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ABSTRACT 
Background 
Thalassemia is the most common recessive single gene disease in humans which is caused by inheritance of 
an affected allele from both parents resulting in impaired production of the globin chain.

Objectives
This study was established in order to; 1. Identify β-globin mutations, which produced β-thalassemia by 
ARMS-PCR assay and direct sequencing and identifying the spectrum of mutations causing β-thal in the KRG. 
Also to investigate the usefulness of the PCR-ARMS technique followed by DNA sequencing as diagnostic 
tools that could be applied for carrier detection and prenatal diagnosis; 2. Establishment and present a feasible 
protocol for molecular diagnosis of β-thalassemia in KRG region

Methods
Screening for β- thalassemia mutations using PCR-ARMS for frequent mutations in the KRG population 
followed by DNA sequencing of the unknown alleles could be useful for the implementation of a strategy for 
carrier detection and preimplantation genetic diagnosis in high risk families.

Results
A total of thirty β-thalassemia patients including 16 males (53.33%) and 14 females (46.66%) were examined 
by PCR assay using specific primers for each of mutations. The results indicate that these mutations detected 
in this study were also detected in surrounding countries which occurred with varying frequency. 

Conclusion
These results are in line with studies in other parts of the world which have shown that gene flow due to 
population migration is common. Rapid, accurate genotyping methodologies for specific, causative mutations 
of the β-globin gene are needed for pre- and postnatal screening and diagnosis of this disease in different 
ethnic populations.
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INTRODUCTION
Thalassemia is the most common recessive single gene 
disease in humans which is caused by inheritance of an 
affected allele from both parents, and the fundamental 
abnormality in thalassemia is impaired production of 
the globin chain (1, 2), so thalassemias are named by 
reference to the affected globin chain: α-thalassemia 
involves the α-chain, β-thalassemia the β-chain (3, 4).  

The β-thalassemias are among the most common 
autosomal recessive disorders, and it is failure of 
β-globin chain synthesis resulting from different 
mutations in the β-globin gene. These alterations 
give rise to significant changes in the level of gene 
transcription that lead to absent (β0) or markedly 
diminished (β+) amounts of β-globin gene mRNA (5, 

6). The mutations in the β-globin gene are scattered 
throughout the length of the gene. At present, more than 
200 different mutations resulting in a β-thalassemia 
have been reported in different parts of the world, 
over 90% of which are gene substitutions, insertions 
or deletions involving only one or several nucleotides 
within the β-gene cluster (7).

Mutations causing thalassemia can affect any step in 
the pathway of globin gene expression: transcription, 
processing of the mRNA precursor, translation, 
and posttranslational metabolism of the β-globin 
polypeptide chain. The most common forms arise from 
mutations that derange splicing of the mRNA precursor 
or prematurely terminate translation of the mRNA (8). 
The strategy for identifying‚ β-thalassaemia mutations 
in most diagnostic laboratories depends on knowing the 
spectrum of common and rare mutations in the ethnic 

group of the individual being screened, so information 
provided on the distribution and the frequency of beta 
thalassemia alleles is useful to establish a program 
for carrier screening, genetic counseling, prenatal 
diagnosis, and for physicians to establish specific 
therapeutic approaches for patients with β-thalassemia 
major (9). For the purpose of prevention and control of 
the clinically severe thalassemia diseases molecular 
diagnosis and genetic counseling are most useful 
and informative (10, 11). The study aimed at identifying 
the spectrum of mutations causing in the KRG, Iraq. 
We also wanted to investigate the usefulness of the 
PCR-ARMS technique followed by DNA sequencing 
as diagnostic tools that could be applied for carrier 
detection and prenatal diagnosis (12).   

MATERIALS AND METHODS
Venous blood samples were collected prior to 
transfusion in ethylenediaminetetraacetic acid (EDTA) 
containing tubes from thirty patients of random age 
with transfusion-dependent β-thalassemia major 
that referred to the department of Hiwa hospital in 
Sulaimania province, KRG, Iraq.

DNA was isolated from white blood cells using salting 
out method (13). Amplification refractory mutation 
system (ARMS) technique was used for molecular 
detection of mutations in 30 samples and sequence 
analysis was done for two samples. Polymerase chain 
reaction (PCR-ARMS) primers were used for detect 
8 beta thalassemia mutations. Sequences of allele-
specific oligonucleotide primers (mutant) used are 
listed in table1.

Table 1. Primer sequences for the ARMS-PCR.

Primer Nucleotide sequence (5"→"3) Position Product size bp

A F ACCTCACCCTGTGGAGCCAC 62028-62047 Sq*

IVSI-I R TTAAACCTGTCTTGTAACCTTGATACCGAT 62308_62279 280

IVSII-I R AAGAAAACATCAAGGGTCCCATAGACTGAT 62661_62632 633

IVSI-110 R ACCAGCAGCCTAAGGGTGGGAAAATAGAGT 62417_62388 389

Codon 44 R CAGCATCAGGAGTGGACAGATCCCCAATGA 62478_62450 450

IVSI-5 R CTCCTTAAACCTGTCTTGTAACCTTGTTAG 62312_62283 284

Codon 39 R CAGATCCCCAAAGGACTCAAAGAACCTGTA 62463_62434 435

C   R CCCCTTCCTATGACATGAACTTAA 62703_62680 Sq*

-87 F CACTTAGACCTCACCCTGTGGAGCCACACA 62021_62050 682

Codon 5 F TCAAACAGACACCATGGTGCACCTGAGTCG 62174_62203 529

                * (Sq) direct Sequencing
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After optimizing PCR assay, according to (9), the ARMS 
analysis was performed in a reaction mixture of 50 μl 
contained 4 μl of genomic DNA, 1 μl 10 mM dNTP 
mix, 2 μl of each primer (foreword and reverse), 5 μl 
10X PCR buffer, 1.5 μl 50 mM MgCl2, 0.25 μl Taq DNA 
polymerase and 36.5 μl  distilled water (total volume 50 
μl). The thermocycler was programmed to incubate the 
sample for initial denaturation at 95°C for 5 minutes 
followed by 35 cycles, consisting of denaturation at 
95°C for 1 minute, variable annealing temperatures 
(ranged between 55°C to 58°C) depending on each 
mutations) for 45 second, elongation at 72°C for 1.30 
minutes with final elongation at 72°C for 7 minutes and 
lastly hold at 4 °C.

Direct sequencing  

To identify the other β-thalassemia alleles in the study, 
the beta globins of the two samples were amplified by 
two sets of primers (Set I and Set II), table 2 (14), were 
sequenced in IBL laboratory in Vienna.

Set I represents the primer pair that amplified exon I 
and exon II region and produced the fragments which 
is of amplified sizes of 760 base pairs (bp). Set II 
represents the primer pair that amplified exon III region 
and produced the fragments which is of amplified sizes 
of 690 bp (15).

The reaction was carried out on a 50μl reaction mixture 
containing 5 μl of genomic DNA, 1 μl of each primer 
(foreword and reverse), 25μl of green master mix, and 
18 μl distilled water. 

The thermal cycling of set I consists of heating the 
reaction at 95oC for 5 min and 40 cycles of denaturation 
at 94°C for 45 second, primer annealing at 58 °C for 30 
second, DNA extension reaction at 72°C for 2 minute, 
and with final elongation at 72°C for 10 minutes. The 
thermal cycling of set II was performed like the set III 
condition except that the primer annealing

Table 2. The sequences of primers used for the direct DNA sequencing .

Primer Nucleotide sequence (5"→"3) Position Product size bp

S1 F AGAAGAGCCAAGGACAGGTACG 61991-61990
760 bp

S2 R TGCAATCATTCGTCTGTTTCCC 62730-62751

S3 F TCCCTAATCTCTTTCTTTCAGG 63190-63211
660 bp

S4 R TTTTCCCAAGGTTTGAACTAGC 63829-63849

Figure 1: Schematic diagram showing the β -globin genes and two fragments amplified for the 
direct DNA sequencing (Mirasenaa et al., 2007).
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RESULTS 
Over a period of 2 months 30 blood samples were 
randomly collected from transfusion dependent 
β-thalassemia patients, including (16) males (53.33%) 
and (14) females (46.66%), attending Hiwa hospital, 
in Sulaimania province. The patient samples were 
examined by PCR assay using 8 primers, each of 
them specific for a known mutation. The percentage 
prevalence of the IVSII-1 mutation was the predominant 
one (73.33%), figure 2, while the percentage prevalence 
of the others were: IVSI-1 (56.66%), figure 3, codon 
44 (33.33%), figure 4, codon 39 (30%), figure 5, -87 
(26.66%), figure 6, IVSI-110 (26.66%), figure 7, codon 
5 (20%), figure8, and IVSI-5 (10%), figure 9. 

To identify the other β-thalassemia mutations in 
the study, partial DNA sequencing was done for the 
β-globin gene (HBB) of two samples. They were 
amplified by two sets of primers, table 2. The resulting 
segments (two segments of each sample) were aligned 
with normal HBB sequence by balstn on the NCBI web 
site, and it showed four mutant sits, which are codon 
2 (CàT), codon8/9 (+G), IVSI-6 (TàC) are related to 
beta thalassemia while the fourth one which is codon 
85 (TàC) mutation produce an unstable Hb and 
cause hemolytic anemia.

Figure. 2 Amplification of (633bp) β-globin gene indicate detection of IVSII-1 (G→A) 
mutation using ARMS-PCR  Lanes (m): 100 bp ladder Lanes (1, 2, 3, 4, 5, 7, 8, 10, 11, 12, 13, 14, 
16, 17, 20, 22, 24, 25, 26,  27, 28 and 29): positive samples. Lanes (6, 9, 15, 18, 19, 21, 23 and 

30): negative samples

Figure 3. Amplification of (280bp) β-globin gene indicate the detection of IVSI-1 (G→A) 
mutation using ARMS-PCR Lanes (m): 100 bp ladder. Lanes (1, 2, 3, 5, 6, 8, 9, 11, 15, 16, 17, 18, 
19, 21, 25, 26 and 28): positive  samples. Lanes (4, 7, 10, 12, 13, 14, 20, 22, 23, 24, 27, 29 and 30):  

negative samples.
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Figure 4. Amplification of (450bp) β-globin gene indicate the detection  of Codon 44 (-C) 
mutation using ARMS-PCR Lanes (m): 100 bp ladder. Lane (3, 5, 8, 11, 14, 16, 22, 24, 25 and 
30): positive samples.  Lane (1, 2, 4, 6, 7, 9, 10, 12, 13, 15, 17, 18, 19, 20, 21, 23, 26, 27, 28 and 29): 

negative samples. 

Figure  5. Amplification of (435bp) β-globin gene indicate the detection of Codon 39 (C→T) 
mutation using ARMS-PCR Lanes (m): 100 bp ladder. Lanes (2, 5, 7, 8, 11, 16, 21, 28 and 30): 
positive samples.Lanes (1, 3, 4, 6, 9, 10, 12, 13, 14, 15, 17, 18, 19, 20, 22, 23, 24, 25, 26, 27and 29): 

negative samples.

Figure  6.  Amplification of (682bp) β-globin gene indicate detection of -87 (C→T) mutation 
using ARMS-PCR Lane (m): 100 bp ladder  Lane (1, 11, 16, 18, 23, 25, 29 and 30): positive 
samples. Lane (2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 17, 19, 20, 21, 22, 24, 26, 27 and 28):  

negative samples.
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Figure 7. Amplification of (682bp) β-globin gene indicate detection of -87 (C→T) 
mutation using ARMS-PCR Lane (m): 100 bp ladder  Lane (1, 11, 16, 18, 23, 25, 29 and 
30): positive samples. Lane (2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 17, 19, 20, 21, 22, 24, 

26, 27 and 28):  negative samples.

Figure 8. Amplification of (533bp) β-globin gene indicate the detection of Codon 5 (-CT) 
mutation using ARMS-PCR Lanes (m): 100 bp ladder Lanes (4, 10, 12, 16, 23 and 29): positive 
samples Lanes (1, 2, 3, 5, 6, 7, 8, 9, 11, 13, 14, 15, 17, 18, 19, 20, 21, 22, 24, 25, 26, 27, 28 and 30): 

negative samples ladder.

Figure 9. Amplification of (284bp) β-globin gene indicate the detection of IVSI-5 (G→C) 
mutation using ARMS-PCR Lanes (1 and 17): 100 bp ladder Lanes (4, 7 and 9): positive 
samples.Lanes (2, 3, 5, 6, 8, 10, 11, 12, 13, 14, 15, 16, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 

30, 31 and 32): negative samples. 
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DISCUSSION
The molecular characterisation of β-thalassemia 
mutations can be considered as a stepping-stone in 
identifying the spectrum of mutations in a population. 
The results of this study will show data on the spectrum 
of β-thalassemia mutations among β-thalassemia 
patients in Sulaimani, although a larger number of 
patients would provide more accurate representation 
of the spectrum of mutations. The characterisation 
of β-thalassemia mutations in this region will help 
to bolster the establishment of a rapid and effective 
prenatal diagnosis programme, or genetic counselling 
in this ethnic group in future as one of the effective 
ways to control the prevalence of β-thalassemia cases.

Mutations Analysis by ARMS-PCR  

In this study PCR method based on allele specific 
priming known as the amplification refractory mutation 
system (ARMS), was employed for the detection of 
eight β-thalassemia mutations for 30 patients and direct 
sequencing for 2 of them, to investigate the prevalence 
of β-thalassemia mutations in Sulaimani province, in 
the north of Iraq, which was the first study done for 
molecular detection and identification of β-thalassemia 
mutation. In the present study among 30 confirmed 
patients (male and female), all of the mutations (8 
mutations) appeared with different ratio. Table (3) 
shows the frequencies of various mutations in patients 
with β-thalassemia major.

Therefore comparing the results of this study with the 
spectrum of β-thalassemia mutations that has been 
previously reported among other populations in the 
other countries illustrated that IVSII-1 (GàA) this 
type of mutation, which occurs due to base substitution 
at position 1 in intron II and prevents normal splicing 
results in absolute absence of β-globin (β0)(16) was 
diagnosed as the most common mutation in Sulaimani 
(73.33%).

Table 3. Frequencies of various mutations in patients 
with β-thalassemia.

Mutation Detected* Frequency
TVS II-1 22 77.33%
TVSI-1 17 56.66%
Codon 44 10 33.33%
Codon 39 9 30% 
-87 8 26.66%
TVSI-110 8 26-66%
Codon 5 6 20%
TVSI-5 3 10%
Codon 2 1 3.33%
TVSI-6 1 3.33%
Codon 8/9 1 3.33%
Codon 85 1 3.33%

Other studies have already reported this mutation 
with different frequency rates in other countries. For 
example, in Iran, among 23 β-thalassemia, it forms the 
high frequency (around 48 % ( 17). In Kuwait, it is the 
most common mutation of about (29%)(18). In Jordan, it 
forms the most frequent mutation of about (15%), among 
135 unrelated occasionally and periodically transfusion 
dependent β-thalassemia patients(19). In Turkey, it forms 
the third most frequent mutation of about 8%(20), and 
in the Eastern province of Saudi Arabia, among 69 
persons, it is the most frequently encountered with a 
frequency of 27.5%(21).

IVSI-1 (GàA) this type of mutation occurs due to 
base substitution at position 1 in intron I, and prevents 
normal splicing result in absolute absence of β-globin 
(β0)(22. It is the second common mutation in Sulaimani 
(56.66%). This can also be found in other countries. 
For example, in Lebanon, it is the second most 
frequent β-thalassemia mutation, with an incidence 
of 15%(23). In Jordan, it forms the fourth most frequent 
mutation around 10%(19). In the Eastern province of 
Saudi Arabia, among 69 persons, it forms the fourth 
frequent mutation of about 5.8%(21). In Palestine, it 
forms the fourth frequent mutation around (9%) in 
148 patients(24). In Iran, among 23 persons, it forms the 
seventh β-thalassemia mutation around (4.59%)(17).

The third mutation detected in this study was 
codon 44 (33.33%), which occurs due to frame shift 
mutation (deletion C) at position 42 in exon II, which 
change reading frame results in absolute absence of 
β-globin (β0)(24). This type was also detected in Saudi 
Arabia, among 69 persons, it formed eighth frequent 
β-thalassemia mutation 1.8%(21). In Turkey, among 108 
persons, it forms the eighth frequent β-thalassemia 
mutation around 3.6%(25). In Lebanon, it forms the 
ninth frequent β-thalassemia mutation of around (1.5%) 
among 260 patients (23). It forms up to 10% in Oman, 
while in Tunisia; it forms around (4%)(18) (Zahed, 2001), 
and in Qazvin province in Iran in 100 patients it forms 
the five most common mutation of around 6.1% (9).

The fourth mutation detected was codon 39 (30%) which 
occurs due to base substitution (CàT) at position 26 in 
exon II, and it forms stop codon, and causes absolute 
absence of β-globin (β0)(22). This type was also found in 
other countries. For example, in Bahrain, it forms the 
second frequent 26% in 70 patients (26). In Saudi Arabia, 
it forms the third frequent β-thalassemia 20.3% in 69 
patients(21). In Turkey, it forms the tenth frequent 1.7% 
in 103 fetuses(32), and in Jordan, it forms the seventh 
frequent β-thalassemia 4.6% in 135 patients(19).
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-87 is the fifth mutation in this study of about (26.66%), 
which occurs due to base substitution (CàT) at position 
-87 promoter region and interferes with transcription 
and causes mild (β+)(27). This type again was also 
present in other counties with different frequency. For 
example, in Syria, the frequency of this mutation was 
around 2%, while in Lebanon, it was 1.2%. In Jordan, 
it was 2%(18), and in Egypt it occured with (3.2%) 
frequency among 95 patients(29). 

 IVSI-110 the sixth mutation which was detected 
(26.66%) in this study, occurs due to base substitution 
(GàA) in cryptic splice site at position 110 in intron 
I, reduces β-globin production and it forms sever (β+) 
phenotype(16) (Higgs et al., 2012). In other countries, 
in Antalya province of Turkey, for example, it was 
reported as the most frequent allele (50.4%) in 103 
fetus (32).  In Jordan, it forms the high frequency of 
β-thalassemia mutation of 25% in 135 patients(19). In 
Lebanon, it forms the high frequency of β-thalassemia 
mutation of 34.2% in 260 patients (23). In Palestine, it 
forms the second common mutation (17.6%) among 
148 patients (24), and in Southern Iran, it forms the third 
frequent β-thalassemia mutation of around (8.38%)(17).  

Codon 5 form the sixth mutation (20%) in this study, 
which occurs due to deletion (-CT) at position 17 in 
exon I, and leads to β0, which changes reading frame 
(frameshift) results in absolute absence of β-globin (β0)
(27). It is also detected in Lebanon, form sixth frequency 
of β-thalassemia mutation 5% in 260 patients (23). In 
Antalya province of Turkey, it forms the sixth frequency 
of β-thalassemia 4.7% in 103 fetus (32). In Jordan, 
it forms eighth frequency of β-thalassemia 3.8% in 
135 patients (19). In Saudi Arabia, it forms the seventh 
frequency of β-thalassemia 1.5% in 69 patients(21). And 
in Iran, it forms the eighth frequency of β-thalassemia 
4.4% n 38 patients(17).

IVSI-5 (GàC), was the last mutation which was 
detected in this study. It was detected only in 3 patients 
out of 30 (10%). It occurs due to base substitution in 
consensus sequences at position 5 in intron I and 
reduces β-globin production and forms sever (β+) 
phenotype(23). It also appeared in the UAE, as the most 
common mutation (55%) and Oman (62%) It is also 
quite frequent in neighboring Kuwait and Saudi Arabia 
(17%–19%)(18) (Zahed, 2001), in India, it forms the high 
frequency of β-thalassemia mutation around 56.8%(28). 
And in Isfhan province of Iran, it forms 16.3% among 
114 patients (29). 

Mutation Detected by Sequencing

The PCR product (which represent HBB gene) of two 
samples (No.20 and No.27) amplified by two sets of 
primers, were sequenced in IBL laboratory in Vienna 
for showing the sequence of HBB gene and detect 
other mutation if present. The four different types of 
mutations were detected by direct sequencing, three 
of them in sample No.20 and the other one in sample 
No.27, are: Codon 8/9 (+G), it is a frame-shift mutation 
which occurs due to insertion of (G) between codon 8 
and codon 9 at the position 28 of exon I. It prevents β- 
globin synthesis and forms sever (β0) phenotype (30). It 
was detected in sample (No.27) by direct sequencing. 
It also was detected in other countries. For example, 
in Lebanon, it occurred with the frequency of 0.2% 

(23). In Iran, it forms 13.51% among 185 patients 

(17). In Pakistan, it was detected as the high frequent 
β-thalassemia mutation around (38.59%)(31).

In Syria, Saudi Arabia, Kuwait, Bahrain and UAE 
occurred with frequency of 1.4%, 2.5%, 1.3%, 1.5% 
and 7%, respectively (18).

IVSI-6 (TàC), is the base substitution mutation, 
which occurs at the position 6 of first intervening 
sequence and forms mild β-thalassemia which lead 
to reduce β- globin synthesis and forms moderate (β+) 
phenotype(23). It was detected in sample (No.20) by 
direct sequencing. This mutation was reported in other 
countries. For example, in Palestine, it forms the most 
frequent mutation (28.7%) among 148 patients(23). In 
Turkey, it was reported as the second frequent allele 
(9.7%) in 103 fetus (32), in Lebanon, it forms the third 
common mutation 14.4% among 260 persons(23). In 
Jordan, Israel, Kuwait, Gaza, and UAE, the percentage 
of distribution was 6.6%, 14.7%, 7.3%, 7.5% and 3.5%, 
respectively(18. Other mutations, which were detected 
by sequencing, are: Base substitution (CàT) which 
occurs at position 9 (codon 2) in exon I of sample 
(No.20), it forms silent mutation, which does not 
change amino acid (Histidine CACàCAT). According 
to (31), silent mutation in β-globin leads to extremely 
mild β-thalassemia (β++).  This type of mutation was 
also detected in other part of the world. For example, 
in references with accession numbers {AY128650.1, 
L26478.1, EF450778.1, EU760913.1, EU760937.1}. The 
silent β-thalassemia causes only a minimal deficit of 
β-globin production and does not produce a detectable 
haematological phenotype when present in a single 
copy, the only abnormality is a very mild imbalance 
of globin synthesis and leads to extremely mild β- 
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thalassemia (β++)(16, 33 ). 

Another mutation was detected by sequencing is base 
substitution (TàC) which occurs at position 165 (codon 
85) in exon II of sample (No.20). It forms missense 
mutation, which changes amino acid (Phenyl-alanine 
TTTà Serine TCT) in the β-globin chain. This type of 
mutation forms an unstable hemoglobin variant, which 
is called (Hb Buenos Aires) also known as (Bryn Mawr) 
resulting in congenital hemolytic anemia (34). The above 
results indicate that these mutations detected in this 
study were also detected in surrounding countries, 
which occurred with varying frequency. These results 
are in line with studies in other parts of the world, 
which have shown that gene flow due to population 
migration is common
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