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Abstract
Spinocerebellar ataxia type 2 is a familial
spinocerebellar ataxia with autosomal
dominant inheritance. The gene responsi-
ble was recently cloned and this disorder
was found to be the result of a CAG expan-
sion in its open reading frame. We ana-
lysed 13 SCA2 patients in seven unrelated
families in Gunma Prefecture, Japan. In
four of the seven families, we detected
CCG or CCGCCG interruptions in only
the expanded alleles. Cosegregation of
these polymorphisms with SCA2 patients
was established within each family. To-
gether with the results of haplotype analy-
ses, we considered that at least two
founders were present in our area and that
these (CCG)1-2 polymorphisms may make
analysis of founder eVects easier. By
sequencing analysis we found that al-
though the number of the long CAG repeat
varied in each subclone of expanded
alleles, these polymorphisms did not
change their configuration. This finding
suggests that CCG or CCGCCG sequences
are stable when surrounded by the long
CAG repeat and a single CAG. Moreover,
the presence of these polymorphisms may
lead to miscounting the repeat size by con-
ventional estimation using a size marker
such as an M13 sequencing ladder. There-
fore we should consider these polymor-
phisms and accurately determine the
repeat size by sequencing.
(J Med Genet 1999;36:112–114)

Keywords: spinocerebellar ataxia type 2; CCG repeat
polymorphism; founder eVect

The autosomal dominant spinocerebellar
ataxias (ADCA) consist of genetically hetero-
geneous subtypes.1 The gene responsible for
spinocerebellar ataxia type 2 (SCA2), one type
of ADCA, was recently cloned, and SCA2 was
shown to occur as a result of the expansion of
an unstable CAG repeat in its open reading
frame,2–4 similar to SCA1,5 SCA3 allelic to
Machado-Joseph disease (MJD),6 SCA6,7

SCA7,8 hereditary dentatorubropallidoluysian
atrophy (DRPLA),9 10 Huntington’s disease
(HD),11 and X linked spinobulbar muscular
atrophy (SBMA).12 Previous reports have
shown that CAA interruption ranging from one
to three is only present in the normal alleles of
the SCA2 gene, and this interruption possibly
stabilises replication of the normal alleles.2–4

However, there have been no reports concern-
ing the interruptions observed in the expanded
CAG repeat of the SCA2 gene. In this study,
we document two types of previously unre-
ported polymorphisms present only in the
expanded alleles and their contribution to
easier analysis of the founder eVect in associ-
ation with data from haplotyping.

Materials and methods
Thirteen SCA2 patients (five males and eight
females) from seven unrelated Japanese fami-
lies (families A-G) and 60 unrelated normal
controls who live in Gunma Prefecture (located
about 100 km north of Tokyo with a population
of approximately two million) were genetically
examined. All patients had a family history of
autosomal dominant inheritance. Blood sam-
ples were obtained from these cases with
informed consent. Genomic DNA was ex-
tracted from blood by a standard phenol/
chloroform method. Using a primer set of
SCA2-A whose 5' end was Cy5 labelled and
SCA2-B from Pulst’s group, the region con-
taining the CAG repeat in the SCA2 gene was
amplified by polymerase chain reaction (PCR)
according to previously reported methods.3

After the PCR products were analysed by 4%
agarose gel electrophoresis with ethidium bro-
mide staining, an aliquot of the PCR product
was electrophoresed on 6% denaturing poly-
acrylamide gel with an automated DNA
sequencer (ALF Express, Pharmacia LKB,
Uppsala, Sweden). The data were processed
with fragment analysis software (Fragment
Manager, Pharmacia) according to our previ-
ous methods.13–15 After confirming the presence
of both normal and expanded alleles on
agarose and sequencing gels, both alleles were
excised from the agarose gel and purified by
spin columns (GenElute agarose spin columns,
Supelco, Bellefonte, USA). Thereafter these
purified fragments were subcloned into a plas-
mid vector (pBluescript II KS (+), Stratagene,
La Jolla, CA, USA) and the sequence was
determined with the above sequencer. All frag-
ments were analysed by plasmid sequencing,
while downstream of the reverse primer
(SCA2-B) was not examined in this study.
Similarly, analyses of six microsatellite markers
(D12S84, D12S105, D12S1672, D12S1333,
D12S354, and D12S79) flanking the
SCA2 gene (cen-D12S84/D12S105-1 cM-
D12S1672 (at the first intron in the SCA2
gene)-20 kb-the CAG repeat in the SCA2
gene-200 kb-D12S1333-4 cM-D12S354-2
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cM-D12S79-tel) were performed and the hap-
lotype of each marker was determined.16 17

Each allele was numbered depending on its
product size. The diVerence in allele distribu-
tion between disease and normal chromosomes
was evaluated by the ÷2 and Fisher’s exact tests.
The Yates correction was used when appropri-
ate. Only phase known genotypes were in-
cluded in the statistical analysis.

Results
Plasmid sequencing of both the expanded and
normal alleles was performed in the above 13
SCA2 patients and 15 normal controls. As in
previous reports,2–4 17 of the 30 normal alleles
examined, 25 displayed (CAG)8CAA(CAG)4

CAA(CAG)8, three (CAG)13CAA(CAG)8, and
two (CAG)8CAA(CAG)4CAA(CAG)7. How-
ever, CCG polymorphisms or other insertions,
deletions, or mutations were not observed. As
shown in table 1, the sequence of the expanded
allele in families A, B, and C had no interrup-
tions after the CAG repeats, whereas that of
families D and E had a CCG interruption sur-
rounded by the long CAG repeat and a single
CAG, and that of families F and G had a
CCGCCG interruption. The expanded alleles
of the PCR products on polyacrylamide gel
electrophoresis showed multiple peaks. The
multiplicity of peaks for the expanded allele is
not uniform, suggesting heterogeneity of ge-
nomic template in SCA2 expanded alleles. All
the PCR products from subcloned expanded
DNA, normal alleles, or microsatellite markers
tested showed an absence of peaks after the
strongest, indicating that the multiple peaks of
the expanded alleles for these templates are not
the result of Taq slippage. Therefore, several
subclones were sequenced in each expanded
allele. Consequently, variability was only seen
in the long CAG repeat and not in the
CCGCAG or the CCGCCGCAG (table 1).
Moreover, cosegregation of SCA2 patients
with an expanded SCA2 gene with or without
these polymorphisms was established within
each family (table 1).

The above six microsatellite markers were
typed in all patients in these seven families and
60 normal controls (tables 1 and 2). As table 1
shows, family A has a diVerent haplotype from
families D-G. Families D-G had allele 2 of

D12S1672 and families D-F (maybe family G
also) possessed allele 2 of D12S1333, both of
which were significantly more frequent in
patients than in controls (p<0.05). Therefore,
at least one founder with allele 2 of D12S1672
and allele 2 of D12S1333 is thought to be
present in families D-G. In addition, since the
families with the CCG polymorphism (families
D and E) had the haplotype 2-2-2-1
(D12S105-D12S1672-D12S1333-D12S354),
and those with the (CCG)2 polymorphism
(families F and G) had the haplotype 7-2-2-5
(D12S84-D12S105-D12S1672-D12S79) and
maybe 2-6 (D12S1333-D12S354), it is possi-
ble that the founder of family D is the same as
that of family E, and family F shares the same
founder with family G. Furthermore, families
D-F (maybe family G also) may have the same
founder because they bear the haplotype 2-2-2
(D12S105-D12S1672-D12S1333). A third
founder may be present in families B and C.
Taken altogether, at least two founders (one
founder for family A and the other for families
D-G) are thought to be present in our area.

Discussion
In this study, we sequenced the region
containing the CAG repeat in the SCA2 gene
from seven unrelated SCA2 families in
Gunma Prefecture, Japan. In two of them
(families D and E), we detected the CCG
polymorphism after the long CAG repeat, and
in another two (families F and G) the

Table 1 Results of sequencing and haplotype analysis in 13 patients from seven SCA2 families

Family Case
Relation to other
cases

Repeat
size

Config of
poly D12S84 D12S105 D12S1672 D12S1333 D12S354 D12S79

A 1 M Father of A-2 37, 37 Normal 10 2 4 7 3 8
2 F Proband 44 Normal 10 2 4 7 3 8

B 1 F Proband 51, 53 Normal 8 or 10 1 or 2 2 or 3 2 or 6 6 2 or 3
C 1 F Proband 43, 44, 46 Normal 9 or 10 1 or 2 1 or 2 5 or 6 4 or 6 3 or 5
D 1 F Older sister of

D-2
37 CCG 8 2 2 2 1 5

2 F Proband 41, 42 CCG 8 2 2 2 1 5
E 1 M Father of E-2 37, 37, 37 CCG 3 2 2 2 1 3 or 7

2 M Proband 44 CCG 3 2 2 2 1 3 or 7
F 1 F Older sister of

F-2
41 CCGCCG 7 2 2 2 6 5

2 M Uncle of F-3 42, 42, 43 CCGCCG 7 2 2 2 6 5
3 F Proband 51, 51 CCGCCG 7 2 2 2 6 5

G 1 F Older sister of
G-2

37, 38, 40 CCGCCG 7 2 2 2 or 6 3 or 6 5

2 M Proband 36 CCGCCG 7 2 2 2 or 6 3 or 6 5

Repeat size means the number of long CAG repeats in each subclone of the expanded alleles.
Config of poly: configuration of polymorphisms. F: female. M: male.

Table 2 Distributions of chromosome 12 markers in
SCA2 patients and normal controls

Locus Allele npatients/N ncontrols/N ÷2 p

D12S84 3 1/5 6/120
7 2/5 18/120
8 1/5 30/120

10 1/5 10/120
D12S105 2 5/5 61/120
D12S1672 2 4/5 18/120 9.86 <0.05

4 1/5 27/120
D12S1333 2 3/4 8/120 14.71 <0.001

7 1/4 31/120
D12S354 1 2/5 43/120

3 1/5 17/120
6 2/5 39/120

D12S79 5 3/4 15/120 7.67 <0.05
8 1/4 4/120

N = number of families in which the allele segregating with the
mutation could be determined or number of control chromo-
somes used.
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CCGCCG configuration was found only in
the expanded allele. So far a similar interrup-
tion has not been reported in the genes
responsible for other CAG related disorders.
Moreover, cosegregation of SCA2 patients
with the expanded SCA2 gene with or without
these polymorphisms was established within
each family (table 1). Together with the results
of haplotype analyses (tables 1 and 2) it was
determined that at least two founders (family
A and families D-G) are present in our area. If
the founder of families D-G is the same, the
CCG repeat has been ancestrally lost or gained
through transmissions. From the results of
haplotype analyses, families D-G obviously
have a diVerent founder from that of family A.
Therefore, without analysis of flanking micro-
satellite markers, we could study the presence
of a distinct founder in SCA2 families with the
(CCG)1-2 polymorphisms. Thus the (CCG)1-2

polymorphisms may make analysis of founder
eVects easier. The fact that two founders are
present in a geographically confined region
suggests that the CAG expansion is prone to
occur in the SCA2 gene in normal popula-
tions, which is compatible with a recent
report.17 This may be associated with the rela-
tively smaller size of the CAG expansion in the
SCA2 gene.

Although the single or double CCG repeat
was surrounded by the long CAG repeat and a
single CAG, the long CAG repeat which
skipped the CCG or CCGCCG sequence was
never observed in any of the expanded alleles
examined (table 1). Moreover, although the
number of the long CAG repeat varied in each
subclone of the expanded alleles, these poly-
morphisms did not change their configuration.
The present results clearly show that the
(CCG)1-2 sequence is stable when surrounded
by the long CAG repeat and a single CAG. The
data presented here may provide clues for elu-
cidating the mechanisms of the expansion of
trinucleotide repeats.

Because the multiple band pattern of the
expanded alleles on polyacrylamide gel electro-
phoresis suggested that cell mosaicism occurs
in the expanded SCA2 gene as well, several
subclones were sequenced in each expanded
allele. As described above, in contrast with the
size variation of the long CAG repeat in each
subclone, the CCG and CCGCCG polymor-
phisms and the single CAG after these
polymorphisms never changed their configura-
tions, suggesting that cell mosaicism in the
expanded alleles is the result of the variation in
the size of the long CAG repeat. In addition, in
HD it has been noted that the CCG region
immediately 3' to the unstable CAG repeats in
the IT15 cDNA is polymorphic, but only the
CAG repeat is associated with its expansions
and the disease.18–20 These findings suggest that
the size of the long CAG repeat, not the size of
the following (CCG)1-2 CAG, is probably
responsible for the occurrence of the disease in
our patients (families D-G). In CAG related

disorders, the size of the expanded allele is
conventionally determined on polyacrylamide
gel electrophoresis using a size marker such as
an M13 sequencing ladder. Therefore, in
analyses of the expanded alleles containing
these polymorphisms, two or three repeats may
be overestimated. Thus, we should examine in
detail whether such polymorphisms are con-
tained in the expanded alleles of the genes for
other triplet repeat diseases as well as other
group SCA2 families.
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