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ABSTRACT  
Background and Aim: Beta-thalassemia ( -thalassemia) is characterized by the reduced synthesis of the hemoglobin beta 

chain. Nowadays, more than 200 disease-causing mutations in beta-globin ( -globin) gene have been identified. Beta-

thalassemia is the most common monogenic disease worldwide and one of the widespread hereditary disorders in Iran. 

Considering the vast spectrum of beta-thalassemia mutations, it has multi-ethnic population. The gene frequency of beta- 

thalassemia is high and varies considerably in each region. Therefore, it is necessary to determine the frequency and 

distribution of beta-thalassemia mutations in different regions. 

Materials and Methods: In the present study, two hundred and two beta-thalassemia major patients were subjected for 

genomic DNA extraction from whole blood. Amplification and subsequent sequencing of the beta-globin gene has been made 

by specific primers.  

Results: Thirty mutations were found in 404 studied alleles. Our results show that IVSII-1(G>A) with 21.3% (86/404 alleles) 

represents the most common mutation, followed by the four mutations namely CD36/37 (-T) (16%), IVSI-110(G>A) (17.8%), 

IVSI-5(G>C) (6.9 %) and CD5 (-CT) (5.2%), respectively.  

Conclusion: Our findings indicate that the Khuzestan population possesses a wide variety of thalassemia allelic distribution. 

These results can be used as basis for prenatal diagnosis of beta-thalassemia, especially in the south west of Iran. 
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INTRODUCTION 

Thalassemia is an inherited hematological 
disorder with an autosomal recessive pattern that is 

usually caused by mutations in the -globin gene. 
Mutations generally involve the replacement,  
insertion or deletion of the normal  
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( A) gene (1). -thalassemia is widespread in  
Mediterranean, Southeast Asian, African and 
Middle east populations and is due to a 
heterogeneous collection of mutations that seriously 
restricts or completely eliminates the production of 

-globin protein (2). It is usually clinically 
manifested in homozygotes as a severe transfusion-
dependent hemolytic anemia (Cooley’s anemia).  

Although about 200 mutations of the -globin 
gene which can lead to -thalassemia major have 
been characterized worldwide (3), a subset of 
common mutations is present in each ethnic group 
in which the disease is prevalent (4-10). For 
example, four such mutations- the single nucleotide 
deletion mutation between the codons 36-37 of the 
gene and three RNA processing (splicing) mutations 
in the first and second intervening sequence at 
nucleotide positions 1, 6 and 110 ( IVS I-1, IVS I-
110 and IVSII-1, respectively)- together account 
for more than 70% of the -thalassemia alleles 
present in Iran’s populations (11). 

The frequency, broad geographic distribution, 
and clinical severity of these hemoglobinopathies 
make testing for carriers and prenatal diagnosis a 
critical public health issue in these areas. Current 
hematological tests are adequate for the screening of 
carriers, but the identification of specific mutations 
and prenatal diagnosis during the first trimester of 
pregnancy is the main goal in molecular diagnosis 
(12).  

Meanwhile, molecular diagnosis of  

-thalassemia is a more complex task because many 
different mutations can give rise to defective -
globin-chain synthesis (13).  

In order to solve the above mentioned problem 
and to create a data base for prenatal molecular 
diagnosis, we aimed to investigate 202 patients 
affected with beta-thalassemia major. All the 
patients were registered in the Thalassemia center of 
the Shafa hospital in Ahwaz, Iran 
 
MATERIALS AND METHODS 

Clinical assessment: The project was approved 
by the Medical University of Jondishapoor’s ethics 
board. In this project, 202 patients with different 
ethnicities that had referred to Shafa hospital of 
Ahwaz from September 2007 to June 2008 were 
studied. After obtaining informed consent, all 
participants were questioned in regard to their 
personal medical history and a family tree was 
drawn. 

Sample collection and DNA extraction:  
Five ml of EDTA-whole blood from 202 beta- 
thalassemia major affected individuals was 
collected and the DNA was extracted by the routine 
salting out method.  

Polymerase Chain Reaction (PCR): One 
hundred nanogram extracted DNA from each 
sample was amplified by PCR using primers as 
described in table 1. The 25 L reaction mixture 
contained 2.5 L PCR buffer, 0.75 L MgCl 2  
(1.5 mM), 0.5 L of all four deoxynucleoside 

Table 1. The primers and their sequences that were used in this study are listed below. All 
the primers were designed with the special software ‘primer3out’ 
 
Primer name Primer sequence Applied in 
BT-NF 5-AACTCCTAAGCCAGTGCCAGAAGA-3 PCR FORWARD 
BT-NR 5-CACTGACCTCCCACATTCCCTTTT-3 PCR REVERSE 
BT-seq-1F 5-AGGTACGGCTGTCATCAC-3 SEQUENCING FORWARD 
BT-seq-501F 5-CATGGCAAGAAAGTGCTC-3 SEQUENCING FORWARD 
BT-seq-683R 5-AGGTACGGCTGTCATCAC-3 SEQUENCING REVERSE 
BT-seq-2F 5-ATCTCTTTCTTTCAGGGC-3 SEQUENCING FORWARD 
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triphosphates (each at 0.2 mM), 0.5 L of each 
forward and reverse primers (each at  
25 pmol/ L), and 2.5 U of Taq DNA polymerase. 
After an incubation time at 94°C for 3 min, 30 
cycles including 94°C for 30 sec, 56°C for 30 sec 
and 72°C for 30 sec were performed, followed by a 
final 5-min extension at 72°C in a thermal cycler 
(BIO-RAD thermo cycler, Germany). As negative 
control, a PCR reaction without genome was 
achieved to control for cross-contamination. The 
expected length of the PCR product is 1824 bp. 

Gel electrophoresis: The amplified products 
were visualized by staining with ethidium bromide 
after electrophoresis on 1.5% agarose gel to control 
for accurate size and specificity. Electrophoresis 
was carried out for 2-3 hr on the gel-Scan 2000 
(Corbert Research) according to the manufacturer’s 
instructions. The data were collected automatically 
and analyzed by GeneScan software (Corbert 
Research). 

Sequencing: The PCR products were cycle 
sequenced with the primers that are listed in table 1 
in two separate reactions for each PCR product 
using the ABI PRISM Big Dye Primer Cycle 
Sequencing Ready Reaction Kit (Applied 
Biosystems) as described in company’s manufacture. 
 
RESULTS 

In this study 202 patients (404 alleles) have 
been analyzed; from these 102 individuals were 
with Arabian background. In total, we detected 30 
different mutations. One hundred and twenty two 
patients possessed homozygote mutations and the 
other 80 patients were compound heterozygote. The 
most frequent mutation with 21.3% was the splice 
site mutation IVSII-1 (G>A). We could not find any 
mutation in seven patients that were diagnosed with 
beta- thalassemia major, despite the full length 
sequencing of the beta globin gene. In table 2 all the 
detected mutations are listed. 

DISCUSSION 
We could detect a wide spectrum of mutations in 

the beta-globin gene from beta-thalassemia 
diagnosed patients. From 30 detected mutations, 12 
mutations affected appropriate splice sites between 
introns 1 and 2 and between introns 2 and 3. Nine 
mutations caused deletion (1, 2 or 3 nucleotides) 
and 2 single nucleotide insertional mutations led to 
premature beta-globin chain that in the homozygote 
mode may initiate severe form of beta-thalassemia. 
The other detected mutations were nonsense 

Table 2. The detected mutations in this study are listed in the order 
of frequency of occurrence in the analyzed group 
 

No. Mutation % (n/n) 
1 IVS II-1 (G>A) 21.30 (86/404) 
2 IVS I-1-110 (G>A) 17.80 (72/404) 
3 cd 36/37 - T 16.00 (65/404) 
4 IVSI-5 (G>C) 6.90 (28/404) 
5 cd 5 -CT 5.50 (22/404) 
6 IVSI-6 (T>C) 4.25 (15/404) 
7 IVS I-1 (G>A) 3.25 (13/404) 
8 cd39 (C>T) 3.00 (12/404) 
9 cd 8+G 2.50 (10/404) 
10 IVSI- del 17 nt. 2.00 (8/404) 
11 IVS-II-848 (C>A) 2.00 (8/404) 
12 IVSII-745 (T>C) 2.00 (8/404) 
13 Cd 44-C 1.50 (6/404) 
14 -28 ( A>C) 1.00 (4/404) 
15 -88 (C>A) 1.00 (4/404) 
16 Cd 8 -AA 1.00 (4/404) 
17 cd 82/83 –G 0.75 (3/404) 
18 Cd 22/23/24 - AAGTTGG 0.75 (3/404) 
19 IVSI-130 (G>C) 0.50 (2/404) 
20 Cd 88 +T 0.50 (2/404) 
21 cd 54  –T 0.50 (2/404) 
22 5UTR+20 (C>T) 0.50 (2/404) 
23 cd6 (A>T) 0.50 (2/404) 
24 IVSI del 24 nt. 0.25 (1/404) 
25 IVSI-2 (T>G) 0.25 (1/404) 
26 cd 6 –A 0.25 (1/404) 
27 cd 30 0.25 (1/404) 
28 Cd 31 -C 0.25 (1/404) 
29 Cd 50 (A>C) 0.25 (1/404) 
30 Cd 15 (G>A) 0.25 (1/404) 
32 No mutation has been found 3.20 (14/404) 
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mutations and nucleotide changes in the promoter 
region of the beta-globin gene.  

From the molecular point of view, beta- 
thalassemia is a disease with restricted mutations (4 
to 10 mutations) in the populations (14). However, 
because of the composed and multi-ethnic 
population in Iran, especially in southwest Iran, the 
distribution of mutations in Iran’s ethnic groups is 
very different (7,15). The detection of 30 mutations 
with broad scale of frequency confirms the 
mentioned hypothesis. On the other hand, we must 
consider that just 3 of the 30 detected mutations in 
this work, represented more than 50% of the total 
mutations and therefore belong to the common 
nucleotide changes within the beta-globin gene in 
Khuzestan province (Southwest Iran). 

The heterogeneity of mutations may be 
explained with the closeness of Khuzestan province 
with many Arab countries in the Persian Gulf and 
the frequent traveling between the nations in this 
region. For example, the most frequent mutation in 
this study, the IVSII-1, is with 21 percent the 
common mutation in Kuwait, too (16). The 
mentioned mutation is observed in all other Arab 
countries as well, but in Algeria and Tunisia, it is 
the most common mutation (16). In other reports 
from Iran, IVSII-1 mutation (37%) was the most 
common mutation (17). Recently, there are reports 
that the six mutations: IVSI-110, IVSII-1, IVSI-1, 
IVSI-5, cd36/37 (delT) and IVSI-25 bp with 50% 
are the common mutations in southwest of Iran (13). 
The second common mutation in this study was the 
IVSI-110 with 17.8%, being the frequent mutation 
in the west and southwest of Iran. The mentioned 
mutation has originated from Mediterranean and its 
frequency seems to increase from east to west of 
Iran (14). The IVSI-110 has a wide distribution in 
eastern Mediterranean and Arabic countries with a 
frequency of 12-38% (16). The third common 
mutation in the present study is Cd36-37 [-T], 

which was not reported in most Arabic countries, 
but possesses high prevalence in Saudi Arabia (15). 
It seems also that Khuzestan province holds a wide 
spectrum of mutations in the HBB gene.  

Finally, we could not find any mutation in 7 
patients that were diagnosed with severe beta- 
thalassemia. We recommend searching the LCR 
(Locus Cluster Region) of the globin genes for 
putative mutations in these individuals. As has been 
reported previously, the LCR region or even the 
delta-globin gene can harbor mutations which cause 
beta-thalassemia major in particular cases as very 
rare events (18). 
 
CONCLUSION 

We conclude that our data will be very important 
as serving a basis for further prenatal and postnatal 
molecular diagnosis, at least in the province of 
Khuzestan. 
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