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Abstract

A total of 100 Bangladeshi beta thalassaemia carrier subjects were analysed by allele specific primers using
Amplification Refractory Mutation System — Polymerase Chain Reaction. Among these, four common
mutations were found in 90 cases (90.0%), five less common mutations in 9 cases (9.0%) and a rare mutation
in 1 case (1.0%). Among the four common mutations, 1\VS1-5 (G-C) was the most common beta thalassaemia
mutation and found in 63.0% cases, followed by Cd 30 (G-C) in 18.0%, Fr 8/9 (+G) in 5.0% and Fr 41/42 (-
TTCT) in 4.0% respectively. Among the five less common mutations, Cd16 (-C) was found in 3.0%, -90 (C-
T) and 1VS1-130 (G-C) were seen in 2.0% each and remaining Cd15 (-T) and Cd15 (G-A) were detected in
1.0% each. The rare mutation was -29 (A-G), observed in one case (1.0%). With the application of this
knowledge, it will help us for prenatal diagnosis and genetic counselling in Bangladesh for prevention of the

disease.
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Introduction

Thalassaemia is a common and debilitating

autosomal  recessive  haemoglobin  disorder
affecting many populations in the world including
Bangladesh. In Bangladesh, two types of

thalassaemia are common. One of them is beta
thalassaemia major and the other one is HbE beta
thalassaemia, with overall prevalence of beta
thalassaemia trait 4.1% and HbE trait 6.1%. It is
estimated that more than seven thousand children
are born with thalassaemia each year in the
country.! Thalassaemia causes severe blood
dependent anaemia and to correct the anaemia,
blood transfusion is given every month or more
frequently. Frequent blood transfusion causes
deposition of iron in the body which is toxic and
causes damage to organs like liver, heart, pancreas
leading to their failure. Drugs used to remove iron
are expensive. Majority of the thalassaemic patients
cannot afford adequate treatment and die at an early
age.

Prevention of births of thalassaemic children is cost
effective.? Carrier detection, genetic counselling
and prenatal diagnosis are important for prevention
of the disease. Among these, prenatal diagnosis has
been done all over the world where the problem of
thalassaemia exists like Pakistan, India, Thailand,
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Iran, Cyprus and Turkey.*>1° Cyprus had one of the
highest carrier rates in the world, with an estimated
carrier rate of one in seven but now there is not a
single birth of thalassaemic child since last five
years with the start of prenatal diagnosis and
abortion of affected child with the parent’s consent.?
There has also been significant fall of births of
thalassaemic children in Iran after the introduction
of prenatal diagnosis and abortion made legal.?

Before introducing prenatal diagnosis in
Bangladesh, it is important to know the mutation
pattern of beta thalassaemia as mutations in the beta
globin chain is the common cause of thalassaemia
in the country. Alpha thalassaemia has rarely been
reported. There are more than two hundred types of
beta thalassaemia mutations that cause this
disease.!! Fortunately, in every country, there are a
few mutations of beta-globin genes. In Indian sub-
continent, several mutations are detected, among
which five mutations are selected for our study
which accounted for 84.50% of total mutations.?
Mutation pattern of Indian sub-continent has been
selected because no relevant studies have been done
on mutation pattern of beta thalassaemia in
Bangladesh.



The objective of the study was to assess the
mutation pattern of beta thalassaemia in
Bangladeshi population as the application of this
knowledge would facilitate genetic counselling and
prenatal diagnosis.

Materials and Methods

A cross sectional study was carried out in the
Department of Biochemistry and Molecular
Biology at Dhaka Shishu (Children) Hospital,
Dhaka, Bangladesh during August 2014 to October
2014. A total of 100 blood samples were collected
from beta thalassaemia carrier subjects. All the
traits were parents of known beta thalassaemia
major, who came to Dhaka Shishu Hospital
Thalassaemia Centre for blood transfusion of their
children. For further confirmation of beta
thalassaemia trait, complete blood count (CBC) was
done in all cases by automated haematology
analyzer (Mythic-18, France) to evaluate the values
of red blood cell (RBC) parameters and carrier
status was confirmed by High Performance Liquid
Chromatography (HPLC) (D-10™ Dual Program,

Bio-Rad Laboratories, Hercules, CA, United States).

The value of HbA; level >3.5%'%13 was diagnosed
as beta thalassaemia trait and included in the study
for mutational analysis.

Two millilitre of blood was taken in EDTA
(ethylene diamine tetra-acetic acid) vial from each
case for CBC and HPLC and additional 2 ml of
blood was taken in another EDTA vial for DNA
analysis after taking verbal consent. DNA
extraction was done in all 100 samples by Genomic
DNA Mini Kit blood protocol, provided by
Geneaid.'* Then mutation in the beta globin chain
was analysed by allele specific primers using
Amplification Refractory Mutation System -
Polymerase Chain Reaction (ARMS-PCR).®

Initially, DNA analysis was done with five
mutations present in Indian sub-continent which
accounted for 84.50%.'2 These mutations were
IVS1-5 (G-C), Cd 30 (G-C), Fr 8-9 (+G), Fr 41-42
(-TTCT) and 619 bp deletion. Out of 5 mutations,
4 mutations were detected in this study in 90 cases
out of 100 samples. The mutation 619 bp deletion
was not identified.

Of the remaining 10 cases, DNA analysis was done
with 7 less common mutations also found in Indian
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sub-continent® which were Cd 16 (-C), IVS 1-130
(G-C), IVS 1-130 (G-A), -90 (C-T), Cd 15 (G-A),
Cd 15 (-T) and Cd 30 (G-A). Among these, 5 less
common mutations i.e. Cd16 (-C), IVS 1-130 (G-C),
-90 (C-T), Cd 15 (G-A) and Cd 15 (-T) were
detected in 9 cases out of 10 samples.

To find out the mutation of the last one case, DNA
sequencing (using 310 Genetic Analyzer, Applied
Biosystem, USA) was done where -29 (A-G), a rare
mutation was detected.

Results

DNA analysis was done in 100 carriers of beta
thalassaemia who came to Dhaka Shishu Hospital
Thalassaemia Centre for blood transfusion of their
children. Among these, 65 were female and 35 were
male between the ages of 17 and 55 years with mean
age of 29.48+7.33 years. The females over number
the males because most of the thalassaemic children
came to the hospital accompanied by their mothers.

The values of RBC parameters and HbA; level of
100 samples of beta thalassaemia traits were
computed and analysed by SPSS Version 18 to find
out the maximum, minimum and mean values of
Red Blood Cell count (RBC count), Haemoglobin
(Hb) level, Mean Cell Volume (MCV), Mean Cell
Haemoglobin (MCH), Mean Cell Haemoglobin
Concentration (MCHC), Red Blood Cell
Distribution Width (RDW) and HbA; level. These
values were compared with normal adult values.’

Table I: RBC parameters and HbA; level of beta thalassaemia trait
(n-100) compared with normal adult values.

Beta thalassaemia trait

. . Normal adult
Parameters Maxi Mini
Mean + SD values!’
mum mum
RBC Men 7.19 4.15 5.90 £ 0.62 5.0£05
Count
omen 6.75 4.35 5.33+0.48 4305
(x10%?/L)
Hb level Men 14.40 930 11.80+1.16 15+ 2.0
(gm/dl) Women 12.20 9.20 10.44+0.75 13.5%15
MCV (fl) 76 51 60.17 + 3.51 92+9
MCH (pg) 30 16 19.66 £1.84  29.5+25
MCHC (gm/dl) 36 30 32.56 £ 0.94 33+15
RDW (%) 19 12 1483+1.33 12.8+1.2
HbA; (%) 7.20 3.70 5.60 + 0.68 2.2-35

Among the 100 samples for analysis of mutations,
4 mutations were found in 90 cases (90.0%) which
can be considered as common mutations in our
study, less common mutations were 5, seen in 9



cases (9.0%) and rare mutation found in one case
(1.0%).

Among the 4 common mutations (90.0%), 1VS1-5
(G-C) was the most common mutation identified in
63 cases with the frequency of 63.0%. The second
common mutation was Cd 30 (G-C), found in 18
cases (18.0%). The frequency of other two common
mutations, namely Fr 8/9 (+G) and Fr41/42 (-TTCT)
were found in 5 cases (5.0%) and 4 cases (4.0%)
respectively. (table Il and figures 1, 2, 3 and 4)

63
18

IVS1-5(G-C) €d 30(G-C) Fr89(-G) Fr4142(-TTCT)

Figure 1: Bar diagram showing percentage (%) distribution of four
common mutations of beta thalassaemia trait (n-90)
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Figure 2: Electrophoresis of ARMS-PCR method showing 1VS1-5
(G-C) mutations, 285 bp (Lane 1, 3, 4, 5, 6, 9, 10) which is compared
with 100 bp molecular weight marker (Lane 12).

LaneNo. 1 2 3 4 5 6 7 8 9 10 1 12

Control band
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Cd 30 mutation band

Figure 3: Electrophoresis of ARMS-PCR method showing Codon
30 (G-C) mutations, 280 bp (Lane 2, 5, 6, 7, 9) and Fr 41/42 (-TTCT),
439 bp (Lane 3 and 4) which are compared with 100 bp molecular
weight marker (Lane 12).

LaneNo. 1 2 3 4 5 6 7 8 9

Control band

Fr 8/9 mutation band

Figure 4: Electrophoresis of ARMS-PCR method showing Fr 8/9
(+G) mutation, 215 bp (Lane 1 and 4) which is compared with 100
bp molecular weight marker (Lane 9).
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Among the 5 less common mutations (9.00%), Cd
16 (-C) was found in 3 cases (3.00%), IVS1-130 (G-
C) in 2 cases (2.00%), -90(C-T) in 2 cases (2.00%),
Cd 15 (-T) in one case (1.00%) and Cd 15 (G-A) in
one case (1.00%) respectively. (Table 1)

The mutation of remaining one case (1.00%) was -
29 (A-G), a rare mutation detected by DNA
sequencing.

Table I1: Distribution of mutation analysis of beta thalassaemia
carrier subjects (n =100)

Sl. no. Mutation Frequency Number of
(%) beta trait
1. IVS1-5 (G-C) 63.00 63
2. Codon 30 (G-C) 18.00 18
3. Fr 8/9 (+G) 5.00 05
4. Fr41/42 (-TTCT) 4.00 04
5. Cd16 (-C) 3.00 03
6. -90 (C-T) 2.00 02
7. 1VS1-130 (G-C) 2.00 02
8. Cd 15 (-T) 1.00 01
9. Cd 15 (G-A) 1.00 01
10. -29 (A-G) 1.00 01
Total 100.00 100
Discussion

A total of 100 beta thalassaemia carrier subjects
were screened by allele specific primers using
ARMS-PCR method for detection of mutation
pattern of beta thalassaemia in Bangladeshi
population. Among the 100 cases, the most
common beta thalassaemia mutation was 1VS1-5
(G-C), found in 63 cases (63.0%) followed by Cd
30 (G-C) in 18 cases, Fr 8/9 (+G) in 5 cases and Fr
41/42 (-TTCT) in 4 cases with frequencies of 18.0%,
5.0% and 4.0 % respectively. These 4 mutations
were accounted for 90.0% of the total and can be
considered as common mutations in our country.
The five less common mutations were Cd 16 (-C) in
3 cases (3.00%), 1VS1-130 (G-C) and -90 (C-T)
found in 2 cases (2.0%) each and the remaining less
common mutations were Cd 15 (G-A) and Cd 15 (-
T) seen in one case (1.00%) each. The rare mutation
was -29 (G-A) detected in one case (1.0%).

Among the 4 common mutations, 1VS1-5 (G-C)
was the most common mutation in our study, being
seen in 63.0%, which was also most common
mutation with varied frequencies as reported by
others,16:18-24

The second common mutation was Codon 30 (G-C)
with a frequency of 18.0%. This mutation was also

seen by other authors but with low frequencies.68
22-25



The third common detected mutation was Fr 8/9
(+G), accounted for 5.0%. Nearly similar low
observation was also seen by some authors?*2® but
in contrast to others,'%?627 where percentage of Fr
8/9 (+G) was reported higher. The observed fourth
common mutation was Fr 41/42 (-TTCT),
representing 4.0% of the total. Similar low
frequency was reported by some, but higher
percentage reported by others, 16:19:21-23.25-27

Among the 5 less common mutations, this study
showed Cd 16 (- C) mutation was 3.0% and also
observed by other workers with low
frequencies.1620222327 90 (C-T) mutation was
accounted for 2.00% and this is consistent with the
findings seen by other authors.?®?* The present
study detected I1VS1-130 (G-C) mutation was
2.00%which was also seen by other authors with
low frequencies.?> 2 The remaining less common
mutations were Cd 15 (G-A) and Cd 15 (-T)
showing 1% each. Cd 15 (G-A) mutation was seen
by several authors with varied
frequencies!®1821.232527 and Cd 15 (-T) observed by
others with low frequencies.?? %

One (1.0%) rare mutation was detected in our study
which was -29 (A-G) and this mutation was also
detected in India but not in Pakistan and Sri Lanka
with low frequency.1®

By comparing the mutations of the present study
with other recent studies of Bangladesh showing
that there were significant variations of mutations
found in beta thalassaemia trait of Bangladeshi
population. These mutations were 619 bp deletion,
CD1 (T-A), CD2 (C-A), CD2 (T-C), IVSII-16 (G-
C), IVSII-81 (C-T), -80 (T-C), 92 (G-C) and 92 (C-
G) but not detected in the present study. All of these
mutations were reported as lower frequencies
except CD2 (T-C) and IVSII-81 (C-T) where
reported as higher frequencies.?324?® Studies with
larger population are needed to find out these
mutations which may help proper genetic
counselling as well as control of this disorder in
Bangladesh.

Regarding RBC parameters, beta thalassaemia traits
in general have reduced MCV and MCH with
marginally reduced or normal MCHC. RBC count
is often normal even mild anaemia or may be
increased. Hb level is usually normal or mildly
reduced.”® The present study also showed the
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similar findings. The value of RDW is usually
normal in beta thalassaemia trait and increased in
iron deficiency anaemia.® This study showed both
normal and increased RDW in beta thalassaemia
traits suggesting that those traits revealed increased
RDW may be associated with iron deficiency
anaemia which could not be confirmed by serum
iron profile estimation due to financial constraint.

Conclusion

Mutation pattern of beta thalassaemia carrier
subjects were analysed and four mutations were
found common in Bangladeshi population which
accounted for 90.0%. With the application of this
knowledge, it will help to start prenatal diagnosis
and genetic counselling in the country for
prevention of thalassaemia.
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