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A compound heterozygous −29 A>G and IVS-I-1
G>A mutation of HBB gene leading to βthalassemia intermedia in a Syrian patient:
A case report
Hossam Murad1*, Faten Moassas1, Bashar Ali1 and Walid Alachkar1

Abstract: Beta-thalassemia (β-thal) is an inherited hemoglobin disorder, characterized by the absence of or reduced hemoglobin chains that result in
microcytic hypochromic anemia. In this case, we describe a patient case originating from Syria, and his hematology data were (Hb A1 = 12.5%, Hb F = 83.7,
Hb A2 = 3.8%). The molecular analysis based on direct sequencing of the βglobin gene showed a rare combined heterozygous IVS-I-1 (G>A) (HBB:c.92+1
G>A)/−29 A > G (HBB:c.−79 A>G) causing β°/β+ thalassemia intermedia.
Polymerase chain reaction–restriction fragment length (PCR–RFLP) method
revealed that the patient had a homozygous (TT) for Xmn-1 locus. Our result
showed the presence of rare β-thal (−29 A>G) mutation associated with IVS-I-1
(G>A). Our finding suggests the presence of this mutation resulted from old
migrations.
Subjects: Coagulation & Hemostasis; Hematologic Oncology; Medical Genetics
Keywords: β-Thalassemia (β-thal); rare mutations; Syria; -29 A>G beta+; thalassemia
intermedia
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Hossam Murad The research activity of our group
focuses on studying the genetic diseases prevalent in Syria, especially the most common ones,
by studying the mutations responsible of diseases, whether in a single gene or in a number of
genes using molecular biological methods. We
work in harmony with government hospitals and
private clinics in order to obtain samples.
The study focused on a case of a child affected
with beta-thalassemia, where we detected a rare
genotype IVS-I-1 (G>A) (HBB:c.92+1 G>A)/−29
A>G (HBB:c.−79 A>G) on the β-globin gene causing β°/β+ thalassemia intermedia.

Beta-thalassemia is one of the major types of
thalassemia, and it results from a decrease in
lack of beta-globin chain production. It is widespread in the Mediterranean area, Middle East,
South Asia, South China, India, and Africa. Beta
thalassemia is classified into three types
depending on the severity of symptoms: minor,
intermedia, and major. Most of the betathalassemia mutations are caused by point
mutations. In Syrian population, till date, 38
common mutations were detected. Here we
presented a new case in a Syrian family that had
two male patients with a compound heterozygous of two mutations IVS-I-1 (G>A) (HBB:c.92+1
G>A)/−29 A>G (HBB:c.−79 A>G) (β°/β+) on the βglobin gene causing β-thal intermedia phenotype. To the best of our knowledge, the (−29
A>G) mutation is rare in Syrian population, and
this compound heterozygous genotype was not
previously reported.
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1. Introduction
Beta-thalassemia (β-thal) is one of the major types of thalassemia, and it results from
a decrease in lack of beta-globin chain production. The disease is widespread in the
Mediterranean area, Middle East, South Asia, South China, India, and Africa (Weatherall &
Clegg, 2001). β-thal is classified into three types depending on the severity of symptoms:
minor, intermedia, and major (Cao & Galanello, 2010; Cao, Moi, & Galanello, 2011). At the
molecular level, the disease is very heterogeneous. There are over 924 different genomic
alterations related to the β-globin gene that are described in the human hemoglobin (Hb)
variant (HbVar) database (Hardison et al., 2002). According to the literature, population
studies indicate that 40 mutations account for 90% or more of the β-thal worldwide (Cao &
Galanello, 2010; Thein, 2013). Most of the β-thal mutations are caused by point mutations,
small deletions or insertions within the coding regions, the exon-intron junctions, and substitution within the TATA box of the β-globin gene promoter. The types of these mutations are
typically ethnic-specific (Giardine et al., 2014). In Syrian population, till date, 38 common
mutations were detected (Murad et al., 2018); other mutations were rarely identified.
Here we presented a rare case in a Syrian family that had two male patients with
a compound heterozygous of two mutations IVS-I-1 (G>A) (HBB:c.92 + 1 G>A)/−29 A>G (HBB:
c.−79 A>G) (β°/β+) on the β-globin gene causing β-thal intermedia phenotype. To the best of
our knowledge, the (−29 A>G) mutation is rare in Syrian population, and this case was not
previously reported.

2. Methods: Case presentation
A 16-month-old male child, the second child of a family, had β-thal history referred to the Syrian
thalassemia center in Damascus in February 2009. His parents were non-consanguineous; his
mother was 39 and father was 43 years old when he was born. The infant was born in the 37th
week of gestation with a birth weight of 2.5 kg. A clinical history revealed an explain cry pallor,
anemia, delay walking, and upper respiratory tract infection. Hematological parameters of the
parents and the patient case were obtained with an automated differential cell counter (ABX
Micros ES60; HORIBA ABX SAS, Montpellier, France). Capillary hemoglobin electrophoresis (Hb)
analysis was measured using the Capillarys 2 system (Sebia, Lisses, France). Hb level was Hb A1
= 12.5%, Hb F = 83.7%, Hb A2 = 3.8%. Peripheral blood test showed red blood cell (RBC) count was
(3.36 × 1012/L), Hb level was 8.1 g/dl, the mean corpuscular volume (MCV) was 70.5 fL, mean
corpuscular Hb (MCH) was 22.3 pg, mean corpuscular Hb concentration (MCHC) was 31.6%, and red
cell distribution width (RDW) was 18.2%. After that, the patient was started with erythrocyte
transfusion periodicity. Recently (at age 8 years), the patient case has splenomegaly (15 cm).
The first old son had the same clinical features, and he died at age 25 years. Written informed
consent for publication of their clinical details was obtained from the parent.
Genomic DNA was isolated from peripheral blood from the parents and child using the QIAamp DNA
Blood Mini kit (Qiagen GmbH, Hilden, Germany) according to the manufacture's instructions. Purified
gDNA was run on a 0.8% agarose gel. The quality and quantity of the DNA was determined spectrophotometrically (NanoVue™; GE HealthCare, Freiburg, Germany). The suitable primers were used for
three exons of the β-globin gene including the promoter, first intron, 5′ and 3′ untranslated region
(UTR) sequences as previously reported (Yassin, Sirdah, Al Haddad, Lubbad, & Al-Yazji, 2013). Detection
of Xmn-I locus was performed with polymerase chain reaction–restriction fragment length (PCR-RFLP)
technique with specific primers and restriction enzyme Xmn-I (Rujito et al., 2016). Reverse hybridization assay (α-Globin StripAssay® 4–160; ViennaLab Diagnostics Gmb Vienna, Austria) which covers 21
of α-thal mutations was used according to the manufacturer’s instructions.
Direct DNA sequencing of the entire human HBB gene was done on an ABI PRISM 310-DNA
Analyzer (Applied Biosystem, Foster City, CA, USA) as previously reported (Murad, Moassas, Jarjour,
Mukhalalaty, & Al-Achkar, 2014).
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3. Results
In this case, the blood and physical examination of the patient showed that he was affected by
thalassemia intermedia and he had anemia and pallor; the hematological and molecular data of the
family are described in Table 1. Moreover, the results of Capillary electrophoresis (CE) showed Hb A =
95.1%, Hb A2 = 4.9% for the mother and Hb A = 12.5%, Hb A2 = 3.8%, Hb F = 83.7 for the child (Figure
1). Direct DNA sequencing for the tree exons of β-globin gene revealed that the mother carried (−29
A>G) mutation in a heterozygous state and the father carried the (IVS-I-1 G>A) mutation in
a heterozygous state, while the child carried acompound heterozygous genotype of two mutations
IVS-I-1 (G>A) (HBB:c.92+1 G>A)/-29 A>G (HBB:c.-79 A>G) (β°/β+). On the other hand, the results of the
α-thal test for the parent and the patient case revealed that none of the 21 common mutations
covered by the kit were present. The result of PCR/RFLP indicates that, in our patient case, the
homozygosity (TT) genotype of Xmn-I polymorphism at −158 to the Gγ-globin gene was observed.

4. Discussion
Syria has a special geographical location, which has been in contact with various races and ethnic
groups (Beshara, 2011). Syrian population is very heterogeneous, so a total of 38 different mutations of β-thal have been previously identified (Murad et al., 2018).
Here we report a rare compound heterozygous IVS-I-1 (G>A)/-29 A>G causing β°/β+ thalassemia
intermedia in a Syrian family.
The β°-thal HBB:c.92+1 G>A mutation acts by altering the conserved dinucleotide GT present in
the consensus donor sequence of the first intron of the β-globin gene (Tadmouri & Gulen, 2003).
This mutation is one of the common mutation among β-globin gene, and it was described in many
populations with different frequency (Indrak et al., 1992; Tadmouri & Gulen, 2003; Villegas, Ropero,
Gonzalez, Anguita, & Espinos, 2001). In our previous study, this mutation was the second common
mutation in Syria (Jarjour, Murad, Moasses, & Al-Achkar, 2014).
However, the HBB:c.−79 A>G substitution (A>G at position −29) is within the TATA “box”. This
position is thought to be an essential part of the promoter unit in eukaryotic genes (Ropero et al.,
2017). Mutation in this region may decrease the binding of some transcription factors; therefore,
the promoters of the beta-genes will disappear in favor of the delta-genes, causing increases in the
transcription of the delta-genes in patients with this type of β-thal and with the consequent
increase in Hb A2 (Codrington et al., 1990). The (−29 A>G) mutation is common among blacks

Table 1. The hematological and molecular data of the family.
Parameters

Father

Mother

Child

M-51

F-47

M-8

Sex-age (years)
Hb (g/dL)

10.6

12.3

8.1

RBC (1012/L)

5.52

5.87

3.36

MCV (fL)

60.3

65.8

70.5

MCHC (g/dl)

31.9

31.8

31.6

MCH (pg)

19.2

20.9

22.3

RDW (%)

15.7

15.7

18.2

Hb A1 (%)

93.2

95.1

12.5

Hb A2 (%)

6.8

4.9

3.8

Hb F (%)

0.0

0.0

83.7

α Genotype
β Genotype

αα/αα
βA/β

IVS-I−1 (G>A)

αα/αα
βA/β

−29 A>G

αα/αα
β

IVS-I−1 (G>A)/−29 A>G

RBC: red blood cell count; Hb: hemoglobin; MCV: mean corpuscular volume; MCH: mean corpuscular Hb; RDW: RBC
distribution width.
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Figure 1. Direct sequencing
analysis revealed the PCR fragment on the β-globin gene. (A)
and (C): The arrows indicate the
G>A substitution at position
−29 in the child and the mother,
respectively; (B) and (D): The
arrows indicate the G>A substitution at position IVS-I-1 in
the child and the father,
respectively.

patients (Antonarakis et al., 1984), Chinese and Moroccan families (Huang et al., 1986; Lemsaddek
et al., 2003). It is also recorded in Turkish and Spanish patients (Akar et al., 2003; Pereira Mdel,
Dalmau, & Corrons, 2009). In surprising, this mutation was observed in a Syrian family originating
from the central region of Syria, so this mutation maybe introduced to this region by population
migrations.
In our case, the data Hb A1 = 12.5%, Hb F = 83.7%, and Hb A2 = 3.8% are compatible with the usual
pattern of β+/β° type which shows Hb A = 10–30%, Hb F = 70–90%, and Hb A2 = 2–5% (Cao & Galanello,
2010). The fetal hemoglobin (Hb F) in patients with homozygous or compound heterozygous mutations in β-thal is in the range 70–90% (Cao & Galanello, 2010; Cao, Galanello, & Rosatelli, 1994). Hb F,
formed by (2α+2γ) globin chains, is expressed at high levels during fetal development and its level
decreases after birth (Cao & Galanello, 2010; Cao et al., 2011). In fact, the production of fetal Hb during
adult life is very tightly regulated by several genetic factors, some of which are located near the γglobin gene and others on different chromosomes (Weatherall & Clegg, 2001). In addition, the
presence of the Xmn-I polymorphism that might be linked with increased level of Hb F and the coinheritance of a globin gene deletions (Zalloua, Aoun, Koussa, Asfahani, & Taher, 2003), other study by
Aditya et al. concluded that the presence of Xmn-I polymorphism and IVS-I-1 mutation leads to
a milder phenotypic presentation causing a delay in onset of blood transfusions but does not affect the
amount of blood received (Aditya, Verma, Saxena, Kaul, & Khanna, 2006). In our patient case, the level
of Hb F was 83.7%, the type of mutation was compound heterozygous, and the genotype of Xmn-I
polymorphism was homozygous. These factors may be contributed to ameliorate the form of β-thal
intermedia (β-TI) phenotype. At 16 months of age, blood transfusion was done in our patient case,
because he had a sudden decline in Hb levels caused by an upper respiratory infection. After the initial
transfusion, he required frequent transfusions and recently, the splenomegaly is observed (15 cm).

5. Conclusion
We present here a case report of rare beta-globin mutation (−29 A>G) which was found in Syrian
male patient. This mutation associated with (IVS-I-1 G>A) mutation and the rare genotype (−29
A>G/IVS-I-1 G>A) was found in Syrian patient. However, our finding suggests that the presence of
this mutation in this region may be resulted from old migrations in Syria. This requires further
substantiation with larger sample size.
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