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Abstract 
Background: Approximately 180 mutations have been de-
scribed in β-thalassemia worldwide with specific spectrum in 
each ethnic population. This study determines the spectrum 
and the frequency of β-thalassemia mutations in patients with 
β-thalassemia trait and sickle cell-β-thalassemia. 
 
Methods: Fifteen compound heterozygous sickle cell thalas-
semia (SCT) and 23 β-thalassemia trait patients were studied 
using reverse dot blot, denaturing gradient gel electrophoresis 
and direct genomic sequencing. 
 
Results: We detected distinct β-thalassemia alleles in 15 com-
pound heterozygous of SCT and 23 β-thalassemia trait pa-
tients. The most common mutation was IVSII-1(G→A), found 
in 15 of the 38 thalassemia chromosomes. IVSII.1 (G→A) mu-
tation is a single nucleotide change of G to A at intervening 
sequence 2 position 1 of β-globin gene, detected in 11 out of 
23 chromosomes in A/β-thalassemic patients and in four out of 
15 chromosomes of SCT patients. This mutation constituted 
about 39% of the mutations in both groups. The -25bp 3 َIVSI, 
deletion of 25 base pairs from 3' end of intervening sequence 1 
of β-globin gene, was found to be the second prevalent muta-
tion among all chromosomes. 
 
Conclusion: Defining thalassemia mutations are necessary to 
establish prenatal diagnosis programs leading to lower medical 
cost. Amongst 10 different types of mutation detected in β-
thalassemic patients from South of Iran, two mutations of 
IVSII-1(G→A) and -25bp 3 َ IVSI were the most predominant 
β-thalassemic alleles. 
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Introduction 

eta-thalassemia is a heterogeneous inherited disorder 
of β-globin synthesis. Approximately 180 mutations 
have been described in β-thalassemia wordwide.1 β-

thalassemia may arise from either deletions of large portions of 
the β-globin gene cluster or from mutations involving single 
base substitution or small deletions or insertions within or 5' to 
β-globin gene.2 Previous surveys have demonstrated a specific 
spectrum of mutations in each ethnic population.3 Some of 
these mutations, generally two or three, are found with high 
prevalence while others are rare, but the aggregation of both 
types involve a large numbers of patients.3 
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β-thalassemia is the most common single 
gene disorder in Iran and more than 25,000 
affected individuals have been reported.4 High 
prevalence of β-thalassemia (around 10%) oc-
curs in North, close to the Caspian sea, and 
South of Iran close to the Persian Gulf.4 The 
prevalence of β-thalassemia alleles in other 
parts of the country has been estimated to be 
4-8%.4 Karimi and colleagues performed a 
screening study on high school boys which 
was done in the Fars Province, South of  Iran, 
and showed that the frequency of minor and 
major β-thalassemia was 6.9% and 0.72%, 
respectively.5 

The population of Iran consists of multieth-
nic groups; therefore, one expects to find dif-
ferent distributions of β-thalassemia mutations 
in various parts of the country. Depending on 
the techniques used for the determination of 
mutations, between 4-17 β-thalassemia muta-
tions have been reported in major or thalas-
semia intermedia patients in Iran.6-8 

To establish a program for carrier screening, 
genetic counseling and the offer of prenatal di-
agnosis in our country defining the spectrum of 
β-thalassemia mutation in different areas of Iran 
is necessary. This study reports distinct  
β-thalassemia alleles in 15 compound heterozy-
gous (Sickle-cell-thalassemia) and 23  
β-thalassemia trait patients using reverse dot blot 
(RDB), denaturing gradient gel electrophoresis 
(DGGE), and direct genomic sequencing. 
 
Patients and Methods 
 
From 18 Sickle-Cell-Thalassemia (SCT) and 
36 β-thalassemia minor patients who were 
analyzed, the type of mutation was detected 
in 15 SCT patients, nine females and six 
males, and 23 β-thalassemia minor, 14 fe-
males and nine males, 6-46 yrs-old from 
South of Iran. All patients had been admitted 
in the Hematology Center of Shiraz University 
of Medical Sciences. The type of mutation 
was not identified in three SCT and 13  
β-thalassemia patients. 

Complete blood counts were carried out 
using an automated cell counter. Fetal he-
moglobin (HbF) and hemoglobin A2 (α2δ2) 
were determined by alkaline denaturation 
and DEAE-52 column elution methods  
respectively.9,10 Sickle cell preparation test 
as well as Hb electrophoresis on cellulose  
acetate at alkaline and acid pH were  
used for diagnosis of sickle cell genotype 
/phenotype.11 

From EDTA treated venous blood, DNA 
was prepared using the phenol-chloroform ex-
traction method with minor modifications and 

kept at -20ºC until analyzed.12 Initially, Poly-
merase Chain Reaction-Reverse Dot blot 
(PCR-RDB) technique, using strips containing 
probes were used for screening β-thalassemia 
mutations for the most common Mediterranean 
and Asian Indian β-thalassemia alleles that had 
previously been reported for Iranian popula-
tion.6-8 PCR-RDB technique has the capacity to 
screen several known mutations in a single 
hybridization reaction.13,14 

For chromosomes in which PCR-RDB 
technique cannot detect any mutation, Dena-
turing Gradient Gel Electrophoresis (DGGE) 
technique can be used to detect single base 
changes and polymorphisms.15 In brief the 
detection of 25bp deletion, in the 3 َend IVSI 
was done after observing abnormal frame-
work of DGGE for G-fragment of β-gene and 
similarity of it to framework of a control sam-
ple with 25 bp deletion and the PCR-
Electrophoresis based approach was used 
for final confirmation. Mutations in some 
chromosomes were determined by genomic 
sequencing using Sangers dideoxy chain 
termination method with Sequenase T7 DNA 
polymerase.16 
 
Results 
 
Hematological data for thalassemia trait and 
SCT patients are shown in Table 1. Ten differ-
ent types of mutations which were found in pa-
tients are shown in Table 2. As shown, among 
the two groups, the most prevalent mutation 
was IVSII.1 (G→A), accounting for 47.8% mu-
tations in β-thalassemia minor and 26.7% in 
SCT patients. This mutation constituted 39.5% 
of the mutations in both groups. The -25bp 3 َ
IVSI was found to be the second most preva-
lent mutation (18.4%) amongst all chromo-
somes. A rare mutation, IVSI (-1) Cd30 (G→A) 
was detected in only one thalassemia trait pa-
tient. The hematological characteristics of the 
patient in whom a new mutation was found, 
are: Hb 9.5g/dl; Hct 32%; HbA2 3.9%; HbF 2%; 
MCV 69.4fl; MCH 20.6pg; MCHC 29.7g/dl; and 
RBC 4.8×1012/l. 
 

Table 1: Mean±SD of hematological aspects of patients 
with β-thalassemia minor (βTM) and Sickle Cell Thalas-
semia (SCT) 
Data βTM (n) SCT (n) 
Hb  (g/dl) 11.9±1.5 (22) 10.0±1.4 (14) 
HbS (%) - 67.4±9.6 (15) 
HbA2 (%) 4.8±0.55(22) 4.4±0.87 (15) 
HbF (%) 1.7±0.78(22) 12.1±5.8(15) 
Hct (%) 38.9±5.1(22) 33.4±4.6(14) 
MCV (fl) 64.3±5.5(22) 75.8±7.1(14) 
MCH (pg) 19.7±1.5(22) 23.0±2.3(14) 
MCHC (g/dl) 30.6±1.3(22) 30.4±2.0(14) 
RBC (×1012/l) 6.0±0.69(21) 4.4±0.55(14) 
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Table 2: β-thalassemia mutations 
Mutation type n % 
β-Thalassemia trait 
IVSII.1(G:A) β0 11 47.8 
-25bp 3 َ IVSI β0 5 21.6 
Fs8(-AA) β0 2 8.6 
IVSII.745(C:G) β+ 1 4.4 
IVSI.5(G:C) β+ 1 4.4 
CD 30(G:A) β0 1 4.4 
IVSI.110(G:A) β+ 1 4.4 
CD5(-CT) β0 1 4.4 
Sickle cell thalassemia 
IVSII.1(G:A) β0 4 26.7 
IVSI.1(G:A) β0 3 20.0 
-25bp 3 َ IVSI β0 2 13.3 
Fs8(-AA) β0 2 13.3 
IVSII.745(C:G) β+ 2 13.3 
CD 39(C:T) β0 1 6.7 
IVSI.110(G:A) β+ 1 6.7 

 
Discussion 
 
The high incidence of β-thalassemia alleles in 
Iran, which was estimated around 25,000 af-
fected individuals and two million carriers of β-
thalassemia, requires an extensive study for 
the type of β-globin gene mutations present. 
Defining thalassemia mutations in each geo-
graphical area is necessary to establish prena-
tal diagnosis programs to reduce medical care 
costs. A large majority of the thalassemia de-
fects are due to point mutations affecting criti-
cal areas for the function of the β-globin. These 
mutations produce frame shifts and nonsense 
codons, defects in transcription, RNA process-
ing, mRNA translation or they result in the syn-
thesis of very unstable hemoglobin chains.17  

The type of β-thalassemia mutation was de-
termined in 15 out of 18 SCT patients which 
among them 80% of mutations were of β0 mu-
tations including IVSII position 1 G→A, IVSI 
position 1 G→A, IVSI 3'-end -25 bp, Fs8 (-AA) 
and Codon 39 C→T. Twenty percent of β-
thalassemia chromosomes had a β+ mutation 
(IVSII position 745 C→G, and IVSI position 
110 (G→A). Generally, around 84% of β-
thalassemia mutations in all of these patients 
were of β0 mutations. IVSII-1 (G→A), found in 
15 out of 38 thalassemia chromosomes (about 
40%), was the most common mutation. This 
mutation was found in 11 out of 23 chromo-
somes (47.8%) in A/β-thalassemia patients and 
in four out of 15 (26.7%) chromosomes in SCT 
patients as well. The presence of IVSII-1 
(G→A), as the most prevalent β-globin gene 
mutation, in homozygous or β-thalassemia in-
termedia patients from Southwest of Iran has 
previously been reported.6,7 

Karimi and colleagues identified four differ-
ent mutations (IVSII.1, IVSI.110, IVSI.1 and Fs 
8/9) in β-thalassemia intermedia patients from 
South of Iran, indicating that IVSII.1 G→A as 

the most frequent mutation.7 Although, they 
could not identify the type of β-thalassemia 
mutation in 61% of their patients, Merat and 
coworkers, on the other hand, found 10 differ-
ent mutations among 17 β-thalassemia pa-
tients from the same region with high fre-
quency (31%) of IVSII.1 G→A mutation fol-
lowed by 15% IVSI.6 (T→C) mutation.6 In the 
present study the frequency for IVSII.1 G→A 
mutation was 40% which was higher than 
what is reported in previous studies.6,7 This is 
of interest because in previous reports, the 25 
bp deletion 3 َ IVSI was not found or only in 
one chromosome.6,7 In contrast, in this study, 
this mutation was detected in 7 out of 38 
chromosomes (18.4%) representing the sec-
ond most prevalent mutation in this region. 
The presence of 25 bp deletion with high fre-
quency of 36% was found in patients living in 
Bahrain,18 could be attributed to gene-flow 
and genetic admixtures that might have oc-
curred in this region. 

The rare codon 30 [IVSI position -1 (G→A)] 
mutation found in only one patient, completely 
prevented mRNA splicing and could not pro-
duce mRNA is carriers of this mutation as previ-
ously reported in a Bulgarian family and a Turk-
ish thalassemic patient.1 
 
Conclusion 
 
The information provided on the distribution 
and the frequency of β-thalassemia alleles in 
South of Iran is useful for physicians to estab-
lish specific therapeutic approaches and for 
genetic counselors to educate young couples 
and families to decide about their future life. 
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