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Reliability of prenatal diagnosis of genetic diseases
by analysis of amplified trophoblast DNA
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Abstract
Dot blot analysis on enzymatical]
trophoblast DNA with allele specific
tide probes is currently used for
diagnosis of single gene disorders cha
the molecular level, such as the ,B th
phenylketonuria, sickle celi anaemia,
trypsin deficiency. A potential problem
of this procedure is the co-amplificatioi
sequences, which may obscure the dia
fetus. To address this question, we
prenatal diagnosis of ,B thalassaemia in
at risk by dot blot analysis on enzymatic;
DNA with 32p or horseradish peroxi'
allele specific oligonucleotide probes.
the diagnosis obtained by this procedw
nucleotide hybridisation on electri
separated non-amplified trophoblast
ments. We detected no co-amplifi
sequences, even with a faint signal, in
of trophoblast DNA from those fetus
as normal or homozygotes, nor in tho
as heterozygotes, who were born to par
different mutations and had inherited
mutation. These results indicate that,
dissection of trophoblast tissue fro
decidua is carried out, amplification
villi DNA is not associated with aml
maternal DNA sequences. We may tl
that dot blot analysis of trophoblast D
reliable procedure for prenatal diagno4
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Nowadays a number of mendelian disorders can be
ly amplified detected in fetal trophoblasts by using enzymatically
oligonucleo- amplified DNA. "Those disorders caused by a gross
the prenatal structural rearrangement of the DNA or those affect-
racterised at ing a restriction recognition site are directly detected
alassaemias, by visualisation with silver nitrate or ethidium
and al-anti- bromide staining of the discrete bands resulting from

i with the use gel electrophoresis of restriction enzyme digested
n of maternal enzymatically amplified DNA.44 This method is
gnosis in the very simple because it circumvents the use of
carried out molecular probes. .Disorders produced by point

i 300 couples mutations or minimal rearrangements of DNA, such
allyamplified as the deletion or addition of a few nucleotides, are
dase labelled defined by dot blot analysis on amplified DNA with
We verified allele specific oligonucleotide probes.7 8The sensitivity

re with oligo- of this procedure allows the use of non-radioactive
ophoreticaily probes, such as horseradish peroxidase labelled oligo-
DNA frag- nucleotides.9 The main advantages ofthese procedures

ed maternal are the sensitivity (less than 0-05 pg of fetal DNA is
the dot blot necessary) and the rapidity (the results can be

es diagnosed obtained within 24 hours of sampling). A potential
se diagnosed problem, however, may arise from the co-amplifi-
ents carrying cation of residual maternal decidua cells which may
the paternal confuse the diagnosis of the fetus.
when careful In this paper, we report the results of prenatal
im maternal diagnosis of Pi thalassaemia in 300 pregnancies at risk
of chorionic carried out by dot blot analysis on enzymatically
plification of amplified trophoblast DNA with 32p7 8 or horseradish
Wus conclude labelled oligonucleotide probes,9 and verified by
INA is a very oligonucleotide hybridisation on non-amplified
sis. trophoblast DNA fragments separated by gel electro-

phoresis.10
---______ In none of the cases investigated was amplification

iaUniversit of maternal sequences found and diagnoses on ampli-
livarUSardinia, fied DNA were confirmed without exception by the

analysis of non-amplified DNA. This indicates that
as, A Di Tucci, analysis of amplified DNA is a reliable procedure for

fetal diagnosis of genetic diseases.
dale Regionale
ardinia, Ily. Patients and methods

Three hundred pregnant women of Italian descent
requesting prenatal diagnosis because they were at
risk for thalassaemia major were included in this

mber 1989. study.
Received for publication 11 August 1989.
Revised version accepted for publication 7 Novel

249

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.27.4.249 on 1 A
pril 1990. D

ow
nloaded from

 

http://jmg.bmj.com/


Rosatelli, Sardu, Tuven, Scalas, Di Tucci, De Murtas, Loudianos, Monni, Cao

Definition of the (3 thalassaemia mutation in both
parents was obtained by dot blot analysis on enzy-
matically amplified DNA with a series of allele
specific oligonucleotide probes complementary to the
eight most common mutations in the Mediterranean
area. These were the G-*A substitution at IVS-1
position 110 (P3+ IVS-1 nt 110), the codon 39
nonsense mutation (PO39), the T-*C nucleotide
substitution at IVS-1 position 6 (13+ IVS-1 nt 6), the
G--A transition at IVS-1 position 1 ((30 IVS-1 nt
1), the G->A substitution at IVS-2 position 1 ((30
IVS-2 nt 1), the frameshift mutation (GAG-*GG) at
codon 6 ((306-I bp), the C--G substitution at
position -87 from the CAP site ((3+ -87), and the
C--G mutation at IVS-2 position 745 ((3+ IVS-2 nt
745)."

Chorionic villi sampling was carried out trans-
abdominally from 1O to 14 weeks' gestation. Tropho-
blast tissue was accurately dissected from maternal
decidua under an inverted microscope. Fetal diag-
nosis was accomplished by dot blot analysis on
enzymatically amplified trophoblast DNA with oligo-
nucleotide probe(s) complementary to the mutation(s)
detected in the parents. All the diagnoses were
verified by oligonucleotide hybridisation on tropho-
blast DNA restriction fragments separated by agarose
gel electrophoresis. DNA amplification, dot blot
analysis, and oligonucleotide analysis on electro-
phoretically separated DNA fragments were carried
out as previously described.7 '° 12 13 The oligonucleo-
tide probes were labelled either with 32p or horse-
radish peroxidase (a generous gift from Cetus
Corporation, CA).

Results
The 13 globin genotypes of the 300 couples at risk are
reported in table 1.
Out of 300 fetuses investigated, 80 were normal and

there were 69 homozygotes, 19 compound hetero-

Table 1 Ii thalassaemia mutations detected in the couples
at nsk investigated.

l-) thalassaemia mutation No %

I-39/W-39 225 75
,°139/1;+ IVS-1 nt 110 16
1V.39/1-I + IVS-1 nt 6 8
P1i39/others' 28
±;+ IVS-1 nt 110/l'+ IVS-1 nt 110 5
l;+ IVS-1 nt 110/1r+ IVS-1 nt 6 4
l;+ IVS-1 nt 110/others 6 25

l IVS-1 nt 6/others 4
IVS-2 nt 1/lV IVS-2 nt 1 1
IVS-1 nt 1/l-; IVS-1 nt 1 1

1;'6 [-I1 bpj/1-;6 [-I1 bp] I
Others* 1

Total 300

=(i6 [-1 bpJ, [1;° IVS-2 nt 1, j±+ IVS-2 nt 745, ol'l thal, Hb Lepore,
Hb S.

zygotes, and 132 heterozygotes for 1i thalassaemia
(table 2). Figs 1 and 2 show a representative dot blot
of the DNA from normal, homozygous, and hetero-
zygous fetuses and their parents. We looked for the
presence of co-amplified maternal sequences, even
with a faint signal, in the dot blots of trophoblast

Table 2 Overall results ofprenatal diagnosis of j3 thalassaemia
by dot blot analysis on amplified DNA.

Pregnancies monitored 300
Homozygous fetuses* 88
Heterozygous fetuses 132
Normal fetuses 80
Failures
Misdiagnosest

'Of whom 19 were compound heterozygotes for two different
mutations.
tAll the diagnoses were confirmed by oligonucleotide analysis on
non-amplified DNA.

0@@@*
@0*

0

0

Figure I Dot blot analysis on amplified DNA with 32p
labelled allele specific oligonucleotide probes. I1I10, j1-6, and
r)39 oligonucleotide probes complementary to the fV IVS-1 nt
110, j1 IVS-1 nt 6, and 11039 mutations, respectively. iNIl10
and f3N39=oligonucleotide probes complementary to normal
DNA sequences at a position corresponding to each of the
1) thal mutations investigated. N and (3TH= normal and
homozygous affected control. Fa, Mo, and Fe=indicate father,
mother, andfetus. (a) Normalfetus showing no hybridisation to
the oligonucleotide probe complementary to the (3 ' IVS-1 nt 110
mutation. (b) Heterozygous fetus showing no hybridisation to the
oligonucleotide probe complementary to the mother's mutation
(1l1-6). (c) Homozygous affectedfetus showing no hybridisation
to the oligonucleotide probe complementary to normal DNA
sequences corresponding to the 10°39 mutation.
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analysis of non-amplified DNA. We can therefore
* >j conclude that the potential problems in prenatal

diagnosis using amplification of maternal sequences
do not occur when careful dissection of trophoblast
tissue from maternal decidua is carried out. Since this
study was completed, we have introduced this pro-

'<,j3; W t<; '.^t^' t cedure for routine use in the laboratorv of our unit for
prenatal diagnosis of genetic diseases. The results
obtained in this study are obviously also relevant to
other single gene disorders characterised at the

Figure 2 Dot blot analysis on amplifiedDNA with horseradish
peroxidase labelled oligonucleotide probes. 13N and JiTH=
oligonucleotide probes complementary to normal and mutated
(II 9) DNA sequences respectively. Fa, Mo, Fe= indicate father,
mother, andfetus. Homozygous affected fetus showing no
hybridisation to an oligonucleotide probe complementary to
normal DNA sequences corresponding to the mutation.

DNA from fetuses diagnosed as normal or homo-
zygous, as well as those diagnosed as heterozygous
who were born to parents carrying different mutations
and who had inherited the paternal allele. In the
normal fetuses, we did not ever detect a positive
hybridisation to an oligonucleotide probe comple-
mentary to the mutation detected in the mother.
Similarly, in the homozygous fetuses, hybridisation to
oligonucleotide probes complementary to the normal
sequences at the position corresponding to the
mutation detected in the mother was never observed.

In 19 heterozygous fetuses who were born to
parents carrying different mutations and who had
inherited the paternal mutation, we never observed a
positive hybridisation to an oligonucleotide probe
complementary to the maternal mutation.

In all cases tested, diagnosis obtained by dot blot
analysis on amplified DNA was confirmed by oligo-
nucleotide hybridisation on non-amplified DNA.
Out of 300 fetuses examined, 68 went to term and

diagnosis was confirmed by DNA analysis.

Discussion
This paper, based on a large number of cases,
indicates that prenatal diagnosis of [-3 thalassaemia by
dot blot analysis on enzymatically amplified DNA
with allelic specific oligonucleotide probes is a very
reliable diagnostic procedure. We did not detect any
co-amplified maternal sequences, even with a faint
signal, in the dot blot of trophoblast DNA from those
fetuses diagnosed as normal or homozygous, or those
diagnosed as heterozygous who were born to parents
carrying different mutations and who had inherited
the paternal mutation.

Furthermore, the results obtained on amplified
DNA were confirmed, without exception, by the

molecular level, such as ul-antitrypsin deticiency,
cystic fibrosis, and phenylketonuria which could be
diagnosed in the fetus by dot blot analysis on
amplified DNA.
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