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Evidence of genetic heterogeneity in the
autosomal recessive adult forms of limb-girdle
muscular dystrophy following linkage analysis
with 15q probes in Brazilian families
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Abstract
The autosomal recessive limb-girdle
muscular dystrophies (LGMD) represent
a heterogeneous group of diseases which
may be characterised by one or more
autosomal loci. A gene at 15q has recently
been found to be responsible for a mild
form of LGMD in a group of families
from the isolated island of Reunion, now
classified as LGMD2. Based on results of
eight out of 11 large Brazilian LGMD
families of different racial background
(which were informative for the closest
available probe to the LGMD2 gene), we
confirmed linkage to the LGMD2 gene at
15q in two of these families and exclusion
in six others. These data provide the first
evidence of genetic heterogeneity for the
autosomal recessive limb-girdle muscu-
lar dystrophies.
(J7 Med Genet 1993;30:385-7)

Progressive muscular dystrophies (PMD) in-
clude a group of at least 20 distinct genetic
disorders which display different patterns of
inheritance and are characterised by a progres-
sive muscle wasting and weakness.'
Among the different forms of PMD, the

limb-girdle muscular dystrophies (LGMD)
represent a heterogeneous group of diseases.23
Inheritance is autosomal recessive (AR) in the
majority of cases with an increased rate of
consanguinity among parents of affected
patients. They include affected patients of
both sexes and the weakness begins in the
shoulder or limb-girdle with no facial muscle
involvement. The clinical course is variable
from very severe forms with onset in child-
hood and very rapid progression24-6 to mild
types with onset in the second or third decade
and a much slower course.23
The distinction between the different AR

forms is extremely difficult based on clinical or
laboratory findings, so the only way to assess
the problem of genetic heterogeneity is
through linkage analysis in an attempt to verify
if there is more than one gene responsible for
the different subtypes.
The identification of a sequence on chromo-

some 6, which has high homology with the
dystrophin locus,7 led to the suggestion that
this gene might be responsible for one of the
AR forms of LGMD. However, a linkage
analysis study using probes from the 6q2 re-

gion in 17 Brazilian families with LGMD
excluded this sequence as the LGMD candi-
date gene.8
A gene at 1 5q (using the marker locus

D1SS25) was found to be responsible for a
mild form of LGMD, based on a study of 95
subjects belonging to 12 families from the
island of Reunion (an isolated island in the
Indian Ocean).9 This condition has been clas-
sified as LGMD2.10 Positive lod scores using
15q probes have also been reported among
LGMD families from the Amish population
indicating that the same gene is apparently
involved."I

In order to verify if there is genetic hetero-
geneity among AR LGMD families, we have
genotyped members of 11 Brazilian families
with six markers near the locus D1SS25.

Subjects and methods
FAMILIES
A total of 164 subjects (44 affected and 120
normal) from 11 Brazilian LGMD families
was included in the present analysis. Except
for one family (No 23), the pedigrees, clinical
data, and laboratory examinations (serum en-
zyme determinations and muscle biopsies)
from all the patients belonging to these fami-
lies have been previously described and corres-
pond to pedigrees 1, 2, 3, 5, 6, 7, 8, 15, 16, and
19 from a previous report.'2 We have used the
same numbers in the present paper as shown in
the figure.

METHODS
DNA was extracted from whole blood accord-
ing to the method of Kunkel et al.'3 DNA
analysis was done at CEPH. The methodology
for Southern blotting was the same as de-
scribed previously.9 The following probes
were used: D15S24 (15q13), D15S25
(15q15.1),'4 D15S2 (15ql2-q22), and DISS1
(15q14-q21). In addition, the DNA samples
were analysed by polymerase chain reaction
(PCR) for two loci, ACTC (15qll-qter)'4'5
and D15S143 (J S Beckmann, unpublished
data). The method used for ACTC has
previously been reported,'4 and was also
used for D15S143 except for a lower annealing
temperature (53°C). The PCR products were
visualised in a 6% sequencing gel.
The last published genetic map of chromo-
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some 15 suggested the following order for
these loci: D15S24-ACTC-D15S25-LGMD2-
D1SS1, D15S2.'6

LINKAGE ANALYSIS
A two point analysis between each of these
markers and the disease locus was performed
using the computer program LINKAGE.'7
Homogeneity was tested through the Homog
program (including all the French and Brazi-
lian families) using the marker D15S143, since
it is the most informative among the closest
available markers to the disease gene. This
marker, which is located at most 8 cM, from
the LGMD2 locus, is apparently between
D15S25 and DISS1 (J S Beckmann, unpub-
lished data). The LGMD gene has been
assumed to be autosomal recessive with com-
plete penetrance and a gene frequency of
0001.

Results
The total lod score results for each of the six
loci in the 11 families and the lod scores per
family for locus D15S143 are summarised in
tables 1 and 2 respectively. The families are
not informative for the probes D15S25,

Table 1 Two point linkage analysis between each
marker locus and the disease gene.

Recombination fraction (0)

Locus 0 0-05 0-1 0-2 0-3

D15S24 -X 0 01 2-70 3 49 2-43
ATCT -x -5 80 -0-37 2-49 2-12D15S25 - 3'-3-36 - 1-54 - 0-32 - 0-01
DISS143 - X 1-33 3-20 3 45 2-31
D15S2 -x -0-60 -0-14 0-14 0-14
D1SSI -x -3 33 -1-68 -0-53 -0-20

DJSS1, and D15S2. The loci D15S24, ACTC,
and DISS143 gave positive lod scores, maxi-
mum 3-69 at 0= 018, 2 51 at 0= 025, and 3-43
at 0= 0 2 respectively, suggesting evidence of
linkage. Pedigree 19 alone (figure) gave lod
scores of 3-53 at 0 = 0 1 with the locus D15S24
and of 6-89 at 0 = 0 0 with the locus DISS143
(table 2), strongly supporting linkage between
this locus and the disease gene in this family.
These results were confirmed through the
Homog tests which also showed that another
family (No 1) has a 98% probability of being
linked to the D15S143 locus (table 3).
However, in six families (2, 5, 7, 15, 16, and

22) linkage with this locus was excluded, sup-

porting genetic heterogeneity (X2= 15-11,
p=000001). The remaining three families (3,
6, and 8) were not informative for D15S143,
but showed negative lod scores with the loci
D15S24, ACTC, and D15S25. In addition,
DISS1 in family 6 and D1SS2 in family 3 also
gave negative lod scores (data not shown).

Discussion
The confirmation of linkage to the putative
LGMD2 gene at 15q in two of the Brazilian
LGMD families and exclusion in six others (as
indicated by the Homog test) provides the first
evidence of genetic heterogeneity for the AR
limb-girdle muscular dystrophies.

All the affected patients from the Brazilian
families included in the present study have the
milder form ofLGMD with clinical and labor-
atory findings very similar to those reported
for the French families (Zatz et al, in prepara-

tion).
The LGMD families from Reunion, shown

to be linked to the 15q locus D15S25,9 are

11
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Table 2 Two point linkage analysis between D15S143 and the disease gene per
family.

Recombination fraction (0)

Family 0 0 01 0-05 010 0 20 0 30

1 221 2 15 1-94 1-67 1-14 065
2 - x -2-55 -1 34 -0-78 -0 30 -0 10
3 000 000 000 000 000 000
5 -oc -1 36 -068 -041 -0-18 -007
6 027 027 025 022 0-15 008
7 -oc -1 32 -060 -030 -008 -002
8 000 000 000 000 000 0(00
15 -xc -379 -179 -102 -038 -012
16 -xc -1-26 -059 -033 -0-12 -004
19 689 673 6 10 531 370 2 11
23 -x -397 -1 96 -1-16 -048 -0-18

inbred and all patients are thought to descend
from a common ancestor suggesting a founder
effect. It is therefore very likely that in this
population all affected subjects carry the same
mutated gene, similarly in the LGMD Amish
families."I

It is interesting to note that, in the present
study, only two out of the eight informative
families for D15S142 apparently carry the
same mutated locus as described for the
French families. Although these two families
that showed linkage to the 15q locus have
different racial backgrounds (one is negroid
and the other caucasoid), they are both highly
inbred, living in small villages about 400 km
apart, which represented until recently small
geographical isolates. Such findings suggest
that the 1 5q gene may be responsible for only a
small proportion ofLGMD in our population.
Once a candidate gene is identified it is of

great importance to study a large number of
affected families from different populations in
order to test for genetic heterogeneity and
estimate the relative frequency of different
subtypes of LGMD. In this respect, the
inbreeding in the Brazilian population and the
existence of large families with many affected
subjects represent a valuable advantage. How-

Table 3 Homog test using locus D15S143 in LGMD
Brazilian families.

Confidence limits
Conditional probability

Family of linked type Lower Upper

1 098 093 099
2 000 022 076
3 045 020 075
5 0-00 0 00 0-33
6 060 032 085
7 000 000 037
8 018 006 056
15 0-00 0 00 0-04
16 000 000 044
19 1-00 1-00 1-00
23 0 00 0 00 0-03

x215=11,p=00001

ever, it is important to point out that, if genetic
heterogeneity exists as suggested by the pre-
sent report, lod scores should be analysed
independently in large informative families
and not pooled from different small pedigrees.
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