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ORIGINAL ARTICLE
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Abstract

Keywords

To contribute to the creation of a mutation map of the region, we aimed to determine the
mutation spectrum of thalassemias and abnormal hemoglobins (Hbs) in the Çukurova region
and surrounding provinces. In this study, a total of 8135 samples from Adana, Hatay, Mersin,
Konya and Kayseri provinces between 1993 and 2014 were analyzed. Complete blood cell (CBC)
counts and Hb typing were carried out using automatic cell counters, cellulose acetate
membrane electrophoresis and high performance liquid chromatography (HPLC), respectively.
For the molecular analyses, genomic DNA was extracted using both manual and automated
DNA extraction devices. Determination of Hb mutations were done by microarray, restriction
fragment length polymorphism (RFLP), amplification refractory mutation system (ARMS) and
gap-polymerase chain reaction (gap-PCR) methodologies. Samples were analyzed for abnormal
Hb and thalassemia mutations. Out of 8135 samples, 1382 were observed to be carrying Hb
mutations. It was identified that 826 mutation carriers included abnormal Hbs with a frequency
of 59.7%, 416 carriers included b-thalassemia (b-thal) mutations with a frequency of 30.7% and
136 carriers included a-thalassemia (a-thal) mutations with a frequency of 9.9%. In this study,
the most frequently observed abnormal Hb in the region was Hb S [b6(A3)Glu!Val
(GTG4GAG), HBB: c.20T4A], whereas the most commonly observed mutations were the IVSI-110 (G4A) (HBB: c.93–21G4A) point mutation in b-thal and the 3.7 kb deletion in a-thal.

Abnormal hemoglobin (Hb), a-thalassemia
(a-thal), b-thalassemia (b-thal),
hemoglobinopathy

Introduction
Hemoglobinopathies, which are known to be the most
prevalent hereditary blood diseases worldwide, occur as a
result of the changes in globin chains or hemoglobin (Hb)
molecules. Quantitative changes of globin chains create
a- and b-thalassemias, while qualilative changes constitute
structurally abnormal Hbs. Depending on the type and/or
combination of mutation, a substantially variable clinical
course and outcome of severe forms of hemoglobinopathies
may cause death of patients at an early age (1,2).
In Turkey, because of its geographical location, the
Çukurova region and neighboring cities have been populated
by various ethnicities. Consequently, the region has a
heterogeneous structure in respect to population genetics
(3). Accordingly, the region has a socioculturally conservative
structure and consanguineous marriages are commonly seen
in the area. The rate of consanguineous marriages, which are
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the major reason of frequent occurrence of autosomal
recessively inherited diseases, is around 20.0–25.0% in
Turkey (4). There are hundreds of thousands of hemoglobinopathy carriers with severe clinical forms being diagnosed
every year but sufficient treatment has not yet been
developed. The most effective way to prevent the birth of
hemoglobinopathy carriers is prenatal diagnosis (PND).
In Turkey, Prevention of Hereditary Blood Diseases Law
No. 3960 was introduced in the Official Gazette No. 21804
(dated December 30 1993). The Hemoglobinopathy Control
Program was launched to prevent the birth of children with
hemoglobinopathies by mutation screening tests before marriage. Hemoglobinopathy screening centers were established
to identify carriers with the intention of reducing the
frequency of disease, especially in 33 cities at risk such as
Adana, Gaziantep, Hatay and Mersin that have a high
frequency of carriers (5).
In this present study, a total of 8135 cases were screened
for mutation types in Adana, Hatay, Mersin, Konya and
Kayseri (Figure 1). The State Health Institutions have
recently started hemoglobinopathy screening programs in
Konya and Kayseri. We wanted to determine the mutation
distribution of populations settled in Konya and Kayseri as
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Figure 1. Geographical locations of the samples collected in this study.

well as provinces of the Çukurova region. Therefore,
determination of the mutation types and carrier frequencies
observed in these provinces were targeted. In addition, it
was also our aim to constitute a map of Hb mutations in
Turkey.

Materials and methods
This cross sectional study was carried out on blood samples
collected from a total of 8135 cases in the Çukurova region
and neighboring provinces between 1993 and 2014. We aimed
to determine the mutation pattern of hemoglobinopathies in
individuals who volunteered themselves for screening. For
this purpose, daily mobile camps were organized at these
cities of the Çukurova region and neighboring provinces by
the Department of Biochemistry, Çukurova University,
Adana, Turkey. The research protocol was approved by the
Ethics Committee of the Medical Faculty of Çukurova
University.
Blood samples were collected in vacutainers containing
EDTA as anticoagulant, and the hematological findings
were obtained by a blood cell counter (model T890;
Coulter Electronics, Miami, FL, USA). Hemoglobin
typing was performed by cellulose acetate membrane
electrophoresis and high performance liquid chromatography (HPLC) (6,7). Hb A2 and Hb F levels were measured
by microcolumn chromatography and by a modification of
the Betke method, respectively (8,9). The DNA to be used
in molecular analyses were isolated by the procedure
described by Poncz et al. (10) and a MagnaPure LC
automated DNA isolation device (Roche Diagnostics
GmbH, Penzberg, Germany), and then were stored at 4  C
(11). Hemoglobinopathies commonly seen in our region
were characterized by microarray, amplification refractory
mutation system (ARMS), restriction fragment length
polymorphism (RFLP) and gap-polymerase reaction (gapPCR) methodologies (12–15).

Results
In this study, the analyses of a total of 8135 samples from the
cities of Adana, Hatay, Mersin, Kayseri and Konya were done
at the Department of Medical Biochemistry, Faculty of
Medicine, Çukurova University, Adana, Turkey. Seven thousand, seven hundred and eighty-nine samples came from
provinces of the Çukurova region (Adana, Mersin and Hatay),
277 samples from Konya and 69 from Kayseri. We observed
that 1382 chromosomes of the cases sampled from these
provinces carried Hb mutations. We identified 826 carriers of
abnormal Hbs with a frequency of 59.7%, 416 carriers of
b-thal with a frequency of 30.1% and 136 carriers of a-thal
with a frequency of 9.9% (Table 1).
In our study, we observed that some cases carried
homozygous Hb mutations, and some cases carried compound
or double heterozygous mutations. The chromosome number
and types of mutations carried in the homozygous state are
shown in Table 2, and the cases carried as compound or
double heterozygous mutations are shown in Table 3. The
most frequent mutations observed in the cities where samples
were collected is presented in Table 4.

Discussion
Hemoglobinopathies are common in regions with tropical
climates as well as all over the world. According to the data of
the World Health Organization, the prevalence of hemoglobinopathies is 7.0% and approximately 300,000–500,000
carriers with severe clinical symptoms are born every year
(1). In the Mediterranean countries such as Greece, North and
South Cyprus, Italy and in Canada where b-thal was a major
health problem, the control program that was implemented in
the 1980s has resulted in almost nil homozygous births by the
1990s (16). While the number of newborn with thalassemias
and hemoglobinopathies was 272 in 2002, it had dropped to
25 in 2010. There has been a 90.0% reduction on the affected
births in the last 10 years (17). In the studies conducted in
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Turkey, 60 abnormal Hb variants, more than 42 b-thal and 12
a-thal mutations has been identified (18–22). We found that
seven abnormal Hb variants, five a-thal and 12 b-thal
mutations were determined. Unrelated individuals constitute
the sample population.
In the studies by Ozturk et al. (23) and Bahadır et al. (24)
aimed to investigate the b-globin gene cluster haplotypes of
the abnormal Hbs and b-thalassemias observed in Turkey and
found the highest ratio of Hb S [b6(A3)Glu!Val
(GTG4GAG), HBB: c.20T4A] and (G4A) (HBB: [IVS-I-

110 c.93–21G4A) mutations as we did in our study. In a
study by Altay et al. (25), it was reported that the most
frequent abnormal Hb variants observed in Turkey are Hb S,
Hb D-Los Angeles) [b121(GH4)Glu!Gln (GAA4CAA),
HBB: c.364G4C], Hb E [b26(B8)Glu!Lys (GAG4AAG),
HBB: c.79G4A] and Hb O-Arab [b121(GH4)Glu!Lys
(GAA4AAA), HBB: c.364G4A]. According to our findings,
the most frequent mutation is Hb S with a 57.5% frequency.
Following that, Hb D-Los Angeles (0.8%), Hb E (0.6%) and
Hb O-Arab (0.3%) are commonly observed abnormal Hbs,
especially in the Çukurova region (Tables 1 and 4). In the
study by Guvenc et al. (26), it was pointed out that the
frequently observed abnormal Hb variants are Hb S, Hb DLos Angeles and Hb E in the Adana region. The result of our
study determined 807 Hb S carriers with a 10.4% frequency of
that mutation (Table 4). In a study carried out by Guler et al.
(27), they reported 2.0% b-thal and 0.05% Hb S carriers in
Konya. In our study, we found only one heterozygous Hb S
carrier and one compound heterozygote for the Hb D-Los
Angeles/IVS-I-110 mutations with a frequency of 0.4% for
each one (Table 4). Moreover, Hb S was the most frequently
observed abnormal Hb that was inherited together with the
compound heterozygous forms of thalassemia mutations
(Table 3).

Table 1. Hemoglobin variants and their frequencies observed in the
Çukurova region and neighboring provinces.
Mutation
Hb S (HBB: c.20T4A)
IVS-I-110 (G4A) (HBB: c.93–21G4A)
a3.7
Codon 8 (AA) (HBB: c.25_26delAA)
Codon 39 (C4T) (HBB: c.118C4T)
a4.2
IVS-I-1 (G4A) (HBB: c.92 + 1G4A)
– –MED I
– –MED II
(a)20.5
IVS-I-6 (T4C) (HBB: c.92 + 6T4C)
Hb D-Los Angeles (HBB: c.364G4C)
Codon 5 (-CT) (HBB: c.17_18delCT)
Hb E (HBB: c.79G4A)
30 (T4A) (HBB: c.-80T4A)
IVS-II-745 (C4G) (HBB: c.316-106C4G)
IVS-II-1 (G4A) (HBB: c.315 + 1G4A)
Hb O-Arab (HBB: c.364G4A)
Hb G-Coushatta (HBB: c.68A4C)
Hb E-Saskatoon (HBB: c.67G4A)
Hb D-Iran (HBB: c.67G4C)
Codon 44 (-C) (HBB: c.135delC)
87 (C4G) (HBB: c.137C4G)
Total

Chromosome (n)

%

795
285
59
30
26
25
23
19
17
16
16
13
10
9
9
9
9
4
2
2
1
1
1
1382

57.5
20.6
4.3
2.2
1.9
1.8
1.7
1.4
1.2
1.2
1.2
0.9
0.7
0.7
0.7
0.7
0.7
0.3
0.1
0.1
0.1
0.1
0.1
100.0

Table 3. Compound heterozygous hemoglobin variants and their
numbers.
Compound Heterozygous Variants
S

S

S

Hb S/Hb S (b /b )
IVS-I-110(G4A)/IVS-I-110(G4A)
a3.7/a3.7
Hb O-Arab(G4A)/Hb O-Arab(G4A)
Hb E-Saskatoon(G4A)/Hb E-Saskatoon(G4A)
Hb E/Hb E (bE/bE)
Hb D-Los Angeles(G4C)/Hb D-Los Angeles(G4C)
Hb D-Iran(G4C)/Hb D-Iran(G4C)
Codon 5(CT)/codon 5(CT)
Codon 39(C4T)/codon 39(C4T)
IVS-I-6(T4C)/IVS-I-6(T4C)
Total

n

%

48
14
8
2
1
1
1
1
1
1
1
79

61.0
18.0
10.0
2.5
1.3
1.3
1.3
1.3
1.3
1.3
1.3
100.0

3.7

n

3.7

Hb SS(b /b )/a /a
IVS-I-110(G4A)/IVS-I-6(T4C)
IVS-I-110(G4A)/codon 8(AA)
(a)20.5/a4.2
– –MED I/a3.7
(a)20.5/a3.7
IVS-I-110(G4A)/IVS-II-745(G4A)
a4.2/a3.7
Hb SS (bS/bS)/IVS-I-110(G4A)
Hb AS (bAbS)/IVS-I-110(G4A)
IVS-I-110(G4A)/30(T4A)
IVS-I-110(G4A)/codon 39(C4T)
Hb EE (bE/bE)/IVS-I-110(G4A)
Hb AE (bAbE)/IVS-I-110(G4A)
Hb AD-Los Angeles(bA/bD-Los Angeles)/IVS-I-110(G4A)
IVS-I-110(G4A)/a3.7/aa
IVS-I-6(T4C)/IVS-II-1(G4A)
IVS-I-1(G4A)/IVS-I-1(G4A)
Hb AS(bA/bS)/IVS-I-1(G4A)
IVS-I-1(G4A)/codon 8(AA)
IVS-I-6(T4C)/30(T4A)
Hb SS(bSbS)/(a)20.5/aa
– –MED I/a4.2
Total

Table 2. Homozygous hemoglobin variants and their frequencies.
Hb Mutations

S

Table 4. The most frequently observed mutation types in the provinces where the samples were collected.
Most Frequently Observed Mutation Types
Province
Çukurova
Kayseri
Konya

n
7789
69
277

Abnormal Hb (%)
Hb S (5.1)
–
Hb S, Hb D-Los Angeles (0.2)

a-Thal (%)
3.7

a

–

(0.4)

a3.7 (0.2)

b-Thal (%)
IVS-I-110 (1.0)
IVS-I-110 (42.0)
IVS-I-110 (12.5)

7
7
6
5
5
3
3
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
57
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Distribution of b-thal trait in our country shows a variable
prevalence depending on the regions. Thrace, Aegean,
Mediterranean and southeast Turkey are especially at risk
for b-thal trait. Although the overall frequency of b-thal is
2.0%, it reaches about 10.0% in the Thrace region (19). The
most frequent mutations are IVS-I-110, IVS-I-6 (T4C, HBB:
c.92 + 6T4C), codon 8 (AA, HBB: c.25_26delAA), IVS-I1 (G4A, HBB: c.92 + 1G4A), IVS-II-1 (G4A, HBB:
c.315G4A) and IVS-II-745 (C4G, HBB: c.316–106C4G)
in Turkey and these comprise 70.0% of all reported mutations
(27). In our study, it was determined that the most frequently
observed b-thal mutation in all provinces was IVS-I-110 with
a rate of 20.7%, and subsequent mutations were codon 8
(2.2%), codon 39 (C4T, HBB: c.118C4T) (1.9%), IVS-I-1
(1.7%), and IVS-I-6 (1.3%) (Table 1). The study by Guvenc
et al. (25) reported 18 different b-thal mutations with a
13.46% frequency for all in Adana. Aldemir et al. (28) pointed
out that with respect to other regions of Turkey, Hatay had a
considerable difference in frequencies of mutations due to
migrants from Syria and Iraq, and a 75.8% frequency was
reported for the IVS-I-110, IVS-I-6, codon 123 (A, HBB:
c.370delA), IVS-I-1 and codon 8 b-thal mutations. Yapıcı
et al. (29) determined the frequency of b-thal trait in a
population screening program in Mersin. In our study, out of
7789 subjects, we observed 243 heterozygous b-thal carriers
with a 3.1% frequency. The most frequent mutation, IVS-I110, has a 1.9% heterozygous state. In the Çukurova region,
frequencies of heterozygous states of the other mutations were
determined to be as follows: IVS-I-1 (0.3%), codon 39 (0.3%),
codon 8 (0.2%), IVS-I-6 (0.1%), 30 (T4A, HBB:
c.80T4A) (0.1%), IVS-II-1 (0.1%), and IVS-II-745
(0.1%). The most common mutation in Konya was IVS
I-110 with an unexpectedly high 26.0% frequency, which may
be considered to be due to low sample size. Karakukcu et al.
(30) observed a 1.7% prevalence of b-thal trait but we found
higher than that in Kayseri due to a similar reason as for
Konya. Cases with compound heterozygosity for Hb S/b-thal
have a more severe phenotype than other mutational combinations and Tadmouri et al. (31) reported a 1:1000 ratio of
compound heterozygotes in a newborn study. We determined
two compound heterozygotes with Hb S/IVS-I-110 and only
one compound heterozygote for Hb E/IVS-I-110 in our study.
In studies carried out in Turkey, the a-thal carrier
frequency was reported to be 2.0%, and five types of
deletional mutations were detected, namely, a37 (rightward),
a4.2 (leftward), (a)20.5, – –MED I and – –MED II (32).
Guvenc et al. (33) reported that a-thal carrier frequency was
7.5% and the most common mutation in the Adana region was
the a3.7 deletion. Another investigation carried out by
Bozdogan et al. (21), showed 12 different a-thal mutations
and these were: a3.7 (63.3%), – –MED (11.7%), (a)20.5
(10.7%), IVS-I (5 nt) (TGAGG), (3.9%) and the polyadenylation (polyA2) site (AATAAA4AATGAA (3.5%).
According to the results of our study, the most frequently
observed deletional a-thal mutations in Çukurova region are
a3.7 (4.3%), a4.2 (1.8%), – –MED I (1.4%), – –MED II (1.2%)
and (a)20.5 (1.2%) deletions, respectively (Table 1).
Hemoglobinopathies constitute an important public health
problem in a large majority of provinces in Turkey. Although
their distribution varies from one region to another, the
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southeastern coast of the Mediterranean Sea (Çukurova
region) is the most affected area. National prevention
programs are of prime importance in the prevention and
eradication of hemoglobinopathies. They should be improved
by means of public education about hemoglobinopathies,
extended investigations and screening programs, enhanced
genetic counseling and establishing national patient and
carrier registration for hemoglobinopathies.
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16. Arpacı A, Aytac N, Yüregir GT, et al. An education programme on
sickle cell anemia and b-thalassemia for the 8th grade students.
Turk Haematol. 2003;20(1):19–24.
17. Canatan D. Thalassemias and hemoglobinopathies in Turkey.
Hemoglobin. 2014;38(5):305–307.
18. Akar N. An updated review of abnormal hemoglobins in the
Turkish populations. Turk J Hematol. 2014;31(1):97–98.
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