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PROBES AND DYSTROPHIN eDNA PROBES 

--Establishing the Optimum Strategy for Carrier Diagnosis 
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Summary DNA analysis was performed on 19 unrelated Duchenne 
muscular dystrophy (DMD) families and one Becker muscular dystrophy 
(BMD) family in Japan to determine their carrier status. The intragenic 
genomic probe pERT87 with its subclones 87-1, 87-8, and 87-15 were used 
together with five eDNA probes from the 5' end of the dystrophin gene. 
The tests With both a high polymorphism information content (P.I.C.) and a 
high observed P.LC. were most effective, i.e., pERT87-1/XmnI, pERT87-15/ 
XmnI, pERT87-8/TaqI, and pERT87-8/BstXI.  These test combinations 
were useful in the Japanese population but pERT87-15/TaqI was not, 
although it was effective in Caucasians. Two additional test combinations 
of pERT87-1/MspI and pERT87-15/BamHI were highly useful in detect- 
ing restriction fragment length polymorphisms (RFLPs) when other tests 
were not informative. Carrier status could be determined in 18 out of 
20 clients who were at risk for DMD/BMD carrier status from 20 families, 
similar to the rate of detection in Caucasians. The total detection rate 
of deletions was 74 ~ with the five eDNA probes. Deletions were con- 
centrated on two hot spots where 92 ~ of all deletions were detected by 
only two probes, 1-2a and 8. Deletions were detected in two males with 
DMD who had none of the eight RFLPs tested. Our results emphasize 
the usefulness of DNA analysis with pERT87 genomic probes and cDNA 
probes. In addition, an optimum strategy for carrier detection in Japa- 
nese DMD/BMD families was proposed. 
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INTRODUCTION 

Duchenne muscular dystrophy (DMD) is the most common lethal X-linked 
recessive disease with an incidence of approximately 1:3,500 live male births and 
there is no variation in its incidence between races. A boy affected with DMD 
usually exhibits signs before the age of six years, is confined to a wheelchair by 
age 12, and dies by age 20. Becker muscular dystrophy (BMD) is a less severe 
form of DMD, and develops signs in the thirties or later; its incidence is one-fifth 
to one-eighth of that of DMD. Both of these dystrophies have been elucidated 
to be caused by a common mutation consisting of deletion or duplication of exons 
within the dystrophin gene (Kingston et al., 1983; Kunkel et al., 1986; Monaco et 

al., 1988). Because DMD/BMD are still incurable, determining the carrier status 
and affected fetuses would be very useful for at-risk mothers or relatives whose 
family members are affected with DMD/BMD from the point of view of genetic 
counseling. 

The diagnosis of DMD/BMD has long been made based on an elevated serum 
creatine phosphokinase (CPK) level together with neurologic examination and 
pedigree analysis (Bullock et aI., 1979). Carrier diagnosis has also relied on el- 
evated CPK levels, but a more accurate and reliable diagnostic test for the carrier 
state has long been searched for, since CPK activity is elevated in only 70 ~ of ob- 
ligate carriers and thus is of limited utility (Moser, 1984). 

On the basis of remarkable progress in the field of molecular biology in the 
1970s, a method of diagnosing DMD/BMD using DNA probes was established 
in 1985 (Bakker et al., 1985). Kunkel et al. (1985) isolated pERT87 (DXS 164) 
DNA fragments from locus Xp21, which is deleted in males with DMD (Fig. 1). 
Probe pERT87 together with subclones 87-1, 87-8 (Monaco et al., 1985), and 87-15 
(Bertelson et al., 1986) recognize six independent restriction fragment length poly- 
morphisms (RFLPs) in human genomic DNA cleaved with four specific restriction 
enzymes, and is effective for carrier and prenatal diagnosis in Caucasians (Katayama 
et al., 1988). However, the usefulness of this probe may vary in the Japanese popu- 
lation, since RFLPs differ in their fragment sizes and allele frequencies depending 
on ethnic origin (Wainseoat et al., 1986). 

Koenig et al. (1987) have cloned cDNA fragments of the DMD megagene 
spanning 2,000 kb at the Xp21 locus. Submicroscopic deletions were reportedly 
detected in about 60 ~o of DMD/BMD patients using such cDNA probes (Koenig 
et  al., 1987; Forrest et al., 1987; Read et al., 1988; Worton and Thompson, 1988; 
Darras et al., 1988; Lieehti-Gallati et al., 1989). However, sufficient data has not 
been accumulated regarding RFLPs and deletion studies in Japanese DMD/BMD 
families (Akita et al., 1987; Sugino et al., 1989; Asano et al., 1990). 

We have investigated the usefulness of three subclones of pERT87 (87-1, 87-8, 
and 87-15) and then detection rate of the deletions related to DMD/BMD using 
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cDNA probes. The aim of this study was to establish and present an optimum 
strategy for carrier and prenatal diagnosis of  Japanese D M D / B M D  individuals using 
genomic probes combined with c D N A  probes. 

MATERIALS AND METHODS 

Families studied. One hundred and thirty-one members of 20 unrelated Japa- 
nese families with D M D / B M D  were studied. Out of the 19 families with DMD,  
six had at least two affected males, and the other 13 had only one sporadic male 
with D M D  in their pedigrees. The remaining one family had two males with BMD. 
In three families, the males affected by D M D  had died before this D N A  analysis 
was performed. Screening for deletions was done using dystrophin c D N A  probes 
in a total of 19 males, 18 with D M D  from 16 families (including one pair of brothers 
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and one pair of cousins with DMD) and one with BMD. The diagnosis of DMD/ 
BMD was established by neurologists based on the family history, physical examina- 
tion, electromyography, CPK levels, and muscle biopsy results. 

DNA analysis. DNA was extracted from peripheral white blood cells for 
carrier testing. DNA (7/~g) was digested for 12 hr with 5 units//~g DNA of the 
appropriate restriction endonucleases according to the manufacture's recommenda- 
tions. The digests were then electrophoresed overnight on 1 ~ agarose gels, and 
DNA was transferred from the gels to nylon filters (Hybond N + ;  Amersham, 
U.K.) with 0.4 N NaOH transfer buffer using a vacuum transfer system (Pharmacia 
LKB, Sweden). The filters were hybridized with the pERT87 probes or cDNA 
probes labeled by nick translation and [a-a~P]dCTP (Amersham). The filters were 

Fig. 2. Autoradiograms of RFLPs detected by pERT87 probes. 
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washed in 2 x SSC and 1 x Denhardt's solution at room temperature for 45 min, 

then in 0.1 x SSC and 0.1 ~ sodium dodecyl sulfate (SDS) with gentle shaking at 

52~ for 90 min, and finally four times in 0.1 x SSC. Filters were exposed to Kodak 

X-OMAT AR films between intensifying screens at - 8 0 ~  overnight and then 

developed (Fig. 2). 

DNA probes. We used the three X chromosome-specific single copy sequences 

pERT87-1, pERT87-8, and pERT87-15, that have been mapped to band Xp21.2 
for RFLPs analysis, while for detection of deletions the dystrophin cDNA probes 

1-2a, 2b-3, 4-5a, 5b-7, and 8 from the 5' end of the DMD/BMD gene (American 

Type Culture Collection) were used (Fig. 1). 

RESULTS 

Frequency of  polymorphisms 
Table 1 shows the allele frequencies and polymorphism information content 

Table 1. Allele frequencies and polymorphism information contents of restriction frag- 
ment length polymorphisms for pERT87 DNA probes. 

Allele Allele Probes  Res t r i c t ion  Symbol P.I.C. (~) 
enzyme size (kb) frequency 

pERT87-1 XmnI A1 8.7 0.44 
A2 7.5 0.56 49 (35)a 

(n=64)b 
BstNI B1 3.1 0.45 

B2 2.45 0.55 50 (24) 
(n=33) 

MspI C1 4.05 0.86 
(22 1.8 0.14 24 (20) 

(11=21) 
pERT87-8 TaqI E1 2.7/1.1 0.33 

E2 3.8 0.67 44 (45) 
(n=51) 

BstXI D1 4.4 0.29 
D2 2.2 0.71 41 (40) 

(n=49) 
pERT87-15 XmnI K1 2.8 0.54 

K2 1.6/1.2 0.46 50 (35) 
(n=46) 

TaqI J1 3.3 0.71 
J2 3.1 0.29 41 (7) 

(n=66) 
BamHI G1 9.4 0.22 

G2 7.1/2.3 0.78 34 (20) 
(n=23) 
Total 99 

a Values in parentheses represent the proportion of heterozygous females relative to total females 
examined, i.e., observed P.I.C. b Values in parentheses represent number of independent chro- 
mosomes counted in individuals related only by marriage but not genetically. 
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(P.I.C.) of the three probes at the pERT87 (DXS164) locus. When pERT87-1 
was used as a probe, the P.I.C. calculated from the allele frequency was 4 9 ~  for 
the enzyme XmnI, 5 0 ~  for BstNI, and 2 4 ~  for MspI. When pERT87-8 was 
used, the P.I.C. was 4 4 ~  for TaqI and 4 1 ~  for BstXI. The P.I.C. was 5 0 ~  for 
XmnI, 4 1 ~  for TaqI, and 3 4 ~  for BamHI with the probe pERT87-15. When 
the four enzymes XmnI, BstNI, TaqI, and BstXI were combined, the total P.I.C. 
was 98 ~.  This was raised to 99 ~ by adding two more enzymes (MspI and Barn- 

HI). 
The observed P.I.C. was as high as 35~ when testing pERT87-1/Xmnl. For 

pERT87-8, it was 45~ with Taql and 40~ with BstXl. When Xmnl was used, 

it was 35~o for pERT87-15, followed by pERT87-1/MspI and pERT87-15/BamHI 
(both 20~) .  The test of pERT87-15/TaqI showed the lowest P.I.C. of 7 ~ .  

Diagnostic applicability 
Table 2 shows the diagnostic applicability of combinations of the pERT87 

subclones and six restriction enzymes in the 59 Japanese females examined. RFLPs 
were detected in 73 ~ of all the females examined. They were detected in 39 
when pERT87-1 was used with XmnI and/or Mspl, in 5 0 ~  when pERT87-8 was 
used with TaqI and/or BstXI, and in 3 7 ~  when pERT87-15 was used with Xmnl 
and/or BamHI, with all combinations giving high detection rates. The combination 
of XmnI/pERT87-8 and -15 gave a 51 ~ incidence of high RFLPs, although TaqI/ 

Table 2. Diagnostic applicability of combinations of pERT87 subclones and restriction 
enzymes for DMD/BMD diagnosis. 

Probes Restriction enzyme 
Applicability (~) 

P.I.C. Observed P.I.C. 

pERT87-I XmnI and/or BstNI 74 

XmnI and/or MspI 62 

BstNI and/or MspI 62 

XmnI, BstNI and/or MspI 81 

pERT87-8 TaqI and/or BstXI 67 

pERT87-15 XmnI and/or TaqI 70 
XmnI and/or BamHI 67 

TaqI and/or BamHI 61 

XmnI, TaqI and/or BamHI 81 

pERT87-1 and-15 XmnI 75 
pERT87-8 and -15 TaqI 67 
All XmnI, Bst NI, Msp I, TaqI, Bst XI 99 

and/or BamHI 

37 (19/51)~ 

39 (20/51) 

29 (9/31) 

39 (20/51) 
50 (23/46) 

32 (18/56) 

37 (15/41) 
15 (8/53) 

34 (19/56) 
51 (28/55) 
32 (19/59) 
73 (43/59) 

Values in parentheses are the number of informative females relative to total females. 
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pERT87-8 and -15 gave a 3 2 ~  incidence of low RFLPs. When all three probes 
and all six restriction enzymes were used, the incidence of RFLPs was 99 7o for 
P.I.C. and 73 ~/o for observed P.I.C. 

Result of carrier diagnosis by RFLPs analysis 
Practical diagnosis of  carrier status was possible in 9 0 ~  of the individuals 

tested, i.e., carrier status were determined in 18 out of 20 members from 20 families. 
Table 3 shows the results. Deletions were not detected by the pERT87 probes 
in any of the individuals examined. 

Result of detection of deletions with cDNA probes 
Table 4 shows the result of detection of deletions when dystrophin cDNA 

probes were used in the 19 males with D M D / B M D  from 17 families. Figure 3 
shows an autoradiogram of the results obtained with eDNA probe 8. The detec- 
tion rate of  deletions was 11, 5, 42, and 58 ~ with cDNA probes 1-2a, 2b-3, 5b-7, 
and 8, respectively. Probe 4-5a did not detect any deletions. The total detection 
rate of deletions was 7 4 ~  with the five cDNA probes. Of  the 19 patients, 37)/o 
had deletions spanning the regions detected by two consecutive eDNA probes (5b-7 
and 8), although only 5 ~  had a deletion detected by both 1-2a and 2b-3. Almost 

Table 3. Result of carrier diagnosis by RFLPs analysis in 20 females from 20 unrelated 
families. 

Total no. of Total no. of No. of informative No. of uninfor- 
families client females females mative females 

20 20 (100K) 18 (90~) 2 (10~) 

Table 4. Result of detection of deletions in the DMD/BMD patients with cDNA probes. 

cDNA probes Deletion detection rate (~) 

1-2a 11 (2/19) a 

2b-3 5 (1/19) 

1-2a & 2b-3 5 (1/19) 

4-5a 0 (0/19) 

5b-7 42 (8/19) 

8 58 (11/19) 

5b-7 & 8 37 (7/19) 

Total 74 (14/19) 

a Values in parentheses are the number of DMD/BMD with detected deletion relative to total 
DMD/BMD examined. 
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all the deletions (92 ~)  could be detected with just the two probes l-2a and 8. Junc- 
tional fragments were detected in two males (14~) with DMD using cDNA probe 
8. The distribution of deletions in the DMD/BMD patients is shown in Table 5. 

Examples of carrier diagnosis 
Figures 4 through 7 show practical examples of carrier diagnosis. 

Fig. 3. Autoradiogram of HindIII fragments detected with cDNA probe 8 on 18 DMD 
patients (from no. 1 through no. 14 and no. 16 through no. 19) and one BMD 
patient (no. 15). In no. 3, 1.6, 3.7, 3.8, and 10.0 kb fragments were deleted. All 
fragments were deleted in no. 4. No. 7, 12, 13, and 15 deleted 10.0 kb fragments. 
No. 12 and 13 were brothers. Junctional fragments were detected in no. 9 and 
10. A 1.6 kb fragment was deleted in no. 11. 1.6, 3.7, and 3.8 kb fragments 
were deleted in no. I7. In no. 18, 1.6 and 10o0 kb fragments were deleted. 
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Table 5. Distribution of deletions in the DMD/BMD patients rel', 
detected with dystrophin cDNA probes. 
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Kb 
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, . /  patient's no. 1916 I i213 3 7 18 4 1711 9 IO 15 

relative to HindlII fragments 

Figure 4 shows a family with three cases of inherited DMD.  Both I-2 and 
II-3 were detected by using pERT87-15/XmnI. A male with D M D  (II-5) inherited 
a 1.6 kb fragment (K2) from his mother (I-2). The same fragment was inherited 

by his sister (II-3), whose findings were consistent with carrier status. Her son 
(III-1) was affected with D M D  because he inherited the same 1.6 kb fragment (K2). 
On the other hand, a healthy male (I1-4) had a 2.8 kb fragment (K1) instead of 
the 1.6 kb fragment (K2). Junctional fragments were detected in II-5 and III-1 
using cDNA probe 8 (Table 5, patients no. 9 and 10). 

Figure 5 shows a family with a sporadic case of D M D  presumably caused by 
a spontaneous new mutation. Carrier diagnosis was possible with testing using 
pERT87-8/BstXI. The father (I-1) was hemizygous for a 4.4 kb fragment (D1), 
and the mother (1-2) was homozygous for a 2.2 kb fragment (D2/D2). Their daugh- 
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A family with inherited DMD informative for pERT87-15. The asterisk indi- 
cates the X chromosome carrying the DMD locus. Junctional fragments were 

detected in II-5 and III-1 using cDNA probe 8. Squares represent males and 
circles represent females. 

A family with sporadic D M D  caused by spontaneous new mutation demonstrated 
by pERT87-8. The X chromosome of DMD III-1 is demonstrated to have come 
from its maternal grandfather I-1 and therefore DMD was caused by spontaneous 
new mutation, Deletions of DMD gene were detected in III-1 using cDNA probes 
5b-7 and 8. Squares represent males and circles represent females. 

ter (II-2) was heterozygous for the 4.4/2.2 kb fragments (D1/D2). The X chromo- 
some of the affected male (III-1) was demonstrated to have come from the maternal 
grandfather (I-l) who was healthy. This strongly suggested that the DMD in 

Jpn. J. Human Genet. 



D N A  ANALYSIS OF DMD AND BMD IN JAPAN 221 

1 
[] 

A2 
C1 
32 

E2 

Jl 

ffl 

A2 [A2 
C1 C1 
D2 D1 
E2 E1 
J1 J] 
K1 ffl 

noncarrJer 

Fig. 6. 

Fig. 7. 

A2 I A2 C1 CI 

DI D2 
E1 E2 
Jl Jl 

K1 K1 

A2 
C1 

D2 

E2 

J1 

KJ 

i 3  

l 
BMD 

1 
I [] 

G1 
J1 

1 

i i  A2 A2 

D2 D2 D2 

E2 E2 E2 
G1 G1 G2 

J1 J1 J1 

K1 K1 

Q2 

D2 D2 
E2 E2 
G2 G1 
JI J1 

Ki 

BMD n0ncarrier DMD 

3 

A2 It2 D2 D2 
E2 E2 
G1 G1 
Jl J1 
K1 K1 

l 
carrier 

'recombinant' 

Fig. 6. Fig. 7. 

A family with hereditary BMD informative for pERT87-8. The asterisk indi- 
cates the X chromosome carrying the BMD locus. The daughter II-1 is demon- 
strated to be a noncarrier. A deletion of BMD gene was detected in 11-2 using 
cDNA probes 5b-7 and 8. Squares represent males and circles represent females. 

A family with sporadic D M D  informative for pERT87-15. The asterisk indi- 
cates the X chromosome carrying the D M D  locus. II-1 and II-3 are demonstrated 
to have the same X chromosomes which did not go to affected 11-2, from their 
mother I-2. However, CPK level of 1I-3 was remarkably high and therefore 
1I-3 was diagnosed to be carrier resulted from recombination event. A deletion 
of D M D  gene was detected in II-2 using cDNA probe 1-2a. Squares represent 
males and circles represent females. 

CPK 

1953mU/ml 

this case was caused by a new mutation. II-2 was diagnosed as a noncarrier. De- 
letions of the DMD gene were detected in III-1 using cDNA probes 5b-7 and 8 
(Table 5, patient no. 18). 

Figure 6 shows carrier diagnosis of a family with inherited BMD that was 
detected by pERT87-8/TaqI and pERT87-8/BstXI. The mother (I-2) was hetero- 
zygous for 2.7/3.8 kb fragments (El/E2) and 4.4/2.2 kb fragments (D1/D2). Al- 
though her son (II-2) affected with BMD inherited 3.8 and 2.2 kb fragments (E2/ 
D2), her daughter (II-1) inherited different fragments (2.7 and 4.4 kb, El/D1) de- 
monstrating that she was a noncarrier. A deletion of the BMD gene was detected 
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in II-2 using cDNA probes 5b-7 and 8 (Table 5, patient no. 15). 
Figure 7 shows a carrier caused by a recombination event in a family with 

sporadic DMD. In this case, RFLPs of the mother (I-2) were detected by testing 
with pERT87-15/BamHI. The mother (I-2) was heterozygous for 9.4/7.1 kb frag- 
ments (G1/G2) and the father (I-l) was hemizygous for 9.4 kb fragment (G1). Al- 
though the affected son (II-2) inherited a 7.1 kb fragment (G2), two daughters (II-1 
and II-3) inherited a 9.4 kb fragment (G1), indicating that both had noncarrier 
status. However, the CPK level of daughter (II-3) was remarkably elevated (1953 
mU/ml), so she was apparently a carrier resulting from recombination between 
the actual mutation and the probe pERT87-15. A deletion of the DMD gene 
was detected in II-2 using cDNA probe 1-2a (Table 5, patient no. 19). 

DISCUSSION 

This DNA study exemplifies the usefulness of RFLPs analysis and deletion 
detection with pERT87 genomic probes and dystrophin cDNA probes in the carrier 
detection and prenatal diagnosis of Japanese DMD/BMD families. Allele fre- 
quencies of eight RFLPs were calculated first and then the polymorphism informa- 
tion content (P.I.C.) was investigated. Testing using pERT87-15/XmnI achieved 
the highest P.I.C. of 50~, followed by pERT87-1/BstNI, pERT87-1/XmnI, and p- 
ERT87-8/TaqI with 50, 49, and 44 ~,  respectively. Testing using pERT87-8/BstXI 
and pERT87-15/TaqI had the same P.I.C. of 41 ~,  followed by pERT87-15/BamHI 
with 34~. The use of pERT87-1/MspI achieved the lowest P.I.C. of 24~. The 
total P.I.C. was 98 ~ when six RFLPs were combined and increased to 99 ~ with 
two additional RFLPs. The observed P.I.C. demonstrating the proportion of 
heterozygous females relatives to the number of total females examined was the 
highest using pERT87-8/TaqI (45~), followed by pERT87-8/BstXI, pERT87-1/ 
XmnI, pERT87-15/XmnI, and pERT87-1/BstNI (40, 35, 35, and 24~,  respectively). 
Testing using pERT87-1/MspI and pERT87-15/BarnHI achieved the same total 
P.I.C. of 20~,  whereas pERT87-15/TaqI had the lowest observed P.I.C. of 7~.  
In practical carrier diagnosis of specific DMD/BMD families, the combinations 
which had not only a high P.I.C. but also a high observed P.I.C. were the most 
effective. 

A comparison of our results to those obtained in Caucasians (Kunkel et al., 
1985) shows that testing with combinations such as pERT87-1/XmnI, pERT87-15/ 
XmnI, pERT87-8/TaqI, and pERT87-8/BstXI was also useful in the Japanese popu- 
lation, while pERT87-15/TaqI iwhich was effective in Caucasians was not useful. 
A recent article that reported the usefulness of pERT87-15/XmnI, pERT87-1/BstNI, 
and pERT87-1/XmnI in the Japanese population (Sugino et al., 1989) was almost 
completely consistent with our results. Another report on the usefulness of four 
test combinations (Akita et al., 1987) was also consistent with our observations, except 
that pERT87-15/XmnI had a higher P.I.C. and pERT87-8/BstXI had a lower P.I.C. 
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in our study. 

Two additional combinations of pERT87-1/MspI and pERT87-15/BamHI 
enabled us to detect RFLPs when other tests were not informative. They are highly 
useful since RFLPs could be detected in three out of five cases (60 ~) which were 
not detected by the other six conventional tests combinations. Their P.I.C. and 
observed P.I.C. values, however, were both rather low. The reason might be that 
a small number of independent chromosomes was examined with these tests, so 
the P.I.C. and observed P.I.C. values could become higher with an increase of the 
number of individuals analyzed. 

When carrier diagnosis was done on 20 individuals who were at risk as DMD/ 
BMD carriers from 20 unrelated families, carrier status could be determined in 90 
(18/20), consistent with the rate of 94 ~ obtained previously in Caucasians (Kata- 
yama et al., 1988). This demonstrates the usefulness of RFLPs analysis with p- 
ERT87 genomic probes in carrier detection of DMD/BMD in the Japanese popu- 
lation. 

The reliability of RFLPs analysis depends on the genetic distance between 
DNA probes and the actual gene mutation (Renwick, 1969). In the case of p- 
ERT87 probes, the probe is actually a part of the DMD/BMD gene. However 
the DMD/BMD gene is so large (estimated to span 2 million base pairs) that there 
is about a 2 ~o recombination rate at each meiosis within the gene itself. Actually, 
a rate of about 5 ~o for recombination events has been reported in Caucasian fam- 
ilies (Kunkel et al., 1986). In the present study, we found one recombinant in 74 
meiotic events out of 20 families analyzed (a 1.4~ recombination rate that is con- 
sistent with the 2 ~ theoretical value) (Fig. 7). The recombinant turned out to be 
a carrier based on the marked elevation of CPK activity, so we strongly suggest 
measurement of CPK activity in clients when making a diagnosis of carrier status. 

One of the strong advantages of RFLPs analysis is that it may detect DMD/ 
BMD caused by a spontaneous new mutation (one-third of DMD/BMD cases) 
and separate it from that caused by an inherited mutation. In the present 20 fam- 
ilies examined, seven out of 13 sporadic cases were considered to be caused by a 
spontaneous new mutation. This value was consistent with the theoretical one of 
35 ~o of all DMD/BMD cases and 54 ~ of all sporadic cases (Haldane's rule). An- 
other strong advantage of RFLPs analysis is that we can perform carrier diagnosis 
by assessing the X chromosomes of normal males even when DMD/BMD patients 
are not available in the family. We could make a carrier diagnosis in all three 
families where DMD cases were not available (17~ of the 18 families where carrier 
diagnosis was possible). 

The total detection rate of deletion was 74 ~ using five dystrophin cDNA probes 
of the 5' end of the DMD/BMD gene. Deletions were detected in 72~o (13/18) 
of the DMD patients and in the one BMD patient. This detection rate was rather 
higher than that of 25~ in DMD and 50~ in BMD for the Japanese population 
as a whole (Asano et al., 1990), resembling the high detection rate in Caucasians 

Vol. 36, No. 3, 1991 



224 T. U B A G A I  et aL 

RFLPs analysis using eight testings with three pERT87 subclones 

priority to be used 

1. 87-1 8, 15 / XmnI 

2. 8%8 / faqi & BstXl 

3. 87 1.5 / Bali  

4. 87-1 / MspI 

informative uninformative 

90~ 10~ 

DMD patient 

( 1/3 ) 

f 
new mutation 

might be detecLed 

confirms noncarrJer 

use 

f2anking markers 

if  necessary 

] I 
( 2/3 ) available 

1 
cDNA analysis 

hereditary with ]-2a & 8 

deletion 

I J 
detectable u.detectable 

70% ~0~ 

helpful in 

prenatal diagnosis 

unavailable 

use other  poly- 

morphic markers 

Fig. 8. Diagnostic algorithm of carrier detection of  Japanese D M D .  

(Koenig et al., 1987). The discrepancy might be explained by our small sample 
size--especially for BMD (one case). Deletions were concentrated on two hot 
spots where 92~ of all deletions (12/13 deletions) were detected with two cDNA 
probes (1-ia and 8). Therefore, these two probes alone may be efficient enough 
to screen for deletions. Junctional fragments were also detected in two males 
with DMD (14 ~) using cDNA probe 8. 
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The detection of deletions with cDNA probes has some disadvantages in that 
it require living males with DMD/BMD,  and in addition diagnosing carrier status 
is difficult because deciding the number of copies of  a band on an autoradiograph 
is inaccurate and impossible in the presence of the normal chromosome. How- 
ever, deletions were detected in two males with D M D  from two families which 
were not detected by alI eight RFLPs tested, one by both cDNA probes 5b-7 and 
8, and the other by probe 8 (Table 5, patients no. 7 and 11). As the findings could 
be applied to prenatal diagnosis, cDNA analysis is worth doing when RFLPs testing 
is uninformative. 

Based on the observations mentioned above, we propose the following as the 
most  efficient and useful strategy for diagnosing carrier status in Japanese D M D /  

BMD families. At first, eight RFLPs are tested with pERT87 genomic probes. 
The priority of  the RFLPs tested should be in the order of 1) pERT87-1 and -15/ 
XmnI, 2) pERT87-8/TaqI and BstXI, 3) pERT87-15/BamHI, and 4) pERT87-1/ 
MspI. At this point, 90 ~ of the clients will have shown at least one of the eight 
RFLPs. Additional use of  some close flanking probes will rule out recombination 
and increase diagnostic accuracy. In the remaining 10~,  however, no RFLPs 
may be detectable. I f  males with D M D / B M D  are available in this remaining 10 
of the families, cDNA analysis can be used to detect deletions with the two c D N A  

probes 1-2a and 8. In about 7 0 ~  of D M D / B M D ,  deletions will be detected by 
this second test. These findings can be applied to prenatal diagnosis, although 
carrier status cannot be determined by the deletions detected. Finally, where 

deletions are not detected or males with D M D / B M D  are unavailable, the use of 
other intragenic genomic probes like P20 or XJI.1 or flanking markers like C7 or 
L1.28 should be considered. This strategy is shown as a diagnostic algorithm in 
Fig. 8. 
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