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A founder mutation in the y-sarcoglycan gene of
Gypsies possibly predating their migration out of India
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We investigated the molecular basis of a severe form of
early onset autosomal recessive muscular dystrophy
with sarcoglycan (SG) deficiency in seven large Gypsy
families living in different parts of Western Europe and
apparently not closely related. They were linked to the

associated with allele 5 of the intragebit3S232marker was
indeed found in all affected patients and carriers.

RESULTS
Muscley-SG RNA was amplified by RT-PCR and sequenced in

LGMD2C locus (13g12) suggesting a primary defect in
the y-SG gene coding for the 35 kDa dystrophin-
associated glycoprotein. All of the 18 investigated
patients were homozygous for the same G~ - A transition
in codon 283 producing the replacement of a conserved
cysteine of the extra-cellular domain of the protein by a
tyrosine. All affected chromosomes in homozygous and
heterozygous relatives carried the same allele 5 of the
intragenic marker D13S232. Flanking markers were
studied to delineate a common ancestral haplotype, the
size of which was used to compute the date of the
founding mutation. We found evidence that the mutation
occurred between 60 and 200 generations ago, therefore
possibly predating the commonly accepted date of
migration of the Gypsy ancestors out of India.

INTRODUCTION

two unrelated patients. In both cases we found a homozygous
G- A transition in codon 283, changing a conserved cysteine
residue in the extracellular domain of the protein to tyrosine. This
mutation creates a néRsd restriction site facilitating its survey

at the genomic level. In all seven families this mutatRed(")
cosegregated with the disease, all of the 18 patients being
homozygous and the asymptomatic parents being heterozygous.
The heterozygouRksd* siblings (15 individuals) were also
asymptomatic, but some exhibited a moderate increase of creatine
kinase.

The mutation was not found either in 14 chromosomes from
unrelated control Gypsies, in 426 unrelated chromosomes (34
Caucasian and 392 non-tribal Indian) from normal non-Gypsy
individuals, nor in 116 unrelated chromosomes (30 Caucasian, 72
North African, 14 Western Asian) from non-Gypsy unclassified
LGMD?2 patients. In the seven Gypsy families we found that all
of the 65 mutated chromosomes (18 homozygous patients and 29
heterozygous relatives) carried allele 5 (112 bp) at the intragenic
(personal data) polymorphic microsatelli®l35232 (GDB
accession ID: GDB:292119). Allele 5 is common in several

Sarcoglycanopathies are muscular dystrophies due to the disrygsinct populations (GDB allele frequency: 0.39), including

tion of the dystrophin-associated sarcoglycan complé®) (- Gypsies in which it was also found independently of the C283Y
caused by mutations in any of the four already identifiedytation (Table).

sarcoglycan genes+,3-,y- andd-SG) (3-8).

We investigated the molecular basis of a severe form of earﬂﬁSCUSSION

onset autosomal recessive muscular dystrophy with sarcoglycan

(SG) deficiency in seven large Gypsy families living in differenOn the basis of linguistic, socio-cultural, morphological, sero-
parts of Western Europe and apparently not closely related (degical and HLA haplotype evidencg10) the Romani Gypsies
Table 1). Linkage analysis could be performed in five familiesof Europe are believed to originate from Northern Indian
and showed that the disease involved the LGMD2C locus pbpulations who arrived in Europe around AD 119)0Que to
1312 suggesting a defect in thsarcoglycan gene coding for almost complete endogamy they form a genetically isolated
the 35 kDa dystrophin-associated glycoprotén & common  community, with increased incidence of autosomal recessive
defect responsible for a C283Y missense and consistentiseases.

*To whom correspondence should be addressed
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Table 1. The seven Gypsy families with LGMD2C

Family Country Total no. No. patients Mutation in Musclea-SG Muscley-SG Phenotype
patients studied y-SG gene (N = +++) (N = +++)
F1550 France 9(® 3 C283Y + 0 Severé
F1708 Italy 5 4 C283Y + 0 Sevete
F2256 France 3@ 2 C283Y o/+ 0 Seveke
F2500 Italy 1 1 C283Y 0 nd Early
symptom§
F2528 Spain 12@ 6 C283Y 0 0 Sevefe
F2572 France 76 1 C283Y nd nd Sevefe
F2877 France 1 1 C283Y nd nd Severé

8Deceased patients.

bWheel-chair bound before 14 years.
CCurrently 3 years old (ref. 18).
dCurrently 10 years old.

nd, not done.

Table 2.y-SG haplotypes in different populations

Haplotype Number of independent chromosomes
Gypsies Non-Gypsies
with LGMD2C without LGMD2C Caucasians North Africans Non-tribal Indians
(72 (10) (24) (48) (36)
Rsd+/allele 3 100% 0% 0% 0% 0%
Rsd-/allele % 0% 30% 58% 19% 25%
Rsal+/other allefe 0% 0% 0% 0% 0%

Rsd+ = C283Y mutationRsd— = wild type.
20ne chromosome per consanguineous family.
bMarkerD13S232

The seven Gypsy families with severe autosomal recessiflanking markers. Ifg generations have elapsed since the
muscle dystrophy of the LGMD2C type live in France, Italy anéppearance of the mutation, the probability that no recombination
Spain. They are not closely related since they are known to hayecurred in a fraction on each side of the mutation is 8-
settled in these countries several generations ago. The findingd¥riving g from t is a typical Bayesian problem. We computed
a common C283Y mutation, not yet described in anothehat the size of the remaining original haplotype on each side of
population background, consistently associated with allele 5 gfmutation is approximatelyglheng is >20. For example {f
the intragenicD13S232marker, suggests that it is a private= 1 cM, g is [1100. The number of families does not affect the
mutation arising in 8-SG gene already carrying this allele. A y5yimum likelihood value, but affects the confidence interval
comparable situation has already been described with Wgich s inversely correlated to the number of families. Our
TIlImIISIgmll-ZSZGb mutﬁc;lon wrr:j;(;hsgszggr:]aslientlylissomated Withyreliminary data using microsatellites flanking the intragenic
a ﬁe (Id . thp)C0283i(sa ationa Th'ar er; Vt )- d on amarkerD135232show a minimal size of the ancestral haplotype

owold1s the mutation's This mutation occurred on a “l/% 1). Computation suggested that the most likely number of

ancestral haplotype that has been scrambled through succes . X S
meiotic recombinations except for the most proximal marker enerations e'aps‘?d since the appearance of the_mutatlon Is 11(
5% confidence interval: 60—-200) (F@). Assuming that a

The size of the original haplotype remaining in a given family ca o X 0
be deduced by comparing the mutation bearing haplotypes §ffn€ration is represented by 20 yea#, (this would indicate
distinct families. It is correlated to the time of occurrence of thEat the C283Y mutation in theSG gene is at least 1200 years

mutation and could be used as a genetic clock: the smaller ﬂ?{g. If the genetic_clock_ha(_j been reset byabottlene_ck around the
remaining haplotype, the older the mutation. time of wandering (fixation of one haplotype in a small

Attempts have already been made to estimate the age oP@pulation), the age of the mutation would be even older. We
mutation from linkage disequilibrium of flanking markerstherefore assume that the C283Y mutation predates the commonly
(12,13). Here we take advantage of the high consanguinity éfccepted date of migration of Gypsies out of Northern India. This
Gypsies to estimate the age of the mutation from the size of thgpothesis may be tested by investigating the Indian tribes from
remaining haplotype expressed as a recombination fraction usingich Gypsies are believed to have origina®d (
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1SG gene purified by electrophoresis in 0.8% low-melting-point agarose
D135175 D13§115  D13S232  D13S292 D135283 gels and sequenced directly with the ABI DyeDeoxy Terminator
0020 | o007 0003 | o010 Cycle Sequencing kit, using the PCR primers. Both strands of PCR
F1550 - - - products were sequenced using an ABI 377 sequencer. The C283Y

creates amRsd restriction site visualised on 4% agarose gel after
genomic DNA amplification for 35 cycles at 94/59/Z2 for
F2256 - - - 60/60/60 s with the following primers-6CTGTCTGTGGCCG-
F2500 e —— T GTGTGA and 5GCGTTTACTTCCCATCCACGCTGC.

F2572 _— e Statistical analysis

Since all patients were offspring of consanguineous matings (first
Figure 1. Fraction of the original haplotype remaining in six Gypsy families. COUSIN or first cousin once removed), each mutation was assumed
D13S232is an intragenic marker of thgsarcoglycan gene. Fraction of to have been inherited through a recent heterozygous parent and
recombination between markers is indicated in italics. only one haplotype was taken into consideration in each family.
The C283Y mutation occurred on an ancestor haplotype that
could be reconstructed by comparing the distinct family haplo-

e A D L types. For any generation numbeiapsed since the appearance
r of the mutation (actually the earliest common ancestor) the
810° [ R probability of observing on one side of a mutation the remaining
r 1 original haplotype in a given inteniatan be directly calculated
6 10° |- b as (199. The likelihood of any generation number is computed
P X 1 following Bayes’ theorem by dividing each of these probabilities
410° [ E by the sum of all probabilities. Corrections have been made for
X 1 allele frequencies assuming that present allele frequencies in
s10* L E Gypsies reflect past frequencies. Since we assume that the sevel
i . families share common ancestors they could not be considered as
gL L independent, but this non-independence only affects the confi-
0 %6 450 dence interval, not the likelihood peak, and could at least be

partially corrected following a Luria—Delbriick type of analysis
(17). In order to assess algorithm efficiency, we have used
. . . . . computer generated haplotypes obtained from simulations using

Figure 2. Probability density function (p) of number of generations (n) elapsed _ . - - .

sir?ce the occurre:]yce of ttr)lle C(283)§(p)mutati0n inytbgrcoglycan g(]e)ne irr1J various realistic parameters a”O_' _glven n_umt_)ers of generation, to

Gypsy ancestors, computed from hap|otypes depicted in Figure 1, using galculate backward the probablllty distribution of these gener'

Bayesian algorithm. ation numbers. The algorithm appeared robust to a reasonable
variation in demographic parameters (not shown). These com-
putation features have been implemented in a dedicated computer
program ABEL.
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