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SUMMARY The linkage relationships of the gene for Emery-Dreifuss muscular dystrophy have
been analysed in a large American kindred using DNA probes from different regions of the X
chromosome. Close linkage was found with the locus for factor VIII, with no recombinants in 12
opportunities (maximum lod score 4.3), and with locus DXS15 (two recombinants in 17
opportunities, maximum lod score 2*9 at 0=10 cM). No linkage was found with probes pERT87
and 754, which are closely linked to Duchenne and Becker muscular dystrophies at Xp2l. These
results confirm a separate localisation on the distal part of the long arm at q27-28 for
Emery-Dreifuss muscular dystrophy and should provide the basis for prenatal diagnosis and
improved carrier detection in this disorder if the linkage is confirmed to be close.

Emery-Dreifuss muscular dystrophy is a rare but
clinically distinctive X linked muscular dystrophy.
The principal features separating this disorder from
the commoner and more widely recognised Becker
and Duchenne muscular dystrophies include prom-
inent and early cardiac involvement, widespread
joint contractures, relatively mild and slowly prog-
ressive muscle disease, and a distribution of muscle
involvement that may selectively involve the
peroneal muscles in addition to the proximal groups.
The disorder was originally described by Dreifuss

and Hogan' and by Emery and Dreifuss2 in Amer-
ica, but has subsequently been recognised in other
parts of the world.

Until recently there was no clear information on
whether the various X linked muscular dystrophies
were determined by one or by separate genetic loci.
Initial evidence suggested genetic linkage between
Becker muscular dystrophy and colour blindness,3
but linkage analysis with X chromosome DNA
polymorphisms has since shown conclusively that
both Becker and Duchenne dystrophies are local-
ised on the short arm at band p21.4 The two forms
may well be allelic, though this has yet to be proven.
The first clear suggestion of a separate localisation

for Emery-Dreifuss dystrophy came from the find-
ing of Boswinkel et a/6 that there was frequent
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recombination with short arm X chromosome DNA
markers closely linked to DMD, and that the distal
long arm probe DX13 (DXSI5) showed evidence
supporting linkage. An earlier report by Thomas et
al of close linkage between colour blindness and an
X linked scapuloperoneal myopathy, with no recom-
binants in 10 meioses, may have been studying the
same condition. We present data from a large
American kindred with Emery-Dreifuss dystrophy,
originally described by Hopkins et al,8 which
confirms a distal long arm localisation for this locus.
The use of a single large kindred avoids the
problems of combining data from families which
may be heterogeneous.

Methods

The kindred under study lives in the North Georgia
region of the south-east United States and clinical
features have been fully reported previously.8 Car-
diac conduction defects are a prominent and early
feature of affected males, muscle weakness is
relatively mild and of a humeroperoneal distribu-
tion, while early joint contractures occur at the neck
and elbows. All males sampled were carefully
assessed clinically. Colour blindness was tested for
using Isihara plates.
DNA was isolated from venous blood by the

method of Kunkel et af and restriction digests,
agarose electrophoresis, and Southern blotting were
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TABLE 1 DNA probes studied.

Probe HGM Localisation Source RFLP Alleles
nomenclature

Sizes (kb) Frequency

DX13 DXSI5 Xq28 K E Davies BglI 5-4 0-38
(Oxford) 2-0 0-62

Factor F8C Xq28 J Gitschier BclI 1-17 0-29
VIII (San Francisco) 0-90 0-71

Factor F9 Xq26-27 3 G G Brownlee TaqI 1-8 0-71
IX (Oxford) 1-3 0-29

754 DXS84 Xp2l P Pearson PstI 12-0 0-62
(Leiden) 9-0 0-38

pERT87-1 DXS164 Xp2l L M Kunkel XmnI 8-7 0 66
(Boston) 7-5 0-34

carried out as previously reported.' The DNA
probes studied are shown in table 1 and cover two
major regions of the X chromosome: the p21 region
known to involve Duchenne and Becker dystrophies
and the distal part of the long arm.
Lod scores were calculated using the programme

LIPED.'o

TABLE 2 Linkage analysis between Emery-Dreifuss
muscular dystrophy and the marker loci.

6 F8C DXS15 F9 DXS84 DXS164

0 00 4-249 -c0 -x -x -_
0-01 4 185 1 607 -8 104 -2-921 -9-427
0-05 3-922 2-686 -4-070 -1*006 -4 703
0-10 3-578 2-871 -2-462 -0-336 -2-814
0-15 3-215 2-783 -1*605 -0-045 -1-808
0-20 2-831 2-566 -1-058 0-089 -1-168
0-25 2-422 2-263 -0-682 0-141 -0-734
0-30 1-986 1-893 -0-415 0-144 -0-434
0-35 1-519 1-460 -0-226 0-119 -0-229
0-40 1-016 0-967 -0-099 0-081 -0-097
0-45 0-483 0-433 -0-024 0-040 -0-023

Results

Table 2 shows the estimated lod scores between
Emery-Dreifuss muscular dystrophy and the various
marker loci at different values of recombination
fraction (0). Table 3 gives the numbers of recom-
binants for specific meioses and the figure shows the
pedigree structure and the genotype for the loci
DXSJ5 and F8C.

TABLE 3 Recombinants between Emery-Dreifuss
muscular dystrophy and the marker loci.

Locus Phase known Phase Total
unknown

Recombinants Non- R/R+NR
recombinants R NR

F8C 0 2 0: 10 0/12
DXS15 2 5 0: 10 2/17
F9 0 5 6: 3 6/14
DXS84 1 2 5: 6 6/14
DXS164 3 4 6: 6 9/21

(1) (2-1)
2)

(2-1) 2 (2-1)
(1) (2-1) (2) (2-1) (2) (2-1)

2 2 1 2-1 1-1 - 2-2 11 222-2 2-2 -1
2 1 1 2 1-l 2-1 2 22-1 2 2-1 2-2

2L
2 2-2 2-1 1 2 2-1 2-1 2 2 2

FIGURE Pedigree ofkindred with Emery-Dreifuss muscular dystrophy showing genotypes for F8C (upper) and DXS15
(lower). Some parts of the kindred not available for testing have been omitted.
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It can be seen that the lod scores for the two short
arm probes 754 and pERT87-1, which are closely
linked to Duchenne and Becker muscular dys-
trophies, are negative. The values for the two loci
located at Xq27-28, F8C and DXSJ5, show clear
linkage, with no recombinants so far detected for
F8C and only two recombinants out of 20 for
DXS15. The data for F9, situated proximally to
the fragile site at Xq27-3, show no measurable
linkage, with five recombinants out of 15 scorable
meioses.
The kindred was not informative for colour

blindness.

Discussion

The results from this kindred leave no doubt that the
locus for Emery-Dreifuss muscular dystrophy is
distally located on the long arm of the X chromo-
some and they exclude a short arm localisation
comparable to that of the Duchenne and Becker
forms. The localisation at q27-28 is similar to that
suggested by Boswinkel et at6 and to that found
previously by Thomas et at7 with colour blindness if,
as seems likely, their kindred had Emery-Dreifuss
muscular dystrophy.
Although we have found closer linkage with F8C

than with DXS15, we have no definite information
on the relative ordering of the three loci yet, since
the portion of the kindred showing recombination
with DXS15 was uninformative for F8C. Further
studies on other branches of this kindred are in
progress, and several other probes located termin-
ally on Xq, including Stl4, are being analysed,
which should throw light on the precise ordering of
the disorder in relation to the various marker loci. *
To our knowledge no case of haemophilia A and a
myopathy suggestive of Emery-Dreifuss dystrophy
has been recorded in the same patient, as might be
expected to occur occasionally due to a deletion if
the two loci are indeed very close.
Although Emery-Dreifuss muscular dystrophy is

not such a disabling disorder physically as the
Duchenne and Becker forms, the combination of
progressive muscle weakness and, in particular, the
serious cardiac complications result in considerable
morbidity and at times mortality, so that accurate
identification of carrier status and prenatal predic-
tion using closely linked probes should be of help to
family members. This kindred has previously been
the subject of a cost-benefit analysis of preventive
measures that has documented their economic

*We have recently completed linkage analysis using probe StI4-1 (DXS52)
and have found two recombinants in 38 informative meioses; these are the
same two recombinants identified by DX13 (DXSI5). The linkage results for
Emery-Dreifus/Stl4-1 give a maximum lod score of 6-95 at 6 cM.

value." Further information on the precise localisa-
tion and exclusion of further genetic heterogeneity
will be needed before this approach can be used
confidently in prediction and it will be important for
all large families with the disorder to be studied on a
world wide basis in view of its rarity.
The identification of a clearly separate genetic

locus for Emery-Dreifuss muscular dystrophy indi-
cates a basic defect distinct from that responsible for
Duchenne and Becker dystrophies. It also empha-
sises the need for careful clinical distinction of the
Becker and Emery-Dreifuss dystrophies if misinter-
pretation of genetic linkage data in prediction is to
be avoided.

We thank Dr Jane Gitschier for the gift of the factor
8 probe and Dr Kay Davies for probe DX13. Other
probes were kindly donated by Dr L Kunkel
(pERT87), Professor P Pearson (754), Dr J-L
Mandel (Stl4), and Professor G Brownlee (factor
9). This work was supported by the Muscular
Dystrophy Association of America and the
Muscular Dystrophy Group of Great Britain.
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