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ABSTRACT

Objective: Alpha thalassemia is a common type of hemoglob-
inopathy that occurs as a result of deletions or point mutations 
in the alpha globin gene cluster. The molecular analysis of al-
pha thalassemia is challenging due to the presence of genes 
with high sequence similarities in alpha globin gene clusters and 
pseudogenes. As well as in all genetic diseases, determining the 
causative mutation types of alpha thalassemia and their frequen-
cies have critical importance for accurate genetic screening and 
prevention strategies.
Material and Method: In our study, alpha globin copy number 
variations determined by the Multiplex Ligation-dependent 
Probe Amplifcation (MLPA) method were examined retrospec-
tively with suspicion of alpha thalassemia in 35 female and 43 
male patients tested in the Genetic Diseases Diagnosis Center 
of the Medical Genetics Department at Trakya University Faculty 
of Medicine.

Results: The most common deletion among our patients was 
the −α3.7 (35.3%), followed by the -α20.5 (10.3%) deletion. The -αSEA 
deletion was detected in three patients while 4 out of 78 cases 
were found to have the -αMED deletion. In three patients, a het-
erozygous large deletion and in one case HS40 regulatory region 
deletion were detected. In 14 (18%) of the patients, α globin trip-
lications were detected. The -α4.2 deletion was detected in only 
one of our patients.

Conclusion: Our study is the first to report the presence of eight 
different alpha globin copy number changes and 13 different al-
pha globin genotypes in the Trakya region.

Keywords: Alpha thalassemia, globin, copy number variation

ÖZET

Amaç: Alfa talasemi, alfa globin gen kümesindeki delesyonların 
veya nokta mutasyonlarının bir sonucu olarak ortaya çıkan yaygın 
bir hemoglobinopati türüdür. Alfa talaseminin moleküler anali-
zi, alfa globin gen kümesinde yüksek dizi benzerliklerine sahip 
genlerin ve psödogenlerin varlığı nedeniyle zordur. Tüm genetik 
hastalıklarda olduğu gibi, alfa talasemide de, altta yatan mutas-
yon türlerinin ve sıklıklarının belirlenmesi, doğru genetik tarama 
ve önleme stratejileri için kritik öneme sahiptir.

Gereç ve Yöntem: Çalışmamızda, alfa talasemi şüphesiyle Trak-
ya Üniversitesi Tıp Fakültesi Tıbbi Genetik Anabilim Dalı Genetik 
Hastalıklar Tanı ve Değerlendirme Merkezinde test edilen 35 ka-
dın ve 43 erkek hastada Multipleks Ligasyon-bağımlı Prob Amp-
lifikasyon (MLPA) yöntemiyle belirlenen alfa globin kopya sayısı 
varyasyonları geriye dönük olarak incelendi.

Bulgular: Olgularımız arasında en sık (%35,3) saptanan delesyon 
−α3.7 ve ardından %10,3 görülme sıklığı ile −α20.5 delesyonu gel-
mekteydi. Üç olguda tüm probları kapsayan büyük delesyon, bir 
olguda ise HS40 düzenleyici bölgesinde delesyon saptanırken, 
78 olgunun 4’ünde –αMED, üçünde ise –αSEA delesyonu saptandı. 
Olguların 14’ünde (%18) α globin triplikasyonları belirlendi. −α4.2 
delesyonu olgularımızdan yalnızca bir tanesinde saptandı.

Sonuç: Çalışmamız, Trakya bölgesinde sekiz farklı alfa globin 
kopya sayısı değişikliği ve 13 farklı alfa globin genotipinin varlığı-
nı bildiren ilk çalışmadır. 

Anahtar Kelimeler: Alfa talasemi, globin, kopya sayısı değişik-
liği 
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INTRODUCTION 

Alpha thalassemia, a hematological disorder characterized 
by the lack or absence of alpha globin chain synthesis, is 
a common global hemoglobinopathies. The alpha globin 
(α-globin) gene cluster located in the subtelomeric region 
of the 16th chromosome is responsible for the synthesis of 
the alpha globin chains, which are important components 
of the hemoglobin. This region consists of the HBZ (OMIM 
142310), HBA2 (OMIM 141850), HBA1 (OMIM 141800) and 
HBQ1 (OMIM 142240) genes and is under the control of the 
HS-40 regulatory region. Defects in the alpha globin genes 
in the same chromosome cause a mild phenotype resulting 
in either a silent alpha thalassemia or alpha thalassemia-trait 
phenotype, depending on the number of genes affected. 
HbH disease, on the other hand, is a severe form of alpha 
thalassemia due to the homozygous or compound hetero-
zygous mutations of alpha globin genes. The severest form 
of alpha thalassemia is Hb Bart’s hydrops fetalis syndrome, 
associated with total loss of alpha globin expression (1-3). 
Point mutations may cause α-thalassemia, but the most 
common cause is deletion of the genes located in the alpha 
globin cluster on one or both chromosomes (4). 

Determining alpha globin mutations is of great impor-
tance in countries where consanguineous marriages are 
common, in order to prevent hydrops fetalis, the most se-
vere form of the disease, and for accurate genetic coun-
selling. There have been studies reporting the frequency 
and the underlying mutation types of alpha thalassemia 
in different regions of our country (4-13). However, to our 
knowledge, no study has reported the frequencies of 
copy number changes of the alpha globin cluster in the 
Trakya Region of Turkey. 

In this study, we aimed to present the results of Multi-
plex Ligation-dependent Probe Amplification (MLPA) of 
patients whose genetic analyzes were performed with 
suspicion of alpha thalassemia in the Genetic Diseases 
Diagnosis Center of the Medical Genetics Department in 
Trakya University’s Faculty of Medicine between Novem-
ber 2012 and September 2020.

MATERIAL AND METHOD

The results of alpha globin copy number variations of 
78 patients (35 females, 43 males, mean age 23.80±22.4 
years) referred to our center with alpha thalassemia were 
included in this study. Ethics committee approval of the 
study was obtained with the approval of Trakya University 
Faculty of Medicine Scientific Research Ethics Committee 
(TUTF-BAEK 2020/380.). A written informed consent form 
was obtained from the patients or from the legal guard-
ians of the younger cases. 

Genomic DNA isolation was performed with the Qia-
gen EasyOne automatic DNA isolation system (Qiagen, 

Hilden, Germany) from 2 ml peripheral blood samples 
taken into an EDTA tube. Quality control and purity of 
the isolated genomic DNA samples were determined by 
NanoDrop spectrophotometrically [NanoDrop 2000C; 
Thermo Fisher Scientific Inc., Wilmington, MA, USA]. The 
MLPA method was applied to determine a-globin copy 
number variations in high quality samples with A260/280 
values between 1.8-2.0.

The P140 HBA kit (MRC-Holland, Amsterdam, The Neth-
erlands), including 45 probes designed to investigate al-
pha globin cluster copy number variations, was used for 
MLPA study. Fluorescent fragments obtained after liga-
tion and amplification (performed in accordance with the 
manufacturer’s protocol) were seperated on the ABI 3130 
XL (Applied BioSystems, USA) capillary electrophoresis 
system and sizes of the fragments were determined using 
the GeneMapper (Applied BioSystems, USA) program. 
The results were analyzed with the Coffalyser software 
(MRC Holland). R open software was used to calculate 
the descriptive statistics (14).

RESULTS

The most common genotype among our cases was the 
−α3.7 / αα genotype with a frequency of 46.20%. The most 
common type of globin deletion was also the −α3.7 dele-
tion with 35.3%. The second most common deletion was 
the -α20.5 deletion detected in 10.3% of the cases. A large 
deletion covering all probes was detected in three cases, 
while a heterozygous deletion of the HS40 regulatory re-
gion was determined in only one patient. In 14 (18%) of 
the cases, the α globin triplications were detected. The 
-α4.2 deletion was detected in only one of our cases. Fig-
ure 1 presents Coffalyser views of the triplication, showing 
the -αMED and –α20.5 deletions with the biallelic −α3.7 /–α20.5 

deletion. The genotypes and hematological parameters 
of the cases are shown in Table 1, and the distribution of 
globin variants of the cases among the total number of 
chromosomes is shown in Table 2.

DISCUSSION 

Molecular analysis of alpha thalassemia is challenging 
due to the presence of four copy genes encoding alpha 
globin chains. Determination of regional mutation diver-
sity is important to prevent alpha thalassemia, which has 
a wide phenotypic variety ranging from silent carriers to 
hydrops fetalis. In our study, 8 different alpha globin copy 
number changes were determined. Seven of them were 
deletions of different sizes of the alpha globin gene clus-
ter and regulatory elements, and the remaining one copy 
number variation type was the −α3.7 triplication. 

α+ thalassemia are caused by deletions or rare point 
mutations in one of the duplicated alpha globin genes. 
−α3.7 or −α4.2 deletions, resulting from unequal crossing 
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over in meiosis, causes deletional α+ thalassemias and 
the most common cause has been reported as the -α3.7 

deletion (3). The frequency of -α3.7 deletions was report-
ed as 52.28% in the study performed by Onay et al. in 
the Aegean Region of Turkey (4). In a study performed 
by Çelik et al. in the southern region of Turkey, -α3.7 de-
letion frequency was reported as 43.2% (10). Karakaş et 
al. reported the frequency of -α3.7 deletion as 39% in a 
study they performed on patients with hypochromic mi-

crocytic anemia living in Istanbul (11). Our data are in ac-
cordance with the results of this study carried out in Is-
tanbul, which is located close to the Trakya region. -α4.2, 
another type of deletion underlying α+ thalassemias, is 
reported less frequently than the −α3.7 deletion. Karakaş 
et al. reported the frequency of -α4.2 deletion as 4.2%, 
and Onay et al. reported that they did not detect any 
-α4.2 deletion (6, 11). In our study, the -α4.2 deletion was 
found in only one case as compound heterozygous with 
the −α3.7 deletion. 

The second most common deletion in our study was -α20.5 
with a ratio of 5.8%. This mutation has been rarely report-
ed in Asia, the Middle East, and in Arab countries, but it 
was reported to be the second most frequent deletion 
in the studies conducted by Onay and Çürük et al. (4, 6). 
The −α20.5 deletion was followed by the – αMED and – αSEA 
deletions with a frequency of 2.6% and 1.9%, respective-
ly, in our study. In the Turkish population - SEA deletion 
was reported for the first time in the study of Onay et al. 
(4) and it was found as compound heterozygous with the 
-α3.7 deletion in a patient in our study, too. 

It is challenging to predict alpha globin genotypes based 
on hematological parameters, though some studies and 
reports have investigated this. Studies report that pa-
tients with two functional alpha globin genes have higher 
Mean Corpuscular Volume (MCV) values compared to 
patients with a defected alpha globin gene (15, 16). Gu-
venc et al. and Onay et al. reported that that MCV value 

Table 2: Distribution of alpha globin variants among 
the total number of chromosomes

Alpha globin 
variant

Affected chromosome 
count 

%

αα (Normal) 65 41.7

−α3.7 55 35.3

−α20.5 9 5.8

−MED 4 2.6

αααanti-3.7 15 9.6

−αSEA 3 1.9

−αHS40 1 0.6

−α4.2 1 0.6

Whole gene 
deletion

3 1.9

Total 156 100

Table 1: Genotypes of the patients and mean and standard deviation values of hematological parameters according 
to their genotypes

Genotype n (%)
ES

(4.63-6.08)
Hemoglobin

(13.7-17.5) (g/dl)
Mean corpuscular 

volume (79-92.2)(fl)
Red cell distribution 
width (11.6-14.4)(%)

−α3.7/αα 36 46.20 5.247±0.730 12.088±2.212 71.597±6.569 17.253 ±7 .357

−α3.7/-α3.7 7 8.90 5.354±0.588 11.371±1.619 65.88±3.387 15.642±1.081

−α20.5/αα 8 10.30 5.366±0.339 11.09±0.765 64.175±5.912 16.15±0.85

−αMED/αα 3 3.80 4.82±0.991 9.8±2.389 67.733±7.804 20.33±8.220

−α3.7/−αSEA 2 2.50 4.895±0.261 8.835±0.09 55.75±2.474 21.95±4.03

Whole gene 
deletion

3 3.80 5.75±0.277 12.066±0.288 66.166±3.536 15±1.014

αααanti-3.7/αα 13 16.70 5.1±0.611 11.13± 2.227 66.753±10.809 17.815±4.765

αααanti-3.7/ 
αααanti-3.7 1 1.30 5.34 14.3 74.4 34.1

−αSEA /αα 1 1.30 - 12 68 -

−αHS40/αα 1 1.30 6.24 13.7 67.1 16.1

−α3.7/−α20.5 1 1.30 5.28 9.5 61.4 22.2

−α3.7/−αMED 1 1.30 5.28 8.8 55.9 33.3

−α3.7/−α4.2 1 1.30 6.26 12.3 62.6 15

Total 78 100
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was the lowest for the genotype −α3.7/-- αMED , and highest 
for the −α3.7/αα genotype in their studies (6,9). Although 
the patient population is small for performing a statistical 
comparison, we also found that MCV values were lower 
in the patients with compound heterozygous -α3.7/ - αMED 
ve −α3.7/ -- αSEA deletions compared to patients with −α3.7/
αα genotypes.

One of the common copy number changes of the alpha 
globin gene cluster is triplications (17). In our study, we 
found heterozygous triplications in 13 cases and homo-
zygous αααanti-3.7 triplication in one case. Although the 
thalassemic effect of these triplications is generally not 
expected, it is reported in the literature that when ac-
companied by beta globin gene (HBB) mutations, it can 
be an important modulator of the hemoglobinopathy 
phenotype (18-21). In our study, a pathogenic HBB varia-
tion was accompanied in 6/10 of the cases with −α3.7 trip-
lication (data not shown), emphasizing the importance of 
these triplications in terms of genetic counseling of he-
moglobinopathies.

Heterozygous HS-40 regulatory region deletion was de-
termined in one of our patients with a mild anemia phe-
notype. Heterozygous deletion of the HS-40 regulatory 
region has been reported to reduce the α-globin expres-
sion. However, it was proposed that HS-40 regulatory re-
gion deletion can have a prominent down-regulatory ef-
fect which may reflect phenotypically if it is homozygous 
or in trans position with another deletion (22, 23).

The deletion of the HS-40 regulatory site reduced the ex-
pression of HS-40 heterozygous deletion manifested as 
mild anemia, which was of the microcytic hypochromic 
type. When compounded with –α3.7/αα, it manifested as 
Hb H disease, and when compounded with –SEA/αα, it 
manifested as Hb Bart’s fetus.

MLPA is a hybridization-based method that has been used 
for many years to screen deletions and duplications. For 
this reason, the MLPA method is often used to elucidate the 
genetic basis of alpha thalassemias (24). The advantages of 
the MLPA method over other methods in the genetic basis 
of alpha thalassemia have been reported in the studies of 
Yüreğir and Colosimo et al. (13, 25). However, other meth-
ods, such as reverse dot blot hybridization, are needed to 
detect non-deletion type mutations. Although it has been 
reported in studies conducted in Turkey and around the 
world that alpha globin mutations are mostly deletions, 
non-deletion type mutations are also encountered in some 
cases. Therefore, the limitation of this study is the inability to 
detect alpha thalassemias that are not deletion type. 

In conclusion, our study is the first to show a high level of 
diversity of alpha globin gene copy number variations in 
the Trakya Region. In addition, it supports the findings of 
other studies that the MLPA method is useful for detect-
ing copy number variations in the alpha globin cluster.

Ethics Committee Approval: This study was approved by the 
Scientific Research Ethical Committee of the Trakya University, 
Faculty of Medicine (TUTF-BAEK 2020/380).

Figure 1: Coffalyser views of triplication (a); -αMED deletion (b); –α20.5 deletion (c); and biallelic −α3.7 /–α20.5 deletion (d)
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