1352-1353 Nucleic Acids Research, 1998, Vol. 26, No. 5 00 1998 Oxford University Press

Large CAG/CTG repeat templates produced by PCR,
usefulness for the DIRECT method of cloning genes
with CAG/CTG repeat expansions
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ABSTRACT labelling system (Amersham). The probe was labelled to a
specific radioactivity of 5-18 108 c.p.m.fig. The labelled probe
was purified on a Sephadex G-50 (Pharmacia) column, denatured
and added to the hybridisation solution described below.
. ) . High molecular weight genomic DNA (&) from SCA3/MJD
CAG/CTG repeat and ||':s upstream Intronic sequ]Jence affected subjects and their healthy relatives (Fig. 1) was digested
preserr11t IcT splnocegecb:s;a\,\r/laéamg type 38.;.“/&% ado- with 30 U of relatively frequent cutting blunt-end restriction
Josep ISease ( e ‘J. ) by a modifie . DIRECT enzymes BsUl, EcARV, Hincll, NlalV, Pvul, Ssp; New
”.‘ethc?‘?'- With these qulflcatlons we have considerably England Biolabs), electrophoresed through a 1% agarose gel and
simplified the generation of the repeat probe used to transfered to nylon membranes (Hybond N+, Amersham). The
fﬁéeﬂoﬁzgﬁ?gmsloﬂzgfﬁﬁ' E?f; Te?r?gti?"dfigggztfs filters were hybridised in a solution containing Benhardt's
where ex ansio[r')lg of repeat se ?Jences could be reagent, 5Qug/ml denatured sonicated salmon sperm DNA, 0.2 M
involved P P q phosphate buffer pH 6.8, 0.1% pyrophosphaxeS&C, 0.5%
: SDS, 0.002% heparin and 10% dextran sulpliay. The

CAGI/CTG repeat expansions are dynamic mutations (1) presenthigbridisation was performed for 16 h at°@5 After the
at least eight genes responsible for neuropathological diseatwbridisation the membranes were washed atC63o a
(2-12). The diseasdleles are present when a threshold of typicallystringency of 0.02 SSC and 0.2% SDS for 2 h. The filters were
37-40 repeats is exceeded with alleles ranging between 35 and aB8@oradiographed for 2-5 days with Curix RP2 film (Agfa) at
repeats, except for the small expansions present in spinocerebeli@e®C using an intensifying screen.
ataxia type 6 (SCA6) (11). Several strategies have been used téfter digestion witiNlalV a 1.2 kb band was clearly visible in
clone these genes but a recently developed DIRECT method Isasnples from SCA3/MJD individuals and absent in samples from
been presented as a powerful technique (10,13). We present hewmalffected individuals (Fig. 1). Then 3@ of high molecular
simple PCR based method to generate large CAG/CTG repageight genomic DNA from an affected subject was digested with
sequences. We have simplified the generation of the relatively lar@y®0 U ofNlalV and subjected to preparative gel electrophoresis.
CAG probes required in the DIRECT method and applied it to clon& 0.3 cm wide agarose slice, corresponding to aldlizzkb was
the spinocerebellar ataxia type 3 or Machado—Joseph diseast, and the genomic DNA was purified using a GeneClean Il Kit
(SCA3/MJD) repeat expansion. The technique could be applicalfBlO 101, Inc.) and cloned ink APII vector (Stratagene) using
to other neurological diseases, where genomic alterations dueploosphorylatedeccRl linkers (New England Biolabs). The
repeat sequence expansions could be involved. cloned DNA was packagéulvitro (Stratagene) and a total 010

Large CAG/CTG products were generated by PCR when CA@lagues were screened with an 8mer CAG primer labelled with
and CTG 8mer primers crossannealed at low annealing temperatdré polynucleotide kinase (Amersham). Nine positive clones were
Under these conditions a smear of repeat concatamers distected, which were sequenced and the sequences were compare
produced. We used a size range of 150-250 bp PCR productsrtopublic databases using blastN and blastX. Three clones
generate large probes (between 50 and 80 repeats) suitabledamresponded to a portion of the SCA3/MJD gene that contains the
detecting repeat expansions at highly stringent hybridisatiocBAG/CTG repeat sequence. The new identified sequence contains
conditions. The PCR reaction was performed in a final volume gfart of the intron upstream of the CAG/CTG repeat (Fig. 1). The
50pl containing 10% DMSO, 200M of each dNTP, 50 pmol of new sequence was lodged in the EMBL with accession number
CAG and CTG 8mer primers, 0.5 Thg DNA polymerase in  AJO00501. The other six clones corresponded to AJ002191,
1x PCR buffer (Boehringer Mannheim). The reaction consistegreviously reported as 14 kDa subunit protein, and AJ002192, two
of 35 cycles of PCR with 30 s at9d, 30 s at 40C and 60 s at clones each; and AJ002193 and AJ002194, detected once each.
74°C. The PCR products were loaded in 1% low melting agaroseWe have presented here a modified DIRECT method that
and a slice correspondingf50—250 bp of repeat concatemerssimplifies the generation of large CAG probes. The previously
was directly used to produce the probe by the Megaprime DNdescribed method make use of the biotin/streptavidin system to

We report here a simple method for generating large
CAG/CTG repeat sequences. We have applied this
method to clone the genomic sequence containing the
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a) great advantage with respect to other cloning strategies. It
SCA3/MJD represents an importan.t optiqn to consider in' cloning efforts,

especially for neurological diseases where different unstable

sequences have been found to be involved, such as CGG in

| ‘ 1 @ 2 Fragile X syndromé15-17), GAA in Friedrerich’s ataxia (18),
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Figure 1.DIRECT analysis of SCA3/MJDa) SCA3/MJD pedigree: the filled 15
symbols indicate affected individuals and the unfilled symbols indicate
non-affected subjects. The SCA3/MJD repeat expansion present in the affected
subjects 1.5, 1.1 and 1.4 contain 70, 69 and 72 repeats, respectively.16
(b) Autoradiogram results when a filter containingg@@genomic DNA from
members of the SCA3/MJD family were digested WithlVV and hybridised

with a large CAG probe produced as described in the text. A 1.2 kb band can7
be seen in the affected subjects omySchematic representation of the cloned
region of the SCA3/MJD gene. 18

purify CAG probes produced by PCR on a known subcloneg,
CAGI/CTG repeat expansion of 55 units. We have considerably
simplified this first step of the DIRECT method and successfully

applied it to clone the SCA3/MJD repeat expansion. Also we hav8
used different frequent cutting enzymes which facilitates thg1

and progressive myoclonus epilepsy tyg@9-21).
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