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Prenatal diagnosis of I thalassaemia based on
restriction endonuclease analysis of amplified
fetal DNA
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SUMMARY In the Mediterranean area, 50% of the , thalassaemia mutations abolish or create a
restriction endonuclease site in the globin gene. This study describes a new procedure for
prenatal detection of these ,B thalassaemia defects based on the direct visualisation, on an
ethidium bromide stained polyacrylamide gel, of the discrete DNA fragments produced by
restriction endonuclease digestion of fetal DNA, enzymatically amplified using the DNA
polymerase from the thermophilus bacterium Thermus aquaticus. We applied this procedure to
the Sardinian population to detect the nonsense mutation at codon 39 and the frameshift at codon
6 of the ,1 globin gene; these are the most frequent 13 thalassaemia mutations in this population,
accounting for 95% and 2-2% of the , thalassaemia chromosomes. The main advantages of this
procedure are simplicity (no radioactivity), sensitivity (0-2 Ftg of DNA), and rapidity (12 hours).
The very small amount of fetal material required makes amniotic fluid cell culture unnecessary
and may decrease the fetal loss rate associated with trophoblast sampling. By circumventing the
use of radioactive and non-radioactive probes, the spread of this technology to the high risk areas
will be facilitated.

Prenatal diagnosis of a thalassaemia is nowadays
accomplished by fetal DNA analysis.' The methods
currently used are based on the direct detection of ,3
thalassaemia mutations by restriction endonuclease
analysis2 3 and oligonucleotide hybridisation48 or
on indirect identification by linkage analysis with
restriction fragment length polymorphisms (RFLPs)
in the j3 globin gene cluster. ' These methods require
a relatively large amount of DNA (>3 jig), which
may, in part, be responsible for the high risk
(3.5%)9 ' of fetal mortality associated with tropho-
blast sampling and for the delay in diagnosis when
cultured amniocytes have to be analysed. A new
method, based on dot blot analysis of enzymatically
amplified Pi globin gene sequences and hybridisation
with allelic specific oligonucleotide probes, has
recently been proposed for the detection of sickle
cell anaemia.' 'This method is sensitive enough to
detect allelic variations with as little as 0-001 tg
genomic DNA, but still depends on the use of
radiolabelled oligonucleotide probes. Lately,
detection of sickle cell anaemia has been accom-
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plished by a technique in which the amplified target
DNA sequence is digested with the restriction
enzyme affected by the mutation and then directly
visualised on an ethidium bromide stained poly-
acrylamide gel as separate DNA fragments,'2 thus
avoiding the use of molecular probes.

This study describes a similar approach for the
prenatal diagnosis of i thalassaemia mutations
affecting a restriction enzyme site, which account for
50% of the PI thalassaemia defects in the Mediter-
ranean area. In Sardinia we applied this procedure
to detect the nonsense mutation at codon 39 (,3o39)13
and the frameshift at codon 6 (1o6),2 14 which are
the most frequent i thalassaemia defects in this
region, accounting for 95% and 2-2% of the ,
thalassaemia chromosomes.'5 This method is suffi-
ciently sensitive and rapid to allow prenatal diagno-
sis 12 hours after fetal DNA sampling. The very
small amount of genomic DNA necessary for this
assay overcomes the need for amniocyte culture and
reduces the risk of fetal loss associated with tropho-
blast sampling. In countries where thalassaemia is
frequent, this method may assist the application of
DNA analysis to prenatal diagnosis which has been
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limited so far by the need for radiolabelled molecular
probes.

Material and methods

Genomic DNA was extracted from peripheral
blood, chorionic villus biopsy, and amniocytes by
standard techniques. 16 A crude amniocyte lysate
was prepared as follows: 1 ml of amniotic fluid,
withdrawn at 16 weeks of pregnancy, was centri-
fuged for 10 hours at 3000 rpm; the pellet was frozen
and thawed and then resuspended in sterile water
and left at 95°C for 15 minutes.
DNA amplification was carried out with two

oligonucleotide primers, one (R primer) com-
plementary to the coding strand of the globin
gene from codons 83 to 90, the other (L
primer) complementary to the anticoding strand
from position -76 to -56 5' to the Cap site
(fig la). The sequences of the primers are:

L=5'CCAATCTACTCCCAGGAGCA 3', R=5'
CACTCAGTGTGGCAAAGGTG 3'. These two
primers allow us to amplify specifically a segment of
the globin gene which includes the 5' untranslated
region, the first exon, the first intervening sequence,
and almost all the second exon; this region contains
the majority of the known 13 thalassaemic defects.
However, the two primers are not able to amplify
the corresponding region of the o globin gene, since
they have several mismatches with this gene.
Genomic DNA was amplified17 18 as follows: to

100 RI final volume we added 1 [tg of total genomic
DNA or a crude amniocyte lysate from 1 ml of
amniotic fluid, 100 pmol of each primer (L and R),
the four nucleotides (dATP, dGTP, dTTP, dCTP)
at a final concentration of 1-5 mmol/l each, 6-6
mmol/l ammonium sulphate, 67 mmol/l tris HCl
(pH 8.8), 6-7 mmol/l MgCl, 10 mmol/l mercapto-
ethanol, 170 jig/ml bovine serum albumin, and 10%
dimethyl-sulphoxide.
DNA denaturation was carried out for seven

minutes at 95C; afterwards the sample was left for
five minutes at room temperature for the hybrid-
isation between the primers and their target DNA
sequences. Then two units of thermostable DNA
polymerase'9 (Taq Polymerase, New England
Biolabs) was added and the primer extension
continued for five minutes at 55°C. This was

followed by 24 cycles of denaturation-hybridisation-
extension at 91°C for 60 seconds, room temperature
for 60 seconds, and at 55°C for five minutes,
respectively. Every 10 cycles, two more units of Taq
Polymerase were added.

After 25 cycles of amplification, which takes
about three hours, the DNA was phenol extracted,
ethanol precipitated, and resuspended in TE buffer
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(1 mmol/l Tris-HCl, pH 7*4, 0-1 mmol/l EDTA,
pH 8). One-third of the amplified DNA was
digested for three hours with 20 units of the
appropriate restriction enzyme in the assay condition
recommended by the supplier. The digested DNA,
after adding 5 Rl of loading dye (0.2% Bromo
phenol blue, 0-2% Xilen-cyanol, 80% glycerol), was
loaded on a 5% polyacrylamide gel in a vertical
apparatus. Electrophoresis was carried out at 500
volts for 40 minutes in TBE buffer (0.089 mol/l Tris-
borate, 0-089 molI boric acid, 0-002 mol/l EDTA).
The gel was stained for 10 minutes with ethidium
bromide (1 Rg/Rl) and the DNA fragments were
then visualised on a UV transilluminator and
photographed with a Polaroid camera.

Results

DETECTION OF THE 1339 MUTATION
In the normal 13 globin gene (13A, fig la) the
amplified region, 527 nucleotides (nt) long, between
the two primers L and R, contains one MaeI site at
nucleotide 29 3' to the Cap site, while an additional
MaeI site is created by the nonsense mutation at
codon 39 in the (3 thalassaemic gene (,3039, fig la).
Fig lb shows an ethidium bromide stained polyacry-
lamide gel after electrophoresis of the MaeI digested
amplified genomic DNA from a normal subject
(lane 3), a heterozygote (lane 2), and a homozygote
(lane 1) for the 13039 mutation. The normal subject
(13A/,PA) shows a 422 nt fragment, whereas in the 13
thalassaemia homozygote (13039/30°39) this fragment
is replaced by two new 268 and 154 nt fragments.
The heterozygote (30°39/PA) is defined by the
presence of the 422 nt fragment from the normal
gene and the 268 and 154 nt fragments from the
mutated gene. The absence of the 527 nt fragment
and the presence of the 105 nt fragment in all the
MaeI digested amplified DNA indicate the com-
pleteness of the digestion.

DETECTION OF THE 1306 MUTATION
Fig 1 shows the OxaNI map in the region between
the same primers used for the identification of the
13039 mutation. This region in the normal 13 globin
gene (PA) contains three OxaNI sites, at codon 6, at
nucleotide 125 in the first intervening sequence, and
at codon 58. Since the 1306 mutation removes the
OxaNI site at codon 6, only the other two normal
sites are present in the 1306 mutated gene. Fig ld
shows an ethidium bromide stained polyacrylamide
gel after electrophoresis of OxaNI digested ampli-
fied DNA from a normal subject (lane 3), a
heterozygote (lane 2), and a homozygote (lane 1)
for the 136 mutation. As expected, the normal
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FIG 1 Detection of the p°39 and 3°6 mutations by restriction endonuclease digestion of amplified DNA. In (a) and (c) the
MaeI and OxaNI sites in the amplified regioni are shown. The sites affected by the mutations are framed. The numbers
indicate the nucleotides. (b) and (d) show ethidium bromide stained polyacrylamide gels after electrophoresis of MaeI and
OxaNI digested amplified DNA respectively. The asterisks indicate the lanes where undigested amplified DNA was loaded.
The molecular weight marker is in lane m.

subject (,BA/fA) is defined by the presence of the
201 and 143 nt fragments, while their absence and
substitution by the 344 nt fragment are characteristic
of the 13 thalassaemia homozygote (1306/136).
Obviously all these three fragments are present in
the heterozygote (1306/1A). The 95 and 88 nt
fragments, which cannot be separated in our ex-
perimental conditions, are shown in all three
samples and together with the lack of the 527 nt
band indicate a complete OxaNI digestion.

PRENATAL DIAGNOSIS
We have so far monitored by this method 14
pregnancies at risk for 1339 thalassaemia and one for
the compound heterozygous state for the 1339 and

136 mutations. The results obtained were confirmed
by oligonucleotide analysis carried out at the same
time. In fig 2 examples of prenatal diagnosis by
amniocyte or trophoblast DNA analysis of normal
(lane 5), heterozygous (lanes 1, 2, and 4), and
homozygous (lane 3) fetuses for the 1339 mutation
are shown. The method is very sensitive since it
allows us to detect the mutation with as little as
0-2 [tg of genomic DNA, and is very rapid, the
result being obtained within 12 hours of the sampling
of fetal material. The DNA from as small a number
of amniocytes as those contained in 1*0 ml of
amniotic fluid was also successfully amplified with-
out previous DNA extraction and analysed by this
method.
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FIG 2 Prenatal diagnosis of the 139 mutation by MaeI
digestion of amplified fetal DNA.

Discussion

This study shows that prenatal detection of
thalassaemia mutations affecting a restriction en-

donuclease site can be accomplished by direct
visualisation under ultraviolet light on an ethidium
bromide stained polyacrylamide gel, after elec-
trophoresis, of the discrete DNA fragments pro-
duced by restriction endonuclease digestion of
enzymatically amplified globin gene sequences. In
our experience, which agrees with previously
described studies,'2 20 the use of the thermostable
DNA polymerase was crucial for obtaining these
results. The assay conditions, such as high tempera-
ture, required for the optimal activity of the DNA
polymerase, increase the specific annealing of the
two oligonucleotide primers with their comple-
mentary sequences in the genomic DNA. Thus, a

large amount of pure target DNA fragment is
obtained.
One of the problems encountered in prenatal

diagnosis using restriction endonuclease analysis is
the possibility of misdiagnosis owing to incomplete
digestion of the fetal DNA by the enzyme. We
decided to amplify a region of the 13 globin gene
which, in addition to the restriction enzyme site
affected by the 1339 and 136 mutations (MaeI
and OxaNI respectively), includes other sites for
the same enzymes, both in the normal and in the
mutated genes. Thus, complete digestion of the
amplified DNA is guaranteed by the lack of the un-
digested amplified fragment independently of the
specific fragment pattern determined by the pre-
sence or the absence of the mutation. The possibility
of monitoring the restriction enzyme digestion of the
amplified DNA improves the reliability of this
method. In the detection of specific 13 thalassaemia
mutations by the procedure described here on
enzymatically amplified DNA, a potential problem
is maternal cell contamination. The most critical
situation regards fetuses homozygous for 13 thalas-
saemia who, because of maternal contamination,
may be misdiagnosed as heterozygotes. In order to
avoid misdiagnosis, first the placental tissue should
be accurately dissected from the trophoblasts under
a microscope. Maternal cell contamination can
usually be detected by the presence on the gel of a
faint band(s) from the normal chromosome, along
with bands of more marked intensity from the 13
thalassaemia chromosomes.
The main advantages of this procedure are

simplicity, sensitivity, and rapidity. Molecular
probes are no longer necessary, making this method
very suitable even for routine laboratories. Avoid-
ing radioactive and non-radioactive probes may
allow prenatal diagnosis by DNA analysis to be
extended to those places where thalassaemia is
frequent and the purchase of radioactive material is
difficult. DNA amplification using thermostable
DNA polymerase produces a 106-fold increase in the
amount of target sequences. This allows us to carry
out prenatal diagnosis with as little as 0*2 [tg of DNA
and to obtain the result very rapidly, approximately
within 12 to 24 hours of the fetal sampling.
The application of this method to amniocyte

DNA analysis is extremely useful as cell culture is no
longer necessary, thus reducing the time required
for the diagnosis from four weeks to a few days. The
successful amplification from a crude cell lysate
prepared from as little as 1-0 ml of amniotic fluid
further simplifies the procedure, eliminating the
step of DNA preparation.
We can also predict that the reduction in the

amount of fetal material necessary for the analysis
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may result in a decrease in the risk of fetal loss
associated with trophoblast sampling. In this study
we amplified a region of the ,3 globin gene which
contains the large majority of the known j3 thalas-
saemia mutations, including the P039 and I3°6
mutations, the former being the most frequent ,
thalassaemia mutation in the western part of the
Mediterranean area.21 22 In Sardinia these two
mutations account for 95% and 2-2% respectively of
the i thalassaemia defects.15 Thus, the use of the
procedure described here facilitates prenatal diag-
nosis in the vast majority of the cases. So far we
have carried out successful prenatal diagnosis in 15
pregnancies at risk. In other Mediterranean coun-
tries, the use of this method makes the direct
identification of nine2 3 14 23-27 thalassaemia
mutations possible. These account for 50% of the ,
thalassaemia chromosomes in this high risk area.
The remaining mutations may be indirectly identi-
fied by linkage analysis with RFLPs detected using
the same procedure, such as shown for haemophilia
A.20 The direct detection of genetic defects and
RFLPs by restriction endonuclease digestion of
amplified DNA has broad applications in the field of
prenatal diagnosis, since it may be applied to all
those genetic diseases in which the molecular basis
has been elucidated or closely linked RFLPs have
been identified.
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