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Abstract
The mutation detection of β thalassemia

is absolutely necessary for molecular diag-
nosis, as well as any genetic epidemiologi-
cal study. The b globin gene has 3 exons
and 2 introns, involved in β-thalassemic
pathogenesis. The study aim of the study is
to characterize the spectrum of b globin
gene mutations in 136 Turkish, Northern
Iraqi and Albanian pediatric β thalassemia
major patients. After genomic DNA extrac-
tion from venous blood and amplification of
the target DNA regions with PCR, genotyp-
ing was achieved by Sanger based DNA
sequencing. The IVSI-110 G>A mutation
was the most frequent allele in the Turkish
and Albanian patients. In Northern Iraqi
patients IVSI-1 G>A was is the most fre-
quent. There are two mutations are firstly
reported for Albania [c.*111 A>G 3’ UTR
(rs63751128) and c.113 G>A (p.Trp38Ter,
p.W38*) (rs35887507)] with this study.
These findings may be of value for genetic
counseling, premarital diagnosis, prenatal
diagnosis and prevention programs.

Introduction
b thalassemia is the most common auto-

somal recessive single gene disorder in the
world.1 According to the World Health
Organization, abnormal hemoglobin fre-
quency is at 7% globally.2 The β tha-
lassemias are is a group of hereditary disor-
ders with autosomal recessive inheritance
characterized by the presence of defective

synthesis of the β globin chain, an integral
component of the hemoglobin molecule,
resulting in either partial synthesis (β+) or
complete absence (β0).3,4 Patients with β-
thalassemia require life-long blood transfu-
sions to ensure an adequate hemoglobin
(Hb) level and iron chelation therapy ensure
enough hemoglobin (Hb) level to prevent
iron accumulation of iron. Approximately
800 β-globin gene mutations different
mutations of the β-globin gene (HBB,
MIM#141900; GenBank genomic reference
sequence NG_000007.3) have been docu-
mented in the HbVar database (http://glo-
bin.bx.psu.edu/hbvar). Regional differences
in the frequency of various mutations may
offer clues regarding migration patterns and
the ethnic background of a particular popu-
lation.5 Clinical manifestations are diverse
and range from asymptomatic hypochromia
and microcytosis to profound anemia lead-
ing to death in early childhood if untreated.
Individuals who are homozygous for the
HBB genes have severe, transfusion-depen-
dent anemia and are said to have β-tha-
lassemia major. β-thalassemia intermedia is
a condition in which the degree of hemoly-
sis is milder although the patient may have
a deficiency of both b genes.3-5 Therefore,
thalassemia intermedia is essentially a
descriptive term that refers to minimal or no
need for transfusions. The presence of one
normal gene in the heterozygotes usually
leads to enough normal b-globin chain syn-
thesis so that the affected individuals are
usually asymptomatic with only a
hypochromic and microcytic red blood
cells. This condition is referred to as β tha-
lassemia minor. The general rate of carriers
for b thalassemia is 2% in Turkey, but in
some provinces of Turkey, it is 9-10%. The
aim of this study is to characterize the spec-
trum of b globin mutations in Turkish,
Northern Iraqi and Albanian pediatric β tha-
lassemia major patients.6-14

Materials and Methods
Our inclusion criteria were that patients

should have had a diagnosis of β tha-
lassemia and live in the country they were
in. β Thalassemia major was diagnosed
based on transfusion- dependent
hypochromic and microcytic anemia start-
ing from childhood, and Hb electrophoresis
in 66 Turkish, 46 Northern Iraqi and 24
Albanian patients. Patients were transfusion
dependent with typical hematological pic-
ture. Written informed consent from the
patients and local ethics committee
approval was obtained taken. Peripheral
blood samples were collected in EDTA-
containing tubes of the patients diagnosed

with β Thalassemia by hemoglobin elec-
trophoresis and complete blood counts at 6
different hospitals (4 in Turkey, 1 Northern
Iraq and 1 in Albania) came to our center for
genetic analysis between 2016-2018.
Genomic DNA was extracted from white
blood cells using a commercial kit
(Anatolia, 102-DNA isolation kit, Turkey).
gDNA samples stored at 4°C till the PCR
amplification. HBB gene was amplified as 2
polymerase chain reaction (PCR) fragments
(from the -101 position to the Poly-A sig-
nal) using 30-50 ng of genomic DNA in 25-
µL reaction volumes. The PCR mixture
contained 12.5 µL of 2X PCR master mix
and 5 pmol of each primer (GML, Wollerau,
Switzerland). The amplification conditions
were as following: 94°C for 1 min; 65°C for
1 min; 72°C for 1 min. Thirty-six There
were a total of 36 cycles were conducted.
The final extension period lasted for 3 min.
Excess primers and unincorporated dNTPs
in each PCR products were cleaned by
Exosap IT (USB Corporation, USA). The
sequencing was performed using the
BigDye Terminator v3.1 Cycle Sequencing
Kit. The sequencing amplicons were puri-
fied with a DNA sequencing clean up kit
(Zymo Research, USA). Purified amplicons
were analysed with ABI Prism 3700xl
Genetic Analyzer (Applied Biosystems,
Foster City, CA, USA).
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Results
There were 66 Turkish, 46 Northern

Iraqi and 24 Albanian transfusion depend-
ent patients with β thalassemia major (Table
1). Twenty-three were homozygous and 43
were compound heterozygous for the
Turkish patients. Thirteen were homozy-
gous and 33 were compound heterozygous
for the Northern Iraqi patients. In Albanian
patients, rate of the homozygous and het-
erozygous were calculated 6 and 18 respec-
tively. As shown in Table 2, The IVSI-110
G>A mutation was the most frequent allele
in the Turkish and Albanian patients with β
Thalassemia major (Table 2). In Northern
Iraqi patients IVSI-1 G>A is the most fre-
quent. 

Discussion and Conclusions
β Thalassemia is the most common

monogenic autosomal ressesive disorder in
the regions where malaria was until recently
or is currently endemic. Migration flows are
an influence on the spread of the disease. In
addition, consanguineous marriages con-
tribute are also contributed to the spread.
Both The frequency of β thalassemia major
and mutation type rate differs according to
geographical region. In this study, we
examine 136 β thalassemia major patients
from Turkey, Northern Iraq and Albania.
Our results indicate that Turkish mutation
frequencies are similar with Albanian but
different from Northern Iraq. Turkey is like
a bridge between Asia and Europe.
Throughout Turkey’s the history, the exis-
tence of various ethnicities, wars and migra-
tions are responsible for β Thalassemia
mutation heterogeneity of β Thalassemia.
As we expected, the mutation frequencies
are different between countries east or west
of Turkey and those wests of. The spectrum
of β thalassemia major mutations detected
in our study is in accordance with several
studies. IVSI-110 G>A mutation is the most
common in patients from Turkey,
Macedonia, Greece, Bulgaria, Albania,
Romania, Azerbaijan (6-14). c.118 C>T
(CD39 C>T) is the most common in Italy,
France and Spain.15-17 For The thalassemia
major data about the most common muta-
tion types data from the Iraqi Kurdish
region, data about the most common muta-
tion types are compatible with this study.18-

20 HBB common mutation types and rates in
Albanian and Turkish thalassemia major
patients were found very similar.
Pathogenic c.*111 A>G 3’ UTR
(rs63751128) and c.113 G>A (p.Trp38Ter,
pW38*) (rs35887507) mutations are firstly

reported for Albania (9) and with this study
that are not in Turkish or Northern Iraqi
patients as shown in Figures 1 and 2,
respectively. 

The major study limitation of this study
was lack of the genotype-phenotype com-
parisons due to deficient clinical data such
as iron accumulation, number with of
splenectomy, transfusion frequency etc.
Thalassemia can be controlled cost effec-
tively by carrier detection and genetic coun-
seling programs in countries where the dis-
ease occurrence of the disease is frequent.

First Population screening was has been
started in 1993 in Turkey and a national pre-
vention program, which is including carrier
screening, genetic counseling, prenatal
diagnosis, education, pre-implantation
genetic treatment was has been started in
2003. According to reports by The Turkish
Ministry of Health reports the number of
infants born with thalassemia was
decreased by 87% in 2008.21 In conclusion,
we describe the spectrum of mutations
among 136 patients with β thalassemia
major from Turkey, Northern Iraq and
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Figure 2. Electropherogram result of the c.113 G>A mutation

Table 1. Patient characteristics.

                                                    Turkish                    Northern Iraqi                   Albanian

Patient number                                             66                                              46                                              24
Gender: male/female (%)                35/31 (53/47)                       20/26 (43.5/56.5)                    10/14 (41.7/58.3)
Age range (years)                                       1-17                                           1-15                                           2-15
Mean age (years)                                         8.4                                             7.5                                             7.6
Homozygous                                                  46                                              26                                               6
Heterozygous                                                20                                              20                                              18

Figure 1. Electropherogram result of the c.*111 A>G mutation.
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Albania. These findings may be of impor-
tant for genetic counseling, premarital diag-
nosis, prenatal diagnosis and prevention
programs.

Further prospective studies in larger
cohorts of patients are needed to confirm
the allele frequencies.

These findings will provide a sound
foundation on which to base a preventive
program for thalassemia, and, also will faci-
litate the improvement of medical services
such as carrier screening, genetic counse-
ling and prenatal diagnosis.
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Table 2. Distribution of detected mutations.

Mutation Name                                    Type                   Turkish           %               Northern Iraqi      %                      Albanian           %
                                                                                           n=66                                        n=46                                          n=24                

c.93-21 G>A (IVSI-110 G>A)                     Homozygous                        14                  25.76                                2                     4.17                                   3                       25
                                                                          Compound                           6                                                             0                                                             7.6                   27.08
c.25_26delAA (Cd8 delAA)                         Homozygous                         4                     7.57                                 2                     12.5                                   0                        0
                                                                          Compound                           2                                                             8                                                               0                         
c.92+6 T>C (IVSI-6 T>C)                          Homozygous                         4                     10.6                                 0                     4.17                                   1                       25
                                                                          Compound                           6                                                             4                                                              10                        
c.92+1 G>A (IVSI-1 G>A)                          Homozygous                         6                    12.12                                6                    22.92                                  1                     8.33
                                                                          Compound                           4                                                            10                                                              2                         
c.17_18delCT [Cd5(-CT]                            Homozygous                         2                     6.06                                 2                     4.17                                   0                     4.17
                                                                          Compound                           4                                                             0                                                               2                         
c.-30 T>A (CAP+21 T>A)                           Homozygous                         4                     7.57                                 0                       0                                      0                        0
                                                                          Compound                           2                                                             0                                                               0                         
c.118 C>T (CD39 CAG>TAG)                    Homozygous                         6                     9.09                                 0                       0                                      1                    18.75
                                                                          Compound                           0                                                             0                                                               7                         
c.20 A>T (Cd6 GAG>GTG)                        Homozygous                         0                     1.51                                 4                     8.33                                   0                     2.08
                                                                          Compound                           2                                                             0                                                               1                         
c.-31 C>T (CAP+20 C>T)                          Homozygous                         2                     7.57                                 0                       0                                      0                     4.17
                                                                          Compound                           6                                                             0                                                               2                         
c.316-106 C>G (IVSII-745 C>G)               Homozygous                         0                     4.54                                 0                       0                                      0                     2.08
                                                                          Compound                           6                                                             0                                                               1                         
c.315+1 G>A (IVSII-1 G>A)                      Homozygous                         0                       0                                    4                    14.58                                  0                     2.08
                                                                          Compound                           0                                                             6                                                               1                         
c.27_28 insG (CD8/9+G)                            Homozygous                         0                       0                                    0                     2.08                                   0                        0
                                                                          Compound                           0                                                             2                                                               0                         
c.92+5 G>C (IVSI-5 G>C)                         Homozygous                         0                       0                                    0                     4.17                                   0                        0
                                                                          Compound                           0                                                             4                                                               0                         
c.135delC (CD44-C)                                     Homozygous                         2                     3.03                                 4                    10.42                                  0                     2.08
                                                                          Compound                           0                                                             2                                                               1                         
c.68_74del7 (CD22-24 delAAGTTGG)      Homozygous                         0                       0                                    0                     4.17                                   0                        0
                                                                          Compound                           0                                                             4                                                               0                         
c.-50 A>C (CAP+1 A>C)                            Homozygous                         0                       0                                    0                     2.08                                   0                        0
                                                                          Compound                           0                                                             2                                                               0                         
c.47 G>A (CD15 TGG>TAG)                      Homozygous                         0                       0                                    2                     4.17                                   0                        0
                                                                          Compound                           0                                                             0                                                               0                         
c.364 G>C (CD121 GAA>CAA)                  Homozygous                         2                     3.03                                 0                       0                                      0                        0
                                                                          Compound                           0                                                             0                                                               0                         
c.93-3 T>G (IVSI-128 T>G)                       Homozygous                         0                       0                                    0                     2.08                                   0                        0
                                                                          Compound                           0                                                             2                                                               0                         
c.316-3 C>A (IVSII-848 C>A)                    Homozygous                         0                     1.51                                 0                       0                                      0                        0
                                                                          Compound                           2                                                             0                                                               0                         
c.113 G>A (CD37 TGG>TAG)                    Homozygous                         0                       0                                    0                       0                                      0                     2.08
                                                                          Compound                           0                                                             0                                                               1                         
c.*111 A>G (PolyA AATAA>AATGA           Homozygous                         0                       0                                    0                       0                                      0                     2.08
                                                                          Compound                           0                                                             0                                                               1
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