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Short Report

Prenatal diagnosis of ~-thalassaemia
mutations using the reverse dot blot
technique

S. MURALITHARAN, A. SRIVASTAVA, R. V. SHAH,
M. MATHAI, V. M. SRIVASTAVA, D. DENNISON,
C. Y. LU, R. KRISHNAMOORTHY

ABSTRACf
Background. ~-thalassaemia is the most common genetic

disorder among Indians and a number of mutations causing
this disease have been reported. Since effective treatment of
thalassaemia major is complicated and very expensive, pre-
natal diagnosis has become an important option for those at
risk of having an affected foetus. We report the use of a rapid
hybridization method called 'reverse dot blot' for detection of
specific mutations of the ~-globin gene.

Methods. DNA was obtained from a 12-week-old foetus by
chorionic villus sampling and was amplified using specific
primers by the polymerase chain reaction and analysed by the
reverse dot blot test. Results were available within 36 hours
after sampling.

Result. The father and mother were found to be heterozy-
gous for codon 15 (G-A) mutation of the ~-globin gene. The
foetus was normal.

Conclusion. Reverse dot blot is a rapid and reliable tech-
nique for mutation detection in the ~-globin gene and can be
useful for antenatal diagnosis.
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INTRODUCTION
~-thalassaemia is a common hereditary disorder in India' and
about 6000 children are born each year with the homozygous
condition. Treatment of such patients is complex and expensive.
Thus, efforts should be made to reduce its incidence. Careful
studies have shown that counselling of populations at risk and
early prenatal diagnosis can reduce the incidence of homozygous
~-thalassaemia by 90%.2

Prenatal diagnosis of homozygous ~-thalassaemia is done by
detection of mutations in the ~-globin gene using different tech-
niques. Though more than 100 mutations are known to occur in
the ~-globin gene, certain mutations predominate in a particular
population. A recent study has shown that five mutations account
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for more than 90% of patients with homozygous ~-thalassaemia
in India. IThey can be detected by various methods including the
amplification refractory mutation system (ARMS) using allele
specific primers,' hybridization with allele specific oligonucleo-
tides (ASO): denaturing gradient gel electrophoresis (DGGE)5
and DNA sequencing. 6More recently a rapid hybridization method
called reverse dot blot (RDB) has been used for this purpose. 7.8 We
report the first case of antenatal diagnosis of ~- thalassaemia using
this technique in India and discuss its advantages compared with
other methods.

PATIENT AND METHODS
The patient was a 39-year-old woman at 12 weeks of gestation
with a haemoglobin of 9.8 g/d!. She had a 7-year-old child with
~-thalassaemia major. Evaluation of the child earlier had shown
a haemoglobin of 4.6 g/dl, HbA2 was 4.4% and HbF 74%. After
discussing the risks of the procedure, transabdominal chorionic
villus sampling was carried out under ultrasound guidance. About
15 mg of chorionic villi was obtained and prepared for analysis.

Polymerase chain reaction
DNA was prepared from the blood and chorionic villus samples
as previously described." Polymerase chain reaction (PCR) was
performed in a 50 III reaction volume. The biotinylated PCR
primers Chinal and PC067 that specifically amplify the 759 bp
region of the ~-globin gene were used. Each reaction mixture
contained 1.5 units Taq polymerase (USB), 0.25 mM dNTPs and
1.5 mM MgClr The genomic DNA was amplified through
2 minutes annealing at 55 "C and 30 cycles of 94 "C (30 seconds)
and 55 "C (30 seconds).

RDB hybridization
Amino-linked allele specific oligonucleotides for the ~-thalas-
saemia mutations (FS 8/9, cod 15, IVS 1-1,IVS 1-5, FS 41142)and
HbE and HbS7,8 (Genset SA, France) were immobilized, as
previously described? on to a Biodyne C membrane (Pall Europe
Ltd., UK). The optimum hybridization conditions like temperature
and stringency are critical to the success of this method, various
hybridization conditions were tried and the single washing
temperature of 42 "C was standardized by optimizing the length
of the probe. Thirty microlitres of the PCR product was mixed
with 12mlof2X SSC and 0.1% SDS in a polypropylene tube. The
Biodyne C membrane was then placed in the tube which was
boiled for 10 minutes to denature the PCR products and the tube
was then transferred to a 42 "C water bath for 1 hour. The
membrane was washed with 0.75X SSC and 0.1% SDS at 42 "C
for 30 minutes. The DIG (Boehringer Mannheim, GmbH) non-
radioactive nucleic acid detection system was used. The membrane
was incubated with 3 IIIof Streptavidin-AP conjugate in 30 ml of
5% blocking reagent (bovine serum albumin) and then washed
thrice for 15 minutes in buffer 1 (maleic acid 0.1 mol/L and NaCI
0.15 mol/L) and once in buffer 3 (Tris HCl 0.1 ~oUL, pH 9.5,
NaCl 0.1 mol/L and MgCI2, 50 mmol/L) for 5 minutes. Colour was
detected with 45 III of nitroblue tetrazolium and 35 III of X-
phosphate (5-bromo-4-chloro-3-indolyl phosphate) in 10 ml of
buffer 3. The reaction was stopped by rinsing the membrane in
distilled water.
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Cod 8/9 Cod 15 HbE IVS 1-1 IVS 1-5 Cod 41/42 HbS
Normal Normal Normal Normal Normal Normal Normal

Cod 8/9 Cod 15 HbE IVS 1-1 IVS 1-5 Cod 41/42 HbS
Mutant Mutant Mutant Mutant Mutant Mutant Mutant

FIGI. Schematic representation of a Biodyne C membrane strip
with normal and mutant probes immobilized on it

RESULTS
The results are shown in Figs. 1 and 2. Figure I shows a schematic
representation of a Biodyne membrane strip with normal and
mutant probes immobilized on it and Fig. 2 shows the heterozy-
gosity for codon 15 (G-A) mutation in the parents while the foetus
is normal.

DISCUSSION
The panel of probes used in this method covers the most common
p-globin gene mutations in the Indian population excluding the
619 bp deletion which may account for about 50% of mutations
in Sindhis. I The 619 bp deletion in the p-globin gene cannot be
detected using this technique, but it can be detected by PCR.I As
compared to other techniques for mutation detection in p-
thalassaemia, RDB involves much less time; it takes 36 hours
from sample collection to completion of analysis. This technique
also provides a way to detect multiple mutations including the one
for HbE and HbS simultaneously in a sample in a single hybrid-
ization reaction. The major drawback of this method is that it can
only detect a limited number of mutations for which amplification
conditions have been established and probes designed to work in
a single reaction. However, it should still be sufficient for analysis
of most patients in India.

We have analysed 42 samples so far and detected specific
mutations in 33 (78%). The relatively high level of negative
results (22%) may be because some of these samples are from
Sindhi patients where the common mutation is a 619 bp deletion
which cannot be detected by RDB. Those patients who show
negative results on RDB need to be analysed by other methods to
establish their mutations, if any. Reverse dot blot thus provides a
rapid and reliable method for detection of mutations of the p-
globin gene for the vast majority of patients and may, therefore,
be particularly useful for antenatal diagnosis.
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FIG2. Representative strips of analysis of DNA from father,
mother and the chorionic villus sample. The results clearly
show that the parents were both heterozygous for codon-I5
(G-A) mutation and the foetus was normal.
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