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RESEARCH

Isolation and Mapping of Novel Mouse Brain
cDNA Clones Containing Trinucleotide
Repeats, and Demonstration of Novel Alleles
in Recombinant Inbred Strains

Doreen M. Chambers and Catherine M. Abbott’

Medical Research Council (MRC) Human Genetics Unit, Western General Hospital, Edinburgh, UK

Abnormal expansion of trinucleotide repeats (TRs) has now been implicated in the pathogenesis of at least
nine human genetic disorders, particularly those in which anticipation and/or fragile sites have been
demonstrated. Anticipation, the phenomenon of increasing severity of phenotype in successive generations,
has never been seen in species other than man. Nevertheless, animal models for the dynamic mutation of TRs
would be extremely valuable. We have screened a mouse brain ¢cDNA library in an attempt to identify clones
representing each of the 10 possible classes of trinucleotide repeat. Thirty-seven clones were analyzed in
detail. Of the 37 sequences, I8 displayed significant levels of homology with sequences in GenBank, 10 of
them with human expressed sequence tags (ESTs). We then analyzed 25 of the clones by PCR of the sequence
containing the repeat in a number of different mouse strains and species to assess levels of variability of
repeat length. Of the 25 clones analyzed in this way, 64% showed length variation between Mus musculus spp.
and Mus spretus, and 32% showed variation between Mus musculus musculus-derived standard laboratory inbred
strains. Where variation was detected (I7 repeat-containing clones in all), the gene was mapped by linkage
analysis. None of the repeats isolated showed any signs of extreme expansion. However, two of the repeats
were shown to have undergone size changes during the establishment of a number of recombinant inbred

strains, suggesting that these repeats are at least moderately unstable.

Abnormal expansion of trinucleotide repeats
(TRs) is a relatively recently discovered phenom-
enon which has now been implicated in the
pathogenesis of at least nine human genetic dis-
orders, notably those in which anticipation and/
or fragile sites have been identified. These in-
clude spinal bulbar muscular atrophy (SBMA),
fragile X syndrome (FRAXA), myotonic dystro-
phy (DM), spinocerebellar ataxia (SCA1), Hun-
tington’s disease (HD), FRAXE syndrome, denta-
torubral pallidoluysian atrophy (DRPLA),
Machado-Joseph disease (MJD), and FRA11B (for
review, see Ashley and Warren 1995). A recent
addition to this list is Friedreich’s ataxia (FRDA),
which has been shown to result, in the majority
of cases, from the expansion of a (GAA), triplet
repeat in the first intron of the X25 gene (Cam-
puzano et al. 1996). This disorder is recessive and
anticipation has never been seen. Surveys of hu-
man cDNA libraries and sequence data bases have
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been carried out to identify additional genes con-
taining TRs (Riggins et al. 1992; Li et al. 1993).
Many of these repeat sequences have been shown
to be highly polymorphic in terms of repeat
length and therefore might repesent candidates
for other diseases in which anticipation has been
demonstrated. The DRPLA gene was identified
initially in such a survey (Li et al. 1993). The phe-
nomenon of anticipation has never been seen in
species other than man. Nevertheless, animal
models for these diseases, and particularly for the
process by which long TRs undergo abnormal ex-
pansion, would be extremely valuable. No spon-
taneous mouse models for any of the diseases
listed above exist, but in each case where the ho-
mologous mouse gene has been sequenced, the
TR exists only in a short, interrupted form, and
would be unlikely to undergo expansion. Mouse
models have been created for FRAXA by knock-
ing out the mouse Fraxa gene (Bakker et al. 1994),
but attempts to model SBMA and SCA1 by mak-
ing transgenic mice carrying a human transgene
containing an expanded CAG repeat have failed
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to recreate instability of the repeat tract (Bing-
ham et al. 1995; Burright et al. 1995).

We set out to survey mouse genes containing
TRS for two purposes: (1) To examine the fre-
quencies of different classes of repeat in tran-
scribed regions of the mouse genome; and (2) to
see if any of the genes isolated might be candi-
dates for existing mouse mutants, potentially
through expansion of the TR. We present the re-
sults obtained from an initial survey of a mouse
brain ¢cDNA library with oligonucleotides corre-
sponding to all possible classes of TR. All of the
repeats showing length variation between differ-
ent inbred strains of Mus musculus subspecies, or
between M. musculus subspecies and Mus spretus,
were mapped and the position of the gene con-
taining the repeat was aligned with consensus
maps of mouse chromosomes to identify possible
candidate mutations. Some of the repeats were
analyzed in recombinant inbred (RI) strains, to
establish whether the repeat length seen in the
parental strains had been stably inherited during
the establishment of the RI lines.

RESULTS

Distribution of Repeat Classes

A mouse brain ¢cDNA library in Agtll was
screened with 15-mer oligonucleotides corre-
sponding to all possible classes of TR. In two
cases, alternative oligonucleotides were used that
had different sequences designed to detect the
same class of repeat, that is, (CAT); and (GAT);
for ATC repeats, and (CAG);s and (CTG), for AGC
repeats. In each case, the same positive plaques
were identified with the alternative oligonucleo-
tide. The number of positively-hybridizing
plaques for each class of repeat per 2000 plaques
screened is as follows: (AAT), 40, (GTT), 60,
(CCA), 10, (ACT), 0, (CGA), 0, (AGA), 15,
(CAG), 6, (TCC), 40, (CAT), 10, (CCG), 0.
Similar numbers of positively hybridizing
plaques were obtained when a mouse testis cDNA
library was screened (data not shown). The dis-
tribution of different classes of repeats was clearly
nonrandom, as would be expected from the
known frequencies of particular nucleotide com-
binations, and from data base surveys of TRs (see
Discussion). Most of the positive plaques were
isolated for further analysis, and 37 were sub-
cloned into plasmids and sequenced. Hybridiza-
tion of selected clones back to others picked with
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the same repeat oligo revealed that in almost all
cases the clones were unique within the subset,
suggesting that many more repeat-containing
clones remained undetected in the library. Two
of the 37 clones, however, proved to contain
overlapping sequence. The sequence of indi-
vidual repeats is shown in Table 1. Although
many were perfect, in some cases, notably for
TCC and CAT repeats, the repeat sequence was
complex and interrupted. The longest perfect re-
peat was a tract of (TTC)3,; a second clone con-
tained (AAG),, adjacent to (AGG);,. A number of
clones contained more than one class of TR. This
clustering has been observed previously (Stallings
1994; Braga et al. 1995)

Homologies with Other Sequences

Once an adequate amount of sequence informa-
tion had been obtained, the data were analyzed
using the BLAST program of the GCG package to
check for repetitive sequences such as B1 repeats,
and to compare sequence with known genes. Of
the 37 clones, 18 displayed significant homology
with gene sequences present in the GenBank data
base. These homologies are detailed in Table 2. In
10 cases, homology was detected with human
anonymous cDNAs or expressed sequence tags
(ESTs). The other eight clones showed homology
to genes of known function, namely mitochon-
drial malate dehydrogenase, nucleolar phospho-
protein B23, AT-BP1 (a zinc finger gene), gluta-
mate decarboxylase GAD65, the extreme 3’ end
of the mouse Hnfl gene, Ca**-ATPase isoform 2,
the mouse homolog of the yeast RAD23 gene and
the mitochondrial 14-3-3 { gene. At least seven
clones contained repetitive elements, such as Bl
repeats.

Variability of Repeat Length

Wherever possible, PCR primers were designed
flanking the TR to enable the size of the repeat to
be estimated in different strains and species of
mouse. In all, 25 TR sequences were successfully
analyzed by PCR. The primer sequences and con-
ditions used in each case are given in Table 3. A
number of TRs could not be analyzed in this way,
for several reasons, summarized in Table 1. This
was particularly unfortunate in the case of clones
TCC2, which contained the repeat sequence
(AAG),, adjacent to (AGG); and clone AGAS,
which was found to contain 34 TTC repeats.
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Table 1. Sequences of Mouse Trinucleotide Repeats and Variability of Repeat
Length in Different Mouse Strains

Clone Repeat PCR Degree of No. of
name sequence analysis® variability® alleles®
AAT2 (ATT)y no a

AAT3 (AAT);; no a

AATS (AAT))s yes RS 5

AATI8 (TTA) no a

AGA6 (TTC)y, no b

AGA7 (GAA), no b

AGA9 (CTT),{(CTC),(CTT), no b

CAG2 (CAG)yo yes -+ 7

CAG3 (CAG), yes b 4

CAG14 (CCA){CACTCA)(GCT),((TCT), o b

CAG17 (CAG); yes -

CAG23 (AGQC)yo yes +bt 6

CAT2 (GAT); yes

CAT6 (GAT){(GAA),(GATGAC), yes

CATY (TCA)(TCG),(TCA)(TCG),(TCA)(TCG), yes -

CATI10 (TCA), yes +++ 5

CAT11 (CAT)(CGT),(CAT),(CGT),(CAT)(CGT), yes d - (3 loci)

CATI19 (CAT)(TAT)(CAT); no b

CCA3 (CCT)(TCT),(CCT),(CCA), o a

CCAS (GGT), yes e 6

AAT2 (ATT)0 no a

AAT3 (AAT) no a

AATS (AAT);s yes -+ 5

AATIS (TTA), 1o a

AGA6 (TTC)s, o b

AGA7 (GAA),, no b

AGA9 (CTT),o(CTC),(CTT), no b

CAG2 (CAG),o yes . 7

CAG3 (CAG)s yes -+ 4

CAGl4 (CCA)(CACTCA)(GCT) ((TCT), o b

CAG17 (CAG); yes -

CAG23 (AGQC),o yes bt 6

CAT2 (GAT); yes -

CATS (GAT){(GAA),(GATGAC), yes -

CATY (TCA)(TCG)(TCA),(TCG),(TCA)(TCG), yes -

CATI10 (TCA), yes . 5

CATII (CAT),(CGT),(CAT),(CGT),(CAT),(CGT), yes  d - (3 loci)

CATI19 (CAT),(TAT),(CAT), no b

CCA3 (CCT)(TCT)(CCT){(CCA), no 2

CCAS (GGT), yes b+ 6

Shown is the sequence of each individual trinucleotide repeat, together with an indication of the degree of
variability of repeat length in each case.

Clone GTT7 is included with loci containing AGA repeats, as—although it was originally isolated with a (GTT)5
oligonucieotide—it also was found to contain an AGA repeat, and this was the repeat analyzed.

*The possibility of PCR analysis across the repeat region. Reasons why not possible: (a) the PCR reaction failed
under all conditions tried; (b) the repeat was adjacent to the polylinker in the plasmid; (c) the repeat was
embedded in a repetitive element such as a B1 repeat; (d) The PCR was effective; but more than one locus was
ampiified (for CAT 11, please see text; GTT 25 and CAG 3 primers amplified two bands, but only the band of
the predicted size showed length variation).

®Variability is ranked according to the following criteria: (+++++) repeat length varies among M.m. musculus-
derived strains of mouse; (++++) repeat length varies between M.m. musculus-derived strains and M.m.
castaneus or M.m. molossinus; (+++) repeat length varies between M.m. musculus-derived strains and M.
spretus; (++) repeat length varies between M.m. musculus-derived strains and M. spretus but variation is only
detectable on sequencing gels; (+) repeat length varies between M.m. musculus-derived strains and M. caroli;
no variation was detected.

“The total number of alleles seen is given.
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Table 2. Homologies and Map Positions of Mouse Trinucleotide Repeats
Clone Map location Flanking Mapping
name Homology (locus symbol)® markers panel
AAT2 - -
AAT3 B1 repeat
AATS - Chr 14 (DI44bble) D14Mit2, Chat JAX BSS
AATI8 8 human ESTs (R34771)
AGA6 MT repeat element
AGA7 novel low copy repeat
AGA9 -
CAG2 human EST (T84949) Chr 13 (DI34bble) DI3Mitl, Pif JAX BSS
CAG3 mitochondrial malate dehydrogenase Chr5 (Morl) D5Mit63, D5Mit62 JAX BSB
CAGl4 -
CAG17 7 human ESTs (R59012), I mouse EST (R74808)
CAG23 2 human ESTs (H19097) Chrs  (D35Abb2e) Tefl, Fla BXD, BXH
CAT2 nucleolar phosphoprotein B23
CAT6 zinc finger protein AT-BP1
CAT9 glutamate decarboxylase GAD65
CATI10 - Chré6 (D6A4bble) D6Bir12, D6Mit8 JAX BSS
CATI1I 10 human ESTs (H90077); TFIID components see text
CATI19 -
CCA3 extreme 3’ end of Hnfl; 18 human ESTs (H98215)
CCAS 4 human ESTs (T17004) Chr 18 (D184bble) DI8Bir2, Xltr2 JAX BSS
GTTI = Chr 18 (D18Abb2e) DI18Mit9, DI8Mit7 JAX BSS
GTT3 calcium ATPase isoform 2 Chr6 (Atp2b2) 1I5r, Rad52 JAX BSS
GTT8 B1 repeat
GTT9 MHR23A (mouse homologue of RAD23) Chr8  (Rad23) (Ucep) AKXD, BXD
GTTI11 B1 repeat
GTT12 - Chr 14 (D14Abb2e) Glud, Ms15-7 BXD
GTT25 5 human ESTs (N34309) Chr2  (D24bble) D2Mit93, D2Mit97 JAX BSS
GTT28 2 human ESTs (R98066)
GTT37 -
TCC2 B1 repeat
TCC3 12 human ESTs (T65567), 2 rat ESTs (H34280)
TCC10 4 human ESTs (N24744), 1 mouse EST (R75548) Chr2  (D24bb2e) D2Mit25, D2Mit74 JAX BSS
TCC15 - Chr2  (D2Abb3e) Psp, Src BXH, NX129
TCC18 14-3-3 zeta isoform Chr 15 (DI5Abble) DISMitl3, Trhr AXB, BXA
TCC21 - Chr 17 (DI74bble) DI7Bir7, D17Mit9 JAX BSS
TCC22 - Chrd  (D4dbble) D4Bir9, D4Mitd JAX BSS
Shown are the homologies detected for each clone in GenBank. In cases of multiple hits to human ESTs, the accession number is
given only for the most significant homolog.
The flanking markers shown have been selected as those that are closest to the locus being mapped, but also according to
appearance on readily available consensus maps of mouse chromosomes. When a marker appears in brackets it means that this
locus did not recombine with the TR-containing locus. The mapping data for clone TCC 15 should be treated with some caution,
as the data obtained are consistent with the localization given, but only a relatively small number of Rl strains were able to be
analyzed, and it was not possible to amplify DNA from M. spretus with these primers. Data from the Jackson Laboratory Interspecific
Backcross panels is available on the World Wide Web at http://www jax.org/resources/documents/cmdata.

These two clones contained the longest repeats
identified in this survey. In seven clones, the re-
peat was immediately adjacent to the polylinker.
In other clones, notably those containing the re-
peat GTT, the repeat was associated with a B1
repetitive element, preventing the design of
unique sequence flanking primers. In four fur-
ther cases, the PCR failed under all conditions
tried, even when several different pairs of primers
had been used. These clones presumably con-
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tained sequences refractory to amplification, or,
more probably, spanned introns that would only
have been detectable by screening for, and analy-
sis of, genomic clones. A third possibility is that
sequence errors were introduced to the clones
during PCR from the original phage clones, and
this compromised the primer design.

DNA from a range of different inbred strains,
subspecies, and species of mouse was subjected to
PCR using the conditions shown in Table 3. DNA
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Table 3. PCR Primers and Conditions for amplification of Mouse Trinucleotide Repeats

Clone Primer Annealing Mg?* Other Product

name sequences temperature (°C) (mm) reagents size

AATS 5'GCCCTGGCTCGAAAAACCAAA 50 15 - 120 bp
5’GAATGTTTACTGCAAAAACTGGAG

CAG2 5'GTTGCACAGACTTCATGCAT 55 15 10% DMSO 260 bp
5’GAAGAAGGACCAGGCTTAGG

CAG3 5’ AAAAAGGGCCTGGAGAAGAAC 50 15 10% glycerol 210 bp
5"CGCAAACTAGATTCTCAAGTGG

CAG17 5’ AACCGCCGATGCCAGTGAAT 55 15 10% glycerol 110 bp
STTAATGCTGCCTGGACAGAG

CAG23 5'CAGCACACGTCCTTCAGAAT 50 15 10% glycerol 150 bp
5'GAGGACCTGGAGTTTGTGTA

CAT6 5'CACAGAAACAGAAGAAGCAG 55 15 - 187 bp
5’CTTCTTGACCTTGTTTTGGG

CAT9 5'CAGGTTACATGCATCGTGGC 55 15 - 130 bp
5"TCACAGAATACAGCCGAGTC

CATIO 5'GGTCAAGTCCTGATACACAT 55 15 - 271 bp
5’CCCCTGTTGACCCTTAACAA

CATI11 5’CACCACTTCTAAAGTACAGC 55 15 - 210 bp
5'"GGTATCACAGAATACAGCCG

CCAS 5’TACCATTGTTTCACACCAGG 55 15 10% DMSO 135 bp
5*CACATACCGTCAACTTCACC

GTT1 5'CAGGTGAAGGAAGGAACCAA 50 0.9 170 bp
S'TTCCTAGACAGTGAGACAGG

GTT3 5’CCCTAGATGTACTCACTGGA 55 15 260 bp
5’GAGGTTGAGGTCATACATGC

GTT8 5'CAGCACTGGAAGGTTCTTGA 55 L5 10% DMSO 219 bp
5’ AACATCTGAAGCCAGGCAGT

GTT9 5’CCCTCATCATGGTGGAGGAA 50 15 10% DMSO 410 bp
5'CCTCCTGAGTCAGAACTTTG

GTTI2 5’GTTCTAGAGTCCAAGAACTC 55 L5 10% DMSO 127 bp
5'CCATTAACAGCTGTACTTGGC

GTT25 5’ AGTGACCAGGAAGTGTGCCA 55 15 220/200 bp
5’CATTGAATTACTAAACAAAGATGGTG

GTT28 5’CCTCTTCCAGTCAAAGAAGG 50 15 10% DMSO 133 bp
5’CGGAGAGGCTATGGTTTGC

GTT37 5’ AATTCCGGAAATGGTTGGGT 50 15 10% DMSO 209 bp
5'CTGCGAATTTCTTCCCAACC

TCC3 5'TCAAGCTACGCTGAGGAAGA 55 15 10% DMSO 194 bp
5’ACAAGTTTACCCTCCTCCCA

TCC10 5'GGTTCACTGGTAAGCAGTCT 55 15 10% glycerol 140 bp
5’GAAGTTCCAAAGTCCAGCAG

TCCIS 5'TTGCAGCCCAGTGTCAAGA 55 05 10% DMSO 210 bp

5’GTTTGTTCTCCAGCCTCTGT

TCC18 5’CCCCTCATCCTCTCTACAG 55 1.5 . 160 bp
5*CTTTGGGTGTGACTTAGCC

TCC21 S'TCTTGTCTCCTTAAATGGGA 55 1.5 . 195 bp
5'GAAAACGATGGTCACTGAGG

TCC22 5'CCCAGTGAAGACAAGGAGAA 55 2.5 190 bp
5’ ACCTTGGTCAACAGGTTGAC

Shown are the sequences of the PCR primers used to amplify across individual repeats, together with modifications to the basic
PCR protocol used.
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from 10 Mus musculus musculus/Mus musculus do-
mesticus inbred strains was tested, along with
DNA from mice of the subspecies Mus musculus
castaneus (strain CAST/Ei) and Mus musculus mo-
lossinus (strain MOLF/Ei) and the species Mus
spretus and Mus caroli. PCR products were initially
analyzed by electrophoresis through 3%-6%
NuSieve agarose, depending on the expected
product size, and then, if no variation was de-
tected, by running radiolabeled PCR products on
sequencing gels. Of the 25 TRs analyzed in this
way, only 7 appeared not to vary in size among
mouse species, even though the repeats occur in
transcribed regions. These seven include CAT2,
which was not analyzed by PCR because the CAT
repeat is conserved in human, rat, and mouse
and is the same size in each. It can therefore be
assumed not to vary among mouse strains. Fight
repeats showed length variation between com-
monly used inbred M. musculus strains, one
showed variation between standard laboratory
inbred strains and CAST/Ei or MOLF/Ei, and a
further seven showed variation between M. nus-
culus and M. spretus. The remaining two showed
length variation only between M. musculus spp.
and M. caroli. These figures (64% of repeats vary-
ing between M. musculus and M. spretus and 24%
between M. musculus strains) are lower than those
quoted for dinucleotide repeats isolated from
random regions of the mouse genome (90% and
50%, respectively; Dietrich et al. 1993). This may
be a sampling error attributable to the relatively
small number of clones analyzed in this study or
be because the repeats isolated in this study all
occur within transcribed regions and are there-
fore subject to greater evolutionary constraints,
Alternatively, it may simply reflect the fact that a
number of the repeats examined here are short
and imperfect. An estimate of the degree of vari-
ability of each repeat is given in Table 1.

Mapping

Those repeats that displayed length variation
were mapped in the mouse genome by linkage
analysis using recombinant inbred strains or in-
terspecific backcrosses between M. spretus and
C57BL/6] (Rowe et al. 1994). The mapping data
obtained are shown in Table 2. As expected, the
genes containing TRs are distributed throughout
the genome. There appears to be some clustering
on MMUS, but this is presumably coincidental.
The mapping of the clone designated GTT3 pro-
vides confirmation of the previous assignment of
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the gene for mitochondrial malate dehydroge-
nase to MMUS. This gene had been mapped pre-
viously by linkage analysis using electrophoretic
variation of the protein. The clone designated
GTT3, on the other hand, which is 90% identical
at the DNA sequence level to rat Ca®>*~ATPase iso-
form 2 maps not to MMU12, the location of the
mouse Caa gene, but to MMUG6. Caa was mapped
using a polymorphism in enzyme activity, and
therefore probably represents a different isoform
from that cloned as GTT3. This result is consis-
tent with the mapping of the human gene for
isoform 2 (ATP2B2) to chromosome 3p26-p25, a
region that shows conservation of synteny with
mouse chromosome 6 (Wang et al. 1994). The
mapping of clone GTT9 on MMUS provides con-
firmation of the recent cytogenetic assignment of
the mouse homolog of the yeast RAD23 gene to
chromosome 8C3 (van der Spek et al. 1996). The
clone designated TCC18 appears to represent the
mouse 14-3-3 { gene, which we have now
mapped to MMU15. Clone CAT11 is homologous
to several components of the TFIID transcription
initiation complex. The PCR primers flanking the
CAT repeat amplified up to three distinct bands
in different mouse strains. The band of the pre-
dicted size based on repeat length in the clone
appeared not to vary in size, was present in all
samples tested, and could not therefore be
mapped. However, the bands above and below
this that were seen in almost all inbred strains
were not present in M. spretus. We therefore
mapped these bands by presence/absence varia-
tion, and found them to map to MMU6 (between
D6Mit10 and Rad52) and MMU4 (between
D4Bir10 and Xpa). It is not known whether these
bands represent pseudogenes (as seems likely) or
related, expressed sequences.

Once the TRs had been mapped in mouse,
the map location was compared with the consen-
sus map of the relevant chromosome to assess
whether any existing mouse mutant mapped to
the same general region. Where mouse mutants
whose DNA was available were found mapping to
the region, this DNA was subjected to PCR using
the same primers used for mapping, in order to
establish whether any variation of the length of
the repeat could be seen in the mutant compared
with control mice from the same genetic back-
ground. This analysis is clearly incomplete be-
cause it is based on crude comparisons between
maps, and rests on availability of DNA. In no case
was such variation found (data not shown), al-
though in the case of dominant mutations it is
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impossible to demonstrate unequivocally that
amplification has not occurred in the mutant al-
lele to a size beyond that amplifiable by PCR.

Detection of New Alleles in Inbred Strains

Analysis of TRs in RI strains provides, in addition
to mapping information, a way of evaluating sta-
bility of repeat length. RI strains have been in-
bred for at least 20 generations after the initial
crossing of parental strains; each Rl strain should
carry alleles with the same repeat length as one or
other of the parental strains. Of the five repeats
isolated in this study that were analyzed in at
least one set of RI strains, two (CCAS5 and GTT9)
had changed in size in at least one RI line com-
pared with the parental strains. In each case, the
strain concerned was homozygous for the new
repeat length, suggesting the event had occurred
some time previously. CCAS exhibited a decrease
in size in AXB1 relative to both parental strains.
From the map position of CCAS5, the most likely
event is that the C57BL/6] allele had lost a single
trinucleotide. GTT9 exhibited an increased size
allele in AKXD12, which was most likely a gain of
at least two trinucleotides from the original
DBA/2 allele.

DISCUSSION

The distribution of trinucleotide classes among
the mouse cDNA clones isolated here in most
cases parallels that described previously from sur-
veys of human, mouse, and rat sequences in data
bases (Beckman and Weber 1992; Stallings 1994).
No clones were found to contain (ACT), or
(CGA), repeats. In contrast to data base surveys,
no clones containing (CCG),, repeats, and far
fewer clones containing (CAG), repeats were
found. This is presumably a reflection of the lack
of 5’ sequences in the cDNA clones (which origi-
nated from an oligo(dT)-primed libraty), because
CCG repeats are usually found in 5’ untranslated
regions, or toward the 5’ end of coding regions.
The under-representation of (CAG),, repeats is
unexpected. The over-representation of clones
containing (AAT), and (GTT),, repeats is probably
a result of the association of these sequences with
Alu-type elements.

It is clear from this study that, as in humans,
TRs isolated from cDNAs form useful genetic
markers, as they are directly associated with iden-
tifiable genes and yet are highly variable and eas-
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ily typed. They are potentially useful in compara-
tive mapping, as TRs are often conserved between
closely related species, and even if the repeat is
not perfect, it may still display length variation
within a species (Ricke et al. 1995).

Within the limited number of clones ana-
lyzed in this study, there is no obvious correla-
tion between degree of variability of repeat
length and factors such as repeat class, interrup-
tions within the repeat, length of repeat in origi-
nal clone, or where within the gene the repeat
occurs (although this is not known for most of
the clones in this study, other than that they are
likely to be within 3" untranslated or coding re-
gions). It is therefore not possible to predict from
sequence analysis alone which repeats are likely
to be the most useful for mapping. This is in con-
trast to previous studies of (CA), repeats (Weber
1990) and (CAG),, repeats in human genes (Rig-
gins et al. 1992), but is consistent with our pre-
vious observations of mouse genes containing
(CAG),, repeats identified from a data base survey
(Abbott and Chambers 1994).

Abnormal TR expansion appears thus far to
be a human-specific phenomenon. The reasons
for this are unclear. No mouse mutation has been
found to be caused by TR expansion, and antici-
pation has not been reported in the mouse. This
may be because mouse mutagenesis programs
have traditionally used reagents such as ethylni-
trosourea, which generally induces point muta-
tions, and X-irradiation which usually causes
chromosomal rearrangements such as deletions
(Rinchik and Russell 1990). It is hard to predict
how a spontaneous TR expansion would behave
in a mouse line. Because the generation time is so
rapid compared with human, it is possible that
such a mutation, assuming it was showing antici-
pation, would die out before it could be properly
analyzed, particularly if the phenotype had been
extremely mild in the early generations. How-
ever, the recent discovery of an expanded GAA
repeat in the FRDA gene (Campuzano et al. 1996)
suggests that there may be recessive disorders in
the mouse, not necessarily showing anticipation,
caused by TR expansion. Transgenic mice carry-
ing long (CAG),, repeats have been made (Bing-
ham et al. 1995; Burright et al. 1995), and in each
case the repeat has been reported to be stably
inherited through multiple meioses. This may re-
flect a fundamental difference between mice and
humans during gametogenesis and/or early de-
velopment. Alternatively, other factors may be
involved. For example, predisposing haplotypes

GENOME RESEARCH @ 721


http://genome.cshlp.org/
http://www.cshlpress.com

Downloaded from genome.cship.org on June 22, 2026 . Published by Cold Spring Harbor Laboratory Press

CHAMBERS AND ABBOTT

have been described for a number of human dis-
orders caused by TR expansion (e.g., Myers et al.
1993), but the transgenic mice reported thus far
have been made using expanded repeats isolated
from patients retrofitted into genomic clones of
unknown hapiotype. Alternatively, it may be
necessary to investigate the behavior of TRs in
transgenic mice compromised in some way with
respect to DNA repair, for example, mice carrying
mutations in mismatch repair genes.

METHODS

Library Screening

A mouse brain cDNA library in Agt11 was obtained from
the ATCC (no. 37431). This library was constructed from
an 18-day-old NIH Swiss mouse and has inserts averaging
0.8-1 kb. The library was plated out at 150,000 PFU/plate,
and plaque lifts were made onto Hybond N (Amersham) in
duplicate. Filters were prehybridized in 7% NaDodSO,/0.5
M NaPO, for 1 hr at the relevant temperature (see below).
15-mer oligonucleotides were end-labeled with [y-32P]
ATP, and filters were then hybridized with the labeled oli-
gonucleotide in Church buffer at the following tempera-
tures (T,,, — 5°C) for 4 hr:

(AAT)s: 32°C
(AGA);s, (CAT)s, (GAT)s, (GTT)s and (ACT)s: 45°C
(CAG)s, (CTG)s, (TCC)s, (CCA); and (CGA)5: 59°C

(CCG);: 72°C

The filters were then washed at room temperature for 10
min in 6 X SSC, 3 X 20 min in 6 x SSC/0.1% SDS at the
hybridization temperature, and 1 X 2 min at T,,. Autora-
diographs were then set up overnight. Secondary screen-
ing of positive clones was carried out as described above.
Positives were picked into SM buffer (50 mm Tris-HCL at
pH 7.5/100 mM NaCl/8 mMm MgS0,/0.01% gelatin) and
stored at 4°C.

Subcloning and Sequencing

Inserts were prepared by amplifying directly from plate
lysates, by PCR using primers corresponding to the Agt11
arms. PCR was carried out under standard conditions using
a 2-ul plate lysate in a 50-pl total reaction mix. The result-
ing PCR products were subcloned into pUC18. Sequencing
of the insert DNA was carried out using Sequenase (United
Biochemicals) under standard conditions; sequencing was
continued until the TR had been sequenced throughout,
with flanking regions. New sequencing primers were syn-
thesized to walk through the insert where necessary. Se-
quences were compared with those in the GenBank and
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EMBL data bases using the BLAST program through the
Human Genome Mapping Project-Resource Centre
(HGMP-RC) computing facilities.

PCR

Primers were designed to amplify across each TR (see Table
3). PCR was carried out under standard conditions using
Taq polymerase from Advanced Biotechnologies or Pro-
mega, with buffer supplied. Annealing temperatures, opti-
mum magnesium concentrations, and additional reagents
used for each pair of primers are given in Table 1. DNA
samples from inbred strains were purchased from the Jack-
son Laboratory (Bar Harbor, ME).

Mapping

Each locus was mapped using RI strains (using DNA pur-
chased from the Jackson Laboratory, Bar Harbor, ME) or
the Jackson Laboratory Interspecific Backcross (Rowe et al.
1994). Either panel 1 (C57BL/6] X M. spretus)F, X C57BL/
6] or panel 2 (C57BL/6JEi x SPRET/Ei)F, X SPRET/Ei
DNAs were used. Each panel consists of 94 N, offspring.
Results were analyzed by Lucy Rowe using the Map Man-
ager program (Manly 1993).
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