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Abstract Expansion of CTG/CAG trinucleotide repeats
has been shown to cause anumber of autosomal dominant
cerebellar ataxias (ADCA) such as SCA1, SCA2, SCA3/
MJD, SCA6, SCA7, SCA8 and DRPLA. Thereis awide
variation in the clinical phenotype and prevalence of these
ataxias in different populations. An analysis of ataxiasin
42 Indian families indicates that SCA2 is the most fre-
guent amongst all the ADCAs we have studied. In the
SCA2 families, together with an intergenerational in-
crease in repeat size, a horizontal increase with the birth
order of the offspring was also observed, indicating an im-
portant role for parental age in repeat instability. This was
strengthened by the detection of a pair of dizygotic twins
with expanded alleles showing the same repeat humber.
Haplotype analysis indicates the presence of a common
founder chromosome for the expanded alele in the Indian
population. Polymorphism of CAG repeats in 135 normal
individuals at the SCA loci studied showed similarity to
the Caucasian population but was significantly different
from the Japanese population.

Q. Saleem and S. Choudhry have contributed equally to this work.

Q. Saleem - SK. Brahmachari
Molecular Biophysics Unit,
Indian Institute of Science, Bangalore, India

S. Choudhry - M. Mukerji - L. Bashyam - S.K. Brahmachari (0)
Functional Genomics Unit,

Centre for Biochemical Technology (CSIR),

Delhi University Campus, Mall Road, Delhi, 110 007, India
e-mail: skb@chbt.res.in,

Tel.: +91-11-7416489, Fax: +91-11-7257471

M.V. Padma - M.C. Maheshwari - S. Jain
Neuroscience Centre,
All India Institute of Medical Sciences, New Delhi, India

A. Chakravarthy
Departmant of Neurology,
Vivekananda Institute of Medical Sciences, Calcutta, India

Introduction

The autosomal dominant cerebellar ataxias (ADCA) are a
clinically and genetically heterogeneous group of neu-
rodegenerative disordersthat lead to generalized failure of
coordination and particularly affect gait, speech and limbs.
Various spinocerebellar ataxias, such as SCA1, SCA2,
SCA3/MJID, SCA6, SCA7, and DRPLA, have been
shown to be caused by the expansion of CTG/CAG trin-
uceol otide repeats in the coding region of genes responsi-
ble for these diseases (Wells and Warren 1998). However,
in the case of SCAS8, the expansion is observed in the 3’
untranslated region of the gene (Koob et al. 1999).

The CAG repeats at different spinocerebellar ataxia
(SCA) loci are highly polymorphic in normal individuals.
Once the repeat number crosses a particular threshold,
specific to an individua locus, instability is observed,
leading to the manifestation of disease. These disorders
aso exhibit the phenomenon of anticipation, wherein
there is an increase in severity in successive generations
with areduction in the age of onset. This phenomenon has
been explained by the increase in repeat number when
transmitted from parent to offspring (Wells and Warren
1998).

While the exact mechanism responsible for repeat ex-
pansion is still unknown, a number of hypotheses such as
strand slippage, hairpin mediated slippage and recombina-
tion have been proposed (Brahmachari et al. 1995; Mc-
Murray 1995; Wells and Warren 1998). The length of un-
interrupted stretches of CAG repeats and the point muta-
tions within the repeats have been shown to play arolein
the instability process (Chung et al. 1993). Screening in
the populations for such polymorphism in the repesats at
various loci involved in ADCAs may provide a novel ap-
proach towards understanding the mechanisms responsi-
ble for repeat expansion. Molecular analyses of several of
these SCAs have been carried out in a number of popula-
tions (Leggo et a. 1997; Lopes-Cendes et al. 1997; Sil-
vieraet a. 1998; Takano et al. 1998; Jin et al. 1999), how-
ever there are no studies pertaining to the frequencies of
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<« Fig.1 Pedigree of SCA2 affected families. Numbers below sym-

bols indicate age at onset and repeat number at the SCA2 locus.
Filled symbols indicate clinically affected individuals and symbols
with a question mark indicate individuals with CAG expansion
who have not yet developed clinical symptoms

these ataxias in the Indian population. To identify the var-
ious types of ADCASs in the population we have carried
out an extensive study of patients suffering from this class
of disorders. We have aso estimated the CAG repeat
polymorphism at the various disease loci in the normal In-
dian population as the nature of the distribution of repeats
has been shown to influence disease prevalence (Takano
et a. 1998).

Materials and methods

The study was carried out on 42 families comprising 122 members
including the patients and family members. Members of 35 fami-
lies, mostly from northern India, were diagnosed for ataxia at the
Neuroscience Centre, All India Institute of Medical Sciences, New
Delhi, which isamajor tertiary case referral centre in northern In-
dia. The patients were examined by a team of neurologists and
evaluated in detail after admission to the hospital. Besides clinical
evaluation, all patients underwent a detailed neurophysiological
examination (nerve conduction and evoked potentials) and imag-
ing of the brain (CT or MRI scan). All patients presented with a
progressive form of cerebellar ataxia often but not always associ-
ated with pyramidal signs, extra pyramidal signs and ocular find-
ings. The ADCA type was diagnosed by the standard criteria
(Harding 1993; Junck and Fink 1996). The remaining 7 families
were identified for ataxia at the Vivekannanda Institute for Med-
ical Sciences, Calcutta and were from eastern India. Samples were
also collected from 135 unrelated normal individuals of northern
Indian origin. Informed consent was obtained from all patients and
normal individuals. Pedigree charts were created using Cyrillic
version 2.1 (Cherwell Scientific, Oxford, UK).

DNA was isolated from peripheral blood leukocytes using a
modification of the salting-out procedure (Miller et al. 1988). Re-
pesat sizes were estimated at the SCA1, SCA2, MID/SCA3, SCAG,
SCA7, SCA8 and DRPLA loci by PCR using previously published

BOD0Oee0 00

VA0 Vi1 V42 V13 IVA141IVi15 N16 VA7 V18 V18
22 42

primers (Orr et al. 1993; Kawaguchi et a. 1994; Koide et al. 1994;
Pulst et al. 1996; Zuchenko et al. 1997; Gouw et al. 1998; Koob et
al. 1999). One of the primers was fluorescently labelled with either
aHEX, TET or FAM fluorophore. The size of the repeat in the flu-
orescently labelled PCR product was determined by Gene Scan
analysis using an ABI Prism 377 automated DNA sequencer
(Perkin Elmer, Foster City, USA). As an additional screening pro-
cedure, patient samples were also checked for expansion at the
Friedreich’s ataxia, spinobulbar muscular atrophy (SBMA) and
Huntington’ s disease loci.

The distribution of CAG repeats at the SCA1, SCA2, SCA3/
MJD, SCA6 SCA7, SCA8 and DRPLA loci was determined in 135
unrelated normal individuals. Sequencing of DNA from afew nor-
mal individuals and all the available members of the SCA2, SCA1
and SCA3/MJD positive families was carried out to confirm the re-
peat size aswell as the nature of the interruptions. Sequencing was
carried out using dye terminator chemistry on an ABI Prism 377
automated DNA sequencer.

Haplotype analysis of the SCA2 positive families consisting of
affected and unaffected members was carried out using microsatel-
lite markers D12S1332, D12S1333 and D12S1672. These markers
span aregion around the SCA2 CAG repeat in the following order:
centromere — D12S1332 (350 kb) — D12S1672 (200 kb) —
D12S1333 — telomere with D12S1132 and D12S1333 flanking the
CAG repeat. D12S1672 isin the first intron of the SCA2 gene and
is 20 kb centromeric to the CAG repeat stretch, which isin the first
exon of the gene (Pulst et al. 1996; Sahba et al. 1998). The fre-
quency of these markers was also determined in normal chromo-
somes derived from unaffected SCA2 family members and normal
control individuals from the same geographic origin as the pa-
tients. The phase of the markers was determined in the normal
chromosomes segregating in the SCA2 affected pedigrees. In al
the analyses, the CEPH family member 1347-02 was used as a
control for verification of the repeat size.

Results

Molecular analysis of ataxia families

Among the 42 families studied, three families showed ex-
pansions at the Friedreich’s ataxia locus and were ex-
cluded from further analysis. In the remaining 39 kin-
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Fig.2 Distribution of CAG repeats in expanded alleles at the
SCA2 locusin 34 individuals. The 33-repeat alele has arisen by a
contraction from a diseased individual having 40 repeats and was
asymptomatic at the time of the study

dreds, there was an expansion at the SCA2 locus in 10
pedigrees, at SCAlin 3and at SCA3/MJD in 2 pedigrees.
Both the SCA3/MJD pedigrees and one SCA2 family
were from eastern India and the remaining affected indi-
viduals were from northern India. Genotyping of the rest
of the families did not show expansion at any of the other
loci analysed including SCA6, SCA7, SCA8 and DRPLA.
In the case of the SCAL1 positive individuals, the size of
the repeats in the expanded allele ranged from 48-57. In
the four positive MJD individuals from two pedigrees, re-
peat sizes ranged from 69—75. All the expanded alleles
were sequenced and found to contain uninterrupted
stretches of CAG repeats. In al the cases, the repeat sizes
were well within the reported disease range. Since our
sample had a maximum frequency of SCA2, a more de-
tailed study of the affected and unaffected relatives of the
SCA2 familiesis presented below (Fig. 1).

Analysis of SCA2 families

All the patients who were confirmed for SCA2 had gait
ataxia and cerebellar atrophy, with 86% having slow sac-
cades and dysarthria. The other clinical signs were pyra-
midal signs (66%), peripheral neuropathy (66%), face fas-
ciculations (53%) and broken pursuits (53%). Nystagmus
and extrapyramidal signs were not observed in any of the
cases.

Expanded alleles at the SCA2 locus were found in 34
individuals who were affected and asymptomatic at-risk

30 —

Age of Onset (Years)

36 38 40 42 44 46 48 50

CAG Repeats

Fig.3 Correlation between number of CAG repeats in expanded
aleles at the SCA2 locus and age of disease onset (r=—0.74)

individuals. The repeat size in the expanded allele ranged
from 36 to 49 (Fig.2). One individua with an expanded
alele of 33 repeats was aso observed in an SCA2 pedi-
gree (Fig.1, AT 031:V6). This individual who was 10
years old at the time of the study was asymptomatic, how-
ever his young age does not exclude a later disease onset.
Haplotype analysis confirmed that this allele had arisen
by contraction of an allele with 40 repeats during trans-
mission from the affected father. All the expanded alleles
(including the 33-repeat alele) were sequenced and were
found to contain no interruptions. In 11 cases analysed,
transmission was paternal and variation in size was from
—7 to +5 repeats. In AT 031:V6 and AT024:111-8 contrac-
tions of 7 repeats and 4 repeats, respectively, were ob-
served (Fig.1). A significant linear inverse correlation
characteristic of anticipation was observed between repeat
size and age at onset, (r=—0.74, P<0.005) as shownin Fig. 3.
Together with a vertical increase in repeat length, we ob-
served a horizontal increase in CAG repeat number in a
majority of cases, i.e. an increase in repeat size with the
birth order of the offspring (Table 1). We had atotal of 17
affected sib pair combinations, of which 14 showed
higher repeat numbers in the younger sib as compared to
the elder sib, a trend which was statistically significant
(x%=5.65, P<0.05). In the family AT038 with affected
dizygotic sibs, there was no difference in the size of the
repeat in the twins. The zygosity of the sibs was con-
firmed by haplotyping. Horizontal expansion was not
seen in these twins, indicating that the age of the parents
might indeed influence the size of the transmitted ex-
panded alele.
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Tablel1l Sib pair combinations

i : : Seria Family Elder sib Younger sib Differencein Transmission
with difference in repeat sizes number  number (repeat size) (repeat size) repeat size (younger
showing that the majority of sib-elder sib)
younger sibs had larger repeat
sizes than their elder sibs 1 AT 006 11-1 (39) 11-4(40) 1 Peternal
2 11-1 (39) 11-7 (41) 2 Paternal
3 11-4 (40) 11-7 (41) 1 Paternal
4 [11-4 (41) 11-5 (43) 2 Paternal
5 AT 010 111-3 (36) 111-5 (37) 1 Paternal
6 111-3 (36) 111-9 (38) 2 Paternal
7 111-5 (37) 111-9 (38) 1 Paternal
8 AT 017 111-2 (41) 111-5 (40) -1 Maternal
9 [11-2 (41) 111-6 (42) 1 Maternal
10 111-2 (41) 111-8 (45) 4 Maternal
11 111-5 (40) 111-6 (42) 2 Maternal
12 [11-5 (40) 111-8 (45) 5 Maternal
13 111-6 (42) 111-8 (45) 3 Maternal
14 ATO27 111-1 (41) 111-7 (42) 0 Maternal
15 ATO31 IV-1 (40) IV-9 (44) 4 Paternal
andicates that in thiscasethe 16 V-1 (43) V-6 (33) -10 Paternal
siblings were dizygotic twins 17 ATV001 11-2 (42) 11-3 (43) 1 Paternal
and were not used in statistical  1ga ATO38 V-1 (41) IV-2 (41) 0 Paternal

analyses

Table 2 Markers associated with expanded aleles in different
families. D12S1332: allele 8=208 bp, 5=202 bp, 6=204 bp;
D12S1672: 3=281 bp, 4=283 bp; D12S1333:1=225bp

Family number  D12S1332 D12S1672 D12S1333
ATO06 8 3 1
ATO009 8 3 1
ATO027 8 3 1
ATO38 8 3 1
ATO024 5 3 1
ATO31 5 3 1
ATO10 6 3 1
ATO029 5 4 1
ATO17 5 4 1

Haplotype analysis of SCA2 families

Haplotype analysis was carried out in 9 SCA2 pedigrees
using the microsatellite markers D12S1332, D12S1333
and D12S1672 (Table 2). In the remaining SCA2 family,
the DNA was insufficient to carry out haplotype analysis.
All the 9 pedigrees were from northern India. The allele 1

of D12S1333 was present on the chromosome containing
the expanded repeat in all the SCA2 positive families. The
aleles 3 and 4 of the marker D12S1672 and aleles 5 and
8 of D12S1332 were the most commonly linked to the ex-
panded alleles in the patients. The truncated haplotype 3—1
for markers at D12S1333 and D12S1672 was associated
with SCA2 expansion in al but two families, AT029 and
ATO017. In these two exceptions the haplotype was 4-1.

The frequency of the alleles associated with the ex-
panded chromosomes was also estimated in the normal
chromosomes derived from the same geographical loca-
tion (Table 3). The dlele 1 in the case of D12S1333 and
the allele 3 of D12S1672 were in complete linkage dise-
quilibrium with the SCA2 expanded allele (P<0.001).In
the case of D12S1332, the frequencies of alleles 5 and 8
in the normal and the expanded alleles indicate that the as-
sociation of allele 8 with the expanded allele is much
more significant (P<0.001). The haplotype 8-3-1 and the
truncated haplotype 3—1 were in strong linkage disequilib-
rium with the expanded SCA2 allele (P<0.001). This hap-
lotype was not present in chromosomes from normal indi-
viduals in which the phase could be determined.

Table 3 Linkage disequilib-

rium between the microsatellite Locus Allele Patients Controls X? Probability
markers and the SCA2 (frequency) (frequency)
D12S1332 5 4/9 (0.44) 66/200 (0.33) 0.506 0.476
6 1/9 (0.11) 24/200 (0.12) 0.006 0.93
8 4/9 (0.44) 14/200 (0.07) 15.3 <0.0001
D12S1672 3 7/9 (0.77) 30/197 (0.15) 22.8 <0.0001
4 2/9 (0.22) 9/197 (0.05) 53 0.02
D12S1333 1 9/9 (1.00) 26/198 (0.13) 46.2 <0.0001
Haplotype 8-31 419 (0.44) 0/61 (0.00) 28.7 <0.0001
53-1 2/9 (0.22) 1/61 (0.02) 8.1 0.004
54-1 2/9 (0.22) 0/61 (0.00) 13.7 0.0002
6-3-1 1/9 (0.11) 0/61 (0.00) 6.86 <0.0001
Truncated haplotype 31 7/9 (0.77) 1/61 (0.02) 44.916 <0.0001
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Fig.4 Distribution of CAG repeats at various SCA loci in 270
normal chromosomes from unrelated individuals. X axis represents
CAG repeat number and Y axis the percentage frequency

Distribution of CAG repeats
at various SCA loci in normal individuals

Figure 4 shows the frequency distribution of the trinu-
cleotide repeats at the SCA1, SCA2, SCA3/MJID, SCAG,
SCA7, SCA8 and DRPLA loci of 270 norma chromo-
somes predominantly from the northern part of India. The
distribution of the normal alleles of SCA1, SCA2, SCAS,
SCAG6 and DRPLA resembles the Caucasian population to
agreat extent and differs from the Japanese (Takano et al.
1998). In the case of SCA1, norma alleles with 7-37
CAG repeats were present, with 90% of them having re-
peats from 27 to 37. All the normal alleles of SCA1 which
were sequenced had CAT interruptions within the CAG
repeat stretch. In the case of SCA2, though 91% of the al-
leles had repeats of less than 23, large normal (LN) aleles
were also observed. All the normal alleles sequenced con-
tained 1, 2 or 3interruptions of CAA except oneLN alele
with 29 repeats which did not contain any interruption.
Thisisthefirst report of an SCA2 allele of this size with-
out interruptions observed in the normal range. In the case
of SCA7, the heterozygosity was comparatively low, with
80% of the alleles having 10 repeats. A large normal alele
carrying 18 repeats was observed at this locus which has
not been reported previously. At the SCA8 locus, astretch
of CTA repeatsis contiguous with the CTG repeat, both of
which are polymorphic (Koob et al. 1999). The repeat

Table4 Frequencies of large normal alleles at the SCA loci in In-
dian, Japanese and Caucasian populations. Data from Japanese and
Caucasian populations are taken from Takano et al. (1998)

SCA locus Repeat size Indian Caucasian  Japanese
SCA1l >30 0.27 0.26 0.09
>31 0.12 0.16 0.04
SCA2 >22 0.06 0.12 0.01
>23 0.02 0.03 0.01
SCA3/MJID >27 0.07 0.09 0.21
>28 0.03 0.04 0.09
SCA6 >13 0.017 0.04 0.20
>14 0.0035 0.00 0.08
DRPLA >17 0.11 0.04 0.26
>18 0.07 0.06 0.13

numbers estimated were, therefore, a composite of the
CTA and CTG repeats. At this locus, the repeats varied
from 18 to 33 with 90% of the alleles having less than 27
repeats. LN aleles at the SCA8 locus ranging from 33 to
92 repeats, which have been reported previously, have not
been observed in the samples studied. Frequency of LN
aleles and a comparison with the Caucasian and Japanese
populations is given in Table 4. The range representing
LN alleles were determined as per the criterion described
by Takano et al. (1998).

Discussion

Forty-two Indian families diagnosed for spinocerebellar
ataxia have been analysed for expansions at the SCAL,



SCA2, SCA3/MJID, SCA6, SCA7, SCA8 and DRPLA
loci. Of these, three families showed expansions at the
Friedreich’s ataxia locus and were excluded from further
analysis. In our study, we observed the maximum fre-
guency for SCA2 (10/39), followed by SCA1 (3/39) and
MJD (2/39). The remaining families (24/39) were nega-
tive for expansion at all the loci studied.

The expanded repeat range and the clinical features of
SCA2 patients were similar to those described earlier (Im-
bert et al. 1996; Pulst et al. 1996; Sanpei et a. 1996; Can-
cel et a. 1997; Geschwind et al. 1997; Giunti et al. 1998;
Wadia et a. 1998). Anticipation was observed in the
SCA2 pedigrees (Fig. 3). The SCA2 families analysed ex-
hibited a number of interesting features, the most striking
of which was the horizontal increase in repeat number in
the majority of sib pairs. Our results indicate that as the
age of the parent increases there is an increased instability
(predominately expansion) during transmission to the off-
spring. Single sperm analysis for various SCAs has indi-
cated that there is considerable size variation in the repeat
number for the expanded allele (Kunst et al. 1997; Chong
et a. 1995; Chong et a. 1997; Leeflang et al. 1995;
Takiyama et al. 1997; Zhang et al. 1995). In the case of
Huntingon’s disease, single sperm analysis was carried
out in a patient at an interval of 2 years (Leeflang et al.
1998). It was shown that though the overall distribution of
the expanded alleles was the same, afew larger aleles not
seen previously were observed in the sample taken after 2
years. In the case of SCA2, if instability occurs during
spermatogenesis then the observed increase in repeat size
in siblings would indicate that there is a progressive tem-
poral increase in repeat size in the germline. This is fur-
ther strengthened by our observation that in the dizygotic
affected twins, where the age of the transmitting parent is
the same for both sibs, there was no difference in the size
of the expanded alleles. It isinteresting to note that in the
case of some SCA1 transgenic mice the magnitude of re-
peat instability during maternal transmission increased as
the mice grew older (Kaytor et al. 1997) However, in al
these cases the instability was characterized by a prepon-
derance of contractions. Thus, age of the transmitting par-
ent seems to play arole in repeat instability in both male
and female germ cells. In case of Friedreich’s ataxia, adi-
rect correlation has been shown between repeat instability
in the offspring and parental age at birth, with a prefer-
ence for expansions during maternal transmissions and
the inverse in paternal transmissions (De Michele et al.
1998). Although this phenomena of horizontal increase in
repeat size hasto be validated in alarger number of SCA2
families, the parental age biasisin favour of a pre-zygotic
occurrence of instability. In the two cases where the fe-
mal e was the transmitting parent, we find both an increase
and a decrease in repeat length with the birth order of the
offspring. Analysis needs to be carried out to determine
whether the sex of the transmitting parent has an effect on
this phenomenon. It isimportant to analyse more maternal
transmissions and the variation in size of the expanded re-
peat at the SCA2 locusin single sperm over an interval of
time.
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It is noteworthy that the frequency distribution of the
expanded alleles also shows a resemblance to earlier re-
ports (Giunti et al. 1998; Riesset al. 1997). A modal alele
around the range of 40 repeats is seen both in our study
(Fig.2) and the earlier reports. This similarity might un-
derlie a common mechanism resulting in some alleles be-
ing over-represented in the distribution of expanded ale-
les. Another feature which we observe in the families is
an increase in the repeat by one unit during transmission
to offspring. Sinceit is difficult for one repeat unit to form
a hairpin, strand slippage rather than hairpin-mediated
slippage may aso be involved in the generation of small
expansions.

The truncated haplotype 3-1 (D12S1672-D12S1333)
found in the SCA2 pedigrees was far more common in the
patients than in the normal population, suggesting the
presence of a common ancestral founder (Table 3). Thisis
quite likely since all the SCA2 families analysed were
from neighbouring geographic regions (Punjab, Haryana
and Uttar Pradesh, three adjacent states of northern India).
Two of the families had the truncated haplotype 4-1. The
alele 4 differs from 3 by one repeat unit. It is probable
that the allele 4 might have arisen de novo due to a slip-
page event on a pre-existing 3—1 haplotype. The alleles 5,
6 and 8 for D12S1332 were present on the chromosomes
containing the SCA2 expansions. Since this marker is
comparatively more distant from the SCA2 locus, it is
possible that a rare recombination could have resulted in
different haplotypes. The significantly lower frequency of
the 8 allele (D12S11332) in the normal chromosomes in-
dicates that the 8-3-1 haplotype could be the founder for
the SCA2 mutation and 5-3-1 could have arisen by re-
combination since the frequency of the latter is very high
in the normal population. In earlier studies, haplotype
analysis of SCA2 families from different geographic ori-
gins revealed many different haplotypes suggesting the
presence of multiple founders (Giunti et al. 1998; Didier-
jean et al. 1999). However, acommon haplotype was seen
in patients from countries which were geographically
close (Didierjean et al. 1999). The haplotype in our analy-
sis resembles two SCA2 pedigrees found in France (Di-
dierjean et a. 1999). The similarity in haplotypes between
our patients and the geographically distant French patients
could indicate that either the SCA2 mutation is very an-
cient or these haplotypes actually represent an ‘at risk’
chromosome.

In different populations, the disease prevalence of
these ataxias have been shown to be associated with the
presence of LN alleles at the respective loci (Goldberg et
al. 1993; Myers et al. 1993; Squitieri et a. 1994; Takano
et a. 1998). We have estimated the frequency of various
LN alelesat the different SCA loci (Fig.4) and compared
this with the frequencies reported for the Caucasian and
the Japanese populations (Takano et al. 1998), shown in
Table 4. As datawas not available for SCA7 and SCA8 in
these populations, such a comparison could not be carried
out. For all the loci, the frequencies of LN alleles were
significantly different from the Japanese population
(Table 4). However, when compared to the Caucasian
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population, al of the loci were similar with two excep-
tions. In the case of DRPLA, the Indian population had a
significantly higher frequency of LN alleles >17 repeats
(x?=6.74, P=0.009) which was, however, less than that
seen in the Japanese population. DRPLA has been shown
to occur amost solely in the Japanese, but some Cau-
casian families with the disease have also been reported
(Kondo 1998). It would be interesting to examine a larger
sample of Indian ataxia patients to see whether there is
truly a higher prevalence of the disease than that previ-
ously reported for the Caucasian population. In the case of
SCA2, repeats >22 were present at a significantly lower
frequency than that of the Caucasian population (x2=6.86,
P=0.009). SCA2 is unique among the loci studied, in that
it has a near unimodal distribution of normal alelesin all
the populations studied. No difference in LN allele fre-
quency was seen between the Japanese and Caucasian
populations in spite of the marked difference in preva-
lence of this disease in the two groups (Takano et al.
1998). It is likely that in the case of SCA2, the LN dlele
frequency is not the best indicator of disease prevalence.
As SCA2 repeats also possess CAA interruptions, the fre-
guency of large uninterrupted alleles might be more infor-
mative in this regard. The MJD cases we have identified
were all from eastern India and none were detected in the
larger sample from northern India. It is important to note
that the normal samples we have studied were derived
from northern India. It is probable that the prevalence of
these ataxias might vary in the different regions of India.
Given the large ethnic variation in the Indian population,
alarger study of thiskind isimportant both for estimating
the frequency of known SCAs and also to search for fam-
ilies which could represent novel disease-causing muta-
tions.
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