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Epilepsy afflicts 1% of humans and 5% of dogs.
More than 5% of purebred miniature wirehaired
dachshunds (MWHDs) in the United Kingdom
suffer an autosomal recessive progressive myo-
clonic epilepsy (PME), which we show to be
Lafora disease (EPM2) (1), the severest form
of teenage-onset epilepsy in humans (2).
EPM2 is caused by mutations in the chromo-
some 6q24 EPM2A or 6p22 EPM?2B genes (3).
Using homozygosity and linkage analysis, we
mapped the MWHD disease locus to canine
chromosome 35 (7), which is syntenic in its en-
tirety to human 6p21-

25. We then cloned

canine Epm2b (I). Po- A
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had three repeats (2 D’s and 1 T) and 40%, two
repeats (1 D and 1 T). Almost all breeds had
examples of both variants, in homozygous or
heterozygous state. We tested the next non-
MWHD PME case to present to the clinic, a
basset hound, and found a homozygous 14-copy
expansion of the repeat (Fig. 1B).

In the presence of the normal allele, PCR of
the expanded allele was impossible. Deaminat-
ing carrier DNA cytosines (/, 4) before PCR
allowed amplification of the mutant allele and
reliable carrier detection (Fig. 1B). In affected
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consecutive identical

dodecamers (D) and B

a third copy differing W M C
by a single nucleotide
(T) (Fig. 1A). The cor-
responding region in
other species is not re-
petitive and is shorter
by 12 nucleotides, the
length of one D repeat
(Fig. 1A). Concerted
modifications (/) of
PCR conditions ulti-
mately enabled se-
quencing across the repeat region in affected
dogs and revealed bi-allelic expansion of the
dodecamer repeat with 19 to 26 copies of
the D sequence (Fig. 1B) (/). Comparing the
amount of Epm2b mRNA in skeletal muscle
from three affected dogs and two controls
with quantitative reverse transcription—PCR
(1) showed that affected mRNA levels were
more than 900 times reduced (Fig. 1C).

To determine whether the extra D sequence
is specific to MWHDs, we sequenced Epm2b
from two normal unrelated dogs from each of
128 breeds. Sixty percent of their chromosomes
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Fig. 1. (A) The canine Epm2b dodecamer repeat sequence and orthologs.
(B) The expansion mutation. W, wild-type; M, affected MWHD; C, carrier;
B, affected basset hound; arrowheads, normal alleles; other bands, mutant
alleles. (C) Muscle Epm2b mRNA amounts normalized against Gapdh (7).

dog DNA, every C nucleotide in the expansion
deaminated, ruling out expansion methylation
as a mechanism for the absent mRNA. The
actual mechanism may be adoption of RNA
polymerase-obstructive secondary hairpin struc-
tures by the large GC-pure DNA expansion ().

A single recurring cystatin-B promoter
expansion causes most human PME (EPM1),
rather than the more than 60 mutations in
EPM2 genes. To our knowledge, EPM1 has
never been described in dogs, likely because
they do not have the cystatin-B dodecamer
repeat. EPM2, on the other hand, is regularly
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reported (basset hounds, miniature and standard
poodles, pointers, corgis, beagles, dachshunds,
etc.) (6), likely because of recurrent Epm2b
expansion events plus inbreeding.

The presence of the dodecamer repeat across
canine breed barriers suggests that its origin
predates dogs, and it might therefore be present
in related species. Sequencing the Epm2b gene
in 32 different carnivores (/) showed that the
repeat is present and polymorphic across
Canidae (wolves, dogs, foxes, coyotes, jackals,
etc.) but not their closest relatives, the Arctoidae
(bears, raccoons, otters, skunks, etc.). Whether
the variable four—amino acid lengthening of
the middle portion of malin, the Epm2b gene
product (Fig. 1A), confers a property to this
ubiquitin E3 ligase advantageous to canids re-
mains to be seen. Arctoidae have a single copy
of the D sequence (Fig. 1A) (1), indicating that
its duplication occurred sometime between
the canid-arctoid split 50 million years ago
(Ma) and the appearance of extant canids
10 Ma. The D sequence is missing in Felidae
(Fig. 1A) (1), suggesting it first appeared after
the earlier feline divergence 60 Ma (7).

We have described a canine epilepsy mu-
tation that represents a tandem repeat expan-
sion outside humans and devised a test to detect
and counteract it through controlled breeding.
Affected animals outnumber human EPM2 pa-
tients and afford us valuable experience in treat-
ing this disease. Additional searches for large
coding repeats may reveal other expansions
central to inherited diseases.
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