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(54) Title: LARGE SCALE GENOTYPING OF DISEASES AND A DIAGNOSTIC TEST FOR SPINOCEREBELLAR ATAXIA TYPE
6

(57) Abstract

The present invention provides a method of screening individuals at risk for developing diseases caused by trinucleotide repeat 
sequence instability. Specifically, the present invention is drawn to screening individuals at risk for developing autosomal dominant 
spinocerebellar ataxia type 6 by determining the length of a CAG trinucleotide repeat in the oja calcium channel gene of the individual. 
In addition, there is provided a method of identifying genes which are disease-causing due to trinucleotide repeat sequence instability by 
large scale genotyping.
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LARGE SCALE GENOTYPING OF DISEASES AND 
A DIAGNOSTIC TEST FOR SPINOCEREBELLAR ATAXIA TYPE 6

BACKGROUND OF THE INVENTION

Federal Funding Legend
This invention was produced in part using funds obtained through a 

grant from the Department of the Army. Consequently, the federal government has 
certain rights in this invention.

Field of the Invention
The present invention relates generally to the fields of molecular genetics 

and diagnosis of genetic diseases. More specifically, the present invention relates to a 
large scale genotyping of diseases and diagnostic tests and kits for same.

Description of the Related Art
Expansion of repeat sequences involving the trinucleotides CAG, CTG, 

CGG or GAA has been shown to be the primary cause of several neurological 
disorders^. Among them, CAG repeat expansions have been associated with a group of 
neurodegenerative disorders including Huntington disease 2, spinobulbar muscular 
atrophy 3, spinocerebellar ataxia type 1 (SCAl)^, spinocerebellar ataxia type 2 
(SCA2)5-7) spinocerebellar ataxia type 3/Machado-Joseph disease (SCA3/MJD)^, and 
dentatorubral-pallidoluysian atrophy/Haw-River syndrome^. All these disorders are 

progressive diseases leading to degeneration of the neurons in central nervous system. 
The CAG repeats in the respective genes show length polymorphism in the human 
population, typically, not exceeding 40 repeats, ln affected individuals, the expanded 
alleles contain 36-121 repeats!®.
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CAG repeat expansions are much smaller than the hundreds or 

thousands of repeats often seen in diseases with CGG, CTG, and GAA expansions11_
14 The expanded CAG alleles show variable degrees of instability in both germline and 
somatic tissues1 $36. Intergenerational changes of the CAG repeat size are often biased

5 toward further expansion, particularly if paternally transmitted, providing the molecular 
basis for anticipation. The CAG repeat arrays in these diseases are located in the coding 
regions of the involved genes and are translated into polyglutamine tracts in the protein 
products17. It has been postulated that an expansion of the polyglutamine tract 

produces a gain of function in the protein product in each disease accounting for the
10 dominant inheritance. Based on the relatively uniform characteristics of diseases caused 

by CAG repeat expansions, it has been speculated that other neurodegenerative diseases 
with similar clinical characteristics may have expansions of CAG repeats. Indeed, a 
study by Trottier and colleagues demonstrated that an antibody against a polyglutamine 
tract detects abnormally large proteins in tissues from patients with either SCA2 or

15 spinocerebellar ataxia type 7 (SCA7), suggesting that the mutation responsible for 
SCA2 and SCA7 is an expansion of a polyglutamine repeat tract1

The prior art is deficient in the lack of effective means for the large scale 
genotyping of genetic diseases and diagnostic tests and kits for diagnosing such 
diseases. The present invention fulfills this long-standing need and desire in the art.

20

SUMMARY OF THE INVENTION

A polymorphic CAG repeat was identified in the human ct]A voltage- 

25 dependent calcium channel subunit. To demonstrate that expansion of this CAG repeat
could be the cause of an inherited progressive ataxia, a large number of unrelated 
controls and ataxia patients were genotyped. Eight unrelated patients with late onset 
ataxia had alleles with larger repeat numbers (21-27) compared to the number of 
repeats (4-16) in 475 non-ataxia individuals. Analysis of the repeat length in families of

30 the affected individuals revealed that the expansion segregated with the phenotype in 
every patient. Six isoforms of the human ct) a calcium channel subunit were identified. 

The CAG repeat is within the open reading frame and is predicted to encode glutamine
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in three of the isoforms. Thus, a small polyglutamine expansion in the human aiA 

calcium channel is most likely the cause of a newly classified autosomal dominant 
spinocerebellar ataxia, SCA6.

Accordingly it is an object of the present invention to ameliorate at least 
5 some of the disadvantages of the prior art.

Accordingly the present invention relates to a method of screening 

individuals at risk for developing autosomal dominant spinocerebellar ataxia type 6 

caused by a trinucleotide CAG repeat sequence instability, comprising the steps 

of:

10

·. 15

• ·
• · · ·

.···: 20

• · · ·• · ·• · «

25

30

labeling at least one oligonucleotide primer for amplifying a CAG repeat 

sequence in a genomic DNA sample;

amplifying a genomic DNA CAG repeat sequence in said sample by 

polymerase chain reaction using said labeled oligonucleotide primer to produce 
amplified sample genomic DNA fragments;

electrophoresing said amplified sample genomic DNA fragments to 

produce a sample electrophoresis pattern;

amplifying a control genomic DNA CAG repeat sequence by polymerase chain 

reaction using said labeled oligonucleotide primer to produce amplified control 

genomic DNA fragments;

electrophoresing said amplified control genomic DNA fragments to 

produce a control electrophoresis pattern;

comparing said sample electrophoresis pattern to said control 

electrophoresis pattern; and
determining whether said individual to be tested may be at risk for 

developing autosomal dominant spinocerebellar ataxia type 6 caused by CAG 

repeat sequence instability, wherein if said sample genomic DNA electrophoresis 

pattern contains labeled fragments larger than labeled fragments from said control 

genomic DNA electrophoresis pattern, said individual may be at risk for developing 

autosomal dominant spinocerebellar ataxia type 6 caused by trinucleotide repeat 

sequence instability.

In another aspect of the present invention, there is provided a method of 

identifying genes in which a disease-causing allele is due to trinucleotide repeat 
sequence instability, comprising the steps of: screening a library with an 

oligonucleotide having a triplet base repeat; identifying clones which have said
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triplet base repeat; sequencing said identified clones to determine seguences of 
nucleotides flanking said triplet base repeat; synthesizing primers complementary 
to said sequences of nucleotides flanking said triplet base repeat; isolating DNA 

from a large sampling of individuals, including diseased and non-diseased

5 individuals; amplifying said isolated DNA with said primers to produce amplified 
triplet base repeat regions; determining a number of triplet base repeats in said 

triplet base repeat region for each of said individuals in said large sampling; 

determining whether triplet base repeat expansions are observed at a relatively 

high frequency in diseased individuals but are absent or occur at very low

10 frequency in non-disease individuals, wherein if triplet base repeat expansions are

observed at a relatively high frequency in diseased individuals but are absent or

occur at very low frequency in non-disease individuals, it is likely that a disease-

causing allele is due to trinucleotide repeat sequence instability.

.·.··. Other and further aspects, features, and advantages of the present• · ·
15 invention will be apparent from the following description of the presently preferred• · ·

embodiments of the invention given for the purpose of disclosure.

. .-. BRIEF DESCRIPTION OF THE DRAWINGS• · ·• · · ·
So that the matter in which the above-recited features, advantages and 

»:···· 20 aspects of the invention are attained and can be understood in detail, more

:***’: particular descriptions of the invention may be had by reference to certain• · · ·
: embodiments which are illustrated in the appended drawings. These drawings

form a part of the specification. It is to be noted, however, that the appended
• ·

J.J drawings illustrate preferred embodiments of the invention and therefore are not to
25 be considered limiting in their scope.

Figure 1 shows isoforms of the human oha voltage-dependent Ca2+ 

channel. Figure 1A shows that all the different isoforms have been observed in at 
least two independent cDNA clones. The “ £§ “ represents a 94 base pair 
nucleotide variation and the “ I “ represents a 36 bp deletion. The site of the
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by a vertical bar and the position of the glutamine tract (poly Q) is shown as “ The 
amino acid changes affected by these variations are shown in Figure 2. Only the 
isoforms with the GGCAG insertion have the extended open reading frame. Figure IB 
shows the sequences flanking the stop codon of the human Ca^+ channel isoforms BI-1 

and BI-1 (GGCAG). The top and bottom letters indicate the respective amino acid 
encoded by the sequence. The stop codon is indicated by the TAN nucleotide. The 
nucleotide “N” is a “G” nucleotide which has a decreased size of the “G” peak 
following an “A” peak, a characteristic of the FS Taq enzyme in dye terminator 
sequencing chemistry from Applied Biosystem. It was confirmed that this indeed is a 
“G” nucleotide when the reverse strand was sequenced. The complementary sequence 
of TAG, CTA is underlined.

Figure 2 shows the sequence comparison between the rabbit (BI-1) and 
human aj voltage-dependent Ca^+ channel. The partial human cDNA sequence is a

combination of two overlapping clones of 3.6 kb representing the largest deduced open 
reading frame. Identical amino acids are indicated by a symbol and gaps in the 
alignment are represented by the symbol. The human and rabbit BI-1 cDNAs share 
90-94% amino acid identity depending on the isoforms. Since the full-length human 
al A voltage-dependent Ca2+ channel has not determined, the amino acid strands in

the rabbit BI-1 sequence were numbered as reference (OCCCBI-1 in GenBank). 
Hypothetical insertion of the GGCAG nucleotides into the rabbit BI-1 isoform 
(accession No X57476) extends its deduced peptide reading frame by 237 amino acids 
with the stop codon in the rabbit and human at identical positions. In this deduced 
reading frame the glutamine repeat is underlined starting at amino acid position 2328 in 
the human and the rabbit cDNA sequences. Without this insertion, the rabbit and human 

BI-1 isoforms deduced reading frame stops at amino acid position 2273 as indicated by
(listed here as 2275 due to introduction of 2 alignment gaps). The amino acids 

which vary in the isoforms corresponding to the VI, V2 , V3 variations and GGCAG 
insertion are boxed. The V3 isoform has a truncated 3' region with a poly A+ tract. The 

sequences of the respective isoforms have been deposited in GenBank (accession 
numbers: U79663, U79664, U79665, U79666, U79667 and U79668).
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Figure 3 shows the northern analysis of human a j a voltage-dependent

Ca2+ channel expression. Hybridization was carried out with the S-5 cDNA as probe.

A distinct band of 8.5 kb was present in brain mRNA with a smear pattern specific to 
this probe and not detected using the β-actin probe. The smearing in the mRNA from

5 brain may reflect cross hybridization with the various alternative spliced forms or some 
degradation.

Figure 4 shows the analysis of the PCR-amplified products generated 
with S-5-F1 and S-5-R1 primers flanking the CAG repeat in families with cerebellar

10 ataxia. Figure 4A shows the expanded allele with 27 repeats in the four affected 
individuals (1.2, II.3, II.5, and II.7) from the INSCA kindred but in none of the 
asymptomatic family members. Figure 4B shows that the expanded allele of 22 CAGs 
repeats is observed in all five affected members (11.1, II.2, II.3, III. 1 and III.2) of the 
MS2SCA kindred. Figure 4C shows that in the MDSC A kindred an aberrant size allele

15 of 23 CAG repeat was present in two brothers (II. 1 and II.3) and a sister (II.2) with 
clinical ataxia but not in the asymptomatic daughter of II. 1. Figure 4D shows the 
SISCA family where two affected members (IV. 1 and III.7) separated by five meiotic 
events share the same number of 22 CAG repeats on their larger alleles. Tracing this 
allele through the pedigree indicates that their affected progenitors (III.5, II.2, II.4 and

20 1.2) most likely have this expanded allele.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention is directed to a method of screening individuals at
risk for developing diseases caused by trinucleotide repeat sequence instability, 
comprising the steps of: amplifying genomic DNA trinucleotide repeat sequences in a 
sample from an individual to be tested by polymerase chain reaction using one or more 
oligonucleotide primers; labeling a probe capable of detecting said amplified genomic

30 DNA trinucleotide repeat sequences in said sample; combining said sample of amplified 
genomic DNA trinucleotide repeat sequences with a first aliquot of said labeled probe 
under hybridizing conditions to produce a sample hybridization pattern for said sample
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genomic DNA trinucleotide repeat sequence; amplifying a control genomic DNA 
trinucleotide repeat sequence by polymerase chain reaction using said one or more 
oligonucleotide primers, wherein said control genomic DNA trinucleotide repeat 
sequence is from non-diseased source; combining said control genomic DNA

5 trinucleotide repeat sequence with a second aliquot of said probe under hybridizing 
conditions to form a control hybridization pattern for said genomic DNA trinucleotide 
repeat sequence; comparing said sample hybridization pattern for said sample genomic 
DNA trinucleotide repeat sequence to said control hybridization pattern for said control 
genomic DNA trinucleotide repeat sequence; and determining whether said individual

10 to be tested may be at risk for developing diseases caused by trinucleotide repeat
sequence instability, wherein if said sample genomic DNA trinucleotide repeat sequence 
is larger than said control genomic DNA trinucleotide repeat sequence, said individual 
may be at risk for developing diseases caused by trinucleotide repeat sequence 
instability.

15 The present invention is additionally directed to a method of identifying
genes in which a disease-causing allele is due to trinucleotide repeat sequence 
instability, comprising the steps of: screening a library with an oligonucleotide having a 
triplet base repeat; identifying clones which have said triplet base repeat; sequencing 
said identified clones to determine sequences of nucleotides flanking said triplet base

20 repeat; synthesizing primers complementary to said sequences of nucleotides flanking 
said triplet base repeat; isolating DNA from a large sampling of individuals, including 
diseased and non-diseased individuals; amplifying said isolated DNA with said primers 
to produce amplified triplet base repeat regions; determining a number of triplet base 
repeats in said triplet base repeat region for each of said individuals in said large

25 sampling; determining whether triplet base repeat expansions are observed at a
relatively high frequency in diseased individuals but are absent or occur at very low 
frequency in non-disease individuals, wherein if triplet base repeat expansions are 
observed at a relatively high frequency in diseased individuals but are absent or occur at 
very low frequency in non-disease individuals, it is likely that a disease-causing allele is

30 due to trinucleotide repeat sequence instability.
In accordance with the present invention there may be employed

conventional molecular biology, microbiology, and recombinant DNA techniques
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within the skill of the art. Such techniques are explained fully in the literature. See, 
e.g., Maniatis, Fritsch & Sambrook, "Molecular Cloning: A Laboratory Manual 
(1982); "DNA Cloning. A Practical Approach," Volumes I and II (D.N. Glover ed. 
1985); "Oligonucleotide Synthesis" (M.J. Gait ed. 1984); "Nucleic Acid Hybridization"

5 [B.D. Hames & S.J. Higgins eds. (1985)]; "Transcription and Translation" [B.D.
Hames & S.J. Higgins eds. (1984)]; "Animal Cell Culture" [R.I. Freshney, ed. (1986)], 
"Immobilized Cells And Enzymes" [IRL Press, (1986)]; B. Perbal, "A Practical Guide 
To Molecular Cloning" (1984).

Therefore, if appearing herein, the following terms shall have the
10 definitions set out below.

A "vector" is a replicon, such as plasmid, phage or cosmid, to which 
another DNA segment may be attached so as to bring about the replication of the 
attached segment. A vector is said to be “pharmacologically acceptable” if its 
administration can be tolerated by a recipient mammal. Such as agent is said to be

15 administered in a “therapeutically effective amount” if the amount administered is
physiologically significant. An agent is physiologically significant if its presence results 
in a change in the physiology of a recipient mammal. For example, in the treatment of 
retroviral infection, a compound which decreases the extent of infection or of 
physiologic damage due to infection, would be considered therapeutically effective.

20 A "DNA molecule" refers to the polymeric form of
deoxyribonucleotides (adenine, guanine, thymine, or cytosine) in either single stranded 
form, or a double-stranded helix. This term refers only to the primary and secondary 
structure of the molecule, and does not limit it to any particular tertiary forms. Thus, 
this term includes double-stranded DNA found, inter alia, in linear DNA molecules

25 (e.g., restriction fragments), viruses, plasmids, and chromosomes. In discussing the
structure herein according to the normal convention of giving only the sequence in the 
5' to 3' direction along the nontranscribed strand of DNA (i.e., the strand having a 
sequence homologous to the mRNA).

A DNA "coding sequence" is a double-stranded DNA sequence which
30 is transcribed and translated into a polypeptide in vivo when placed under the control 

of appropriate regulatory sequences. The boundaries of the coding sequence are 
determined by a start codon at the 5' (amino) terminus and a translation stop codon at
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the 3' (carboxyl) terminus. A coding sequence can include, but is not limited to, 
prokaryotic sequences, cDNA from eukaryotic mRNA, genomic DNA sequences from 
eukaryotic (e.g., mammalian) DNA, and even synthetic DNA sequences. A 
polyadenylation signal and transcription termination sequence will usually be located 3' 
to the coding sequence.

The term "oligonucleotide", as used herein in referring to the probe of 
the present invention, is defined as a molecule comprised of two or more

I

ribonucleotides, preferably more than three. Its exact size will depend upon many 
factors which, in turn, depend upon the ultimate function and use of the 
oligonucleotide.

The term "primer" as used herein refers to an oligonucleotide, whether 
occurring naturally as in a purified restriction digest or produced synthetically, which is 
capable of acting as a point of initiation of synthesis when placed under conditions in 
which synthesis of a primer extension product, which is complementary to a nucleic 
acid strand, is induced, i.e., in the presence of nucleotides and an inducing agent such 
as a DNA polymerase and at a suitable temperature and pH. The primer may be either 
single-stranded or double-stranded and must be sufficiently long to prime the synthesis 
of the desired extension product in the presence of the inducing agent. The exact 
length of the primer will depend upon many factors, including temperature, the source 
of primer and the method used. For example, for diagnostic applications, depending on 
the complexity of the target sequence, the oligonucleotide primer typically contains 15- 
25 or more nucleotides, although it may contain fewer nucleotides.

As used herein, the terms "restriction endonucleases" and "restriction 
enzymes" refer to bacterial enzymes, each of which cut double-stranded DNA at or 
near a specific nucleotide sequence.

The labels most commonly employed for these studies are radioactive 
elements, enzymes, chemicals which fluoresce when exposed to ultraviolet light, and 
others. A number of fluorescent materials are known and can be utilized as labels. 
These include, for example, fluorescein, rhodamine, auramine, Texas Red, AMCA blue 
and Lucifer Yellow. A particular detecting material is anti-rabbit antibody prepared in 
goats and conjugated with fluorescein through an isothiocyanate.
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The following examples are given for the purpose of illustrating various 

embodiments of the invention and are not meant to limit the present invention in any 
fashion.

EXAMPLE 1

Isolation of S-5 cDNA
The isolation of the S-5 cDNA was carried out by screening a primary

10 human brain cDNA library with a radiolabeled oligonucleotide probe (GCT)7. The 

human brain cDNA was oligo-d(T) primed using Guber and Hoffman methodology^^ 

with mRNA purchased from Clontech (Palo Alto, CA). The cDNA library was 
constructed with Not 1 restriction linker for cloning into 1ZAP II vector. The library was 
plated at a density of 1000 plaques per 150 mm Luria broth agar plates. A total of

15 150,000 primary clones were screened. Hybridization with a radiolabeled
oligonucleotide probe (GCT)7 was carried out at 55°C using standard aqueous

hybridization solution^ The fdters were washed 3 times for 30 minutes each at 55 °C 

in 2 X SSC and 0.1 % SDS. Hybridizing clones were purified for plasmid rescue. 
Plasmid DNAs was isolated using an AutoGen 740 instrument and were sequenced

20 using ABI kit and protocol on a ABI-373A sequencer. Sequencing of the cDNAs were 
carried out to confirm the presence of the triplet repeat sequence. The S-5 cDNA was 
one out of the 387 unique recombinant cDNAs obtained by this approach. Additional 
clones of the ot] a calcium channel were isolated by using the S-5 cDNA as probe. In 

addition to the above human brain cDNA library, a commercial human fetal brain cDNA
25 library with Eco RI cloning site from Strategene (La Jolla, CA) was screened and the 

identified clones from the library were used to reconstruct the 3' region from the Not I 
site to the poly (A) tract.
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EXAMPLE 2

PCR Analysis
The degree of CAG length polymorphism in the aj calcium channel

5 was determined by the following primers: S-5-F1 (5 -
CACGTGTCCTATTCCCCTGTGATCC-3) (SEQ ID NO: 1) and S-5-R1 (5'-
TGGGTACCTCCGAGGGCCGCTGGTG-3 ) (SEQ ID NO:2), though any appropriate 
primers based on the sequence of the oq a calcium channel gene may be used for this 

purpose. For each reaction, 5 pmol of each primer was end-labeled with 1 mCi of [γ-
10 32pjAyp usjng 0.05 unit of polynucleotide kinase for 30 minutes. Each PCR analysis 

contained 20 ng of genomic DNA mixed with 5 pmol each of radiolabeled S-5-R1 and 
S-5-F1 primers in a total volume of 25 ml containing 0.25 unit of Taq polymerase, 125 
μΜ dNTP, 10 mM Tris pH 8.9, 2.5 mM MgCl2, 30 mM KC1, and 3.5% (V/V)

glycerol. The samples were denatured at 95°C for 3 minutes, followed by 28 cycles of
15 denaturation (94°C, 25 seconds), annealing (68°C, 30 seconds) and extension (72 °C,

2 minutes). Fifteen ml of formamide loading dye was added to the reaction, the mixture 
was denatured for 20 minutes at 95°C. Seven ml were electrophoresed through a 6% 
polyacrylamide/8 M urea gel. Alleles sizes were determined by comparing migration 
relative to an M13 sequencing ladder. Control DNAs used included 65 samples from

20 the CEPH families; 125 unrelated controls provided by various colleagues in the
department of Molecular and Human Genetics; 160 samples from diabetic sibling pairs; 
41 sporadic breast cancer cases; 42 from Parkinson index cases; 24 from dystonia index 
cases and 18
sporadic Alzheimer cases.

25
EXAMPLE 3

Northern analysis
The northern blot containing poly A+ RNA from multiple human tissues

30 was purchased from Clonetech. 200 ng of S-5 cDNA insert was radiolabeled with [a- 
32p]dCTP using a random labelling kit from Pharmacia. The probe was hybridized 

overnight at 65°C according to the protocol recommended by Clonetech. The filter was
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washed 3 times at 68°C for 30 minutes each in 0.1 X SSC, 0.1% SDS and then 
exposed to X-ray film. Lower stringency washes at 68°C at 0.5 X SSC and 0.1% SDS 
gave many more bands in different tissues suggesting cross reaction with other calcium 
channel genes.
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EXAMPLE 4

Linkage analysis

Inspection of the genotype data shows a clear association between an 
increased number of CAG repeats and the ataxia phenotype. Of the 133 ataxia patients, 
eight had repeat lengths greater than 20, whereas none of the controls had repeat 
lengths greater than 16. This association was assessed statistically using a 2 x 2 table 
comparing the presence of expansions in ataxia cases versus controls. The level of 
significance was determined using Fisher’s exact test.

Haplotype analysis was used to show that the expansion and disease are 
transmitted together. To model the situation of a single locus with both a phenotype 
(ataxia) and a polymorphism (expansion): two loci were used, one disease locus and 
one polymorphism, completely linked and in complete linkage disequilibrium. The 
haplotype frequencies were calculated by assuming all 133 of the cases suffer from 
some kind of dominantly inherited ataxia. There should, therefore, be one disease 
causing mutation for each case. Eight of these mutations (approximately 6%) were 
caused by CAG repeat expansions; the other 94% were caused by other mutations, 
either non-expansion mutations in this gene or mutations in other genes. The additional 
information needed to calculate the haplotype frequencies is the population frequency of 
dominant ataxia at unknown loci. The higher the estimate of this frequency the lower 
the lod scores. A conservative number of 1 in 500 was used for this analysis which 
places the gene frequency at 1 in 1000. The four haplotype frequencies are then: 0.999 
(no ataxia-no expansion), 0.0 (no ataxia-expansion), 0.00094 (ataxia-no expansion), 
and 0.00006 (ataxia-expansion). These haplotype frequencies were used to calculate the 
lod scores in the four ataxia families using the FASTLINK version 3.OP software 
programs. The affection status and genotypes were set for all patients, while unaffected
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and ungenotyped individuals were specified as unknown affected status and unknown 
genotype.

To identify diseases which are caused by an expansion of a CAG repeat, 
a large scale genotyping survey was performed on using polymorphic CAG repeats and
DNA samples from patients with late onset neurodegenerative diseases. The present 
invention reports that the human homolog of the rabbit aj a voltage-dependent calcium 

channel BI-1 gene contains a polymorphic CAG repeat sequence which is expanded in a 
fraction of patients diagnosed with autosomal dominant cerebellar ataxia. These results 
indicate that the expansion of a CAG repeat predicted to encode for polyglutamine in 
the human voltage-dependent Ca2+ channel gene is the apparent cause for one 

form of cerebellar ataxia.

EXAMPLE 5

CAG repeats in the human eg -calcium channel subunit

To identify genes containing trinucleotide repeat sequences, an 
unamplified human brain cDNA library was screened using a (GCT)7 repeat

oligonucleotide as a probe. This screen identified 387 cDNA clones determined to be
independent based on sequence analysis. The repeat sizes in these clones ranged from 4
to 21. Partial cDNA clones corresponding to the dentatorubral-pallidoluysian 

9 8atrophy/Haw-River and Machado-Joseph disease genes were isolated in this screen. 
cDNA clones corresponding to the SCAJ, SCA2, and Huntington disease genes were 
not isolated in this screen, most likely because the CAG repeat in each of these genes is 
located in the 5' region of a large transcript and the cDNA library screened is biased for 
3' cDNA termini given that it was generated using oligo-d(T) priming.

The first clone examined extensively was a cDNA designated S-5 that 
contained 13 CAG repeats. The deduced peptide sequence of this 1.2 kb cDNA has 
90% amino acid identity to the BI-1 isoform of the rabbit oq a voltage-dependent Ca^+ 

channel (also known as P/Q-type Ca^4" channel) suggesting that the S-5 clone is a 

partial cDNA of the human homolog The deduced human peptide sequence is also 
90% identical to the rat brain aj a Ca^+ channel subunit^O. Partial human cDNA 

sequence corresponding to rabbit BI-1 amino acid position 722-1036 was previously
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reported to share 92% and 82% with the rabbit and rat oq a subunit of calcium channel, 

respectively2!. The cDNA of the present invention contains coding sequence which 

corresponds to the carboxy terminus region of the rabbit protein beginning at amino 
acid position 1325. The sequence data suggest that the cDNA isolated encodes the

5 human cq a subunit of the calcium channel.
Using the somatic cell hybrid mapping panel #2 from Corriel, the oq a

Ca2+ channel was localized to human chromosome 19 by sequence tag site (STS) 
mapping. Diriong et al2·2·, have reported the mapping of the cq a Ca2+ channel subunit 

to human chromosome 19p 13 using a partial cDNA clone. The gene symbol of this
10 locus was designated CACNL1A422. a partial human cDNA, (corresponding to rabbit 

BI-1 nucleotide position 6487-7165) of the CACNL1A4 gene was reported by 
Margolis et al? and was shown to map to chromosome 19. A report describing the 

full-length sequence of the human CACNL1A4 gene was published recently by Ophoff 
and collegues2^

15 In rabbit, two isoforms (BI-1 and BI-2) of the aj a calcium channel

subunit have been identified!®. These isoforms differ from each other in the carboxy 

terminus sequence where Bl-2 has an additional 151 amino acids. These isoforms are 
believed to result from an insertion-deletion of 423 nucleotides. The presence of the 
423 nucleotides in BI-1 introduces a stop codon which leads to the shorter, 2273 amino

20 acid isoform. In rat brain, at least four alternatively spliced isoforms of the aj a Ca2+ 

channel gene have been observed, but the sequence of only one isoform has been 
reported2®.

Comparison between the rabbit and human sequences revealed that the 
CAG repeat was conserved and was located in the deduced 3' untranslated region of

25 the rabbit ajA Ca2+ channel BI-1 and the S-5 cDNAs. The finding of a high degree of 

identity (84% identity over 700 nucleotides) between the 3' untranslated region of the 
rabbit BI-1 isoform and the human S-5 clone of the present invention, raised the 
possibility that additional splice variants may occur and that some may contain an open 
reading frame in which the CAG repeat is translated. To examine this, the primary

30 human cDNA library and a commercial fetal brain cDNA library was rescreened using 
the S-5 cDNA as probe. In total, 17 additional clones were isolated, and careful 
sequence analysis of these clones allowed identification of several alternatively spliced
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isoforms of the carboxyl region of the human Ca^+ channel (Figure 1 A). In 

particular, five of these cDNAs contain a 5 base pair (GGCAG) insertion prior to the 
TAG stop codon of the S-5 cDNA (Figure IB). Clones with this 5 base pair insertion 
have an extended deduced open reading frame of an additional 239 amino acids in the

5 human gene. Hypothetical insertion of this 5 base pair sequence into the rabbit BI-1 
calcium channel at amino acid position 2273 extends its deduced reading frame by 237 
amino acids, and the peptide homology to the human sequence remains highly 
conserved (80% identity) arguing for the presence of such an isoform in the rabbit brain 
(see Figure 2). In this BI-1 (GGCAG) isoform, the CAG repeat encodes for

10 polyglutamine starting at amino acid position 2328 in the human and rabbit aj^ 

calcium channel gene.
Additional isoforms of the human oq a Ca2+ channel gene were also 

observed in the other clones. To ensure that none of these resulted from cloning 
artifacts, at least two independent clones for each isoform were isolated and sequenced.

15 In total, six variants were observed including the variant identical to the rabbit BI-1
isoform also designated BI-1 for human. The variant designated BI-1 (VI) has a 94 base 
pair sequence which differs at the nucleotide level from BI-1 but is homologous at the 
amino acid level. This variant has also been described in rabbit^. The Bl-l(Vl) 

isoform isolated in this study is 99.8% identical to the deduced peptide sequence
20 described by Ophoff et al.24. There are three differences involving amino acids at

positions 1460 (Ala to Gly), 1605 (Ala to Val), and 1618 (Ala to Val). The amino acids 
at these positions in the deduced sequence are consistent in several clones analyzed and 
are identical to the rabbit and rat ct] a Ca2+ channel subunit deduced amino acids. The 

BI-1 and the BI-1 (VI) isoforms are observed in combination with the GGCAG
25 insertion (SEQ. ID No. 3 and SEQ. ID No. 4, respectively). Additional splice variants 

include BI-1(V2)-GGCAG (SEQ ID No. 5) which has a 36 nucleotide deletion and a 
variant with a truncated 3' region BI-1-(V2,V3) (Figure 1 A). The identified clones have 
different combinations of these variants with identical flanking sequences in the non 
variant segment thereby ruling out cloning artifacts.

30 Consistent with the presence of multiple isoforms, northern analysis at
high hybridization stringency with the S-5 cDNA gave a single band of 8.5 kb 
overlaying a smear above and below the predominant size mRNA in brain (Figure 3). At
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lower hybridization stringency, many additional bands were observed in all tissues 
suggesting cross hybridization to other types of calcium channels (data not shown). All 
of the clones from this human brain library, which range from 1.2 to 3.1 kb in size, 
represent only the carboxyl region of the human aj a Ca2+ channel subunit. The CAG

repeat in the respective adult brain cDNAs which were derived from a single human 
mRNA source contained either 11 or 13 repeats, suggesting the representation of 
polymorphic CAG alleles transcribed from the homologous chromosome pair.

EXAMPLE 6

Large scale genotyping survey for expanded CAG repeats
The possibility of identifying aberrant length CAG repeat sequences

distinguishable from normal length polymorphism in the human a] a Ca2+ channel

subunit was examined via a large scale genotyping survey of ataxia patients. This 
technique is based on the premise that if trinucleotide expansion is responsible for 
SCA6, expansions would be observed at a relatively high frequency in affected 
individuals but would be absent or occur at very low frequency in non-disease alleles.

DNA samples from 475 unrelated non-ataxia individuals in the general 
population and 133 DNA samples from unrelated index cases known to have 
progressive cerebellar ataxia were analyzed. Using a pair of radiolabeled synthetic 
oligonucleotide primers flanking the CAG repeat sequence of the human aj a Ca^+ 

channel subunit, the CAG repeat region of each sample was amplified and the size of 
the CAG repeat region was determined via gel electrophoresis. The repeat sizes of the 
ataxia group samples were compared with those obtained from the DNA of the general 
population samples.

Table 1 shows the distribution of the CAG repeat sizes in the ajA Ca^"1"

channel subunit gene ofLthe 133 index patients with cerebellar ataxia as well as the 
distribution of the CAG repeat sizes in the aj a Ca2+ channel subunit gene of the 475 

non-ataxia samples. The ethnic background of the control and patient populations 
included individuals of Caucasian, African American, Hispanic and Asian ancestry. 
Individuals from the general population displayed 10 alleles ranging from 4 to 16 CAG
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repeat units and a heterozygosity of 71%. In the cerebellar ataxia patients, the number 
of CAG repeats ranged in size from 7 to 27 with a heterozygosity of 74%. As can be 
seen in the allele size distribution, eight unrelated patients out of 133 ataxia index cases 
(6%) had a larger size allele of at least 21 CAG repeat units. Although the expansion 
was relatively small it was not observed in 475 individuals from the non-ataxia controls 
making it extremely unlikely to be normal length polymorphism (P< 10‘3 using Fisher’s 

exact test).

Table 1: Comparison of the number of CAG repeat units on Ataxia and 
Non-Ataxia chromosomes

Number of CAG 
repeat units

Non-ataxia controls
Number of chromosomes

Ataxia index controls 
Number of chromosomes

4 21 0
5 0 0
6 4 0
7 65 27
8 2 2
9 0 0
10 0 0
11 398 91
12 150 57
13 264 73
14 39 7
15 6 1
16 1 0
17 0 0
18 0 0
19 0 0
20 0 0
21 0 1
22 0 5
23 0 1

27 0 1
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The genomic DNA from these eight index cases was amplified by 

the S-5 primers, subcloned and sequenced. The number of CAG repeat units obtained 
from sequence analysis was consistent with an increase in the number of pure CAG 
repeat units in the 04 a Ca^+ channel subunit. The different number of CAG repeat 

units in these expanded alleles argues against a rare founder allele. The observation of 
aberrant alleles of expanded sizes in the ataxia population and their absence in the 
general population was consistent with the possibility that these expanded alleles 
represent the mutational basis in a fraction of the ataxia patients analyzed.

The method of large scale genotyping was effective in identifying the 
CAG expansin in the 04 a Ca^+ channel subunit gene. Thus, this concept may be used 

in the search for other mutation types associated with triplet repeat disease 
phenomenon. Basically, one assumes that trinucleotide repeat expansion is associated 
with alleles at high frequency in disease phenotypes, but absent or at low frequency in 
non-disease phenotypes. Large scale genotyping, thus, is different from the approaches 
used for the identification of other human disease genes, including the positional cloning 
approach. In the positionaly cloning approach, a genetic linkage to a specific 
chromosomal region must be established prior to the isolation of the candidate disease 
gene. Positional cloning was used for the identification of the genes for Huntington 
disease, spinobulbar muscular atrophy, spinocerebellar ataxia type 1, spinocerebellar 
ataxia type 2, spinocerebellar ataxia type 3/Machado-Joseph disease, and the genes 
associated with Fragile X and myotonic muscular dystrophy.

The approach of the present invention also is different from random 
candidate gene approach for human disease, whereby no systematic strategy is used in 
the identification of genes. The random candidate gene approach was used in the 
identification of the dentatorubral-pallidoluysian atrophy/Haw-Rjver syndrome gene. 
The strategy of the present invention is based on the observation that triplet repeat 
sequences in disease genes are polymorphic in length which makes them suitable for a 
large scale genotyping survey. The large scale genotyping approach identifies aberrant 
allele sizes in diseased individuals as compared with the non-disease population. This 
concept- driven strategy negates the need for prior establishment of specific genetic 
association (linkage) in family pedigrees as is employed as a first step in a positional 
cloning. The large scale genotyping strategy of the present invention is a direct-gene-to- 
disease-state approach.
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In another object of the present invention, there is provided a method of 

identifying genes in which a disease-causing allele is due to trinucleotide repeat 
sequence instability, comprising the steps of: screening a library with an oligonucleotide 
having a triplet base repeat; identifying clones which have said triplet base repeat; 
sequencing said identified clones to determine sequences of nucleotides flanking said 
triplet base repeat; synthesizing primers complementary to said sequences of 
nucleotides flanking said triplet base repeat; isolating DNA from a large sampling of 
individuals, including diseased and non-diseased individuals; amplifying said isolated 
DNA with said primers to produce amplified triplet base repeat regions; determining a 
number of triplet base repeats in said triplet base repeat region for each of said 
individuals in said large sampling; determining whether triplet base repeat expansions 
are observed at a relatively high frequency in diseased individuals but are absent or 
occur at very low frequency in non-disease individuals, wherein if triplet base repeat 
expansions are observed at a relatively high frequency in diseased individuals but are 
absent or occur at very low frequency in non-disease individuals, it is likely that a 
disease-causing allele is due to trinucleotide repeat sequence instability.

EXAMPLE 7

Inheritance of expanded alleles in ataxia patients
Four of the index cases were from families where additional affected 

members have been clinically evaluated, and DNA could be obtained for genotypic 
analysis. Twenty-one family members participated in the study after informed consents 
were obtained. Fourteen of the 21 had clinical evidence of ataxia. In each of these 
families, the ataxia was inherited in an autosomal dominant manner with the age of 
onset ranging between 28 and 50 years.

Genotypic analyses of family members using the S-5 primers 
demonstrated that the expanded allele segregated with the disease phenotype in each 
family. For example, Figure 4A shows the expanded allele with 27 repeats in the four 
affected individuals from the INSCA kindred but in none of the asymptomatic family 
members including a distantly related member (data not shown). In this kindred the age 
of onset ranged between 28 and 31 years, and three of the asymptomatic individuals
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were 41 years old or older. Figure 4B shows that the expanded allele of 22 repeats was 
observed in all five affected members of the MS2SCA kindred. In the MDSCA kindred 
(Figure 4C) an aberrant size allele of 23 CAG repeat was present in two brothers (II. 1 
and II.3) and a sister (II.2) with clinical ataxia but not in the asymptomatic daughter of 
II. 1. In the SISCA family, shown in Figure 4D, two affected members (IV. 1 and III. 7) 
separated by five meiotic events share the same number of 22 CAG repeats on their 
larger alleles. Tracing this allele through the pedigree indicates that their affected 
progenitors (III.5, II.2, II.4 and 1.2) most likely have carried this expanded allele. The 
segregation of the expanded allele with the disease in these families is highly significant 
as evident by a cumulative haplotype lod score of 5.08 at a recombination frequency of 
zero when the genotypic data from affected individuals were analyzed using version 
3.OP of the FASTLINK computer programs (see above)2^’2^. The lod scores for each 

kindred are summarized in TABLE 2. Taken together, the statistically significant 
finding that the expanded alleles are only observed in patients diagnosed with cerebellar 
ataxia but not in 475 non-ataxia controls and the clear cut association of these expanded 
alleles with disease demonstrate that the polyglutamine expansion in the ajA voltage-

dependent Ca^+ channel subunit is the cause of this late onset dominantly inherited 

ataxia.

Table 2: Lod scores from haplotype analysis

Family Lod score at Theta=0

INSCA 1.20
MDSCA 0.90
MS2SCA 1.49
SISCA 1.49

SUM 5.08
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EXAMPLE 8

Clinical and pathological findings in patients with CAG repeat expansion
The clinical features of the patients in the above-described families were 

very similar and consist predominantly of mild but slowly progressive cerebellar ataxia 
of the limbs and gait, dysarthria, nystagmus, and mild vibratory and proprioceptive 
sensory loss. The disease is very insidious and most patients do not realize they are 
affected initially but do describe a sense of momentary imbalance and “wooziness” 
when they take a quick turn or make a rapid movement. Typically, it is years after this 
initial sensation when the patients realize that they have developed permanent balance 
and coordination difficulties. The disease usually progresses over 20-30 years leading to 
impairment of gait and causing the patient to become wheel-chair bound. In the few 
older patients, choking has been observed suggesting involvement of the brain stem, 
and the disease has been the cause of death in several members of the MDSCA and 
MS2SCA kindreds. Symptoms develop generally when the patients are in their forties in 
the MDSCA, SISCA, and MS2SCA families where the repeat number is 22-23; 
however in the INSCA kindred where the expanded allele contains 27 repeats, the 
disease onset is between 28 and 31 years in all the affected individuals. Magnetic 
resonance imaging of the brain in affected individuals reveals isolated cerebellar 
atrophy. Detailed neuropathologic studies on two deceased members from the SISCA 
kindred showed marked cerebellar atrophy and very mild atrophy of the brain stem28. 

Microscopic examination revealed severe loss of cerebellar Purkinje cells, moderate loss 
of granule cells and dentate nucleus neurons, and mild to moderate neuronal loss in the 
inferior olive.

The hereditary cerebellar ataxias are a clinically and genetically 
heterogenous group of neurological disorders associated with dysfunction of the 
cerebellum and its afferent and efferent connections. To date, six autosomal dominant 
spinocerebellar ataxias (SCAs) have been mapped to human chromosomes 6,12, 14, 16, 
11, and 3 with the loci designated SCA1, SCA2, SCA3, SCA4, SCA5, and SCA7, 
respectively^. The map location of the genes in many families with dominantly 
inherited and progressive ataxias remains unknown. The mapping of the a j a Ca2+ 

channel subunit to human chromosome 19p 13 and the identification of the CAG repeat
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expansion in this channel as the mutational mechanism in four families define a new 
SCA locus on human chromosome 19p 13 which can be designated SCA6.

In the past, the term SCA6 has been used to described dominantly 
inherited SCAs that did not map to any of the known loci29,30. This mapping 

nomenclature was revised to assign the SCA6 locus to the dominantly inherited ataxia 
mapping to chromosome 19p 13 (HGM Nomenclature Committee). Hereditary 
paroxysmal cerebellar ataxia (HPCA) or episodic ataxia (EA) has also been mapped to 
the 19pl 3 region31*3 2. The locus for another episodic disease, familial hemiplegic 
migraine (FHM)33, has been localized to 19p 13 in the region where the gene for 

HPCA/EA was assigned. Patients with HPCA or EA typically have periodic ataxia with 
apparently normal coordination between attacks. This is reminiscent of the episodic 
sensation of unsteadiness described in patients years before the ataxia becomes a 
permanent finding. The only persistent abnormality on neurologic exam in HPCA/EA is 
the presence of nystagmus, a finding seen in all the patients. Brain imaging studies 
revealed that some HPCA/EA patients have cerebellar atrophy31. Interestingly, in 

several families with FHM, affected members have shown degenerative cerebellar 
atrophy which is associated with ataxia, nystagmus and other vestibulocerebellar ocular 
abnormalities, similar to those seen in HPCA/EA34. The overlap in the phenotypes of 

these two disorders led to the hypothesis that HPCA/EA and FHM are allelic disorders 
possibly caused by a mutation in an ion channel gene because of the periodic nature of 
the symptoms3^4.

Recently, Ophoff et al. reported four missense mutations in the human 
al A Ca2+ channel subunit gene in families with FHM and two mutations disrupting the 

reading frame of the same gene in two families with EA^4. These results and the 

present invention demonstrate that FHM, HPCA/EA and the progressive SCA6 are 
allelic disorders. The nature of the mutation (CAG repeat expansion in SCA6 versus 
protein truncation in HPCA/EA) affects the clinical course of the disease. Permanent 
and progressive cerebellar and brain stem dysfunction were observed in SCA6 whereas 
mild and intermittent cerebellar dysfunction was seen in HPCA/EA. This suggests that 
the glutamine expansion affects the function of the channel in a manner which triggers 
progressive neuronal loss. This may be via alteration of neurotransmitter release or by 
causing abnormal levels of intracellular Ca2+ leading to subsequent cell death^L3^ At
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this time the pathogenic effects of each of these mutations with regard to periodic 
neurological dysfunction versus permanent and progressive disease cannot be 
determined and will have to await transgenic mouse models and neurophysiologic 
studies. Although other mutations in the CACNL1A4 gene in SCA6 families has not 
been excluded, the highly significant association between expansion and disease 
phenotype (P< 10'3) in eight independent ataxia families and the different number of 

repeats on expanded alleles in four families (in the absence of intergenerational 
instability) argue strongly that this is the disease causing mutation. It is also important 
to note that Ophoff and collegues3^ did not observe any expanded alleles in the 50 

normal individuals they genotyped.
Although the mutational mechanism in SCA6 proved to involve an 

expansion of a translated CAG repeat like the other dominantly inherited progressive 
ataxias, it is not clear whether the pathogenic mechanism is similar. There are two key 
differences between the mutation in SCA6 and those causing SCA1, SCA2, SCA3, HD, 
DRPLA, and SBMA. First, the expanded mutant alleles in SCA6 (21-27 repeats) are 
remarkably smaller than the expanded alleles seen in any of the other neurodegenerative 
diseases (36-121 repeats) and are well within the normal range of polyglutamine tracts 
seen at the other loci in many unaffected individuals. Second, the CAG repeat 
expansion occurs in the coding region of a gene which is known to be important for 
normal Purkinje cell function and survival 19,25 This rajses the possibility that the CAG

expansion is exerting its pathogenic effect by directly interfering with the normal 
function of the a j a calcium channel.

Voltage-dependent calcium channels mediate the entry of calcium into 
neurons and other excitable cells and play important roles in a variety of neuronal 
functions, including membrane excitability, neurotransmitter release, and gene 
expression3^. Calcium channels are multisubunit complexes with the channel activity 
mainly mediated by the pore-forming aj subunit, however, additional subunits including 

b, a2/d, and g act as accessory proteins that regulate channel activity3^-3^ The cDNAs 

encoding six a] genes have been cloned and have been designated oti a B C D E and 
s39. The human gene characterized in the present invention is most homologous to the 

rabbit and rat ajA isoforms 19,20 The mapping assignment to human chromosome 19 

is consistent with the previous mapping of the human sequence encoding the aj a
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isoform to chromosome 19p 13 22-24 combination of electrophysiologic and 

pharmacologic properties define four main types of high-threshold calcium channels in 
peripheral and central neurons of mammals'^. These are designated L, N, P, and Q, 

with the P-type channels being the predominant calcium channel in Purkinje cells, and
5 the Q type being a prominent calcium current in cerebellar granule cells25,38 τρ,6 

cloned 04 a isoform has been shown to give rise to P and/or Q type calcium 

currents^ 8,40 fhe additional isoforms identified may help resolve some of the

functional differences observed for the P/Q type calcium currents. The pharmacologic 
as well as the electrophysiologic properties of the aj a channel, together with its

10 abundant expression in rat cerebellum emphasize its importance for calcium entry and 
homeostasis in Purkinje cells25 41

Recently, the mouse homolog of the aj a voltage-dependent subunit gene 

has been identified using a positional cloning strategy aimed at identifying the gene 
mutated in the tottering (tg) and leaner (tg!a) mice which show seizures and cerebellar

15 ataxia^^. This locus maps to mouse chromosome 8 in a region syntenic with human 

19pl3. The tg mutation, a C to T change at position 1802, causes a nonconserved 
proline to leucine substitution in a position very close to the conserved pore-lining 
domain in the extracellular segment of the second transmembrane domain. This 
mutation leads to a recessive neurological disorder with ataxia, motor- and absence-

20 type seizures.
The tg^a mutation is a single G to A change in the splice donor 

consensus sequence at the 5’ end of an intron located in the C-terminus intracellular 
domain. This mutation gives rise to two aberrantly spliced mRNAs detected by RT- 
PCR; a larger fragment resulting from failure to splice out the intron and a smaller

25 fragment resulting from skipping of one exon. Both transcripts are predicted to shift the 
reading frame and produce abnormal proteins. Homozygous tgta mice, which have the 

splice mutation have more profound ataxia and cerebellar degeneration compared to the 
tg mice.

The findings that mutations in the a j Ca2+ channel are associated with

30 cerebellar ataxia and Purkinje and granule cell degeneration in the mouse support the 
hypothesis that this channel is critical for normal Purkinje and granule cell function in 
the cerebellum. The recessive nature of the two mutations in the mouse and the fact that
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the tgfa mutation is predicted to generate an abnormal protein suggest that these 

mutations are causing the ataxia phenotype through a loss of function mechanism. The 
mutation in the tg^a mice alter the carboxy terminus portion of the channel just up 

stream from the position of the putative glutamine tract in the human gene. These data
5 raise interesting questions about the mechanism by which a modest glutamine expansion 

in the human <x i Ca2+ channel isoform leads to the cerebellar degeneration and

ataxia. The dominant nature of the disease would suggest three possibilities: (1) loss of 
function due to haploinsufficiency, (2) a dominant negative effect due to the expansion, 
or (3) a novel gain of function as has been suggested in other diseases caused by CAG

10 repeat expansions. The lack of ataxia phenotype in the lg and tg^a mice heterozygous 

for the mutation would argue against the loss of function hypothesis. However, this 
model can not be ruled out until it is confirmed that either mutation in the mouse truly 
leads to a loss of the a j a Ca2+ channel function and that the heterozygous mice do not

display ataxia nor Purkinje cell degeneration using careful quantitative measures. Given
15 the transient and mild nature of the ataxia in some of the patients it could be extremely 

difficult to ascertain a mild and intermittent ataxia phenotype in the mice. A model 
invoking a dominant negative mechanism is compatible with the inheritance pattern in 
the human families and with data available so far on the lg mice. In this model, the small 
expansion of the glutamine tract could interfere with the normal function of the channel

20 either by affecting its binding to synaptic proteins or by hindering its association with 
other accessory channel proteins that are known to modulate its activity. Given that the 
α1Α Ca2+ channel is now known to be important for normal Purkinje cell function 

based on electrophysiologic data^3 and the data in the tg mice, it is hard to argue that 

the glutamine expansion is conferring novel gain of function on the protein. The
25 glutamine expansion most likely leads to aberrant channel function including the

possibility of constitutive activation. The ultimate proof of the various models will await 
the generation of mice which lack the a} a Ca^+ channel gene and mice which express 

an allele with a CAG expansion in the SCA6 disease range.
The genotype/phenotype correlation in SCA6 suggests that the

30 expansion is quite deleterious given the dramatic difference in the age of onset (28-31 
years) in every member of the family carrying the 27 repeats as compared to the other 
families (40-50 years) when the repeat size is in the 22-23 repeat range. Although the
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sample size is too small at this time to draw firm conclusion about genotype/phenotype 
correlation, it would be interesting to see if some patients with HPCA/EA, which is 
much milder than SCA6, would have even smaller expansions. In addition, it would be 
important to determine if different mutations in the oq Ca2+ channel lead to SCA6.

5 The CAG repeat in SCA6 is stable without detectable mosaicism or intergenerational 
allele size changes. This is not surprising given that similar size CAG repeats at many 
other loci have been shown to be transmitted in a stable manner. However, the size of 
the repeat in the general population and the different sizes of expanded alleles in 
different SCA6 families suggest that some degree of instability does occur at this locus

10 and that such instability has resulted in mutational expansions into the disease allele 
range.

In conclusion, the present invention demonstrates that a relatively small 
polyglutamine expansion in the human oq a subunit of a Purkinje cell type Ca2+ 

channel leads to Purkinje cell degeneration and cerebellar ataxia. The immediate
15 implications of this finding are both clinical and biological. The observation that a

relatively small CAG repeat expansion can lead to abnormal protein function provides a 
new concept about the effects of such repeats and the need to evaluate each carefully 
for possible pathogenic effects. Lastly, the expansion of a polyglutamine tract in a 
human calcium channel should provide insight about mechanisms of neurodegeneration

20 as they pertain to calcium homeostasis and the possible role of such mechanisms in 
other glutamine-mediated neurodegenerative processes.
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SEQUENCE LISTING

(1) GENERAL INFORMATION

(i) APPLICANT: Lee, Cheng-Chi

(ii) TITLE OF INVENTION: Large Scale Genotyping of Diseases 

and a Diagnostic Test for Spinocerebellar Ataxia Type 6

(iii) NUMBER OF SEQUENCES: 5

(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: James F. Weiler, Attorney-at-Law

(B) STREET: One Riverway, Suite 1560

(C) CITY: Houston

(D) STATE: Texas

(E) ZIP: 77056

(v) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44 Mb storage

(B) COMPUTER: IBM PC Compatible

(C) OPERATING SYSTEM: Windows 95

(D) SOFTWARE: MS Word 97

(vi) CURRENT APPLICATION DATA:

(A) APPLICATION NUMBER:

(B) FILING DATE:

(C) CLASSIFICATION: 536

(vii) PRIOR APPLICATION DATE:

(A) APPLICATION NUMBER:

(B) FILING DATE:

(viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: James F. Weiler, Attorney-at-Law

(B) REGISTRATION NUMBER: 16,040

(C) REFERENCE/DOCKET NUMBER: D-5968

25
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(ix) TELECOMMUNICATION INFORMATION.

(A) TELEPHONE: (713)626-8646
(B) TELEFAX: (713) 963-5889

5

10

15

20

(2) INFORMATION FOR SEQ ID NO: 1

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 25

(B) TYPE, nucleic acid

(C) STRANDEDNESS: single-stranded

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE:

(A) DESCRIPTION: other nucleic acid

(iii) HYPOTHETICAL: no

(iv) ANTISENSE: no

(v) FRAGMENT TYPE:

(vi) ORIGINAL SOURCE:

(ix) FEATURE:

(A) NAME KEY: S-5-F1

(D) OTHER INFORMATION: oligonucleotide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 1
CACGTGTCCT ATTCCCCTGT GATCC 25

(3) INFORMATION FOR SEQ ID NO: 2

(i) SEQUENCE CHARACTERISTICS:

25 (A) LENGTH: 25

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single-stranded

(D) TOPOLOGY, linear
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(ii) MOLECULE TYPE:

(A) DESCRIPTION: other nucleic acid

(iii) HYPOTHETICAL: no

(iv) ANTISENSE: no

(v) FRAGMENT TYPE:

(vi) ORIGINAL SOURCE:

(ix) FEATURE:

(A) NAME KEY: S-5-R1

(D)OTHER INFORMATION: oligonucleotide

(xi) SEQUENCE DESCRIPTION . SEQ ID NO. . 2 
TGGGTACCTC CGAGGGCCGC TGGTG 25

(4) INFORMATION FOR SEQ ID NO: 3

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 3632

(B) TYPE: nucleic acid

(C) STRANDEDNESS: double-stranded

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE:

(A) DESCRIPTION: cDNA

(iii) HYPOTHETICAL: no

(iv) ANTISENSE: no

(v) FRAGMENT TYPE:

(vi) ORIGINAL SOURCE:

(A) ORGANISM: human

(F) TISSUE TYPE: brain

(vii) IMMEDIATE SOURCE:

(A) LIBRARY: primary human brain cDNA

(B) CLONE(S). BI-l-GGCAG
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(viii) POSITION IN GENOME:

(A) CHROMOSOME/SEGMENT: 19pl3

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 3
GAATTCTTCC ACTCGACTTC ATAGTGGTCA GTGGGGCCCT GGTAGCCTTT GCCTTCACTG 60

5 GCAATAGCAA AGGAAAAGAC ATCAACACGA TTAAATCCCT CCGAGTCCTC CGGGTGCTAC 120 
GACCTCTTAA AACCATCAAG CGGCTGCCAA AGCTCAAGGC TGTGTTTGAC TGTGTGGTGA 180 
ACTCACTTAA AAACGTCTTC AACATCCTCA TCGTCTACAT GCTATTCATG TTCATCTTCG 240 
CCGTGGTGGC TGTGCAGCTC TTCAAGGGGA AATTCTTCCA CTGCACTGAC GAGTCCAAAG 300 
AGTTTGAGAA AGATTGTCGA GGCAAATACC TCCTCTACGA GAAGAATGAG GTGAAGGCGC 360

10 GAGACCGGGA GTGGAAGAAG TATGAATTCC ATTACGACAA TGTGCTGTGG GCTCTGCTGA 420 
CCCTCTTCAC CGTGTCCACG GGAGAAGGCT GGCCACAGGT CCTCAAGCAT TCGGTGGACG 480 
CCACCTTTGA GAACCAGGGC CCCAGCCCCG GGTACCGCAT GGAGATGTCC ATTTTCTACG 540 
TCGTCTACTT TGTGGTGTTC CCCTTCTTCT TTGTCAATAT CTTTGTGGCC TTGATCATCA 600 
TCACCTTCCA GGAGCAAGGG GACAAGATGA TGGAGGAATA CAGCCTGGAG AAAAATGAGA 660

15 GGGCCTGCAT TGATTTCGCC ATCAGCGCCA AGCCGCTGAC CCGACACATG CCGCAGAACA 720 
AGCAGAGCTT CCAGTACCGC ATGTGGCAGT TCGTGGTGTC TCCGCCTTTC GAGTACACGA 780 
TCATGGCCAT GATCGCCCTC AACACCATCG TGCTTATGAT GAAGTTCTAT GGGGCTTCTG 840 
TTGCTTATGA AAATGCCCTG CGGGTGTTCA ACATCGTCTT CACCTCCCTC TTCTCTCTGG 900 
AATGTGTGCT GAAAGTCATG GCTTTTGGGA TTCTGAATTA TTTCCGCGAT GCCTGGAACA 960

20 TCTTCGACTT TGTGACTGTT CTGGGCAGCA TCACCGATAT CCTCGTGACT GAGTTTGGGA 1020 
ATAACTTCAT CAACCTGAGC TTTCTCCGCC TCTTCCGAGC TGCCCGGCTC ATCAAACTTC 1080 
TCCGTCAGGG TTACACCATC CGCATTCTTC TCTGGACCTT TGTGCAGTCC TTCAAGGCCC 1140 
TGCCTTATGT CTGTCTGCTG ATCGCCATGC TCTTCTTCAT CTATGCCATC ATTGGGATGC 1200 
AGGTGTTTGG TAACATTGGC ATCGACGTGG AGGACGAGGA CAGTGATGAA GATGAGTTCC 1260

25 AAATCACTGA GCACAATAAC TTCCGGACCT TCTTCCAGGC CCTCATGCTT CTCTTCCGGA 1320 
GTGCCACCGG GGAAGCTTGG CACAACATCA TGCTTTCCTG CCTCAGCGGG AAACCGTGTG 1380 
ATAAGAACTC TGGCATCCTG ACTCGAGAGT GTGGCAATGA ATTTGCTTAT TTTTACTTTG 1440 
TTTCCTTCAT CTTCCTCTGC TCGTTTCTGA TGCTGAATCT CTTTGTCGCC GTCATCATGG 1500 
ACAACTTTGA GTACCTCACC CGAGACTCCT CCATCCTGGG CCCCCACCAC CTGGATGAGT 1560

30 ACGTGCGTGT CTGGGCCGAG TATGACCCCG CAGCTTGGGG CCGCATGCCT TACCTGGACA 1620 
TGTATCAGAT GCTGAGACAC ATGTCTCCGC CCCTGGGTCT GGGGAAGAAG TGTCCGGCCA 1680 
GAGTGGCTTA CAAGCGGCTT CTGCGGATGG ACCTGCCCGT CGCAGATGAC AACACCGTCC 1740 
ACTTCAATTC CACCCTCATG GCTCTGATCC GCACAGCCCT GGACATCAAG ATTGCCAAGG 1800 
GAGGAGCCGA CAAACAGCAG ATGGACGCTG AGCTGCGGAA GGAGATGATG GCGATTTGGC 1860

35 CCAATCTGTC CCAGAAGACG CTAGACCTGC TGGTCACACC TCACAAGTCC ACGGACCTCA 1920 
CCGTGGGGAA GATCTACGCA GCCATGATGA TCATGGAGTA CTACCGGCAG AGCAAGGCCA 1980
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AGAAGCTGCA GGCCATGCGC GAGGAGCAGG
35
ACCGGACACC CCTCATGTTC CAGCGCATGG 2040

AGCCCCCGTC CCCAACGCAG GAAGGGGGAC CTGGCCAGAA CGCCCTCCCC TCCACCCAGC 2100
TGGACCCAGG AGGAGCCCTG ATGGCTCACG AAAGCGGCCT CAAGGAGAGC CCGTCCTGGG 2160
TGACCCAGCG TGCCCAGGAG ATGTTCCAGA AGACGGGCAC ATGGAGTCCG GAACAAGGCC 2220
CCCCTACCGA CATGCCCAAC AGCCAGCCTA ACTCTCAGTC CGTGGAGATG CGAGAGATGG 2280
GCAGAGATGG CTACTCCGAC AGCGAGCACT ACCTCCCCAT GGAAGGCCAG GGCCGGGCTG 2340
CCTCCATGCC CCGCCTCCCT GCAGAGAACC AGAGGAGAAG GGGCCGGCCA CGTGGGAATA 2400
ACCTCAGTAC CATCTCAGAC ACCAGCCCCA TGAAGCGTTC AGCCTCCGTG CTGGGCCCCA 2460
AGGCCCGACG CCTGGACGAT TACTCGCTGG AGCGGGTCCC GCCCGAGGAG AACCAGCGGC 2520
ACCACCAGCG GCGCCGCGAC CGCAGCCACC GCGCCTCTGA GCGCTCCCTG GGCCGCTACA 2580
CCGATGTGGA CACAGGCTTG GGGACAGACC TGAGCATGAC CACCCAATCC GGGGACCTGC 2640
CGTCGAAGGA GCGGGACCAG GAGCGGGGCC GGCCCAAGGA TCGGAAGCAT CGACAGCACC 2700
ACCACCACCA CCACCACCAC CACCATCCCC CGCCCCCCGA CAAGGACCGC TATGCCCAGG 2760
AACGGCCGGA CCACGGCCGG GCACGGGCTC GGGACCAGCG CTGGTCCCGC TCGCCCAGCG 2820
AGGGCCGAGA GCACATGGCG CACCGGCAGG GCAGTAGTTC CGTAAGTGGA AGCCCAGCCC 2880
CCTCAACATC TGGTACCAGC ACTCCGCGGC GGGGCCGCCG CCAGCTCCCC CAGACCCCCT 2940
CCACCCCCCG GCCACACGTG TCCTATTCCC CTGTGATCCG TAAGGCCGGC GGCTCGGGGC 3000
CCCCGCAGCA GCAGCAGCAG CAGCAGCAGC AGCAGCAGCA GGCGGTGGCC AGGCCGGGCC 3060
GGGCGGCCAC CAGCGGCCCT CGGAGGTACC CAGGCCCCAC GGCCGAGCCT CTGGCCGGAG 3120
ATCGGCCGCC CACGGGGGGC CACAGCAGCG GCCGCTCGCC CAGGATGGAG AGGCGGGTCC 3180
CAGGCCCGGC CCGGAGCGAG TCCCCCAGGG CCTGTCGACA CGGCGGGGCC CGGTGGCCGG 3240
CATCTGGCCC GCACGTGTCC GAGGGGCCCC CGGGTCCCCG GCACCATGGC TACTACCGGG 3300
GCTCCGACTA CGACGAGGCC GATGGCCCGG GCAGCGGGGG CGGCGAGGAG GCCATGGCCG 3360
GGGCCTACGA CGCGCCACCC CCCGTACGAC ACGCGTCCTC GGGCGCCACC GGGCGCTCGC 3420
CCAGGACTCC CCGGGCCTCG GGCCCGGCCT GCGCCTCGCC TTCTCGGCAC GGCCGGCGAC 3480
TCCCCAACGG CTACTACCCG GCGCACGGAC TGGCCAGGCC CCGCGGGCCG GGCTCCAGGA 3540
AGGGCCTGCA CGAACCCTAC AGCGAGAGTG ACGATGATTG GTGCTAAGCC CGGGCGAGGG 3600
AATTCCTTTT TTTTTTTTTT TT 3632

(5) INFORMATION FOR SEQ ID NO: 4

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 3632

(B) TYPE: nucleic acid

(C) STRANDEDNESS: double-stranded

(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE:

(A) DESCRIPTION: cDNA

(iii) HYPOTHETICAL, no

(iv) ANTISENSE: no

(v) FRAGMENT TYPE:

(vi) ORIGINAL SOURCE

(A) ORGANISM: human

(F) TISSUE TYPE: brain

(vii) IMMEDIATE SOURCE:

(A) LIBRARY: primary human brain cDNA

(B) CLONE(S): B1-1(VI)-GGCAG 

(viii) POSITION IN GENOME:

(A) CHROMOSOME/SEGMENT: 19pl3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 4
GAATTCTTCC ACTCGACTTC ATAGTGGTCA GTGGGGCCCT GGTAGCCTTT GCCTTCACTG 
GCAATAGCAA AGGAAAAGAC ATCAACACGA TTAAATCCCT CCGAGTCCTC CGGGTGCTAC 
GACCTCTTAA AACCATCAAG CGGCTGCCAA AGCTCAAGGC TGTGTTTGAC TGTGTGGTGA 
ACTCACTTAA AAACGTCTTC AACATCCTCA TCGTCTACAT GCTATTCATG TTCATCTTCG 
CCGTGGTGGC TGTGCAGCTC TTCAAGGGGA AATTCTTCCA CTGCACTGAC GAGTCCAAAG 
AGTTTGAGAA AGATTGTCGA GGCAAATACC TCCTCTACGA GAAGAATGAG GTGAAGGCGC 
GAGACCGGGA GTGGAAGAAG TATGAATTCC ATTACGACAA TGTGCTGTGG GCTCTGCTGA 
CCCTCTTCAC CGTGTCCACG GGAGAAGGCT GGCCACAGGT CCTCAAGCAT TCGGTGGACG 
CCACCTTTGA GAACCAGGGC CCCAGCCCCG GGTACCGCAT GGAGATGTCC ATTTTCTACG 
TCGTCTACTT TGTGGTGTTC CCCTTCTTCT TTGTCAATAT CTTTGTGGCC TTGATCATCA 
TCACCTTCCA GGAGCAAGGG GACAAGATGA TGGAGGAATA CAGCCTGGAG AAAAATGAGA 
GGGCCTGCAT TGATTTCGCC ATCAGCGCCA AGCCGCTGAC CCGACACATG CCGCAGAACA 
AGCAGAGCTT CCAGTACCGC ATGTGGCAGT TCGTGGTGTC TCCGCCTTTC GAGTACACGA 
TCATGGCCAT GATCGCCCTC AACACCATCG TGCTTATGAT GAAGTTCTAT GGGGCTTCTG 
TTGCTTATGA AAATGCCCTG CGGGTGTTCA ACATCGTCTT CACCTCCCTC TTCTCTCTGG 
AATGTGTGCT GAAAGTCATG GCTTTTGGGA TTCTGAATTA TTTCCGCGAT GCCTGGAACA 
TCTTCGACTT TGTGACTGTT CTGGGCAGCA TCACCGATAT CCTCGTGACT GAGTTTGGGA 
ATAACTTCAT CAACCTGAGC TTTCTCCGCC TCTTCCGAGC TGCCCGGCTC ATCAAACTTC 
TCCGTCAGGG TTACACCATC CGCATTCTTC TCTGGACCTT TGTGCAGTCC TTCAAGGCCC 
TGCCTTATGT CTGTCTGCTG ATCGCCATGC TCTTCTTCAT CTATGCCATC ATTGGGATGC 
AGGTGTTTGG TAACATTGGC ATCGACGTGG AGGACGAGGA CAGTGATGAA GATGAGTTCC

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
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AAATCACTGA GCACAATAAC TTCCGGACCT
37
TCTTCCAGGC CCTCATGCTT CTCTTCCGGA 1320

GTGCCACCGG GGAAGCTTGG CACAACATCA TGCTTTCCTG CCTCAGCGGG AAACCGTGTG 1380
ATAAGAACTC TGGCATCCTG ACTCGAGAGT GTGGCAATGA ATTTGCTTAT TTTTACTTTG 1440
TTTCCTTCAT CTTCCTCTGC TCGTTTCTGA TGCTGAATCT CTTTGTCGCC GTCATCATGG 1500
ACAACTTTGA GTACCTCACC CGAGACTCCT CCATCCTGGG CCCCCACCAC CTGGATGAGT 1560
ACGTGCGTGT CTGGGCCGAG TATGACCCCG CAGCTTGCGG TCGGATTCAT TATAAGGATA 1620
TGTACAGTTT ATTACGAGTA ATATCTCCCC CTCTCGGCTT AGGCAAGAAA TGTCCTCATA 1680
GGGTTGCTTG CAAGCGGCTT CTGCGGATGG ACCTGCCCGT CGCAGATGAC AACACCGTCC 1740
ACTTCAATTC CACCCTCATG GCTCTGATCC GCACAGCCCT GGACATCAAG ATTGCCAAGG 1800
GAGGAGCCGA CAAACAGCAG ATGGACGCTG AGCTGCGGAA GGAGATGATG GCGATTTGGC 1860
CCAATCTGTC CCAGAAGACG CTAGACCTGC TGGTCACACC TCACAAGTCC ACGGACCTCA 1920
CCGTGGGGAA GATCTACGCA GCCATGATGA TCATGGAGTA CTACCGGCAG AGCAAGGCCA 1980
AGAAGCTGCA GGCCATGCGC GAGGAGCAGG ACCGGACACC CCTCATGTTC CAGCGCATGG 2040
AGCCCCCGTC CCCAACGCAG GAAGGGGGAC CTGGCCAGAA CGCCCTCCCC TCCACCCAGC 2100
TGGACCCAGG AGGAGCCCTG ATGGCTCACG AAAGCGGCCT CAAGGAGAGC CCGTCCTGGG 2160
TGACCCAGCG TGCCCAGGAG ATGTTCCAGA AGACGGGCAC ATGGAGTCCG GAACAAGGCC 2220
CCCCTACCGA CATGCCCAAC AGCCAGCCTA ACTCTCAGTC CGTGGAGATG CGAGAGATGG 2280
GCAGAGATGG CTACTCCGAC AGCGAGCACT ACCTCCCCAT GGAAGGCCAG GGCCGGGCTG 2340
CCTCCATGCC CCGCCTCCCT GCAGAGAACC AGAGGAGAAG GGGCCGGCCA CGTGGGAATA 2400
ACCTCAGTAC CATCTCAGAC ACCAGCCCCA TGAAGCGTTC AGCCTCCGTG CTGGGCCCCA 2460
AGGCCCGACG CCTGGACGAT TACTCGCTGG AGCGGGTCCC GCCCGAGGAG AACCAGCGGC 2520
ACCACCAGCG GCGCCGCGAC CGCAGCCACC GCGCCTCTGA GCGCTCCCTG GGCCGCTACA 2580
CCGATGTGGA CACAGGCTTG GGGACAGACC TGAGCATGAC CACCCAATCC GGGGACCTGC 2640
CGTCGAAGGA GCGGGACCAG GAGCGGGGCC GGCCCAAGGA TCGGAAGCAT CGACAGCACC 2700
ACCACCACCA CCACCACCAC CACCATCCCC CGCCCCCCGA CAAGGACCGC TATGCCCAGG 2760
AACGGCCGGA CCACGGCCGG GCACGGGCTC GGGACCAGCG CTGGTCCCGC TCGCCCAGCG 2820
AGGGCCGAGA GCACATGGCG CACCGGCAGG GCAGTAGTTC CGTAAGTGGA AGCCCAGCCC 2880
CCTCAACATC TGGTACCAGC ACTCCGCGGC GGGGCCGCCG CCAGCTCCCC CAGACCCCCT 2940
CCACCCCCCG GCCACACGTG TCCTATTCCC CTGTGATCCG TAAGGCCGGC GGCTCGGGGC 3000
CCCCGCAGCA GCAGCAGCAG CAGCAGCAGC AGCAGCAGGC AGCGGTGGCC AGGCCGGGCC 3060
GGGCGGCCAC CAGCGGCCCT CGGAGGTACC CAGGCCCCAC GGCCGAGCCT CTGGCCGGAG 3120
ATCGGCCGCC CACGGGGGGC CACAGCAGCG GCCGCTCGCC CAGGATGGAG AGGCGGGTCC 3180
CAGGCCCGGC CCGGAGCGAG TCCCCCAGGG CCTGTCGACA CGGCGGGGCC CGGTGGCCGG 3240
CATCTGGCCC GCACGTQTCC GAGGGGCCCC CGGGTCCCCG GCACCATGGC TACTACCGGG 3300
GCTCCGACTA CGACGAGGCC GATGGCCCGG GCAGCGGGGG CGGCGAGGAG GCCATGGCCG 3360
GGGCCTACGA CGCGCCACCC CCCGTACGAC ACGCGTCCTC GGGCGCCACC GGGCGCTCGC 3420
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CCAGGACTCC CCGGGCCTCG GGCCCGGCCT GCGCCTCGCC TTCTCGGCAC GGCCGGCGAC 3480
TCCCCAACGG CTACTACCCG GCGCACGGAC TGGCCAGGCC CCGCGGGCCG GGCTCCAGGA 3540
AGGGCCTGCA CGAACCCTAC AGCGAGAGTG ACGATGATTG GTGCTAAGCC CGGGCGAGGG 3600
AATTCCTTTT TT TTTT Ί**ΓΊ^Τ TTTTT TT 3632

(6) INFORMATION FOR SEQ ID NO: 5

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 3596

(B) TYPE: nucleic acid

(C) STRANDEDNESS: double-stranded

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE.

(A) DESCRIPTION: cDNA

(iii) HYPOTHETICAL: no

(iv) ANTISENSE: no

(v) FRAGMENT TYPE:

(vi) ORIGINAL SOURCE.

(A) ORGANISM: human 

(F) TISSUE TYPE: brain

(vii) IMMEDIATE SOURCE:

(A) LIBRARY: primary human brain cDNA

(B) CLONE(S): B1-1(V2)-GGCAG

(viii) POSITION IN GENOME:

(A) CHROMOSOME/SEGMENT: 19pl3

(ix) FEATURE:

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.: 5
GAATTCTTCC ACTCGACTTC ATAGTGGTCA GTGGGGCCCT GGTAGCCTTT GCCTTCACTG 60 
GCAATAGCAA AGGAAAAGAC ATCAACACGA TTAAATCCCT CCGAGTCCTC CGGGTGCTAC 120 
GACCTCTTAA AACCATCAAG CGGCTGCCAA AGCTCAAGGC TGTGTTTGAC TGTGTGGTGA 180 
ACTCACTTAA AAACGTCTTC AACATCCTCA TCGTCTACAT GCTATTCATG TTCATCTTCG 240 
CCGTGGTGGC TGTGCAGCTC TTCAAGGGGA AATTCTTCCA CTGCACTGAC GAGTCCAAAG 300
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AGTTTGAGAA AGATTGTCGA GGCAAATACC
39
TCCTCTACGA GAAGAATGAG GTGAAGGCGC 360

GAGACCGGGA GTGGAAGAAG TATGAATTCC ATTACGACAA TGTGCTGTGG GCTCTGCTGA 420
CCCTCTTCAC CGTGTCCACG GGAGAAGGCT GGCCACAGGT CCTCAAGCAT TCGGTGGACG 480
CCACCTTTGA GAACCAGGGC CCCAGCCCCG GGTACCGCAT GGAGATGTCC ATTTTCTACG 540
TCGTCTACTT TGTGGTGTTC CCCTTCTTCT TTGTCAATAT CTTTGTGGCC TTGATCATCA 600
TCACCTTCCA GGAGCAAGGG GACAAGATGA TGGAGGAATA CAGCCTGGAG AAAAATGAGA 660
GGGCCTGCAT TGATTTCGCC ATCAGCGCCA AGCCGCTGAC CCGACACATG CCGCAGAACA 720
AGCAGAGCTT CCAGTACCGC ATGTGGCAGT TCGTGGTGTC TCCGCCTTTC GAGTACACGA 780
TCATGGCCAT GATCGCCCTC AACACCATCG TGCTTATGAT GAAGTTCTAT GGGGCTTCTG 840
TTGCTTATGA AAATGCCCTG CGGGTGTTCA ACATCGTCTT CACCTCCCTC TTCTCTCTGG 900
AATGTGTGCT GAAAGTCATG GCTTTTGGGA TTCTGAATTA TTTCCGCGAT GCCTGGAACA 960
TCTTCGACTT TGTGACTGTT CTGGGCAGCA TCACCGATAT CCTCGTGACT GAGTTTGGGA 1020
ATAACTTCAT CAACCTGAGC TTTCTCCGCC TCTTCCGAGC TGCCCGGCTC ATCAAACTTC 1080
TCCGTCAGGG TTACACCATC CGCATTCTTC TCTGGACCTT TGTGCAGTCC TTCAAGGCCC 1140
TGCCTTATGT CTGTCTGCTG ATCGCCATGC TCTTCTTCAT CTATGCCATC ATTGGGATGC 1200
AGGTGTTTGG TAACATTGGC ATCGACGTGG AGGACGAGGA CAGTGATGAA GATGAGTTCC 1260
AAATCACTGA GCACAATAAC TTCCGGACCT TCTTCCAGGC CCTCATGCTT CTCTTCCGGA 1320
GTGCCACCGG GGAAGCTTGG CACAACATCA TGCTTTCCTG CCTCAGCGGG AAACCGTGTG 1380
ATAAGAACTC TGGCATCCTG ACTCGAGAGT GTGGCAATGA ATTTGCTTAT TTTTACTTTG 1440
TTTCCTTCAT CTTCCTCTGC TCGTTTCTGA TGCTGAATCT CTTTGTCGCC GTCATCATGG 1500
ACAACTTTGA GTACCTCACC CGAGACTCCT CCATCCTGGG CCCCCACCAC CTGGATGAGT 1560
ACGTGCGTGT CTGGGCCGAG TATGACCCCG CAGCTTGGGG CCGCATGCCT TACCTGGACA 1620
TGTATCAGAT GCTGAGACAC ATGTCTCCGC CCCTGGGTCT GGGGAAGAAG TGTCCGGCCA 1680
GAGTGGCTTA CAAGCGGCTT CTGCGGATGG ACCTGCCCGT CGCAGATGAC AACACCGTCC 1740
ACTTCAATTC CACCCTCATG GCTCTGATCC GCACAGCCCT GGACATCAAG ATTGCCAAGG 1800
GAGGAGCCGA CAAACAGCAG ATGGACGCTG AGCTGCGGAA GGAGATGATG GCGATTTGGC 1860
CCAATCTGTC CCAGAAGACG CTAGACCTGC TGGTCACACC TCACAAGTCC ACGGACCTCA 1920
CCGTGGGGAA GATCTACGCA GCCATGATGA TCATGGAGTA CTACCGGCAG AGCAAGGCCA 1980
AGAAGCTGCA GGCCATGCGC GAGGAGCAGG ACCGGACACC CCTCATGTTC CAGCGCATGG 2040
AGCCCCCGTC CCCAACGCAG GAAGGGGGAC CTGGCCAGAA CGCCCTCCCC TCCACCCAGC 2100
TGGACCCAGG AGGAGCCCTG ATGGCTCACG AAAGCGGCCT CAAGGAGAGC CCGTCCTGGG 2160
TGACCCAGCG TGCCCAGGAG ATGTTCCAGA AGACGGGCAC ATGGAGTCCG GAACAAGGCC 2220
CCCCTACCGA CATGCCCAAC AGCCAGCCTA ACTCTCAGTC CGTGGAGATG CGAGAGATGG 2280
GCAGAGATGG CTACTCCGAC AGCGAGCACT ACCTCCCCAT GGAAGGCCAG GGCCGGGCTG 2340
CCTCCATGCC CCGCCTCCCT GCAGAGAACC AGACCATCTC AGACACCAGC CCCATGAAGC 2400
GTTCAGCCTC CGTGCTGGGC CCCAAGGCCC GACGCCTGGA CGATTACTCG CTGGAGCGGG 2460
TCCCGCCCGA GGAGAACCAG CGGCACCACC AGCGGCGCCG CGACCGCAGC CACCGCGCCT 2520
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CTGAGCGCTC CCTGGGCCGC 
TGACCACCCA ATCCGGGGAC 
AGGATCGGAA GCATCGACAG 
CCGACAAGGA CCGCTATGCC

5 AGCGCTGGTC CCGCTCGCCC 
GTTCCGTAAG TGGAAGCCCA 
GCCGCCAGCT CCCCCAGACC 
TCCGTAAGGC CGGCGGCTCG 
AGCAGGCGGT GGCCAGGCCG

10 CCACGGCCGA GCCTCTGGCC 
CGCCCAGGAT GGAGAGGCGG 
GACACGGCGG GGCCCGGTGG 
CCCGGCACCA TGGCTACTAC 
GGGGCGGCGA GGAGGCCATG

15 CCTCGGGCGC CACCGGGCGC 
CGCCTTCTCG GCACGGCCGG 
GGCCCCGCGG GCCGGGCTCC 
ATTGGTGCTA AGCCCGGGCG

40
TACACCGATG TGGACACAGG 
CTGCCGTCGA AGGAGCGGGA 
CACCACCACC ACCACCACCA 
CAGGAACGGC CGGACCACGG 
AGCGAGGGCC GAGAGCACAT 
GCCCCCTCAA CATCTGGTAC 
CCCTCCACCC CCCGGCCACA 
GGGCCCCCGC AGCAGCAGCA 
GGCCGGGCGG CCACCAGCGG 
GGAGATCGGC CGCCCACGGG 
GTCCCAGGCC CGGCCCGGAG 
CCGGCATCTG GCCCGCACGT 
CGGGGCTCCG ACTACGACGA 
GCCGGGGCCT ACGACGCGCC 
TCGCCCAGGA CTCCCCGGGC 
CGACTCCCCA ACGGCTACTA
AGGAAGGGCC TGCACGAACC 
AGGGAATTCC TTTTTTTTTT

CTTGGGGACA GACCTGAGCA 2580
CCAGGAGCGG GGCCGGCCCA 2640
CCACCACCAT CCCCCGCCCC 2700
CCGGGCACGG GCTCGGGACC 2760
GGCGCACCGG CAGGGCAGTA 2820
CAGCACTCCG CGGCGGGGCC 2880
CGTGTCCTAT TCCCCTGTGA 2940
GCAGCAGCAG CAGCAGCAGC 3000
CCCTCGGAGG TACCCAGGCC 3060
GGGCCACAGC AGCGGCCGCT 3120
CGAGTCCCCC AGGGCCTGTC 3180
GTCCGAGGGG CCCCCGGGTC 3240
GGCCGATGGC CCGGGCAGCG 3300
ACCCCCCGTA CGACACGCGT 3360
CTCGGGCCCG GCCTGCGCCT 3420
CCCGGCGCAC GGACTGGCCA 3480
CTACAGCGAG AGTGACGATG 3540
T T φΤΤΤΤΤ 3596
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The claims defining the invention are as follows: -

1. A method of screening individuals at risk for developing autosomal 

dominant spinocerebellar ataxia type 6 caused by a trinucleotide CAG repeat
5 sequence instability, comprising the steps of:

labeling at least one oligonucleotide primer for amplifying a CAG
repeat sequence in a genomic DNA sample;

amplifying a genomic DNA CAG repeat sequence in said sample

by polymerase chain reaction using said labeled oligonucleotide primer to produce

10 amplified sample genomic DNA fragments;

electrophoresing said amplified sample genomic DNA fragments
to produce a sample electrophoresis pattern;

amplifying a control genomic DNA CAG repeat sequence by

polymerase chain reaction using said labeled oligonucleotide primer to produce

15 amplified control genomic DNA fragments;

electrophoresing said amplified control genomic DNA fragments to

produce a control electrophoresis pattern;

comparing said sample electrophoresis pattern to said control

electrophoresis pattern; and

20 determining whether said individual to be tested may be at risk for

developing autosomal dominant spinocerebellar ataxia type 6 caused by CAG 

repeat sequence instability, wherein if said sample genomic DNA electrophoresis 

pattern contains labeled fragments larger than labeled fragments from said control 

genomic DNA electrophoresis pattern, said individual may be at risk for developing

25 autosomal dominant spinocerebellar ataxia type 6 caused by trinucleotide repeat 

sequence instability.
2. The method of claim 1, wherein said primer is based on the 

sequence of the a-iA calcium channel gene.

3. The method of claim 2, wherein said oligonucleotide primer is

30 selected from the group consisting of 5’-CACGTGTCCTATTCCCCTGTGATCC-3’
(SEQ ID NO. 1) and 5’-TGGGTACCTCCGAGGGCCGCTGGTG-3 ’ (SEQ ID NO.
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4. A method of claim 1 of screening individuals at risk fo^developing 
autosomal dominant spinocerebellar ataxia type 6 caused by a trinucleotide CAG 
repeat sequence instability which method is substantially as herein described with 
reference to any one of the Examples.

5

DATED this 15th day of May, 2001.

RESEARCH DEVELOPMENT FOUNDATION
1 o By their Patent Attorneys: 

CALLINAN LAWRIE
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0CCCBI1 1301 MVIKMIDLGL VLHQGAYFRD LWNILDFIVV SGALVAFAFT GNSKGKDINT IKSLRVLRVL RPLKTIKRLP KLKAVFDCVV NSLKNVFNIL IVYMLFMFIF 
Human cDNA ---------------------------------------------------------------------------------------------------------------------------------

0CCCBI1 1401 AVVAVQLFKG KFFHCTDESK EFEKDCRGKY LLYEKNEVKA RDREWKKYEF HYDNVLWALL TLFTVSTGEG WPQVLKHSVD ATFENQGPSP GYRMEMSIFY 
Human cDNA —-------- ----------------------------- --------------------------------------------------------------------------------------------------------------------------------

0CCCBI1 1501 WYFVVFPFF FVNIFVALII ITFQEQGDKM MEEYSLEKNE RACIDFAISA KPLTRHMPQN KQSFQYRMWQ FVVSPPFEYT IMAMIALNTI VLMMKFYGAS 
Human cDNA -------- --------------------- ------------------------ --------- --------------- -----------------------------------------------------------------------------------------

0CCCBI1 1601 VAYDNALKVF NIVFTSLFSL ECLLKVLAFG ILNYFRDAWN IFDFVTVLGS ITDILVTEFG NNFINLSFLR LFRAARLIKL LRQGYTIRIL LWTFVQSFKA
Human cDNA —E—R-------------------------- V—M----------------------------     — x.

0CCCBI1 1701 LPYVCLLIAM LFFIYAIIGM QVFGNIGIDM EDEDSDEDEF QITEHNNFRT FFQALMLLFR SATGEAWHNI MLSCLSGKPC DKNSGILTPE CGNEFAYFYF
Human cDNA ............. ---------------- --------------------V------------------------------------------------ ---------- ------------- ------- ----------------- R------------------

0CCCBI1 1801 VSFIFLCSFL MLNLFVAVIM DNFEYLTRDS SILGPHHLDE YVRVWAEYDP AAf^RMLYRD-MYAMLRHM^^LrfGKNCPA"RVA^KRLLRM DLPVADDNTV 
Human cDNA --------------------- ---------------------------------- —] P-L Q------S--------K-------- ------ -----------

0CCCBI1 1901 HFNSTLMALI RTALDIKIAK GGADKQQMDA ELRKEMMAIW PNLSQKTLDL LVTPHKSTDL TVGKIYAAMM IMEYYRQSKA KKLQAMREEQ NRTPLMFQRM 
Human cDNA -------------------------------------------------------- ---------------------------------- ----------- D----------

FIG. 2A
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0CCCBI1 2101 
Human cDNA

0CCCBI1 2201 
Human cDNA

0CCCBI1 2301 
Human cDNA

0CCCBI1 2401 
Human cDNA

0CCCBI1 2501 
Human cDNA

EPP.PD.EG6 AGQNALPSTQ LDPAGGLMAH EDGLKDSPSW VTQRAQEMFQ KTGTWSPERA PPADMADSQP KPQSVEMREM SQDGYSDSEH CLPMEGQARA 
—S-TQ— P------------------- G-A-------- S—E------------------------------------- QG — T—PN— NS------------ GR------------- Y---------- G—

variation 2
ASMPRLPAENfQRRRGRFRGS DUSTICDTSP MKRSASVLGP KASRRLDDYS LERVPPEENQ RHHPRRRERA HRTSERSLGR YTDVDTGLGT DLSMTTQSGD 
................ Ιζ_-"-ΣΣΓς11 Nj—S-------------------------------------------------------- ------- Q—D-S —A------------------------------------------- -

LPSREREQER GRPKDRKHRP -------- D------------------- Q

LPQTPCTPRP LVSYSPVVRK 
-------S-— H--------- I —

HHHHHHHHrfF GPAAAD®^3iiSBR?DHSH"GlRARARDQRW SRSPSEGREH 
................-H P-PP.-D- A.-E-—.. -|—--------- -----------------

|R_FL_£FfZPFFLp£LKJviLiL _J

VGGVGPPQQQ Q.............AV ARPGRAAPGG PRRYPGPAAE PPPA......... G
A—S------------QQQQQQQ--------------- TS------------- T------LAGDRPPT-

TTHRQGSSSV SGSPVPSTSG TSTPQRGRRQ 
........................ ..........

GGCAG insertion
GHGAGRSPAL ERRGPGAARD ESPRACRHGG 
—SS----- RM —V--P—S---------------

kD

GGGARWPASG PHAHPHSHTH AHAHTHGYYR SSDYDEPEGP GRGSGGGLGD DEEVAAGPYA APPGPAS... RSPRTPRAAG PACASPAPHG RRVPNGYYPV
------------------- VSEGPP.. GPR-.------- G--------- AD— ..------- EEA MAGAYDA-PP VRHASSGATG------------ S------------ S---------L----------A

HGLARPRGPG SRKSLHEVYS ESDEDWC*

FIG. 2B
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