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Summary Polymerase chain reaction (PCR)-based diagnosis was carried 
out in 62 patients (57 probands) with Duchenne or Becket muscular dys- 
trophy (DMD or BMD) and 226 members in 57 families. The PCR studies 
were also performed for carrier detection in 57 mothers and 58 sisters, 
and prenatal diagnosis of 4 fetuses at risk of DMD. The PCR with 7 
sets of primers, which amplify 7 different exon-sequences of the dystrophin 
gene, detected gene deletion of at least one exon in 49 ~ of the probands. 
The PCR with the other 4 primer sets, which amplify 3 intragenic loci, 
and subsequent endonuclease digestion detected in 8 4 ~  of the mothers 
a heterozygous pattern in at least one such locus/segment. Using the 
same primer sets, carrier detection was successful in 5 sisters of familial 
DMD cases, while recombination between the ERT87 and the 3' end 
intragenic loci was observed in 11 ~o of family members studied. Pre- 
natal diagnosis was made in all the 4 fetuses; two males were affected, 
one male fetus non-affected, and the remaining one female fetus a carrier. 
Thus, the PCR study and the primers used in the present study are useful 
and convincing for rapid diagnosis of DMD and/or BMD. 
Keg  W o r d s  Duchenne muscular dystrophy, polymerase chain reaction, 
gene deletion, carrier detection, prenatal diagnosis 

INTRODUCTION 

Duchenne muscular dystrophy (DMD) is an X-linked recessive disorder caused 
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by a mutation in the dystrophin gene localized at Xp21 (Kunkel e ta[ . ,  1986; Koenig 
et  al., 1987, 1989; Blonden et al., 1991). Molecular analysis with the dystrophin 
cDNA and flanking or intragenic polymorphic DNA markers (Davies e ta[ . ,  for Human 
Gene Mapping 10.5, 1990) has made DNA-based diagnos{s possible (Blonden et  

al., 1991). However, traditional Southern blot analysis requires the use of isotopic 
DNA probes and several restriction enzymes, and spends several days to detect a 
gene deletion or mutation-linked restriction fragment length polymorphisms (RFLPs). 
By the use of recently developed in vitro DNA amplification method with the poly- 
merase chain reaction (PCR) (Saiki et  al., 1987), the deletion of the dystrophin gene 
can be detected easily, leading to a rapid diagnosis (Chamberlain et  al., 1988; 
Roberts et  al., 1989; Beggs et at., 1990a, 1990b). 

This paper deals with the PCR-based diagnosis of gene deletion, carrier detec- 
tion and prenatal diagnosis in a number of Japanese DMD/BMD families. 

MATERIALS AND METHODS 

Genomic DNA was extracted with the salt-precipitation technique from peri- 
pheral blood leukocytes of 62 DMD/BMD patients including 57 probands from 
57 families, all their mothers and 58 sisters of the probands, and from chorionic 
villi of 4 (3 male and one female) fetuses at risk of DMD, biopsied at the 10th gesta- 
tional week. In all the patients, the diagnosis of DMD/BMD was made by clinical 
examinations, family history, serum creatine kinase values and/or muscle biopsy 
findings. In 41 of the 57 families, the proband was an isolated case, while in 16 
families there were two or more affected male individuals (familial cases). 

Eleven sets of synthesized oligonucleotide primers were prepared according 
to the sequences of the dystrophin cDNA or to the intragenic sequences using an 
automated DNA synthesizer (Applied Biosystems) (Roberts et  al., 1989; Beggs 
et  al., 1990a; Prior et  al., 1990a) (Table 1). Seven of the 11 primer sets which were 
used for deletion analysis covered the following 7 exons: exons 4, 8, 19, 45, 47, 51, 
and 52. The other 4 primer sets involved 4 intragenic sequences, ERT87-8 and 
ERT87-15 (Roberts et  al., 1989), and the 3' end sequence (base pairs 11,727-11,758) 
(Beggs et  al., 1990a) of the dystrophin gene. These 4 primer sets were used espe- 
cially for detection of intragenic polymorphic fragments. The primer DNA was 
purified by repeated co-evaporation with double-distilled water. 

FCR was carried out for 30 cycles with a modification of the method by 
Chamberlain et al. (1988) in 50~I reaction mixture consisting of 200 nM each of 
dNTP, 250 mM each of the primers, 10 mM Tris-HC1 (pH 8.0), 1.5 mM MgCI2, 50 
mM KC1, 2.5 U Taq DNA polymerase, and 50 ng of genomic DNA as a template. 
Primer annealing was conducted at 92~ for 90 sec, extension at 62~ for 90 sec, 
denaturation at 72~ for 90 sec, and the final extension for 10 min, using an auto- 
mated temperature controller (Program Temp Control System, Astec Co., Tokyo). 
Ten ~g of the PCR product was digested with one of the following three restriction 
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Table 1. Primers used in the present PCR study. 
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Primer set Intragenic locus Sequence (5'-3') 

pERT87-8TaqIL ERT87-8 
pERT87-8TaqIR 

pERT87-15BamHIL ERT87-15 
pERT87-15BamHIR 

pERT37-15XmnIL ERT87-15 
pERT87-15XmnIR 

3' CA-F 3' end 
3" CA-R 

4F exon 4 
4R 

8F exon 8 
8R 

t9F exon 19 
19R 

45F exon 45 
45R 

47F exon 47 
47R 

51F exon 51 
51R 

52F exon 52 
52R 

GTCAGTTGGTCAGTAAAAGCC 
CCAATTAAAACCACAGCAG 

TCCAGTAACGGAAAGTGC 
ATAATTCTGAATAGTCACAAAAAG 

GACTGGAGCAAGGGTCGCC 
ACAATTTCCCTTTCATTCCAG 

GAAAGATTGTAAACTAAAGTGTGC 
GGATGCAAAACAATGCGCTGCCTC 

TTGTCGGTCTCCTGCTGGTCAGTG 
CAAAGCCCTCACTCAAACATGAAGC 

GTCCTTTACACACTTTACCTGTTGAG 
GGCCTCATTCTCATGTTCTAATTAG 

TTCTACCACATCCCATTTTCTTCCA 
GATGGCAAAAGTGTTGAGAAAAAGTC 

AAACATGGAACATCCTTGTGGGGAC 
CATTCCTATTAGATCTGTCGCCCTAC 

CGTTGTTGCATTTGTCTGTTTCAGTTAC 
GTCTAACCTTTATCCACTGGAGATTTG 

GAAATTGGCTCTTTAGCTTGTGTTTC 
GGAGAGTAAAGTGATTGGTGGAAAATC 

AATGCAGGATTTGGAACAGAGGCGTCC 
TTCGATCCGTAATGATTGTTCTAGCCTC 

enzymes, TaqI, Xmnl and BamHI for  over one hour  according to the manufac turers '  

r ecommendat ion .  The digests were e lec t rophoresed on 8 - 1 6 ~  po lyacry lamide  

or  2 ~  agarose gel, and  visualized by e th id ium bromide  staining. In paral le l  to 

the P C R  study, convent ional  Southern blot  analysis was done using the dys t rophin  

c D N A  probes to detect  gene deletions. 

RESULTS 

Deletion analyses 
Using the 7 exon-amplif iable  pr imer  sets, delet ion of  at least one exon was 

detected in 26 ( 4 9 ~ )  of  53 p robands  studied. Southern  blot  analyses with the 

c D N A  probes  cor responding  to the sequences amplif ied with the primers  showed 

a delet ion in 28 p robands  of  the same series. Thus, 2 delet ions were not  detected 

by the P C R  analysis, one delet ion involved exon 18 and the other  was within exon 

17, for  which we did not  use any primer-sets.  The dis t r ibut ion of  delet ion sites 

detected in the present  s tudy was similar  to that  detected with the previous c D N A  
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Southern blot  analysis among  Japanese  D M D  patients (Sugino et al., 1989) and 

that  among  Caucas ian  patients (den Dunnen et al., 1989). 

Polymorphism analyses 

The size of  po lymorph ic  D N A  fragments  (the PCR products)  detected with 

each of  the 4 pr imer  sets and their  allele frequencies among  female members  of  

tl~e 57 D M D  families are shown in Table  2. Three o f  the po lymorph i sms  were 

RFLPs ,  and the other  tha t  was detected with the 3' CA pr imer  set is most  likely 

a delet ion po lymorph i sm.  For ty-e igh t  (84~o) of  the 57 mothers  showed hetero-  

zygous pat terns  for at least one of  the intragenic  loci examined.  Of  the 13 sisters 

of  the 16 familial  cases, 5 had a hap lo type  identical to that  in their  respective pro-  

band,  indicat ing that  these sisters are carriers.  On the other  hand,  a different haplo-  

type f rom that  of  the p roband  was observed in 17 sisters, regardless of  familial  or  

sporad ic  cases (Table 3). Thus,  carr ier  or  non-carr ier  detect ion was successful 

in 22 sisters f rom 57 families. In 4 of  36 family members ,  whose genotypes could  

Table 2. Size of polymorphic DNA fragment and al!ele frequency detected 
by the present PCR method. 

Allele No. of 
Primer set Enzyme . . . . . . . . . . . . . .  

Size (bp) Frequency PIC ~ chromosomes 

pERT87TaqlL Taql 145 0.69 0.36 108 
pERT87TaqIR 74 + 71 0.31 

pERT87-15BamHIE BamHI 216 0.28 0.32 50 
pERT87-15BamHtR 166 + 50 0.72 

pERT87-15Xmnl L Xmnl 730 0.53 0.43 ! 02 
pERT87-15Xmnl R 520 + 210 0.47 

3' CA-F 137 0.19 0.37 102 
3' CA-R - t33 0.81 

PIC, polymorphism information content. 

Table 3. Number of sisters with haplolypes detected by the present PCR study. 

DMD 
Haplotype in sister . . . . . .  

Familial Sporadic 

Identical to proband's 5 20 

Different from proband's 5 12 

(recombination) (1) (3) 

Not determined 3 13 

Total number of sisters 13 45 

Number of families 13 39 
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e x o n  4 5  
e x o n  51 

e x o n  4 7  

Fig. 1, PCR DNA-amplification for prenatal diagnosis of a DMD family. Note that 
the fragment corresponding to the exon 47 is missing in the proband, while that 
is present in the fetus. M~ size marker DNA. 

be traced, recombinations had occurred between the ERT87 locus and the 3' end 

portion of the genc. 

Prenatal diagnosis 

Prenatal diagnosis was successful in all of the 4 fetuses examined. Two male 
fetuses were affected because of having a haplotype identical to that in their respec- 
tive probands in whom any deletion was not detected. One male fetus was non- 
affected because of both having the segment in which the proband showed deletion 
(Fig. 1) and having a haplotype different from that in the proband. The remaining 
one female fetus was diagnosed as a carrier from her haplotypes. 

DISCUSSION 

Since 50 -65~  of gene deletions in DMD/BMD patients were observed in 
certain hot-spots within the gene, we first selected 7 exon-amplifiable primer sets. 
The deletion was found in 49~o of the patients studied. Beggs et al. (1990a) and 
Chamberlain et al. (1988) reported that over 9 8 ~  of cDNA-detectable deletions 
were detected by the PCR analysis using the primers covering 18 exons of the dys- 
trophin gene. Although we employed only 7 primer sets, a similar detection rate 
was obtained in the present PCR study: 26 (92~)  of 28 deletions observed with 
Southern analyses were detected by PCR. Even if comparing with the result of 
our previous whole-cDNA study (Sugino et al., 1989), these PCR-detected deletions 
would cover 9 3 ~  of those observed in the cDNA study. Thus, the deletions in 
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our present series of DMD patients may have occurred in such hot-spots. 
Using the 4 primer sets that detect polymorphisms in the dystrophin gene, 

84 ~o of mothers of the patients were shown to be heterozygous for at least one of 
the three intragenic loci. The allele frequencies detected with three combinations 
of primer-set/enzyme ( p E R T 8 7 - 8 T a q l / T a q I ,  p E R T 8 7 - 1 5 B a m H I / B a r n H I ,  and pERT- 
87-15Xmnl/Xmnl) were well comparable to those obtained from the previous study 
with the cDNA-probes in Japanese females (Sugino et al., 1989), but different in 
several loci from those in the Caucasian (Davies et al., for Human Gone Mapping 
10.5, 1990). Therefore, these 4 primers are useful for carrier detection in the Japa- 
nese. Recombinations between the ERT87-8 locus and the 3' end portion of the 
gene occurred in 4 of 36 members examined in our study, a recombination fraction 
being 11 ~ .  Abbs et al. (1990) reported a fraction of 9 .2~  between the two intra- 
genic loci, being comparable to that in our study. This often makes it difficult 
to detect carriers accurately. Thus, more studies are needed to find novel RFLPs 
in more intragenic loci. Another problem for carrier detection includes the pre- 
sence of germinal mosaicism (Bakker et al., 1987). In this case, PCR analysis 
dose not in general contribute to find such a condition, and therefore, gene dose 
analysis with Southern hybridization is still important. 

Prenatal diagnosis was successful in all four our fetuses examined. Fortun- 
ately, none of them showed any deletions. There is a problem that when a fetus 
at risk of DMD is expected to have no deletion, polymorphic analysis shows a re- 
combination in 5 to 10~. Since PCR analysis has a pitfall showing a maternal 
DNA contamination as a potential artifact. In this case, deletion in a fetus would 
be overlooked, as far as only the conventional PCR method is used as a diagnostic 
aid. Recently, a quantitative PCR analysis method has been developed (Prior 
et al., 1990b). However, this technique has remained to be elucidated whether 
it is truly efficient for carrier detection or detection of duplication of the dystrophin 
gene. 
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