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Summary

Two large kindreds with HLA-linked, autosomal dominant spinocerebellar ataxia (SCA1) were examined
with markers from chromosome 6p to determine the location of the SCA1 locus. Results of the three-point
analysis between the markers HLA-A, SCA1, and F13A overwhelmingly favor the conclusion that SCAL1 is
located distal of HLA and proximal of F13A. In addition, our data strongly support the conclusion that
SCAT1 lies centromeric and genetically very close to the highly informative D6S89 marker within the 8-cM
chromosomal segment flanked by the D6S88 and D6S89 markers. In the two kindreds, one recombinant
was observed between D6S89 and SCAL1, resulting in a recombination fraction of .014 between the two loci.

Introduction

The inherited spinocerebellar ataxias are progressive
neurological disorders characterized by symptoms and
signs of degeneration of the cerebellum, spinal cord,
and brain stem. The hereditary ataxias can be grouped
into two general genetic categories, based on either
autosomal recessive or autosomal dominant inheri-
tance. Friedreich ataxia is an autosomal recessive dis-
ease, the gene for which has been assigned to chromo-
some 9q (Hanauer et al. 1990). The gene for one
subtype of the dominantly inherited spinocerebellar
ataxias (SCA1) has been localized to the short arm
of chromosome 6 near the human leukocyte antigen
(HLA) complex (Yakura et al. 1974; Jackson et al.
1977; Morton et al. 1980; Nino et al. 1980; Pederson
et al. 1980; Whittington et al. 1980; Haines et al.
1984).
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Individuals with SCA1 suffer from a combination
of neurological deficits that include progressive gait
ataxia, dysarthria, dysphagia, and generalized incoor-
dination. The most consistent pathological alteration
is a marked degeneration of cerebellar Purkinje neu-
rons (Landis et al. 1974). Age at onset of symptoms
is usually 20-50 years (Currier et al. 1972; Nino et al.
1980; Haines et al. 1984), although onset as early as 4
years or as late as the seventh decade has been reported
(Zoghbi et al. 1988b). The disease progresses over a
period of 10-30 years, ultimately resulting in death,
usually due to recurrent pneumonia.

Conflicting evidence as to an HLA-distal or HLA-
proximal location for SCA1 has been reported else-
where. In one large North American kindred, we and
others reported that SCA1 is distal to HLA (Haines
and Trofatter 1986; Rich et al. 1987), while data from
another kindred (Zoghbi et al. 1989) suggested a
proximal location. To address this discrepancy, we
recruited a second large SCA1 kindred originally de-
scribed by Nino et al. (1980). Linkage analyses using
these two large SCA1 kindreds were performed with
additional markers from the region telomeric to HLA,
including D6S88 (Duvick et al. 1990) and D6589 (Litt
and Luty 1990).

31



S UA P1IA €-1IA

A 1A 6IA O N L1 .> (114 ><N CSIA T IACH- « 1A L -> (Y _> WO. ‘A s -> Q.._> “IA 91-1A 61-1A 02 1A 12-IA
. ™ .
$94°A A . h. A SLIA A

SLALLL'AL O A OL-Al 08-Al

22 A2 A 'N>CQ>O.>°¢ -ﬁ’ha>n¢>ca

ODIDDh_

LA

SSv A

(2)

2C-1A
(2] . . . . . . . .
$S-A A €A SOC-A OC-A 62-A LZA ?9°A €9°A 29°A
. 2 ) . .
S6L Al LAl LA sce-Al 2C-Al .n AV LE >. e >. €S-A1 IC-AL SC-AI SSC-A1 9C-AI S9E-Al

MOOOoO0 0 —( &

s§mn

[l st
0L-NA 6-1IA
LR IA ZPIA EYCIA OF-IA  6E-IA S9C-IA N SE-IA  ¥E-IA LE-IA BE-IA
N M . YH YH YH M M
S9P-A  SYYA "weA SY-A A Zr-A L9-A S9¢-A 9€-A . SE-A S$E-A
. YH .
S9Ir-Al “Al SSP-AI S YAl L¥-AL 2ZP-AL €¥-Al SEP-Al

REON%

SSi-i

Si-in

(v)



Mapping of Spinocerebellar Ataxia Locus

Material and Methods

SCA| Kindreds

Kindred 1 was initially designated as the Schut-
Swier kindred (Gray and Oliver 1941) and kindred 2
the Sevenski kindred (Nino et al. 1980). Both kindreds
have been shown to have an autosomal dominant,
HLA-linked form of SCA1 (Nino et al. 1980; Haines
et al. 1984). Pedigrees for the two kindreds are shown
in figures 1 and 2. Table 1 presents the general clinical
features of these kindreds.

Centre d’Etude du Polymorphisme Humain (CEPH)
Reference Families

The panel of 40 families (CEPH) (Marx 1985) was
analyzed for the linkage of the D65S88 marker with
known markers from human chromosome 6p.

HLA Typing

Data for HLA-A in kindred 1, which had been deter-
mined in previous studies (Haines et al. 1984; Wilkie
et al., in press), were included in the linkage analyses
described below. HLA data from 63 individuals from
kindred 2 who were typed by Nino et al. (1980), along
with 48 newly identified members of the kindred, were
also included in the linkage analyses. Additional HLA
typings were performed by the HLA Typing Labora-
tory at the University of Minnesota, according to the
method of Hopkins and MacQueen (1981).

DNA Isolation and Southern Analysis

Blood samples obtained from individuals of kin-
dreds 1 and 2 were used to establish lymphoblastoid
cell lines by Epstein-Barr virus transformation. Geno-
mic DNA was isolated according to a method de-
scribed elsewhere (Bell et al. 1981). The DNA was
digested and transferred to a Zetabind nylon mem-
brane according to a method described elsewhere
(Rich et al. 1987). The D6S88 probe detects a three-
allele polymorphism after digestion of genomic DNA
with the restriction enzyme EcoRI (Duvick et al.
1990). A cDNA clone for the F13A gene (Grundmann
et al. 1986) was provided by Ulrich Grundmann
(Behringerke AG, Marburg, Germany). The polymor-
phisms detected after digestion of genomic DNA with
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BamHI and Bcll were used (Zoghbi et al. 1988a).
DNA probes were labeled with alpha-3?P dCTP (3,000
Ci/mmol) by the random primer technique described
by Feinberg and Vogelstein (1983). Hybridization and
wash conditions were as described elsewhere (Rich et
al. 1987).

PCR Amplification and Analysis of the D6589 Marker

The D6S89 locus contains a highly polymorphic,
GT-repeat sequence which is amplified by PCR using
the 1717 and 1718 primers (Litt and Luty 1990). Us-
ing a subpanel of the CEPH families, Litt and Luty
(1990) reported that D6S89 was distal of HLA and
proximal of F13A. For D6S89, they described 13 al-
leles of 199-227 nucleotides. In the kindreds we ex-
amined, 18 different alleles of 177-213 nucleotides
were observed. The 1717 primer was end-labeled with
gamma-32P ATP (3,000 Ci/mmol) before the D6589
sequence was amplified by PCR. The PCR reaction
was performed using 0.5 pmol of the 1717 primer
labeled with 0.5 puCi of gamma-*P ATP in addition
to 10 pmol of unlabeled 1717 and 1718. The PCR
conditions used have been described elsewhere (Litt
and Luty 1990). PCR products were analyzed on 53
x 22-cm, 6% acrylamide (5.8% acrylamide, 0.2%
N, N’-methylenebisacrylamide), denaturing, sequenc-
ing gels. M13 sequencing ladders were run with the
PCR products as molecular-weight markers. After
electrophoresis, gels were dried and exposed to Kodak
XAR-5 film with one Dupont Lightning-Plus intensi-
fying screen for 1-16 h.

Data Analysis

The data generated by HLA serology, as well as by
RFLP and PCR analysis, were analyzed for linkage
to SCA1 by using the computer package LINKAGE,
version 4.7 (Lathrop et al. 1984). Age-dependent pen-
etrances were assigned according to a method de-
scribed elsewhere (Ott 1974; Haines et al. 1984). For
each kindred, a set of age-dependent risk classes was
constructed. Since the age-at-onset distributions for
the two kindreds were of the same shape but were
displaced by a mean of 12 years, corrections were
made specific to each kindred.

Linkage analysis with the D65S89 marker was sim-

Figure |

Abbreviated pedigree of kindred 1 (Schut-Swier). Blackened circles (females) and blackened squares (males) represent

affected individuals. Pedigree numbers are listed below each individual. A small black dot indicates that complete data are available for
that person. Individuals for which only HLA typing was done are marked “HLA.”
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Mapping of Spinocerebellar Ataxia Locus 35

Table |

General Features of SCA| Kindreds

Kindred 2

38.8 (26-59) years
25.4 + 3.3 years
61.9 + 3.1 years

Kindred 1

26.3 (15-35) years
13.1 £ 0.7 years
39.3 + 1.0 years

Age at onset (range)...........ccceeuu.ee
Duration of disease......................
Age at death .......c..ceevvvneiinnnnnnnn.
No. of kindred members:

Total...coovniineiiiieeieeeieeeieeannens 162 181
Affected (alive) .....ccvvveneennnnnnn. 45 (14) 51 (28)
At risk .iiiiiieiiie e 60 79

No. of cell lines:
Affected individuals .................. 14 19
Total...ooviiniiiiiiiiiiiiiiieeeieans 93 99

Table 2 plified in the two families by redefining the 18-allele
system to a five-allele system. The alleles that segre-
gated with the disease in each family were redefined as
the A alleles. The three other most frequent alleles in
each kindred were designated B-D. The other, less

frequent alleles were grouped together and defined as

Allelic Frequency for 6p Markers

FREQUENCY

Kindred 1 Kindred 2

Locus, MARKER, AND ALLELE (size)

D6S88, 1-10-2 (EcoRI):

the E allele (see table 2).

1 (16.8 KB)eerereereeereeeeeeeeeeeererenas 53 45 - atele | )
2(14.8Kkb)cueeiiiiiiii .04 .00 Pairwise hnkage analyses were performed with the
3(11.2Kb)ueeeeeeeeeieieeeeeeeeeenae .43 .55 MLINK and ILINK programs. Multipoint analyses
D6S89, primers 1717 and 1718 (PCR): were performed with the LINKMAP program. For
1 (213 bp)ceeneicieniieiieneiiiieeeiiees 00 .01 (E) each fixed order, lOglo likelihoods were calculated
2 (211 BP)eeeeinniieiinieiiie et 00 .02 (E) hen SCA1 . di hi 1 d th
3(209 BP)erveereeerereeeeeeerseeeees 00 .03 (E) when < was 1nserted into each interval, and the
A I 08 (E) .02 (E) most likely position was determined. For each fixed
5 (205 BP).aeeeereeeeieeeeecieecie e 17 (C) .13 (D) order, the log;o likelihood of SCA1 being unlinked was
6 (203 BP)eeeerinnineiiiiiiiiieieieeeeeianes 02 (E) .07 (E) also calculated. The loglo likelihood of SCA1 being
7 (201 Il:p) .................................... 00 .23 (g) unlinked was subtracted from the 10810 likelihood of
gggg bg; """"""""""""""""""""" ;3 Eg) 'gg EB)) SCA1 being in the interval most likely to provide a
10 (195 bp)evvvvrrrrsoossssssossr. 05 (E) .03 (E)  multipoint lod score (Znmax).
11 (193 BP) eevrereeererecireieeeeeeae 06 (E) .01 For pairwise linkage results, support-interval limits
12 (191 bp) cevevvenieeiieieniiesieenes 03 (E) .05 (E) for each recombination fraction (0) were obtained us-
ii Eig; Ep; .................................. (1)(6) o (2)(2) Eg)) ing the (Zmsx — 1) method (Conneally et al. 1985).
15 (183 bi O 00 00 Genetic distances were calculated by using the method
16 (181 bP) cvvvvvvorrrrrsssossoeesreers 00 .00 of Kosambi (1944). The test for a sex difference in the
17 (179 BP) et .01 (E) .01 (E) 0 values was performed by using a 2, statistic, with
18 (177 BP) ceerrerreesacressrrrenennes .00 02(E) 42 = 2(In 10) [Z(Bm, 8) — Z (8 = B, = 8)], where
FliA’ "DNib(B“"‘HI)‘ ND 6 Z(Bm, 6) is the overall Z,. for arbitrary 8,, and 6,
A; Eiig kb; ................................ R .31 while Z (9 =0, = ef) is the Zoax constrained to 0, =
B1 (5.5 kb) cvvvvvrrororvverrrssssrrer ND 35 8. Under homogeneity (H1), x* approximates a x>
B2 (2.9 and 2.8 kb) ...ceveureuiirnnnnne. ND .65 with 1 df. Rejection of homogeneity occurs when %2
F13A, cDNA (Bcll): > 3.84.
1(13.0 ll:b) ................................... 01 .00 Heterogeneity analysis was carried out using the
; 8(1)2 k:; """""""""""""""""" g; ‘8§ admixture test of Smith (1963), as implemented in the
4(9.8KD) erorrrooorooeorrrreeessserrrrnne 35 15 HOMOG program of Ott (1983). Two null hypothe-
5(9.0KD) 1oeuviereniieeeeieniieieeeenns 02 .02 ses of homogeneity can be considered. In the first, the
6 (8.8 KD) ceevvuneeeieiiriiiieeeeiiiieees 53 .74 data are used to evaluate the alternative “heterogene-

NoTE.—ND = not determined.

ity” hypothesis H2 —i.e., that linkage is present in only
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Table 3
Pedigree Size and Number of Individuals Analyzed
Kindred 1 Kindred 2

Locus/Marker (n = 162) (n = 181)
HLA-A ..o 138 111°
D6S88 ...t 93 97
D6S8I ...t 93 99
| KT VA 1) LR 93 ND
F13A/cDNA, Bcll.............. 93 99
F13A/cDNA, BamHI ......... ND 95

NoTe.—ND = not determined.
2 Data include typing of 63 individuals by Nino et al. (1980).
b Data from Wilkie et al. (in press).

a proportion of cases (with proportionality constant
o, where a <1 and 6 <1/2)—versus the null “homoge-
neity” hypothesis (HO) of no linkage. The second anal-
ysis considers the secondary null “homogeneity” hy-
pothesis H1 —i.e., that linkage is present (8 < 1/2)
and that all cases reflect this homogeneous process
(o = 1)—versus the alternative “heterogeneity” hy-
pothesis (H2).

Results

Polymorphisms Detected and Allele Frequencies

For each SCA1 kindred, the numbers of individuals
analyzed for particular markers are summarized in
table 3. Allele frequencies for the D6588, D6S89, and
F13A markers are listed in table 2. To increase infor-
mativeness at the F13 A locus, haplotypes were formed
in kindred 1 by using the Bcll polymorphisms and the
isoelectric protein polymorphisms obtained by Wilkie
et al. (in press). In kindred 2, F13A haplotypes were
constructed by using the Bcll and BamHI polymor-
phisms.

Table 4

Pairwise Linkage for 6p Loci in SCAI Kindreds

Ranum et al.

Genetic Linkage Analysis

SCA linkage heterogeneity. — The hypothesis that the
SCA1 gene in kindred 1 is in the same location as that
of kindred 2 was tested using the HOMOG procedure
of Ott (1983). The hypothesis H2 (linkage in a
proportion of cases, a) was strongly favored over the
null hypothesis (HO) of no linkage for all markers
(x3 = 34.63, P < .001). For each marker, the
proportionality parameter, o, converged to unity in
the H2 hypothesis. As expected from these results, the
H1 hypothesis (linkage and homogeneity) could not
be rejected over the H2 hypothesis for each marker
(x} = 0, P = .500). These data strongly support the
conclusions of linkage and linkage homogeneity and
that a mutation in the same locus is likely responsible
for the disease in both kindreds. Therefore, for the two
SCA1 kindreds, the results of the two- and three-point
linkage analyses between the 6p markers have been
combined throughout.

Pairwise linkage data. —Pairwise Z scores were calculat-
ed, using the two SCA1 kindreds and several 8 values,
for the markers SCA1 and HLA-A, SCA1 and D6S88,
SCA1 and D6S89, and SCA1 and F13A (table 4).
Significant evidence for linkage with SCA1 was found
with all markers tested. Zn.x scores were found between
SCA1 and HLA-A at 6 = .198 (Z 12.36), be-
tween SCA1 and D6S88 at 6 = .001 (Z = 10.42),
between SCA1 and D6S89 at 6 = .014 (Z = 20.80),
and between SCA1 and F13A at0 = .190 (Z = 8.44).
In these two kindreds, one recombinant (individual
I11-42 of kindred 2) was inferred between SCA1 and
D6S89. This individual carries the same HLA-A allele
as do both his affected father and affected grandfather.
No information about which alleles for D6S88 and
D6S89 are present in his father and grandfather are
available. The suspected recombinant individual does,
however, carry allele 1 at the D6S88 locus (present in
all affected members of this kindred) but does not carry

SUPPORT

MARKER PAIR .00 .05 .10 .20 .30 .40 Omax Zmax INTERVAL?
SCA1 and HLA-A........ - 3.87 9.55 12.12 10.38 6.18 .198 12.36 13-.27
SCA1 and D6S8S........ 10.42 9.66 8.72 6.53 4.12 1.66 .001 10.42 .00-.07
SCA1 and D6S89........ 17.33 20.11 18.94 14.68 9.90 4.44 .014 20.80 .00-.06
SCA1 and F13A ......... - 2.83 6.77 8.42 7.00 3.90 .190 8.44 .12-.28

3 Zmax — 1 support interval for 8.
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Table 5
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Two-Point Linkage Data for Chromosome 6p Markers—CEPH Families

Marker Pair Om = O Zmax Om 6¢ Zmax ¥
HLA-A and D6S88 ........ 125 26.46 .104 162 26.66 .92
HLA-A and D6S89- ....... 155 42.96 .089 222 46.26 15.20b
HLA-A and F13A........... 291 8.80 255 .325 9.14 1.57
D6S88 and D6S89.......... .084 37.03 .075 .095 37.13 .46
D6S88 and F13A........... 176 10.43 159 .206 10.51 .37
D6S89 and F13A2.......... 151 30.67 141 .160 30.73 .28

2 Based on the data generated by Zoghbi et al. (1991).
b Rejection of assumption of homogeneity (8, = 6); that is, the y2 = 15.20 should occur by chance,

P < .001.

allele A for D6S89 (present in all other affected indi-
viduals). These data are, therefore, consistent with a
recombination having occurred between SCA1 and
D6S89, a recombination which did not affect HLA-A
or D6S88. No obligate recombinants between D6S88
and SCA1 were observed.

6p Markers on the CEPH Map. — To facilitate ordering
SCAL1 relative to the 6p markers in our kindreds and
to more firmly place D6S88 on the 6p map, D6S88
was mapped using the CEPH families. Two- and
three-point linkage analyses were performed between
D6S88 and several other markers already on the
CEPH map: HLA-A (provided by Dr. Howard Cann
of CEPH), F13A (Zoghbi et al. 1988a), and D6589
(Litt and Luty 1990; Zoghbi et al. 1991). For the

CEPH data, the Z,.. scores and 0 values for the
two-point analysis between D6S88 and HLA-A,
between D6S88 and D6S89, between D6S88 and
F13A, between D6S89 and HLA-A, between D6S89
and F13A, and between HLA-A and F13A are
summarized in table 5. The results for the three-point
analyses between HLA, D6S88, and F13A; between
HLA-A, D6S89, and F13A; between HLA-A, D6S88,
and D6589; and between D6S88, D6S89, and F13A
are Shownintable 6. The order HLA-A-D6S88-F13A
is favored over the next most likely order (D6S88-
HLA-A-F13A) by odds of 10%:1. The order HLA-A-
D6S89-F13A is favored over the next most likely
order (D65S89-HLA-A-F13A) by odds of 10'°:1. The
order HLA-A-D6S88-D6S89 is favored over the next
most likely order (D6S88-D6S89-HLA-A) by odds of

Table 6
Three-Point Linkage Data: CEPH Families
Relative Odds in

Order (0) Zmax® Odds Favor
HLA-A (.137) D6S88 (.210) F13A .......... 40.99 7.6 x 1012 3.3 x 10%1
D6S88 (.120) HLA-A (.274) F13A........... 37.48 2.3 x 10°
D6S88 (.129) F13A (.242) HLA-A........... 28.11 1
HLA-A (.159) D6S89® (.154) F13A.......... 75.45 3.5 x 10% 3.1 x 10%%:1
D6S89% (.151) HLA-A (.263) F13A......... 56.23 2.1 x 10°
D6S89° (.127) F13A (.232) HLA-A.......... 52.90 1
HLA-A (.120) D6S88 (.083) D6S89 ........ 90.02 1.7 x 10'? 1.3 x 10%:1
D6S88 (.085) D6S89 (.158) HLA-A ........ 84.89 1.3 x 107
D6S88 (.111) HLA-A (.148) D6S89 ........ 77.78 1
D6S88 (.083) D6S89 (.150) F13A............ 70.45 3.4 x 10 5.0 x 10*1
D6S89 (.080) D6S88 (.146) F13A........... 65.49 3.7 x 108
D6S89 (.122) F13A (.111) D6S88........... 56.92 1

2 Multipoint (Ott’s generalized) lod score.

b Based on data generated by Zoghbi et al. (1991).
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Table 7
Three-Point Linkage Analysis of SCAI Kindreds | and 2
Relative Odds in

Order (0) Zmax® Odds Favor
SCA1 (.197) HLA-A (.250) F13A .......... 22.19 10.2
HLA-A (.142) SCA1 (.108) F13A .......... 28.51 2.1 x 107 2.1 x 10%1
HLA-A (.250) F13A (.179) SCA1 .......... 21.18 1
SCA1 (.197) HLA-A (.155) D6S89......... 27.40 1
HLA-A (.140) SCA1 (.015) D6S89......... 43.24 6.9 x 10** 1.0 x 10%:1
HLA-A (.155) D6S89 (.018) SCA1......... 40.23 6.8 x 102

* Multipoint (Ott’s generalized) lod score.

> 10%:1, and the order D6S88-D6S89-F13A is
favored over the next most likely order (D6S89-
D6S88-F13A) by odds of >10%1. For the CEPH
families, both the two- and three-point linkage data
overwhelmingly support the marker order 6pcen—
HLA-A-D6S88-D6S89-F13A—6pter. The hypothesis
of homogeneity of 0 values (0, = ;) was rejected for
only one pair of markers—HLA-A and D6S89 (6,, =
.089, 6 = .222; 8, = 6 = .155). All other analyses
of marker pairs did not reject the homogeneity (6 =
6 = 6) hypothesis (table 5).

Three-point linkage analysis.— The distances between
HLA-A, D6S88, D6S89, and F13A were fixed for
three-point analysis in the two SCA1 kindreds, on the
basis of the two-point 8, = 6 values in the CEPH

Position of SCAl relative to HLA-A and F13A

28
24 1

20 A

: 4

Lod Score
~
N

-4 T T T T

-0.5 -0.3 -0.1 0.1 0.3 0.5
HLA-A F13A
Recombination Fraction
Figure 3 Three-point linkage analysis of SCA1, HLA-A and

F13A, for kindreds 1 and 2. The solid line traces the lod score at
various 0 values for the SCA1 locus relative to HLA-A and F13A.

families. Results of the three-point linkage analysis
between HLA-A, SCA1, and F13A are given in table
7 and figure 3. The HLA-A-SCA1-F13A order is
favored over the next most likely order (SCA1-
HLA-A-F13A) by odds of 10%:1. These data confirm
earlier reports, by Haines and Trofatter (1986) and
Rich et al. (1987), of an HLA-A-distal position for
the SCA1 locus. The results of the three-point linkage
analysis between HLA-A, SCA1, and D6S89 are
shown in figure 4 and table 7. The HLA-A-SCA1-
D6S89 order is favored over the next most likely order
(HLA-A-D6S89-SCA1) by odds of 1,000:1. The
three-point analyses both for the markers D6S88,
SCA1, and D6S89 and for the markers SCA1, D6S89,
and F13A were uninformative for determining the

Position of SCAl relative to HLA-A and D6S89

28
24 4

20

Lod Score
N
N

-4 T T T T

0.5 0.3 0.1 0.1 0.3 05
HLA-A  D6S89
Recombination Fraction
Figure 4 Three-point linkage analysis of SCA1, HLA-A, and

D6S89, for kindreds 1 and 2. The solid line traces the lod score at
various 6 values for the SCA1 locus relative to HLA-A and D6S89.
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SCA1l
! : V= }
HLA-A D6S88 D6S89Y F13A
0.125 0.084 0.151
< 0.155 >
< 0.176 >
< 0.291 g
Figure 5  Map of SCA1 region of 6p between HLA-A and

F13A. Pairwise distances between HLA-A, D6S88, D6S89, and
F13A are based on 0 values observed in the CEPH families. SCA1
was positioned on the CEPH map on the basis of the 8 value at the
Zmax, from kindreds 1 and 2, between SCA1 and D6S89.

position of SCA1. Four- and five-point analyses were
not performed, because of the large amount of
computer time required.

A map summarizing the relative positions of the
markers HLA-A, D6S88, D6S89, and F13A is shown
in figure 5. This map is based on the two- and three-
point linkage analyses in the CEPH families, as well
as on the positioning of the SCA1 gene, a positioning
that, in turn, is based on the three-point linkage analy-
ses with the HLA-A, SCA1, and D6S89 markers.

Discussion

Results of the three-point analysis between the
markers HLA-A, SCA1, and F13A overwhelmingly
favor (by odds of 6 x 10%:1 over the next most likely
order) the conclusion that SCA1 is distal of HLA-A
and proximal of F13A. These results corroborate pre-
vious studies (using kindred 1) by Haines and Trofat-
ter (1986) and Rich et al. (1987). In addition, the
ambiguity between our HLA-distal location and the
HLA-proximal location for SCA1 in the kindred de-
scribed by Zoghbi et al. (1989) has been resolved, in
large part because of the finding of close linkage to
the highly informative D6S89 marker (Zoghbi et al.
1991).

SCA1 has been further localized by the results from
the three-point linkage analyses between HLA-A,
SCA1, and D6S89. The HLA-A-SCA1-D6589 order
is favored by odds of 1,000:1 over the next most likely
order. The localization of SCA1 relative to D6S89 is
based on a single recombinant. To insure that this is
not the result of a laboratory error, the individual was
resampled and retyped; identical results were ob-
tained. These results further define the SCA1 location
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as being centromeric and genetically very close to the
highly informative D6S89 marker. The 6 value be-
tween D6S89 and SCA1 is .014 at Z,.x = 20.80. For
D6S89, Litt and Luty (1990) reported a 92% heterozy-
gosity and a PIC of .88. In the two kindreds under
study in the present report, 18 different alleles for
D6S89 were observed. Results of the three-point anal-
ysis support a distal location for D6S89, relative to
SCA1.

Although no recombinants between D6S88 and
SCA1 were observed in the two SCA1 kindreds (8
= .001, Z,.x = 10.42), the D6S88 marker is not as
informative as D6S89. Because of the limits inherent
in establishing a genetic map by using the two SCA1
kindreds, the 8 = .08 value between D6S88 and
D6S89 (tables § and 6) found in the CEPH panel was
used to establish the recombination map shown in
figure 5. In the two kindreds, the position of SCA1
relative to D6S89 is far more reliable (because of the
high degree of informativeness of D6S89) than is the
distance between SCA1 and D6S88. Therefore, SCA1
was placed on the CEPH map, relative to D6S88 and
D6S89, on the basis both of the three-point linkage
analyses between HLA-A, SCA1, and D6S89 and of
the two-point analysis between SCA1 and D6S89. On
the CEPH map, D6S88 and D6S89 are separated by
8 cM, and the marker order 6pcen-HLA-A-D6S88-
D6S89-F13A-6pter has been firmly established by a
series of three-point analyses (table 6). Because our
most reliable linkage data for SCA1 in kindreds 1 and
2 position SCA1 approximately 1.5 cM centromeric
of D6S89, we conclude that D6S88 must be centro-
meric of SCA1. Therefore, our data support the con-
clusion that SCA1 lies within the 8-cM region flanked
by the D6S88 and D65S89 markers.

A number of non-HLA linked, autosomal dominant
SCA kindreds have been reported in the literature (Ku-
mar et al. 1986; Auburger et al. 1990). Because D65S89
is tightly linked to the chromosome 6p form of SCA
and is a highly informative marker, newly identified
kindreds can be quickly screened with D6S89 to deter-
mine whether a particular kindred reflects the same
autosomal dominant SCA as exemplified by kindreds
1 and 2.

The identification of the markers D6S88 and
D6S89, which flank SCA1, will greatly facilitate
efforts to isolate additional DNA markers from the
SCA1 subregion of chromosome 6p. It is anticipated
that before rapid progress can be made by using physi-
cal mapping techniques, such as PFGE and YAC clon-
ing, a marker must be identified that, compared with
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D6S89, maps equally close to—but on the other side
of —the SCA1 locus. Currently, strategies to identify
additional DNA markers for the SCA1 region are be-
ing pursued.
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