cultural 

norms tend to be over-protected for the female sex preventing their interaction not only 

with the sample collectors but also with health care staff and their information is also 

kept confidential which explains low registered female patients in hospitals in that 

particular region. 

Furthermore, our study revealed that consanguineous marriages were very common and 

the occurrence of β-thalassaemia was more in case of consanguineous marriages 

including first cousins and second cousins marriages and these results were almost in 

agreement with those observed by Qurat-ul-ain et al., 2011 and Baig et al., 2005. 

Cultural norms and tribal social system were found to be the major cause of this trend 

hence converging the diversity of gene pool of this population. Not only the 

consanguineous marriages but the intra-tribal and distant cousin marriages produce 

homozygous patients but heterozygous carriers thus keeping the high chance of 

manifestation of this disease in generations to come.  

We also found that our sample size was almost belonging to families having higher 

economic status. From which we concluded that due to expensive therapy only a certain 

part of the population can afford it that is why these patients are a large part of our 

sample data. Families having low economic status have cultural norms and customs 
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including cousin marriages and poor awareness about the disease. According to our 

expectations, incidence of β-thalassaemia in these families may be much higher than 

actually reported.  

In this study, it was revealed that Swati and Syed caste has higher incidence of this 

disease. It is arguable that usual practice of cousin marriages may be a cause of higher 

incidence of the disease in these caste. This is the most untouched area by researchers 

so no data is available in this regard.  

With an increase in age, other complications in β-thalassaemia patients also increases. 

Similar results were obtained by Cunningham et al., 2004. β-thalassaemia patients tend 

to have different complications, for example heart diseases, diabetes mellitus, 

splenomegaly and different endocrinopathies with the increase in age. We also 

observed that the complications associated with DFO therapy including hear loss, visual 

disturbances and allergies are also getting severe with increase in age of overall 

population.  
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CONCLUSION  

In the light of our findings, we conclude that:  

• Most prevalent mutation in our sample population was IVS-1-5 (GC) 

followed by FSC 8/9 (G+) and Cd 41-42 (-CTTT) respectively.  

• Other mutations were also found in our sample population but they were less 

common. This pattern followed the mutation pattern existing in rest of Pakistani and 

South East Asian Population.  

• Cultural norms were found to be pro-cousin marriages thus contributing to the 

prevalence of β-thalassaemia.   

• Low number of female subjects may indicate over-protected cultural norms in 

KPK region. Moreover, the number of registered female patients was also very low. 

This might indicate that the females are constrained from availing such health care 

facilities.  

• The patients with higher economic status were registered more as compared to 

patients with low economic status.  

• Several other complications develop with an increase in age which may lead to 

death of the patient.  

• DFO therapy also comes up with complications which includes hearing loss, 

visual disturbances and allergies. The incidence of complications of DFO therapy was 

reported more in older patients which shows that complications increase after 

continuous consumption of the therapy.  
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FUTURE PROSPECTS  

Sample size of the study was small because of time constraints. In order to yield a 

significant conclusion about the prevalence of mutations in this population, sample size 

should be in the range of 2000 to 3000. So, we encourage other research groups to take 

this study further in order to reach a meaningful conclusion.  

Studies like this can be very valuable and should be done more often to optimize 

prenatal diagnosis in a way that it can become more efficient and less costly to the 

public. If prevalence of all the mutations is checked and screened in KPK population 

according to their ethnic background and locality, we can develop a β-thalassaemia 

genetic map which can help us in predicting the causative mutation in any individual 

with β-thalassaemia disorder by his/her basic information such as location and ethnic 

background. This will help not only in prenatal diagnosis but launching such a map will 

also give awareness to the public.  

By studying mutation prevalence’s in different ethnic groups, we can relate them 

phylogenetically to different populations which can give us insight to their phylogenetic 

ancestry and can help us in relating them to their neighboring cultures.  

This type of studies can lead to the revealing of very rare mutations which are 

unreported in these areas and owing to complex socio-economic system and low 

research there may be a possibility that a novel mutation may be loitering in this 

population undetected. 

There is a need to increase the number of centers in this area able to perform prenatal 

diagnosis, and provide this facility at a subsidized cost, or free for the poor, and 

introduce quality control programs. An important challenge is to develop pre-

implantation genetic diagnosis as many couples are distressed by having affected 
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children in consecutive pregnancies. Investment in non-invasive techniques for prenatal 

diagnosis would be worthwhile, as this would help to provide prenatal diagnosis. 

The need of the hour is to introduce β-thalassaemia control programs in the high risk 

areas and they should be monitored by a competent authority. Even without a control 

program in place we must motivate the obstetricians to screen every woman at first visit 

for carrier status of thalassaemia, haemoglobin E and sickle cell disease. As far as 

feasible, husband should be screened at the same time. 
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66 Investigation of mutations in β-thalassaemic patients in the province of Khyber Pakhtunkhwa 

 

Figure 1: Gel Image of IVS 1 – 5 

Lane 1 = Ladder; IVS Normal Primers in Lane 2, 4, 6, 8, 10, 12, 14, 16 and 18. IVS Mutant 

Primers in lane 3, 5, 7, 9, 11, 13, 15, 17 and 19 (Product Size = 293 bp). Control Primers 

were added in each reaction (Product size = 862 bp).  
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67 Investigation of mutations in β-thalassaemic patients in the province of Khyber Pakhtunkhwa 

 

Figure 2: Gel Image of IVS-I-I 

IVS-I-I Normal Primers = Lane 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 (Product Size = 289). IVS-

I-I Mutant Primers in Lane 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 (Product Size = 289). Control 

primers were added in each reaction (Product size = 862 bp) 
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68 Investigation of mutations in β-thalassaemic patients in the province of Khyber Pakhtunkhwa 

 

Figure 3: Gel Image of CD 15 

CD 15 Normal Primers in Lane 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 (Product size = 243 bp). CD 

15 Mutant Primers in Lane 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 (product size = 243). Control 

Primers were added in each reaction (Product size = 862 bp)  
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69 Investigation of mutations in β-thalassaemic patients in the province of Khyber Pakhtunkhwa 

 

Figure 4: Gel Image of CD 41 / 42 

CD 41 / 42 Normal Primers in Lane 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 (Product size = 451 bp). 

CD 41 / 42 Mutant Primers in Lane 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 (Product size = 451 

bp). Control Primers were added in each reaction (Product size = 862 bp)  
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70 Investigation of mutations in β-thalassaemic patients in the province of Khyber Pakhtunkhwa 

 

Figure 5: Gel Image of CD 26 

CD 26 Normal Primers in Lane 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 (Product size = 451 bp). CD 

26 Mutant Primers in Lane 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 (Product size = 451 bp). Control 

Primers were added in each reaction (Product size = 862 bp)  

 

 

 

 

 

 




