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Geographical distribution of β-globin gene mutations in Syria
Hossam Murad a, Faten Moassesa, Amir Dabboula, Yasser Mukhalalatyb, Ahmad Omar Bakoorc, Walid Al-
Achkara and Rami A. Jarjoura

aMolecular Biology and Biotechnology Department, Human Genetics Division, Atomic Energy Commission of Syria, Damascus, Syria;
bThalassemia Centre, Damascus, Syria; cChildren’s hospital, Hama, Syria

ABSTRACT
Objectives: β-Thalassemia disease is caused by mutations in the β-globin gene. This is
considered as one of the common genetic disorders in Syria. The aim of this study was to
identify the geographical distribution of the β-thalassemia mutations in Syria.
Methods: β-Globin gene mutations were characterized in 636 affected patients and 94
unrelated carriers using the amplification refractory mutations system-polymerase chain
reaction technique and DNA sequencing.
Results: The study has revealed the presence of 38 β-globin gene mutations responsible for β-
thalassemia in Syria. Important differences in regional distribution were observed. IVS-I.110 [G >
A] (22.2%), IVS-I.1 [G > A] (17.8%), Cd 39 [C > T] (8.2%), IVS-II.1 [G > A] (7.6%), IVS-I.6 [T > C] (7.1%),
Cd 8 [−AA] (6%), Cd 5 [−CT] (5.6%) and IVS-I.5 [G > C] (4.1%) were the eight predominant
mutations found in our study. The coastal region had higher relative frequencies (37.9 and
22%) than other regions. A clear drift in the distribution of the third common Cd 39 [C > T]
mutation in the northeast region (34.8%) to the northwest region (2.5%) was noted, while
the IVS-I.5 [G > C] mutation has the highest prevalence in north regions. The IVS-I.6 [T > C]
mutation had a distinct frequency in the middle region. Ten mutations −86 [C > G], −31 [A >
G], −29 [A > G], 5′UTR; +22 [G > A], CAP + 1 [A > C], Codon 5/6 [−TG], IVS-I (−3) or codon 29
[C > T], IVS-I.2 [T > A], IVS-I.128 [T > G] and IVS-II.705 [T > G] were found in Syria for the first time.
Conclusions: These data will significantly facilitate the population screening, genetic
counseling and prenatal diagnosis in Syrian population.
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Background

Hemoglobin disorders are defined as hereditary dis-
eases consisting of thalassemia, a genetic disease
affecting a large proportion of births [1]. β-Thalassemia
is a common autosomal recessive disorder. It is charac-
terized by a reduced or absent β-globin chains in the
Hb molecule. This results in the accumulation of
unbound α-globin chains which precipitate in erythroid
precursors in the bone marrow and in the mature
erythrocytes, and therefore leading to ineffective ery-
thropoiesis and peripheral hemolysis [2,3]. It results
from over 350 different mutations of the β-globin
gene, with the majority being single nucleotide substi-
tutions, one or two nucleotide deletions or insertions
within the β-globin gene and large deletions [4,5].
The disease frequents a high range in Mediterranean
basin, the Middle East, Africa, Southeast Asia and the
Indian subcontinent [1]. Between the different ethnic
populations and their geographical regions, there are
a huge variation of the spectrum of β-globin gene
mutations [6,7]. In general, each population has its
own β-globin gene mutation spectrum. In Syria,
because of its geographical location, hemoglobin dis-
orders are highly prevalent. There are more than

8000 registered transfusion-dependent patients in 13
thalassemia centers in 16 provinces [8]. Each year,
there is a permanent increase in the number of
patients.

The aims of the present study were to identify the
detailed geographical distribution of the β-globin
gene mutations in Syria and construct detailed fre-
quency maps in order to perform effective genetic
counseling and prenatal diagnosis in each region and
extract accurate risk estimates.

Materials and methods

Patients and methods

The present study was undertaken to determine the
frequencies of β-thalassemia mutations and their geo-
graphical distribution in Syria. After complete genetic
counseling and recording of all hematologic values
for most patients, all individuals were subjected to mol-
ecular analysis for detection of mutation. All patients
participated in this study were affected with β-thalasse-
mia, and were of Syrian origin.

A total of 1460 unrelated β-thalassemia alleles were
analyzed in this study. Alleles were grouped according
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to their geographical origins, which included the north-
west region (NWR; 80), middle region (MR; 544), coastal
region (CR; 214), south region (SR; 490) and northeast
region (NER; 132). Provinces covered by this survey
include Damascus, Damascus Suburb, Daraa, Quneitra,
Tartus, Baniyas, Latakia, Hama, Homs, Aleppo, Idlib, Deir
ez-Zor and Raqqa. The Al-Hasakah, Qamishli and As-
Suwayda provinces were excluded from the study
because no patient was referred to the laboratory
from these provinces.

All patients were informed about the project of the
study and asked to write a consent for blood sampling.
This study has been approved by the Institutional
Review Board of the Atomic Energy Commission of
Syria (AECS). All participants have provided written
informed consent and that the subject’s parents pro-
vided written consent to publish the report.

DNA extraction

Genomic DNA was isolated from frozen blood samples
using Mini kit QIAamp DNA Blood (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions.

Amplification refractory mutation system-
polymerase chain reaction

The eight most common β-globin gene defects in pre-
vious studies [9,10] were examined by the amplification
refractory mutations system-polymerase chain reaction
(ARMS-PCR) technique [11]. ARMS primers were
selected from Old [12]. In cases where no mutation
was identified, most common α-thal mutations in the
Middle East −α4.2, −(α)20.5, −−MED and −α3.7 were
screened as previously reported [13].

DNA sequencing

Direct DNA sequencing (ABI 310 DNA Genetic Analyzer,
Applied Biosystems, Foster City, CA, USA) for exon 1,
exon 2, exon 3 and contiguous introns of the human
HBB gene was done in cases where no mutation was
identified or we had a doubt of ARMS assay. The
BigDye® Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA) was used
according to the manufacturer’s instructions. The
sequences of the primers for amplifying the HBB
gene are previously reported [14].

Results

The survey resulted in the generation of detailed data
on the distribution of 38 β-thalassemia mutations (26
point mutations, 2 large deletions, 3 insertions and 7
deletions) in 13 provinces comprising a total of 1460
β-thalassemia alleles (Table 1).

Of the 38 β-globin gene mutations, the 8 most
common ones among Syrian comprise nearly 78.5%
of all β-thalassemia alleles. The frequency of these
mutations is in decreasing order: IVS-I.110 [G > A]
(22.2%), IVS-I.1 [G > A] (17.8%), Cd 39 [C > T] (8.2%),
IVS-II.1 [G > A] (7.6%), IVS-I.6 [T > C] (7.1%), Cd 8 [−AA]
(6%), Cd 5 [−CT] (5.6%) and IVS-I.5 [G > C] (4.1%).
These mutations are then followed by four mutations
with frequencies between 2.3 and 1%. Twenty six
mutations were observed at a frequency of less than
1%. Ten mutations were very rare and each was
found on a single allele (Figure 1). All these 8
common mutations were reported in all 13 provinces
included in this survey (Figure 2). Ten mutations −86
[C > G], −31 [A > G], −29 [A > G], 5′UTR; +22 [G > A],
CAP + 1 [A > C], Codon 5/6 [−TG], IVS-I (−3) or codon
29 [C > T], IVS-I.2 [T > A], IVS-I.128 [T > G], IVS-II.705 [T
> G] were detected in Syrian population for the first
time (Table 1).

Significant differences in the frequency and distri-
bution were observed in the five regions of Syria
(NWR (includes Aleppo and Idlib), NER (includes Deir
ez-Zor and Raqqa), MR (includes Hama and Homs), CR
(includes Latakia, Tartus and Baniyas) and SR (includes
Damascus, Damascus Suburb, Daraa and Quneitra))
(Figure 3).

In the MR, 544 alleles were studied. IVS-I.110 [G > A]
(16.9%) and IVS-I.1 [G > A] (15%) were most frequent in
this region, which accounted for 31.9% of all mutations.
IVS-I.6 [T > C], Cd 5 [−CT], Cd 8 [−AA], IVS-II.1 [G > A], Cd
39 [C > T], IVS-I.5 [G > C], Cd 44 [−C], −30 [T > A], IVS-I
(−3) or codon 29 (C > T), IVS-I.130 [G > C], 290 bp del-
etion, Cds 8/9 [+G], Cd 9/10 [+T], Cd 15 [G > A], IVS-
II.745 [C > A], Cd 37 [G > A], −28 [A > G], IVS-I-25
[25 bp del], −88 [C > T], −31 [G > A], −29 [A > G],
5′UTR; +22 [G > A], Codon 30 (G > C) and Cd 36/37
[−T] were the other mutations in this region. These
24 mutations increase the efficiency of the mutation
panel in this region by an additional 42.1%, and
the overall detection rate is about 74%. Out of 38
studied mutations, we detected 26 mutations
(Table 1, Figure 3).

In the CR, 240 alleles were studied; but interestingly,
the IVS-I.110 [G > A] was the dominant mutation (81
out of 214 alleles), and also, the mutation IVS-I.1 [G >
A] was high frequent in about 22% of the mutations.
Cd 39 [C > T], IVS-II.1 [G > A], Cd 8 [−AA], Cd 5 [−CT],
IVS-I.6 [T > C], −30 [T > A], Cds 22/23/24 [7 bp del], Cd
37 [G > A], IVS-I.5 [G > C] and Cd 44 [−C] were the
other mutations. Twelve β-globin gene mutations
were found in this region. The mutations could not
be identified in 16 of the alleles (Table 1, Figures 2
and 3).

In the NER, a total of 132 alleles have been investi-
gated in this region and we detected 15 mutations.
Remarkably, Cd 39 [C > T] accounted for about 34.8%
of the mutations in this region. IVS-I.5 [G > C], IVS-
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Table 1. β-thalassemia mutation frequency in Syrian population provinces are listed according to their relative geographical location.

Mutation HUGO Nomenclature

Region South (490) Coastal (214) Middle (544)
Northwest

(80)
Northeast
(132)

Total allelesProvince Damascus

Damascus Daraa/
Latakia/
Tartus/

Hama Homs Aleppo/Idlib

Deir ez-Zor/

Suburb Quneitra Baniyas Raqqa

Alleles 146 140 204 214 460 84 80 132 1460

Type n % n % n % n % n % n % n % n % n %

−88 [C > T] c.-138C > T b+ 2 1.4 9 6.4 2 1 1 1.2 14 1
−87 [C > A] c.-137C > A b+ 2 1.4 7 3.4 9 0.6
−86 [C > G]a c.-136C > G b+ 3 1.5 3 0.2
−31 [A > G]a c.-81A > G b+ 1 0.2 1 0.1
−30 [T > A] c.-80T > A b+ 4 2.7 15 10.7 2 1 4 2 7 1.5 2 2.4 34 2.3
−29 [A > G]a c.-79A > G b+ 1 0.7 1 0.2 2 0.1
−28 [A > G] c.-78A > G b+ 2 0.4 1 1.3 3 0.2
5′UTR; +22 [G > A]a c.-29G > A b+ 1 0.2 1 0.1
CAP + 1 [A > C]a c.-50A > C b+ 1 0.7 1 0.1
Cd 5 [-CT] c.17-18delCT b° 5 3.4 10 7.1 4 2 6 3 41 8.9 3 3.6 10 12.5 3 2.3 82 5.6
Codon 5/6 [−TG]a c.18-19delTG b°/ b+ 1 0.7 1 0.1
Cd 8 [−AA] c.25-26delAA b° 2 1.4 17 12.1 11 5.4 10 5 25 5.4 13 15.5 4 5 5 3.8 87 6
Cds 8/9 [+G] c.27-28insG b° 4 0.9 1 1.2 5 0.3
Cd 9/10 [+T] c.30-31insT b° 2 0.4 2 2.4 1 0.8 5 0.3
Cd 15 [G > A] c.47G > A b° 3 2.1 3 1.5 4 0.9 1 0.8 11 0.8
Cds 22/23/24 [7 bp del] c.68-74delAAGTTGG b° 2 1 2 0.1
Codon 30 [G > C] c.93G > C b° 1 0.2 1 0.1
IVS-I (−3) or codon 29 [C > T]a c.90C > T b+ 6 1.3 6 0.4
IVS-I.1 [G > A] c.92 + 1G > A b° 21 14.4 23 16.4 48 23.5 47 22 85 18.5 15 17.9 11 13.8 10 7.6 260 17.8
IVS-I.2 [T > A]a c.92+2T > A b° 1 0.7 1 0.1
IVS-I.5 [G > C] c.92 + 5G > C b+ 4 2.7 1 0.7 1 0.5 1 0 12 2.6 2 2.4 18 22.5 21 15.9 60 4.1
IVS-I.6 [T > C] c.92 + 6T > C b+ 18 12.3 2 1.4 16 7.8 6 3 50 10.9 7 8.3 4 5 103 7.1
IVS-I.110 [G > A] c.93-21G > A b+ 36 24.7 10 7.1 49 24 81 38 101 22 12 14.3 16 20 19 14.6 324 22.2
IVS-I.116 [T > G] c.93-15T > G b° 2 1.4 2 1 4 0.3
IVS-I.128 [T > G]a c.93-3T > G b+ 1 1.3 1 0.1
IVS-I.130 [G > C] c.93-1G > C b° 7 5 6 1.3 2 2.5 2 1.5 17 1.2
Cd 36/37 [−T] c.112delT b° 1 0.2 1 0.8 2 0.1
Cd 37 [G > A] c.114G > A b° 7 3.4 2 1 3 3.6 12 0.8
Cd 39 [C > T] c.118C > T b° 7 4.8 7 5 10 4.9 22 10 23 5 2 2.4 2 2.5 46 34.8 119 8.2
Cd 44 [−C] c.135delC b° 5 3.6 1 0.5 1 0 13 2.8 20 1.4
Codon 47 [+A] c.143_144insA b° 1 0.8 1 0.1
Codon 82/83 [−G] c.250delG b° 1 0.8 1 0.1
IVS-II.1 [G > A] c.315 + 1G > A b° 16 11 14 10 17 8.3 16 7 26 5.7 7 8.3 8 10 7 5.3 111 7.6
IVS-II.705 [T > G]a c.316-146T > G b+ 1 0.5 1 0.1
IVS-II.745 [C > A] c.316-106C > G b+ 1 0.7 3 1.5 2 0.4 2 2.4 8 0.5
IVS-II-848 [C−> A] c.316-3C > A b+ 2 1.5 2 0.1
IVS-1-25 [25 bp del] c. 93-22_95del b° 4 2.7 3 2.1 2 0.4 1 0.8 10 0.7
290 bp deletion c.-176_92 + 25del b° 6 1.3 6 0.4
Unknown and others 20 13.7 12 8.6 17 8.3 16 7 38 8.3 12 14.3 3 3.8 11 8.3 129 8.8
Total number of alleles 146 100 140 100 204 100 214 100 460 100 84 100 80 100 132 100 1460 100

(Continued )
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I.110 [G > A], IVS-I.1 [G > A], IVS-II.1 [G > A], Cd 8 [−AA],
Cd 5 [−CT], IVS-I.130 [G > C], IVS-II-848 [C->A], Cd 9/10
[+T], Cd 15 [G > A], Cd 36/37 [−T], Codon 47 [+A],
Codon 82/83 [−G] and IVS-I-25 [25 bp del] were the
other mutations encountered in this region. The fre-
quency of these mutations is about 57%. We could
not determine the mutations in 11 of the alleles
(Table 1, Figure 3).

Four hundred and ninety alleles were studied in
the SR. IVS-I.110 [G > A] and IVS-I.1 [G > A] were the
two most common mutations, contributing about
25.8% of the mutations in this region. IVS-II.1
[G > A], IVS-I.6 [T > C], Cd 8 [−AA], Cd 39 [C > T], −30
[T > A], Cd 5 [−CT], −88 [C > T], −87 [C > A], IVS-I.130
[G > C], Cd 37 [G > A], IVS-I-25 [25 bp del], Cd 15
[G > A], IVS-I.5 [G > C], Cd 44 [−C], IVS-I.116 [T > G],
IVS-II.745 [C > A], −86 [C > G], −29 [A > G], CAP + 1
[A > C], Codon 5/6 [−TG], IVS-I.2 [T > A] and IVS-II.705
[T > G] were the other encountered mutations.
Mutations could not be identified in 441 of alleles
(Table 1, Figure 3).

In the NWRs, we had fewer individuals (80 alleles),
IVS-I.5 [G > C] and IVS-I.110 [G > A] were the
dominant mutations and accounted for about 42.5%
of the mutations of this region. IVS-I.1 [G > A], Cd 5
[−CT], IVS-II.1 [G > A], Cd 8 [−AA], IVS-I.6 [T > C], IVS-
I.130 [G > C], Cd 39 [C > T], −28 [A > G] and IVS-I.128
[T > G] were the other detected mutations. Mutation
could not be identified in three alleles (Table 1,
Figure 3).

The type of mutation was not identified in some
affected patients by ARMS, or even β-globin gene
sequencing. Since our research only covers β-thalasse-
mia gene mutations, these unknown cases may be
caused by other anemia disorders.Ta
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Figure 1. The β-globin gene mutation spectrum in thalassemia
Syrian population.
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Discussion

Syria is located in the Middle East region and stands as
a crossroads between north of Asia and Middle East.
Because of its geographic location, Syria has historically
been in contact with various races and ethnic groups.
Syria was colonized from a number of Empires as
Byzantines, Mongols and Ottomans [15].

Syria is distinguished by the great diversity of its eth-
nicities and religions, and most Syrian populations are
of Arab origin. The heterogeneity of the population is
reflected in the 38 different β-globin gene mutations
detected in this study.

This study presents the geographical distribution of
β-globin gene mutations in Syria. Distribution of these

Figure 2. Histogram of the relative frequencies of the eight common β-thalassemia mutations in some provinces in Syria. The eight
β-globin gene mutations are as follows: IVS-I.110 [G > A], IVS-I.1 [G > A], Cd 39 [C > T], IVS-II.1 [G > A], IVS-I.6 [T > C], Cd 8 [−AA], Cd
5 [−CT] and IVS-I.5 [G > C]. The frequencies of all other mutations are summed. The number of alleles analyzed in each province is
indicated in Table 1.

Figure 3. The common β-thalassemia gene mutations in different regions of Syria. NWR, Northwest region; MR, Middle region; CR,
Coastal region; SR, South region; NER, Northeast region. The map of Syria was generated using the free web tool Pixel Map Gen-
erator (http://pixelmap.amcharts.com).
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mutations is not identical throughout all regions in
Syria. There were previously published studies on the
spectrum of β-globin gene mutations in the Syrian
population, the authors did not indicate the distri-
bution of the mutations to different parts of the
country because the number of studied alleles was
insufficient for mapping the distribution of mutations
along the country [9,10,16,17].

In this study, we have tried to map the mutations in
different regions of Syria. Although the number of
patients from NWR was low, in most other studied
regions the sample size was adequate to indicate a
reliable frequency.

The order and frequency of the dominant common
mutations IVS-I.110 [G > A], IVS-I.1 [G > A], Cd 39 [C > T]
and IVS-II.1 [G > A] in these pooled data were very
similar to those of our previous published data [9].

The IVS-I.110 [G > A] mutation was the first base sub-
stitution identified in a β-thalassemia gene [18]. It is a
severe β-thalassemia mutation commonly encoun-
tered in Arabs. One of every five Arabs β-thalassemia
alleles carries IVS-I.110 mutation [19]. This mutation
was the most common mutation found in our study
(22.2% of all β-thalassemia alleles). The coastal region
had higher relative frequency than other regions. IVS-
I.110 [G > A] still remained the predominant mutation
in the Syrian population. High frequency for this
mutation was also reported in Cyprus and Greece
[20], Turkey [21]. Among Arab populations, this
mutation is most frequent in Lebanon and Egypt, Iraq
and Jordon [22–25]. IVS 1.110 is seldom observed in
Gulf countries [19]. Recently published reports regard-
ing Restriction Fragment Length Polymorphism (RFLP)
and haplotypes associated with IVS-I.110 mutation
suggested that the Mediterranean region is the origin
of this mutation, and it was maybe introduced into
Arab world by population migrations [19,26,27].

IVS-I.1 [G > A] mutation seems to have a higher
overall distribution in all regions in Syria (about
17.8%). High prevalence of this mutation was observed
in four regions, while it was presented in the fourth
order in NER (7.6%). This mutation had low frequency
among Arab populations, and the most of the alleles
originated from Iraq (13%), Lebanon (13%), Egypt
(12%) and Algeria (10%) [19]. In Czech Republic, the
prevalence rate of IVS-I.1 [G > A] is 53% [28] and in
Spain 30% [29]. The diversity of RFLP haplotypes is
associated with IVS-I.1 [G > A] in Portugal, Morocco
and Algeria, and the homogeneity of the IVS-I.1 [G >
A] RFLP background in Lebanon hints for western Med-
iterranean origin for the mutation [19,27,30].

Cd 39 [C > T] was the third most common mutation
found in our study (8.2%). It was determined as the
most frequently observed β-globin gene mutation in
the North-Eastern region (34.8%). It is considered as
one of the first nonsense mutations to be characterized
and extensively studied [31,32]. On the other hand, Cd

39 [C > T] is the second common β-thalassemia allele
among Arabs; nearly one of every eight Arab β-thalas-
semia alleles carries the mutation [19]. The geographic
distribution of this mutation demonstrates a more
widespread dispersal in the region mainly in Maghreb
countries [33]. In the Arabian Peninsula, Cd 39 [C > T]
mutation generally occurs at lower frequencies [25].
In Sardinia, Cd 39 [C > T] attains high frequency (95%)
[34]. In Italy, Cd 39 [C > T] is the second common β-tha-
lassemia mutation [35]. High frequency for the Cd 39
[C > T] mutation is also noticed in southern Brazil [36].
The analysis of RFLP and haplotypes supports the
hypothesis of the Roman origin of the Cd 39 [C > T]
mutation and few millennia earlier, the mutation
could have been introduced into the Maghreb region
by the Roman Empire [27]. Cd 39 [C > T] reached prob-
ably the eastern coasts of the Arabian Peninsula at the
beginning of the sixteenth century, as a result of the
Portuguese occupation in this region [37–39]. High fre-
quency of Cd 39 [C > T] mutation in the NER of Syria
could be interpreted by the social relations existed
between the Arab tribes in this region and the tribes
in the Arabian Peninsula.

IVS-I.5 [G > C] frequency was increased from middle
(2.1%) to southeast (15.9%) and southwest (22.5%)
regions in Syria. In contrast to the geographical distri-
bution of IVS-I.110 [G > A] and Cd 39 [C > T] β-globin
gene mutations, that of IVS-I.5 [G > C] in the Arab
world is concentrated in some Arab countries such as
Oman (67%), the UAE (57%) and Qatar (36%) [25].
World data indicate a Southern Asian origin of the
IVS-I.5 [G > C] with high frequencies in India (64%),
Iran (69%) and Pakistan (38%) [27,40–42].

A similar relative frequency of the IVS-II.1 [G > A]
mutation was observed in the SR, CR and NWR (6.5,
7.5 and 10%, respectively). Likewise, IVS- II.1 [G > A] is
reported as a Mediterranean mutation. It is frequent
in Arab countries including Yemen (27%), Saudi
Arabia (19%), Kuwait (26%) and Iraq (24%) [25]. In
Lebanon, IVS-II.1 [G > A] shows a high frequency
(24%) [30]. In Asia, this mutation is frequent among
Kurdish patients in Azerbaijan (22%) and Iran [43,44].
Association of IVS-II.1 [G > A] with multiple back-
grounds in Asia and Mediterranean region hints that
the Eastern Mediterranean is the origin for this
mutation [19,27].

However, the Mediterranean mutations include IVS-
I.6 [T > C] and Cd 5 [−CT] have been remarkably distrib-
uted in the middle and SRs for the IVS-I.6 [T > C]
mutation and middle and NERs for the Cd 5 [−CT].
These mutations were also reported in most Arab
countries, with highest rates in Palestinian territories
[45], Lebanon, Iraq and Egypt [25].

Cd 8 [−AA] mutation is considered to be a Turkish
mutation [46]. In our study, this mutation was found
in all regions of Syria and it was ranked fifth or sixth
in the order of mutations. This frameshift mutation
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has also been detected in Iraq, Kuwait and Morocco
[25].

Like any other population, Syria has rare mutations.
These mutations were very rare and each of those was
found on a single allele (Table 1). The −86 [C > G]
mutation had also low frequency in Thailand and
China [47,48]. Furthermore, −31 [A > G] mutation was
just reported in Thai and Japanese populations [49].
While −29 [A > G] mutation was common among
blacks patients [50]. On the other hand, 5′UTR; +22
[G > A] mutation was observed as a rare mutation in
Erbil province of Iraqi Kurdistan and in a Mazandaran
province in Iran [51,52]. The other two rare mutations
codon 29 [C > T] and IVS-I.2 [T > A] were reported in a
low frequency in Lebanon and Algeria, respectively
[53,54]. Most of these rare mutations were probably
brought to Syria through population migration.

In this study, we did not have any case that, no
mutation was detected in both alleles, while, in some
cases, just only one mutation was detected. The
results of screening for the most common α-thalasse-
mia mutations in the Middle East indicated that none
of these mutations was found. These cases are maybe
carriers of β-thalassemia and are not affected, due to
their inaccurate hematologic values. More studies
must be done for those cases to detect the second
mutation which may be present in δ-globin gene.

In summary, the present study provides information
on the geographical distribution of the β-thalassemia
mutations in Syria. Moreover, 10 known β-globin
mutations were reported in the Syrian population for
the first time. The application of the knowledge in
the detection of most frequent mutations in each
region would help to reduce the screening cost and
also facilitate early and better genetic counseling of
β-thalassemia in families and in high-risk couples.
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