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Abs t rac t  Four DNA markers on the distal long arm of 
chromosome 4 have been analyzed for their linkage to fa- 
cioscapulohumeral muscular dystrophy locus (FSHD) in 
a series of  16 Italian families. We found that, in two 
families, the disease is not linked to the 4q35 markers, in- 
dicating the presence of genetic heterogeneity among Ital- 
ian FSHD families. Linkage analysis in the remaining 
families supports the order cen-D4S 171-D4S 163-D4S 139- 
D4S810-FSHD-qter, in agreement with the physical map 
from the literature. EcoRI digestion and hybridization 
with the distal marker pl3E-11 (D4S810) j detected DNA 
rearrangements in the affected members of  both sporadic 
and familial cases of  FSHD, with family-specific frag- 
ments ranging in size between 15 kb and 28 kb. In three 
sporadic FSHD cases, the appearance of a new "small" 
fragment not present in either parent was clearly associ- 
ated with the development of  FSHD disease. However, in 
the familial cases analyzed, we observed two recombina- 
tions between all four 4q35 markers and the disease locus 
in apparently normal subjects, leaving open the possibility 
of  nonpenetrance of the FSHD mutation. 

The locus D4S810 corresponding to probe pl3E-l 1 has been re- 
cently renamed D4F104S 1. 
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Introduction 

Facioscapulohumeral muscular dystrophy (FSHD) is an auto- 
somal dominant disorder with a prevalence of 1:20000 
(Padberg 1982; Lunt and Harper 1991), characterized by 
early involvement of  muscles of  the face and of the shoul- 
der girdle. Other muscles are affected by the disease in a 
specific order, abdominal muscles first, followed by foot 
extensor and upper arm muscles, and finally by pelvic gir- 
dle and lower arm muscles. Patients with a negative fam- 
ily history have been frequently described and probably 
arise because of new mutations. The disease shows con- 
siderable variation in age of onset and clinical severity, 
both between and within families, ranging from almost 
asymptomatic forms to more severe wheel-chair-bound 
forms. The penetrance is estimated to be 70% by the age 
of 15 years and 95% after 20 years (Lunt et al. 1988). 

The gene responsible for FSHD has been localized to 
the subtelomeric portion of chromosome 4 long arm (q35- 
qter), 4 cM distal to the linkage group D4S171-Fl l -  
D4S 163-D4Sl39 (Sarfarazi et al. 1992; Upadhyaya et al. 
1992; Wijmenga et al. 1992a; Weiffenbach et al. 1992; 
Gilbert et al. 1992; Mathews et al. 1992; Mills et al. 
1992). Recently, a probe derived from cosmid 13 E, iso- 
lated in an independent search for a human homeobox 
gene, has been shown to detect polymorphic DNA frag- 
ments in normal subjects, "de novo" DNA rearrange- 
ments is smaller than 28 kb in sporadic cases, and similar 
"small" fragments in familial FSHD patients (Wijmenga 
et al. 1992b). These "small" fragments in the range 14 kb 
to 28 kb were proposed to be the site of  DNA rearrange- 
ments causing the disease (Wijmenga et al. 1992 b). How- 
ever, a recent paper by Weiffenbach et al. (1993) suggests 
a more complicated picture, reporting six affected indi- 
viduals who did not display a family-specific FSHD frag- 
ment and six unaffected who exhibited a "small" fragment. 
We have tested chromosome 4q35 markers (D4S171, 
D4S163, D4S139, D4S810) for linkage to the FSHD lo- 
cus in a set of 16 Italian FSHD families and have searched 
for DNA rearrangements by probe pl3E-11 in 16 FSHD 
families and three sporadic FSHD cases. 
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Materials and methods 

Family studies 

A total of 16 FSHD families and three sporadic cases were re- 
cruited through the collaboration of Neurology Departments in 
Rome and Milan. The 16 pedigrees included 111 individuals con- 
sisting of 55 affected and 56 unaffected persons. All family mem- 
bers were examined by a neurologist before assigning the affected 
status. Diagnostic criteria followed the guidelines proposed by the 
International Consortium (Padberg et al. 1991). In each kindred, at 
least one patient had a muscle biopsy and electromyography to 
confirm the diagnosis of FSHD. 

DNA analysis 

DNA was extracted from lymphocyte nuclei, digested with the ap- 
propriate enzyme, fractionated on 0.8% agarose gels, and trans- 
ferred by Southern blotting to nitrocellulose or nylon filters (Di 
Rienzo et al. 1985). DNA probes were labeled with o~-32p by ran- 
dom oligonucleotide priming. Standard polymerase chain reac- 
tions (PCR) were carried out in 50 btl containing 200 ng genomic 
DNA, 150 ng of each oligodeoxynucleotide primer (Neuweiler et 
al. 1990), 6 ng CA strand primer 5'-labeled with 0~-32P, 125 ~M of 
each dNTP, 50 mM KCI, 10 mM TRIS-HC1 pH 8.3, 0.8 mM 
MgCI> and 1 U Taq polymerase (Perkin Elmer Cetus). Samples 
were overlaid with mineral oil and were processed through 27 tem- 
perature cycles of 1 rain at 94~ (denaturation), 2 min at 55~ 
(annealing), and I rain at 72~ (extension). The last elongation 
step was lengthened for 6 rain. Samples of one tenth of the ampli- 
fied DNAs were subjected to electrophoresis on standard denatur- 
ing polyacrylamide DNA sequencing gels. After being fixed and 
dried, the gels were exposed for I day. 

Linkage analysis 

The DNA probes detecting polymorphisms used in the linkage 
studies (D4S171, D4S163, D4S139, D4S810) were kindly pro- 
vided by Dr. R. Frants from the Department of Human Genetics, 
Leiden University, The Netherlands (see Table I). Two-point link- 

age analysis was performed by the computer package LINKAGE 
(Lathrop et al. 1984). FSHD was assumed to be inherited in an au- 
tosomal dominant fashion. Because of the age-dependent pheno- 
type, five liability classes were used according to the following age 
intervals: less than 4 years, 5-9 years, 10-14 years, 15-19 years, 
more than 19 years of age. The probability of being affected for 
each liability class was derived from cross-sectional analysis of 
age-dependent segregation ratios in 143 at-risk individuals as re- 
ported by Lunt et al. (1988). 

Multiallele systems were reduced according to the method re- 
ported by Ott (1978). Taking into account the large number of al- 
leles observed in the sample of Italian families, the frequencies of 
private alleles were conservatively assumed to be 0.10 for the 
D4S 139 and D4S 163 loci, and 0.20 for D4S 171, 

Probe p l 3 E - l l  (D4S810) reveals a complex pattern of bands 
ranging from 10 kb to 40 kb on standard agarose gel electrophore- 
sis, since it recognizes two polymorphic loci and a 10-kb Y-spe- 
cific fragment (R. Frants, personal communication). In this case, a 
two-allele system was used, scoring for the presence or absence of 
a "small" (< 28 kb) non-Y fragment. In three families showing 
more than a single "small" fragment, the smallest was scored. A 
genetic hornogeneity test among FSHD families was performed 
with the computer program HOMOG, version 2.80 (Ott 1983). 

Results 

L i n k a g e  s tudies  wi th  p o l y m o r p h i c  4q35 marke r s  

T h e  resul ts  o f  t w o - p o i n t  l inkage  analys is  b e t w e e n  the 
F S H D  locus  and the 4 @ 5  marker s  in 16 F S H  fami l i e s  are 
s h o w n  in the upper  part  o f  Table  2. The  O ........ va lues  for  
the d i f fe ren t  marke r s  are  m u c h  h ighe r  than those  repor ted  
in a pape r  by the In te rna t iona l  C o n s o r t i u m  (Sarfaraz i  et al, 
1992). A poss ib le  exp lana t ion  is that gene t i c  h e t e r o g e n e -  
ity is p resen t  in the I ta l ian s ample  o f  F S H D  fami l ies ,  lead-  
ing to an o v e r e s t i m a t i o n  o f  gene t i c  d is tances .  E v i d e n c e  o f  
genet ic  he te rogene i ty  was found in two out of  seven F S H D  
fami l i e s  f r o m  the U n i t e d  States  (Gi lber t  et al. 1993). Fo r  

Table 1 Polymorphic chromo- 
some 4q35 markers used for 
linkage analysis 

~' Denaturing sequencing gels 

Probe Locus Enzyme Type Alleles References 

Mfd22 D4AI71 None ~ (CA)n 143 163 bp Weber and May (1990) 
L 1LA5 D4S 163 PstI V NTR 5-18 kb Neuweiler et al. (1990) 
pH30 D4S 139 TaqI VNTR 4-20 kb Milner et al. (1989) 
pl3E-I  1 D4S810 EcoRl 13-300 kb Wijmenga et al. (1992b) 

Table  2 Two-point linkage analysis between the FSHD locus and 4q35 markers in 16 FSHD families 

Locus Z values at recombination fractions of 

0.00 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.25 0.30 0,,,,,~ Z, ..... 

D4S 171 _oo -5.318 -3.190 - 1.967 - I. 151 -0.350 0.3765 0.6882 0.7564 0.6690 0.24 0.76 
D4S 163 -4.039 2.8267 4.2243 4.7514 4.9766 5.0275 4.6954 4.0756 3.2898 2.4331 0.09 5.04 
D4SI39 -3.045 2.6185 4.0806 4.6802 4.9740 5.1155 4.8835 4.3189 3.6256 2.6766 0.10 5.11 
D4S810 8.0569 8.2962 8.3092 8.1404 7.8892 7.4215 6.491 I 5.4455 4.3312 3.1939 0.02 8.34 

Families FSH 03 and 12 excluded 

D4S171 _~o -1.466 -0.262 0.3131 0.6666 0.9822 1.1972 1.1917 1.0521 0.8269 0.171 1.21 
D4S163 7.3216 7.3237 7.2303 7.0535 6.8187 6.3936 5.5535 4.6076 3.6028 2.5951 0.005 7.33 
D4S 139 8.6366 8,6195 8.4896 8.2732 8.0000 7.5135 6.5645 5.4999 4.4396 3.2126 0.001 8.64 
D4S810 9.5204 9,3749 9.0554 8.7082 8.3375 7.7474 6.6924 5.5737 4.4141 3.2474 0.001 9.52 



Table 3 Two-point linkage analysis between D4S139 and the FSHD locus 

0.00 0.01 0.03 0.05 0.07 0.10 0.15 0.20 0.30 
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Family 01 1.8898 1.9140 1.9301 1.9179 1.8867 1.8146 1.6469 1.4356 0.9190 
Family 02 0.4876 0.4758 0.4521 0.4280 0.4037 0.3668 0.3045 0.2421 0.1244 
Family 03 -3.985 -1.919 -1.355 -1.069 -0.876 -0.667 -0.444 -0.295 -0.116 
Family 08 0.5359 0.5199 0.4880 0.4564 0.4250 0.3785 0.3035 0.2327 0.1112 
Family 09 0.1487 0.1437 0.1338 0.1241 0.1146 0.1008 0.0792 0.0595 0.0274 
Family 11 0.9027 0.8853 0.8498 0.8136 0.7767 0.7198 0.6209 0.5169 0.2977 
Family 12 -7.697 -4.082 -3.054 -2.524 -2.150 - 1.731 - 1.237 -0.886 -0.420 
Family 17 -0.440 -0.378 -0.283 -0.215 -0.163 -0.107 -0.049 -0.018 0.0035 
Family 18 0.5808 0.5679 0.5418 0.5153 0.4882 0.4468 0.3759 0.3035 0.1612 
Family 22 0.8838 0.8621 0.8183 0.7736 0.7282 0.6588 0.5404 0.4208 0.1976 
Family 25 1.1828 1.1569 1.1042 1.0505 0.9957 0.9116 0.7667 0.6169 0.3179 
Family 26 0.1472 0.2014 0.2783 0.3281 0.3601 0.3855 0.3873 0.3556 0.2302 
Family 29 0.8818 0.8646 0.8296 0.7939 0.7574 0.7013 0.6039 0.5016 0.2872 
Family 30 1.1557 1.1344 1.0915 1.0481 1.0042 0.9377 0.8250 0.7103 0.4766 
Family 31 0.2798 0.2715 0.2551 0.2387 0.2225 0.1983 0.1593 0.1224 0.0587 

this reason, we performed admixture analysis on two- 
point linkage data by using the HOMOG program (Ott 
1983). Using the most informative D4S 139 marker (Table 
3), the null hypothesis of homogeneity in linkage was re- 
jected with a ~2 of 6.514 (1 d.f ,  P = 0.005). The estimate 
of the proportion of linked families was 80% with | = 
0.01. The conditional probabilities of being linked for 
families FSH 12 and FSH 03 were low, viz., 0.0003 and 
0.046, respectively. The lower part of Table 2 reports the 
results of  two-point linkage analysis after exclusion of 
families FSH 12 and FSH 03. 

DNA rearrangements 
detected by the distal marker pl 3E-11 

Sporadic FSHD cases 

Three FSHD patients with a negative family history (nei- 
ther parent shows the clinical signs of the disease) were 
assumed to carry a new mutation and were tested with 
probe pl 3E-11. In all three FSHD patients, hybridization 
with p 13E-11 detects EcoRI fragments that are not pre- 
sent in either parent, indicating that a "de novo" DNA re- 
arrangement is associated with the development of FSHD 
disease. The rearranged EcoRI fragments have a different 
lenght in each patient, ranging in size between 15 kb and 
23 kb, and appear to be smaller than those usually found 
in healthy individuals (> 28 kb). 

Familial FSHD cases 

Although the alleles larger than 28 kb are not clearly sep- 
arated from each other, probe pl3E-11 is useful in detect- 
ing a fragment, usually smaller than 28 kb, in the affected 
individuals of each FSHD family. The smallest non-Y 
EcoRI fragment in the range 14 kb to 28 kb segregating in 
each family is referred to as "small", whereas fragments 

that are larger than 28 kb and that are found in all individ- 
uals are referred to as "large" (see Fig. 1). Linkage analy- 
sis shows that "small" alleles segregate in tight linkage 
with D4S139 (Zm,,x = 10.82 at | = 0.016). Thus, all of the 
"small" alleles in our series can be considered to be de- 
rived from the 4q35 region. In agreement with this obser- 
vation, the "small" allele in families 12 and 03 does not 
recombine with D4S139, whereas it does not show link- 
age to FSHD. After removal of these two families, locus 
D4S810 shows a close overall linkage to FSHD (see Table 
2, lower part). 

It is interesting to note that we have observed a single 
recombination event between D4S810 and the other 4q35 
markers. This identifies D4S810 as the closest marker to 
FSHD. The recombinant is a healthy subject currently aged 
51 (family 26), who inherited no "small" allele at D4S810 
but a 4q35 haplotype otherwise associated with FSHD in 
his affected sibs. Indeed, this family shows a peak lod 
score between D4S139 and FSHD at | = 0.15 (Table 3). 

The FSHD-associated "small" fragments could be as- 
signed to different classes according to their size (Wij- 
menga et al. 1992b). We were able to detect "small" frag- 
ments in the range 14 kb to 22 kb that segregate with the 
disease in 57% of Italian families and fragments in the 
range 23 kb to 28 kb in 36% of families. One family (FSH 
18) showed no "small" fragment. 

4q35 Haplotypes, DNA rearrangements 
and clinical phenotypes in Italian FSHD pedigrees 

In each family studied, it is possible to reconstruct the 
chromosome phase and identify a set of alleles at poly- 
morphic markers associated either with the disease (af- 
fected haplotype) or with the normal phenotype (normal 
haplotype). However, two recombinations were observed 
between the entire set of 4q35 markers and the disease 
locus in two apparently normal subjects carrying the af- 
fected haplotypes associated with the "small" fragments. 
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Fig. l Hybridization patterns 
of pl3E-I  1 in three Italian 
FSHD families. In family FSH 
08, a "small" fragment of 25 
kb is present in affected (A) in- 
dividuals (lanes 8,4, 8C, 8D), 
whereas it is absent in lane 8B 
(N normal). In family FSH I I, 
a "small" fragment of 17 kb is 
present in the affected (A) sub- 
jects (hines l lA, I IC, IID, 
lIE, IIF), but is absent in lane 
lIB (N normal). In family FSH 
9, a fragment of 17 kb is pre- 
sent in the affected (A) subjects 
(lanes 9,4, 9C), but is absent in 
normals (N) (lanes 9B, 9D). In 
these normal individuals, frag- 
ments of 26 kb and 27 kb are 
detected; these appear to be 
polymorphic fragments not re- 
lated to the disease 
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Fig.2 Chromosome 4q35 haplotypes and pl3E- l l  DNA fragments 
in family FSH 01. The disease segregates with the haplotype D4S139 
= 11.5 - D4S163 = 8 and is tightly associated with a %mall" 
pl3E-11 23-kb fragment (underlined). Larger p l 3E-11 alleles are 
in brackets and is multiple if preceded by the symbol (>). Subject 
M carries the affected haplotype and the 23-kb "small" fragment, 
but he is phenotypically normal. DNA analysis was performed on 
a chorion villi sample (diamond) in a couple at risk 

These cases will be discussed in detail below, together 
with the families showing no evidence for linkage be- 
tween FSHD and 4q35. 
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Family FSH Ol 

Figure 2 shows the pedigree of an Italian three-generation 
family that includes nine affected and six unaffected indi- 
viduals. The disease segregates with the D4S139 allele 
11.5 and the D4S163 allele 8, and this haplotype is tightly 
associated with a 23-kb p l3E- l l  fragment. Subject M, 
aged 33, appears to be a recombinant, since she inheri- 
ted the affected haplotype and the "small" fragment, but 
showed no sign of  the disease. In this case, it cannot be 
excluded that she is a nonpenetrant gene carrier. 



Fig.3 Chromosome 4q35 hap- 
lotypes and pl3E-11 DNA IV 
fragments in family FSH 03. 
The disease segregates with the 
haplotype D4S 139 = 9 - 
D4S 163 = 7 and seems to be 
associated with a 26-kb pl 3E- 
l I fragment (underlined). Two 
recombinants were observed: III I / ]  
an affected subject (B) carrying 
the normal haplotype and no 
"small" fragment, and a nor- 
mal subject (L) carrying the af- 
fected haplotype and the 26-kb 
fragment 
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Fig.4 Chromosome 4q35 hap- 
lotypes and pl3E-I 1 DNA 
fragments in family FSH 12. 
The disorder does not seem to 
be linked to chromosome 4q35 
markers. The "small" pl3E-11 
fragment (27 kb, underlined) is 
linked to the other markers, but 
it does not segregate with 
FSHD in the affected members 
of the pedigree. The other 
pl3E-11 alleles are multiple 
and larger than 30 kb (> 30) 
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Family FSH 03 

Figure  3 shows the segregat ion o f  ch romosome  4q35 
markers  in fami ly  F S H  03. The disease  seems to be inher- 
i ted with the D4S139  al lele  9 and the D4S163 al lele  7, 
and to be associa ted  with a 26-kb shortened f ragment  
(subjects  A,  C, and E). However ,  two recombina t ions  
seem to have occurred in this family,  viz., in subjects  3B 
and 3L. Subject  3B, affected and carrying the normal  hap- 
lo type but no "smal l"  fragment,  was not aware  o f  his dis- 
ease status until 28 years  o f  age, when he was submit ted  
to neurologica l  examinat ion  in the course o f  a famil ia l  
study. He presented  a sl ight  weakness  o f  facial  and foot  
ex tensor  muscles ,  a creat ine k inase  level twice that o f  the 
normal  value in several  determinat ions ,  and an electro-  

m y o g r a m  with a myopa th ic  pattern. Subject  3L appears  to 
be normal  at 52 years  of  age, a l though he carries the af- 
fected haplo type  and the 26-kb fragment.  Upon  admixture  
test, this fami ly  had a condi t ional  probabi l i ty  o f  being 
l inked o f  < 0.05, 

Family FSH 12 

Figure  4 shows the pedigree  o f  fami ly  F S H  12 in which 
the d isease  segregates  independent ly  from all the tested 
4q35 markers  as revealed  by the admixture  test. In addi-  
tion, we could  not ident i fy a "smal l"  f ragment  cosegregat -  
ing with FSHD.  The only short fragment,  27 kb in size, is 
present  in subject  A (affected) and subject  L (unaffected) 
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Fig.5 Hybridization patterns 
ofp l3E- l l  in two Italian 
FSHD families. In family FSH 
17, a "small" fragment of 25 
kb is present in affected (A) in- 
dividuals (lanes 17A, 17D, 
17E) and is absent in lane 17C 
iN normal). Subject 17G (lane 
17G) carrying the haplotype 
linked to the affected chromo- 
some and the 25-kb fragment 
is apparently a recombinant. In 
family FSH 12 (see Fig.4 for 
the pedigree), a "small" frag- 
ment of 27 kb does not seem to 
segregate with the disease, 
since it is present both in lane 
12A (A affected) and lane 12L, 
iN normal), but is absent in 
other affected members (lanes 
12C, 12E, 12G. 12M) of the 
family 

Table 4 Clinical and labora- 
tory findings of the affected Subjects Sex Age Onset 
members of family FSH 12. (years) (years) 
F Facial, S scapulohumeral, 
L proximal lower limb, P per- 12A M 54 23 
oneal/anterior tibial, CK crea- 
tine kinase, EMG electro- 12C F 40 35 
myography, nt not tested, 12M M 21 - 
N normal, 1" increased 12E M 15 - 

12G M 14 

Muscle groups CK EMG Biopsy 

FSLP FS S 

+ - q" Myopathic Dystrophic 
- - + N - 

- + - 1 "  - 

- + - n t  - 

- + n t  - - 

(Fig. 5). A summary of  clinical and laboratory findings in 
the affected members of  the family is reported in Table 4. 
Subject 12A is the most severely affected with weakness 
and atrophy of  facial and shoulder muscles, bilateral 
scapular winging, weakness of  quadriceps and foot exten- 
sor muscles, and steppage gait. His sister (12C) does not 
present any deficit o f  facial muscles, but shows scapular 
winging with atrophy of  the pectoralis major, latissimus 
dorsi, and trapezius. The remaining subjects (12M, 12E, 
12G) were examined in the course of  the familial study. 
Subject 12M shows mild weakness of  the facial muscles, 
slight scapular winging, and a moderate atrophy of  the 
latissimus dorsi. Subject 12E exhibits mild weakness of  
the orbicularis oculi and neck flexors, with a moderate at- 
rophy of  the serratus anterior. Subject 12G is affected by 
mild atrophy of  the neck flexors, latissimus dorsi and ser- 
ratus anterior, with bilateral scapular winging. 

Family FSH 17 

In this family  (Fig. 5), an affected father (17A) has 
t ransmit ted F S H D  to two affected children (17D, 17E) 

with D4S163  allele 6, D4S139  allele 20, and a p l 3 E - I  1 
f ragment  25 kb long. An  addit ional  son (17C), unaf-  
fected at age 31, inherits opposi te  alleles at D4S163  
and D4S139,  and no "smal l"  p l3E-11  fragment .  How-  
ever, a fourth son (17G),  showing  no signs o f  F S H D  at 
age 29, shares the paternal haplo type  and the p l 3 E - I I  
"smal l"  f ragment  with his affected sibs. Again,  we can- 
not exclude nonpene t rance  o f  the F S H D  gene in this 
case. 

Discussion 

We report here data supporting linkage between FSHD 
and genetic loci D4S171, D4S163, and D4S139 in the 
majority of  Italian families. The physical arrangement o f  
these three markers on 4q35 has been recently determined 
through radiation hybrid analysis (Winokur et al. 1993). 
In agreement with the physical map, linkage analysis in 
our series shows increasing linkage between FSHD and 
D4S171, D4S163, and D4S139, respectively. 

The finding of  chromosomal  rearrangements in indi- 
viduals affected by inherited diseases has greatly facili- 
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tated the search for the relevant mutant genes. The ap- 
pearance of a novel EcoRI fragment detected by the distal 
probe P13E-11 (D4S810) in sporadic cases of FSHD and 
the association of the disease with similar "small" frag- 
ments in FSHD pedigrees suggest that this probe identi- 
fies the site of the mutant gene for FSHD (Wijmenga et al. 
1992b). We have confirmed that a "de novo" DNA re- 
arrangement occurs in three sporadic FSHD patients, and 
that it is associated with the appearance of the clinical and 
laboratory signs of FSHD disease. In one sporadic case 
(family 21), the 23-kb fragment is transmitted with the 
disease to the next generation (submitted for publication), 
suggesting that the same mechanism is involved in the 
origin of the "small" rearranged fragments observed in the 
familial cases of FSHD. In addition, our results show that, 
in 13 out of 14 Italian 4q35-1inked FSHD families, probe 
pl3E-11 detects "small" EcoRI fragments in the range 14 
kb to 28 kb segregating with the disease. However, in 
family FSH 18, we were not able to detect any "small" 
EcoRI fragment. In this case, the fragment might comi- 
grate with the larger alleles or be too small to be detected 
by the methods used. 

Two-point linkage analysis between p l 3E- 11 (D4S810) 
and FSHD support close linkage to the disease locus with 
a [~)max of 0.001. However, we have observed two putative 
recombination events between D4S810, D4S 139, D4S 163, 
D4S171, and the disease. These occurred in two subjects 
with no sign of the disease upon thorough clinical exami- 
nation, although they have inherited a 4q35 haplotype and 
a pl3E-11 "small" fragment identical to their affected 
relatives. The data reported by Lunt et al. (1988) show 
that the age of  the two subjects is still compatible with a 
5% probability of being carriers of the disease. The find- 
ing of two such subjects compared with a total of 46 
affected subjects in our series is in line with this figure. 
Therefore, we cannot exclude that nonpenetrance of the 
mutant FSHD gene might be the cause of the healthy 
status of these two subjects. The dramatically different 
implications of these two alternatives on the risk for the 
offspring indicate extreme caution when counseling these 
particular individuals. 

We have described above the cases of families FSH 03 
and FSH12, which were excluded from linkage analysis 
on the basis of the results of the homogeneity test. Clini- 
cal and laboratory findings in these two families meet the 
International Consortium criteria for diagnosis of FSHD 
(Padberg et al. 1991). The segregation of 4q35 markers 
and the failure to detect a FSHD-associated "small" frag- 
ment indicate that, in these families, the disease is not 
linked to chromosome 4q markers. Thus, it appears that 
genetic heterogeneity is present in the Italian group of 
FSHD families, and further studies of families with dis- 
ease showing no linkage to chromosome 4 may prove of 
great importance for linkage mapping of additional FSHD 
loci. Therefore, the pl3E-11 probe cannot be used to con- 
firm a diagnosis of FSHD disease in the absence of link- 
age between the 4q35 markers and the disease locus. Evi- 
dence for heterogeneity has been provided by a recent pa- 
per of Gilbert et al. (1993). In their data, two families out 

of seven appeared unlinked to the 4q35 region, although 
the affected individuals met the clinical and laboratory re- 
quirements for the diagnosis of FSHD. These results have 
important implications for clinical investigations, genetic 
counseling, and prenatal diagnosis, and should contribute 
to our understanding of the etiology of this neuromuscular 
disorder. 
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