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The Spinocerebellar Ataxia 2 Locus Is Located
within a 3-cM Interval on Chromosome
1 2q23-24. 1

To the Editor:
The autosomal dominant cerebellar ataxias (ADCA) are
a clinically heterogeneous group of neurodegenerative
disorders characterized by a predominantly cerebellar
syndrome of onset with gait ataxia, dysarthria, dysmet-
ria, and dysdiadochokinesia. Pathologically, the disor-
ders are characterized by premature neuronal loss in the
cerebellar cortex and the inferior olivary and pontine
nuclei, with degeneration of the spinal cord.

Genetic heterogeneity has been established, with dis-
ease loci assigned to chromosomes 6q (Jackson et al.
1977), 11 (Ranum et al. 1994), 12q (Twells et al. 1993),
14q (Takiyama et al. 1993; Stevanin et al. 1994) and
16q (Gardner et al. 1994). Two of these genes have been
isolated, and the mutation mechanism has been shown
to be unstable (CAG)" motifs present within coding se-
quence (Orr et al. 1993; Kawaguchi et al. 1994).

Elsewhere, we have assigned the spinocerebellar
ataxia 2 locus to chromosome 12q23-24.1, within a
31-cM interval flanked by the loci D12S58 and PLA2
(Twells et al. 1993). Although initially ascertained in a
potential founder population from the Holguin prov-
ince, Cuba, mutation at this locus is not unique to the
Cuban kindred. Linkage to SCA2 has been demon-
strated in pedigrees from Europe, Japan (Sasaki et al.
1993), and North America (Lopes-Cendes et al. 1994),
the latter study serving to refine the candidate region to
a 16-cM interval.
We report here genetic analysis undertaken between

SCA2 and nine microsatellite loci known to span 8 cM
within this interval. A total of 176 individuals, including
121 affected members from 16 pedigrees, were included
in the analysis. A description of the phenotype has
been reported elsewhere (Orozco-Diaz et al. 1990). The
order and sex-averaged distance (in cM) between these
markers is as follows: cen-D12S353-(0.00)-
D12S330-(0.02)-D12S84-(0.00)-D12S1O5-(0.00)-
AFM240we1-(0.03)-AFM128yf1-(0.00)-AFM312y
bl-(0.01)-D12S354-(0.02)-D12S79-qter. Primer se-
quences were obtained from the Genome Database or by
one of us (J.W.). Microsatellite analysis was performed
following PCR amplification incorporating 100 ng geno-
mic DNA, 50 pmol each of the forward and reverse
primer, 200,M dGTP, dCTP, dTTP, 25,M dATP, 10
,uCi 35S-dATP and 0.25 U Taq polymerase (Dynazyme)
in a standard 25 gl reaction. Amplification was carried
out following an initial denaturation at 95°C for 7 min
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Figure I A, Identification of the proximal boundary for the interval containing the disease locus by the detection of a recombination
event in descendants of HC-5/III9 that positions SCA2 distal to AFM240wel. The haplotype segregating with the disease in the kindred is
indicated (box). Haplotypes shown in parentheses are inferred from the pedigree. B, Identification of the distal boundary for the interval
containing the disease locus by the detection of a recombination event in individual HC-19/VI24 that positions SCA2 proximal to AFM312ybl.
The haplotype segregating with the disease in the kindred is indicated (box). Haplotypes shown in parentheses are inferred from the pedigree.

by using 30 cycles of 940C for 1 min, 550C for 1 min,
and 720C for 1 min and a final extension at 720C for
10 min. Products were resolved on 6% polyacrylamide
gels.

Pairwise lod scores between SCA2 and the polymor-
phic loci were calculated using MLINK from the LINK-
AGE 5.1 package (Lathrop et al. 1984), including af-
fected members of the pedigrees only, to minimize de-
pendence on presymptomatic individuals in the analysis.
Several previously unreported alleles were observed in
the course of analyzing these markers through the Cu-
ban population, necessitating amendment of the fre-

quencies according to observations made in individuals
marrying into the kindred.
Lod scores for combined sexes (Omaj, = Ofemale) are

reported in table 1. Evidence for tight linkage was ob-
served for all markers, with no recombination detected
between SCA2 and the loci D12S105 (Zmax = 27.59) and
AFM128yfl (Zmax = 32.10). Evidence for a common

ancestral haplotype segregating with the disease in each
of the 16 pedigrees was observed. The haplotype is de-
fined by the alleles: D12S353 (allele 3 [103 bp])-
D12S330 (allele 13 [166 bp])-D12S84 (allele 3 [219
bp])-D12S105 (allele 4 [147 bp])-AFM240wel (allele
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4 [272 bp])-AFM128yfl (allele 9 [208 bp])-AF-
M312ybl (allele 3 [213 bp])-D12S354 (allele 2 [197
bp])-D12S79 (allie 9 [159 bp]). Concordance for segre-

gation with a single allele at each locus is particularly
strong within the interval defined by the loci D12S84-
D12S354, providing independent evidence for the loca-
tion of the SCA2 locus.

Critical recombination events that position the dis-
ease locus more precisely within this interval are shown
in figure 1A and B; both pedigrees have been amended
for brevity. The identification of the proximal boundary
for the candidate region is derived from the interpreta-
tion of the genetic analysis of pedigree HC-5 (fig. 1A).
Linkage to the SCA2 locus was independently confirmed

in this pedigree by the generation of a maximal lod score

of 3.76 (Omax = .00) with the locus D12S105. Compari-
son of the disease haplotype in descendants of individual
III9 with the ancestral haplotype observed in descen-
dants of II2, II112, and III13 indicates the occurrence of
a recombination event proximal to the locus AF-
M128yfl, as detected in the sibship IV1-IV5. The segre-

gation of the disease haplotype in all affected members
of the pedigree with markers telomeric to AFM240wel
confirms a distal location for SCA2 with respect to this
locus.
The distal boundary to the SCA2 region is established

by the detection of recombination events between the
disease locus and the marker AFM312ybl in affected
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Table I

Pairwise Lod Scores Generated between the SCA2 Locus and Microsatellite Loci Mapping to 1 2q23-24.1
by Using "Affected-Only" Analysis

LOD SCORE AT RECOMBINATION FRACTIONS (0)

Loci .00 .01 .05 .10 .20 .30 .40 Zmax omx

D12S353 ............ -1.86 13.55 14.84 13.78 10.05 5.84 2.19 14.87 .04
D12S330 ............ -9.26 3.03 5.77 5.98 4.67 2.79 1.03 6.03 .08
D12S84 ............ 17.10 23.67 22.73 20.33 14.70 8.76 3.39 23.72 .02
D12S105 ............ 27.59 26.98 24.71 21.77 15.67 9.48 3.88 27.59 .00
AFM240wel ........ 21.67 22.79 21.87 19.53 14.04 8.39 3.44 22.81 .02
AFM128yfl .......... 32.10 31.48 28.95 25.69 18.80 11.59 4.80 32.10 .00
AFM312ybl ......... 7.67 11.31 10.62 9.26 6.38 3.62 1.39 11.31 .01
D12S354 ............ -4.87 4.33 5.26 4.76 3.14 1.66 .60 5.26 .04
D12S79 ............ -24.04 2.74 7.35 7.92 6.37 3.95 1.69 7.94 .09

NoTE.-The markers define a linkage group spanning an 8-cM interval: cen-D12S353-(0.00)-D12S330-(0.02)-D12S84-(0.00)-
D12S1O5-(0.00)-AFM240wel-(0.03)-AFM128yfl-(0.00)-AFM312ybl-(0.01)-D12S354-(0.02)-D12S79-qter.

members of two pedigrees. Haplotype analysis illustrat-
ing a distal recombination event in pedigree HC-19 in
shown in figure 1B. Independent evidence for linkage
of this pedigree to the chromosome 12 locus could be
established with the locus D12S105 (Zmax = 8.43; 03max
= .00). Segregation of the full disease haplotype ex-
tending from D12S353-D12S79 is observed in affected
family members. Evidence for recombination can be de-
tected in the descendant (VI24) of individual IV48,
where recombination away from the disease haplotype
is detected distal to AFM128yfl, thus positioning SCA2
centromeric to AFM312ybl. Full phase could be con-
structed for the majority of markers proximal to this
locus in this individual.

Interpretation of the recombination data strongly sup-
ports the location of the SCA2 gene within a 3-cM interval
flanked by the markers AFM240wel and AFM312ybl.
The position of the D12S1OS locus with respect to D12S84
and AFM340wel could not be established for the con-
struction of the Genethon genetic linkage map of the inter-
val. The lack of recombination seen between SCA2 and
D12S105 in this study would suggest a location for this
marker distal to AFM340wel and, hence, within the can-
didate interval. However, phase for this marker could not
be assigned unequivocally in the key recombinant. Deter-
mination of the relative location of this marker awaits
physical confirmation.
The identification of markers tightly linked to the

SCA2 locus and in particular, D12S105 and AF-
M128yfl, will facilitate reliable genetic counseling. In
the case of the Cuban kindred, the detection of a com-
mon ancestral haplotype segregating with the disease
provides compelling evidence for the founder status of
this population and, hence, strengthens the interpreta-
tion of data in those pedigrees of insufficient size and

structure to allow linkage to be established indepen-
dently.
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BRCA I Mutations in Ashkenazi Jewish Women

To the Editor:
The gene for breast and ovarian cancer, BRCA1, has
recently been cloned (Miki et al. 1994). To date, we
have identified BRCA1 mutations in 24 North American
families. In a recent collaborative report, the most com-
mon BRCA1 mutation found was a 2-bp deletion in
exon 2 (Shattuck-Eidens et al. 1995). This mutation
(185delAG) was present in 6 of our 24 breast-ovarian
cancer families. All six families are of Ashkenazi Jewish
origin. The families are not known to be related to each
other, but haplotype analyses suggest that these six fami-
lies have a common ancestor (Simard et al. 1994). Only
1 of the other 18 families with BRCAl mutations was
known to be of Jewish origin or had founders with sur-

names suggestive of Ashkenazi heritage (P < .0001). In
total, six of the seven Ashkenazi families were found to
carry the 185delAG mutation. Three other Ashkenazi
families with this mutation have been reported by
Struewing et al. (1995; in this issue). If the majority
of hereditary breast-ovary cancer families in any ethnic
subgroup can be attributed to a small number of muta-
tions, our efforts to provide DNA-based predictive test-
ing will be greatly enhanced.
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