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A common disease haplotype segregating in
spinocerebellar ataxia 2 (SCA2) pedigrees of
diverse ethnic origin
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The identification of a CAG trinucleotide repeat expansion, located within the coding
sequence of the ataxin-2 gene, as the mutation underlying spinocerebellar ataxia 2 (SCA2) has
facilitated direct investigation of pedigrees previously excluded from linkage analysis due to
insufficient size or pedigree structure. We have previously described the identification of the
ancestral disease haplotype segregating in the Cuban founder population used to assign the
disease locus to chromosome 12q23–24.1. We now report evidence for the segregation of the
identical core haplotype in pedigrees of diverse ethnic origin from India, Japan and England,
established by the analysis of the loci D12S1672 and D12S1333 located 20 kb proximal and
200 kb distal to the triplet repeat motif respectively. Interpretation of this data is suggestive
that for these pedigrees at least, the mutation has arisen on a single ancestral or predisposing
chromosome.
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Introduction
The autosomal dominant cerebellar ataxias (ADCAs)
are a clinically heterogeneous group of neurodegener-
ative disorders, characterised by a progressive deteri-
oration in balance and co-ordination resulting from
premature neuronal loss in the cerebellum and the

inferior olivary and pontine nuclei, with degeneration
of the spinal cord. Genetic heterogeneity has been
demonstrated with the identification of eight disease
loci. Five of the disease genes have now been cloned –
spinocerebellar ataxia 1 (SCA1),1 SCA2,2–4 Machado
Joseph disease/SCA3,5 SCA66 and SCA77 – and expan-
sion of CAG trinucleotide repeat motifs located within
the respective coding sequences identified.

Spinocerebellar ataxia 2 has been reported in most
populations and appears to account for a substantial
proportion of patients with ADCA worldwide. Since
the cloning of the disease gene, ataxin-2, direct testing
for the mutation has greatly enhanced the investigation
of families previously excluded from linkage analysis.
These studies have facilitated critical analysis of the
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core phenotype and an assessment of the incidence of
the diverse clinical features often associated with this
disorder,8,9 including correlation with the size of the
expanded allele.

In common with other diseases caused by unstable
triplet repeat motifs, efforts are being made to charac-
terise the mechanistic basis and/or genetic factors
which permit (or fail to correct) the pathological
expansion underlying SCA2. The existence of chromo-
somes which predispose to instability has been pro-
posed for a number of these disorders, including
Huntington’s disease10 and myotonic dystrophy.11

Haplotype analysis using microsatellite loci in close
physical proximity to the respective disease genes has
commonly resulted in the identification of one or more
haplotypes exhibiting linkage disequilibrium. In the
case of Machado Joseph disease, such studies have
revealed a founder effect in 64 unrelated families of
different geographical origins,12 raising the possibility
that the distribution of the disease chromosome
throughout the world could be linked to European
migration.

Prior to the identification of ataxin-2, segregation of
an ancestral disease haplotype in pedigrees comprising
the Cuban SCA2 founder population was described by
Allotey et al,13 incorporating loci known to flank the
disease gene at considerable genetic distances. With the
advent of markers known to lie in close physical
proximity to SCA2, it is now feasible to undertake a
comparative study of the disease haplotypes segregat-
ing in pedigrees of diverse geographical and ethnic
origin. Characterisation of these haplotypes may con-
tribute to the clarification of the phenotypic diversity
seen for the disorder. Further, identification of a
common disease haplotype segregating in these fami-
lies could also provide the basis for determining the
mutational mechanism giving rise to the expansion of
the repeat motif in ataxin-2, which otherwise demon-
strates a remarkably low level of polymorphism on
non-disease chromosomes.

Materials and Methods
Pedigree Resource
Haplotype analysis was undertaken in key affected individ-
uals from pedigrees of diverse ethnic origin, for which
expansion of the CAG repeat motif within ataxin-22 was
confirmed in the course of this study. These individuals are
derived from seven Indian (B I-VII), 16 Cuban (HC 1-16),
one English (DA23) and three Japanese (J29, J35, J36)
families.

Briefly, the SCA2 phenotype segregating in each of the
pedigrees included in this study is characterised by cerebellar
ataxia and slow saccadic eye movements. Detailed clinical
descriptions of the Indian14 and Japanese15 patients have been
reported. In each of these populations, the pedigrees are
apparently unrelated and are of diverse geographical and
religious origin. The Cuban pedigrees constitute part of the
collective of over 500 patients, originally described by Orozco
et al,16 used to assign the disease locus to chromosome 12.17

The English pedigree, originating from the north-east, com-
prises a two generation pedigree segregating ADCA Type I.
Recent neurological evaluation was available for two affected
sibs within the second generation, who presented with ataxia
of gait in their late twenties. Following a disease duration of
> 10 years, the brothers continue to exhibit a comparatively
mild cerebellar ataxia and remain ambulatory. No atrophy of
the optic discs and no retinal pigmentation has been detected
in either case. Pursuit eye movement is normal in speed and
extent, but the affected sibs both show markedly slow
saccades. Investigation of the mutation at the SCA2 locus
showed that the expansion comprises 38 and 37 repeat units
respectively. Similarly, their father carries an allele represent-
ing 37 repeats and their affected paternal aunt, 35 repeats
units.

Haplotype Analysis
We have previously reported the construction of extended
haplotypes in the Cuban cohort and identified a common
disease chromosome13 segregating in each of the 16 pedigrees
analysed: cen – D12S353 [allele 3; 103 bp] – (0.00) – D12S330
[allele 13; 166 bp] – (0.02) – D12S84 [allele 3; 219 bp] – (0.00)
– D12S105 [allele 4; 147 bp] – (0.00) – D12S1328 [allele 4;
272 bp] – (0.03) – D12S1332 [allele 9; 208 bp] – (0.00) –
D12S1330 [allele 3; 213 bp] – (0.01) – D12S354 [allele 2;
197 bp] – (0.02) – D12S79 [allele 9; 159 bp] – qter. The SCA2
locus was subsequently localised to the interval defined by
D12S1328 – D12S1333, the latter being placed immediately
distal to D12S1332 by the detection of a recombination event
in a single Cuban pedigree (Allotey, unpublished data). No
recombination between SCA2 and D12S1332 was observed.

An affected member of one of the pedigrees described in
the Allotey et al13 study, pedigree HC-5 individual IV57, was
therefore adopted as the reference individual in the compar-
ative study incorporating the microsatellite loci D12S1328 –
(0.03) – D12S1332 (0.00) – D12S1672 – (0.00) – D12S1333 –
(0.01) – D12S1329. The phase of the disease chromosome for
the previously untyped loci was determined in the pedigree
and confirmed in the Cuban cohort. The order and location of
these loci were confirmed from the physical map of the SCA2
region. D12S1332 is located approximately 350 kb proximal to
D12S1672. Following the characterisation of the ataxin-2
gene, the loci D12S1672 and D121333 were shown to lie 20 kb
proximal and 200 kb distal to the triplet repeat motif
respectively.9

Segregation analysis was undertaken in each of the Indian,
English and Japanese pedigrees, and genotypes compared
with the Cuban reference individual for whom the phase of
the disease chromosome had been established. PCR amplifi-
cation of the five polymorphic microsatellite loci was carried
out according to conditions described on the Genome
Database (GDB). Products were resolved on 6% poly-
acrylamide gels and visualised by autoradiography.
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To establish the significance of association between the
disease and genetic variants at the polymorphic loci segregat-
ing in these families, the frequency of each allele was
determined by the genotyping of unrelated individuals
derived from the respective ethnic populations. Within the
Cuban and Japanese pedigrees, 37 and 8 spouses respectively
were available for analysis, and the Indian population was
represented by 36 randomly selected individuals, unrelated to
the disease pedigrees and of mixed religious and geographical
derivation. These 81 individuals were genotyped using the
markers D12S1672 and D121333. Genotypes for the CEPH
reference pedigrees at these loci are available on GDB.

Results
The disease haplotype segregating in each of the
12 pedigrees is shown in Table 1. Alleles are assigned
according to the CEPH designation, sized in relation to
CEPH individuals 134702. For those alleles not
described previously, variants are designated using the
next available consecutive number. Individual allele
sizes are included in the legend for clarity. Full phase
for the individual disease chromosomes could be
ascertained at most loci; where this was not possible,
the complete genotype is given.

Formal statistical analysis was not undertaken in
view of the small number of disease chromosomes
studied. However, marked association was observed
between the disease locus and D121333 [allele 2;
225 bp] in each of the ethnic populations, with at least 9,
and possibly 11, of the 12 disease chromosomes

represented by this allele. In contrast, allele 2 was
infrequent in the 72 Indian (0.11), 74 Cuban (0.04),
16 Japanese (0.06) and 54 CEPH (0.11) reference chro-
mosomes. A lesser degree of association was also
observed between SCA2 and allele 2 (283 bp) at the
D12S1672 locus, represented on at least seven (and
possibly nine) of the 12 disease chromosomes included
in this study. However, this allele was significantly less
frequent in the Cuban (0.20), Indian (0.18), Japanese
(0.13) and CEPH (0.09) control chromosomes. Variance
from the associated allele at D12S1672 was observed in
three of the Indian families, where SCA2 was found to
segregate with allele 8 (corresponding to the presence
of a single extra dinucleotide) in the pedigrees BIV,
BVI and BVII. This particular allele was only repre-
sented on one of the 72 normal Indian chromosomes.

No opinion on the degree of association between the
disease locus and D12S1329 could be drawn from this
study, as allele 1 is equally infrequent in both the
disease and reference chromosome populations. Finally,
no overall evidence of association between SCA2 and
the loci D12S1328 or D12S1332 was apparent.

Construction of the disease haplotypes for these
families indicates that SCA2 preferentially segregates
with the core haplotype D12S1672 (allele 2) – D121333
(allele 2), definitively established in six of the 12 pedi-
grees, including the Cuban (HC-5) and English (DA23)
families, and potentially present in a further two (BI
and BV). Diversification of the disease haplotype with

Table 1 Haplotype analysis of 12 unrelated SCA2 pedigrees of diverse origin with microsatellite loci known to span the
ataxin-2 locus

Ethnic origin Pedigree D12S1328 D12S1332 D12S1672 D12S1333 D12S1329

Cuban HC-5 4 9 2 2 6

English DA23 1 1/3 2 2 1

Indian BI 1 1 1/2 2/5 1
BII 3 9 2 2 1
BIII 4 2 2 2 1
BIV 1 3 8 2 1
BV 1 11/9 2/8 2/5 1/2
BVI 3 11 8 2 5
BVII 3 3 8 2 1

Japanese J29 4 11/3 2 2 2
J35 4 11 2 2 2
J36 1 11 2 6 2

Alleles are assigned with reference to CEPH individual 134702.
D12S1328: 1=270bp; 3=268bp; 4=272bp. D12S1332: 1=206bp; 2=204bp; 3=202bp; 9=208bp; 11=198bp. D12S1672: 1=279; 2=283bp;
8=285bp. D12S1333: 2=225bp; 5=239bp; 6=237bp. D12S1329: 1=145bp; 2=147bp; 5=149bp; 6=133bp. Where phase could not be
established, the genotype is given. Shading indicates the conserved haplotype.
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markers flanking these loci was apparent, although in
the individual ethnic populations, a degree of associa-
tion with an extended haplotype could be observed. In
the case of the Japanese families, the core haplotype
could be extended to include the locus D12S1332
(allele 11), providing further evidence that these three
families are related. In contrast, the D12S1672 (allele 2)
– D12S1333 (allele 2) haplotype was extremely rare in
the control samples, accounting for just six (three
Indian and three Cuban) of the 162 non-SCA2 chromo-
somes (haplotype data is unavailable for the CEPH
reference pedigrees). CAG repeat length analysis on
these six individuals showed them to be homozygous
for the 22 repeat allele.

In summary, therefore, comparison of the disease
haplotypes segregating in each of the 12 families would
support the existence of a common ancestral or
predisposing chromosome in pedigrees of Cuban,
Indian, English and Japanese origin.

Discussion
Allelic distribution at a specific locus may vary accord-
ing to the ethnic origin of the pedigrees studied and this
has certainly been evident in the detailed analysis of the
Cuban pedigrees, for example, where previously unre-
ported or rare alleles have been commonly observed.
We have therefore analysed unrelated ethnically
matched individuals to ascertain the frequency of
alleles comprising the core haplotype in non-disease
chromosomes. To reflect the diversity of the Indian
SCA2 pedigrees, the 72 normal Indian chromosomes
analysed are also of diverse geographical and religious
origin. Regarding the Cuban population, we have been
able to examine 74 chromosomes in unrelated family
members (spouses). Unfortunately, only a limited
number of individuals from the Japanese population
(eight spouses) were available in this analysis. How-
ever, in a recent study, Mizushima et al18 reported a
comparison of the distribution of chromosome 12
markers in SCA2 patients and 60 unrelated normal
controls. Assuming the adoption of CEPH allele
nomenclature, the reported frequencies can therefore
be incorporated into this study.

The argument for a common disease haplotype
segregating in ethnically diverse pedigrees is strength-
ened by the frequency of the individual associated
alleles and hence the D12S1672 – D12S1333 haplotype

observed in these reference populations. The 225 bp
variant (allele 2) at D121333, which shows the highest
degree of association with SCA2 in our study (segregat-
ing in potentially 11/12 pedigrees), has frequencies of
only 0.10 (8/72), 0.04 (3/74), 0.07 (9/136) and 0.11 (6/54)
in the Indian, Cuban, Japanese and CEPH reference
chromosomes, respectively. Similarly, the 283 bp allele
at D12S1672 is also comparatively rare, with respective
frequencies in the non-SCA2 chromosomes of just 0.18,
0.20, 0.15 and 0.09.

More definitively, the D12S1672 (allele 2) –
D12S1333 (allele 2) haplotype, which accounts for at
least 50% of the SCA2 chromosomes, is present in only
3.7% (6/162) of the control chromosomes. Conse-
quently, as the 12 pedigrees originate from four ethn-
ically and geographically distinct populations, the asso-
ciation observed between SCA2 and the
D12S1672–D12S1333 haplotype would therefore
appear even more remarkable. The sizes of the SCA2
CAG repeats in the six control individuals with the
D12S1672 (allele 2) – D12S1333 (allele 2) haplotype
were determined to investigate the potential of a
predisposing SCA2 allele of an intermediate size. De
novo expansions of intermediate alleles giving rise to
expansions within the pathological range have so far
only been demonstrated in HD10,19–21 and SCA7.22

However, our analysis of the control individuals
revealed no evidence for a premutation allele as all of
the chromosomes possessed the 22 repeat allele.

There is not complete association of the
D12S1672–D12S1333 haplotype with SCA2 in our
families, reflecting that microsatellite loci are prone to
mutation as the direct result of slippage.23 In the case of
D12S1672, the alternative allele definitively segregating
in three of the Indian families represents an increase of
the variant size by just 2 bp, consistent with this
hypothesis. In reality, the slippage event may have
occurred once on the ancestral chromosome and the
consequence of this subsequently propagated into each
of three pedigrees, thus reducing the degree of
association.

With an increasing number of neurodegenerative
disorders arising as the result of unstable triplet repeat
motifs, the quest to understand the genetic basis of
predisposition to such events continues to pose a major
research challenge. The identification of a common
disease chromosome for spinocerebellar ataxia 2 should
facilitate the characterisation of events preceding the
hyperexpansion of the repeat motif underlying this
disorder.
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