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Abstract

A PCR-based protocol is described for the simultaneous detection of deletions, duplications
and some point mutations. The method was applied to 334 DNAs of male subjects affected
with Duchenne or Becker muscular dystrophy, screened for mutations of the Dystrophin gene.
The PCR amplifications involved the enhancer sequence, the muscular promoter sequence and
30 different exons. In total, 119 intragenic deletions, 21 intragenic duplications and 3 point
mutations were detected.

The present method of multiplex semi-quantitative PCR amplification of selected sequences
is as reliable as cDNA probing, but more sensitive and much faster. Therefore, itis the method
of choice for single-step screening for deletions, duplications, insertions and for those base
substitutions which affect the double strand conformation in solution.
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Mautations of the dystrophin gene produce clinical
phenotypes corresponding to the classical Duchenne
(DMD) or Becker (BMD) muscular dystrophy. Less fre-
quently, the clinical affection may be very mild (myoglo-
binuria, cramps, elevated serum CK) [4] or expressed more
at the cardiac level (dilative cardlomyopathy) than in the
skeletal muscles [8, 11].

The detection of an alteration of the DNA sequence in
the dystrophin gene is a very important diagnostic element
when the clinical presentation is ambiguous. Moreover,
the clear definition of the genetic status of a given proband
is essential for providing genetic counselling and event-
vally prenatal diagnosis in at-risk pregnancies of his fe-
male relatives.

The dystrophin gene is more than 2.5 Mb long and the
coding sequence is 14 Kb, subdivided in 82 exons. About
60% of the mutations are intragenic deletions, 8% are
duplications and 32% are base substitutions, deletions or
insertions [3].

The advent of PCR technology introduced the method of
multiplex amplification of exonic sequences for detection
of intragenic deletions [1, 2].
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We present here a PCR-based protocol for the simulta-
neous detection of deletions, duplications and some point
mutations.

Material and Methods

DNA was extracted by salting out procedure, as de-
scribed by Miller [7]. The PCR reactions were performed
by a MJ Res.(USA) Thermocycler. Each reaction was
carried out in a total volume of 10 ul containing 32 ng of
genomic DNA, 3.1 pM of each primer, 120 uM of each
dNTP, 1x reaction buffer (67mM Tris HCl, pH 8.8, 16.6
mM (NH4)2504, 1.5 mM MgCl12, 0.01% Tween-20) and
0.08 unit of RTB DNA polymerase (AMED, ltaly).

The cycling parameters were : a first denaturation step at
94°C for 3 min, followed by 21 cycles (94°C for 30 sec, 65
C for 2 min). The total number of cycles was never exceed-
ing 21, in order to obtain a semi-quantitative PCR.

Primers were provided by GenSet (France) and by
MedProbe (USA), while the dNTPs mixture was from
Pharmacia.

-Multiplex reactions were set up by selecting amplifica-
tion products which could be clearly separated by electro-
phoresis without reciprocal interference.
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Figure 1. Screening of mutations of the dystrophin gene by
high-resolution pelyacrylamide gel electro-
phoresis: intragenic duplication involving exons
13,16, 17, 19 (lane A), intra-exonic deletion (exon
44, lane B), A —> G substitution ( exon 19, lane C),
positive control (male subject, lane D), positive
control ( female subject, lane E),heterozygosity for
a deletion involving exon 53 (lane F), intragenic
deletion involving exon 53 (lane G).

Aliquots of the PCR amplification products were loaded
on 10% acrylamide gels (29:1 acrylamide:bis-acrylamide)
containing 5% glycerol and run on vertical electrophoresis
at 40 mA for 2 hrs.

The polyacrylamide gel slabs were silver stained accord-
ing to Herring et al. [6]. The gels were placed for 10 min
in a 10% ethanol, 0.5% acetic acid aqueous solution and
transferred into a 0.17% silver nitrate solution, where they
remained for 25 min. After arinse in distilled water (3 min)
the gels were transferred to the developing solution (30 g/l
NaOH, 0.027% formaldehyde). When the bands become
evident, the reaction was stopped by tranferring the gels in
a 5% acetic acid solution. After staining, the gels were
dried by a Biorad Gel Dryer (mod. 583) at 60°C for 1 hr.

Results

A typical picture of an electrophoretic separation of
multiplex PCR products corresponding to different exons
of the Dystrophin gene is shown in Figure 1.

Multiplex amplification enables to detect the presence of
intragenic deletions through the failure of amplification of
some exons (lane G ). Moreover, the semi-quantitative
PCR, coupled with the silver staining, gives the oppor-
tunity to detect differences in the intensity of single bands
which reveal the presence of intragenic duplications (lane
A)or dosage effects in subjects heterozygotes for deletions
(lane F). The deletion of a limited number of nucleotides
in an amplification product causes the alteration of its

electrophoretic mobility and may detect the presence of
small intra-exonic deletions (lane B).

Electrophoretic mobility shifts may be be produced also
by single base substitutions which affects the double strand
conformation in solution [9]. Therefore, some point muta-
tions may be directely detected on 10% polyacrylamide

“gels (lane C).

In our experience, a total of 382 DNAs of male subjects
were screened for mutations of the Dystrophin gene.
Among them, 344 were affected with Duchenne or Becker
muscular dystrophy, while 38 were affected with limb-
girdle muscular dystrophy or showed ambiguous clinical
phenotypes.

The PCR amplifications involved the enchancer se-
quence, the muscular promoter sequence and the following
exons:2,3,4,5,6,7,8,12,13, 16, 17, 19, 21, 26, 32, 34,
41,42,43,44,45,46,47,48,49, 50, 51,52, 53 and 60. In
total, 119 intragenic deletions, 21 intragenic dupllcatlons
and 3 point mutations were detected.

Discussion

The PCR protocol for screening of mutations of the
dystrophin gene requires a considerable number of pri-
mers and a minimum of 9 multiplex PCR reactions in order
to screen all the exons.

However, this apparent disadvantage is fully compen-
sated by the fact that the procedure is incomparably sim-
pler and faster than the cDNA probing. On the other hand,
it was reported that most of intragenic deletions [10] or
duplications [5] may be detected by the amplification of
18 exons only.

In the commom laboratory practice it is usual to perform
first a screening for intragenic deletions running PCR
products on agarose gel and then to screen again for
duplication or point mutations with more sensitive meth-
ods. The protocol presented here, involving semi-quanti-
tative PCR coupled with silver staining allow to perform
all the screenings in a single run, which is particularly
useful when dealing with prenatal diagnosis.

The time required is about 7 hrs : 30 min for the prelimi-
nary PCR work ( handling of the samples, dilutions, prep-
aration of the PCR mix), 100 min for the amplification by
the Thermocycler, a minimum of 2.5 hrs for the electro-
phoretic separation, 1 hr for silver staining and 1 additional
hr for the gel drying.

By comparison, the time needed to screen the same
samples by a single cDNA probe would be : 1-3 hrs for
digestion with the restriction enzyme, 1 hr for the control
of the digestion by minigel, 12 hrs for the Southern blot,
16-24 hrs for the hybridization and a minimum of 48 hrs
for autoradiography. Therefore, in order to screen all the
gene sequence by using sequentially the 8 cDNA probes
on the same filter, a minimum of 24-25 days would be
required.

¢DNA probing is time consuming, tecnically demanding
and it involves the use of hazardous radiochemicals, but
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it is generally unable to detect microdeletions or microdu-
plications and never could detect point mutations.

On the contrary, PCR method is reliable, fast and if
ethidium bromide is substituted by silver staining, is com-
pletely safe.

In conclusion, as shown here for the dystrophin gene, the
multiplex semi-quantitative PCR amplification of selected
sequences is presently the most suitable method for single-
step screening for deletions, duplications, insertions and
for those base substitutions which affect the double strand
conformation in solution.

Aknowledgements

This work was made possible by the financial support of
the Italian Muscular Dystrophy Association (UILDM),
Regione del Veneto and Telethon-Italy (grant to Dr. S.
Oliviero). Dr. F.A. Saad is recipient of a fellowship from
the Italian Ministry of Foreign Affairs.

Address correspondence to:

Dr. F.A. Saad, Department of Biology, University of
Padua, via Trieste 75, 35121 Padova, Italy. Fax : +39 49
8286140, E-mail: DANIELI@CRIBI1.BIO.UNIPD.IT

References

[11  Beggs A, Koenig M, Boyce F, Kunkel L: Detection
of 98% of DMD/BMD gene deletions by polymer-
ase chain reaction. J Hum Genet 1990; 86: 45-48.

[2]  ChamberlainJ, Gibbs R, Ranier J, Nguyen P, Cas-
key T: Deletion screening of the Duchenne muscu-
lar dystrophy locus via multiplex DNA
amplification. Nucl Acid Res 1989; 16: 11141-
11156.

[3] Den Dunnen JT, Grootscholten PM, Bakker E,
Blonden LAJ, Ginjaar HB, Wapenaar MC, Van
Paassen HMB, Van Broeckhoven C, Pearson PL,
Van Ommen GJB: Topography of the Duchenne
muscular dystrophy (DMD) gene: FIGE and cDNA
analysis of 194 cases reveals 115 deletions and 13
‘duplications. Am J Hum Genet 1989; 45: 835-847.

(4]

(5]

[6]

(7]

(8]

[9]

[10]

(11]

- 231 -

Fischbeck KH: Mild myopathic syndromes, in C.
Angelini et al. (eds), Muscular Dystrophy Re-
search: Amsterdam, Elsevier Science Publ. 1991,
pp 61-65.

Galvagni F, Saad FA, Danicli GA, Miorin M, Vi-
tiello L, Mostacciuolo ML, Angelini C: A study of
duplications of the dystrophin gene. Evidence of a
geographical difference in the distributions by in-
tron. Sumitted to Human Genetics.

Herring AJ, Inglis NF, Oieh CK, Snodgrasse DR:
Rapid diagnosis of retrovirus infection by direct
detection of viral nucleic acid in silver stained
polyacrilamide gels. JClin Microbiol 1981; 16:
473-477.

Miller SA, Dykes DD, Polesky HF: A simple salt-
ing out procedure for extracting DNA from human
nuleated cells. Nucl Acid Research 1988; 16: 1215.

Muntoni F, Cau M, Ganau A, Congiu R, Arvedi G,
Mateddu A, Marrosu MG, Cianchetti C, Realdi G,
Cao A, Melis MA: Deletion on the dystrophin
muscle-promoter region associated with X-linked
dilated cardiomyopathy. New Engl J Med 1993;
329: 921-925.

Saad FA, Vita G, Toffolatti L, Danicli GA: A
possible missense mutation detected in the dystro-
phin gene by Double strand Conformation Analysis
(DSCA). Neuromuscular Disorders (10 be publish-
ed).

Tarleton JC and Schwartz CE: The use of a new
multiplex PCR assy significantly improves the
rapid detection of deletions in the dystrophin gene.
AmJ Hum Genet 1991; 49: 461-462.

Yoshida K, Ikeda SI, Nakamura A, Kagoshima M,
Takeda SI, Shoji SI, Yanagisawa N: Molecular
analysis of the Duchenne muscular dystrophy gene
in patients with Becher muscular dystrophy presen-
ting with dilated cardiomyopathy. Muscle Nerve
1993; 16: 1161-1166.



