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The expansion of a (CAG), trinucleotide repeat has
been associated with at least eight neurological disor-
ders in which the repeats code for polyglutamine in
the protein. To identify additional genes that possess
(CAG), repeats, single-stranded cDNA clones derived
from adult human brain were screened using biotinyl-
ated oligonucleotide (CAG)sg, and the hybridizing com-
plexes were isolated with strepavidin-coated para-
magnetic beads. A total of 119 cDNA clones were iso-
lated and initially characterized by end sequencing.
BLAST homology searches were used to reduce redun-
dancies with overlapping clones and to eliminate those
that show sequence identity with previously published
cDNAs with triplet repeats. Only cDNA clones with
more than five CAG repeats were pursued for analysis.
A total of 19 novel cDNAs were further characterized
by determining chromosomal assignments using the
Stanford G3 and Genebridge radiation-reduced hybrid
mapping panels. Transcript sizes and tissue expres-
sion patterns were determined by Northern blot analy-
sis. Two of 19 clones showed specific or high expres-
sion in brain. These cDNAs are ideal candidate genes
for other neurodegenerative disorders, such as spino-
cerebellar ataxia types 5 and 7, and may also be impli-
cated in psychiatric diseases such as bipolar affected
disorder and schizophrenia. © 1997 Academic Press

Key Words: trinucleotide repeats; CAG expansion;
EST; neurodegeneration; brain expression.

INTRODUCTION

Dynamic mutations in trinucleotide repeat tracts
have been implicated in at least 13 inherited diseases
in humans. These dynamic mutations can be effectively
categorized into expansions within noncoding and cod-
ing sequences. The former includes (CGG), expansions
resulting in chromosome fragile sites (FRAXA, FRAXE,

* To whom correspondence should be addressed at the Genetics
and Molecular Biology Branch, NHGRI, NIH, Building 49, Room
3A14, 49 Convent Drive MSC 4442, Bethesda, MD 20892-4442. Tele-
phone: (301) 402-2530. Fax: (301) 402-4929.

and FRA11B) associated with mental retardation
(Jones et al., 1994; Knight et al., 1993; Verkerk et al.,
1991); (CTG), expansions found in myotonic dystrophy
(Brook et al., 1992; Fu et al., 1992; Mahadevan et al.,
1992); and (GAA), expansions seen in Freidreich ataxia
(Campuzano et al., 1996). Two additional fragile sites
(FRAXF and FRA16A) are associated with (CGG), trip-
let repeat expansions but have not been implicated
with any human diseases (Nancarrow et al., 1994; Par-
rish et al., 1994). Dynamic mutations in coding regions
involve (CAG), expansions observed in patients with
spinal bulbar muscular atrophy (SBMA; La Spada et
al., 1991), Huntington disease (HD; The Huntington's
Disease Collaborative Research Group, 1993), spino-
cerebellar ataxia 1 (SCA1L; Orr et al., 1993), dentatoru-
bropallidoluysian atrophy (DRPLA; Koide et al., 1994;
Nagafuchi et al., 1994; which is allelic to Haw River
syndrome; Burke et al., 1994; Potter et al., 1996), Ma-
chado—Joseph disease (which is allelic to SCA3; Kawa-
guchi et al., 1994), and, more recently, SCA2 (Imbert
et al., 1996) and SCA6 (Zhuchenko et al., 1997).

Most of the diseases caused by (CAG), repeat expan-
sions share certain clinical features such as neuronal
degeneration, dominant inheritance patterns, and ge-
netic anticipation, resulting in earlier age of onset in
successive generations largely in part due to the ten-
dency of the affected parent’s allele to expand in the
germ line, particularly when transmitted from the pa-
ternal line (Albin and Tagle, 1995; Hummerich and
Lehrach, 1995; Warren, 1996; Zoghbi, 1996). A number
of strategies have been employed in the past to identify
genes or cDNAs with triple repeats that may be associ-
ated with disorders of the brain. These include screen-
ing of brain cDNA libraries (Jiang et al., 1995; Li et al.,
1993; Riggins et al., 1992; Bulle et al., 1997; Margolis
et al., 1997), screening of genomic DNA from normal
(Gastier et al., 1996) or patient DNA (Sanpei et al.,
1996; Schalling et al., 1993), detection of polyglutam-
ine-expanded proteins from patient samples (Imbert et
al., 1996; Stevanin et al., 1996; Trottier et al., 1995),
searches in the EST database (Néri et al., 1996; Bulle
et al., 1997), and FISH (Haaf et al., 1996). These ap-
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(CAG), cDNAs FROM ADULT HUMAN BRAIN

proaches have led, in some cases, toward the identifi-
cation of the genes for SBMA, DRPLA, SCA2, and
SCAG (Imbert et al., 1996; Koide et al., 1994; La Spada
et al., 1991; Nagafuchi et al., 1994; Sanpei et al., 1996;
Zhuchenko et al., 1997). In other cases (CAG), repeat
expansions have been indirectly implicated after analy-
sis of genomic DNA from patients with schizoprenia
and bipolar disorder (Morris et al., 1995; O’Donovan et
al., 1995) and for glutamine expansions in the protein
lysates from patients with autosomal dominant cere-
bellar ataxias (Stevanin et al., 1996).

In this study, we have identified and characterized
additional (CAG), clones that were isolated from adult
human brain by (1) hybridization of single-stranded
cDNA to biotinylated (CAG)g oligonucleotide and cap-
ture of the annealed complexes using strepavidin-
coated paramagnetic beads, (2) sequencing of the iso-
lated clones, (3) BLAST searches in the nucleotide and
protein databases to identify clone homologies and re-
dundancies, (4) determination of transcript size and
tissue-specific expression patterns by Northern blot
analysis, (5) generation of gene-based STSs that flank
the (CAG), repeats and allow amplification directly
from genomic DNA, (6) chromosomal localization of the
clones, using the Stanford G8 and Genebridge radia-
tion-reduced hybrid panels, (7) determining the degree
of variability of the (CAG), repeat in these clones, using
at least 40 parents from the CEPH reference pedigree,
and (8) correlation of chromosomal assignment of the
clones with known loci for a number of autosomal domi-
nant neurodegenerative diseases.

MATERIALS AND METHODS

Screening for (CAG), repeats. A phagemid cDNA library from
adult human brain (Life Technologies, Inc., Gaithersburg, MD) was
used as a source of DNA in this study. The adult human brain library
was screened using the GeneTrapper cDNA positive selection sys-
tem. Oligonucleotide (CAG)g (Midland Certified Reagent Co., Mid-
land, TX) was 5’ biotinylated with biotin-14—-dUTP. Approximately
5 pg of double-stranded phagemid cDNA inserts was converted to
single-stranded DNA using Gene 1l (Life Technologies, Inc.) and
Escherichia coli Exonuclease 111 enzymes. The biotinylated oligonu-
cleotide was hybridized to the single-stranded cDNA at 37°C for 1
h, and the hybrids were captured with streptavidin-coated paramag-
netic beads (Life Technologies, Inc.) and precipitated using a mag-
netic particle concentrator (Dynal, Inc., Lake Success, NY). The cap-
tured cDNAs were eluted and converted to double-stranded DNA
using T7 DNA polymerase and nonbiotinylated (CAG)g oligonucleo-
tide. The DNA was electroporated into DH10B cells (Life Technolo-
gies, Inc.) and plated on LB—ampicillin (100 mg/liter) plates.

Sequencing of (CAG),-enriched clones. Plasmid DNA was pre-
pared from randomly picked cDNA clones and sequenced using the
ABI Dye Deoxy Terminator cycle sequencing chemistry (Applied Bio-
systems, Inc., Foster City, CA). Vector primers SP6 and T7 were
initially used for sequencing. Custom primers for each clone were
made from the initial sequences until a CAG repeat tract was encoun-
tered. Reactions consisted of 1 ug of plasmid DNA and 5 to 7 pmol
of primer. Reactions were purified on Centrisep columns and electro-
phoresed on an ABI Model 373A semiautomated DNA sequencer
(Applied Biosystems, Inc.). Sequences were assembled and edited
using Sequencher Version 3.0 (Gene Codes, Inc., Ann Arbor, MI).

BLAST search analysis and data management. The sequences
were submitted for BLASTn and BLASTx searches (Altschul et al.,
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1990) using “Multiblast” shellscript in GDE (Smith et al., 1994). The
output from the BLAST searches was sorted by probability using
another shellscript (“Sortblast”), which condensed the BLAST report
to the description line and alignments. A Microsoft Excel table of
raw data of the clones showing the number of repeats, type of repeat,
sequencing status, mapping status, and BLAST identities was main-
tained.

Mapping of (CAG), clones. PCR primers immediately flanking
the (CAG), repeats were designed for each clone. Each primer set
was tested on a 9600 PE PCR machine (Perkin—Elmer Corp, Nor-
walk, CT) for specific amplification of the cDNA clone and human
genomic DNA but not on mouse and hamster genomic DNAs. PCR
conditions consisted of initial denaturation at 94°C for 4 min, fol-
lowed by 35 cycles consisting of 94°C for 30 s, annealing at 55-65°C
(see Table 2) for 30 s, and 72°C extension for either 1 or 2 min,
followed by a 10-min 72°C final extension period. Polymerase chain
reactions were performed in 10-ul volume consisting of 10 ng genomic
DNA, 20 pM each primer, and a 1x concentration of PCR SuperMIX
(Life Technologies, Inc.). Chromosomal mapping was performed by
PCR for (CAG), clones with five or more tandem repeats using Gene-
Bridge 4 and Stanford G3 radiation hybrid panels. The Coriell
NIGMS Cell Repositories (Camden, NJ) or BIOS Laboratories, Inc.
(New Haven, CT) monochromosomal hybrid panels were used for
additional confirmation of the chromosomal assignments.

Clone DT1P1B10 gave 141- and 118-bp PCR products in genomic
DNA but only the higher molecular weight product when cDNA was
used as target. The 118-bp product was subcloned into plasmid using
the TA cloning system (Invitrogen Corp., San Diego, CA) and se-
quenced as described above.

Northern blot analysis. Northern blot analysis was done for
(CAG), clones to determine the mRNA transcript size, levels of ex-
pression, and tissue-specific expression patterns. mRNA blots were
obtained from Clontech Laboratories, Inc. (Palo Alto, CA). About 100
ng of the cDNA insert was radiolabeled by random-priming using [a-
32P]dCTP. Membrane blots were prehybridized with 50% deionized
formamide buffer for 3 h at 42°C and hybridized overnight with
radiolabeled probe. Membranes were washed at 55°C with wash solu-
tions, and blots were exposed to X-ray film for 30 min to overnight
at —80°C.

Test for polymorphism. Primer sets optimized for each clone were
tested on genomic DNA from at least 40 parents of the CEPH refer-
ence pedigrees (families 12, 21, 23, 28, 134, 142, 1332, 1333, 1334,
1341, 1344, 1345, 1346, 1349, 1362, 1375, 1377, 1408, 1413, 1416,
1418, 1420, 1421, and 1423). PCR amplifications were performed as
described above except [@-**P]dCTP was incorporated in the reaction
(2.5 uM dCTP and 125 M each dATP, dTTP, and dGTP), and the
PCR samples were resolved on 6% denaturing Sequagel 6 acrylamide
gel (National Diagnostics, Atlanta, GA). A sequencing ladder gener-
ated by sequencing control plasmid using —40 forward primer from
the Sequenase kit (United States Biochemical, Cleveland, OH) was
used as size marker to estimate the allele sizes.

RESULTS

Captured (CAG), Clones

Figure 1 shows the strategy used in oligo capture of
(CAG),, cDNA clones derived from adult human brain.
A number of clones were obtained using this strategy,
of which 119 clones were randomly sampled for se-
guencing. The clones were examined for repeat size
and for similarities to each other and in the sequence
database. In myotonic dystrophy, a repeat size of five
was the most common normal allele and yet can expand
to a pathogenic range (Imbert et al., 1993). Thus only
cDNA clones that had five tandem repeats or more and
those that did not show homologies to previously pub-
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FIG.1. Overview of the strategy employed to capture and charac-
terize the CAG repeat-containing cDNAs from an adult human brain
library.

lished triplet repeat genes or represented sib clones
were analyzed further. These included cDNA clones
that showed homology to the gene for SCA3. Of the 119
clones, 19 had five or more CAG repeats and repre-
sented unique, nonredundant clones (Table 1).

BLAST homology searches on the 19 clones are
shown in Table 1. Ten of 19 clones showed greater than
90% sequence identity to known proteins or genes in
the databases. Three of 19 clones showed significant
matches to known ESTs that have known (CAG), re-
peats. However, in these cases the chromosomal loca-
tions have not been determined for these ESTs, and
they were thus included in this study.

Mapping of (CAG),, Clones

The sequences were used to turn the cDNA clones
into gene-based STSs by designing PCR primers imme-
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diately flanking the repeat sequences for the 19 cDNA
clones. Primers were positioned on the cDNA sequence
to give a short amplification product (approximately
100 bases on the average) to avoid amplifying across
any introns when genomic DNA is used as a target. In
two clones (DT1P1B12 and DT2P1F10) mapping prim-
ers were made 3’ of the CAG repeat tract because of
failure to amplify across the repeat sequence. This is
likely due to the repeat tract lying very close to an
exon—intron junction, since the expected PCR product
size was obtained from their respective cDNA clones
but no amplification was obtained from total human
genomic DNA. Using the gene-based STS primers on
the Genebridge 4 and/or Stanford G3 radiation-reduced
hybrid panels, linkage was obtained for 18/19 clones to
previously assigned chromosomal markers (Table 3).
Mapping information was not obtained for DT2P1A11
since all the possible primers tested for this clone gave
PCR signals in both human and rodent samples, which
is likely due to the high sequence conservation of this
gene in these species.

The radiation hybrid mapping system showed map-
ping assignment to at least two chromosomes for three
clones: DT1P2C12 was mapped to chromosomes 5 and
6, DT2P1F10 was mapped to chromosomes 6 and 9,
and DT1P1B10 was mapped to chromosomes 3 and 12.
Clone DT1P1B10 consistently gave the expected 141-
bp PCR product plus an additional 118-bp product.
When only the 141-bp product was scored by radiation
hybrid mapping, a chromosomal assignment to human
chromosome 3 was obtained, whereas the lower band
gave a map location to human chromosome 12. The
faster migrating PCR product was subcloned, and se-
quence analysis confirmed the presence of a related
gene on chromosome 12 with 8 CAG repeats compared
to the locus on chromosome 3, which has 15 repeats.
The two sequences showed 98% similarity and most
likely represent members of the same gene family. To
resolve the exact chromosomal location for clones
DT1P2C12 and DT2P1F10, we hybridized the cDNAs
to a somatic cell hybrid panel (Oncor, Inc., Gaithers-
burg, MD). However, Southern blot analysis showed
strong cross-hybridizing signals from the rodent back-
ground for clones DT1P2C12 and DT2P1F10 (data not
shown); thus, precise chromosomal assignment was not
obtained for these clones.

Expression Patterns of (CAG),, Clones

The mRNA sizes for each of the 19 clones were deter-
mined by Northern blot hybridization, and the results
are shown in Table 4. Transcript sizes ranged from 0.7
to 12.0 kb with an average size of 3.7 kb. In three of
these genes, the transcript is represented in its entirety
in the plasmid clones DT1P1A10, DT1P2C4, and
DT2P1G7 (Table 4). The majority of the clones showed
widespread expression in all the tissues tested and
the hybridization patterns of DT1P1A2, DT1P1A4,
DT1P1B12, and DT1P2C6 are shown as examples in
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TABLE 1
Blast Search Results for the cDNA Clones with Five or More CAG Repeats

Name of Genbank Genbank
clone Number of repeats accession no.? Homologies on BLAST search® accession no.°
DT1P1A2 (CAG)s uU92978 Human nucleobindin gene (91%) M96824
DT1P1A4 (CTG)e U92979 Glial fibrillary acidic protein (93%) J04569
DT1P2A7 (CTG)10 uU92985 Human clone mcag 11 (84%) u23859
DT1P1A10 (CAG)s U92980 None —
DT2P1A11 CAA(CAG)s(CGG), U92992 None —
(CAG)s
DT1P1B6 (CAG)s U92981 None —
DT1P1B10 (CTG)15 U92982 Human mRNA/CTG repeat (100%) D87735
Ribosomal protein (99%)
DT1P1B11 (CAG),CAA(CAG)s u92983 mRNA for PQ-rich protein (99%) 750194
(CAA),CAG Mouse TDAG51 mRNA (84%) U44088
DT1P1B12 (CAG),(CGG)s uU92984 Homo sapiens cytoplasmic antiprotein (CAP2) (97%) L403771
(CAG)s
DT2P1C4¢ CAGCAA(CAG); U92994 Human MAR/SAR DNA binding protein (99%) M97287
CAACAGCAA Nuclear matrix attachment DNA binding protein (88%)
(CAG),
DT1P2C6 (CTG), U92986 None —
DT1P2C12 (CAG),CTACAG U92987 None —
CGA(CAG)sCGA
(GAG),(CAG)sCGA
GAGCGG(CAG),
GAG(CAG),(CAA),
(CAG),
DT1P2D1 (CAG),CAACGG U93216 Human autoantigen mRNA (96%) Ul7474
TAG(CAG)sTAG
(CAG),
DT1P2D2¢ (CAG)sCACCTG U92988 mRNA for signal recognition subunit 14 (99%) X73459
CCG(CAG),CAA
(CAG),(CAACAG),
CAA(CAG),
DT1P2E11 (CAG), U92989 None —
DT2P1F5 (CAG)s U92994 Human IFN-responsive transcription factor (91%) M875031
DT2P1F10 (CGG)4(CAG),CAA U92990 H. sapiens splicing factor L10910
DT2P1G7 (CAG)s U92995 None —
DT1P2H10 (CAG)s U92991 Human mRNA nucleosome assembly (100%) D50370

2 Accession no. for clones in this study.

® Numbers in parentheses indicate percentage of sequence identity over the region compared.

¢ Accession no. of BLAST sequence homologies.

9 Identified to be homologous to clones a04500s and g04502m, respectively, in Bulle et al., 1997, after submission of this article.

Figs. 2A, 2B, 2C, and 2D, respectively. One of the clones
(DT1P1AA4) also showed brain-specific expression (Fig.
2B). Dot blot hybridization to RNA derived from 14
subregions of the brain and the spinal cord indicated
that DT1P1A4 expression is highest in the medulla
oblongata, substantia nigra, and spinal cord (data not
shown). Expression in fetal brain was also detected for
this clone. DT1P2H10 also showed relatively high ex-
pression levels in testes and brain, particularly in the
substantia nigra and spinal cord (data not shown).

Polymorphism of (CAG),, Clones

The degree of polymorphism for each of the (CAG),
repeats was assessed on at least 80 chromosomes from
the CEPH reference families. Table 4 presents a sum-
mary of these results, indicating that 8/17 clones are
polymorphic. The heterozygosity index for the polymor-
phic clones ranged from 0.12 to 0.73. Five of 8 clones

have a heterozygosity index greater than 0.5. The num-
ber of alleles for the clones with polymorphic CAG re-
peats ranged from 2 to 6 (data not shown).

DISCUSSION

In this study we have identified cDNA clones from
adult human brain that contain variable-length (CAG),
repeats, using the oligo capture method. Some of the
clones identified using our approach were distinct from
clones obtained by large-scale sequencing of fetal brain
and infant brain cDNA libraries in the EST database,
which is consistent with previous observations that the
genes expressed in the human brain show variable de-
velopmental expression patterns (Adams et al., 1995;
Néri et al., 1996). Our use of the adult human brain
cDNA library thus complements previous efforts to cat-
alog (CAG), clones (Jiang et al., 1995; Li et al., 1993;
Riggins et al., 1992) from fetal brain.
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TABLE 2

PCR Primers and Conditions Used for CAG Repeat Amplification

Name of PCR product Annealing
clone Primer sequences in bp temperature

DT1P1A2 SN 5’-cacatggagcagcggaagcagcag-3’ 73 Two step
ASN 5'-tgccectcagggtgggeage-3’

DT1P1A4 SN 5’-cagtgccctgaagattagcagcag-3” 63 55
ASN 5'-gtcctttccctecactecttect-3'

DT1P2A7 SN 5’-aggtcagcttggtgcttgagetct-3” 105 65
ASN 5'-aaagggaaagtggagaggtctctgctg-3’

DT1P1A10 SN 5’-ctagatgccggtggacagtgggea-3’ 120 55
ASN 5’'-cttccacttgcatgttcatctcac-3'

DT1P1B6 SN 5’-acatgtgtcctggatcctcccctg-3’ 109 55
ASN 5'-aatgagccctgcttgtgggcagec-3’

DT1P1B10 SN 5’-agcttctcccaaaaaagcacctgg-3’ 141 65
ASN 5’-aggaaccttctgggctggage-3’

DT1P1B11 SN 5’-cgaggaagggctgctgcttatcec-3’ 108 65
ASN 5’-cggatcggccggeccctgeccggg-3’

DT2P1C4 SN 5’-ccgccccacattatccatgtteca-3' 127 65
ASN 5’-gtggctgctgctgtggetgtggag-3’

DT1P2C6 SN 5’-tagaagccactgttgtctttataaaacaca-3’ 118 65
ASN 5’-gtccattgtgaaattatcccagca-3’

DT1P2C12 SN 5’-agatgctgctgttgttgetgetge-3’ 129 65
ASN 5’-tggagaagggtcggtgcagcagct-3’

DT1P2D1 SN 5’-gccttcatgacacctagegectee-3' 107 65
ASN 5’-gctgtaagggagctgcetgctgetg-3’

DT1P2D2 SN 5’-agaacaaaactaagaagaccaaagca-3’ 66 65
ASN 5'-ttgctgctgcggcaggtgctgetg-3’

DT1P2E11 SN 5’-cgtcttcaggcagtgacagtggtg-3” 81 60
ASN 5’-gccctetggcecttgtecgggctat-3’

DT2P1F5 SN 5’-cattcagacattgggagcagcagc-3’ 60 60
ASN 5'-tgtctgaatcttcctgtggctcag-3’

DT1P2F10 SN 5’-agctgccgaagecgecgtectget-3’ 104 65
ASN 5’-cccgaatatcgggttccaaggacg 3

DT2P1G7 SN 5’-gaagaatcgacataggtccagacc-3’ 76 65
ASN 5'-tattagcgtaggatgctgctgctg-3’

DT1P2H10 SN 5’-gtgattctggggaagaatctgacagc-3’ 118 65

ASN 5’-ccgctgecgetgetgetgecacta-3”

TABLE 3

Chromosomal Map Location for CAG Repeat-
Containing cDNA Clones

Name of Chromosome

clone location Between marker 1 and marker 2
DT1P1A2 19g13.32 WI1-9028 NIB1805
DT1P1A4 17921.1-g25.1 D17S1970 D17S2047
DT1P2A7 1912 WI1-9711 D1S305
DT1P1A10 Xpll.22 DXS1013E
DT1P1B6 2p23.1 GCT11G10 CHLC.ATC5A0
DT1P1B10-1 3p21.33 WI-4073 RP_SA 1
DT1P1B10-2 12¢21.1 CHLC.GATA7A108 AFMa066xB9
DT1P1B11  12g21.2 CHLC.GATA26D02 WI-5371
DT1P1B12 18g22.1-qg22.2 D18S68 D18S477
DT2P1C4 3p24.3 RP_L15 1 D3S1583
DT1P2C6 1p33 WI-11021 WI1-6608
DT1P2C12 5,6 ? ?
DT1P2D1 16 D16S3211
DT1P2D2 15915.1-g21.1 D15S144 NIB1832
DT1P2E11 17g24.1 D17S2104 D17S1352
DT2P1F5 14911.2 D14S264 D14S275
DT2P1F10 6,9 ? ?
DT2P1G7 11qg11 WI-8652 CHLC.GATA46
DT1P2H10 Xq21.33 DXS990

Our strategy allows relatively rapid screening of ap-
proximately 10° to 10’ clones in a few days compared
to several weeks for conventional radioactive screening
of cDNA libraries and can be adapted to identify mem-
bers of gene families that share certain motif se-
guences. BLAST analysis of sequences from 119 ran-
domly picked clones indicated cross-homologies with
one other, as well as with a number of previously iden-
tified genes, such as the gene for SCA3 or the Ma-
chado—Joseph disease gene. However, cDNAs for
SBMA, HD, SCA1, DRPLA, and SCA2 were not identi-
fied in our search. In these diseases, the (CAG), repeat
is positioned very close to the 5’ end of their respective
transcripts, unlike that for SCA3 of which the repeat
is near the 3’ end of the cDNA. This suggests that the
adult human brain cDNA library used in this study is
enriched for clones for the 3’ end of genes. This is fur-
ther corroborated by the observation of relatively short
insert clones in this library. Further oligo capture using
random-primed or large-insert cDNA libraries will
most likely yield additional unique (CAG), clones.

The selected cDNAs described here showed a wide
range of expression in several different human tissues.
Only the clone DT1P1A4, which showed homology to
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glial fibrillary acidic protein, has a brain-specific ex-
pression.

It has been suggested that triple repeats of eight or
more in noncoding sequences are likely to be polymor-
phic (Gastier et al., 1996). Though repeat size has been
shown to be a strong indicator of polymorphic length
variability for (CA), dinucleotide repeats (Weber,
1990), it is possible that the repeats found in coding
regions are under strong selection constraints for ei-
ther expansion or contraction. A recent example has
been described for SCA2, in which the CAG repeat size
of 22 is the frequent allele in the general population,
representing about 90% of the 506 alleles tested
(Zoghbi, 1996). Despite the low heteozygosity index,
the repeat in this gene is capable of expanding to a
pathogenic size in a subset of spinocerebellar ataxia
patients. In the cases of SCA1 and SCA2, interruptions
within the (CAG), repeat tract stabilize the repeat but
such interruptions are lost in the expanded alleles.
Thus in searching for the potential expansions in
cDNAs, those with interruptions and those that show
low polymorphic information content should not be ex-
cluded as potential candidate genes.

Recently the loci for SCA5 on chromosome 11 (Ra-
num et al., 1994), SCA7 on chromosome 3 (David et al.,
1996; Holmberg et al., 1995), and bipolar disorder on
chromosome 18 (Freimer et al., 1996; Mclnnes et al.,
1996) have been mapped by linkage analysis. While
the identification of the genes responsible for these dis-
orders are being actively pursued in these laboratories,

TABLE 4

Transcript Size and CAG Repeat Polymorphism
of cDNA Clones

Available insert
size in

Transcript pcMVsport
Clone size (in kb) (in kb) Heterozygosity

DT1P1A2 2.4 1.4 0
DT1P1A4 3.5 0.8 0
DT1P2A7 15 1.1 0.66
DT1P1A10 15 1.4 0.50
DT1P1B6 9.6 1.4 0
DT1P1B10 1.0 0.6 0.73

Chromosome 3

Chromosome 12 1.0 0.12* 0.18
DT1P1B11 6.6 15 0
DT1P1B12 6.0 1.2 ND"
DT2P1C4 0.7 0.7 0.50
DT1P2C6 5.4 0.8 0.12
DT1P2C12 4.6 15 0.50
DT1P2D1 12.0 0.4 0
DT1P2D2 4.7 1.0 0.16
DT1P1E11 2.6 0.8 0
DT2P1F5 4.4 0.9 0
DT2P1F10 4.9 2.2 ND
DT2P1G7 1.3 1.3 0
DT1P2H10 2.9 1.2 0

2 PCR product cloned into TA vector.
®ND, not determined.
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FIG. 2. Northern blot analysis of clone (A) DT1P1A2, (B)
DT1P1A4, (C) DT1P1B12, and (D) DT1P2C6. Lanes for RNA sources
are (1) spleen, (2) thymus, (3) prostate, (4) testis, (5) ovary, (6) small
intestine, (7) colon, (8) leukocyte, (9) heart, (10) brain, (11) placenta,
(12) lung, (13) liver, (14) skeletal muscle, (15) kidney, and (16) pan-
creas.

it is possible that some of the cDNAs described in this
study (Table 3) may be suitable candidate genes for
these diseases. Of the cDNA clones we have isolated,
18/19 have been placed on the chromosome map. The
chromosomal locations for some of these cDNAs coin-
cide with the critical regions for a number of neurode-
generative disorders. For example, the cDNA clone
DT2P1G7 was positioned in the region that shows link-
age for SCAS. This position was also confirmed further
by somatic cell hybrid mapping of chromosome 11
derivatives (data not shown). The cDNA clones
DT1P1B10 and DT2P1C4 have been mapped to the
region on the short arm for chromosome 3 to which
SCA7 or autosomal dominant cerebellar ataxia type |1
has been mapped. Likewise DT1P1B12 has been placed
in the region of chromosome 18 to which bipolar disor-
der has been mapped (Detera-Wadleigh et al., 1994;
Freimer et al., 1996; Mclnnes et al., 1996). We may
also have identified additional candidate genes for the
disorders familial dementia on chromosome 3 (Brown
et al., 1995) and schizophrenia on chromosome 18 (Mo-
isesetal., 1995; Schwab et al., 1995; Straub et al., 1995;
Wang et al., 1995).

In other neurodegenerative diseases where the fre-
guency of the disorder is low, thus precluding linkage
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analysis due to the lack of informative pedigrees, a
large collection of these CAG-containing cDNAs can be
used to screen a collection of affected individuals for
evidence of expansions. Such a strategy will substan-
tially reduce efforts to clone the responsible genes
through conventional positional cloning methods, but
provides the opportunity to go directly from mapped
candidate genes to the disease locus. Diseases that
show genetic heterogeneity where some of the genes
involved may show (CAG), repeat expansions, such as
bipolar disorder and schizophrenia (Morris et al., 1995;
O'Donovan et al., 1995), can also be readily tested with
these (CAG),, cDNAs. In addition, families with autoso-
mal neurodegenerative disorders that show anticipa-
tion can be tested for expansions with these cDNAs,
precluding the chromosomal linkage analysis of these
families. These diseases may include Cowden syn-
drome (Hanssen et al., 1993), spastic paraplegia
(Burger et al., 1996; Hazan et al., 1993), familial Par-
kinson’s disease (Bonifati et al., 1994, 1995), and zonu-
lar cataract (Marner, 1949; Eiberg et al., 1988). Thus
the (CAG), clones described provide a gene-based STS
as well as a rich resource for candidate genes on which
other inherited neurological disorders can be tested for
repeat expansions.
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