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Abstract
Background: In Bangladesh, more than 14000 children on are born annually with in thalassaemia – a common
congenital disease Hb E trait is 6.1%. Hb E beta thalassaemia is the most common type of thalassaemia, followed
by Beta thalassaemia major.
Objectives: To determine the frequency of Xmn1 polymorphism and its association with Beta thalassaemia
mutations.
Methods: A total of one hundred and four Bangladeshi thalassaemia patients were analysed. Amplification
Refractory Mutation System (ARMS) was utilized for Beta thalassaemia mutations and digestion of the PCR
product using Xmn1 restriction enzyme Pdml for Xmn1 polymorphism.
Results: Xmn1 polymorphism was detected in seventy patients of which 60(57.69%) were heterozygous for
Xmn1 polymorphism and seventeen (16.35%) were homozygous. The most common genotype found was
heterozygous Xmn1(-/+)seen in 57.70%. The age of presentation of thalassaemic patients was delayed in those
who had Xm1 polymorphism.The mean age of presentation of Hb E beta thalassaemia was 13.35 years having
homozygous Xm1 polymorphism,7.21 years in heterozygous and 6.25 years without Xmn 1 polymorphism. The
most common mutation detected was Cd26 (G-A) +IVS 1-5(G-C) in fifty eight patients in which thirty nine
(67.24%) were heterozygous for Xmn 1 polymorphism and 8 (13.79%) were homozygous (+/+).The second
most common mutation observed was Cd26(G-A)+30(G-C) seen in fourteen patients where 57.14% were
homozygous for Xmn 1 polymorphism and 35.71% were heterozygous. In thalassaemia major 9 (90%) were
negative for Xmn1 polymorphism. Allele frequency of Xmn 1 polymorphism was 0.45.
Conclusion: The association of Xmn1 polymorphism with two common mutations seen in Hb E beta thalassemia
patients may be utilized for hydroxyurea therapy to reduce the requirement of blood transfusion.
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Introduction
Thalassaemia is a very common congenital disorder
in Bangladesh.It is estimated that more than fourteen
thousand thalassaemia children are born annually.
The carrier frequency of beta thalassaemia is 4.1%
and Hb E trait is 6.1%.1,2 Hb E beta thalassaemia is
the most common type of thalassaemia seen followed
by Beta thalassaemia major.3-5
Most of our patients cannot afford any treatment or
have inadequate treatment , but somehow manage to
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have a blood transfusion but not enough to maintain
Hb level as recommended. For many years efforts
are being made to reduce the globin chain imbalance
in patients with thalassaemia and sickle cell anaemia
by augmenting the fetal haemoglobin synthesis by
drugs like 5-azacytidine,butric acid recombinant
human erythropoiten and hydroxyurea (HU) or with
combinations of these drugs.6,7
The presence of the Xmn1 polymorphism in the Gy
globin gene promoter has been shown to improve the
severity of the disease due to increase production of
Hb F in conditions of erythropoietic stress. 8-10
Presence of Xmn1 polymorphism has also shown to
reduce the requirement of blood transfusion in
thalassaemia patients or even lead to cessation of
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blood transfusion as a result of therapy by hydroxyurea
as reported in some studies. 11-14
The frequency of Xmn1 polymorphism varies in different
geographical regions of the world.15-18 It also has been
reported to correlate with certain beta thalassaemia
mutations. 11,12,17,19,20 Xmn 1 polymorphism
association with HbE mutation has also been
observed.21
This study was aimed to determine the frequency of
Xmn1 polymorphism and its correlation with beta
thalassaemia mutations in our patients.This is the
first study regarding the frequency of Xmn1
polymorphism, and its correlation with Beta
thalassaemia mutations seen in Bangladeshi
thalassaemic patients.
Materials and Methods
The study was done in the DNA lab of the Department
of Biochemistry and Molecular Biology, Dhaka
Shsihu(Children) Hospital,Dhaka,Bangladesh.104
thalassaemia patients were randomly selected , who
came to Dhaka Shishu Hospital Thalassemia Center.
The patients were analysed for Beta Thalassemia
mutations and Xmn1 polymorphism. Ages of patients
at the time of diagnosis were recorded. There were
85(81.73%) Hb E beta Thalassaemia patients and
19(18.27%) Beta thalassaemia major patients.Fifty
seven (54.81%) were males and forty seven(45.19%)
were females. The period of study was for six months
from January, 2018 to July, 2018.
2 cc of blood was collected in EDTA containing tubes.
DNA extraction was done by Purelink Genomic DNA
mini kit (Invitogen, USA).Mutations in the beta globin
chain was analyzed by allele specific primers using
Amplification Refractory Mutation System-Polymerase
Chain Reaction(ARMS-PCR).Extracted DNA samples
were stored at -20 0 C for detection of Xmn 1
polymorphism.
Detection of Xmn 1 polymorphism
Detection of GãXmnI polymorphism of C to T base pair
substitution at the “158 position in the promoter region
of the Gã-globin gene (“158 (C > T) Xmn1 polymorphism):
The Polymerase chain reaction (PCR) was done by Taq
polymerase, DNTP, template, MgCl and Xmn1 primer (
52 -AAC TGT TGC TTT ATA GGA TTT T-32 and 52 AGG AGC TTA TTG ATA ACT CAG AC-32 .
The cycling reaction was performed under the following
conditions: Denaturation at 95 °C for 10 min, 30 cycles
of denaturation at 94 °C for 1 min, primer annealing at
55 °C for 1 min, extension at 72 °C for 1 min and final
extension at 72 °C for 10 min. The PCR products were
digested with the Xmn1 Restriction enzyme (Pdml)
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for 6-8 hours. Electrophoresis was done on these
digested products on a 2% agarose gel. Amplification
with the primers produced a 650 bp fragment in a
patient with Xmn 1 (-/-) genotype,650,450 bp and 200
bp fragments from a patient with heterozygote for
Xmn 1 (+/-) genotype and 450 bp and 200 bp fragments
from a patient with Xmn1 (+/+) genotype Fig 1
Written consent was taken from each patient/guardian.
The study was approved by the ethical committee of
Bangladesh Medical and Research Council.
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Figure 1: Agarose gel electrophoresis of amplified
DNA after digestion with Xmn I for the detection of the
Gã Xmn I polymorphism genotypes.
Lane 1, 4, 5: 650 bp, 450 bp and 200 bp fragments
from patients heterozygous for the Xmn I (+/-)
genotype;
Lane 2: 450 bp and 200 bp digested fragments from a
patient with Xmn I (+/+) genotype;
Lane 3: 650 bp fragment from a patient with Xmn1 (-/
-) genotype
Lanes 6: 1kb DNA ladder

Results
A total of 104 thalassemia patients were analysed for
Xmn1 polymorphism and Beta thalassemia mutations.
There were 85 (81.73%) Hb E beta thalassaemia and
19 (18.27%) Beta thalassemia major patients. Fifty
seven (54.81%) were males and forty seven (45.19%)
were females. The mean age at the time of diagnosis
of Hb E beta thalassaemia patients was 13.35 years
in Xmn1(+/+) ,7.21 years in Xmn1(-/+) and 6.25 years
in Xmn1 (-/-). In thalassaemia major patients the mean
age of the presentation was 5 years in Xmn1(-/+) and
2.76 years in Xmn1(-/-) (table I).
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Table-I: Mean age in years at the time of diagnosis
of Beta thalassaemia major and Hb E beta
thalassaemia in the presence or presence of Xmn1
polymorphism
Types of Thalassaemia
Beta thalassaemia major

Xmn1
(-/-)
2.76

Xmn1 Xmn1
(-/+) (+/+)
5.0
0

Hb E beta thalassaemia

6.25

7.21

13.35

Table II: Xmn1 polymorphism in Beta thalassaemia
major and Hb E Beta thalassaemia patients
Xmn1
polymorphism

Hb E beta
thalassaemia

Xmn1++

Beta
thalassaemia
major
0

Xmn1-/+

5(4.81%)

55(52.88%)

Xmn1-/-

14(13.46%)

13(12.50%)

Total

19(18.27%)

85(81.73%)

17(16.35%)

Eight beta globin gene mutations were detected in âo
thalassemia. Beta thalassaemia mutations detected
were IVS 1-5(G-C) HBB:c.92+5G>C, 30(G-C)
HBB:c.91G>C, 130(G-C) HBB:c.93-1G>A,15(G-A)
HBB:c.47G>A, 30(G-A) HBB:c.92G>A, Fr 42-43
HBB:c.126_129delCTTT, Fr 8-9 HBB:c.27_28insG,
15(-T) HBB:c.46delT
The most common type of mutation detected in
patients was Cd 26 (G-A) + IVS 1-5(G-C) seen in 58
patients, out of which 39(67.24%) were heterozygous
for Xmn1 polymorphism, 8 (13.79%) were homozygous
for Xmn1 polymorphism and 11(18.97%) ) were negative
for Xmn1 polymorphism. The second most common
mutation detected was Cd 26+30(G-C) detected in
14 patients where 8 (57.14%) patients were
homozygous (+/+), 5(35.71%) were heterozygous and
one (7.14%) was negative for Xmn1 polymorphism. In
thalassemia major patients with mutation IVS1-5(GC)+IVS1-5 (G-C), 9(90%) out of 10 cases were
negative for Xmn1 polymorphism and one (10%) was
heterozygous for Xmn1 polymorphism (table III).

Table III: Thalassemia mutations and Xmn1 polymorphism
Xmn1 polymorphisms

-/-

-/+

+/+

Total

11(18.97%)

39(67.24%)

8(13.79%)

58

Cd26+30(G-C)

1(7.14%)

5(35.71%)

8(57.14%)

14

Cd26+130(G-C)

0

3(100%)

0

3

Cd26+15(G-A)

1(16.66%)

4(66.66%)

1(16.66%)

6

Cd26+Fr42-43

0

1(100%)

0

1

Cd26+Fr 8-9)

0

2(100%)

0

2

Cd 26+(15-T)

0

1(100%)

0

1

IVS 1-5(G-C)+30(G-A)

2(66.67%)

1(33.33%)

0

3

IVS 1-5(G-C) +Fr 8-9)

1(100%)

0

0

1

IVS 1-5(G-C)+15(G-A)

2(40%)

3(60%)

0

5

IVS 1-5(G-C) +IVS 1-5(G-C)

9(90%)

1(10%)

0

10

27

60

17

104

Cd 26(G-A)+IVS 1-5(G-C)

Total

Allele frequency of Xmn1 polymorphism was 0.45.
Table IV: Xmn 1 polymorphism allele frequency
Diagnosis

Xmn 1 - allele

Xmn 1 + allele

Betat thalassaemia major(no19)

33(0.868)

5(0.132)

Hb E beta thalassaemia(no 85)

81(0.476)

89(0.524)

Total

114(0.548)

94(0.452)
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Discussion
This is the first study of the frequency of Xmn1
polymorphism in Bangladeshi thalassaemia patients
and its association with thalassemia mutations.
A total of 104 thalassaemia patients were studied
where beta thalassaemia major was 19(18.27%) and
Hb E beta thalassaemia were 85(81.73%). There were
57 males (54.81%) and 47(45.19%) females. The
mean age at the time of diagnosis in our study was
13.04 years in Xmn1+/+ patients, 7.91 years in Xmn1
+/- and 5.50 years in Xmn1 -/- .
The presence of Xmn1 polymorphism in both
heterozygous and homozygous state has an influence
in later presentation of the disease as reported in some
studies. Panigrah et al reported later presentation of
Hb E beta thalassaemia patients in the presence of
heterozygous Xmn1 polymorphism.22 Sharma et al
reported in his study of thalassaemia major patients,
the mean age of presentation was 18.3 months with
homozygous Xmn1 +/+ and less than one year in Xmn1
-/-.23 Ali et al found the mean age of thalassaemia
patients with Xmn1 polymorphism was 8 years+7.9
while those without Xmn1 was 5.8+4.5. 24
In Hb E beta thalassaemia patients in our study,
heterozygous Xmn1 polymorphism (-/+) was seen in
55(52.88%), homozygous (+/+) in 17(16.35%) and
13(12.50%) patients were Xmn1 (-/-). In a study in
China on major Hb E beta thalassaemia, the frequency
of heterozygous polymorphism Xmn1 -/+ was 65.6%
with no homozygous Xmn1 +/+ or Xmn1 -/-. 25
In Malaysia, a study on Chinese and Malays
thalassemia patients, where most of the patients were
Hb E beta thalassaemia, there was marked variation
in Xmn1 detection between Chinese and Malays. In
their study they found homozygosity for the Xmn1(-/) was higher in Chinese beta thalassemia major
patients (89.7%) while in Malays it was 28.6%.
Homozygosity for Xmn 1(+/+) was absent in Chinese
patients while it was 8.2% in Malaysian Malays.26
In Eastern India, a study in thalassaemia patients
where all the patients were Hb E beta thalassemia
and of the 128 chromosomes studied, 62 detected
Xmn1 polymorphism while 66 were negative for Xmn1
polymorphism and the ratio of + allele to – allele was
0.94.The most common genotype found was
heterozygous Xmn1 polymorphism (-/+) detected in
79.6% 27 In our study also, a majority of patients
222
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were Hb E beta thalaessemia and 81 chromosomes
were -/- and 89 detected Xmn 1 polymorphism, and
the ratio of + allele to - allele was 1.09.The most
common genotype in our study was heterozygous
Xmn1(-/+) 57.70%.
In Thalassaemia major patients in our study, Xmn1
polymorphism were -/- in 14(13.46%) cases and
heterozygosity (-/+) in 5 (4.81%) patients and there
was no homozygosity +/+ for Xmn1 polymorphism.
Low positivity of Xmn1 polymorphism has been
reported in thalassaemia major patients in Egypt
(3.5%, 4%), Pakistan (3.3%) and Turkey
7.4%.16,17,28,29
The mutant allele frequency of Xmn1 polymorphism
was 0.45 and most of our patients were Hb E beta
thalassaemia which was closer to a report in Eastern
India where the allele frequency was 0.48 and all
patients were also Hb E beta thalassaemia.27 It was
lower in comparison to a study in Malaysia where the
allele frequency was 0.66 and the majority of patients
were also Hb E beta thalassaemia.26 Allele frequency
varied in different countries and different regions of
the same country. In Malaysia 0.66,in eastern India
0.48,northern India 0.27,western India 0.25,in western
Iran 0.39 and 0.41 in Southern Iran.26,27,30-33.
The most common beta thalassaemia mutation
detected was IVS 1-5(G-C) and the second common
mutation was 30(G-C). IVS-1-5(G-C) in combination
with Cd26(Hb E beta thalassaemia) were seen in 58
patients. Here 39(67.24%) patients were heterozygous
(-/+) for Xmn1 polymorphism and 8 (13.79%) were
homozygous (+/+), and in 11 patients (18.97%) no
Xmn1 were detected. The next common beta
thalassaemia mutation detected was 30(G-C) seen
in 14 patients in combination with Cd 26.(Hb E beta
thalasssaemia). Here also 8 (57.14%) patients were
homozygous for Xmn1 polymorphism and 5 (35.71%)
were heterozygous with only one patient (7.14%) did
not have Xmn1 polymorphism. Verma also reported
very high percentage (84.8%) of presence of Xmn1
polymorphism in B 0 -HbE thalassemia patients
suggesting that Xmn1 polymorphism may be linked
to Hb E chromosome.21 This is substantiated by
reports of other studies including ours.25,27
The association of certain beta thalassaemia mutations
with Xmn1 polymorphism has been reported in some
studies. In Moroccan thalassemia patients, presence
of Xmn1 polymorphism was found to be linked to the
mutations Fsc(6-A),codon 24 (A-T) and 256bp
Bangladesh Medical Res Counc Bull 2021; 47: 219-224
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deletion.20. In Dezili Turkey,Bahadir et al observed
that Xmn1 polymorphism was relatively higher in Bo
IVS-11-1,B o codon 44 and B + -87 mutations in
comparison to other B thalassaemia mutations.17 In
Pakistan, Xmn1 polymorphism association with Beta
thalassaemia varied in different studies. Ali et al
observed IVS1-5/IVS 1-5 to be associated with Xmn1
polymorphism.24 Ashraf et al with IVS-1-1.34 and Hanif
et al with IVS1-5,Cd30,IVS II-1and Inv /Del Gã(A ãä
â). 35 and in Egypt Said et al reported higher IVSII 1 mutation in Beta thalassaemia major patients.28
Correlation was also seen between Xmn1
polymorphism and IVS-1 mutation in the Punjab Khatri
community in India.19 In Iran Xmn1 polymorphism was
detected in homozygous state in 87.5% of patients
for the IVS-II-1 (G’!A) mutation.18
Therapy with Hydroxyurea has also been shown in
many studies to reduce the requirements of blood
transfusion or completely no blood transfusion in
thalassaemia patients. An Iranian study reported
favorable response to hydroxyurea in thalassaemia
major patients where 80% had good response in
patients having Xmn1 homozygous and 40% in
heterozygous Xmn1.36 A study in Israel on the
response to hydroxyurea to thalassaemia major and
intermedia patients resulted in majority of
thalassaemia major patients became transfusion
independent and those thalassemia intermedia
patients requiring occasional transfusion did not
require any further transfusion. Here, majority of
thalassaemia major patients were either homozygous
or heterozygous for Xmn1 polymorphism.37
A study in India also showed good long term response
to hydroxyurea therapy in patients with Xmn1(+/+).
Other genetic factors like Beta thalassaemia
mutations, alpha thalassaemia mutations or
polymorphisms in BCL 11A and HBS1L –MYB genes
did not contribute to this response.38
Ansari et al in Pakistan reported good response with
hydroxyurea therapy in a majority of Beta
thalassaemia patients with Xmn1 polymorphism.11On
the other hand, the response to hydroxyurea has not
been very encouraging in some studies. Ehsani et al
did not find any significant haematological response
in presence of Xmn1 polymorphism in thalassaemia
intermedia patients..14 Dixit et al reported good
response to hydroxyurea in thalassaemia intermedia
patients but it was not related to either Beta
thalassaemia mutations or presence of Xmn1
polymorphism.13
Bangladesh Medical Res Counc Bull 2021; 47: 219-224
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Conclusion
The positivity of Xmn1 is quite high in our patients
mainly in Hb E beta thalassaemia patients and its
association with Cd 26 + IVS 1-5(G-C) and Cd 26 +
Cd 30(G-C). Physicians may follow the presentation
of these patients with these mutations and use
hydroxyurea to reduce or eliminate the requirement
of blood transfusion.A clinical study assessing the
response to hydroxyurea of thalassaemia patients
showing positive Xmn 1 polymorphism should be
done.
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